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Abstract 

 

The Department of Building and Housing is currently developing a performance 

framework that will, if adopted, provide a compulsory methodology for performance 

based fire engineering designs to prove compliance with the fire safety requirements 

of the New Zealand Building Code.  The conceptual performance framework 

currently includes eight design fire scenarios, fire loads for particular building uses, 

and tenability criteria for the life safety of occupants.  As the level of fire safety 

within the Code is not explicit, the Department of Building and Housing determined 

that the performance framework for fire should ensure buildings are designed and 

built to provide the same level of safety as if they complied with the current 

Compliance Document for New Zealand Building Code Fire Safety Clauses, C/AS1. 

This work analysed 12 buildings with a range of uses, which comply with the current 

C/AS1, using the conceptual performance framework to provide a risk comparison for 

life safety.  Accepted, previously established calculation and modelling methods were 

used to test the case buildings to the performance framework.   

None of the buildings met the pass criteria proposed for life safety.  Consequently, to 

comply with the performance framework, a building would be required to be designed 

to a higher level of safety than is currently accepted to meet code.  This shows the 

current proposal provides a more onerous design regime for fire safety for buildings 

than the current C/AS1. 

The results of this research show the conceptual performance framework for fire 

safety is not ready to be included into New Zealand building regulations in its present 

form.  Furthermore, protection from fire for primary structural members and systems, 

to protect against building collapse, and tenability criteria and fire fighting access for 

fire fighters needs to be developed and included in the framework. 
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Glossary 

Concealed Space 

Any part of the space within a building that cannot be seen from an occupied space.  
Includes any ceiling space, roof space, space under a raised floor, plenums, spaces 
under a tiered floor, small service or ducts spaces but not a protected shaft. 

Dead End 

That part of an open path where escape is possible in only one direction. 

Escape Height 

The height between the floor level in the firecell being considered and the floor level 
of the required final exit which is the greatest vertical distance above or below that 
firecell. 

Escape route 

A continuous unobstructed route from any occupied space in a building to a final exit 
to enable occupants to reach a safe place, and shall comprise one or more protected 
paths and safe paths. 

Exitway 

All parts of an escape route protected by fire and smoke separations, or by distance 
when exposed to the open air and terminating at a final exit. 

Firecell 

Any space including a group of contiguous spaces on the same or different levels 
within a building, which is enclosed by any combination of fire separations, external 
walls, roofs, and floors. 

F-rating 

The fire resistance rating (FRR) intended to prevent fire spread to another firecell, for 
sufficient time to provide for safe evacuation of occupants and protection of adjacent 
household units and sleeping areas in building of fire origin and fire fighters engaged 
in fire fighting and rescue operations. 

Fire Hazard Category (FHC) 

The number (graded 1 to 4 in order of increasing severity), used to classify purpose 
groups or activities having a similar fire hazard, and where fully developed fires are 
likely to have similar impact on the structural stability of the building. 
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Fire Load Energy Density (FLED) 

The total fire load divided by the firecell floor area.  The floor area shall include 
circulation spaces and services spaces, but exclude exitways and protected shafts. 

Fire Resistance Rating (FRR) 

The term used to describe the minimum fire resistance required of primary and 
secondary elements as determined in the standard test for fire resistance, or in 
accordance with a specific calculation method verified by experimental data from 
standard fire resistance tests.  It comprises three numbers giving the time in minutes 
for which each of the criteria stability, integrity, and insulation are satisfied and is 
presented in that order in three numbers, e.g. 30/30/30 or 90/60/60. 

Means of Escape from Fire 

a) means continuous unobstructed routes of travel from any part of the floor area 
of that building to a place of safety; and 

b) includes all active and passive protection features required to warn people 
from the effects of fire in the course of their escape from the fire. 

Occupied Space 

Any space within a building in which a person will be present from time to time 
during the intended use of the building. 

Open Path 

The part of an escape route (including dead ends) within a firecell where occupants 
may be exposed to fire or smoke while making their escape. 

Other Property 

Means any land or buildings, or part of any land or buildings, that are: 

a) not held under the same allotment; or 
b) not held under the same ownership; and includes a road. 

Purpose Group 

The classification of spaces within a building according to the activity for which the 
spaces are used. 

Safe Path 

The part of an exitway which is protected from the effects of fire by fire separations, 
external walls, or by distance when exposed to open air. 

S-rating (Structural Fire Endurance Rating) 

The fire resistance rating (FRR) intended to prevent fire spread or structural collapse 
for the complete burnout of the firecell. 
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1. Introduction 

1.1. Introduction 

The Department of Building and Housing (the Department) is developing a 

compulsory methodology for performance based fire engineering design.  As the level 

of fire safety within the New Zealand Building Code (the Code) (NZ Govt, 1992) is 

not explicit, the Department determined the performance framework for fire should 

ensure buildings are designed and built to a similar level of safety achieved as if they 

complied with the current Compliance Document C/AS1 (DBH, 2005). 

This work provides a benchmark analysis for the conceptual framework against the 

existing C/AS1 (DBH, 2005) to ensure the same level of fire safety is reached with 

both methods of design. 

1.2. Objective of this Work 

This work aims to provide to the Fire Safety Working Group, set up by the 

Department to develop the framework, with a comparative risk analysis of life safety 

between the conceptual framework and C/AS1.  To do this, case buildings which 

comply with the Compliance Document will be tested using the conceptual 

framework.  Simply put, the buildings should pass (but not wildly exceed) the 

performance measures if the approximate same level of safety is achieved.  If the case 

buildings greatly surpass the performance measures of the framework then the 

framework provides a lesser level of safety.  If the buildings fail to pass the 

performance measures of the framework, then the framework provides too onerous a 

test for buildings; thus has a higher level of safety than the existing prescriptive 

method of code compliance. 

1.3. Scope and Limitations of this Work 

This work does not aim to comment on whether the current Acceptable Solution 

(DBH, 2005) is ‘safe enough’, or whether it meets the performance criteria of the 

New Zealand Building Code (NZ Govt, 1992).  The Building Act 2004 (the Act) (NZ 
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Govt, 2004) states in section 22 that if a person complies with a compliance 

document, they must be treated as having complied with the provisions of the 

Building Code.   

This work is limited to addressing the life safety aspects of the performance 

framework.  As such, it will not specifically address structural performance of 

buildings during fire, fire fighting access, systems or tenability, or any building 

material requirements, other than noting where fire rated construction is required. 

1.4. The Conceptual Performance Framework 

The aim of the conceptual performance framework is to provide the industry with a 

robust method for performance based fire safety design.  It is expected this will help 

remove interpretation of what the performance requirements of the Code (NZ Govt, 

1992) are for fire safety, and achieve a better and more consistent outcome for the 

resulting buildings.  The framework is still in development and as such may be altered 

from what is presented here at the time of public announcement. 

The framework currently consists of eight design fire scenarios with which to 

challenge a building, fire loads to be tested in the scenarios, and stated outputs 

required for acceptance such as tenability criteria for occupants.  It is expected that 

most buildings will not require testing for all eight scenarios as some scenarios are 

specific to certain building uses, such as sleeping, or certain building characteristics, 

such as number of escape routes. 
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2. Background 

2.1. Introduction 

This chapter provides a background to the New Zealand building legislation, the 

current means of undertaking and approving a performance based fire design, as well 

as providing some information on the formation of the conceptual performance 

framework. 

2.2. Current Building Legislation in New Zealand 

2.2.1. The Building Act 2004 

The Building Act 2004 (NZ Govt, 2004) governs all building work in the country.  It 

replaced the Building Act 1991, and was written to upgrade and enhance the Act in 

terms of some politically motivated ideas (such as sustainability and energy 

conservation) and to provide a response to problems the industry had recently faced, 

most notably weathertightness of homes.  The introduction of the new Act included 

replacing the Building Industry Authority with the Department of Building and 

Housing and clarifying, and extending in some cases, the roles and obligations of the 

new Department, as well as other regulatory bodies in the industry.  Additionally, the 

new Act includes the mandatory licensing of trades people on-site, as well as 

designers and regulators. 

The purposes of the Building Act (NZ Govt, 2004) are to ensure that: 

• people who use buildings can do so safely and without endangering their 

health; and 

• buildings have attributes that contribute appropriately to health, physical 

independence, and well-being of the people who use them; and 

• people who use a building can escape from the building if it is on fire; and 
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• buildings are designed, constructed, and able to be used in ways that promote 

sustainable development. 

The Act (NZ Govt, 2004) states, in section 17, that all building work must comply 

with the Building Code. 

2.2.2. The New Zealand Building Code 

The New Zealand Building Code (the Code) (NZ Govt, 1992) is the first schedule of 

the Building Regulations 1992, and it states the performance requirements buildings 

must meet.  The Department of Building and Housing (the Department) is the 

governmental agency responsible for administering the Code.  The Building Code is 

currently being reviewed to align it with the purpose and principles of the Building 

Act 2004.  It is the first major review since its inception in 1991 (DBH, 2007).  The 

Department expects to present the revised building code to the Minister for Building 

and Construction in late 2007 (DBH, 2007). 

The current Code has four sections for fire safety (NZ Govt, 1992): 

C1: Outbreak of Fire 

C2: Means of Escape 

C3: Spread of Fire 

C4: Structural Stability During Fire 

Additionally, some other areas of the Code relate to fire safety such as signs, visibility 

in escape routes, access routes, and power sources. 

All aspects of these sections will be included in the revised Building Code. However 

the new Code sets out to make the performance requirements measurable.  That is, to 

provide a definition to clauses that previously stated something should be ‘adequate’ 

or ‘appropriate’.  
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To do this, several work groups have been set up to develop parts of the new Code. 

For fire safety, the Fire Safety Working Group comprises three external experts and 

four staff from the Department. 

2.2.3. Compliance Documents 

The Act states that all buildings must comply with the Code (NZ Govt, 2004).  The 

Code states what performance requirements buildings must meet, but not how to 

achieve them.  The Compliance Documents are a non-mandatory method of proving 

compliance with the Code, essentially providing a way of ‘how’ to do it for each Code 

clause.  There is a compliance document for each section of the Code and for fire 

safety the Compliance Document incorporates the four sections of the NZBC listed 

above into one solution referred to as C/AS1 (the name stands for the Acceptable 

Solution for the C clauses) (DBH, 2005). 

The Compliance Documents are written and maintained by the Department to meet 

the performance requirements of Code.  If a building complies with them entirely a 

building consent authority (BCA) must issue a building consent (NZ Govt, 2004). 

The level of safety provided by C/AS1 (DBH, 2005) is not stated and, as most of its 

requirements are tabulated, there is often step function increases in the level of safety 

it provides.  For instance; a building of 24 m escape height does not require 

sprinklers, whereas a building of 25 m escape height does.  The added benefit of the 

sprinkler system far out weighs the added risk of one metre extra escape height.  

Furthermore, requirements change for different uses of buildings.  This makes 

assessing an overall level of safety difficult (or impossible) for the document.  The 

level of safety within C/AS1 is implicit and not easily quantified for comparison.   

Designing in accordance with a Compliance Document is not compulsory.  Any 

design may be approved as long as it meets the performance criteria of the Code.  

However, as the current building code does not quantify or explicitly state what the 

performance criteria are it can be very hard for designers and regulators to know and 

agree exactly what code compliance is. 
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2.3. Current Procedure for Fire Engineering Designs 

In New Zealand most new buildings comply with the Compliance Document C/AS1 

for fire safety, or use it as a basis for design.  If a new building does not comply with 

the acceptable solution for fire safety the applicant must prove it meets the 

performance requirements of the Code.  There is currently no formal way of doing 

this so it is up to each individual applicant, or the applicant’s fire engineer, to prove 

this to the BCA.  In some cases, for minor variations, this is done informally through 

discussion and comparison to C/AS1.  For more major departures, more rigorous 

testing, modelling, or calculations are done to prove the building meets the 

performance requirements of the Code.  It is common for building fire designs to vary 

from the Compliance Documents in only one or a few parts, so sometimes only the 

area of variance is proved with performance based fire design.  The BCA can then 

choose to accept the evidence and grant building consent.  Many BCAs lack the 

expertise to evaluate the evidence provided with a performance based design and may 

contract a third party to undertake this review for them.  Alternatively, they may 

require the applicant to supply a peer review by an independent third party, although 

this is not a formal procedure within the legislation.  This peer review is paid for by 

the applicant. 

However, in addition to the above process, the Building Act 2004 (NZ Govt, 2004) 

introduced another major regulatory step for performance based fire design.  If a new 

building does not comply with the Compliance Documents for fire safety (C/AS1), 

access routes (D1/AS1), warning systems (F7/AS1) and visibility in escape routes 

(F6/AS1) the application for building consent must also be sent for review to the 

Design Review Unit (DRU) of the New Zealand Fire Service.  This can often be the 

third or fourth review of a building’s fire safety design. 

The DRU, under section 46 of the Act, (NZ Govt, 2004) provides comments to the 

building consent authority only about the application, but cannot make a decision as 

to whether consent should be issued.  The cost of this review is paid by the applicant. 
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Performance based design may also be used on existing buildings and would follow 

the same process as for a new building but is assessed by the BCA on the basis of 

reasonable practicality of any upgrade work required.   

The current consent process for performance based fire design is significantly longer, 

more expensive and uncertain than for designs that meet the compliance documents.  

It can be frustrating for fire safety engineers who have to prove buildings meet 

different criteria for buildings with varying building consent authorities whose 

interpretation of the performance criteria of the Code can differ, or a differing opinion 

of the DRU from the BCA.  Similarly, it can be frustrating for BCAs who receive 

consent applications with varying levels of fire safety provided or claimed.  As BCAs 

in New Zealand carry the majority of the liability when approving buildings for 

construction, hesitation in approving performance based designs is somewhat 

understandable. 

To provide a comparison, a specifically engineered structural design for a building 

can be submitted for building consent and these are most commonly based on a 

standard loadings code.  The building consent authority engages a Chartered 

Structural Engineer to review the design, or may accept it on weight of a Producer 

Statement stating the design was undertaken or reviewed by an appropriately qualified 

person, with Professional Indemnity Insurance and to a recognised standard.  The 

consent application is not halted unless there is a fault or lack of information in the 

design.  The application is not reviewed by a third party unless it is extremely 

innovative or not based upon a recognised standard of design.  However, in the case 

of fire, the equivalent of the loadings code does not exist. 

2.4. Perceived Benefits of the Performance Framework 

Prescriptive based building codes, whilst perhaps providing a simple approval 

process, may not provide the best solutions for all buildings.  The inability to innovate 

building specific solutions creates no development in technologies or design.  It also 

does not allow for individual, specific-use buildings which may not fit within a 
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grouping or classification and can often lead to a less satisfactory design.  It is for 

these reasons a performance based code is provided.  

However, unless it can be readily used by the industry, the benefits of a performance 

based code are not realised.  To make this happen it is imperative the regulator 

understands what the performance requirements are, can control performance based 

designs to ensure a consistent review approach is taken, and can ensure the outcome 

achieved by the buildings actually does meet code.  The intention of providing the 

performance framework is to allow this to happen for fire safety. 

The conceptual framework for fire safety does not remove the need for some building 

consent applications to be sent to the Design Review Unit of the New Zealand Fire 

Service, as this is an instruction within the Act (NZ Govt, 2004).  However, as it will 

provide measurable requirements designs must meet for fire loads, life safety, and fire 

spread, it will remove a lot of the debate around interpretation of what is safe.  The 

framework for fire safety is intended to provide a similar role as the structural 

loadings code, which does not remove the need for expertise in design nor limit 

innovation of how the measurable requirements are achieved.  

Therefore, it is intended that the conceptual fire performance framework will assist 

the industry in permitting performance-based designs to be undertaken and limit the 

cost and time of approval to make it a more viable design approach.  The possible 

benefits are noted by Wade (2007) to include: 

• permitting flexibility and innovation in design; 

• ensuring a more consistent safety outcome for performance-based designed 

buildings; 

• reduce local interpretations by regulators; and 

• provide regulators more control over what methodology is appropriate. 
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3. The Conceptual Performance Framework 

3.1. Introduction 

The framework is intended to provide a robust methodology for fire engineering 

designs to ensure a consistent level of safety is applied to all buildings dependent on 

their individual risks such as occupancy type, storage, or egress route complexity.  

The framework is being developed to make sure the performance basis of the Code is 

maintained whilst providing a more rigorous approach to performance-based designs.  

It will also ensure that the same criteria are applied to a performance-based design 

independent of who the regulator is, thus removing local interpretations. 

The framework is in three parts.  The first lists specific design scenarios that are to be 

analysed, where the test used is dependent on the use of the building.  The second 

describes the fire that is to be tested, in terms of its growth, fuel, and species 

production.  The third part describes the tenability criteria for occupants that the 

building would have to pass in order to prove compliance with the performance 

criteria of the Code.  These three parts are described in detail below. 

3.2. Design Fire Scenarios 

The current proposal includes eight design fire scenarios.  Each scenario describes the 

performance objectives, the design event (fire or heat loads) to be tested, the 

performance measure to be assessed against (tenability criteria or material properties), 

methods to be used in some cases, assumptions that can be made in the analysis, and 

finally, which buildings the scenario is applicable to.  Some of the scenarios may not 

require modelling or calculation if certain criteria are met, for example if a fire 

protection system is installed to a recognised standard or by installing non-

combustible materials. 

The scenarios were developed from those within NFPA 5000 (NFPA, 2006), and were 

adjusted and expanded to suit the New Zealand building legislation and Code 
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requirements.  It is noted the scenarios do not have official names or titles at the time 

of publication, and the names used here are for ease of understanding. 

3.2.1. Design Fire Scenario One – Challenging Fire 

Design Fire Scenario One is intended to represent a credible worst-case fire that will 

challenge the fire protection features of the building.  The fire load is specific to the 

use and occupancy of the space, and several fires and areas within the building may 

need to be tested to ascertain the worst-case.  The scenario is applicable to all 

buildings.  To pass this scenario it must be proven that all areas provide tenable 

conditions whilst occupants make their escape.  The scenario is outlined in Table 3.1. 

Description of fire threat Occupancy specific fire scenario, with the design event(s) dependent on 
purpose group and fire hazard category. 
 
[these terms are not defined in conceptual framework currently, but are 
likely to have the same definition as C/AS1] 

Performance objective • Provide a tenable environment for occupants in the event of fire. 
• Meet the reasonable expectations of fire fighters to be protected 

from illness or injury whilst carrying out rescue and fire fighting 
operations. 

Design event (fire) Design fire from the applicable activity of the space from the Fire Load 
Table. [Refer section 3.3] 
The design event may be modified during the analysis (depending on the 
methodology used) to account for building ventilation and fire 
suppression effects on the fire. 

Performance measure Occupant Tenability Limits [Refer section 3.4] 
Fire Fighter Expectations [yet to be developed] 

Expected methodologies It is expected there will be calculations of the fire environment in the 
occupied areas and escape routes which will be evaluated using the 
tenability criteria. 
It is expected there will be calculations of the fire environment for 
extended periods to evaluate the conditions to which fire fighters will be 
exposed, and calculations on the amount and availability of fire fighting 
water. 

Assumptions Active and passive systems in the building may be assumed to perform 
as intended by the design. 
It can be assumed that a single fire source shall be utilised to evaluate 
the protection measure(s). 

Applications This scenario applies to all buildings 

Table 3.1 - Design Fire Scenario One – Challenging Fire 

This scenario is typical of what would be currently modelled for a performance based 

design currently, but where previously the fire safety engineer would determine the 

design fire and the pass criteria for each building, they will now be prescribed. 
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3.2.2. Design Fire Scenario Two – Blocked Egress 

Design Fire Scenario Two is included within the framework to account for a fire 

location that may block an escape route.  To pass this scenario the building must be 

proven to have adequate alternative escape routes and width to allow all occupants to 

egress the building safely. 

The scenario tests a fire located within, or near, the primary escape route or exitway 

and prevents occupants from leaving the building by that route.  Fire originating 

within an escape route in an ‘open path’ will be considered to be a severe fire 

applicable to the particular building, or area use, as defined in the Fire Load Table 

(the same fire as would apply in Design Fire Scenario One).  A fire in an exitway or 

‘safe path’, where fuel sources and combustible materials are restricted, could be a 

less severe fire and this is modelled by the “exitway” activity listing within the Fire 

Load Table.  Fire originating within an exitway may be considered to be the result of 

a deliberately lit fire or be accidental.  This scenario is applicable to buildings that 

have an escape route that serves more than 50 people, so not all buildings will require 

assessment of this scenario.  The scenario is outlined in Table 3.2. 
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Description of fire threat Fire located to block a primary means of escape 
 

Performance objective • Provide a viable means of escape from the building for 
occupants in the event of fire. 

• Provide a viable means of access for rescue and fire fighting 
purposes. 

 
Design event (fire) Design fire from the applicable activity of the space from the Fire 

Load Table.  
 

Performance measure Occupant Tenability Limits [Refer section 3.4] 
Fire Fighter Expectations [yet to be developed] 
 

Expected methodologies Provide alternative escape routes that are tenable for the duration 
of the fire. 
 

Assumptions Active and passive fire safety systems in the building may be 
assumed to perform as intended by the design. 
 

Applications This fire scenario applies to escape routes serving more than 50 
people. 
 

Table 3.2 - Design Fire Scenario Two – Blocked Egress 

The definition of “open path”, “escape routes” and “exitways” is the same as is 

currently defined by C/AS1 (DBH, 2005), and is fully described in the Glossary. 

3.2.3. Design Fire Scenario Three – Unoccupied Spaces 

Design Fire Scenario Three ensures the fire safety engineer considers a fire that may 

start and grow within an unoccupied room, and endanger people in another space 

either by smoke or fire spread.  The scenario tests a fire starting in an unoccupied 

space that may grow to a significant size undetected and then spread to other areas 

where large numbers of people may be present.  This scenario is intended to address 

the concern regarding a fire starting in a normally unoccupied room and then 

migrating into the space that could, potentially, hold the greatest number of occupants 

in the building. Furthermore, fire spreading from unoccupied spaces may compromise 

the ability of fire fighters to assess the threat to themselves whilst undertaking rescue 

and fire fighting operations.  This scenario is applicable to buildings that hold 50 or 

more people in one room or space, and is described in Table 3.3. 
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Description of fire threat A fire that starts in a normally unoccupied room that may 
endanger a large number of occupants in another room. 
 

Performance objective • Maintain tenable conditions on escape routes until the 
occupants have evacuated. 

• Protect against fire spread that could compromise the retreat 
of fire fighters. 

 
Design event (fire) Design fire from the applicable activity of the space from the Fire 

Load Table. 
 
[Currently, there are no defined design fires for these spaces] 

Performance measure Occupant Tenability Limits [Refer to Section 3.4] 
Fire Fighter Expectations [yet to be  developed] 
 

Expected methodologies • Automatic fire suppression or automatic detection and fire 
separations. 

• Tenability analysis of escape routes if fire spreads into the 
occupied space 

• Fire Fighter tenability analysis on access routes to the 
unoccupied room. 

 
Assumptions Active and passive systems in the building may be assumed to 

perform as intended by the design. 
 

Applications This fire scenario applies to buildings with spaces holding more 
than 50 occupants. 
 

Table 3.3 - Design Fire Scenario Three – Unoccupied Spaces 

The expected methodologies for this scenario mean that if unoccupied spaces are fire 

separated and are provided with automatic detection installed and certified to a 

recognised standard, or have an automatic suppression system installed to a 

recognised standard, then a full analysis of the fire is not required; the building passes 

this scenario. 

3.2.4. Design Fire Scenario Four – Concealed Spaces 

Design Fire Scenario Four assesses the building against a fire that starts in a 

concealed space; such as a service duct or ceiling void.  A fire that starts in a 

concealed space could develop undetected and spread to endanger a large number of 

occupants in another room.  This scenario is intended to address a concern regarding a 

fire originating in a concealed space that does not have either a detection system or 

suppression system, that spreads into the room within the building and may, 

potentially, hold the greatest number of occupants.   
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Additionally, fire spreading in concealed spaces may compromise the ability of fire 

fighters to assess the threat to themselves whilst undertaking rescue and fire fighting 

operations.  This scenario is applicable to buildings that hold 50 or more people in one 

room or space.  Design Fire Scenario Four is outlined in Table 3.4.  

Description of fire threat A fire that starts in a concealed space that may endanger a large 
number of occupants in another room. 
 

Performance objective • Maintain tenable conditions on escape routes until the 
occupants have evacuated. 

• Protect against fire spread that could compromise the retreat 
of fire fighters. 

 
Design event (fire) Design fire from the applicable activity of the space from the Fire 

Load Table. 
 
[Currently, there are no defined design fires for these spaces] 

Performance measure Occupant Tenability Limits [Refer to Section 3.4] 
Fire Fighter Expectations [yet to be developed] 
 

Expected methodologies • Automatic fire suppression or automatic detection and fire 
separations. 

• Tenability analysis with fire spreading into the occupied 
space 

• Fire Fighter tenability analysis on access routes. 
 

Assumptions Active and passive fire safety systems in the building may be 
assumed to perform as intended by the design. 
 

Applications This fire scenario applies to buildings with spaces holding more 
than 50 occupants. 
 

Table 3.4 - Design Fire Scenario Four – Concealed Spaces 

There are considered to be several ignition sources, fuel types and sizes of concealed 

spaces including floor plenums for IT cables, ceiling plenums, service shafts, curtain 

wall cavities, etc.  A design event for this scenario has yet to be developed. 

3.2.5. Design Fire Scenario Five – Sleeping Occupants 

Design Fire Scenario Five ensures the fire safety engineer considers a smouldering 

fire in sleeping areas.  It is included in the conceptual framework to address the 

concern regarding a slow, smouldering fire causing a threat to sleeping occupants. 

The scenario is described in Table 3.5. 
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Description of fire threat Smouldering fire within a sleeping area. 
 

Performance objective Maintain tenable conditions on escape routes until the occupants 
have evacuated. 
 

Design event (fire) Design fire from “Smouldering Fire” listing within the Fire Load 
Table. 
 

Performance measure Occupant Tenability Limits [Refer to Section 3.4] 
 

Expected methodologies Provide automatic, inter-connected smoke detection. 
 

Assumptions Active and passive fire safety systems in the building may be 
assumed to perform as intended by the design. 
 

Applications This fire scenario applies to firecells with sleeping use. 
 

Table 3.5 - Design Fire Scenario Five – Smouldering Fire in Sleeping Spaces 

“Type 1” smoke alarms, (battery powered or hard-wired, local sounding only) have 

yet to be confirmed as being reliable enough, by the Fire Safety Working Group, to be 

considered to provide adequate reliability, to remove the need for this scenario to be 

tested.  Therefore it is likely only automatic smoke detection systems installed to NZS 

4521 (SNZ, 2003), or similar approved standard, would suffice to pass this scenario, 

although this has yet to be clarified. 

This means, however, that a stand-alone dwelling, classed as “SH” in C/AS1 (DBH, 

2005), is not able to pass this scenario.  The Department would be required to make a 

decision as to whether to exempt SH buildings from this scenario or allow “Type 1” 

smoke detection to be permitted to pass this scenario. 

3.2.6. Design Fire Scenario Six – Horizontal Fire Spread 

The inclusion of Design Fire Scenario Six in the framework ensures the buildings are 

configured to reduce the probability of fire spread horizontally to other buildings, and 

to the façade of the building from other buildings.  It affects two aspects of design; 

materials of the façade and cladding system, and the location, size and orientation of 

unprotected areas such as windows.  A large fire within a building may spread to 

neighbouring buildings as a result of heat transfer - predominantly by radiation 

through openings in an external wall.  To reduce the probability of fire spread 
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between neighbouring properties, measures to limit the radiation flux received by the 

neighbouring building are required. 

There are two parts to the scenario, referred to here as Part One and Part Two.   

Scenario Six – Part One 

Part One requires external walls to be designed to limit the radiation received to no 

more than: 

• 30 kW/m2 at the relevant boundary, and 

• 16 kw/m2 at 1.0 m or more beyond the relevant boundary. 

(“Relevant Boundary” has the same definition as within C/AS1 and can be found in 

the Glossary). 

This part of the scenario ensures buildings do not provide large areas of unprotected 

walls close to the boundaries to reduce the emitted effects of a fire to an acceptable 

amount.  This is, in effect, an acknowledgement from the Department that it is 

impossible within practical building design parameters to limit the radiation emitted 

in case of fire to zero at the boundary.   

Scenario Six – Part Two 

The result of permitting minimum emitted radiation at the boundary is the need to 

provide external walls with some resistance to ignition if exposed to it.  Part Two tests 

the building to ensure external walls shall not ignite when subjected to the conditions 

of Part One, within: 

• Performance Group IV and V shall not ignite 

• Performance Group III within 30 minutes 

• Performance Group II within 15 minutes 

• Performance Group I within 10 minutes 
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This part of the scenario ensures that the building itself is somewhat resistant to the 

received effects of a fire.  Performance Groups are being considered as one way of 

describing a rating system for buildings, and identifying buildings important to 

society (DBH, 2007b).  A list of the proposed Performance Groups being considered 

and which buildings fall into each group is supplied in the Appendix D.  Design Fire 

Scenario Six is outlined in Table 3.6. 

Description of fire threat Limit fire exposure to neighbouring property, and protect from an 
exposure from neighbouring buildings. 
 

Performance objective Prevent fire spread to other property and adjacent spaces where 
people sleep. 
 

Design event (fire) Design fire from the applicable activity of the space from the Fire 
Load Table. 
 

Performance measure External walls shall be designed to limit the radiation received at 
a relevant boundary to no more than 30 kW/m2, and at 1 m or 
more beyond the relevant boundary to no more than 16 kW/m2  
 
External walls of buildings, when subjected to the conditions of 
the above, shall: 
• not ignite if PG IV and V 
• not ignite within 30 minutes if PG III 
• not ignite within 15 minutes if PG II 
• not ignite within 10 minutes if PG I 
 

Expected methodologies C/AS1 tabulated data 
Heat transfer calculations 
 

Assumptions Fire suppression systems are assumed to be ineffective. 
[This may be removed and included in Scenario Nine] 
 

Applications This fire scenario applies to all buildings. 
 

Table 3.6 - Design Fire Scenario Six – Horizontal Fire Spread 

This scenario is not directly related to life safety (although fire spread to another 

building may endanger more people); it is included primarily to meet the performance 

requirements of the Code which requires that buildings must not spread fire to other 

property.  

The C/AS1 tabulated data may be used to prove compliance with the performance 

measures, as the same assumptions were made in developing the Acceptable Solution.  

However, a defined list of which sections of C/AS1 can be complied with to pass this 
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scenario may need to be included within the framework in order to ascertain 

compliance by this method. 

3.2.7. Design Fire Scenario Seven – Vertical Fire Spread 

Design Fire Scenario Seven creates a test of the design building’s ability to withstand 

fire spread from lower to upper levels.  The scenario tests a fire source adjacent to an 

external wall such as a fire plume emerging from a window opening, or a fire source 

in close contact with the façade such as a rubbish container, that could ignite cladding 

and spread fire to upper floors of the building.  An outline of Design Fire Scenario 

Seven in provided in Table 3.7. 
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Description of fire threat Fire source external to the building exposing the external wall and 
leading to significant façade damage and vertical fire spread. 

Performance objective To prevent fire spread to other property and spaces where people sleep 
(in the same building) and maintain tenable conditions on escape 
routes until the occupants have evacuated. 
 
Protect against external vertical fire spread that could compromise the 
safety of fire fighters working in or around the building. 
 

Design event (fire) • For PG II & III buildings: radiant flux of 50 kW/m2 impinging 
on the façade for 15 minutes 

• For PG IV and V buildings: radiant flux of 90 kW/m2 impinging 
on the façade for 15 minutes. 

 
[Therefore, there is no event to test for PG I buildings] 

Performance measure Prevent façade materials from contributing to flame spread that 
propagates beyond the area initially exposed.  Some damage to the 
area initially exposed can be expected. 
 
Vertical flame spread distance, no more than 3.5 m above flame 
source (e.g. top of window opening).   
 

Expected methodologies Large scale fire tests (e.g. NFPA 285, ISO 13785, VCT) 
 
Small scale testing using ISO 5660 or AS/NZS 3837 for homogenous 
materials.   
 
Limit maximum HRR to 100 kW/m2 to ensure flame spread unlikely. 
 
Use non-combustible materials. 
 
Validated flame spread models could be used for some materials. 
 
Use of ‘aprons’ and/or ‘spandrels’ to reduce exposure to upper levels. 

Assumptions None 
 

Applications This fire scenario applies to building when upper floors contain 
sleeping occupancies or other property. 

Table 3.7 - Design Fire Scenario Seven – Vertical Fire Spread 

“Other property” has the same meaning assigned to it as within the current C/AS1, 

and a full description can be found in the Glossary.  A list of the proposed 

Performance Groups and which buildings may fall into each group is supplied in the 

Appendix D. 

The listed performance measure of allowing flame spread to 3.5 m above the fire 

source appears to permit the spread of fire to one floor but not two floors above the 

fire source.  If this performance measure was permitted it would appear to not comply 
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with current Code performance requirements where the upper level was other 

property or a sleeping purpose group (NZ Govt, 1992). 

3.2.8. Design Fire Scenario Eight – Surface Linings 

Design Fire Scenario Eight tests a flaming fire source located in a corner or against a 

wall that ignites room surface lining materials that could lead to untenable conditions 

on an escape route.  This scenario is included to restrict the use of flammable or 

highly toxic surface lining materials in certain areas that would contribute to fire 

growth or excessive fire products.  The scenario is outlined in Table 3.8. 

The current methodologies listed in Table 3.8 do not include the spread of flame 

index, smoke developed index, or flammability index as described in Section 6 of 

C/AS1 (DBH, 2005).  This scenario is included in the framework to restrict material 

choice in certain building areas to linings that will not contribute to the fire growth or 

fuel load and to lessen the severity of fire in important areas such as crowd spaces and 

exitways. 

Description of fire threat Fire involving interior surface lining and finishes. 
 

Performance objective • Tenable conditions on escape routes shall be maintained while 
occupants evacuate. 

• Protect against fire spread that could compromise the retreat of 
fire fighters. 

 
Design event (fire) Fire source of output 100 kW for 10 minutes followed by 300 kW 

for 10 minutes in contact with a wall-corner in accordance with ISO 
9705. 
 

Performance measure Flashover shall not occur when surface lining materials and finishes 
are exposed to the design event, and ignoring the effect of any 
suppression or smoke management system that may be present. 
 
Performance criteria for lining materials and finishes depend on 
location in the building and occupancy type or performance group. 
 
The time to flashover (under test conditions of ISO 9705) is to be 
not less than 20 minutes and average smoke production rate to be 
less than 5 m2/s (applies to exitways; sleeping areas where 
occupants are detained or under care; and all occupied spaces in PG 
IV). 
 
The time to flashover (under test conditions of ISO 9705) to be not 
less than 10 minutes and average smoke production rate after 10 
minutes to be less than 5 m2/s (applies to assembly/crowd spaces; 
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sleeping areas where occupants are not familiar with surroundings) 
 
The time to flashover (under test conditions of ISO 9705) not less 
than 2 minutes (applies to all other locations, including within 
household units and detached dwellings). 
 
For the redundancy/robustness test, render key active fire protection 
system ineffective and use following performance criteria: 
The time to flashover (under test conditions of ISO 9705) to be not 
less than 20 minutes and average smoke production rate to be less 
than 5 m2/s (applies to exitways; sleeping areas where occupants are 
detained or under care; and all occupied spaces in PG IV). 
Time to flashover (under test conditions of ISO 9705) not less than 
2 minutes (all other locations, including within household units and 
detached dwellings). 
 
[The last criteria may be removed and included in Scenario Nine]. 

Expected methodologies ISO 9705 room corner fire (e.g. Group 1 Material, Building Code of 
Australia). 
 
ISO 5660 cone calorimeter test at 50 kW/m2 (e.g. correlated to a 
full-scale result). 
 
Use non-combustible materials. 
 
Validated flame spread models (if available) could be used for some 
materials. 
 

Assumptions The main fuel load in exitways is attributed to material used to line 
the walls, ceiling and floor surfaces, while in other spaces the fuel 
load from surface linings is usually secondary to the room contents. 
 

Applications This fire scenario applies to all buildings. 
 

Table 3.8 - Design Fire Scenario Eight – Surface Linings 

3.2.9. Design Fire Scenario Nine – Reliability and 
Redundancy 

This scenario has not been fully developed at the time of publication.  It is intended to 

be included in the final framework to provide a test for the design building where one 

or more of the fire safety systems are not working due to malfunction, non-operation 

or ineffectual operation (where the system works but not as intended). 

It is likely this scenario will be applied to buildings strongly dependant on one 

system, and may only be applied to certain buildings, or particular Performance 

Groups within the framework.  It possibly may be applicable when a fire safety 

system, such as sprinklers, is not installed to a recognised standard.  In these cases 
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back-up power systems, redundancy in design (such as suppression systems and 

passive compartmentation) or proven robustness of the systems will be required to 

pass this scenario. 

The fire challenge required to be tested for this scenario may be less severe than in 

Design Fire Scenario One (for example) due to the low probability of a severe fire 

event occurring at the same time as the failure of a fire safety system.  One event that 

defies this assumption is post-earthquake fire, as fire ignition is more likely after a 

large shaking event and this is also when power may be cut, and fire fighting water 

unavailable or systems damaged.  Protection from post-earthquake fire may be 

separately addressed by the Department and if considered necessary, included as part 

of the revised Building Code. 

3.3. Design Fires; Fire Load Table 

Most of the scenarios described in section 3.2 are associated with a design fire (Wade, 

2007).  The fires to be used in analysis of the design fire scenarios will be prescribed 

by the framework.  For design fire scenarios 1 to 4 the following characteristics are 

given in a table: (Wade, 2007): 

• fire growth rate – either time-squared or time-cubed (t2 or t3) 

• fire intensity coefficient α 

• fire load energy density, FLED (MJ.m-1) 

• peak heat release rate (kW.m-1) 

• net heat of combustion (also referred to as energy yield) (MJ.kg-1) 

• species production for CO and C (soot) (g.g-1) 
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From these inputs the fire safety engineer can determine the design fire for each use in 

the building.  It may be necessary to test more than one design fire if the final use of 

the building is not determined, or if the building is used for storage where the contents 

are likely to vary over the building’s life.  Each use is listed within the Fire Load 

Table, a selection of the table is provided for illustration in Table 3.9 and a draft of 

the full version is provided in Appendix E. 

Activity Fire 
growth α 
(kW.s-2) 

FLED 
(MJ.m-2) 

Peak 
HRR 
(kW.m-2) 

Net Heat of 
Combustion 
(MJ.kg-1) 

Species 
Production 

Crowd Activities      
Cinema fast t2 400 290 20 1 
Retail fast t2 600 550 20 1 
Sleeping 
Activities 

     

Bedrooms fast t2 500 250 20 1 
Working, 
Business and 
Storage Activities 

     

Business office fast t2 800 290 16.5 2 
Storage group 1 t3     

Table 3.9 - Selection from the Fire Load Table 

It has been proposed by the Fire Safety Working Group that if a designer believed a 

different fire load than was described in the Fire Load Table for the building was 

suitable for the particular use of the building, then this would be allowed provided the 

building consent authority agreed and the validation of the alternative design fire is 

documented prior to full design and application for consent, and any mechanisms in 

place to ensure the load would not be exceeded in the resulting building is included.  

The alternative design fire could be part of the Fire Engineering Brief if the procedure 

of the International Fire Engineer Guidelines (IFEG) for this process was being 

followed (IFEG, 2005).  This procedure has yet to be written into the performance 

framework but may be included in some form. 
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3.3.1. Fire Intensity Coefficient 

The fire intensity coefficient provides the rate of growth of the fire before it reaches 

its peak, or it is controlled by ventilation.  There are two types of fire growth listed in 

the table: time-squared and time-cubed growth. 

For time-squared fire growth the fire follows equation (1): 

2tq α=          (1) 

Where q  is the heat release rate of the fire (kW), α  is the fire intensity coefficient 

(kW.s-2) and t is the time in seconds.  The value of alpha is shown in Table 3.10, and 

is found from the time it takes a fire to grow to 1.055 MW (Buchanan, 2001). 

Fire 
growth 

Fire intensity 
coefficient α 
(kW.s-2) 

Ultra-fast 0.1874 
Fast 0.0466 
Moderate 0.0117 
Slow 0.00293 

Table 3.10 Time-squared Fire Intensity Coefficient Values 

For time-cubed fire growth the fire follows equation (2) (Ingasson, 2001): 

STHtq
65.0

3β
=          (2) 

Where q  is the heat release rate of the fire (kW), β  is the growth coefficient     

(kW.s-3), t is the time (s) and STH  is the height of the racked storage (m).  For these 

fires the fire intensity coefficient beta is defined in three categories dependent on the 

main fuel source, and is listed in Table 3.11. 
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Main fuel 
source 

Fire 
growth 

Fire intensity 
coefficient β 
(kW.s-3.m-1) 

100% 
Polyurethane 
foam 

Group 1 0.0057 

50% – 50% mix 
of polyurethane 
foam and wood 

Group 2 0.0016 

100% Wood Group 3 0.00044 
Table 3.11 - Time-cubed Fire Intensity Coefficient Values 

3.3.2. Species Production  

Species production has been classed into three categories dependent on the main fuel 

contributing to the fire, with carbon and carbon monoxide production prescribed for 

each fuel category.  The categories are listed in Table 3.12. 

Reference 
number in 
Fire Load 
Table 

Main Fuel 
source 

fCO pre-
flashover 
(g.g-1) 

fCO post-
flashover 
(g.g-1) 

fC pre-
flashover 
(g.g-1) 

fC post-
flashover 
(g.g-1) 

1 Polyurethane 
foam 

0.04 0.4 0.1 0.2 

2 50 – 50 
polyurethane 
foam and 
wood 

0.02 0.2 0.1 0.2 

3 Wood 0.004 0.04 0.015 0.03 
Table 3.12 - Proposed Species Production Values 

3.4. Tenability Criteria 

The tenability criteria proposed for occupants provides the main measurable factor for 

designers to prove their buildings are safe enough to comply with the life safety 

requirements of the Code for fire safety.  The tenability criteria have been developed 

from PD 7974-6:2004 (BSI, 2004) and ISO 13571 (ISO, 2006).  There are two sets of 

criteria: a simple set of criteria which, if passed, no further analysis is required, and a 

more detailed set of criteria, for which a more detailed analysis is required. 
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3.4.1. Simple Criteria for Life Safety 

The simple tenability criteria are based upon zero exposure of occupants to the 

negative effects of the fire.  If occupants are kept away from all smoke and heat at all 

times, the building is considered to meet the requirements of the Code (NZ Govt, 

1992). 

1. The clear layer height must remain at a minimum height of 2.5 m from floor 

level, and 

2. The maximum upper layer temperature reached shall not exceed 200 °C. 

As can be quickly identified, rooms and spaces with ceilings lower than 2.5 m will not 

pass the simple criteria and more detailed analysis will always be required for these 

spaces.  Also, the simple criteria may not be suitable for very large spaces where 

stratified layers may not form and a more detailed analysis of the conditions within 

the space would be required. 

3.4.2. Detailed Criteria for Life Safety 

The detailed criteria for life safety are based upon minimising occupant exposure to 

heat and smoke to an acceptable level. 

Fractional Effective Dose (FED) for narcotic (toxic) gases.   

This criterion accounts for the cumulative effects of CO, O2 and CO2 on the 

respiratory rate of occupants.  The acceptance level is: 

• FED ≤ 0.3 at 2.0 m above floor level 

The fractional effective dose may be determined using upper and lower layer 

properties as applicable, or else by using upper layer properties only.  The expected 

calculation methods of the framework include SFPE Handbook 3rd edition Chapter 2-

6 (Purser), ISO 13571, CFAST, BRANZFIRE and FDS.  It should be noted that using 

any of these methods is not compulsory. 
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Fractional Effective Dose (FED) for radiation and convective heat.   

This criterion accounts for the cumulative exposure to skin of radiant heat (second 

degree burns) and of convective heat from the air.  The acceptance level is: 

• FED ≤ 0.3 at 2.0 m above floor level 

The fractional effective dose may be determined using upper and lower layer 

properties as applicable, or else can be based on upper layer properties only.  The 

recommended calculation methods include ISO/DIS 13571, SFPE Handbook 3rd 

Edition Chapter 2-6 (Purser), specific fire modelling, or hand calculations using time 

dependent data for radiant heat flux from a layer and the gas temperature to which 

people are exposed. 

Visibility 

This criterion is a measure of the optical density of the fire products.  It protects 

against occupants being unable to see their way out of a building.  The acceptance 

level is: 

• Visibility not less than 5 m in a room or space less than 100 m2.   

• Visibility not less than 10 m in a room or space greater than 100 m2.   

Visibility shall be evaluated at a point of 2.0 m above floor level, and may be 

calculated using upper and lower layer properties as applicable, or else can be 

conservatively based on upper layer properties only.  The recommended calculation 

methods include determining visibility based upon predicted smoke or soot 

concentrations in the gas layer. 
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3.5. Fire Fighter Tenability and Access, and Structural 

Resilience 

The Code does not require owners to protect their own property from fire (NZ Govt, 

1992).  However, structural failure of part or all of a building may endanger occupants 

leaving the building, and fire fighters undertaking rescue and fire fighting activities.  

It may cause spread of fire to neighbouring property or buildings and may physically 

damage other property by debris falling across boundaries.  Additionally, the negative 

publicity resulting from a high-rise or large or public building collapsing is likely to 

have international implications. 

3.5.1. Protection from Fire for Primary Structural Systems 

The acceptance level for structural protection is: 

• Structural failure adversely affecting occupants while evacuating or 

endangering fire fighters is not acceptable.   

This criterion has not been developed yet but is likely to be included in some form in 

the fire safety performance framework in order to prove compliance with the Code.  It 

may be included as a performance measure in each scenario, or in a separate scenario 

specifically focussed on structural integrity.  For these reasons protection of structural 

systems cannot be further assessed in this work. 

3.5.2. Fire Safety Features for Fire Fighters 

The New Zealand Fire Service is yet to establish tenability conditions for fire fighters 

entering a building with fire.  However, they have provided commentary to the 

Department on the conceptual framework as to how best to include protection for fire 

fighters.  Fire fighting systems such as hydrant risers and fire fighting water are likely 

to have similar requirements to those found in the current C/AS1 (DBH, 2004).  This 

criterion has not yet been developed, but is to be included in some form in the fire 

safety performance framework in order to prove compliance with the Code.  

Therefore it cannot be further assessed in this work. 
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4. Methodology 

4.1. Introduction 

This chapter presents the methods and material employed in the analysis of the case 

buildings for life safety using the conceptual performance framework.  It outlines the 

case buildings and reasons for their inclusion in the study, the methods of calculating 

the effects of fire(s) in the buildings and the response and evacuation of the 

occupants.  Assumptions used for the analysis of the buildings are also described. 

4.2. Case Buildings 

Twelve case buildings were chosen that represented a range of building uses and 

occupant characteristics and can be built using Compliance Document C/AS1 (DBH, 

2005).  The buildings were taken from real building plans, but had all identifiable 

markers and addresses removed prior to inclusion in the study.  The plans were 

sourced from the Building Research Association of New Zealand (BRANZ) and had 

previously been used as examples in training courses. 

The buildings were chosen to represent a range of common uses of buildings designed 

using C/AS1.  They do not represent the ultimate worst-case; that is the most onerous 

design for building size, height, occupancy numbers, etc, but are considered to 

represent typical mid-range examples of risk. 

However, the actual level of risk for all 12 case buildings is unknown, as it is implicit 

within the Compliance Document.  The actual level of risk to occupants is expected to 

be quite different over the range of case buildings, due in part to the differing 

activities undertaken in the buildings and to the varied requirements of C/AS1 (DBH, 

2005).  Table 4.1 lists the case buildings included in the study. 
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Case 
Building 
Number 

Case Building Name Main Purpose Group as 
defined by C/AS1 

1 Apartments (Two Means of Escape) SR 
2 Sports and Recreation Building CL 
3 Warehouse and Offices WM 
4 Offices WL 
5 Cinema Complex CL 
6 Motel SA 
7 Apartments (Single Means of Escape) SR 
8 Restaurant CS 
9 Retirement Home SC 
10 Industrial WM 
11 Indoor Sports Facility CL 
12 Townhouses SR 

Table 4.1 - Case Buildings 

4.3. ASET vs. RSET 

To be safe from the effects of a fire in a building, all building occupants must be able 

to evacuate a space before the space becomes untenable and hazardous.  This is 

shown in the relationship between ASET – the Available Safe Evacuation Time, and 

RSET – the Required Safe Evacuation Time.  RSET must be lower than the ASET to 

prevent occupants being harmed by the effects of the fire.  Traditionally, engineering 

practise includes a factor or margin of safety in the comparison between the two times 

to allow for error or uncertainty in the analysis inputs. 

4.3.1. What is ‘Safe’? 

In this work the buildings are not being tested as to whether they are safe, in the 

traditional sense of the word, although that is the outcome objective.  As this study is 

providing a comparison between the conceptual performance framework and the 

existing compliance document the case buildings are being tested to confirm they 

provide an equivalent level of safety as C/AS1 (DBH, 2005).  This could be 

interpreted as being tested to be ‘safe enough’. 

Politically this is a difficult distinction to make.  Safety is defined by ISO as “the 

freedom from unacceptable risk” (ISO, 2006b).  This definition provides for the 
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allowance that some risk is acceptable, possibly because the resources required to 

protect occupants or property from it are too onerous, or the likelihood of the event is 

so small, or that removing all risk is impossible.  This argument can create a distortion 

between the perceived level of fire safety a member of the public or building owner 

might believe is in their building if it complies with the Code and the actual level of 

safety a fire engineer may be designing for. 

For the purpose of this work, no factor or margin of safety is included in the 

calculations and the case buildings will be evaluated by the following: 

• If    RSET < ASET the building passes the scenario, 

• If    RSET > ASET the building fails the scenario. 

4.4. Egress Calculations – Finding RSET 

Egress of occupants out of a space, and then out of a building, can be broken down 

into several types of varying activities that can take place from ignition until the 

building is evacuated.  It can be described by the relationship: 

travmovpre tttRSET ++= −det       (4.1) 

Where: 

RSET is the Required Safe Evacuation Time (s) 

dett  is the time from ignition until detection (s).   

movpret −  is the time from alarm activation until occupants start their escape (s) 

travt  is the time occupants spend egressing the building, and includes walking time 

and any queuing time at doorways, merging flows or other obstructions (s). 

Calculating RSET in this way is inherently conservative, since it assumes the person 

furthest from the exit is also the person who has the longest pre-movement time. 
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4.4.1. Time to detection (tdet) 

In variations of this relationship (Buchanan, 2001) the detection time is split into time 

for the detectors (or occupants) to activate or detect the fire, and the time from that 

point until an alarm is sounded.  This may be important to include in systems, in 

detention facilities for example, where a detector may activate, transmit a signal to a 

control panel or staff area, and only activate sounders when a positive second test 

occurs or when management confirm the fire.  This may add time to the total RSET.  

However, these types of systems are not present in any of the 12 case buildings and, 

as such, the time from detection to alarm is assumed to be nil, as it depends only on 

the electrical transmission of the signal in the alarm system. It is noted that NZS 4512 

permits a short delay between activation and audible sounding of the alarm for alarm 

verification, but this is not compulsory. 

In this study the zone model BRANZFIRE (BRANZ, 2007) was used to find the time 

to activation of the automatic detection systems.  This was done by choosing the 

appropriate detector (sprinkler, heat detector or smoke detector) and locating them 

within the compartments being modelled.  The characteristic used for each type of 

detector is listed within Table 4.2. 

Heat Detectors  
Response Time Index (m.s)1/2  50 
Actuation Temperature (°C) 57 
Distance below ceiling (m) 0.025 
Sprinklers Residential Commercial 
Water spray (mm/min) 5 5 
Response Time Index (m.s)1/2 50 140 
Sprinkler C-factor (m/s)1/2  0.5 1 
Actuation Temperature (°C) 68 74 
Distance below ceiling (m) 0.025 0.025 
Smoke Detectors  
Sensitivity (% per foot) 6.6  [“Normal” (AS 1603.2)] 
Characteristic Length Number (m) 15.0 
Distance below ceiling (m) 0.025 

Table 4.2 – Detector Characteristics used in the Zone Model 
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In all cases the detector was located as remote from the source of the fire (measured 

radially) as possible whilst still complying with the installation standard and room 

dimensions.  The installation standard for sprinkler systems is NZS 4541(SNZ, 

2003b) and NZS 4512 (SNZ, 2003a) for smoke and heat detection systems.  Manual 

fire alarms were not relied upon to alert building occupants. 

It was considered that in spaces where building occupants were awake, and could see 

all areas of the room they were in, they would notice the fire if it reached an output of 

500 kW.  However, as manual alarms were not used in the calculations, other building 

occupants would only be notified of the fire when a detection device was activated.  

This is a fairly conservative assumption as New Zealand Fire Service statistics 

repeatedly show occupants do activate manual alarms.  The earlier of either the 

automatic detection found using the zone model or the fire reaching 500 kW (in 

buildings this applied to) was used as the time to detection for the RSET calculation. 

4.4.2. Pre-movement (tpre-mov) 

The pre-movement time includes all the time between the sounding of an alarm, or 

other notification of a fire, and when occupants start to make their escape.  This time 

can be filled with many other activities such as dressing, investigation, warning 

others, gathering children and fighting the fire.  Some publications sub-divide the pre-

movement time into a response time and a reaction time, due to the time taken to 

make a decision. 

Humans require time to make a decision, and to determine what the clues they are 

sensing may mean.  In general, people are hesitant to undertake overt actions unless 

they clearly accept the need for such action (Nelson, 2002).  The SFPE Handbook for 

Fire Protection Engineering (2002) identifies the steps in an individual’s decision 

process as: recognition, validation, definition, evaluation, commitment, and 

reassessment.   

After the hesitation of decision making when occupants first hear an alarm, occupants 

in residential buildings may investigate to see if there is a fire, possibly they may try 

to extinguish the fire or take other action (shutting doors, removing fuel etc), check on 
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children, gather family, find pets, pack possessions, call the fire service, or any 

combination of these activities prior to directly leaving the house (Proulx, 2002).  

This behaviour differs significantly in commercial buildings, as occupants may not 

care what happens to the building, and do not have the same social affiliation with 

other occupants. 

Many studies have interviewed participants of fire incidents (Proulx, 2002, Nelson, 

2002) to try to ascertain actions of people when confronted with an alarm or a fire.  

Trends have shown that gender plays an important part in the likely first action of 

people, with males more likely to try to fight the fire and females more likely to alert 

others and help others evacuate (Nelson, 2002).  However, very few of these studies 

can put accurate times to the activities undertaken as the participants are not aware of 

time, and residential buildings are not filmed with security cameras, or similar, as 

many commercial buildings are which can provide more evidence upon investigation.  

For this reason there is little definitive data on pre-movement times for occupants.  

The SFPE Handbook (Nelson, 2002) states that researchers are hesitant to suggest 

values for pre-movement times due to the limited research findings.  One publication 

that does list times to be used in calculations is the British Standard PD 7974-6:2004 

(BSI, 2004). 

In this work, PD 7974-6 was initially used, as it presents a table of pre-movement 

times for the 1st percentile and 99th percentile occupants in various buildings.  

However, the times in the document did not vary if the occupant could sense fire cues, 

that is see, smell, or hear the fire or smoke, or were just responding to a fire alarm.  

Additionally, the times were very conservative, some for sleeping occupants in the 

order of 20 to 40 minutes.  Initial testing of the case building using these times 

showed rooms had ‘flashed over’ while occupants were still ‘making decisions’.  The 

table of pre-movement times recommended by the standard is reproduced here, in 

Table 4.3, for comparison.  The times noted in the table are in minutes. 
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Three categories are used to describe the building; Alarm Level (A1 – A3) which 

categorises the effect of the type of alarm system on pre-movement times, Building 

Level (B1 – B3) which describes the effects the complexity of the building has on 

pre-movement times, and Management Level (M1 to M3) which describes the effects 

building management can have on pre-movement times.  These are further detialed 

within PD 7974-6 (BSI, 2004). 

 
Scenario category and modifier First occupants 

Δtpre (1st percentile) 
Occupant distribution 
Δtpre (99th percentile) 

a 
A: awake and familiar 
M1 B1 – B2 A1 – A2 
M2 B1 – B2 A1 – A2 
M3 B1 – B2 A1 – A3 
For B3, add 0.5 for wayfinding 
M1 would normally require voice alarm/PA if 
unfamiliar visitors likely to be present 

 
0.5 
1 
>15 

 
1.0 
2 
>15 

B: awake and unfamiliar 
M1 B1 A1 – A2 
M2 B1 A1 – A2 
M3 B1 A1 – A3 
For B2 add 0.2 for wayfinding 
For B3 add 1.0 for wayfinding 
M1 would normally require voice alarm/PA 

 
0.5 
1.0 
>15 

 
2 
3 
>15 

Ci: sleeping and familiar 
(e.g. dwellings – individual occupancy) 
M2 B1 A1 
M3 B1 A3 
For other units in block assume one hour 
 
Cii: managed occupancy 
(e.g. serviced apartments, halls of residence) 
M1 B2 A1 – A2 
M2 B2 A1 – A2 
M3 B2 A1 – A3 
 
Ciii: sleeping and unfamiliar 
(e.g. hotel, boarding house) 
M1 B2 A1 – A2 
M2 B2 A1 – A2 
M3 B2 A1 – A3 
For B3 add 1.0 for wayfinding 
M1 would normally require voice alarm/PA 

 
 
5 
10 
 
 
 
 
10 
15 
>20 
 
 
 
15 
20 
>20 

 
 
5 
>20 
 
 
 
 
20 
25 
>20 
 
 
 
15 
20 
>20 
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D: medical care. 
Awake and unfamiliar  
(e.g. day centre, clinic, surgery, dentist) 
M1 B1 A1 – A2 
M2 B1 A1 – A2 
M3 B1 A1 – A3 
For B2 add 1.0 for wayfinding 
For B3 add 1.0 for wayfinding 
M1 would normally require voice alarm/PA 
 
Sleeping and unfamiliar 
(e.g. hospital ward, nursing home, old peoples’ 
home) 
M1 B2 A1 – A2 
M2 B2 A1 – A2 
M3 B2 A1 – A3 
For B3 add 1.0 for wayfinding 
M1 would normally require voice alarm/PA 

 
 
 
0.5 
1.0 
>15 
 
 
 
 
 
 
 
5 b 
10 b 
>10 b 

 
 
 
2 
3 
>15 
 
 
 
 
 
 
 
10 b 
20 b 
>20 b 

E: transportation. Awake and unfamiliar 
(e.g. railway, bus station or airport) 
M1 B3 A1 – A2 
M2 B3 A1 – A2 
M3 B3 A1 – A3 
M1 and M2 would normally require voice 
alarm/PA 

 
 
1.5 
2.0 
>15 

 
 
4 
5 
>15 

NOTE There is a lack of data on evacuation behaviour and the times required for key aspects of evacuation.  Therefore the 
limitations of the database needs to be bourne in mind when proposing or assessing designs incorporating engineered solutions in 
relation to human behaviour. 
In particular the database needs to be improved by the provision of information such as evacuation time records, video records 
from real evacuation incidents (including fires) and data from monitored evacuations in a reasonably large set of each occupancy 
type, including sleeping accomodation.  This could then provide a definitive database fro design applications and the further 
development of predictive evacuation and behaviour models. 
a. Total pre-movement time = Δtpre (1st percentile) + Δtpre (99th percentile). Figures with greater levels of 

uncertainty are italicised. 
b. These times depend upon the presence of sufficient staff to assist evacuation of handicapped 

occupants. 

Table 4.3 - Suggested pre-movement times from PD 7974-6:2004 (BSI, 2004). 

Pre-movement times from the SFPE Handbook (Nelson, 2002), reported from 

DD240, a draft document published in 1997 which preceded PD 7974-6, were then 

used.  The times in the DD240 table varied delay times according to the warning 

system available, characteristics of occupants, and building type.  Additionally, the 

times listed can be adjusted in relation to whether the occupants are in the same small 

or large room as the fire – thus allowing for the recognition of fire cues.  A summary 

of these times is reproduced in Table 4.4 below. 
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Occupancy Type W1 (mins) W2 (mins) W3 (mins) 
Offices, commercial and industrial buildings, schools, 
colleges and universities.  
(Occupants are awake and familiar with the building, 
the alarm system, and the evacuation procedure). 

<1 3 >4 

Shops, museums, leisure-sports centres, and other 
assembly buildings. 
(Occupants are awake but may be unfamiliar with the 
building, alarm system, and evacuation procedures). 

<2 3 >6 

Dormitories, residential mid-rise and high-rise buildings. 
(Occupants may be asleep but are predominantly 
familiar with the building, alarm system, and evacuation 
procedures). 

<2 4 >5 

Hotels and boarding houses. 
(Occupants may be asleep and unfamiliar with the 
building, alarm system, and evacuation procedures). 

<2 4 >6 

Hospitals, nursing homes and other institutional 
establishments. 
(A significant number of occupants may require 
assistance). 

<3 5 >8 

W1: live directive using voice communication system, with well-trained uniformed staff 
W2: non-directive pre-recorded voice messages, and trained staff 
W3: fire alarm signal, and staff with no relevant training. 
Occupants in a small room or space who can clearly see smoke or flames – adopt the relevant time for 
W1. 
Occupants in a large room or space who can clearly see smoke or flames – adopt the relevant time for 
W2. 
Occupants outside the room or space of fire origin – adopt the time for the warning system in 
operation. 

Table 4.4 – Suggested pre-movement times from the SFPE Handbook (Nelson, 2002)  

The specified time listed for each category in Table 4.4 was used in the deterministic 

evacuation calculation for the last person leaving each space.  For example, for an 

office area with a type W3 alarm a pre-movement time of 4 minutes was used. 

4.4.3. Time for Travel (ttrav) 

The travel or egress time for building occupants includes both the actual walking time 

it takes to leave the building, and any queuing time that delays due to doorways, 

merging flows of people, and other obstructions.  In this work, the method described 

in Section 3 of Chapter 14 of the SFPE Handbook (Nelson, 2002) was used to 

calculate the travel time.  Calculations for each scenario for the case building are 

provided in Appendix C for reference. 
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4.5. Zone Modelling – Finding ASET 

The zone model BRANZFIRE version 2007.14 (BRANZ, 2007) was used to simulate 

the fire environment within the buildings.  For each building scenario tested, the zone 

model requires the following inputs; 

• Compartment length, width and ceiling height, 

• Surface lining materials, 

• Wall and ceiling vents between compartments and to the outside, glass in 

windows can be modelled to break when heated to provide more venting, 

doors can be opened and closed during the simulation, 

• Detection systems, suppression systems, and any mechanical ventilation, 

• The design fire, input as heat release rate and time co-ordinate pairs, fuel 

characteristics and species production, 

• The starting interior temperature, exterior temperature and relative humidity, 

• And the tenability acceptance criteria, where occupant characteristics such as 

activity levels can be selected. 

The input files for each of the first scenario tested with the case buildings are supplied 

in Appendix B for reference. 

The zone model was used to find the detection time for any automatic detectors in the 

case buildings, the upper layer height and temperature throughout the simulation, the 

FED for thermal exposure and narcotic gases and visibility in occupied areas. 
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4.6. Assumptions 

The following list of assumptions was made in order to complete the analysis of the 

case buildings.  Unless specifically listed, the assumptions apply to all buildings.  Any 

assumptions specific to a particular case building are discussed in the relevant 

sections for each building. 

Assumptions made when undertaking C/AS1 design 

1. There are no solid, gas, or oil fuelled appliances within the building, 

2. There are no open fire places, 

3. Any downlights comply with C/AS1 9.4.1 for insulation, 

4. The clear heights of escape routes and exitways is 2100 mm, 

5. There are no buildings with lower roofs close to the case buildings, 

6. A maximum of 100% increase in permitted travel path length due to fire safety 

systems has been used, 

7. Car parks, roads and driveways comply with C/AS1 8.1.1 for fire service 

vehicle loads, 

8. Handrails provided on stairs protrude no more than 100 mm. 

Assumptions made when undertaking BRANZFIRE modelling 

1. Construction leakage to external walls with doors and windows is considered 

‘loose’ and has a leakage ratio of 0.42 x 10-3 (Klote and Milke, 2002), with the 

exception of the warehouse which are considered ‘very loose’ and have a 

leakage ratio of 0.13 x 10-2 (Klote and Milke, 2002), 

2. Construction leakage to internal walls is considered ‘loose’ and has leakage 

ratio of 0.35 x 10-3 (Klote and Milke, 2002), 

3. Leakage was modelled in thin strips, no wider than 5 mm for the height of the 

walls, 

4. Smoke and fire rated doors have sill gaps of 3 mm, other internal doors have 

3 mm gaps on all four edges, 

5. Exterior doors have 6 mm sill gaps, and 3 mm gaps around all edges, 

6. Roller doors have 20 mm gaps at the top and side edges, 

7. Fires are located at floor level (0 m) within the compartments, 
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8. Compartments have the floor area of the firecell, and do not have internal 

partitions unless specifically stated, 

9. In small spaces with ceiling heights of 3 m or less, sprinklers are set to 

‘suppress’ (where the heat release rate decreases after sprinkler activation), in 

spaces with ceiling heights of greater than 3 m, sprinklers are set to ‘control’ 

(where the heat release rate remains constant after sprinkler activation), 

10. Indoor temperatures start at 20 °C, outdoor 18 °C and the relative humidity is 

set to 65%, 

11. There is no mechanical extract supplied to any of the buildings, 

12. External glazing is 6 mm in thickness and the ‘break-glass’ algorithm in 

BRANZFIRE was used to simulate glass failure in fire. 

Assumptions made when calculating evacuation 

1. All stairs comply with D1/AS1 (DBH, 2001) for maximum riser height, 

minimum tread depth and maximum pitch, 

2. In crowd spaces, occupants disperse equally via all exits, 

3. In buildings that contain sleeping spaces, all occupants are asleep at the time 

of the fire, 

4. In all other buildings occupants were considered to be awake and doing light 

activity, 

5. In low occupancy buildings fire, smoke and final exit doors are only open for 

8 s as self-closers close them once the occupant has passed through, 

6. In higher occupancies, where queuing occurs, fire, smoke and final exit doors 

remain open from the time occupants start their escape until the last occupant 

passes through, 

7. ‘Normal’ non-rated, internal doors are open during the simulation, 

8. Flow rates, walking speeds and effective widths are calculated directly from 

Chapter 3, section 14 of the SFPE Handbook (Nelson, 2002) with the 

exception of the retirement home where a reduced walking speed was used for 

occupants to reflect the elderly population in the building. 
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4.7. Conclusion to Chapter 4 

The zone model and calculation tools used in this research are well established, and 

are not considered innovative.  This was to ensure the work focussed on evaluating 

the conceptual performance framework for fire safety, rather than evaluating the 

methods used.  However, as there is still ongoing debate in the fire safety industry 

regarding some of the inputs, especially pre-movement times, evaluation of methods 

could not be avoided entirely.  Chapter 15 provides sensitivity testing on some of the 

inputs and assumptions to assess the effect of these on the outcome of the study. 
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5. Case Building One – Apartments 

5.1. Introduction 

The first case building studied is a 9-storey masonry apartment building, with 

commercial retail spaces on the ground floor.  The building has two separate 

stairwells which exit independently to outside at ground level, and each apartment 

enters a common corridor space that gives access to both staircases.  There is an 

unoccupied basement below street level and an unoccupied plant room and lift 

machine room above Level 9.  On Levels 1 through to 8 there are seven 3-bedroom 

apartments.  On Level 9 there are five 3-bedroom apartments with external balconies.  

It has been assumed the apartments are unit titled.  The total number of people in the 

building at maximum occupancy has been calculated, using methods described in 

C/AS1 (DBH, 2005), as 216.  A typical floor plan of levels 1 to 8 is shown in Figure 

5.1. 

 

Figure 5.1 Floor Plan for Levels 1 – 8 of Case Building One - Apartments 
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5.2. C/AS1 Design 

To comply with C/AS1 (DBH, 2005), the building is required to have the following 

systems:  

Active systems 

• An automatic sprinkler system installed in accordance with NZS 4541 (SNZ, 

2003b).  It can be modified by Appendix D of C/AS1 (DBH, 2005).  

NZS 4541 requires residential sprinkler heads for this type of building. 

• An automatic smoke detection system installed in accordance with NZS 4512 

(SNZ, 2003a), incorporating a manual alarm system throughout the building. 

• Emergency lighting installed in accordance with F6/AS1 (DBH, 2007c) in the 

common corridors on each level and the stairwells. 

• A charged fire hydrant riser installed in accordance with NZS 4510 (SNZ, 

1998).  This should be located within the central stairwell. 

• Fire Service lift control installed in accordance with NZS 4332 (SNZ, 1997). 

It is noted a ‘Type 7e’ alarm system is permitted (DBH, 2005a); this is a system 

where the smoke detection only sounds in the apartment and the building wide alarm 

is not sounded unless a sprinkler activates, a smoke detector in a common space 

activates, or a manual call point is activated. 

The common corridors serving the apartments are not required to be vented as the 

household units serving them are sprinkler protected. 

Passive Systems: 

• Each apartment is to be a separate firecell with bounding construction 

achieving a minimum fire resistance rating of no less than 30/30/30. 

• Each floor, stairwell, and the lift shaft are to be a separate firecells with 

bounding construction achieving a minimum fire resistance rating of no less 

than 30/30/30. 
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• The basement is to be separated with bounding construction achieving a 

minimum fire resistance rating of no less than 60/60/60. 

A full description of the design to comply with C/AS1 can be found in Appendix A. 

5.3. Design Fire Scenario One 

Design Fire Scenario One tests a challenging fire, specific to the occupancy use of the 

space, with all systems working as intended. 

5.3.1. Design Fire 

The fire was determined to be worst-case in the apartment with the largest floor area 

(Apartment B on plan shown in Figure 5.1). 

From the Fire Load Table the fire was determined to be: 

 Table Measure Model Input 
Growth fast t-squared q = α t2  

α = 0.0466 kW/s2 
Peak 250 kW/m2 x floor area m2 = 250 x 67.5 

=16,875 kW 
Fuel 100% polyurethane foam fCO pre-flashover: 0.04 g/g 

fCO post-flashover: 0.4 g/g 
fC pre-flashover: 0.1 g/g 
fC post-flashover: 0.2 g/g 

Table 5.1 - Design Fire for Design Fire Scenario One, Case Building One 

5.3.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: Apartment B (ceiling height 2.4 m, area 67.5 m2) with glazing and 

construction leaks to the outside, connected to the common corridor by construction 

leaks and the front door.  Internal partitions within the apartment have not been 

included. 
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Room 2: the Level 1 common corridor (ceiling height 2.4 m, area 24 m2) with 

construction leaks to the outside, connected to the two stairwells by the stairway doors 

and construction leaks. 

Rooms 3 and 4: the two stairwells; with construction leaks to the outside. 

The residential sprinkler activation was set to ‘suppress’,  and in the zone model this 

is simulated using Evans’ suppression algorithm, which decreases the heat release rate 

dependent on the water discharge and assumes the fire is unshielded (BRANZ, 2003). 

Time (s) Event 
0 ignition 
31 visibility fails in Apartment B 
34 smoke detector activates in Apartment B 
99 FED narcotic gases exceeds 0.3 in Apartment B 
117 sprinkler activates in Apartment B 
145 smoke detector activates in common corridor 
175 visibility fails in common corridor 
176 FED thermal exceeds 0.3 in Apartment B 
363 - 368 glass windows break in the Apartment B 

Table 5.2 - Zone Model Results for Design Fire Scenario One, Case Building One  

The building cannot pass the simple tenability criteria, as the ceiling height of 2.4 m is 

already below the required minimum upper layer height of 2.5 m.  Therefore the 

detailed tenability criteria must be assessed. The first of the detailed criteria to be 

reached in the apartment is visibility; falling below 5 m (as the room area is less than 

100 m2), and this occurs at 31 s after ignition.  Therefore, this is the available safe 

evacuation time for occupants in the apartment of fire origin:  

ASET (Apartment B) = 31 s 

For occupants of the same floor as the apartment, in this case Level 1, the available 

safe egress time is limited by the visibility in the common corridor.  Therefore: 

 ASET (Level 1) = 175 s 

The stairwells maintain tenable conditions throughout the modelled fire scenario.  

Therefore building occupants in other areas of the building are safe to egress via the 
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stairs until such time as the firecell bounding construction around the apartment of 

fire origin fails.   

5.3.3. Egress Calculations 

Egress was calculated using RSET equation 4.1 with the occupants of the apartment 

of fire origin being notified of the fire from the smoke detection in their apartment, 

and other building occupants being notified of the fire when either a sprinkler 

activates or a smoke detector in a common area activates.  This is equivalent to a 

‘Type 7e’ alarm system where the smoke detectors in apartments do not sound a 

building wide alarm and are installed this way to help prevent false alarms and full 

building evacuation when it is not necessary, from burnt cooking for example.   

Occupancy Assumptions 

Occupants in the apartments are assumed to be asleep at the time of the fire, whereas 

occupants in the commercial tenancies are assumed to be awake.  It is unrealistic, but 

conservative, to assume the commercial tenancies are at full occupancy - which is 

likely to happen during the day - at the same time the apartments have full occupancy 

asleep as this is likely to occur at night. 

Occupants within the apartment of fire origin are considered to be able to see, smell, 

or hear other fire cues when woken by the smoke detector due to the small floor area 

of the apartment.  Therefore their expected reaction and response time is quicker than 

for those people woken up in other apartments by an alarm sound only and no other 

fire cues.  All apartment occupants are considered to be familiar with the building.  As 

the people in the retail tenancies can include public, all occupants in the retail 

tenancies on the ground floor are considered to be unfamiliar with the building.  Due 

to the low occupancy numbers at each above-ground floor level, and the variance in 

each person’s travel path length, no queuing is expected to occur in the entrances to 

the stairwells. 

Egress results 

A summary of the egress calculations is provided in Table 5.3.  Supporting 

calculations can be found in Appendix C.  
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Time to detection tdet  34 s for occupants in apartment of fire origin (smoke 
detector activation) 
117 s for occupants in other areas of the building (sprinkler 
activation) 

Time for pre-
movement tpre-mov  

120 s for occupants in apartment of fire origin 
300 s for occupants in other apartments 
240 s for occupants in the commercial tenancies 

Time for travel ttrav  12 s travel to evacuate apartment of origin 
27 s to evacuate levels 1 to 8 to the stairs 
24 s to evacuate level 9 to the stairs 
43 s to evacuate ground level to outside 
96 s for level 9 occupants to travel down stairs and out to 
street 

RSET (Apartment B) = tdet + tpre + ttrav 
= 34 + 120 +12 
=166 s to clear Apartment B to the corridor 

RSET (Levels 1 – 8) = tdet + tpre + ttrav 
= 117 + 300 + 27 
= 444 s to clear Levels 1 – 8 to the stairwell 

RSET Whole Building  = tdet + tpre + ttrav 
=117 + 300 + (24 + 96) 
= 537 s (Level 9 occupants: to stairs, down stairs and across 
ground floor) 

Table 5.3 - Egress Results for Design Fire Scenario One, Case Building One 

5.3.4. ASET vs. RSET 

The results of the zone model shows that the first tenability criterion is reached in the 

apartment at 31 seconds.  Occupants are still in the apartment at this time and as such 

the scenario fails for these people.   

ASET (Apartment B) = 31 s < RSET (Apartment B) = 166 s 

For the common corridor on the level of the fire apartment the first of the tenability 

criteria is reached in 175 seconds.  Occupants are not clear of the hallway and safely 

within the stairs at this time so the scenario is failed for all occupants on the same 

level as the fire apartment.   

ASET (Level 1) = 175 s < RSET (Level 1) = 444 s 
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Tenability criteria are not reached in either of the stairways and, as such, occupants on 

other levels of the building have adequate time to evacuate. 

Result 

Case Building One fails Design Fire Scenario One. 

5.4. Design Fire Scenario Two 

Design Fire Scenario Two tests a challenging fire located within, or near, a primary 

means of escape that prevents occupants from using it.  This scenario is applicable to 

buildings where an escape route serves over 50 people. 

In Case Building One, the two retail tenancies on the ground floor are separate 

firecells and serve less than 50 people.  There is a maximum of 16 people expected on 

each floor above ground level and, therefore, the common corridor on each does not 

serve more than 50 occupants.  Accordingly, the scenario does not require a fire in the 

egress from the retail spaces or the common corridors to be tested.  However, there 

are 140 occupants above the ground level and therefore it is extremely likely that 

more than 50 occupants would use either of the staircases in the event of evacuation.  

Therefore, for this scenario, a fire will be tested in one of the staircases. 

5.4.1. Design Fire 

From the Fire Load Table the fire for “safe path” stair, being considered for inclusion 

in the framework, is a 1 MW fire that lasts for 60 seconds.  This was developed from 

a fuel load of 2 L of petrol or other flammable liquid being brought into the stair and 

ignited.  A safe path stairway is controlled in respect to materials used and activities 

permitted in it within C/AS1 (DBH, 2005). 

5.4.2. Zone Model 

The same model set-up was used as for Design Fire Scenario One, with the fire now 

located in the central stairwell (room 3) at ground level.  The stairwells are modelled 

as being tall rooms 27 m in height.  However, the sprinkler and smoke detector 



Case Building One – Apartments  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in 

New Zealand 

49

activation times were found using a 3.0 m ceiling height, to represent them being 

located on landing ceilings or the underside of the staircases. 

Venting of the fire from the stairwell into the corridor due to occupants opening the 

doors to the fire stairwell, deciding it is not safe, and returning to their floor and 

exiting via the other stair has not been included in the modelling. 

Time (s) Event 
0 ignition 
5 smoke detector activates in stair 
7 visibility fails in the stair at 2 m above floor level 
9 sprinkler activates in stair 
76 FED thermal exceeds 0.3 in stair 
Table 5.4 - Zone Model Results for Design Fire Scenario Two, Case Building One 

The results show that the stairway does become untenable.  However, the common 

corridor adjacent to the stair remains tenable for the duration of the fire. 

5.4.3. Egress Calculations 

Occupancy Assumptions 

All occupancy assumptions remain the same for this scenario as for Design Fire 

Scenario One, (e.g. all occupants in apartments are asleep), with the exception that all 

occupants only use the one non-fire stairwell. 

Egress results 

As the smoke detectors in the common areas such as the stairs and corridors activate a 

full building alarm, the time to detection is the same for all occupants. 

The travel times remain the same for this scenario, using one escape stair, as for 

Design Fire Scenario One due to the low occupancy numbers on each floor.  This is 

because the travel time is not dependent on queuing, and occupants’ walking speeds 

are not impeded due to crowding. 
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Time to detection tdet  5 s for all building occupants (smoke detector 
activation) 

Time for pre-movement 
tpre-mov  

300 s for occupants in apartments 
240 s for occupants in the commercial tenancies 

Time for travel ttrav  27 s to evacuate levels 1 to 8 to stairs 
24 s to evacuate level 9 to the stairs 
96 s for level 9 occupants to travel down stairs and out 
to street 

RSET (Levels 1 – 8) = tdet + tpre + ttrav 
= 5 + 300 + 27 
= 332 s to clear Levels 1 – 8 to the non-fire stairwell 

RSET Whole Building  = tdet + tpre + ttrav 
= 5 + 300 + (24 + 96) 
= 425 s (Level 9 occupants: to stairs, down stairs and 
across ground floor) 

Table 5.5 - Egress Results for Design Fire Scenario Two, Case Building One 

The egress calculations show that the total building evacuation is quicker in this 

scenario that in Design Fire Scenario One due to the decreased time for detection and 

building wide alarm. 

5.4.4. ASET vs. RSET 

The results of the zone model show that the stair of fire origin becomes untenable.  

However, as building occupants can evacuate the building without being forced to use 

this stair, they can do so without being exposed to the effects of the fire.   

Tenability criteria are not reached in the common corridor adjacent to the fire stair 

due to the door to the stair being smoke sealed and only providing a gap for smoke 

transmission at the sill of the door.  The design is therefore dependent on relatively 

tight construction around the stairwell, the self-closers on the doors, and the smoke 

seals around the top and sides of the doors, at each level.  Additionally, C/AS1 

requires vision panels on doors into stairways (DBH, 2005).  This provides occupants 

with a chance to see any smoke prior to opening a door giving them more information 

about which travel path to take.  This may reduce the likelihood of occupants opening 

the door to the stairwell and letting smoke enter the common corridor on each level.  

These issues would need to be considered in a performance-based design to ensure the 

buildings could pass this scenario. 
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Result 

Case Building One passes Design Fire Scenario Two. 

5.5. Design Fire Scenario Three 

As this building has no rooms or spaces that contain more than 50 occupants, Design 

Scenario Three (fire in an unoccupied room endangering a large number of people) 

does not apply to this building and no further analysis is required. 

Result 

Design Fire Scenario Three does not apply to Case Building One. 

5.6. Design Fire Scenario Four 

Design Fire Scenario Four is included in the scenarios to test a fire in a concealed 

space that could endanger a large number of people.  As with Design Fire Scenario 

Three, a ‘large number of people’ is defined as 50 in one room or space.  Therefore, 

as this building does not contain an area with more than 50 occupants there is no 

requirement to model this scenario. 

Result 

Design Fire Scenario Four does not apply to Case Building One. 

5.7. Design Fire Scenario Five 

Design Fire Scenario Five tests a smouldering fire where people are sleeping.  The 

application of this scenario, as discussed in Section 3.2.5, details that one method of 

passing this scenario is to install automatic smoke detection in the spaces where 

people sleep.  As Case Building One has automatic smoke detection installed in 

accordance with NZS 4512 (SNZ, 2003a) it meets this requirements and therefore 

passes this scenario.  This holds true whether a ‘Type 7’ or a ‘Type 7e’ alarm system 

is installed. 

Result 

Case Building One passes Design Fire Scenario Five. 
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5.8. Design Fire Scenario Six 

This scenario is included within the framework to limit fire exposure to neighbouring 

property or other sleeping accommodation on the same property.  One methodology 

of proving the building passes this scenario is to use the tabulated data with C/AS1 in 

Part 7: Control of External Fire Spread.  As Case Building One complies with all of 

C/AS1, it passes this scenario. 

Case Building One would be classed a Performance Group II building within the 

current listings under consideration.  However, the requirements of C/AS1 remain the 

same for all buildings.  The performance framework may need to further detail the 

requirements for the different performance groups, if adopted, and whether all of them 

may use C/AS1 as a methodology. 

Result 

Case Building One passes Design Fire Scenario Six. 

5.9. Design Fire Scenarios Seven and Eight 

As described previously, Design Fire Scenarios Seven and Eight are not investigated 

as part of this research.  It is assumed Case Building One complies with the material 

requirements for the external wall cladding to ensure the façade of the building does 

not spread fire, and for internal surfaces to reduce flame and smoke production of 

building linings.  These scenarios involve standardised testing procedures which 

manufacturers can undertake to prove their materials or systems pass and thus be 

included in a performance based fire design. 

Result 

Case Building One passes Design Fire Scenarios Seven. 

Case Building One passes Design Fire Scenario Eight. 
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5.10. Summary for Case Building One 

Table 5.6 outlines the results for Case Building One when using the conceptual 

performance framework for fire safety. 

Design Fire Scenario Result for Case Building One 
One – Challenging fire Fail for people in apartment of fire origin 

Fail for people on same level as apartment 
Pass for people on other levels of the building 

Two – Blocked Egress Pass 
Three – fire in unoccupied 
room 

Does not apply (Pass) 

Four – fire in concealed 
space 

Does not apply (Pass) 

Five – smouldering fire in 
sleeping areas 

Pass 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 5.6 - Summary of Results, Case Building One 
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6. Case Building Two - Sports and Recreation Building 

6.1. Introduction 

Case Building Two is a gymnasium and sports facility.  It includes a large sports hall 

with raised viewing area, a fitness gym, function centre, changing sheds for the 

adjacent fields, squash courts, and ancillary support rooms.  The building is mostly all 

ground level with a small mezzanine area off the sports hall.  Most areas have direct 

egress directly to outside.  The building is surrounded on all sides by either roads, 

open sports fields or its own car park.  Although it is unlikely that all parts of the 

building will be fully occupied at the same time, the worst-case scenario has been 

calculated with a total of 1061 occupants in the building.  The floor plan of the ground 

and mezzanine is shown in Figure 6.1. 

 

Figure 6.1 Floor Plan of Case Building Two – Sports and Recreation Building 
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6.2. C/AS1 Design 

To comply with C/AS1 (DBH, 2005), when the building has no internal fire 

separations, the following systems are required: 

Active systems 

• An automatic sprinkler system installed to NZS 4541 (SNZ, 2003b).  The 

system can be modified by Appendix D of C/AS1 (DBH, 2005). 

• An automatic smoke detection system installed to NZS 4512 (DBH, 2003a) 

incorporating a manual alarm system throughout the building. 

• Emergency lighting installed to F6/AS1 (DBH, 2007c) throughout the 

building. 

Passive Systems 

• The underside of the mezzanine floor and all primary structural supports to it 

are to achieve a fire resistance rating of no less than 30/-/-. 

Additionally, a maximum of 100 occupants are allowed onto the upper viewing level 

within the stadium to comply with a ‘limited area intermediate floor’ within C/AS1 

(DBH, 2005).  A full description of the design to comply with C/AS1 can be found in 

Appendix A. 

6.3. Design Fire Scenario One 

6.3.1. Design Fire 

The fire was determined to be worst-case in the stadium and was considered to be the 

ignition of a stack of foam gymnastics mats as fuel.  The volume of mats was taken 

from the floor area of the storage room within the gym. 

From the Fire Load Table the fire was determined to be: 
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 Table Measure Model Input 
Growth fast t-squared q = α t2  

α = 0.0466 kW/s2 
Peak 2000 kW/m2 x floor area m2  = 2000 x 4.8 

=10,000 kW 
Fuel 100% polyurethane foam fCO pre-flashover: 0.04 g/g 

fCO post-flashover: 0.4 g/g 
fC pre-flashover: 0.1 g/g 
fC post-flashover: 0.2 g/g 

Table 6.1 - Design Fire for Design Fire Scenario One, Case Building Two 

6.3.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: the sports hall (ceiling height 9 - 11 m, area 1040 m2) with construction 

leakage and doors directly to the outside and to room 2.  The measuring point for 

occupants’ tenability criteria was 6.0 m above ground level, as this is 2.0 m above 

where the highest occupants are in the upper viewing area. 

Room 2: the main foyer and corridor (ceiling height 5 m, area 120 m2) with 

construction leakage and doors to the outside. 

The commercial sprinkler response is set to ‘control’ and the zone model simulates 

this by maintaining the heat release rate of the fire at the time of sprinkler activation 

for the remainder of the fire.  It was assumed the doors from the ground floor of the 

sports hall to the outside were open from the start of the evacuation until the last 

person had left the hall. 
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Time (s) Event 
0 ignition 
81 smoke detector activates in sports hall 
185 Upper layer drops below 6.5 m (2.5 m above highest 

occupied level) 
207 Visibility drops below 10 m at 6.0 m 
346 Visibility drops below 10 m in foyer 
429 FED narcotic gases exceeds 0.3 in sports hall(at 6.0m) 
495 sprinkler activates in sports hall 
546 FED thermal exceeds 0.3 in sports hall at 6.0 m 

Table 6.2 - Zone Model Results for Design Fire Scenario One, Case Building Two  

The building does not pass the simple tenability criteria, as the upper layer descends 

to below 2.5 m of the highest occupied level within the simulation time.  Therefore 

the detailed tenability criteria must be assessed.  

The first of the detailed criteria to be reached in the stadium is visibility; falling below 

10 m (as the room area is greater than 100 m2), and this occurs 207 s after ignition.  

This is measured at 6.0 m above floor level, so has failed for the occupants of the 

upper viewing level.  Therefore, this is the available safe evacuation time for 

occupants in the stadium: 

ASET (Sports Hall) = 207 s 

It is shown that visibility also fails in the foyer off the main sports hall before the 

sprinklers activate and start to control the fire.  Therefore, the available safe 

evacuation time for occupants in the foyer is: 

 ASET (Foyer) = 346 s 

Occupants on the mezzanine level of the sports hall, the fitness gym and the reception 

and managers office have to use the foyer to leave the building. 

6.3.3. Egress Calculations 

Occupancy Assumptions 

All occupants are considered to be awake at the time of the fire and, as it is a public 

building, it is assumed they are unfamiliar with the layout and possible escape paths.  
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It is assumed the staff on the premises are trained to be fire wardens and help people 

to evacuate. 

Occupants within the stadium are considered to be able to see, smell, or hear other fire 

cues when alerted by the fire alarm due to the direct line of sight to all areas of the 

stadium and therefore the expected reaction and response time is quicker than those 

people in other areas of the building alerted by an alarm sound and no other fire cues.  

From the ground floor of the sports hall and from the upper viewing area, queuing to 

leave through a doorway takes longer than the actual walking time of occupants to 

leave the sports hall. 

Egress results 

A summary of the egress calculations is provided in Table 6.3.  Supporting 

calculations can be found in Appendix C. 

Time to detection tdet  81 s for all building occupants (smoke detector) 
Time for pre-movement 
tpre-mov  

180 s for occupants in the sports hall 
360 s for occupants in other areas of the building 

Time for travel ttrav 94 s to clear ground level of sports hall 
102 s to clear upper viewing area 
7 s to clear foyer (occupants leaving the sports hall) 
48 s to clear function centre 
5 s to clear foyer (occupants leaving the function centre) 

RSET (Sports Hall – upper 
level) 

= tdet + tpre + ttrav 
= 81 + 180 + 102 
= 363 s  

RSET (Sports Hall – 
ground level) 

= tdet + tpre + ttrav 
= 81 + 180 + 94 
= 355 s 

RSET Whole Building  = tdet + tpre + ttrav 
=81 + 360 + (48 + 5) 
= 494 s (function centre occupants leaving through the 
foyer) 

Table 6.3 - Egress Results for Design Fire Scenario One, Case Building Two 

6.3.4. ASET vs. RSET 

The modelling shows that the first tenability criteria reached within the sports hall is 

visibility, which drops below 10 m at 207 seconds.  Occupants are still in the sports 

hall at this time and as such the scenario fails for these people.   
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ASET (Sports Hall) = 207 s < RSET (Sports Hall – upper level) = 363 s  

In the foyer and reception area, occupants may still be present until 494 s after 

ignition.  The zone model results show that visibility has reduced to less than 10 m in 

this area at 346 s. 

ASET (Foyer) = 346 s < RSET (Foyer) = 494 s  

However, it should be noted that these occupants are from the function centre and 

there are three other exits from this space which open directly outside and therefore 

occupants are not forced to use this door into the foyer. 

From other areas of the building where occupants must use the foyer to egress, such 

as the fitness gym, the occupant numbers are low so there is little or no queuing.  This 

allows them to be clear of the foyer before conditions become untenable. 

Result  

Case Building Two fails Design Fire Scenario One. 

6.4. Design Fire Scenario Two 

Design Fire Scenario Two addresses a fire that blocks a means of escape that serves 

more than 50 people.  There are several places in Case Building Two where this may 

happen: a fire blocking an exit from the sports hall, a fire blocking an exit from the 

function centre, and in the foyer and corridor. 

6.4.1. Design Fire 

The fire in the function centre will be tested, with a fire blocking an external exit.  

The most suitable category from the available list in the Fire Load Table was chosen 

as “restaurant dining area”.  

From the Fire Load Table the design fire was then determined to be: 
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 Table Measure Model Input 
Growth fast t-squared q = α t2  

α = 0.0466 kW/s2 
Peak 290 kW/m2 x floor area m2  = 290 x 420 

=121,800 kW 
Fuel 100% polyurethane foam fCO pre-flashover: 0.04 g/g 

fCO post-flashover: 0.4 g/g 
fC pre-flashover: 0.1 g/g 
fC post-flashover: 0.2 g/g 

Table 6.4 - Design Fire for Design Fire Scenario Two, Case Building Two 

6.4.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: the function centre (ceiling height 4 m, area 420 m2) with construction 

leakage, windows and doors directly to the outside and leakage and a door to the 

foyer. 

Room 2: the main foyer and corridor (ceiling height 5 m, area 120 m2) with 

construction leakage and doors to the outside. 

The commercial sprinkler response is set to ‘control’ and the zone model simulates 

this by maintaining the heat release rate of the fire at the time of sprinkler activation 

for the remainder of the fire.  It was assumed the doors from the function centre 

remained open from the start of the evacuation until the last person had left the space. 
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Time (s) Event 
0 ignition 
44 smoke detector activates in function centre 
172 upper layer drops below 2.5 m above floor level 
206 visibility drops below 10 m at 2.0 m above floor level 
243 FED narcotic gases exceeds 0.3 in function centre 
293 sprinkler activates in function centre 
345 FED thermal exceeds 0.3 in function centre 
397 visibility drops below 10 m in the foyer 

Table 6.5 - Zone Model Results for Design Fire Scenario Two, Case Building Two  

The building does not pass the simple tenability criteria, as the upper layer descends 

to below 2.5 m within the function centre.  Therefore the detailed tenability criteria 

must be assessed.  

The first of the detailed criteria to be reached in the function centre is visibility; 

dropping below 10 m (as the room area is greater than 100 m2) at 206 s after ignition.  

Therefore, this is the available safe evacuation time for occupants in the function 

centre: 

ASET (Function Centre) = 206 s 

It is shown that visibility also fails in the foyer off the function centre. Therefore, the 

available safe egress time for occupants in the foyer is: 

 ASET (Foyer) = 397 s 

6.4.3. Egress Calculations 

Occupancy Assumptions 

All occupants are considered to be awake at the time of the fire and, as it is a public 

building, it is assumed they are unfamiliar with the layout and possible escape paths.  

It is assumed the staff on the premises are trained to be fire wardens and help people 

to evacuate. 

Occupants within the function centre are considered to be able to see, smell or hear 

other fire cues when alerted by the fire alarm due to the direct line of sight to all areas 
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of the room and therefore their expected reaction and response time is quicker than 

those people in other areas of the building alerted by an alarm sound and no other fire 

cues.  From the function centre, queuing time at the doorways determines the time it 

takes for people to leave the space rather than the walking time to cross the room. 

Egress results 

A summary of the egress calculations is provided in Table 6.6.  Supporting 

calculations can be found in Appendix C. 

Time to detection tdet  44 s for all building occupants (smoke detector) 
Time for pre-movement 
tpre-mov  

180 s for occupants in the function centre 
360 s for occupants in other areas of the building 

Time for travel ttrav 48 s to clear the function centre 
109 s to clear the foyer, and whole building 

RSET (Function Centre) = tdet + tpre + ttrav 
= 44 + 180 + 48 
= 272 s  

RSET (Whole Building)  = tdet + tpre + ttrav 
= 44 + 360 + (102 + 7) 
= 513 s (upper floor sports hall occupants leaving 
through the foyer) 

Table 6.6 - Egress Results for Design Fire Scenario Two, Case Building Two 

6.4.4. ASET vs. RSET 

The modelling shows that the first tenability criteria reached within the function 

centre is visibility, which drops below 10 m at 206 seconds.  Occupants are still in the 

function centre at this time and as such the scenario fails for these people.   

ASET (Function Centre) = 206 s < RSET (Function Centre) = 272 s  

In the foyer and reception area, occupants may still be present until 513 s after 

ignition.  The zone model results show that visibility has reduced to less than 10 m in 

this area at 397 s. 

ASET (Foyer) = 397 s < RSET (Foyer) = 513 s  
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However, it should be noted that these occupants are from the ground floor of the 

sports hall and there are three other exits from this space which open directly outside 

and therefore occupants are not forced to use this door into the foyer. 

From other areas of the building where occupants must use the foyer to egress, such 

as the fitness gym, the occupant numbers are low so there is little or no queuing.  This 

results in them being clear of the foyer before conditions become untenable. 

Result  

Case Building Two fails Design Fire Scenario Two. 

In practice, the fire engineer will need to test all areas where an escape route serves 

more than 50 people to prove all areas provide adequate escape paths out of the 

building.  However, as this work is providing a comparison to C/AS1 and the building 

has been proven to fail this scenario there is no need to continue testing the building. 

6.5. Design Fire Scenario Three 

Design Fire Scenario Three tests a fire in a normally unoccupied room that can 

endanger a large number of people.  As previously discussed a ‘large number of 

people’ is considered to be 50 or more people. 

There is so far no definition of spaces that are normally unoccupied, and it has been 

assumed for this work that it means rooms or spaces where people do not go in their 

usual use of the building.  Therefore it includes plant rooms, service shafts and the 

like, but does not include toilets, laundries or storage rooms. 

In Case Building Two there is a plant room on the ground floor located off the main 

foyer and corridor.  C/AS1 requires this to be a separate firecell with bounding 

construction achieving FRR of no less than 60/60/60 if the plant is powered by solid 

fuel, gas or petroleum products (DBH, 2005). 

The proposed methodologies for Design Fire Scenario Three allow for the unoccupied 

space to be provided with either suppression or with automatic detection and 

appropriate fire rating to separate it from the occupied areas.  The required fire rating 
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could be determined by time equivalence with an ISO Standard Fire.  As yet no 

design fire has been defined for these types of spaces since the use and characteristics, 

such as ventilation, may vary too much to be appropriately described.  Case Building 

Two is protected with a sprinkler system; as such it meets the requirements for this 

scenario without analysis required. 

Result 

Case Building Two passes Design Fire Scenario Three. 

6.6. Design Fire Scenario Four 

Design Fire Scenario Four is similar to Design Fire Scenario Three, in that it is 

included in the framework to guard against a fire starting in an unnoticed location and 

growing to an extent that it could endanger occupants in another space.  Scenario Four 

requires the fire safety designer to consider a fire in a concealed space that could 

endanger a large number of people.  As previously described a large number of people 

is considered to be 50 or more people in the same space. 

Concealed spaces include ceiling voids, service shafts and ventilation ducts.  No 

design event has been described in the performance framework for these types of 

spaces.  The approved methodologies for dealing with this scenario include providing 

either a suppression system to the space, or an automatic detection system and 

appropriate fire rated separations between the concealed spaces and occupied areas. 

There is currently no information within the performance framework to assess the 

required rating of a separation, nor a proposed methodology to calculate it.  As 

providing a sprinkler system to the building is deemed to pass this scenario, it may be 

necessary for the performance framework to clarify whether the concealed spaces 

requiring sprinkler heads within NZS 4541 (the approved New Zealand installation 

standard for fire sprinkler systems) (SNZ, 2003b) will be the same.  For example, 

NZS 4541 permits ceiling voids between storeys, that are no greater than 15 m by 

15 m in area and 0.8 m in depth, to have no sprinklers.  Case Building Two is 

protected with a sprinkler system and therefore meets the requirements of this 

scenario without analysis being required. 
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Result 

Case Building Two passes Design Fire Scenario Four. 

6.7. Design Fire Scenario Five 

As Design Fire Scenario Five is included in the performance framework to protect 

sleeping people, there is no requirement to test this scenario in buildings where there 

is no sleeping use.  Therefore, it is not necessary to further analyse this scenario for 

this sports and recreation building. 

Result 

Design Fire Scenario Five does not apply to Case Building Two. 

6.8. Design Fire Scenario Six 

Design Fire Scenario Six is required to address the spread of fire to neighbouring 

property and other sleeping accommodation.  One methodology approved to pass this 

scenario is to comply with the external spread of fire requirements within Part 7 of 

C/AS1 (DBH, 2005).  Case Building Two complies with the requirements of Part 7 of 

C/AS1 as the building is located remote from the site boundaries on all sides.  On 

three sides the property faces roads and therefore the building does not need to protect 

against the spread of fire to these boundaries.  The fourth side of the building faces 

onto open land containing the sport playing fields.  It is more than 200 m to the 

property boundary on the other side of these fields and therefore is separated by 

enough distance to not require any fire rating to the external walls. 

Result 

Case Building Two passes Design Fire Scenario Six. 

6.9. Design Fire Scenario Seven and Eight 

As described in Chapter 4, Design Fire Scenarios Seven and Eight are not investigated 

in detail as part of this research.  Case Building Two does not require any particular 

requirements to the cladding to the external wall as there is no requirement to rate 

external walls to protect against the spread fire horizontally to neighbouring property 
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(as described in Design Fire Scenario Six) and there is no other property or sleeping 

purpose groups to protect for vertical spread of fire. 

It is assumed all interior surface lining materials meet the requirements laid out in 

Design Fire Scenario Eight to prevent undue spread of fire or smoke development in 

particular areas of the building such as corridors. 

Result 

Case Building Two passes Design Fire Scenario Seven. 

Case Building Two passes Design Fire Scenario Eight. 

6.10. Summary for Case Building Two 

The following table outlines a summary of the results for Case Building Two when 

using the conceptual performance framework for fire safety. 

Design Fire Scenario Results for Case Building Two 
One – Challenging Fire Fail for people in the sports hall 

Fail for people using the foyer 
Pass for people in other parts of the building 

Two – Blocked Egress Fail for people in the function centre 
Fail for people using the foyer 
Pass for people in other parts of the building 

Three – fire in unoccupied 
room 

Pass 

Four – fire in concealed 
space 

Pass 

Five – smouldering fire in 
sleeping areas 

Does not apply (Pass) 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 6.7 - Summary of Results, Case Building Two 
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7. Case Building Three – Warehouse and Offices 

7.1. Introduction 

Case Building Three is a large steel framed storage building with a two storey office 

area attached.  The warehouse contains rack storage to a maximum height of 3.0 m.  

There is one door providing access between the storage area and the office areas, but 

this route is not required for egress.  The storage area is provided with three exit doors 

to outside.  The upper floor office area has a single means of escape to the ground 

floor, from where there is a single egress route to outside.  The total occupant load of 

the building has been calculated using methods described in Part Two of C/AS1 

(DBH, 2005) as 35 people in the warehouse and 32 within the offices. 

The ground floor plan is shown in Figure 7.1, with the area to the top of the 

warehouse being the offices. 

 

Figure 7.1 Floor Plan of Case Building Three – Warehouse and Offices 
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7.2. C/AS1 Design 

To comply with C/AS1 (DBH, 2005) the building is required to have the following:  

Active systems 

• An automatic smoke detection system installed to NZS 4512 (SNZ, 2003a), 

incorporating a manual alarm system throughout the building. 

This system is required due to the escape path lengths within the intermediate office 

floor.  Alternative designs could include separating this floor and staircase as a 

separate firecell, or adding another staircase from the upper level which would 

remove the need for an automatic detection system within C/AS1 (DBH, 2005).  (It is 

noted a smoke detection system may not be the best solution for this type of building 

as vehicles may be used in the warehouse to move stock and could produce engine 

fumes which activate the detectors and produce unwanted alarms).  A direct 

connection to the Fire Service is not required where a telephone line is freely 

available to make ‘111’ calls, which is likely for any business premises. 

Passive Systems 

• The underside of the intermediate floor and all primary structural elements 

supporting it are to achieve fire resistance rating of no less than 30/-/-. 

• Portions of the external walls on the southern, eastern, and western side of the 

building are to be fire rated to 120 minutes. 

A full description of the design to comply with C/AS1 can be found in Appendix A. 

7.3. Design Fire Scenario One 

Design Fire Scenario One tests a challenging fire in an occupied space when in 

normal use with all fire safety systems operational. 

7.3.1. Design Fire 

The fire was determined to be worst-case in the warehouse area, and was tested for all 

three types of fuel (stored material in rack storage): 
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• Group 1; 100% polyurethane foam 

• Group 2; 50 % polyurethane foam and 50% wood 

• Group 3; 100% wood 

These fuels, in storage up to 3.0m in height, equate to purpose group ‘WM’ in C/AS1 

(DBH, 2005).  From the Fire Load Table the design fires were determined to be as 

shown in Table 7.1. 

 Fire Load Table Measure Model Input 
Growth t-cubed x height of storage 

StHtq ×=
65.0

3α  

α = 0.0057 kW/s2 Group 1 
α = 0.0016 kW./s2 Group 2 
α = 0.00044 kw/s2 Group 3 

Peak 50,000 kW  50, 000 kW 
Fuel Group 1 (100% poly. 

foam) 
fCO pre-flashover: 0.04 
fCO post-flashover: 0.4 
fC pre-flashover: 0.1 
fC post-flashover: 0.2 

Fuel Group 2 (50/50 mix) fCO pre-flashover: 0.022 
fCO post-flashover: 0.22 
fC pre-flashover: 0.11 
fC post-flashover: 0.22 

Fuel Group 3 (100% wood) fCO pre-flashover: 0.004 
fCO post-flashover: 0.04 
fC pre-flashover: 0.015 
fC post-flashover: 0.03 

Table 7.1 - Design Fires for Design Fire Scenario One, Case Building Three 

7.3.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: the warehouse (ceiling height 5.5 m, area 1178 m2) with construction 

leakage to the outside and to the upper and lower office floors, and doors directly to 

the outside and to ground office floor.  Additionally there were external windows 

from the warehouse.  The floor was modelled as concrete, walls as having fibre 
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cement sheet lining and ceiling as plastic coated steel sheet to represent the roofing 

material. 

Room 2: the lower office floor (ceiling height 3.0 m, area 156 m2) with construction 

leakage, windows and doors to the outside.  The staircase void was modelled as a 

ceiling vent between upper and lower office areas.  The floor and ceiling were 

modelled as concrete and the walls as being lined with plasterboard. 

Room 3: the upper office floor (ceiling height 3.0 m, area 156 m2) with construction 

leakage and the windows to the outside.  The floor was modelled as concrete, and the 

walls and ceiling lined with plasterboard. 

The results found from the zone model are shown in three sections, illustrating the fire 

environment for the three fuel types tested.  In practise, the fire engineer would only 

need to test the fuel types to be stored in the building. 

Group 1; 100% Polyurethane Foam Fuel Stored 

Time (s) Event 
0 ignition 
31 smoke detector activates in warehouse 
107 upper layer drops below 2.5 m above floor level 
115 visibility drops below 10 m in warehouse 
130 FED thermal exceeds 0.3 in warehouse 
176 visibility fails in upper office floor 
380 FED narcotic gases exceeds 0.3 in warehouse 

Table 7.2 - Zone Model Results for Group 1 Fuel, Design Fire Scenario One, Case 
Building Three 

The building does not pass the simple tenability criteria, as the upper layer descends 

to less than 2.5 m clear of the highest occupied level within the simulation time.  

Therefore the detailed tenability criteria must be assessed.  The first of the detailed 

criteria to be reached in the warehouse is visibility, falling below 10 m (as the room 

area is greater than 100 m2), and this occurs 115 s after ignition.  For the other spaces 

in the building, only the upper office level reaches a tenability criterion – that of 

visibility dropping below 10 m, and this occurs at 176 s after ignition.  Therefore, 

these are the available safe evacuation times for occupants in the building;  
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ASET (Warehouse) = 115 s 

ASET (Upper Office Level) = 176 s 

For occupants on the lower office floor, the escape routes remain clear and tenable 

during the simulation time. 

Group 2; 50% Polyurethane Foam and 50% Wood Fuel Stored 

Time (s) Event 
0 ignition 
38 smoke detector activates in warehouse 
141 upper layer drops below 2.5 m above floor level 
150 visibility drops below 10 m in warehouse 

FED narcotic gases exceeds 0.3 in warehouse 
165 FED thermal exceeds 0.3 in warehouse 

Table 7.3 - Zone Model Results for Group 2 Fuel, Design Fire Scenario One, Case 
Building Three 

For the fire with Group 2 fuel, smoke does enter the upper office level through 

construction leakage – but not enough to create a layer that endangers people on this 

floor. 

The building does not pass the simple tenability criteria, as the upper layer descends 

to less than 2.5 m clear of the highest occupied level within the simulation time.  

Therefore the detailed tenability criteria must be assessed.   

The first detailed criteria to be reached in the warehouse are visibility, falling below 

10 m, and the FED of narcotic gases exceeding 0.3, and these both occur 150 s after 

ignition.  This is when the upper layer descends to 2.0m above floor level, the 

measuring height.  Therefore, this time is the available safe egress times for occupants 

in the building: 

ASET (Warehouse) = 150 s 

Both the upper and lower levels of the offices remain tenable during the simulation 

time. 
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Group 3; 100% Wood Fuel Stored 

Time (s) Event 
0 ignition 
46 smoke detector activates in warehouse 
186 upper layer drops below 2.5 m above floor level 
199 visibility drops below 10 m in warehouse 
222 FED thermal exceeds 0.3 in warehouse 
585 FED narcotic gases exceeds 0.3 in warehouse 

Table 7.4 - Zone Model Results for Group 3 Fuel, Design Fire Scenario One, Case 
Building Three 

The building does not pass the simple tenability criteria, as the upper layer descends 

to less than 2.5 m clear of the highest occupied level within the simulation time.  

Therefore the detailed tenability criteria must be assessed.  The first detailed criterion 

to be reached in the warehouse is visibility, falling below 10 m at 199 s after ignition.  

Therefore, this is the available safe evacuation time for occupants in the warehouse;  

ASET (Warehouse) = 199 s 

For occupants on the upper and lower office areas, the escape routes remain clear and 

tenable during the simulation time. 

Summary of ASET for Case Building Three 

 Group 1 Group 2 Group 3 
Warehouse 115 s 150 s 199 s 
Upper Office Level 176 s - - 
Lower Office Level - - - 

Table 7.5 - Summary of ASET for Case Building Three 

7.3.3. Egress Calculations 

Occupancy Assumptions 

All occupants are considered to be awake at the time of the fire, but as it is not a 

public building and occupants of the building are employees they are considered 

generally, to be familiar with the layout.  It is considered that with the ceiling height 

of 5.5 m, and racking only extending to 3 m, that occupants in the warehouse would 

be able to see smoke from a fire rising to the ceiling and creating a smoke layer, thus 

informing them that an alarm activation is real.  Likewise, it has been assumed that 
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the offices are generally open plan and that occupants could see or smell the any 

smoke from a fire.  Due to the low occupancies in the building no queuing was found 

to occur, and therefore the travel time calculated is entirely made up of the time 

occupants spend walking to leave the building. 

Egress results 

A summary of the egress calculations is provided in Table 7.6.  Supporting 

calculations can be found in Appendix C.  It is noted the egress routes from the two 

areas of the building are independent; occupants of the offices do not need to enter the 

warehouse to evacuate, and warehouse occupants do not need to enter the office area. 

 Group 1 Fuel Group 2 Fuel Group 3 Fuel 
Time to detection 
tdet 

31 38 46 

Time for pre-
movement tpre-mov  

180 Warehouse 
240 Offices 

180 Warehouse 
240 Offices 

180 Warehouse 
240 Offices 

Time for travel ttrav 42 Warehouses 
17 Offices - upper 
35 Offices - ground 

42 Warehouses 
17 Offices - upper 
35 Offices - ground 

42 Warehouses 
17 Offices - upper 
35 Offices - ground 

RSET (Warehouse) = tdet + tpre + ttrav 
= 31 + 180 + 42 
= 253 s 

= tdet + tpre + ttrav 
= 38 + 180 + 42 
= 260 s 

= tdet + tpre + ttrav 
= 46 + 180 + 42 
= 268 s 

RSET (Offices – 
upper) 

= tdet + tpre + ttrav 
= 31 + 240 + 17 
= 288 s 

= tdet + tpre + ttrav 
= 38 + 240 + 17 
= 295 s 

= tdet + tpre + ttrav 
= 46 + 240 + 17 
= 303 s 

RSET (Offices - 
ground)  

= tdet + tpre + ttrav 
= 31 + 240 + 35 
= 306 s 

= tdet + tpre + ttrav 
= 38 + 240 + 35 
= 313 s 

= tdet + tpre + ttrav 
= 46 + 240 + 35 
= 321 s 

Table 7.6 - Egress Results for Design Fire Scenario One, Case Building Three 

7.3.4. ASET vs. RSET 

The zone model results demonstrate that the first tenability criterion reached within 

the warehouse is visibility, which drops below 10 m at 115 s, 150 s and 199 s, 

respectively, for each of the fuel groups.  Occupants are still in the warehouse when 

these times occur and as such the scenario fails for these people.   

Group 1: ASET (Warehouse) = 115 s < RSET (Warehouse) = 253 s  
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Group 2: ASET (Warehouse) = 150 s < RSET (Warehouse) = 260 s 

Group 3: ASET (Warehouse) = 199 s < RSET (Warehouse) = 268 s 

In the upper office level, occupants may still be present until 288 s after ignition.  The 

zone model results show that visibility has reduced to less than 10 m in this area at 

176 s when the stored material is 100% polyurethane, therefore: 

Group 1: ASET (Offices) = 176 s < RSET (Offices) = 281 s  

Result  

Case Building Two fails Design Fire Scenario One. 

7.4. Design Fire Scenario Two 

Design Fire Scenario Two tests that the building provides adequate egress routes to 

allow all occupants to escape when a fire blocks a primary escape route.  It is only 

required to be tested when more than 50 people use an escape path, and there are no 

escape routes within this storage building that serve this number of people.  

Therefore, there is no requirement to further analyse this scenario for this building. 

Result 

Design Fire Scenario Two does not apply to Case Building Three 

7.5. Design Fire Scenario Three 

Design Fire Scenario Three provides a test for when a fire in an unoccupied room or 

space may grow and endanger a large group of people in another space.  A ‘large 

number of people’ has been defined in the framework as being 50 people in one room 

or space.  Case Building Three has no areas that hold 50 or more people and it is 

therefore not required to test this scenario. 

Result 

Design Fire Scenario Three does not apply to Case Building Three. 
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7.6. Design Fire Scenario Four 

Similar to Design Fire Scenario Three, this scenario aims to provide protection to a 

large group of people.  In this scenario it is required to test a fire in a concealed space 

that may grow and endanger people in another room or space.  As previously 

described the performance framework describes a large group of people as being 50 

or more persons in one space.  Therefore, as Case Building Three has no areas that 

hold 50 or more people, Design Fire Scenario Four is not required to be further 

analysed. 

Result 

Design Fire Scenario Four does not apply to Case Building Three. 

7.7. Design Fire Scenario Five 

Design Fire Scenario Five is included within the performance framework to protect 

sleeping people from the effects of a smouldering fire by ensuring designers consider 

this type of fire in their analysis.  As Case Building Three provides no sleeping use in 

the building, there is no requirement to further analyse this scenario. 

Result 

Design Fire Scenario Five does not apply to Case Building Three. 

7.8. Design Fire Scenario Six 

Design Fire Scenario Six requires the fire safety engineer to assess the building for the 

risk of spread of fire to other property and sleeping purpose groups.  One 

methodology for proving the building passes this scenario is to comply with the 

requirements of Part 7: Control of External Fire Spread within C/AS1 (DBH, 2005).  

This methodology is described here.  As the external walls of the building face the 

property boundaries within a 10° or less angle the enclosing rectangle method in 

C/AS1 is used to calculate if areas of the external walls require rating.   

The north and north-west faces of the building face roads and therefore do not need to 

be rated for fire spread to these boundaries. 
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The west side of the building is 6.0 m from the boundary and the enclosing rectangle 

for this face is 22 m wide and 5.5 m high.  Interpolating between Tables 7.2/4 and 

7.2/5 gives a permitted unprotected area in this wall of 30%. 

The south wall of the building is 4.4 m from the boundary and the enclosing rectangle 

for this face is 30 m wide and 5.5 m high.  Interpolating between Tables 7.2/4 and 

7.2/5 gives a permitted unprotected area in this wall of 23%. 

The east side of the building is 6.4 m from the boundary and the enclosing rectangle 

for this face is 20 m and 5.5 m high.  Interpolating between Tables 7.2/4 and 7.2/5 

gives a permitted unprotected area in this wall of 33%. 

C/AS1 requires the areas of external wall to be rated to the S-rating, as calculated in 

Part 5: Fire Resistance Ratings (DBH, 2005).  The S-rating for this building (the 

warehouse) has been calculated as 120 minutes.  Full calculations can be found in 

Appendix A. 

Result 

Case Building Three passes Design Fire Scenario Six. 

7.9. Design Fire Scenarios Seven and Eight 

As described previously, Design Fire Scenarios Seven and Eight are not investigated 

in detail as part of this research.  It is assumed all interior surface lining materials 

meet the requirements laid out in Design Fire Scenario Eight to prevent undue spread 

of fire, or smoke development in particular areas of the building such as stairways. 

Result 

Case Building Three passes Design Fire Scenario Seven. 

Case Building Three passes Design Fire Scenario Eight. 
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7.10. Summary for Case Building Three 

The following table provides a summary of the results for Case Building Three when 

using the conceptual performance framework for fire safety. 

Design Fire Scenario Result for Case Building Three 
One – Challenging Fire Fail for people in room of fire origin 

Fail for people in other parts of the building 
Two – Blocked Egress Does not apply (Pass) 
Three – fire in unoccupied 
room 

Does not apply (Pass) 

Four – fire in concealed 
space 

Does not apply (Pass) 

Five – smouldering fire in 
sleeping areas 

Does not apply (Pass) 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 7.7 - Summary of Results, Case Building Three 
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8. Case Building Four – Offices 

8.1. Introduction 

Case Building Four is a mid-rise office building, built primarily of reinforced 

concrete, with a single means of escape.  The occupants of an occupied basement 

level and all upper levels exit via a ground floor lobby.  There is also a ground floor 

commercial retail space, which has independent access to the outside.  The occupants 

of the basement and ground floor office areas exit via the ground floor lobby, and the 

single stair discharges into the lobby.  The building has two street facades, which are 

mainly glazed, at the front and rear of the building, and the other two sides are built 

right to the property boundaries.  A typical floor plan of levels 1 -3 is shown in Figure 

4.1, note that some door swings would be required to be reversed to comply with 

C/AS1. 

 

Figure 4.1 Typical Floor Plan of Levels 1 -3, Case Building Four – Offices 
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8.2. C/AS1 Design 

To comply with C/AS1 (DBH, 2005) the building is required to have the following:  

Active systems 

• An automatic smoke detection system installed to NZS 4512 (SNZ, 2003a), 

incorporating a manual alarm system throughout the building. 

• A fire hydrant riser located within the stairwell, and installed in accordance 

with NZS 4510 (SNZ, 1998). 

• Emergency lighting installed to F6/AS1 (DBH, 2007c) in the stairway and 

ground floor lobby. 

Passive Systems 

• Each floor is to be a separate firecell with boundary construction achieving a 

fire resistance rating of no less than 60/60/60. 

• Each floor, the stairwell, lift shaft, and ground floor lobby are to be separate 

firecells with bounding construction achieving a fire resistance rating of no 

less than 60/60/60. 

• The two sides of the buildings facing other property are to be fire rated to 

achieve a fire resistance rating of no less than 90/90/90. 

A full description of the design to comply with C/AS1 can be found in Appendix A. 

8.3. Design Fire Scenario One 

Design Fire Scenario One tests a challenging fire, specific to the occupancy use of the 

space, with all systems working as intended. 

8.3.1. Design Fire 

The fire was determined to be worst-case in the above ground office floors, and it was 

modelled on Level 1 as this puts the single stair at greatest risk of being untenable for 
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occupants above the fire floor.  From the Fire Load Table the fire was determined to 

be as shown in Table 8.1. 

 Table Measure Model Input 
Growth fast t-squared q = α t2  

α = 0.0466 kW.s-2 
Peak 290 kW/m2 x floor area m2 = 290 x 219 

=63, 510 kW 
Fuel 100% polyurethane foam fCO pre-flashover: 0.04 

fCO post-flashover: 0.4 
fC pre-flashover: 0.1 
fC post-flashover: 0.2 

Table 8.1 - Design Fire for Design Fire Scenario One, Case Building Four 

8.3.2. Results of Zone Model 

The building was modelled in the zone model as: 

Room 1: the level 1 office floor (ceiling height 3 m, area 225 m2) with large windows 

to the outside, construction leakage to the outside and the stairwell landing, and a door 

directly to the landing.  Wall, floor and ceiling materials were modelled as concrete. 

Room 2: the stairwell landing (ceiling height 3 m, area 10 m2) with construction 

leakage to outside and openings to the stair.  Wall, floor and ceiling materials 

modelled as concrete. 

Room 3: the stair (ceiling height 9 m, area 16 m2) with construction leakage to the 

outside.  Wall, floor and ceiling materials were modelled as concrete. 

The building is protected with automatic smoke detection, but does not have 

sprinklers. 
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Time (s) Event 
0 ignition 
35 smoke detector activates on Level 1 
51 upper layer drops below 2.5 m from floor level 
109 visibility falls below 10 m on Level 1 
180 smoke detector activates in stairwell landing 
191 FED narcotic gases exceeds 0.3 on Level 1 
208 visibility falls below 5 m in stairwell landing 
213 smoke detector activates in stairs 
222 visibility falls below 5 m in stairs 
225 FED thermal exceeds 0.3 on Level 1 
242 FED narcotic gases exceeds 0.3 in stairwell landing 

Table 8.2 - Zone Model Results for Design Fire Scenario One, Case Building Four 

It can be seen from the results in Table 8.2 that as the upper layer drops below 2.5 m 

from the floor level the detailed criteria must be analysed for this building.  The first 

of the tenability criteria reached in Level 1 is visibility; which falls below 10 m (as the 

space is greater than 100 m2 in floor area) at 109 seconds after ignition.  Therefore: 

 ASET (Level 1) = 109 s 

It is also shown that smoke travels into the stairwell landing, and into the stair.  

Visibility fails in the stairwell landing and the stair at 208 and 222 seconds, 

respectively.  Therefore: 

 ASET (Stairwell landing) = 208 s 

 ASET (Stair) = 222 s 

This means that for everyone above the fire floor to exit the building they would have 

to travel through smoke, unless they were clear of the stairwell by this time.  The 

smoke entry into the stairwell is mostly due to the door being open for occupants to 

egress.  Even with a working self-closer on the door, the door will be open the entire 

time a queue of people is moving through it.   
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8.3.3. Egress Calculation 

Egress has been calculated using RSET equation 4.1 as described in Chapter 4. 

Occupancy Assumptions 

Occupants are considered to be awake and familiar with the building layout.  The 

office floor is open plan and as such it is considered that occupants on Level 1 would 

be able to see the fire, or smoke from the fire, from anywhere on the floor. 

Egress results 

A summary of the egress calculations is provided in Table 8.3.  Supporting 

calculations can be found in Appendix C. 

Time to detection tdet  35 s for all building occupants (smoke detector activation) 
Time for pre-
movement tpre  

180 s for occupants on Level 1 
240 s for occupants in other parts of the building 

Time for travel ttrav  29 s to evacuate basement to outside 
45 s to evacuate ground floor shop to outside 
19 s to evacuate the ground floor office to outside 
24 s to evacuate levels 1, 2 and 3 to the stair 
51 s for the 3rd level occupants to travel down stairs and to 
outside 

RSET (Level 1) = tdet + tpre + ttrav 
= 35 + 180 +24 
= 239 s to clear level 1 to the stairwell landing 

RSET (Levels 2 and 3) = tdet + tpre + ttrav 
= 35 + 240 + 2 
= 300 s to clear levels 2 and 3 to the stairwell landing 

RSET Whole Building  = tdet + tpre + ttrav 
=35 + 240 + (24 + 51) 
= 326 s (Level 3 occupants: to stairs, down stairs and across 
ground floor) 

Table 8.3 - Egress Results for Design Fire Scenario One, Case Building Four 

8.3.4. ASET vs. RSET 

The modelling shows that the first tenability criterion is reached on Level 1 at 

109 seconds.  Occupants are still on the floor at this time and as such the scenario is 

failed for these people.   

ASET (Level 1) = 109 s < RSET (Level 1) = 239 s 
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For the single stair the first tenability criterion is reached on the level 1 landing 

(which level 2 and 3 occupants must travel through) at 208 seconds.  Occupants are 

not clear of the stairs at this time so the building fails this scenario for all occupants 

above the fire floor.   

ASET (Levels 2 and 3) = 208 s < RSET (Levels 2 and 3) = 300 s 

The ground and basement level occupants are able to escape without entering the 

stairwell. 

Result 

Case Building Four fails Design Fire Scenario One. 

8.4. Design Fire Scenario Two 

Design Fire Scenario Two tests a fire blocking the main means of escape and is 

required to be tested for escape routes serving 50 or more people.  There are less than 

50 people on each floor in Case Building Four, but there are 78 people calculated to 

be served by the main stair (levels 1, 2 and 3).   

Therefore, the single stair in the building, or the ground floor lobby (which serves the 

78 people from upper floors, the 15 from the basement level, and 10 from the ground 

floor office area) need to be tested against this scenario. 

Following the same methodology as previously used, a design fire would be 

determined, modelled in the zone model and compared to egress calculations.  

However, in this case, as the building only has the single means of egress and it was 

not tenable from a fire in a separate firecell, the building cannot pass with a fire in the 

stair or ground floor lobby. 

This is a significant result as it demonstrates that this building can comply with 

C/AS1 with only one stair (DBH, 2005) but cannot pass the performance framework.  

The conclusion of this result is that the framework is too tough, too onerous a test for 
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the building or that C/AS1 is not safe enough in its requirements for single means of 

escape buildings. 

Result 

Case Building Four fails Design Fire Scenario Two. 

8.5. Design Fire Scenario Three 

Design Fire Scenario Three is included in the framework to test a fire in an 

unoccupied space that may grow and endanger a large number of people in another 

space.  A ‘large number of people’ is 50 or more in one space or room.  No areas 

within Case Building Four hold 50 people and therefore there is no requirement to test 

this scenario further. 

Result 

Design Fire Scenario Three does not apply to Case Building Four 

8.6. Design Fire Scenario Four 

Design Fire Scenario Four requires testing of a fire growing in a concealed space, 

where it may endanger people in another room.  It is required to be included in an 

analysis when a space holds 50 or more people.  There are no spaces within Case 

Building Four which hold 50 people and therefore there is no need to test this 

scenario. 

Result 

Design Fire Scenario Four does not apply to Case Building Four. 

8.7. Design Fire Scenario Five 

Design Fire Scenario Five is included in the framework to protect sleeping occupants 

from a smouldering fire that may not be detected.  There are no sleeping purpose 

groups within Case Building Four and therefore this scenario is not required to be 

assessed. 
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Result 

Design Fire Scenario Five does not apply to Case Building Four. 

8.8. Design Fire Scenario Six 

This scenario is included within the framework to limit fire exposure to neighbouring 

property, or other sleeping accommodation on the same property.  One methodology 

of proving the building passes this scenario is to use the tabulated data within C/AS1 

in Part 7: Control of External Fire Spread (DBH, 2005).  As Case Building Four 

complies with all of C/AS1 it passes this scenario. 

Result 

Case Building Four passes Design Fire Scenario Six. 

8.9. Design Fire Scenarios Seven and Eight 

Design Fire Scenarios Seven and Eight are not investigated as part of this research.  It 

is assumed Case Building Four complies with the material requirements for the 

external wall cladding to ensure the façade of the building does not spread fire, and 

for the internal surfaces to reduce flaming and smoke production of building linings. 

These scenarios involve standardised testing procedures which manufacturers can 

undertake to prove their materials or systems pass, and thus be included in a 

performance based fire design. 

Result 

Case Building Four passes Design Fire Scenario Seven. 

Case Building Four passes Design Fire Scenario Eight. 
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8.10. Summary for Case Building Four 

The following table outlines the results for Case Building Four when using the 

conceptual performance framework for fire safety. 

Design Fire Scenario Result for Case Building Four 
One – Challenging Fire Fail for people on Levels 1, 2 and 3 

Pass for occupants on ground and basement levels 
Two – Blocked Egress Fail for people on Levels 1, 2 and 3 and the ground 

and basement office areas 
Pass for occupants in the ground floor retail tenancy 

Three – fire in unoccupied 
room 

Does not apply (Pass) 

Four – fire in concealed 
space 

Does not apply (Pass) 

Five – smouldering fire in 
sleeping areas 

Does not apply (Pass) 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 8.4 - Summary of Results, Case Building Four 
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9. Case Building Five – Cinema Complex 

9.1. Introduction 

The cinema complex, which provides the plans for Case Building Five, is part of a 

larger shopping mall or entertainment complex.  The analysis has been undertaken 

only for the cinema area shown in the plans.  It is located on the ground floor and 

contains five cinemas, a small café and bar area, a ticket office and a candy store as 

well as ancillary support functions such as toilets and projection rooms.  The largest 

cinema seats 234 people, and the total occupancy has been calculated as 1252.  Each 

cinema has an exit to the outside and an exit to the foyer.  The floor plan is shown in 

Figure 9.1. 

 

Figure 9.1 Floor plan for Case Building Five – Cinema Complex 
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9.2. C/AS1 Design 

To comply with C/AS1 (DBH, 2005) the building is required to have the following 

systems.  

Active systems 

• An automatic sprinkler system installed to NZS 4541 (SNZ, 2003b).  It can be 

modified by Appendix D of C/AS1 (DBH, 2005).   

• A manual fire alarm system installed to NZS 4512 (SNZ, 2003a). 

The sprinkler system is required due to the egress widths available from the cinemas.  

An alternative design could have an automatic heat detection system and provide 

additional exits or increased exit widths. 

Passive Systems 

• Each cinema and projection room is to be a separate firecell with boundary 

construction achieving a fire resistance rating of no less than 30/30/30. 

• Any enclosed space under tiered seating is to be a separate firecell with 

boundary construction achieving a fire resistance rating of no less than 

30/30/30. 

• The car parking and driveway areas surrounding the cinema complex are to 

achieve the hardstand requirements of 8.1.1 C/AS1 (DBH, 2005) for Fire 

Service vehicles. 

A full description of the design to comply with C/AS1 can be found in Appendix A. 

9.3. Design Fire Scenario One 

Design Fire Scenario One tests a challenging, worst-credible fire event in an occupied 

space. 
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9.3.1. Design Fire 

The fire was determined to be worst-case in the largest cinema, cinema 1 which also 

holds the greatest number of occupants.  From the Fire Load Table the fire was 

determined to be: 

 Table Measure Model Input 
Growth fast t-squared q = α t2  

α = 0.0466 kW/s2 
Peak 290 kW/m2 x floor area m2  = 290 x 260 

=75,400 kW 
Fuel 100% polyurethane foam fCO pre-flashover: 0.04 g/g 

fCO post-flashover: 0.4 g/g 
fC pre-flashover: 0.1 g/g 
fC post-flashover: 0.2 g/g 

Table 9.1 - Design Fire for Design Fire Scenario One, Case Building Five 

9.3.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: cinema 1 (ceiling height 5 - 7 m, area 260 m2) with construction leakage and 

doors directly to the outside and to room 2.  Wall, floor, and ceiling materials were 

modelled as concrete. 

Room 2: the main foyer and corridor (ceiling height 3 m, area 105 m2) with 

construction leakage and doors to the outside.  Wall, floor, and ceiling materials were 

modelled as concrete. 

The commercial sprinkler response was set to ‘control’ and the zone model simulates 

this by maintaining the heat release rate of the fire at the time of sprinkler activation 

for the remainder of the fire.  

It was assumed the doors from cinema 1 to the outside and to the foyer were open 

from the start of the evacuation until the last person had left the cinema. 
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Time (s) Event 
0 ignition 
103 fire grows to 500 kW 
148 visibility falls to less than 10 m in the cinema 
192 upper layer descends to less than 2.5 m above floor level 
208 visibility falls below 10 m in foyer 
234 FED narcotic gases exceeds 0.3 in cinema 1 
315 sprinklers activate in cinema 1 

FED thermal exceeds 0.3 in cinema 1 
360 FED narcotic gases exceeds 0.3 in foyer 

Table 9.2 - Zone Model Results for Design Fire Scenario One, Case Building Five  

The building does not pass the simple tenability criteria, as the upper layer descends 

to below 2.5 m of floor level within the simulation time.  Therefore the detailed 

tenability criteria must be assessed.  The first of the detailed criteria to be reached in 

the cinema is visibility which drops below 10 m (as the room floor area is greater than 

100 m2) at 148 s after ignition at 2 m above floor level.  Therefore, this is the 

available safe egress time for occupants in cinema 1. 

ASET (Cinema 1) = 148 s 

It is shown that visibility also fails in the foyer.  Therefore, the available safe egress 

time for occupants in the foyer is: 

 ASET (Foyer) = 208 s 

Occupants in the other cinemas are not forced to pass through the foyer to leave the 

building, as each cinema has a separate exit to the outside. 

9.3.3. Egress Calculations 

Occupancy Assumptions 

All occupants are considered to be awake at the time of the fire and, as it is a public 

building, it is assumed they are unfamiliar with the layout and possible escape paths.  

It is assumed the staff on the premises are trained to be fire wardens and help people 

to evacuate. 
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Occupants within cinema 1 are considered to be able to notice the fire when it gets to 

a significant size, 500 kW has been assumed here as that size.  Due to the nature of 

the cinema, where all occupants are focussed on one activity and the room is 

darkened, it is considered reasonable they would notice a fire of this size.  Other 

methods to account for occupant noticing a fire use the smoke layer development but, 

as the cinema is likely to be dark, the smoke may be indistinguishable as it rises to the 

ceiling.  Building occupants in other areas of the building have been assumed to be 

alerted only when the sprinkler activates – this is conservative as it is likely an 

occupant or a staff member in the cinema of fire origin would activate a manual call 

point to alert the remainder of the building after they discovered the fire. 

As the occupants in the cinema will notice the fire, their expected reaction and 

response time is quicker than those people in other areas of the building alerted by an 

alarm sound and no other fire cues.  Queuing dominates the travel time. 

Egress results 

A summary of the egress calculations is provided in Table 9.3.  Supporting 

calculations can be found in Appendix C. 

Time to detection tdet  103 s for all occupants in cinema 1 (fire 500 kW) 
315 s for all other building occupants (sprinkler 
activation) 

Time for pre-movement 
tpre-mov  

180 s for occupants in the cinema 1 
360 s for occupants in other areas of the building 

Time for travel ttrav 100 s to clear cinema 1 
88 s cinema 5 occupants to foyer (longest) 
21 s to clear foyer (cinema 2, 3, 4 or 5 occupants leaving 
via the foyer) 

RSET (Cinema 1) = tdet + tpre + ttrav 
= 103 + 180 + 100 
= 383 s  

RSET (Whole building) = tdet + tpre + ttrav 
= 315 + 360 + (88 + 21) 
= 784 s 

Table 9.3 - Egress Results for Design Fire Scenario One, Case Building Five 

The pre-movement time is considered excessive in this case.  Because the occupants 

notice the fire because of its size, it is unlikely they will take three further minutes to 
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decide they would like to leave the cinema.  Additionally, the staff should be trained 

to activate a manual call point which may warn other building occupants faster than 

waiting for the sprinkler activation to set off the building wide alarm. 

9.3.4. ASET vs. RSET 

The modelling shows that the visibility is the first tenability criterion reached within 

the cinema, as it drops below 10 m at 148 seconds.  Occupants are still in the cinema 

at this time and as such the scenario fails for these people.   

ASET (Cinema 1) = 148 s < RSET (Cinema 1) = 383 s  

In the foyer occupants may still be present until 784 s after ignition.  These are 

cinema 5 patrons leaving via the foyer.  The zone model results show that visibility 

has reduced to less than 10 m in this area at 208 s. 

ASET (Foyer) = 208 s < RSET (Foyer) = 784 s  

However, it should be noted that the occupants in the other cinemas do not have to 

pass through the foyer.  Evacuation may take longer through one exit, but the 

occupants will remain unexposed to the smoke from the fire if they wait and leave 

through the other exit to outside rather than trying to enter a smoke logged foyer. 

Result  

Case Building Five fails Design Fire Scenario One. 

9.4. Design Fire Scenario Two 

Design Fire Scenario Two addresses a fire that blocks a means of escape that serves 

more than 50 people.  As each cinema in this complex serves more than 50 people, 

each cinema and the foyer would require testing to prove adequate egress routes and 

width had been provided to allow occupants to leave the space unharmed.  This is a 

significant amount of testing and analysis to add to any fire safety design. 
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In this case however, as a fire in cinema 1 has been tested – and failed for the cinema 

and the foyer with all exits in use, the building could not pass with one or more exits 

removed from the calculation.  Therefore, no further analysis is required at this time. 

Result  

Case Building Five fails Design Fire Scenario Two. 

In practice, if the conceptual performance framework is adopted, a building such as 

this would require a significant amount of testing and analysis to be undertaken to 

cover all the scenarios of exits that serve more than 50 people. 

9.5. Design Fire Scenario Three and Four 

Design Fire Scenario Three and Four are similar in that they are included in the 

framework to guard against a fire starting in an unnoticed location and growing to an 

extent that could endanger occupants in another space. 

Design Fire Scenario Three tests a fire in a normally unoccupied room that can 

endanger a large number of people.  Design Fire Scenario Four requires the fire safety 

designer to consider a fire in a concealed space that could endanger a large number of 

people. 

Within the cinema complex there are spaces behind the screens and possibly spaces 

underneath the tiered seating which are normally unoccupied space and are within the 

cinema firecells which hold more than 50 people.  Therefore these spaces require 

analysis for these scenarios. 

The proposed methodologies for Design Fire Scenario Three and Four allow for the 

unoccupied space to be provided with either suppression or with automatic detection 

and appropriate fire rating to separate it from the occupied areas.  There is currently 

no design fire event specified for these spaces within the framework. 

Case Building Five is protected with a sprinkler system installed to NZS 4512 (SNZ, 

2003a); as such it meets the requirements for both of these scenarios without further 

testing required. 
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Result 

Case Building Five passes Design Fire Scenario Three. 

Case Building Five passes Design Fire Scenario Four. 

9.6. Design Fire Scenario Five 

As Design Fire Scenario Five is included in the performance framework to protect 

sleeping people, there is no requirement to test this scenario in buildings where there 

is no sleeping use.  Therefore, it is not necessary to further analyse this scenario for 

this cinema complex. 

Result 

Design Fire Scenario Five does not apply to Case Building Five. 

9.7. Design Fire Scenario Six 

Design Fire Scenario Six is required to address spread of fire to neighbouring 

property and other sleeping accommodation.  One methodology approved to pass this 

scenario is to comply with the external spread of fire requirements within Part 7 of 

C/AS1 (DBH, 2005).  Case Building Five complies with the requirements of Part 7 of 

C/AS1 as the building is located remote from the site boundaries on all sides, due to 

roads and the car parks provided to serve the cinema complex. 

Result 

Case Building Five passes Design Fire Scenario Six. 

9.8. Design Fire Scenario Seven and Eight 

Design Fire Scenarios Seven and Eight are not investigated in detail as part of this 

research.  Case Building Five does not require any particular requirements to the 

cladding to the external wall as there is no requirement to rate external walls to spread 

fire horizontally to neighbouring property (as described in Design Fire Scenario Six) 

and there is no other property or sleeping purpose groups to protect for vertical spread 

of fire.  It is assumed all interior surface lining materials meet the requirements laid 
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out in Design Fire Scenario Eight to prevent undue spread of fire or smoke 

development in particular areas of the building such as exitways. 

Result 

Case Building Five passes Design Fire Scenario Seven. 

Case Building Five passes Design Fire Scenario Eight. 

9.9. Summary for Case Building Five 

The following table outlines the results for Case Building Five when using the 

conceptual performance framework for fire safety. 

Design Fire Scenario Results for Case Building Five 
One – Challenging Fire Fail for people in cinema 1 

Fail for people using the foyer 
Two – Blocked Egress Fail 
Three – fire in unoccupied 
room 

Pass 

Four – fire in concealed 
space 

Pass 

Five – smouldering fire in 
sleeping areas 

Does not apply (Pass) 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 9.4 - Summary of Results, Case Building Five 
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10. Case Building Six - Motel 

10.1. Introduction 

Case Building Six is a small two storey motel with 4 units upstairs and 4 units on the 

ground level.  The upper level has an external unenclosed balcony with staircases at 

each end.  All upper units have access directly to the walkway.  Total occupancy of 

the building has been calculated as 24 persons.  The floor plan of the upper level is 

shown in Figure 10.1.  The lower floor has four rooms also, in the same layout. 

 

Figure 10.1 Floor Plan of the Upper Level of Case Building Six – Motel 

10.2. C/AS1 Design 

To comply with C/AS1 (DBH, 2005) the building is required to have the following 

systems. 

Active systems 

• An automatic smoke detection system installed to NZS 4512 (SNZ, 2003a) 

incorporating manual alarm system throughout the building. 
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• Emergency lighting is required in the upper level walkway and the stairs to 

comply with F6/AS1 (DBH, 2007c). 

It is noted a ‘type 5’ alarm system is permitted; this is a system where smoke 

detection and heat detection is provided throughout the building.  The smoke 

detection only sounds in the motel unit and the building wide alarm is not sounded 

unless a heat detector activates or a manual alarm is activated.  A direct connection to 

the Fire Service is not required where telephone lines are freely available.  It is 

assumed each motel unit is supplied with a phone. 

Passive Systems 

• Each unit is to be a separate firecell with boundary construction achieving a 

fire resistance rating of no less than 45/45/45. 

• The external unenclosed walkway is to be rated to 45/-/- from the underside, 

and the safety barrier is to be provided with a flame barrier. 

• The car parking area and driveway are to meet the hardstand requirements of 

C/AS1 paragraph 8.1.1 for Fire Service vehicles. 

A full description of the design to comply with C/AS1 can be found in Appendix A. 

10.3. Design Fire Scenario One 

Design Fire Scenario One tests a challenging fire, specific to the occupancy use of the 

space, with all systems working as intended. 

10.3.1. Design Fire 

The fire was modelled as being in the living room of Unit 4 on the upper level.  From 

the Fire Load Table the fire was determined to be: 
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 Table Measure Model Input 
Growth fast t-squared q = α t2  

α = 0.0466 kW/s2 
Peak 250 kW/m2 x floor area m2 = 250 x 31.6 

=7,900 kW 
Fuel 100% polyurethane foam fCO pre-flashover: 0.04 g/g 

fCO post-flashover: 0.4 g/g 
fC pre-flashover: 0.1 g/g 
fC post-flashover: 0.2 g/g 

Table 10.1 - Design Fire for Design Fire Scenario One, Case Building Six 

10.3.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: the living room Unit 4 (ceiling height 2.4 m, area 18 m2) with glazing and 

construction leaks to the outside and room 2.  It is connected by an open internal door 

to room 2.  In this instance the internal partition was modelled between the two rooms 

of the motel unit.  The walls and ceiling were modelled as plasterboard, and the floor 

as particle board. 

Room 2: the bedroom Unit 4 (ceiling height 2.4 m, area 13.6 m2) with construction 

leaks and windows to the outside.  The walls and ceiling were modelled as 

plasterboard, and the floor as particle board. 

Time (s) Event 
0 ignition 
22 visibility reduces to less than 5 m in living room 
29 smoke detector activates in the living room 
32 smoke detector activates in the bedroom 
46 visibility reduces to less than 5 m in bedroom 
69 FED narcotic gases exceeds 0.3 in living room 
78 heat detector activates in living room 
101 FED narcotic gases exceeds 0.3 in bedroom 
111 FED thermal exceeds 0.3 in living room 
192 FED thermal exceeds 0.3 in bedroom 

Table 10.2 - Zone Model Results for Design Fire Scenario One, Case Building Six  

The building cannot pass the simple tenability criteria, as the ceiling height of 2.4 m is 

already below the required minimum upper layer height of 2.5 m.  Therefore the 
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detailed tenability criteria must be assessed. The first of the detailed criteria to be 

reached in the bedroom is visibility, which falls below 5.0m (as the room area is less 

than 100 m2), and this occurs at 46 s after ignition.  Therefore, this is the available 

safe egress time for occupants in the apartment of fire origin: 

ASET (Bedroom) = 46 s 

10.3.3. Egress Calculations 

Egress was calculated using RSET equation 4.1 with the occupants in the motel unit 

assumed to be asleep in the bedroom at the time of the fire.  They are notified of the 

fire by the smoke detector activating in the living room.  This alarm sounds only in 

the unit of activation as it is a ‘type 5’ system.  When the heat detector activates it 

sounds a building wide alarm.   

Occupancy Assumptions 

Occupants within the unit of fire origin are considered to be able to see, smell or hear 

other fire cues when woken by the smoke detector due to the small floor area of the 

unit and therefore their expected reaction and response time is quicker than for those 

people woken up in other apartments by an alarm sound only and no other fire cues.  

Due to the low occupancy numbers in the motel, and the variance in each person’s 

travel path length, no queuing is expected to occur in the exitways or entrance to the 

stairs. 

Egress results 

A summary of the egress calculations is provided in Table 10.3.  Supporting 

calculations can be found in Appendix C.  
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Time to detection tdet  29 s for occupants in unit of fire origin (smoke detector 
activation) 
78 s for occupants in other units (heat detector activation) 

Time for pre-
movement tpre-mov  

120 s for occupants in Unit 4 
360 s for occupants in other units 

Time for travel ttrav  5 s travel to evacuate units 
25 s to cross walkway and descend stairs 

RSET (Unit of fire) = tdet + tpre + ttrav 
= 29 + 120 +5 
= 154 s 

RSET (Whole 
building) 

= tdet + tpre + ttrav 
= 78 + 360 + (5 + 25) 
= 468 s (occupants of another unit leaving unit, crossing 
walkway and descending stairs) 

Table 10.3 - Egress Results for Design Fire Scenario One, Case Building Six 

10.3.4. ASET vs. RSET 

The results of the zone model shows that the first tenability criterion is reached in the 

bedroom at 46 seconds.  Occupants are still in the bedroom at this time and as such 

the scenario fails for these people.   

ASET (Unit 4) = 46 s < RSET (Unit 4) = 154 s 

The other units can exit the building without passing in front of the unit on fire as 

there are stairs at both ends of the walkway.  Furthermore, as the units open onto an 

unenclosed walkway, their escape routes remain tenable at all times. 

Result 

Case Building Six fails Design Fire Scenario One. 

10.4. Design Fire Scenario Two 

Design Fire Scenario two tests a challenging fire located within, or near, a primary 

means of escape that prevents occupants from using it.  This scenario is limited to 

buildings where an escape route serves over 50 people.  In Case Building Six, no 

escape routes serves more than 50 people and as such no further analysis is required 

for this building for this scenario. 
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Result 

Design Fire Scenario Two does not apply to Case Building Six. 

10.5. Design Fire Scenario Three 

As this building has no rooms or spaces that contain more than 50 occupants, Design 

Scenario Three (fire in an unoccupied room endangering a large number of people) 

does not apply to this building and no further analysis is required. 

Result 

Design Fire Scenario Three does not apply to Case Building Six. 

10.6. Design Fire Scenario Four 

Design Fire Scenario Four is included in the scenarios to test a fire in a concealed 

space that could endanger a large number of people.  As with Design Fire Scenario 

Three, a ‘large number of people’ is defined as 50 or more people in one room or 

space.  Therefore, as this building does not contain an area with more than 50 

occupants there is no requirement to model this scenario. 

Result 

Design Fire Scenario Four does not apply to Case Building Six. 

10.7. Design Fire Scenario Five 

Design Fire Scenario Five tests a smouldering fire where people are sleeping.  The 

application of this scenario, as discussed in Section 3.2.5, details that one method of 

passing this scenario is to install automatic smoke detection in the spaces where 

people sleep.  As Case Building Six has automatic smoke detection installed in 

accordance with NZS 4512 (SNZ, 2003a) it meets this requirements and therefore 

passes this scenario.  This holds true whether a ‘type 4’ or a ‘type 5’ alarm system is 

installed. 

Result 

Case Building Six passes Design Fire Scenario Five. 
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10.8. Design Fire Scenario Six 

This scenario is included within the framework to limit fire exposure to neighbouring 

property, or other sleeping accommodation on the same property.  One methodology 

of proving the building passes this scenario is to use the tabulated data with C/AS1 in 

Part 7: Control of External Fire Spread (DBH, 2005).  As Case Building One 

complies with all of C/AS1, it passes this scenario. 

Case Building Six would be a Performance Group II building, if the current listing of 

performance groups is adopted.  However, the requirements of C/AS1 remain the 

same for all buildings.  The performance framework may need to further detail the 

requirements for the different performance groups and whether all of them may use 

C/AS1 as a methodology. 

Result 

Case Building Six passes Design Fire Scenario Six. 

10.9. Design Fire Scenarios Seven and Eight 

As described previously, Design Fire Scenarios Seven and Eight are not investigated 

as part of this research.  It is assumed Case Building Six complies with the material 

requirements for the external wall cladding to ensure the façade of the building does 

not spread fire, and for internal surfaces to reduce flaming and smoke production of 

building linings.  These scenarios involve standardised testing procedures which 

manufacturers can undertake to prove their materials or systems pass and thus be 

included in a performance based fire design. 

Result 

Case Building Six passes Design Fire Scenario Seven. 

Case Building Six passes Design Fire Scenario Eight. 
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10.10. Summary for Case Building Six 

Table 10.4 outlines the results for Case Building Six when using the conceptual 

performance framework for fire safety. 

Design Fire Scenario Result for Case Building Six 
One – Challenging fire Fail for people in unit of fire origin 

Pass for people in all other units 
Two – Blocked Egress Does not apply (Pass) 
Three – fire in unoccupied 
room 

Does not apply (Pass) 

Four – fire in concealed 
space 

Does not apply (Pass) 

Five – smouldering fire in 
sleeping areas 

Pass 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 10.4 - Summary of Results, Case Building Six 
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11. Case Building Seven – Apartments 

11.1. Introduction 

A second apartment building was chosen for inclusion in the case buildings.  This 

mid-rise apartment building has a single means of escape, by way of a single stair.  

The ground floor is made up of commercial retail or office tenancies that have 

independent egress to the outside.  There are three storeys of apartments above.  

Levels One and Two have nine 2-bedroom apartments and Level Three has five 3-

bedroom apartments.  The total building occupancy has been assessed as being 181 

people.  It has been assumed the apartments and retail tenancies are unit titled and 

held under different, independent ownership.  The floor plan for levels 1 and 2 is 

shown in Figure 11.1. 

 

Figure 11.1 Floor Plan for Levels 1 and 2, Case Building Seven – Apartments 
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11.2. C/AS1 Design 

To comply with C/AS1 (DBH, 2005) the building is required to have the following 

systems. 

Active systems 

• A manual fire alarm system installed in accordance with NZS 4512 (SNZ, 

2003a) throughout the building. 

• An automatic heat detection system installed in accordance with NZS 4512 

(SNZ, 2003a) throughout the ground floor tenancies. 

• ‘Type 1’ smoke detectors to all apartments installed in accordance with 

F7/AS1 (DBH, 2005a).  (These can be battery powered, local sounding, 

independent detector units). 

Passive Systems 

• Each apartment is to be a separate firecell with boundary construction 

achieving a fire resistance rating of no less than 30/30/30. 

• Each floor, the stairwell, the lift shaft, and the apartment lobbies are to be a 

separate firecells with boundary construction achieving a fire resistance rating 

of no less than 30/30/30. 

A full description of the design to comply with C/AS1 can be found in Appendix A. 

11.3. Design Fire Scenario One 

Design Fire Scenario One tests a challenging fire, specific to the occupancy use of the 

space, with all systems working as intended. 

11.3.1. Design Fire 

The fire was determined to be worst-case in an apartment on Level 1, because if this 

compromised the landing or stair, a greater number of people would be affected.  It 

was modelled in Apartment 5. 
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From the Fire Load Table the fire was determined to be: 

 Table Measure Model Input 
Growth fast t-squared q = α t2  

α = 0.0466 kW/s2 
Peak 250 kW/m2 x floor area m2 = 250 x 90 

=22,500 kW 
Fuel 100% polyurethane foam fCO pre-flashover: 0.04 g/g 

fCO post-flashover: 0.4 g/g 
fC pre-flashover: 0.1 g/g 
fC post-flashover: 0.2 g/g 

Table 11.1 - Design Fire for Design Fire Scenario One, Case Building Seven 

11.3.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: Apartment 5 (ceiling height 2.4 m, area 90 m2) with glazing and construction 

leaks to the outside, connected to the common corridor by construction leaks and the 

front door.  Internal partitions within the apartment have not been included.  Wall and 

ceiling linings were modelled as plasterboard, and the floor as concrete. 

Room 2: the common lobby (ceiling height 2.4 m, area 12 m2) with construction leaks 

to the outside, connected to the stairwell by the stairway door and construction leaks.  

Wall and ceiling linings were modelled as plasterboard, and the floor as concrete. 

Rooms 3: the stairwell landing (ceiling height 2.4 m, area 15 m2) with construction 

leaks to the outside.  Wall and ceiling linings were modelled as plasterboard, and the 

floor as concrete. 
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Time (s) Event 
0 ignition 
37 visibility reduces to less than 5 m in apartment 
41 smoke detector activates in apartment 
106 FED narcotic gases exceeds 0.3 in apartment 
154 visibility drops below 5 m in lobby 
175 FED thermal exceeds 0.3 in apartment 
178 visibility reduces to less than 5 m in stairwell landing 
471 FED narcotic gases exceeds 0.3 in lobby 
825 FED narcotic gases exceeds 0.3 in stairwell landing 

Table 11.2 - Zone Model Results for Design Fire Scenario One, Case Building Seven 

The building cannot pass the simple tenability criteria, as the ceiling height of 2.4 m is 

already below the required minimum upper layer height of 2.5 m.  Therefore the 

detailed tenability criteria must be assessed. The first of the detailed criteria to be 

reached in the apartment is visibility, which falls below 5.0m (as the room area is less 

than 100 m2), and this occurs at 37 s after ignition.  Therefore, this is the available 

safe egress time for occupants in the apartment of fire origin. 

ASET (Apartment 5) = 37 s 

For occupants of the same floor as the apartment, in this case Level 1, the available 

safe egress time is limited by the visibility in the common lobby.  Therefore: 

 ASET (Level 1) = 154 s 

The stairwell landing, which all occupants above must pass through, also fails the 

visibility tenability criterion.  Visibility reduces to less than 5 m at 178 s after 

ignition.  Therefore this is the available safe evacuation time for Levels 2 and 3. 

ASET (Levels 2 and 3) = 178 s 

The secondary spaces, the lobby and stairwell landing, fill with smoke only when the 

doors from the apartment, and then from the lobby, are open due to occupants 

escaping.  The doors are fire and smoke rated and have self-closers. 
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11.3.3. Egress Calculations 

Egress was calculated using RSET equation 4.1 with the occupants of the apartment 

of fire origin being notified of the fire from the smoke detection in their apartment.  

This building has no building wide detection system other than a manual alarm.  As it 

is not possible to reliably include the activation of a manual call point in a 

performance based evacuation calculation because, for example, the occupants of the 

fire apartment may not be home or may be overcome by the fire, there is no 

recommended way of calculating the evacuation time of other building occupants. 

Occupancy Assumptions 

Occupants in the apartments are assumed to be asleep at the time of the fire, whereas 

occupants in the commercial tenancies are assumed to be awake.  It is unrealistic, but 

conservative, to assume the commercial tenancies are at full occupancy - which is 

likely to happen during the day - at the same time the apartments have full occupancy 

asleep as this is likely to occur at night. 

Occupants within the apartment of fire origin are considered to be able to see, smell or 

hear other fire cues when woken by the smoke detector due to the small floor area of 

the apartment and therefore their expected reaction and response time is quicker than 

if they were responding to an alarm only.  All apartment occupants are considered to 

be familiar with the building.  As the people in the retail tenancies can include public, 

all occupants in the retail tenancies on the ground floor are considered to be 

unfamiliar with the building.  Due to the low occupancy numbers at each above 

ground floor level, and the variance in each persons travel path length, no queuing is 

expected to occur in the entrances to the stairwells. 

Egress results 

A summary of the egress calculations is provided in Table 11.3.  Supporting 

calculations can be found in Appendix C.  
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Time to detection tdet  41 s for occupants in apartment of fire origin (smoke 
detector activation) 
no detection time for other building occupants 

Time for pre-
movement tpre-mov  

120 s for occupants in apartment of fire origin 
300 s for occupants in other apartments 
240 s for occupants in the commercial tenancies 

Time for travel ttrav  17 s travel to evacuate apartment of origin 
28 s to evacuate levels 1 to 3 to stair 
29s to evacuate ground level 
46 s to clear level 3 occupants down the stairs and outside 

RSET (Apartment) = tdet + tpre + ttrav 
= 41 + 120 +17 
= 178s to clear the apartment to the lobby 

RSET (Levels 2 and 3) unknown 
RSET Whole Building  unknown 

Table 11.3 - Egress Results for Design Fire Scenario One, Case Building Seven 

The above results show that there is no benefit to a performance-based design by the 

inclusion of a manual alarm system, as it does not assist in evacuating the building 

occupants.  New Zealand Fire Service statistics show that manual alarms are activated 

and used to warn building occupants of danger of fire.  No conclusive method was 

found on how to calculate the egress of other building occupants when there is no 

automatic alarm system in place in a building. 

It is therefore concluded that buildings without an automatic detection system that 

alerts the whole building are not suitable for this performance framework.  If the 

framework is adopted in its current form the Department would need to carefully 

consider limiting the scope of the framework for these types of buildings. 

11.3.4. ASET vs. RSET 

The results of the zone model shows that the first tenability criterion is reached in the 

apartment at 37 seconds.  Occupants are still in the apartment at this time and as such 

the scenario fails for these people. 

ASET (Apartment 5) = 37 s < RSET (Apartment 5) = 178 s 

It is likely that other apartments on the same level as the apartment of fire origin will 

also fail this scenario, as the lobby’s ASET at 154 s and the stairwell landing’s ASET 
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at 178 s are significantly lower than even the pre-movement time included for 

occupants of other apartments of 300 s.  Therefore, it can be assumed that: 

ASET (Level 1) = 154 s < RSET (Level 1) = 300+ s 

 ASET (Levels 2 and 3) = 178 s < RSET (Levels 2 and 3) = 300+ s 

Result 

Case Building Seven fails Design Fire Scenario One. 

11.4. Design Fire Scenario Two 

Design Fire Scenario two tests a challenging fire located within, or near, a primary 

means of escape that prevents occupants from using it.  This scenario is limited to 

buildings where an escape route serves over 50 people. 

In Case Building Seven, the tenancies on the ground floor are separate firecells and 

serve less than 50 people.  There are a maximum of 36 people expected on levels 1 

and 2, and 30 people expected on level 3.  As such, the lobbies on each level do not 

serve more than 50 people, but the stair well does serve more than 50 people.  

Therefore, the stairwell is required to be tested against this scenario. 

11.4.1. Design Fire 

From the Fire Load Table, the fire for “safe path” stair was determined to be a 1 MW 

fire that lasts for 60 seconds.  This was developed from a fuel load of 2 L of petrol or 

other flammable liquid being brought into the stair and ignited.  A safe path stairway 

is controlled in respect to materials used and activities permitted in it within C/AS1 

(DBH, 2005). 

11.4.2. Zone Model 

The model remained the same set up as for Design Fire Scenario One, but the 

stairwell has been modelled as a 9 m tall room to account for the area the smoke can 

travel up.  The fire is located in the stairwell (room 3) at ground level. 
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The doors to the stairwell from the lobby on Level 1 were removed (i.e. the wall vents 

were closed) in this scenario.  This was done because as there is no automatic 

detection in the stairwell the occupants would be unaware of the fire and not know to 

evacuate. 

Time (s) Event 
0 ignition 
11 visibility reduces to less than 5 m in the stair 
39 FED thermal exceeds 0.3 in the stair 

Table 11.4 - Zone Model Results for Design Fire Scenario Two, Case Building Seven 

The results show that the stairway does become untenable.  However, the common 

lobby on level 1 adjacent to the stair remains tenable for the duration of the fire.  

Therefore: 

 ASET (Stair) = 11 s 

11.4.3. Egress Calculations 

Egress results 

As there is no automatic detection in the stairwell, no one will know about the fire 

unless they happen upon it by accident, or smell some smoke that has moved through 

a construction gap or an unsealed door.  Therefore, for such a short fire, it is likely the 

building occupants will be unharmed if they remain in their apartments. 

11.4.4. ASET vs. RSET 

The performance measure for this scenario states that escape routes must remain 

tenable at all times.  This escape route has not, as it fails visibility and FED for 

thermal energy and therefore the building design fails this scenario. 

Result 

Case Building Seven fails Design Fire Scenario Two. 
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11.5. Design Fire Scenario Three 

As this building has no rooms or spaces that contain more than 50 occupants, Design 

Scenario Three (fire in an unoccupied room endangering a large number of people) 

does not apply to this building and no further analysis is required. 

Result 

Design Fire Scenario Three does not apply to Case Building Seven. 

11.6. Design Fire Scenario Four 

Design Fire Scenario Four is included in the scenarios to test a fire in a concealed 

space that could endanger a large number of people.  As with Design Fire Scenario 

Three, a ‘large number of people’ is defined as 50 or more people in one room or 

space.  Therefore, as this building does not contain an area with more than 50 

occupants there is no requirement to model this scenario. 

Result 

Design Fire Scenario Four does not apply to Case Building Seven. 

11.7. Design Fire Scenario Five 

Design Fire Scenario Five tests a smouldering fire where people are sleeping.  The 

application of this scenario, as discussed in Section 3.2.5, details that one method of 

passing this scenario is to install automatic smoke detection in the spaces where 

people sleep.  Case Building Seven has smoke detectors in place, but they are not 

required to be hard-wired or interconnected.  They must comply with the 

requirements of F7/AS1 for a ‘type 1’ system – so they can be local sounding only 

(DBH, 2005b).  Therefore this scenario must be tested. 

11.7.1. Design Fire 

The smouldering fire was tested in the same apartment, and the Fire Load Table 

provides details for this type of fire, but it does not follow the t-squared or t-cubed 

growth rate. 
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The burning rate is then used to find the heat release rate to input into the zone model.  

Species production is defined for polyurethane foam fuel as: 

• fCO pre-flashover: 0.11 g/g 

• fC pre-flashover: 0.15 g/g 

11.7.2. The Zone Model 

The zone model was set up as for Design Fire Scenario One, except the smouldering 

fire replaced the fast t-squared fire.  Door opening times were re-evaluated to allow 

for the different detection time in the apartment. 

Time (s) Event 
0 ignition 
746 smoke detector activates in apartment 
973 visibility reduces to less than 5m in apartment 

Table 11.5 - Zone Model Results for Design Fire Scenario Five, Case Building Seven 

The building cannot pass the simple tenability criteria, as the ceiling height of 2.4 m is 

already below the required minimum upper layer height of 2.5 m.  Therefore the 

detailed tenability criteria must be assessed. The first of the detailed criteria to be 

reached in the apartment is visibility, which falls below 5.0m (as the room area is less 

than 100 m2) and this occurs at 973 s after ignition.  Therefore, this is the available 

safe egress time for occupants in the apartment of fire origin. 

ASET (Apartment 5) = 973 s 

The lobby and stairwell remain tenable during the time of this simulation, although 

there is some smoke leakage through construction gaps and door sills. 
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11.7.3. Egress Calculations 

Egress was calculated using RSET equation 4.1 with the occupants of the apartment 

of fire origin being notified of the fire from the smoke detection in their apartment.   

Occupancy Assumptions 

Occupants in the apartments are assumed to be asleep at the time of the fire.  

Occupants within the apartment of fire origin are considered to be able to see, smell, 

or hear other fire cues when woken by the smoke detector due to the small floor area 

of the apartment and therefore their expected reaction and response time is quicker 

than if they were responding to an alarm only.  All apartment occupants are 

considered to be familiar with the building.   

Egress results 

The egress assessment only analyses the occupants in the room of fire origin.  A 

summary of the egress calculations is provided in Table 11.5.  Supporting calculations 

can be found in Appendix C.  

Time to detection tdet  746 s for occupants in apartment of fire origin (smoke 
detector activation) 

Time for pre-
movement tpre-mov  

120 s for occupants in apartment of fire origin 

Time for travel ttrav  17 s travel to evacuate apartment of origin 
RSET (Apartment) = tdet + tpre + ttrav 

= 746 + 120 +17 
= 883 s to clear the apartment to the lobby 

Table 11.6 - Egress Results for Design Fire Scenario Five, Case Building Seven 

The egress calculations show that if the smoke detector operates as designed it will 

alert the apartment occupants.  

11.7.4. ASET vs. RSET 

The results of the zone model shows that the first tenability criterion is reached in the 

apartment at 973 seconds.  The egress calculations show occupants are clear of the 

apartment at this time, if the battery-powered smoke detector operates as designed. 

ASET (Apartment 5) = 973 s > RSET (Apartment 5) = 883 s 
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This shows that the ‘type 1’ smoke detector provides adequate warning to the 

occupants in the room of smouldering fire origin in order for them to make an escape 

before conditions become to hazardous if it operates as designed.  

Result 

Case Building Seven passes Design Fire Scenario Five. 

11.8. Design Fire Scenario Six 

This scenario is included within the framework to limit fire exposure to neighbouring 

property, or other sleeping accommodation on the same property.  One method of 

proving the building passes this scenario is to use the tabulated data within C/AS1 in 

Part 7: Control of External Fire Spread (DBH, 2005a).  As Case Building Seven 

complies with all of C/AS1, it passes this scenario. 

Case Building Seven would be a Performance Group II building under the current 

performance group listings.  However, the requirements of C/AS1 remain the same 

for all buildings.  If adopted, the performance framework may need to further detail 

the requirements for the different performance groups, and whether all of them may 

use C/AS1 as a methodology. 

Result 

Case Building Seven passes Design Fire Scenario Six. 

11.9. Design Fire Scenarios Seven and Eight 

Design Fire Scenarios Seven and Eight are not investigated as part of this research.  It 

is assumed Case Building Seven complies with the material requirements for the 

external wall cladding to ensure the façade of the building does not spread fire, and 

for internal surfaces to reduce flaming and smoke production of building linings. 

These scenarios involve standardised testing procedures which manufacturers can 

undertake to prove their materials or systems pass and thus be included in a 

performance based fire design. 
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Result 

Case Building Seven passes Design Fire Scenario Seven. 

Case Building Seven passes Design Fire Scenario Eight. 

11.10. Summary for Case Building Seven 

Table11.7 outlines the results for Case Building Seven when using the conceptual 

performance framework for fire safety. 

Design Fire Scenario Result for Case Building Seven 
One – Challenging fire Fail for people in apartment of fire origin 

unknown for other building occupants 
Two – Blocked Egress Fail 
Three – fire in unoccupied 
room 

Does not apply (Pass) 

Four – fire in concealed 
space 

Does not apply (Pass) 

Five – smouldering fire in 
sleeping areas 

Pass 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 11.7 - Summary of Results, Case Building Seven 
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12. Case Building Eight - Restaurant 

12.1. Introduction 

Case Building Eight is a two-storey restaurant.  The ground floor includes the servery 

and kitchens as well as a dining area, and the upper level includes dining areas and a 

childrens’ play area.  The total occupancy of the building has been calculated as 236 

people, with 76 on the ground floor, and 160 patrons in the dining area on the upper 

level.  The upper level is provided with an external escape stair and an internal escape 

stair.  The internal escape stair is open to the upper level but fire separated from the 

ground floor.  The ground floor occupants can leave the building through the main 

entrance, through the ground floor lobby of the internal stairwell or through the rear 

of the kitchen.  The floor plan of the ground floor is shown in Figure 12.1. 

 

Figure 12.1 Floor Plan of the Ground Floor, Case Building Eight – Restaurant 
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12.2. C/AS1 Design  

To comply with C/AS1 (DBH, 2005a) the building is required to have the following 

systems. 

Active systems 

• An automatic heat detection system installed to NZS 4512 (SNZ, 2003a), 

incorporating a manual alarm system throughout the building. 

• Emergency lighting installed to F6/AS1 (DBH, 2007c) in the internal and 

external stairs. 

A direct connection to the Fire Service is not required where a telephone line is freely 

available.  It is assumed a phone is present in the building. 

Passive Systems 

• Each floor is to be a separate firecell with bounding construction achieving a 

fire resistance rating of 60/60/60.  Note that the internal stairwell is part of the 

upper floor firecell and is therefore required to be separated at ground level by 

fire rated construction to the remainder of the ground floor. 

• The external stair is to be separated with fire rated construction to areas of the 

external wall it passes beside within 2.0 m. 

• The rear gates are to be open at all times the building is legally occupied.   

A full description of the design to comply with C/AS1 can be found in Appendix A. 

12.3. Design Fire Scenario One 

Design Fire Scenario One tests a challenging fire, specific to the occupancy use of the 

space, with all systems working as intended. 
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12.3.1. Design Fire 

The fire was determined to be worst-case on the ground floor as it had the potential to 

affect the greatest number of people.  From the Fire Load Table the fire was 

determined to be: 

 Table Measure Model Input 
Growth fast t-squared q = α t2  

α = 0.0466 kW/s2 
Peak 290 kW/m2 x floor area m2 = 250 x 280 

= 81,200 kW 
Fuel 50% polyurethane foam  

50% wood  
fCO pre-flashover: 0.022 g/g 
fCO post-flashover: 0.22 g/g 
fC pre-flashover: 0.1 g/g 
fC post-flashover: 0.2 g/g 

Table 12.1 - Design Fire for Design Fire Scenario One, Case Building Eight 

12.3.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: the ground floor (ceiling height 3 m, area 280 m2) with glazing, doors and 

construction leaks to the outside.  Internal partitions within the ground floor have not 

been included.  The walls and floor were modelled as concrete, the ceiling as 

plasterboard. 

Room 2: the upper level (ceiling height 3 m, area 280 m2) with construction leaks, 

windows and a door to the outside, open to the stairwell.  The walls and floor were 

modelled as concrete, the ceiling as plasterboard. 

Room 3: the stairwell (ceiling height 6 m, area 12 m2) with construction leaks to the 

outside and a door to the outside at ground level.  The walls and floor were modelled 

as concrete, the ceiling as plasterboard. 



Case Building Eight - Restaurant  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in 

New Zealand 

120

Time (s) Event 
0 ignition 
66 upper layer reduces to lower than 2.5 m from floor level 
117 visibility reduces to less than 10 m on the ground floor 
123 heat detector activates on the ground floor 
211 FED narcotic gases exceeds 0.3 on the ground floor 
241 FED thermal exceeds 0.3 on the ground floor 
304 visibility reduces to below 5 m in the stairwell 
325 visibility reduces to below 10 m on the upper level 

Table 12.2 - Zone Model Results for Design Fire Scenario One, Case Building Eight 

The upper layer descends to less than 2.5 m from floor level, so therefore the detailed 

tenability criteria must be assessed. The first of the detailed criteria to be reached on 

the ground floor is visibility, which falls below 10 m (as the room area is greater than 

100 m2) at 117 s after ignition.  Therefore, this is the available safe evacuation time 

for occupants on the ground floor. 

ASET (Ground) = 117 s 

For occupants on the upper level the first of the tenability criteria reached occurs at 

325 s, and is also visibility.  Therefore: 

 ASET (Level 1) = 325 s 

The stairwell also fails the visibility criterion, but occupants of both levels may escape 

through another route so are not forced to use the stairwell. 

12.3.3. Egress Calculations 

Egress was calculated using RSET equation 4.1.  Supporting calculations can be 

found in Appendix C. 

Occupancy Assumptions 

Occupants in the building are assumed to be awake at the time of the fire.  As the 

building is open to the public, the occupants will generally not be familiar with the 

layout and escape routes.  Occupants within the ground floor are considered to be able 

to see, smell, or hear the fire or smoke when alerted to it by the alarm and therefore 
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their expected reaction and response time is quicker than for those people on the 

upper level. 

Egress results 

Time to detection tdet  123 s for all building occupants (heat detector activation) 
Time for pre-
movement tpre-mov  

180s for occupants on the ground floor 
360s for occupants on the upper level 

Time for travel ttrav  27 s to evacuate the ground floor 
68 s to clear upper level 
76 s to clear upper floor and stairwell 

RSET (Ground) = tdet + tpre + ttrav 
= 123 + 180 +27 
= 330 s 

RSET (Upper level) = tdet + tpre + ttrav 
= 123 + 360 + 68 
= 551 s 

RSET Whole Building  = tdet + tpre + ttrav 
= 123 + 360 + 76 
= 559 (Upper floor occupants; down the stairs and outside). 

Table 12.3 - Egress Results for Design Fire Scenario One, Case Building Eight 

12.3.4. ASET vs. RSET 

The results of the zone model shows that the first tenability criterion is reached on the 

ground floor at 117 seconds.  Occupants are still on the floor at this time and as such 

the scenario fails for these people. 

ASET (Ground) = 117 s < RSET (Ground) = 330 s 

For the upper level, the available safe evacuation time is less than the required safe 

evacuation time.   

ASET (Level 1) = 325 s < RSET (Level 1) = 551 s 

Result 

Case Building Eight fails Design Fire Scenario One. 



Case Building Eight - Restaurant  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in 

New Zealand 

122

12.4. Design Fire Scenario Two 

Design Fire Scenario Two tests a challenging fire located within, or near, a primary 

means of escape that prevents occupants from using it.  This scenario is limited to 

buildings where an escape route serves over 50 people. 

In Case Building Eight, both levels have more than 50 occupants.  Therefore it was 

chosen to test a fire on the ground level of the stair, which blocks an escape route of 

both the upper and ground level.  The internal stairwell is open to the upper level and 

has fire rated and smoke sealed doors to the ground level.  As the doors would have 

vision panels in them, as required by C/AS1 (DBH, 2005a), it is assumed that the 

occupants would not open the door and vent the fire into the ground level.  Therefore 

any smoke transmission into the ground floor is through construction gaps or the door 

sill gap. 

12.4.1. Design Fire 

From the Fire Load Table, the fire for a “safe path” stair was determined to be a 

1 MW fire that lasts for 60 seconds.  This was developed from a fuel load of 2 L of 

petrol or other flammable liquid being brought into the stair and ignited.  A “safe 

path” stairway is controlled in respect to materials used and activities permitted in it 

within C/AS1 (DBH, 2005a). 

12.4.2. Zone Model 

The model retained the same set-up as for Design Fire Scenario One, with the fire 

now located in the stairwell (room 3) at ground level.  However, the stairwell was 

modelled once with a 3 m ceiling to find a heat detector activation time, to represent 

them being located on the landing ceiling. 
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Time (s) Event 
0 ignition 
9 visibility fails in the stair 
14 heat detector activates in the stair 
29 visibility reduces to less than 10 m on level 1 

Table 12.4 - Zone Model Results for Design Fire Scenario Two, Case Building Eight 

The results show that the stairway does become untenable.  However, occupants do 

not have to enter the stairway.  Of more concern is that level 1 also fails for visibility, 

as it reduces to less than 10 m at 29 s.  Therefore: 

 ASET (Level 1) = 29 s 

12.4.3. Egress Calculations 

Occupancy Assumptions 

All occupancy assumptions remain the same for this scenario as for Design Fire 

Scenario One, with the exception that all occupants now only use the one non-fire exit 

from each floor to leave the building. 

Egress results 

Time to detection tdet  14 s for all building occupants (heat detector activation) 
Time for pre-movement 
tpre-mov  

360 s for all building occupants 

Time for travel ttrav  44 s to clear ground level 
137 s to clear level 1 

RSET (Ground) = tdet + tpre + ttrav 
= 14 + 360 + 44 
= 418 s 

RSET (Level 1)  = tdet + tpre + ttrav 
= 14 + 360 + 137 
= 511 s 

Table 12.5 - Egress Results for Design Fire Scenario Two, Case Building Eight 

12.4.4. ASET vs. RSET 

The results of the zone model show that the stair of fire origin becomes untenable.  

Building occupants can evacuate the building without being forced to use this stair but 
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the results from the zone model show that the upper level becomes untenable also 

prior to all occupants being able to leave. 

ASET (Level 1) = 29 s < RSET (Level 1) = 511 s 

The pre-movement time in the egress calculation is by far the dominant factor in the 

total RSET.  It is unlikely occupants would take this long to start moving if smoke 

was coming up the stair and entering the upper level. 

Result 

Case Building Eight fails Design Fire Scenario Two. 

12.5. Design Fire Scenario Three 

Design Fire Scenario Three is included in the framework to ensure unoccupied rooms 

are included in the analysis.  In this building there is a plant room on the ground level 

with access only from outside.  There is currently no design event to test for these 

sorts of spaces and, as such, another method of proving compliance with this scenario 

must be used. 

This building is provided with automatic detection and will pass this scenario if 

adequate fire separation is installed to the bounding construction of the plant room.  

No methods are given to calculate this rating but it is assumed, for the purpose of this 

study, that adequate fire rated construction is installed in the building.  The 

performance framework will need to clarify how the fire engineer may quantify this 

rating if it is to be adopted. 

Result 

Case Building Eight passes Design Fire Scenario Three. 

12.6. Design Fire Scenario Four 

Design Fire Scenario Four is included in the scenarios to test a fire in a concealed 

space that could endanger a large number of people.  As with Design Fire Scenario 
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Three, a ‘large number of people’ is defined as 50 in one room or space.  Therefore, 

this scenario requires analysis for this building. 

Any concealed spaces, such as ceiling voids, require either automatic suppression or 

automatic detection and fire separations.  The plans available for this building do not 

show enough detail to know if there are such voids.  It has been assumed for the 

purpose of this work, that if they are present these concealed spaces are adequately 

bounded in fire rated construction.  The performance framework will need to clarify 

how the fire engineer may quantify this rating if it is to be adopted. 

Result 

Case Building Eight passes Design Fire Scenario Four. 

12.7. Design Fire Scenario Five 

Design Fire Scenario Five tests a smouldering fire where people are sleeping.  Case 

Building Eight contains no spaces for sleeping and therefore no further analysis is 

required for this scenario. 

Result 

Design Fire Scenario Five does not apply to Case Building Eight. 

12.8. Design Fire Scenario Six 

This scenario is included within the framework to limit fire exposure to neighbouring 

property, or other sleeping accommodation on the same property.  One method of 

proving the building passes this scenario is to use the tabulated data within C/AS1 in 

Part 7: Control of External Fire Spread (DBH, 2005a).  The plans available for this 

case building do not show property boundaries, or neighbouring buildings.  However, 

as the case building was chosen for its compliance with C/AS1, it is assumed to 

comply with all fire spread requirements and, therefore, it passes this scenario. 

Result 

Case Building Eight passes Design Fire Scenario Six. 
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12.9. Design Fire Scenarios Seven and Eight 

As described previously Design Fire Scenarios Seven and Eight are not investigated 

as part of this research.  It is assumed Case Building Eight complies with the material 

requirements for the external wall cladding to ensure the façade of the building does 

not spread fire, and for the internal surfaces to reduce flaming and smoke production 

of building linings.  These scenarios involve standardised testing procedures which 

manufacturers can undertake to prove their materials or systems pass and thus be 

included in a performance based fire design. 

Result 

Case Building Eight passes Design Fire Scenario Seven. 

Case Building Eight passes Design Fire Scenario Eight. 

12.10. Summary for Case Building Eight 

Table 12.6 provides a summary of the results for Case Building Eight when using the 

conceptual performance framework for fire safety. 

Design Fire Scenario Result for Case Building Eight 
One – Challenging fire Fail for people on the ground floor 

Fail for people on the upper level 
Two – Blocked Egress Fail for people on the upper level 

Pass for people on the ground floor 
Three – fire in unoccupied 
room 

Pass 

Four – fire in concealed 
space 

Pass 

Five – smouldering fire in 
sleeping areas 

Does not apply (Pass) 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 12.6 - Summary of Results, Case Building Eight 
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13. Case Building Nine – Retirement Home 

13.1. Introduction 

Case Building Nine is a retirement home incorporating serviced care apartments and 

bedrooms for occupants requiring more assistance.  Additionally, there are communal 

dining and living areas, sanitary facilities, and kitchen and staff areas.  The building is 

all ground level and has many exits directly to the outside.  The main use of the 

building is considered to be “SC” Sleeping Care as defined by C/AS1 (DBH, 2005a), 

and the total number of occupants was calculated as 32.  The floor plan of the 

apartment wing is shown in Figure 13.1. 

 

Figure 13.1 Floor Plan of the Apartment Wing, Case Building Nine – Retirement Home 

13.2. C/AS1 Design 

To comply with C/AS1 (DBH, 2005a) the building is required to have the following 

systems. 

Active systems 

• An automatic sprinkler system installed to NZS 4541 (SNZ, 2003b) with 

automatic smoke detection throughout and manual alarms installed to NZS 

4512 (SNZ, 2003a). 

• Emergency lighting installed to F6/AS1 (DBH, 2007c) throughout the 

building. 
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Passive Systems 

• All SC suites are to be separated by bounding construction achieving fire 

resistance rating of no less than 15/15/15. 

• Firecells are to be separated by bounding construction achieving fire resistance 

rating of no less than 30/30/30. 

A full description of the design to comply with C/AS1 can be found in Appendix A.  

13.3. Design Fire Scenario One 

Design Fire Scenario One tests a challenging fire, specific to the occupancy use of the 

space, with all systems working as intended. 

13.3.1. Design Fire 

The fire was determined to be worst-case in a middle unit of the ‘apartment’ wing of 

the building (Apartment 4 on plan shown in Figure 13.1).  From the Fire Load Table 

the fire was determined to be: 

 Table Measure Model Input 
Growth fast t-squared q = α t2  

α = 0.0466 kW/s2 
Peak 250 kW/m2 x floor area m2 = 250 x 32.8 

=8,200 kW 
Fuel 100% polyurethane foam fCO pre-flashover: 0.04 g/g 

fCO post-flashover: 0.4 g/g 
fC pre-flashover: 0.1 g/g 
fC post-flashover: 0.2 g/g 

Table 13.1 - Design Fire for Design Fire Scenario One, Case Building Nine 

13.3.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: apartment 4 (ceiling height 2.4 m, area 32.8 m2) with glazing and 

construction leaks to the outside, connected to the common corridor by construction 

leaks and the front door.  Internal partitions within the apartment have not been 
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included.  The floor was modelled as concrete and the walls and ceiling as 

plasterboard. 

Room 2: the common corridor (ceiling height 2.2 – 2.8 m, area 90 m2) with 

construction leaks to the outside and doorways.  The floor was modelled as concrete 

and the walls and ceiling as plasterboard. 

The residential sprinkler activation was set to ‘suppress’ and in the zone model this is 

simulated using Evans’ suppression algorithm, which decreases the heat release rate 

dependent on the water discharge and assumes the fire is unshielded (Wade, 2003). 

Time (s) Event 
0 ignition 
24 visibility fails in Apartment 4 
40 smoke detector activates in Apartment 4 
83 FED narcotic gases exceeds 0.3 in Apartment 4 
125 sprinkler activates in Apartment 4 
130 FED thermal exceeds 0.3 in Apartment 4 
147 visibility fails in common corridor 

Table 13.2 - Zone Model Results for Design Fire Scenario One, Case Building Nine  

The building cannot pass the simple tenability criteria, as the ceiling height of 2.4 m is 

already below the required minimum upper layer height of 2.5 m.  Therefore the 

detailed tenability criteria must be assessed.  The first of the detailed criteria to be 

reached in the apartment is visibility, which falls below 5.0m (as the room area is less 

than 100 m2) and this occurs at 24 s after ignition.  Therefore, this is the available safe 

evacuation time for occupants in the apartment of fire origin. 

ASET (Apartment 4) = 24 s 

For occupants in other apartments that share egress via the common corridor, the 

available safe evacuation time is limited by the visibility in the common corridor.  

Therefore: 

 ASET (Other apartments) = 147 s 
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13.3.3. Egress Calculations 

Egress was calculated using RSET equation 4.1.  A building wide alarm is sounded 

when a smoke detector activates. 

Occupancy Assumptions 

Occupants in the apartments and suites are assumed to be asleep at the time of the 

fire, but staff on the premises are assumed to be awake and able to assist with the 

evacuation.  It has been assumed that occupants in the apartment wing are able to 

evacuate without assistance, but they are slower than the general population.  This has 

been taken into account in a reduced walking speed.   

Occupants within the apartment of fire origin are considered to be able to see, smell, 

or hear other fire cues when woken by the smoke detector due to the small floor area 

of the apartment and therefore their expected reaction and response time is quicker 

than for those people woken up in other parts of the building by an alarm sound only 

and no other fire cues.  All occupants are considered to be generally familiar with the 

building.  Due to the low occupancy numbers in the building and the variance in each 

person’s travel path length, no queuing is expected to occur in escape routes. 

Egress results 

A summary of the egress calculations is provided in Table 13.3.  Supporting 

calculations can be found in Appendix C.  
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Time to detection tdet  40s for all building occupants 
Time for pre-
movement tpre-mov  

180s for occupants in apartment of fire origin 
480s for other sleeping occupants 
240s for staff on-site 

Time for travel ttrav  14 s to evacuate apartment of origin 
40 s to evacuate apartment wing 
28s to evacuate bedroom wing 
20 s to evacuate kitchen and staff areas 

RSET (Apartment 4) = tdet + tpre + ttrav 
= 40 + 180 +14 
= 234 s to clear Apartment 4 to the corridor 

RSET (Apartment 
Wing) 

= tdet + tpre + ttrav 
= 40 + 480 + 40 
= 560 s to clear the Apartment Wing 

RSET (Bedroom 
Wing)  

= tdet + tpre + ttrav 
= 40 + 480 + 28 
= 548 s to clear the Suite Wing 

Table 13.3 - Egress Results for Design Fire Scenario One, Case Building Nine 

13.3.4. ASET vs. RSET 

The results of the zone model show that the first tenability criterion is reached in the 

apartment at 24 seconds.  Occupants are still in the apartment at this time and as such 

the scenario fails for these people.   

ASET (Apartment 4) = 24 s < RSET (Apartment 4) = 234 s 

For the common corridor outside the fire apartment, the first of the tenability criteria 

is reached in 147 seconds.  Occupants are not clear of the hallway and safely outside 

at this time so the scenario is failed for all occupants in this wing of the building. 

ASET (Common Corridor) = 147 s < RSET (Common Corridor) = 548 s 

Occupants in other areas of the building have sufficient time to escape.  It is noted 

that within the apartment of fire origin, visibility has reduced to less than 5 m prior to 

the smoke detector activating. 

Result 

Case Building Nine fails Design Fire Scenario One. 
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13.4. Design Fire Scenario Two 

Design Fire Scenario Two tests a challenging fire located within, or near, a primary 

means of escape that prevents occupants from using it.  This scenario is limited to 

buildings where an escape route serves over 50 people.  In Case Building Nine there 

are no escape routes that serve 50 or more people.  Accordingly, no analysis is 

required for this scenario. 

Result 

Design Fire Scenario Two does not apply to Case Building Nine. 

13.5. Design Fire Scenario Three 

As this building has no rooms or spaces that contain more than 50 occupants, Design 

Scenario Three (fire in an unoccupied room endangering a large number of people) 

does not apply to this building and no further analysis is required. 

Result 

Design Fire Scenario Three does not apply to Case Building Nine. 

13.6. Design Fire Scenario Four 

Design Fire Scenario Four is included in the scenarios to test a fire in a concealed 

space that could endanger a large number of people.  As with Design Fire Scenario 

Three, a ‘large number of people’ is defined as 50 in one room or space.  Therefore, 

as this building does not contain an area with more than 50 occupants there is no 

requirement to model this scenario. 

Result 

Design Fire Scenario Four does not apply to Case Building Nine. 

13.7. Design Fire Scenario Five 

Design Fire Scenario Five tests a smouldering fire where people are sleeping.  The 

application of this scenario, as discussed in Section 3.2.5, details that one method of 

passing this scenario is to install automatic smoke detection in the spaces where 
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people sleep.  As Case Building Nine has automatic smoke detection installed in 

accordance with NZS 4512 (SNZ, 2003a) it meets this requirements and therefore 

passes this scenario. 

Result 

Case Building Nine passes Design Fire Scenario Five. 

13.8. Design Fire Scenario Six 

This scenario is included within the framework to limit fire exposure to neighbouring 

property, or other sleeping accommodation on the same property.  One method of 

proving the building passes this scenario is to use the tabulated data with C/AS1 in 

Part 7: Control of External Fire Spread (DBH, 2005a).  As Case Building Nine 

complies with all of C/AS1, it passes this scenario.  Case Building Nine would be 

classed a Performance Group II building within the current listings under 

consideration.  However, the requirements of C/AS1 remain the same for all 

buildings.  The performance framework may need to further detail the requirements 

for the different Performance Groups, if adopted, and whether all of them may use 

C/AS1 as an accepted methodology. 

Result 

Case Building Nine passes Design Fire Scenario Six. 

13.9. Design Fire Scenarios Seven and Eight 

As described previously Design Fire Scenarios Seven and Eight are not investigated 

as part of this research.  It is assumed Case Building Nine complies with the material 

requirements for the external wall cladding to ensure the façade of the building does 

not spread fire, and for the internal surfaces to reduce flame and smoke production of 

building linings.  These scenarios involve standardised testing procedures which 

manufacturers can undertake to prove their materials or systems pass and thus be 

included in a performance based fire design. 
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Result 

Case Building Nine passes Design Fire Scenarios Seven. 

Case Building Nine passes Design Fire Scenario Eight. 

13.10. Summary for Case Building Nine 

Table 13.4 outlines the results for Case Building Nine when using the conceptual 

performance framework for fire safety. 

Design Fire Scenario Result for Case Building Nine 
One – Challenging fire Fail for people in apartment of fire origin 

Fail for people on in same wing as apartment 
Pass for people on other areas of the building 

Two – Blocked Egress Does not apply (Pass) 
Three – fire in unoccupied 
room 

Does not apply (Pass) 

Four – fire in concealed 
space 

Does not apply (Pass) 

Five – smouldering fire in 
sleeping areas 

Pass 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 13.4 - Summary of Results, Case Building Nine 
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14. Case Building Ten – Industrial 

14.1. Introduction 

Case Building Ten is an industrial building that is all single storey.  The building is 

comprised of an office area, laboratory, goods store and workrooms, and a large 

storage area.  It is a steel framed, metal clad building.  The storage is restricted to 3 m 

in height to comply with C/AS1 (DBH, 2005a).  The occupancy of the building has 

been calculated using C/AS1 (DBH, 2005a) as 109 people.  Most areas of the building 

have exits directly to the outside.  A floor plan of the building is shown in Figure 

14.1. 

 

Figure 14.1 Floor Plan of Case Building Ten – Industrial 

14.2. C/AS1 Design 

To comply with the requirements of C/AS1 (DBH, 2005a) if the building is not 

divided into firecells, Case Building Ten requires the following systems: 
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Active Systems 

• Automatic heat detection throughout the building installed to NZS 4512 (SNZ, 

2003a). 

• Emergency lighting installed to F6/AS1 (DBH, 2007a) in exitways. 

Passive Systems 

• Portions of the external walls, except the street frontage, are required to be 

constructed to achieve a fire resistance rating of no less than 120/120/120. 

14.3. Design Fire Scenario One 

Design Fire Scenario One tests a challenging fire, specific to the occupancy use of the 

space, with all systems working as intended. 

14.3.1. Design Fire 

The fire was determined to be worst-case in the storage area, and was tested for all 

three types of fuel (stored material in rack storage): 

• Group 1; 100% polyurethane foam 

• Group 2; 50 % polyurethane foam and 50% wood 

• Group 3; 100% wood 

These fuels, in storage up to 3.0m in height, equate to purpose group WM in C/AS1 

(DBH, 2003a).  From the Fire Load Table the design fires were determined to be as 

shown in Table 14.1. 
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 Fire Load Table Measure Model Input 
Growth t-cubed x height of storage 

StHtq ×=
65.0

3β  

β = 0.0057 kW/s2 Group 1 
β = 0.0016 kW./s2 Group 2 
β = 0.00044 kw/s2 Group 3 

Peak 50,000 kW  50, 000 kW 
Fuel Group 1 (100% poly. 

foam) 
fCO pre-flashover: 0.04 
fCO post-flashover: 0.4 
fC pre-flashover: 0.1 
fC post-flashover: 0.2 

Fuel Group 2 (50/50 mix) fCO pre-flashover: 0.022 
fCO post-flashover: 0.22 
fC pre-flashover: 0.1 
fC post-flashover: 0.2 

Fuel Group 3 (100% wood) fCO pre-flashover: 0.004 
fCO post-flashover: 0.04 
fC pre-flashover: 0.01 
fC post-flashover: 0.2 

Table 14.1 - Design Fires for Design Fire Scenario One, Case Building Ten 

14.3.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: the warehouse (ceiling height 5.0 – 7.0 m, area 946 m2) with construction 

leakage, windows and doors to the outside.  There are large openings to the workroom 

and goods store, and an internal door considered to be open. The floor was modelled 

as concrete, walls as having fibre cement sheet lining, and ceiling as plastic coated 

steel sheet to represent the roofing material. 

Room 2: the workroom (ceiling height 5.0 m, area 190 m2) with construction leakage, 

windows and doors to the outside.  The floor was modelled as concrete, walls as 

having fibre cement sheet lining, and ceiling as plastic coated steel sheet to represent 

the roofing material. 

Room 3: the goods store (ceiling height 5.0 m, area 76 m2) with construction leakage 

and the windows to the outside.  The floor was modelled as concrete, walls as having 

fibre cement sheet lining, and ceiling as plastic coated steel sheet to represent the 

roofing material. 
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Room 4: the laboratory (ceiling height 5.0 m, areas 119 m2) with construction leakage 

and windows to the outside.  The floor was modelled as concrete, walls as having 

fibre cement sheet lining, and ceiling as plastic coated steel sheet to represent the 

roofing material. 

The results found from the zone model are shown in three sections, illustrating the fire 

environment for the three fuel types tested.  In practise, the fire engineer would only 

need to test the fuel types to be stored in the building. 

Group 1; 100% Polyurethane Foam Fuel Stored 

Time (s) Event 
0 ignition 
98 heat detector activates in warehouse 
105 upper layer drops below 2.5 m above floor level 
111 visibility drops below 10 m in warehouse 
114 FED narcotic gases exceeds 0.3 in warehouse 
135 visibility drops below 10 m in workroom 

visibility drops below 10 m in goods store 
136 FED thermal exceeds 0.3 in warehouse 
142 FED narcotic gases exceeds 0.3 in goods store 
160 Visbility drops below 5 m in labs 
170 FED narcotic gases exceeds 0.3 in workroom 
268 FED thermal exceeds 0.3 in goods store 
343 FED thermal exceeds 0.3 in workroom 

Table 14.2 - Zone Model Results for Group 1 fuel (100% polyurethane) Design Fire 
Scenario One, Case Building Ten  

The building does not pass the simple tenability criteria, as the upper layer descends 

to less than 2.5 m clear floor level within the simulation time.  Therefore the detailed 

tenability criteria must be assessed.  

The first of the detailed criteria to be reached in the warehouse is visibility, which 

falls below 10.0m (as the room area is greater than 100 m2) and this occurs 111 s after 

ignition.  In the spaces adjoining the warehouse, the first criterion reached is also 

visibility, failing at 135 s in the workroom and goods store, and 160 s in the labs. 

ASET (Warehouse) = 111 s 

ASET (Workroom) = 135 s 
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ASET (Labs) = 160s 

Group 2; 50% Polyurethane Foam and 50% Wood Fuel Stored 

Time (s) Event 
0 ignition 
126 upper layer descends to less than 2.5 m in warehouse 
128 heat detector activates in warehouse 
148 visibility drops below 10 m in warehouse 

FED narcotic gases exceeds 0.3 in warehouse 
177 FED thermal exceeds 0.3 in warehouse 
179 visibility drops below 10 m in the workroom 
198 visibility drops below 10 m in the goods store 
199 visibility drops below 10 m in the labs 
242 FED narcotic gases exceeds 0.3 in goods store 
301 FED narcotic gases exceeds 0.3 in workroom 
345 FED thermal exceeds 0.3 in goods store 
440 FED thermal exceeds 0.3 in workroom 
524 FED narcotic gases exceeds 0.3 in labs 
1020 FED thermal exceeds 0.3 in labs 

Table 14.3 - Zone Model Results for Group 2 fuel (50% Polyurethane Foam and 50% 
Wood) Design Fire Scenario One, Case Building Ten  

The building does not pass the simple tenability criteria, as the upper layer descends 

to less than 2.5 m clear of floor level within the simulation time.  Therefore the 

detailed tenability criteria must be assessed.  

The first of the detailed criteria to be reached in the warehouse are visibility, which 

falls below 10 m, and the FED of narcotic gases which exceeds 0.3.  This occurs 148 s 

after ignition.  This is when the upper layer descends to 2.0 m above floor level, the 

measuring height.  The rooms adjacent to the warehouse also reach the tenability 

criteria.  Therefore: 

ASET (Warehouse) = 148 s 

ASET (Workroom) = 179 s 

ASET (Labs) = 199 s 
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It is noted that in the goods store the visibility drops below 10 m at 198 s.  However, 

as occupants must egress through the warehouse space, their available safe evacuation 

time is the ASET for the warehouse.  Therefore: 

 ASET (Goods store) = 148 s 

Group 3; 100% Wood Fuel Stored 

Time (s) Event 
0 ignition 
172 heat detector activates in warehouse 
179 upper layer drops below 2.5 m above floor level 
197 visibility drops below 10 m in warehouse 
214 visibility drops below 10 m in goods store 
232 FED thermal exceeds 0.3 in warehouse 
234 visibility drops below 10 m in workroom 
253 visibility drops below 10 m in labs 
440 FED thermal exceeds 0.3 in goods store 
547 FED thermal exceeds 0.3 in workroom 
877 FED narcotic gases exceeds 0.3 in warehouse 
1000 FED narcotic gases exceeds 0.3 in goods store 
1110 FED narcotic gases exceeds 0.3 in workroom 
1320 FED thermal exceeds 0.3 in labs 
1640 FED narcotic gases exceeds 0.3 in labs 

Table 14.4 - Zone Model Results for Group 3 fuel (100% Wood) Design Fire Scenario 
One, Case Building Ten  

The building does not pass the simple tenability criteria, as the upper layer descends 

to less than 2.5 m clear floor level within the simulation time.  Therefore the detailed 

tenability criteria must be assessed.  

The first detailed criterion to be reached in the warehouse is visibility, which falls 

below 10 m at 197 s after ignition.  Therefore, this is the available safe evacuation 

time for occupants in the warehouse. The rooms adjacent to the warehouse also reach 

the tenability criteria.  As noted previously, the occupants of the goods store exit via 

the warehouse.  Therefore: 

ASET (Warehouse and Goods store) = 197 s 

ASET (Workroom) = 234 s 
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ASET (Labs) = 253 s 

Summary of ASET for Case Building Ten 

 Group 1 Group 2 Group 3 
Warehouse, Goods 
store 

111 s 148 s 197 s 

Workroom 135 s 179 s 234 s 
Labs 160 199 s 253 s 

Table 14.5 - Summary of ASET for Case Building Ten 

14.3.3. Egress Calculations 

Occupancy Assumptions 

All occupants are considered to be awake at the time of the fire but as it is not a public 

building and occupants of the building are employees, they are considered, generally, 

to be familiar with the layout. 

It is considered that with the ceiling height of between 5 m and 7 m, and racking only 

extending to 3 m that occupants in the warehouse would be able to see smoke from a 

fire rising to the ceiling and creating a smoke layer, thus informing them that alarm 

activation is real.  Likewise, it has been assumed that the other rooms are generally 

open plan and that occupants could see or smell the any smoke from a fire. 

Due to the low occupancies in the building no queuing was found to occur, and 

therefore the travel time calculated is entirely made up of the time occupants spend 

walking to leave the building. 

It is noted that the office portion of the building can egress independently of the 

warehouse spaces model in section 14.3.2.  The warehouse, workroom, and labs can 

all exit directly outside, but the goods store must exit via the warehouse. 

Egress results 

A summary of the egress calculations is provided in Table 14.6.  Supporting 

calculations can be found in Appendix C. 
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 Group 1 Fuel Group 2 Fuel Group 3 Fuel 
Time to detection 
tdet 

98 s 128 s 172 s 

Time for pre-
movement tpre-mov  

180 s Warehouse 
240 s Other spaces 

180 s Warehouse 
240 s Other spaces 

180 s Warehouse 
240 s Other spaces 

Time for travel ttrav 46 s Warehouse 
33 s Goods store 
44 s Workroom 
22 s Laboratory 
25 s Offices 

46 s Warehouse 
33 s Goods store 
44 s Workroom 
22 s labs 
25 s Offices 

46 s Warehouse 
33 s Goods store 
44 s Workroom 
22 s labs 
25 s Offices 

RSET (Warehouse) = tdet + tpre + ttrav 
= 98 + 180 + 46 
= 324 s 

= tdet + tpre + ttrav 
= 128 + 180 + 46 
= 354 s 

= tdet + tpre + ttrav 
= 172 + 180 + 46 
= 398 s 

RSET (Workroom) = tdet + tpre + ttrav 
= 98 + 240 + 44 
= 382 s 

= tdet + tpre + ttrav 
= 128 + 240 + 44 
= 412 s 

= tdet + tpre + ttrav 
= 172 + 240 + 44 
= 456 s 

RSET (Goods 
store) 

= tdet + tpre + ttrav 
= 98 + 240 + 33 
= 371 s 

= tdet + tpre + ttrav 
= 128 + 240 + 33 
= 401 s 

= tdet + tpre + ttrav 
= 172 + 240 + 33 
= 445 s 

RSET (Labs) = tdet + tpre + ttrav 
= 98 + 240 + 22 
= 360 s 

= tdet + tpre + ttrav 
= 128 + 240 + 22 
= 390 s 

= tdet + tpre + ttrav 
= 172 + 240 + 22 
= 434 s 

RSET (Offices)  = tdet + tpre + ttrav 
= 98 + 240 + 25 
= 363 s 

= tdet + tpre + ttrav 
= 128 + 240 + 25 
= 393 s 

= tdet + tpre + ttrav 
= 172 + 240 + 25 
= 437 s 

Table 14.6 - Egress Results for Design Fire Scenario One, Case Building Ten 

14.3.4. ASET vs. RSET 

The zone model results demonstrate that the first tenability criterion reached within 

the warehouse is visibility, which drops below 10 m at 111 s, 148 s, and 197 s, 

respectively, for each of the fuel groups.  Occupants are still in the warehouse when 

these times occur and as such the scenario fails for these people.   

Group 1: ASET (Warehouse) = 111 s < RSET (Warehouse) = 324 s  

Group 2: ASET (Warehouse) = 148 s < RSET (Warehouse) = 354 s 

Group 3: ASET (Warehouse) = 197 s < RSET (Warehouse) = 398 s 

For the workroom: 

Group 1: ASET (Workroom) = 135 s < RSET (Workroom) = 382 s  
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Group 2: ASET (Workroom) = 179 s < RSET (Workroom) = 412 s 

Group 3: ASET (Workroom) = 234 s < RSET (Workroom) = 456 s 

For the Goods store: 

Group 1: ASET (Goods store) = 111 s < RSET (Goods store) = 371 s  

Group 2: ASET (Goods store) = 148 s < RSET (Goods store) = 401 s 

Group 3: ASET (Goods store) = 197 s < RSET (Goods store) = 445 s 

For the Laboratory: 

Group 2: ASET (Laboratory) = 199 s < RSET (Laboratory) = 390 s 

Group 3: ASET (Laboratory) = 253 s < RSET (Laboratory) = 434 s 

 

The office area of the building remains tenable for the duration of the test, and 

occupants can leave this area of the building without passing through any of the 

warehouse spaces. 

Result  

Case Building Ten fails Design Fire Scenario One. 

14.4. Design Fire Scenario Two 

Design Fire Scenario Two tests a challenging fire located within, or near, a primary 

means of escape that prevents occupants from using it.  This scenario is limited to 

buildings where an escape route serves over 50 people.  In Case Building Ten no 

escape route serves 50 or more people.  Therefore, no analysis is required for this 

scenario. 

Result 

Design Fire Scenario Two does not apply to Case Building Ten. 
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14.5. Design Fire Scenario Three 

As this building has no rooms or spaces that contain more than 50 occupants, Design 

Scenario Three (fire in an unoccupied room endangering a large number of people) 

does not apply to this building and no further analysis is required. 

Result 

Design Fire Scenario Three does not apply to Case Building Ten. 

14.6. Design Fire Scenario Four 

Design Fire Scenario Four is included in the scenarios to test a fire in a concealed 

space that could endanger a large number of people.  As with Design Fire Scenario 

Three, a ‘large number of people’ is defined as 50 in one room or space.  Therefore, 

as this building does not contain an area with more than 50 occupants there is no 

requirement to model this scenario. 

Result 

Design Fire Scenario Four does not apply to Case Building Ten. 

14.7. Design Fire Scenario Five 

Design Fire Scenario Five tests a smouldering fire where people are sleeping.  This 

case building does not provide any sleeping spaces and therefore is not required to test 

this scenario. 

Result 

Design Fire Scenario Five does not apply to Case Building Ten. 

14.8. Design Fire Scenario Six 

This scenario is included within the framework to limit fire exposure to neighbouring 

property, or other sleeping accommodation on the same property.  One method of 

proving the building passes this scenario is to use the tabulated data with C/AS1 in 

Part 7: Control of External Fire Spread (DBH, 2003a).  As Case Building Ten 

complies with all of C/AS1, it passes this scenario. 
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Case Building Ten would be classed a Performance Group II building, within the 

current listings under consideration.  However, the requirements of C/AS1 remain the 

same for all buildings.  The performance framework may need to further detail the 

requirements for the different performance groups, if adopted, and whether all of them 

may use C/AS1 as a methodology. 

Result 

Case Building Ten passes Design Fire Scenario Six. 

14.9. Design Fire Scenarios Seven and Eight 

As described previously Design Fire Scenarios Seven and Eight are not investigated 

as part of this research.  It is assumed Case Building Ten complies with the material 

requirements for the external wall cladding to ensure the façade of the building does 

not spread fire, and for the internal surfaces to reduce flame and smoke production of 

building linings. 

These scenarios involve standardised testing procedures which manufacturers can 

undertake to prove their materials or systems pass and thus be included in a 

performance based fire design. 

Result 

Case Building Ten passes Design Fire Scenarios Seven. 

Case Building Ten passes Design Fire Scenario Eight. 
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14.10. Summary for Case Building Ten 

Table 14.7 outlines the results for Case Building Ten when using the conceptual 

performance framework for fire safety. 

Design Fire Scenario Result for Case Building Ten 
One – Challenging fire Fail for people in the warehouse, the good store, the 

laboratory and the workroom 
Pass for people in the office area of the building 

Two – Blocked Egress Does not apply (Pass) 
Three – fire in unoccupied 
room 

Does not apply (Pass) 

Four – fire in concealed 
space 

Does not apply (Pass) 

Five – smouldering fire in 
sleeping areas 

Does not apply (Pass) 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 14.7 - Summary of Results, Case Building Ten 
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15. Case Building Eleven – Indoor Sports Facility 

15.1. Introduction 

Case Building Eleven is an indoor sports facility. It contains a large sports hall with a 

seating area and raised viewing area, squash courts, climbing wall, gym, and 

associated changing facilities on the ground floor, and a sports lounge and function 

centre on the upper level.  The ground floor spaces have several exits to the outside.  

The upper level function space has one exit directly outside, one down to the foyer, 

and one through to the mezzanine viewing area of the sports hall.  The ground floor 

plan for Case Building Eleven is shown in Figure 15.1.  The sports lounge is over the 

foyer/gymnasium section of the building. 

 

Figure 15.1 Ground Floor Plan, Case Building Eleven – Indoor Sports Facility 
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15.2. C/AS1 Design 

To comply with the requirements of C/AS1 (DBH, 2003a) the building is required to 

have the following systems. 

Active Systems 

• An automatic sprinkler system installed to NZS 4541 (SNZ, 2003b).  It can be 

amended by Appendix D of C/AS1. 

• A manual alarm system installed to NZS 4512 (SNZ, 2003a) throughout the 

building. 

• Emergency lighting in exitways installed to F6/AS1 (DBH, 2007c). 

Passive Systems 

• Firecells are to be separated by bounding construction achieving fire resistance 

rating of no less than 30/30/30. 

• Areas of the external wall within 1.0 m of the external escape route are to 

achieve a fire resistance rating of no less than 30/30/30. 

A maximum number of 100 persons is allowed onto the mezzanine viewing area to 

comply with the limited area intermediate floor requirements of C/AS1 (DBH, 

2005a).  As no site plan was available, it has been assumed that the building is not 

close to any boundaries or buildings with sleeping accommodation, and therefore 

requires no protection against spread of fire to other property. 

15.3. Design Fire Scenario One 

Design Fire Scenario One tests a challenging fire, specific to the occupancy use of the 

space, with all systems working as intended. 

15.3.1. Design Fire 

The fire was tested in the upstairs sports lounge.  From the Fire Load Table the fire 

was determined to be: 
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 Table Measure Model Input 
Growth fast t-squared q = α t2  

α = 0.0466 kW/s2 
Peak 290 kW/m2 x floor area m2 = 290 x 555 

=160,950 kW 
Fuel 100% polyurethane foam fCO pre-flashover: 0.04 g/g 

fCO post-flashover: 0.4 g/g 
fC pre-flashover: 0.1 g/g 
fC post-flashover: 0.2 g/g 

Table 15.1 - Design Fire for Design Fire Scenario One, Case Building Eleven 

15.3.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: the sports hall (ceiling height 7 - 11 m, area 1295 m2) with construction 

leaks, a door and a roller door to the outside.  It is connected to the Room 2 and Room 

3 by construction leaks and internal fire rated doors.  The floor was modelled as 

concrete, the walls and ceiling as plastic coated steel sheeting.  

Room 2: the foyer and gym areas (ceiling height 3.6 m, area 629 m2) with 

construction leaks, windows, doors and a roller door to the outside.  The floor was 

modelled as concrete, the walls and ceiling as plasterboard. 

Room 3: the sport lounge (ceiling height 3.4 – 7.4 m, area 555 m2) with construction 

leaks, windows and doors to the outside.  The floor was modelled as particle board, 

the walls and ceiling as plasterboard. 

The commercial sprinkler activation was set to ‘control’, and in the zone model this is 

simulated by maintaining the heat release rate of the fire at the time of sprinkler 

activation for the duration of the simulation. (Wade, 2003). 
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Time (s) Event 
0 ignition 
103 HRR of fire reaches 500 kW 
212 upper layer descends to within 2.5 m of floor level 
244 visibility reduces below 10 m in sports lounge 
355 sprinkler activates in sports lounge 
394 FED thermal exceeds 0.3 in sports lounge 

Table 15.2 - Zone Model Results for Design Fire Scenario One, Case Building Eleven 

The building does not pass the simple tenability criteria, as the upper layer descends 

to less than 2.5 m from floor level within the simulation time.  Therefore the detailed 

tenability criteria must be assessed.   

The first of the detailed criteria to be reached in the sport lounge is visibility, which 

reduces to less than 10 m (as the room area is greater than 100 m2) at 244 s after 

ignition.  Therefore, this is the available safe evacuation time for occupants in the 

room of fire origin. 

ASET (Sports Lounge) = 244 s 

The other areas of the building maintain tenable conditions throughout the modelled 

fire simulation.  Therefore building occupants in other areas of the building are safe to 

egress the building until such time as the firecell bounding construction around the 

firecell of fire origin fails.   

15.3.3. Egress Calculations 

Egress was calculated using RSET equation 4.1  

Occupancy Assumptions 

Occupants in the building are assumed to be awake at the time of the fire, but 

generally unfamiliar with the layout and escape routes. It is conservative to assume 

that all areas of the building are at full capacity at the time. 

In this case, the fire was tested in a large open room and it is considered very likely 

that occupants would notice the fire prior to it setting off a sprinkler.  The heat release 

rate of the fire reaches 500 kW at 103 s after ignition, and the upper layer descends to 
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under 2.5 m at 212 s.  Both of these occur well before the sprinkler activates.  

Therefore a detection time for occupants in the sports lounge of 103 seconds will be 

used, and the sprinkler activation time of 355 seconds will be used for building 

occupants in other areas.  Occupants within the sports lounge are considered to be 

able to see, smell, or hear other fire cues and therefore their expected reaction and 

response time is quicker than for those people alerted by an alarm sound only and no 

other fire cues.  Due to the high occupancy numbers, queuing dominates the travel 

time of occupants leaving the building. 

Egress results 

A summary of the egress calculations is provided in Table 15.3.  Supporting 

calculations can be found in Appendix C.  

Time to detection tdet  103 s for occupants in the sports lounge (fire 500 kW) 
355 s for occupants in other areas of the building (sprinkler 
activation) 

Time for pre-
movement tpre-mov  

180s for occupants in the sports lounge 
360s for occupants in other parts of the building 

Time for travel ttrav  94 s to clear sports lounge 
106 s to clear sports hall 
137 s to clear foyer and gym 
24 s for upstairs occupants to clear stairs and cross ground 
floor 

RSET (Sports Lounge) = tdet + tpre + ttrav 
= 103 + 180 +94 
= 377 s  

RSET (Sports Hall) = tdet + tpre + ttrav 
= 355 + 360 + 106 
= 821s  

RSET Whole Building  = tdet + tpre + ttrav 
= 355 + 360 + 137 
= 852 s (Last people leaving the foyer) 

Table 15.3 Egress Results for Design Fire Scenario One, Case Building Eleven 

15.3.4. ASET vs. RSET 

The results of the zone model show that the first tenability criterion is reached in the 

sports lounge at 244 seconds.  Occupants are still in the lounge at this time and as 

such the scenario fails for these people.   
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ASET (Sports Lounge) = 244 s < RSET (Sports Lounge) = 377 s 

The other areas of the building remain tenable for the duration of the simulation. 

Result 

Case Building Eleven fails Design Fire Scenario One. 

15.4. Design Fire Scenario Two 

Design Fire Scenario Two tests a challenging fire located within, or near, a primary 

means of escape that prevents occupants from using it.  This scenario is limited to 

buildings where an escape route serves over 50 people. 

In practice, for this building, there are several rooms or spaces that have more than 50 

people and as such each of these spaces would require testing in order to prove the 

building met the performance criteria of this scenario.  However, in this case, as the 

building was unable to pass this scenario in the sports lounge with all the exits 

available, it would be unable to pass this scenario with the fire blocking one of the 

escape routes.  Therefore, this building fails this scenario.  The performance 

framework currently does not distinguish between interior or exterior staircases for 

the design event for a stairwell within the Fire Load Table. 

Result 

Case Building Eleven fails Design Fire Scenario Two. 

15.5. Design Fire Scenario Three 

Design Fire Scenario Three tests a fire in a normally unoccupied room that can 

endanger a large number of people.  As previously discussed a ‘large number of 

people’ is considered to be 50 or more people. 

There is so far no definition of spaces that are normally unoccupied, and it has been 

assumed for this work that “normally occupied” means rooms or spaces where people 

do not go in their usual use of the building.  Therefore it includes plant rooms, service 

shafts, and the like but does not include toilets, laundries, or storage rooms. 
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In Case Building Eleven there is a storage room on the ground floor that is only 

accessible from outside the building.  C/AS1 does not require this to be a separate 

firecell (DBH, 2003a). 

The proposed methods for Design Fire Scenario Three allow for the unoccupied space 

to be provided with either suppression or with automatic detection and appropriate 

fire rating to separate it from the occupied areas.  The required fire rating could be 

determined by time equivalence with an ISO Standard Fire.  As yet no design fire has 

been defined for these types of spaces since the use and room characteristics, such as 

ventilation, may vary too much to be appropriately described.  Case Building Eleven 

is protected with a sprinkler system; as such it meets the requirements for this 

scenario without analysis required. 

Result 

Case Building Eleven passes Design Fire Scenario Three. 

15.6. Design Fire Scenario Four 

Design Fire Scenario Four is similar to Design Fire Scenario Three, in that it is 

included in the framework to guard against a fire starting in an unnoticed location and 

growing to an extent that it could endanger occupants in another space.  Design Fire 

Scenario Four requires the fire safety designer to consider a fire in a concealed space 

that could endanger a large number of people.  As previously described a ‘large 

number of people’ is considered to be 50 or more people in the same space. 

Concealed spaces include ceiling voids, service shafts, and ventilation ducts.  No 

design event has been described in the performance framework for these types of 

spaces.  The approved methods for dealing with this scenario include providing either 

a suppression system to the space, or an automatic detection system and appropriate 

fire rated separations between the concealed spaces and occupied areas. 

There is currently no information within the performance framework to assess the 

required rating of a separation, nor proposed methodology to calculate it.  As 

providing a sprinkler system to the building is deemed to pass this scenario, it may be 
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necessary for the performance framework to clarify whether the concealed spaces 

requiring sprinkler heads within NZS 4541 (the approved New Zealand installation 

standard for fire sprinkler systems) will be the same.  For example, NZS 4541 (SNZ, 

2003b) permits ceiling voids between storeys, that are no greater than 15 m by 15 m 

in area, and 0.8 m in depth, to have no sprinklers.  Case Building Eleven is protected 

with a sprinkler system and therefore meets the requirements of this scenario without 

analysis required. 

Result 

Case Building Eleven passes Design Fire Scenario Four. 

15.7. Design Fire Scenario Five 

Design Fire Scenario Five tests a smouldering fire where people are sleeping.  Case 

Building Eleven contains no sleeping purpose groups and therefore there is no 

requirement to analyse this scenario. 

Result 

Design Fire Scenario Five does not apply to Case Building Eleven. 

15.8. Design Fire Scenario Six 

This scenario is included within the framework to limit fire exposure to neighbouring 

property, or other sleeping accommodation on the same property.  One method of 

proving the building passes this scenario is to use the tabulated data with C/AS1 in 

Part 7: Control of External Fire Spread (DBH, 2003a).  As Case Building Eleven 

complies with all of C/AS1, it passes this scenario. 

Case Building Eleven would be classed a Performance Group II building within the 

current listing under consideration.  However, the requirements of C/AS1 remain the 

same for all buildings.  The performance framework may need to further detail the 

requirements for the different performance groups if adopted, and whether all of them 

may use C/AS1 as a methodology. 
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Result 

Case Building Eleven passes Design Fire Scenario Six. 

15.9. Design Fire Scenarios Seven and Eight 

As described previously, Design Fire Scenarios Seven and Eight are not investigated 

as part of this research.  It is assumed Case Building Eleven complies with the 

material requirements for the external wall cladding to ensure the façade of the 

building does not spread fire, and for the internal surfaces to reduce flame and smoke 

production of building linings.  These scenarios involve standardised testing 

procedures which manufacturers can undertake to prove their materials or systems 

pass and thus be included in a performance based fire design. 

Result 

Case Building Eleven passes Design Fire Scenarios Seven. 

Case Building Eleven passes Design Fire Scenario Eight. 
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15.10. Summary for Case Building Eleven 

Table 15.6 outlines the results for Case Building Eleven when using the conceptual 

performance framework for fire safety. 

Design Fire Scenario Result for Case Building Eleven 
One – Challenging fire Fail for people in the sports lounge 

Pass for people in other areas of the building 
Two – Blocked Egress Pass 
Three – fire in unoccupied 
room 

Pass 

Four – fire in concealed 
space 

Pass 

Five – smouldering fire in 
sleeping areas 

Pass 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 15.4 Summary of Results, Case Building Eleven 
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16. Case Building Twelve - Townhouses 

16.1. Introduction 

Townhouses were included in the analysis to investigate the performance framework 

on multi-residential household units that exit directly to the outside (without 

combining in an exitway with other units). These are classed as “SR” units in C/AS1 

(DBH, 2005a).  For life safety calculations this unit is similar to an “SH” detached 

dwelling unit as the only additional requirement is fire rated separations between the 

household units.  The townhouses included in this study have five 3-storey units side 

by side.  The ground floor has a garage and one bedroom.  The middle storey has the 

living areas, including the kitchen, and the upper storey has the remaining two 

bedrooms.  The building is of timber construction with plasterboard fire separations 

between the units.  Figure 16.1 shows a section through a middle unit. 

 
Figure 16.1 Section through middle unit, Case Building Twelve 
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16.2. C/AS1 Design 

To comply with the requirements of C/AS1 (DBH, 2005a) and F7/AS1 (DBH, 2005b) 

the building needs to have the following systems. 

Active systems 

• ‘Type 1’ smoke detection installed to the requirements of F7/AS1.  (These are 

permitted to be local sounding, battery-powered, independent detectors). Note 

that as there are no sleeping areas on the first floor, the smoke detector must 

be located within an ‘esacep route’ and is therefore assumed to be within, or 

very close to, the stairwell on this level. 

Passive systems 

• Each household unit is required to be separated by bounding construction 

achieving a fire resistance rating of no less than 30/30/30. 

Note that C/AS1 treats household units as being one storey for the purposes of 

determining what fire safety precautions are required, whether or not there are 

multiple floor levels (DBH, 2005a).  Therefore, for this building, the escape height 

can be considered 0 m.  Furthermore, there is no requirement to rate the underside of 

the intermediate floors. 

16.3. Design Fire Scenario One 

Design Fire Scenario One tests a challenging fire, specific to the occupancy use of the 

space, with all systems working as intended. 

16.3.1. Design Fire 

The fire was tested in a middle unit, as shown in Figure 16.1.  It was tested on the 

ground floor as this posed the fire threat to the greatest number of occupants. 

From the Fire Load Table the fire was determined to be: 
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 Table Measure Model Input 
Growth fast t-squared q = α t2  

α = 0.0466 kW/s2 
Peak 250 kW/m2 x floor area m2 = 250 x 38 

=9,500 kW 
Fuel 100% polyurethane foam fCO pre-flashover: 0.04 g/g 

fCO post-flashover: 0.4 g/g 
fC pre-flashover: 0.1 g/g 
fC post-flashover: 0.2 g/g 

Table 16.1 - Design Fire for Design Fire Scenario One, Case Building Twelve 

16.3.2. Zone Model 

The building was modelled in the zone model as: 

Room 1: the ground floor (ceiling height 2.4 m, area 38 m2) with glazing, the front 

door and construction leaks to the outside.  The hole created by the stair to the upper 

level was modelled using a ceiling vent.  Internal partitions within the floor have not 

been included.  The floor was modelled as concrete, the walls and ceiling as 

plasterboard. 

Room 2: the first floor (ceiling height 2.4 m, area 42 m2) with construction leaks and 

glazing to the outside.  The hole created by the stair to the upper level was modelled 

using a ceiling vent.  Internal partitions within the floor have not been included.  The 

floor was modelled as particle board, the walls and ceiling as plasterboard. 

Room 3: the second floor (ceiling height 2.4 m, area 42 m2) with construction leaks 

and glazing to the outside.  Internal partitions within the floor have not been included.  

The floor was modelled as particle board, the walls and ceiling as plasterboard. 
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Time (s) Event 
0 ignition 
24 visibility fails in the ground floor 
30 smoke detector activates on the first floor 
43 smoke detector activates on the ground floor 
69 smoke detector activates on the second floor 
78 visibility fails on the first floor 
87 FED narcotic gases exceeds 0.3 in the ground floor 
119 visibility fails on the second floor 
121 FED narcotic gases exceed 0.3 in the first floor 
142 FED thermal exceeds 0.3 in the ground floor 
171 FED narcotic gases exceeds 0.3 on the second floor 
255 FED thermal exceeds 0.3 in the first floor 
580 FED thermal exceeds 0.3 in the second floor 

Table 16.2 - Zone Model Results for Design Fire Scenario One, Case Building Twelve  

The building cannot pass the simple tenability criteria, as the ceiling height of 2.4 m is 

already below the required minimum upper layer height of 2.5 m.  Therefore the 

detailed tenability criteria must be assessed. The first of the detailed criteria to be 

reached in the ground floor is visibility; which falls below 5.0m (as the room area is 

less than 100 m2) at 24 s after ignition.  As all occupants must pass through the 

ground floor to exit the building, this is the available safe evacuation time for the unit.  

ASET (Townhouse C) = 24 s 

As noted in Section 16.2, the smoke detector on the first floor is located close to the 

stairwell.  Due to this, it is in closer radial distance to the point of ignition of the fire 

and activates first in this instance. 

16.3.3. Egress Calculations 

Egress was calculated using RSET equation 4.1. 

Occupancy Assumptions 

Occupants in the apartments are assumed to be asleep at the time of the fire, and 

bedrooms are located on the ground and second floors.  All occupants are considered 

to be familiar with the building.  It has been assumed the ground floor occupants will 

be woken by the smoke detector on the ground floor, but that the second floor 
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occupants will only be woken by the smoke detector on the second floor.  Occupants 

within the floor of fire origin are considered to be able to see, smell, or hear other fire 

cues when woken by the smoke detector due to the small floor area of the townhouse.  

For the second floor smoke detector to activate smoke must have travelled up the 

stairwell to this floor, therefore it has been assumed second floor occupants when 

awoken by their smoke detector will see or smell fire cues also.  Due to the low 

occupancy numbers no queuing was found to occur. 

Egress results 

A summary of the egress calculations is provided in Table 16.3.  Supporting 

calculations can be found in Appendix C.  

Time to detection tdet  43s for ground floor occupants 
69 s for second floor occupants 

Time for pre-
movement tpre-mov  

120s for all occupants 

Time for travel ttrav  8 s to clear second floor 
26 s to clear first floor 
2 s for occupants from upper levels to clear ground floor 
9 s for ground floor occupants to clear ground floor 
37 s for second floor occupants to travel down stairs and out 
front door 

RSET (Ground floor) = tdet + tpre + ttrav 
= 43 + 120 +9 
= 172 s to clear ground floor occupants 

RSET (Second floor) = tdet + tpre + ttrav 
= 69 + 120 + 8 
= 197 s to clear the second floor 

RSET Whole Building  = tdet + tpre + ttrav 
= 69 + 120 + 37 
= 226 s 

Table 16.3 - Egress Results for Design Fire Scenario One, Case Building Twelve 

16.3.4. ASET vs. RSET 

The results of the zone model shows that the first tenability criterion is reached in the 

ground floor at 24 seconds.  Occupants are still present at this time, and as all 

occupants must pass through the ground floor the scenario fails for all occupants.   

ASET (Townhouse C) = 24 s < RSET (Townhouse C) = 226 s 
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Result 

Case Building Twelve fails Design Fire Scenario One. 

16.4. Design Fire Scenario Two 

Design Fire Scenario Two tests a challenging fire located within, or near, a primary 

means of escape that prevents occupants from using it.  This scenario is limited to 

buildings where an escape route serves over 50 people.  In Case Building Twelve 

there are six people calculated for each unit, and each unit has its own exit.  Therefore 

no escape route serves more than 50 people, and no further analysis is required for 

this scenario. 

Result 

Design Fire Scenario Two does not apply to Case Building Twelve. 

16.5. Design Fire Scenario Three 

As this building has no rooms or spaces that contain more than 50 occupants, Design 

Scenario Three (fire in an unoccupied room endangering a large number of people) 

does not apply to this building and no further analysis is required. 

Result 

Design Fire Scenario Three does not apply to Case Building Twelve. 

16.6. Design Fire Scenario Four 

Design Fire Scenario Four is included in the scenarios to test a fire in a concealed 

space that could endanger a large number of people.  As with Design Fire Scenario 

Three, a ‘large number of people’ is defined as 50 in one room or space.  Therefore, 

as this building does not contain an area with more than 50 occupants there is no 

requirement to model this scenario. 

Result 

Design Fire Scenario Four does not apply to Case Building Twelve. 
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16.7. Design Fire Scenario Five 

Design Fire Scenario Five tests a smouldering fire where people are sleeping.  The 

application of this scenario, as discussed in Chapter 3, details that one method of 

passing this scenario is to install automatic smoke detection in the spaces where 

people sleep.  Case Building Twelve has smoke detectors in place, but they are not 

required to be hard-wired or interconnected.  They must comply with the 

requirements of F7/AS1 for a ‘type 1’ system – so they can be local sounding only 

(DBH, 2005b).  Therefore this scenario must be tested. 

16.7.1. Design Fire 

The smouldering fire was tested in the same unit as Design Fire Scenario One, and the 

Fire Load Table provides details for this type of fire. 
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The burning rate is then used to find the heat release rate to input into the zone model.  

Species production is defined for polyurethane foam fuel as: 

• fCO pre-flashover: 0.11 g/g 

• fC pre-flashover: 0.15 g/g 

16.7.2. The Zone Model 

The zone model was set up as for Design Fire Scenario One, except the smouldering 

fire replaced the fast t-squared fire.  It was modelled for 3600 s. 
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Time (s) Event 
0 ignition 
801 smoke detector activates on the ground floor 
1008 visibility reduces to less than 5m on the ground floor 

Table 16.4 - Zone Model Results for Design Fire Scenario Five, Case Building Twelve 

The building cannot pass the simple tenability criteria, as the ceiling height of 2.4 m is 

already below the required minimum upper layer height of 2.5 m.  Therefore the 

detailed tenability criteria must be assessed. The only detailed criterion to be reached 

in the townhouse is visibility which falls below 5.0m (as the room area is less than 

100 m2), and this occurs at 1008 s after ignition.  Therefore, this is the available safe 

evacuation time for occupants in the townhouse;  

ASET (Unit C) = 1008 s 

16.7.3. Egress Calculations 

Egress was calculated using RSET equation 4.1. 

Occupancy Assumptions 

Occupants in the apartments are assumed to be asleep at the time of the fire, and 

bedrooms are located on the ground and second floors.  All occupants are considered 

to be familiar with the building.  It has been assumed the ground floor occupants will 

be woken by the smoke detector on the ground floor, but that the second floor 

occupants will only be woken by the smoke detector on the second floor.  Occupants 

within the floor of fire origin are considered to be able to see, smell, or hear other fire 

cues when woken by the smoke detector due to the small floor area of the townhouse.  

For the second floor smoke detector to activate, smoke must have travelled up the 

stairwell to this floor.  Therefore it has been assumed that the second floor occupants, 

when awoken by their smoke detector, will see or smell fire cues also.  Due to the low 

occupancy numbers no queuing was found to occur. 

Egress results 

A summary of the egress calculations is provided in Table 16.3 for the room of fire 

origin.  Supporting calculations can be found in Appendix C.  
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Time to detection tdet  801 s for occupants on the ground floor 
Time for pre-
movement tpre-mov  

120 s for occupants on the ground floor 

Time for travel ttrav  9 s to clear ground floor 
RSET (Ground floor) = tdet + tpre + ttrav 

= 801 + 120 +9 
= 930 s to clear the ground floor to outside 

Table 16.5 - Egress Results for Design Fire Scenario Five, Case Building Twelve 

It is possible the occupants on the ground floor will try to warn occupants on the 

upper level about the fire.  However, it is not possible to reliably calculate this in a 

fire engineering design so it has not been assumed here. 

16.7.4. ASET vs. RSET 

The results of the zone model shows that the first tenability criterion is reached on the 

ground floor of the townhouse at 1008 seconds.  The egress calculations show ground 

floor occupants are able to exit to outside in this time, if the battery-powered smoke 

detector operates as designed. 

ASET (Ground floor) = 1008 s > RSET (Ground floor) = 930 s 

This shows that the ‘type 1’ smoke detector provides adequate warning to the 

occupants in the room of smouldering fire origin, in order for them to make an escape 

before conditions become to hazardous if it operates as designed.   However, as 

second floor occupants must pass through the ground floor to escape, and the second 

floor smoke detector did not operate in the time for the ground floor to become 

untenable, the scenario if failed for these people. 

Result 

Case Building Twelve fails Design Fire Scenario Five. 

16.8. Design Fire Scenario Six 

This scenario is included within the framework to limit fire exposure to neighbouring 

property, or other sleeping accommodation on the same property.  One method of 

proving the building passes this scenario is to use the tabulated data with C/AS1 in 
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Part 7: Control of External Fire Spread (DBH, 2005a).  As Case Building Twelve 

complies with all of C/AS1, it passes this scenario. 

Case Building Twelve would be classed a Performance Group II building, within the 

current listing under consideration.  However, the requirements of C/AS1 remain the 

same for all buildings.  The performance framework may need to further detail the 

requirements for the different performance groups, if adopted, and whether all of them 

may use C/AS1 as a methodology. 

Result 

Case Building Twelve passes Design Fire Scenario Six. 

16.9. Design Fire Scenarios Seven and Eight 

As described previously Design Fire Scenarios Seven and Eight are not investigated 

as part of this research.  It is assumed Case Building Twelve complies with the 

material requirements for the external wall cladding to ensure the façade of the 

building does not spread fire, and for the internal surfaces to reduce flame and smoke 

production of building linings. 

These scenarios involve standardised testing procedures which manufacturer’s can 

undertake to prove their materials or systems pass and thus be included in a 

performance based fire design. 

Result 

Case Building One passes Design Fire Scenarios Seven. 

Case Building One passes Design Fire Scenario Eight. 
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16.10. Summary for Case Building Twelve 

Table 16.6 outlines results for Case Building Twelve when using the conceptual 

performance framework for fire safety. 

Design Fire Scenario Result for Case Building Twelve 
One – Challenging fire Fail for all occupants in Townhouse of fire 

Pass for other occupants 
Two – Blocked Egress Does not apply (Pass) 
Three – fire in unoccupied 
room 

Does not apply (Pass) 

Four – fire in concealed 
space 

Does not apply (Pass) 

Five – smouldering fire in 
sleeping areas 

Pass for ground floor occupants 
Fail for second floor occupants 

Six – fire exposure to 
neighbouring property 

Pass 

Seven – protection from 
external fire source 

Pass 

Eight – fire involving 
interior surfaces 

Pass 

Table 16.6 - Summary of Results, Case Building Twelve 
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17. Further Analysis of Design Fire Scenario One 

17.1. Introduction 

This chapter aims to provide sensitivity testing of some of the inputs used within the 

analysis of the case buildings.  Investigated were the heights of the fire within the 

zone model, the growth of the t-square design fire, soot yields, and whether making 

allowance for the incipient phase of fires had much effect on the results.  The pre-

movement times were also analysed. 

17.2. Fire Height 

During the initial testing of the case buildings, it became apparent that the height the 

fire was modelled within the compartment in the zone model, affected the results.  

Therefore a selection of the case buildings were tested with the fire at varying heights 

in the compartment to investigate which height provided the worst case.  Four heights 

were chosen to test: 0.0 m above the floor, 0.4 m above the floor (the default value in 

BRANZFIRE), 1.0 m above the floor, and 1.5 m above the floor.  These were 

modelled in eight of the case buildings. 

Table 17.1 provides the results of this testing.  As this testing was done earlier in the 

research, some inputs of the model were changed before the final testing was 

completed.  Therefore the results shown may not exactly match the final results 

discussed for each case building in Chapters 5 through 16. 

The shaded cells represent the worst case for each building.  The worst case for 

detection is the longest time, and the worst case for the tenability criteria is the 

shortest time, as this gives the least time for occupants to escape.   

Note that in the results column, SD is smoke detector activation, HD is heat detector 

activation and SPR is sprinkler activation, and the three remaining items are the 

detailed tenability criteria.  It can be seen that, in most cases, modelling the fire at 

ground level (0.0 m above the floor), provided the worst case the majority of the time.  

This height was therefore used in the final testing. 
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Case Building 
 

Zone Model 
Output  

Fire Heights Tested 

Ceiling height/area  0.0 m 0.4 m 1.0 m 1.5 m 
1. Apartments SD 34 31 32 35 
    2.4 m/67.5 m2 SPR 165 156 163 114 
 FED gas - - - - 
 FED thermal 160 156 159 141 
 VIS (5m) 31 40 33 73 
2. Indoor Stadium SD 28 26 28 36 
    9 -11 m/1040 m2 SPR 158 148 129 109 
 FED gas 250 260 310 440 
 FED thermal - - - - 
 VIS (10m) 220 230 250 260 
4. Offices SD 28 28 35 49 
    3 m/216 m2 No sprinklers - - - - 
 FED gas 1124 1096 1038 299 
 FED thermal 240 236 231 227 
 VIS (10m) 110 126 152 168 
5. Cinema No smoke det - - - - 
    5 – 7 m/260 m2 SPR 315 308 298 288 
 FED gas 625 630 635 719 
 FED thermal 315 316 326 387 
 VIS (10m) 147 148 148 148 
6. Motel SD 29 27 24 20 
    2.4 m/18 m2 HEAT 78 73 63 52 
 FED gas 298 298 283 137 
 FED thermal 111 107 100 90 
 VIS (5m) 22 18 28 44 
7. Apartments SD 41 38 32 40 
    2.4 m/90 m2 No sprinklers - - - - 
 FED gas 399 359 235 202 
 FED thermal 175 170 161 151 
 VIS (5m) 37 48 67 82 
9. Rest home SD 39 36 32 27 
    2.4 m/33 m2 SPR 148 141 126 106 
 FED gas 497 - - 164 
 FED thermal 130 126 118 108 
 VIS (5m) 23 25 41 56 
13. Townhouse SD 43 40 35 33 
    2.4m/38 m2 No sprinklers - - - - 
 FED gas 347 349 336 117 
 FED thermal 142 135 124 113 
 VIS (5m) 24 29 49 67 

Table 17.1 – Variation in Fire Height 

17.3. Fire Growth 

It was suggested to the Fire Safety Working Group that the fast t-squared fire, 

selected for the majority of the design fires within the Fire Load Table, was too severe 

or too conservative and that a moderate t-squared fire may be more appropriate.  To 
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investigate how the results would alter if a moderate growth t-squared fire was used, 

some of the case buildings were assessed with this as the design fire for Design Fire 

Scenario One.  This was explored for the room of fire origin, and the results shown in 

Table 17.2. 

Case Building 
 

Output  Moderate t-squared 
fire 

Fast t-squared fire 

1. Apartments SD 48 34 
 SPR (res) 190 117 
 VIS (5m) 44 31 
 FED therm 284 176 
 FED gas 165 99 
 ASET 44 31 
    
 t det. 48 34 
 t pre-mov 120 120 
 t trav 12 12 
 RSET 180 166 
  FAIL FAIL 
2. Indoor Stadium SD 124 81 
    9 -11 m/1040 m2 SPR (com) 838 495 
 VIS (10m) 263 207 
 FED therm 849 546 
 FED gas 695 429 
 ASET 263 207 
    
 t det. 124 81 
 t pre-mov 180 180 
 t trav 102 102 
 RSET 406 363 
  FAIL FAIL 
4. Offices SD 48 35 
    3 m/216 m2    
 VIS (10m) 144 109 
 FED therm 361 225 
 FED gas 313 191 
 ASET 144 109 
    
 t det 48 35 
 t pre-mov 180 180 
 t trav 24 24 
 RSET 252 239 
  FAIL FAIL 
5. Cinema SPR 527 315 
    5 – 7 m/260 m2    
 VIS (10m) 214 148 
 FED therm 506 315 
 FED gas 423 234 
 ASET 214 148 
    
 t det 206 103 
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Case Building 
 

Output  Moderate t-squared 
fire 

Fast t-squared fire 

 t pre-mov 180 180 
 t trav 100 100 
 RSET 486 383 
  FAIL FAIL 
8. Restaurant HD 197 123 
 VIS (10m) 154 117 
 FED therm 392 241 
 FED gas 352 211 
 ASET 154 117 
    
 t det 197 123 
 t pre-mov 180 180 
 t trav 27 27 
 RSET 404 330 
  FAIL FAIL 
9. Rest home SD 58 40 
 SPR 203 125 
 VIS (5m) 42 24 
 FED therm 206 130 
 FED gas 135 83 
 ASET 42 24 
    
 t det 58 40 
 t pre-mov 180 180 
 t trav 14 14 
 RSET 252 234 
  FAIL FAIL 
13. Townhouse SD 63 43 
 VIS (5m) 42 24 
 FED therm 230 142 
 FED gas 144 87 
 ASET 42 24 
    
 t det 63 43 
 t pre-mov 120 120 
 t trav 9 9 
 RSET 192 172 
  FAIL FAIL 

Table 17.2 – Comparison of Moderate and Fast t-squared Fires 

The table clearly illustrates that changing the fire to a moderate t-squared growth has 

no effect on the results for these case buildings.  The lack of effect of changing the 

fire growth is likely due to how early on in the fire the failure is occurring.  At this 

early stage, the difference between the moderate and the fast t-squared fire is not 

great. 
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17.4. Soot Yields 

All case buildings analysed failed the visibility criterion.  The visibility measure 

within the zone model used is directly calculated from the optical density at the 

measuring point (in this case 2.0 m above floor).  The optical density is a function of 

the soot yield of the fire, so altering the soot yield has been examined here to assess 

the results of changing the 0.1 g/g pre-flashover yield.  Three values were tested; the 

default input (0.1 g/g), double the input (0.2 g/g) and half the current input (0.05 g/g).  

This was investigated for the room of fire origin for six of the case buildings. 

Case Building Outputs Soot Yield Inputs (pre-flashover) (g/g) 
Ceiling height/area  Soot (0.2) Soot (0.1) Soot (0.05) 
1. Apartments SD 27 34 42 
    2.4 m/67.5 m2 SPR (res) 116 117 117 
 VIS (5m) 31 31 38 
 FED therm 177 176 176 
 FED gas 99 99 99 
 ASET 31 31 38 
     
 t det. 27 34 42 
 t pre-mov 120 120 120 
 t trav 12 12 12 
 RSET 159 166 174 
  FAIL FAIL FAIL 
2. Indoor Stadium SD 69 81 100 
    9 -11 m/1040 m2 SPR (com) 495 495 495 
 VIS (10m) 207 207 207 
 FED therm 546 546 546 
 FED gas 429 429 429 
 ASET 207 207 207 
     
 t det. 69 81 100 
 t pre-mov 180 180 180 
 t trav 102 102 102 
 RSET 351 363 382 
  FAIL FAIL FAIL 
4. Offices SD 27 35 48 
    3 m/216 m2 VIS (10m) 109 109 109 
 FED therm 225 225 224 
 FED gas 191 191 191 
 ASET 109 109 109 
     
 t det 27 35 48 
 t pre-mov 180 180 180 
 t trav 24 24 24 
 RSET 231 239 252 
  FAIL FAIL FAIL 
5. Cinema SPR 315 315 315 
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Case Building Outputs Soot Yield Inputs (pre-flashover) (g/g) 
Ceiling height/area  Soot (0.2) Soot (0.1) Soot (0.05) 
    5 – 7 m/260 m2 VIS (10m) 127 148 171 
 FED therm 315 315 315 
 FED gas 234 234 235 
 ASET 127 148 171 
     
 t det 103 103 103 
 t pre-mov 180 180 180 
 t trav 100 100 100 
 RSET 383 383 383 
  FAIL FAIL FAIL 
6. Motel SD 25 29 36 
    2.4 m/18 m2 HEAT 78 78 78 
 VIS (5m) 14 22 31 
 FED therm 111 111 111 
 FED gas 69 69 69 
 ASET 14 22 31 
     
 t det 25 29 36 
 t pre-mov 120 120 120 
 t trav 5 5 5 
 RSET 150 154 161 
  FAIL FAIL FAIL 
7. Apartments SD 34 41 51 
    2.4 m/90 m2 VIS (5m) 37 37 39 
 FED therm 175 175 175 
 FED gas 106 106 106 
 ASET 37 37 39 
     
 t det 34 41 51 
 t pre-mov 120 120 120 
 t trav 17 17 17 
 RSET 171 178 188 
  FAIL FAIL FAIL 

Table 17.3 – Comparison of Soot Yields 

The results shown in Table 17.3 show that altering the soot yield has a noticeable 

affect on the smoke detector activation times and the visibility failure times.  

However, it does not change the overall failure rate of the six case buildings analysed 

as all of them still fail the scenario, even with the soot yield input halved. 

17.5. Incipient Phase and Automatic Smoke Detection 

An assumption used throughout this work is that the fire starts its growth from 

ignition at time 0 s.  However, most fires will have an incipient phase for time period 
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prior to flaming ignition.  This is the time during the early stages of a fire before 

radiation governs the burning rate.  

To evaluate if this assumptions may be too conservative, smoke detector activation 

has been assumed to occur at time 0 s in buildings that have automatic smoke 

detection installed to NZS 4512 (SNZ, 2003a).  This type of system is installed in 

Case Buildings 1, 2, 3, 4, 6, 9 and 10.  The results of assuming smoke detector 

activation occurs at ignition, which assumes the incipient phase of the fire has caused 

the activation, are illustrated in Table 17.14.  This was analysed using the design fire 

and zone model for Design Fire Scenario One. 

Building Description tdet tpre-mov ttrav RSET ASET Result
1 Apartments 0 120 12 132 31 FAIL 
2 Sports and Recreation 

Building 
0 180 102 282 207 FAIL 

3 Warehouse and Office 
(Group 1) 

0 180 42 222 115 FAIL 

4 Offices 0 180 24 204 109 FAIL 
6 Motel 0 120 5 125 46 FAIL 
9 Retirement Home 0 180 14 194 24 FAIL 
10 Industrial (Group 1) 0 180 46 226 111 FAIL 

Table 17.4 – Incipient Phase and Automatic Smoke Detection 

It can immediately seen from Table 17.4 that reducing the time to detection (tdet) to 

zero does not reduce the RSET enough to allow occupants to escape before conditions 

become untenable in the room of fire origin. 

17.6. Pre-movement Times 

Throughout the egress calculations described for each of the case building analysed in 

this work, it can be seen that the pre-movement time prescribed for the building 

occupants makes up the largest part of the RSET result.  In some instances it 

outweighs the other times of the equation by a factor of three. 

By reverse engineering the ASET/RSET relationship, it is possible to see what the 

pre-movement times would have to be to allow these case buildings to pass Design 
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Fire Scenario One.  The results of this analysis are shown in Table 17.5 for all twelve 

case buildings for the room of fire origin. 

# Description ASET tdet ttrav tpre-mov
  to pass Result

1 Apartments 31 34 12 not possible 
2 Sports and Recreation 

Building 
207 81 102 24 

3 Warehouse and Office 
(Group 1) 

115 31 42 42 

4 Offices 109 35 24 50 
5 Cinema Complex 148 103 100 not possible 
6 Motel 46 29 5 12 
7 Apartments 37 41 17 not possible 
8 Restaurant 117 123 27 not possible 
9 Retirement Home 24 40 14 not possible 
10 Industrial (Group 1) 111 98 46 not possible 
11 Indoor Sports Facility 244 103 92 49 
12 Townhouses 24 43 9 not possible 

Table 17.5 – Required Pre-movement Time to allow Case Buildings to Pass Design Fire 
Scenario One (for room of origin occupants) 

It can be seen from Table 17.5 that several of the case buildings (seven of the twelve) 

can not pass Design Fire Scenario One with a pre-movement time of zero. 

17.7. Conclusions 

This chapter has investigated the effect of altering some of the design inputs within 

the conceptual fire safety performance framework.  It was shown that the worst 

position for a fire in a room was at ground level.  It was also proven that specifying a 

moderate t-squared fire growth rather than a fast fire growth did not allow any of the 

case buildings to pass Design Fire Scenario One.  Similarly, halving the soot yield, in 

an exercise to assess the visibility criterion and allowing buildings with automatic 

smoke detection to assume tdet = 0 due to incipient phase of the fire, also did not allow 

any of the buildings to pass.  Lastly, the pre-movement times were investigated and it 

was shown that even with a pre-movement time of zero, seven of the twelve case 

buildings were not able to pass Design Fire Scenario One. 
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18. Summary of Results 

18.1. Introduction 

This chapter provides a summary of the results for all twelve case buildings, and all 

eight design fire scenarios.  It provides discussion on the three parts of the conceptual 

performance framework and on each of the eight fire scenarios with issues found from 

the undertaking of the analysis and learnt from the results. 

18.2. Results 

Table 18.1 provides a comparison of the results from all twelve case buildings for the 

eight design fire scenarios currently proposed for inclusion in the conceptual fire 

safety performance framework.  It shows that all twelve case buildings failed Design 

Fire Scenario One, and that only one of four case buildings Design Fire Scenario Two 

was applicable to passed that scenario. 

Table 18.2 compares the tenability criteria for each of the buildings for Design Fire 

Scenario One.  This table shows that nearly all of the case buildings fail all three of 

the tenability criteria, and it is not solely the visibility criterion which is governing the 

failure of the buildings to pass the scenario. 

Table 18.3 compares the tenability criteria for each of the buildings for Design Fire 

Scenario One for occupants in spaces outside of the space of fire origin.  This shows 

that where other spaces failed, they mainly failed by reaching the visibility criterion. 
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# Description Main 
Purpose 
Group 

Detection Sprinkler Design Fire Scenario 

     1 2 3 4 5 6 7&8 
1 Apartments SR smoke Residential FAIL PASS n/a-pass n/a-pass PASS PASS PASS 
2 Sports and 

Recreation Building 
CL smoke Commercial FAIL FAIL PASS PASS n/a-pass PASS PASS 

3 Warehouse and 
Office 

WM smoke - FAIL n/a-pass n/a-pass n/a-pass n/a-pass PASS PASS 

4 Offices WL smoke - FAIL FAIL n/a-pass n/a-pass n/a-pass PASS PASS 
5 Cinema Complex CL - Commercial FAIL FAIL PASS PASS n/a-pass PASS PASS 
6 Motel SA smoke and 

heat 
- FAIL n/a-pass n/a-pass n/a-pass PASS PASS PASS 

7 Apartments SR Type 1 
smoke 

- FAIL FAIL n/a-pass n/a-pass PASS1 PASS PASS 

8 Restaurant CL heat - FAIL FAIL PASS PASS n/a-pass PASS PASS 
9 Retirement Home SC smoke Residential FAIL PASS n/a-pass n/a-pass PASS PASS PASS 
10 Industrial WM smoke - FAIL n/a-pass n/a-pass n/a-pass n/a-pass PASS PASS 
11 Indoor Sports 

Facility 
CL - Commercial FAIL FAIL PASS PASS n/a-pass PASS PASS 

12 Townhouses SR Type 1 
smoke 

- FAIL n/a-pass n/a-pass n/a-pass FAIL PASS PASS 

Table 18.1 – Summary of Results 

1 This scenario is passed for Case Building Seven if the battery powered domestic smoke detector works as designed. 
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# Description RSET (s) Tenability Criteria Reached in Space of Fire Origin 
 

  (from Space of Fire 
Origin) 

Visibility1 (s) FED Narcotic Gas (s) FED Thermal (s) 

1 Apartments 166 31 FAIL 99 FAIL 176  
2 Sports and Recreation 

Building 
363 207 FAIL 429  546  

3 Warehouse and Office        
 Group 1 253 115 FAIL 380  130 FAIL 
 Group 2 260 150 FAIL 150 FAIL 165 FAIL 
 Group 3 268 199 FAIL 585  222 FAIL 
4 Offices 239 109 FAIL 191 FAIL 225 FAIL 
5 Cinema Complex 383 148 FAIL 234  315 FAIL 
6 Motel 154 46 FAIL 101 FAIL 192  
7 Apartments 178 37 FAIL 106 FAIL 175 FAIL 
8 Restaurant 330 117 FAIL 211 FAIL 241 FAIL 
9 Retirement Home 234 24 FAIL 83 FAIL 130 FAIL 
10 Industrial        
 Group 1 324 111 FAIL 114 FAIL 136 FAIL 
 Group 2 354 148 FAIL 148 FAIL 177 FAIL 
 Group 3 398 197 FAIL 877  232 FAIL 

11 Indoor Sports Facility 377 244 FAIL   394  
12 Townhouses 172 24 FAIL 87 FAIL 142 FAIL 

Table 18.2 – Tenability Criteria reached in Design Fire Scenario One within the Space of Fire Origin 

1 Note the visibility criterion is 5 m for rooms less than 100 m2 and 10 m for rooms larger than 100 m2 in floor area. 
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# Description RSET (s) Tenability Criteria Reached for Occupants in Other Areas 
 

   Visibility1 (s) FED Narcotic Gas (s) FED Thermal (s) 
1 Apartments        
 Same level 444 175 FAIL -  -  
 Other levels 537 -  -  -  

2 Sports and Recreation Building        
 Foyer 494 346 FAIL -  -  
 Other areas 494 -  -  -  

3 Warehouse and Office        
 Group 1        
 Upper office floor 291 176 FAIL -  -  
 Ground office floor 306 -  -  -  
 Group 2/Group 3        
 Upper office floor 298/306 -  -  -  
 Ground office floor 313/321 -  -  -  

4 Offices        
 Levels 2 and 3 300 208 FAIL 242 FAIL   
 Ground and Basement 326 -      

5 Cinema Complex        
 Foyer 784 208 FAIL 360 FAIL -  
 Other cinemas 784 -  -  -  

6 Motel        
 Same level as Unit 468 -  -  -  
 Ground floor units 443 -  -  -  

7 Apartments        
 Same level as Apartment unknown2 154 unknown2 471 unknown2   
 Other levels unknown2 178 unknown2 825 unknown2   

8 Restaurant        
 Upper level 551 325 FAIL -  -  

9 Retirement Home        
 Same wing as apartment 560 147 FAIL -  -  
 Other wings 548 -  -  -  
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# Description RSET (s) Tenability Criteria Reached for Occupants in Other Areas 
 

   Visibility1 (s) FED Narcotic Gas (s) FED Thermal (s) 
10 Industrial        

 Group 1        
 Goods store 371 111 FAIL 142 FAIL 268 FAIL 
 Workroom 382 135 FAIL 170 FAIL 343 FAIL 
 Laboratory 360 -  -  -  
 Offices 363 -  -  -  
 Group 2        
 Goods store 401 148 FAIL 242 FAIL 345 FAIL 
 Workroom 412 179 FAIL 301 FAIL 440  
 Laboratory 390 199 FAIL 524  1020  
 Offices 393 -  -  -  
 Group 3        
 Goods store 445 197 FAIL 1000  440 FAIL 
 Workroom 456 234 FAIL 1110  547  
 Laboratory 434 253 FAIL 1640  1320  
 Offices 437 -  -  -  

11 Indoor Sports Facility        
 Sports Hall 821 -  -    
 Foyer and Gym 852 -  -    

12 Townhouses        
 Second floor in same unit3 226 119 FAIL 171 FAIL 580  
 First floor in same unit3 215 78 FAIL 121 FAIL 255  
 Neighbouring townhouses unknown2 -  -  -  

Table 18.3 – Tenability Criteria reached in Design Fire Scenario One for Occupants not in the Space of Fire Origin 

1 Note that the visibility criterion is 5 m for rooms less than 100 m2 and 10 m for rooms larger than 100 m2 in floor area. 
2 ’Unknown’ indicates the RSET was not able to be calculated, and hence it is unknown if the building passed the tenability criteria. 
3. It is noted that occupants on these levels must pass through the ground floor, and so the actual ASET values are those of the ground level. 
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18.3. Design Fire Scenario One – Challenging Fire 

Tables 18.1 to 18.3 present the results of the bulk of this work, which focussed on 

Design Fire Scenario One. 

It is noted that no case building passed this scenario.  In chapter 17, some of the 

inputs were analysed to investigate whether one particular input was causing all the 

buildings to fail.  However, it was shown that altering one input did not significantly 

change the results as the analysis for each building is complex. 

The current results show that the conceptual performance framework provides a more 

onerous design requirement for buildings than is currently prescribed by C/AS1.  This 

could result from a number of factors.   

• It is possible the framework correctly describes design fires and performance 

criteria and that the level of safety supplied within C/AS1 is lesser than 

previously thought, especially for people in the room of fire origin. 

• It is possible the framework provides too severe design fires and that it may be 

more realistic to lessen the severity of the design fire in relation to the 

likelihood of it occurring in the building over the building’s lifespan.  This 

may be more accurately done in the future when more information on 

probability of various fires is available for various building uses. 

• It is possible the modelling in this work over-estimated the tenability criteria 

being reached in the case buildings, and over-estimated the time it takes 

occupants to escape.  The pre-movement times, in particular, seem long, 

especially for the case of occupants in the room of fire origin where conditions 

are rapidly declining.  By not calculating people beginning their activation, 

due to fire cues or deteriorating conditions, the RSET time can be significantly 

longer than seems reasonable for awake, alert occupants. 

 

 



Summary of Results  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in 

New Zealand 

182

18.4. Design Fire Scenario Two – Blocked Egress 

Table 18.1 shows that Design Fire Scenario Two was required to be tested for eight of 

the twelve case buildings.  It shows only three of them passed the scenario by having 

one or more alternative escape routes that remained tenable throughout the duration of 

the design fire. 

The results show that there is a significant difference in what buildings are currently 

able to be built with a single means of escape under C/AS1, and what could be proven 

to be safe using the conceptual performance framework. 

The performance framework does not currently distinguish between internal and 

external escape routes, and does not define a fire event to test an external escape route 

with, if it were the single means of escape. 

18.5. Design Fire Scenario Three and Four 

These two scenarios are very similar and are applicable to the same buildings where 

there are unoccupied or concealed spaces present, which is a building that holds 50 or 

more people in the same space. 

For the purpose of this work, the case buildings have been assumed to pass these 

scenarios as they have either automatic suppression system in place, or automatic 

detection with fire separations.  The framework currently does not specify or give 

guidance on a method for calculating the required fire separations. 

It is assumed that the separations would be required to perform a similar function to 

what is currently called an F-rating within C/AS1, which can often be less than the 

rating the structural system (S rating) of the building may require to resist collapse, 

although this is not indicated at this stage.   

Currently, the performance framework does not define a design fire for either the 

concealed spaces or the unoccupied rooms so it was not possible to model these 

scenarios.  It is noted however, that a concealed space, such as a services shaft, may 

run the entire height of a building and endanger a total of significantly more than 50 
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people, however, unless there were more than 50 people in one space this scenario 

would not be required to be tested by these scenarios in their current form. 

18.6. Design Fire Scenario Five – Smouldering Fire 

This scenario is included in the framework to assess the risk to sleeping occupants 

from a smouldering fire which may continue for some time without being detected.  

There were five buildings within the case buildings which contained sleeping 

occupants.  Of those five buildings, three had automatic smoke detection installed to 

NZS 4512 and were considered to pass this scenario without any analysis required. 

The two other buildings have Type 1 domestic smoke detection provided.  In the case 

of the apartment building (Case Building 7) the smoke detector activates in enough 

time to allow the occupants to escape the apartment.  This building passes the 

scenario if the domestic smoke detector can be relied upon to work as designed.  In 

the case of the townhouse (Case Building 12) the smoke detector on the ground floor 

operates, but this is not expected to be heard by occupants sleeping on the second 

floor and conditions become untenable before these people are alerted by smoke 

detector on the first or second floors.   

18.7. Design Fire Scenarios Six, Seven and Eight 

As the building were chosen for their compliance with C/AS1, and one approved 

methodology of passing scenarios six, seven and eight was to comply with C/AS1 the 

building were guaranteed a pass mark for these scenarios.  Accordingly, this work 

focussed on the other scenarios and listed the results for these for completeness. 
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19. Conclusions 

19.1. Introduction 

This chapter provides a list of conclusions learned from undertaking this research, and 

some future work is recommended.  Additionally, some questions raised during the 

course of the work are provided, where conclusive results were not established.   

19.2. Conclusions 

The conclusions from this research are: 

1. The framework is sound in providing a robust, consistent method for specific 

fire engineered designs; 

2. The framework is not ready for inclusion in New Zealand’s building 

legislation in its current form; 

3. The framework, as it currently stands, provides a more onerous level of safety 

for design than the Compliance Document acceptable solution C/AS1.  

4. The framework does not suit buildings where there is no automatic detection 

system installed.  If this type of building is intended to be included for analysis 

by the framework, some guidelines for how to assess the alerting of occupants 

away from the fire source may need to be included.  Alternatively, the 

framework could specifically exclude this type of building and another 

method, such as C/AS1 used as the design basis.  

5. The benefit of manual fire alarm systems is not realised in a performance 

based design using the conceptual framework.  If no benefit from their 

inclusion can be gained from this method they will not be included in 

buildings, except where required by other standards (such as when part of a 

sprinkler system). 
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6. Although the level of safety provided within C/AS1 is not stated, this work 

indicates people in the room of fire origin may be at risk.  This may not be 

known to people designing with it, or by building owners and building end-

users who may assume they are protected in a C/AS1 building.   

7. It was found that there is a significant difference, for buildings able to be built 

with a single means of escape, between C/AS1 and the current conceptual 

performance framework.  C/AS1 allows a single means of escape with 

firecells of up to 50 occupants using it (with various requirements for fire 

safety systems based upon escape height) and therefore buildings can have 

several 50-person firecells use the same escape route.  The current conceptual 

framework requires alternative escape routes (by way of testing the building 

with a fire in the main escape route) when a total of 50 occupants use the 

single means of escape. 

19.3. Further Required Research 

The following are some of the area where further research is required: 

1. Further scenarios or performance measures are required to be developed for 

structural resistance to fire to prevent structural collapse of buildings, and fire 

fighter tenability and access provisions. 

2. Clarification or guidance for some aspects of the current conceptual 

framework would be required prior to being enacted.  These include, but are 

not limited to: 

a) Completion of inputs required for design (fire load table, occupant 

densities, travel speeds, etc); 

b) Approved methodologies for egress calculations; 

c) Approved pre-movement times; 

d) Calculation methodology of fire separations for unoccupied spaces. 
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8. If the framework is adopted, the Department may need to decide and clarify 

whether ‘SH’ buildings (detached stand-alone dwellings) are exempt from 

some of the scenarios or whether they are not suitable for performance based 

design.  

9. The Fire Safety Working Group will need to clarify if domestic smoke 

detectors (Type 1), either hard-wired or battery-powered, are reliable enough 

to pass Design Fire Scenario Five– Smouldering Fire in Sleeping Areas.   

19.4. Questions Raised by this Work 

Several questions were raised by this work.  Those listed here are more politically 

based than engineering based in nature as they question the intention, and starting 

assumption of the framework rather than calculation detail which may be more easily 

clarified. 

1. Should a specific performance-based fire design building have to meet a 

higher level of safety than one that meets the currently prescribed 

requirements? 

2. How can this be justified when they comply with the same Building Code? 

The Code essentially states that buildings should be safe, and that people should be 

able to evacuate in case of fire.  It appears then, that once that level of safety is 

achieved, then the proposed building in question meets the performance requirements 

of the Code and can be built.  It follows that there can be only one level of safety that 

is accepted as being that which is required by the Code. 

However, the counter argument to this is that performance-based fire engineering is a 

relatively new discipline and much of the information used in designs is from a few 

actual cases.  The inherent conservatism built in to any fire engineering calculation is 

in most part due to the lack of knowledge and relatively few data available compared 

to some other engineering disciplines.  Furthermore, performance based design is 

often pushing the boundaries of what information is available, and new technologies 
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and methodologies that may not have been as well tested as the traditional approach.  

Therefore, the Department may feel it is appropriate for performance-based fire 

engineering designs to have a higher burden of proof to show compliance with the 

performance criteria of Code, and this may mean a slightly higher level of safety is 

aimed for to allow for a higher level of uncertainty in design.  This intention has been 

demonstrated by the Department previously in Determination 2005/109 (DBH, 2005c) 

where it states that a probability of 51 to 74 %, that the building in question was safer 

than a comparison acceptable solution building, was high enough to be acceptable. 

3. Does this work prove that the current ‘socially accepted’ C/AS1 is not safe 

enough and in New Zealand we have just been ‘lucky’ to not have had more 

serious fire deaths and loss? 

This work does not prove that C/AS1 is not ‘safe enough’.  It does show, however, 

that it may not be as safe as some people believe it is.  The level of safety within 

C/AS1 is not explicitly stated, but it may be assumed to not reduce the risk of death or 

injury from fire to zero.   

This research shows it is more likely that the conservatism built into the framework 

by selection of inputs and performance criteria, and the conservative assumptions 

made in this analysis, have compounded to test a worse event with lower probability 

of occurring, than was expected or is currently designed for.  This is largely due to the 

lack of current knowledge and requires better data and methodologies to be developed 

before it will be possible to reduce the uncertainty, and remove some of the 

compounding conservatism.  Once this is achieved, the factor of safety built into the 

framework, and to C/AS1, may be identified. 
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Appendix A- C/AS1 Design 

A1 Case Building One – Apartments 

The fire safety requirements for Case Building One, if using C/AS1 as the design 
basis, is described with a list of required building works. 

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A1.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

G Shop 1 CM 2 150 0.3 45 
G Shop 1 CM 2 105 0.3 31 
Levels 
1-8 

Apartments SR 1 (No. of Bed Spaces) 128 

Level 
9 

Apartments SR 1 (No. of Bed Spaces) 12 

 Total     216 
Table A1.1 - Occupancy for Case Building One 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building One 
by Table 4.1 of C/AS1 [ref]. 

Purpose 
Group 

Escape 
Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

CM 0 0 2af 18c 
SR 33 30 7e 15, 16, 18 

Table A1.2 - Fire Safety Precautions required in Case Building One 

C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

The basement area has two escape routes available.  One is up stairs to the main 
ground floor lobby and out the street front, the other is up stairs to the side stair lobby 
and out the street. 

The larger of the ground floor retail tenancies has independent access out onto the 
street.  A single escape path is permitted from this space due to the low occupancy 
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numbers and the escape path lengths.  The smaller retail tenancy has two escape 
routes, through either of the stairs lobbies to the street. 

All apartments open onto a common corridor that provides access to the lifts and both 
stairwells. 

The main stairs discharge through a smoke separated lobby through the main entrance 
to the street.  The side stairs discharge through a ground floor lobby to the street. 

Escape Route Heights: 

It has been assumed all escape routes provide 2100 mm clear height. 

Escape Route Widths: 

The following summarises the allowable and actual escape route widths. 

Level Description Occ.  
Loa
d 

Width 
Req. 
(mm) 
Horiz. 

Width 
Actual 
(mm) 
Horiz. 

Width 
Req. 
(mm) 
Vert. 

Width 
Actual 
(mm) 
Vert. 

G Shop 1 45 1x850 1x1600 N/A N/A 
G Shop 2 31 1x850 1x2000 

1x700 
N/A N/A 

1-9 Apartments 130 2x850 2x850 2x1000 2x1000 
Table A1.3 - Escape Route Widths within Case Building One 

The above shows that the escape route widths within the building comply with the 
minimum requirements of C/AS1. 

Escape Route Travel Distances: 

A 100% increase in permitted length has been used for the shop areas, and a 50% 
increase in permitted length for the apartments due to the sprinkler installation. 

Level Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

G Shop 1 36 28 90 28 
G Shop 2 36 17.5 90 27 
1-8 Apartments 36 21 90 25 
9 Apartments 36 15 90 19 

Table A1.4 - Escape Route Travel Distances within Case Building One 

The above shows that the travel distances within the building comply with the 
maximum permitted by C/AS1. 

Other aspects of the escape routes: 
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The apartment doors are not required to open in the direction of occupants escaping.  
All other doors on escape routes are to open in the direction of occupants escaping. 

The exitways are not required to be ventilated as the household units a sprinklered. 

C/AS1 Part 5: Fire Resistance Ratings 

It has been assumed each apartment is to be unit titled.  Therefore the higher of the F-
rating or the S-rating is required to be used for the fire separations between the 
apartments. 

The S rating is calculated for the worst case using methods described in C/AS1. 

Firecell Floor Area 
(Af) 

Vertical 
Openings (Av) 

Horizontal 
Openings (Ah) 

S Rating 

Apartment A 45 m2 6.8 m2 0 m2 20 mins 
Table A1.5 - S-rating for Case Building One 

Therefore, as the S-rating is less than the F-rating, the F-rating is to be used 
throughout the building. 

C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

As the F rating of the building is 30 minutes, it is required under C/AS1 that each 
apartment and the safe path corridors and stairways and other fire separations between 
firecells that achieve a FRR of no less than 30/30/30sm. 

Therefore each apartment is required to be a firecell with the bounding construction 
achieving a fire resistance rating of no less than 30/30/30sm.  The doors to each 
accommodation room are required to achieve a FRR of no less than -/30/30sm. 

To address fire and smoke spread between floors, vertical risers within the building 
are required to be either enclosed with construction that achieves a FRR of no less 
than 30/30/30sm as a vertical shaft or are to be fire separated at each floor level. 

The basement is to be a separate firecell with bounding construction achieving no less 
than 60/60/60. 

Lifts are required to be enclosed within protected shafts, however the doors are not 
required to be smoke rated as the firecells are sprinklered and smoke detection is 
provided. 

The stairwells can be unrated to the common corridor on level 9, but must still be 
smoke sealed. 

Structural Stability: 

The failure of non fire rated construction i.e. walls and column etc in the vicinity of 
fire separations must not compromise the stability or integrity of these fire separations 
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for a period not less than the required fire resistance rating, and therefore all primary 
structural members shall be rated for structural integrity to at least the same rating as 
the separations they support. 

C/AS1 Part 7: Control of External Fire Spread 

It has been assumed the building is built directly up to the property boundary along 
gridline A and gridline 1 as notated in Figure E1, and that the other faces of the 
building face the street. 

North East Face 

The north east face of this building faces a street and is therefore not required to be 
assessed with respect to this boundary. 

North West Faces 

The North West faces of this building face into a street but as the angle to the 
boundary is les than 135, an enclosing rectangle calculation has been undertaken to 
assess this face.  It is assumed the concrete portions of the wall would meet the rating 
requirement and can be considered rated construction. 

South West Face 

The south west face of this building has no windows or unprotected areas in the 
section of wall directly against the boundary.  This wall is concrete and is expected to 
achieve the rating of 30/30/30.  There is a small section of wall 2.3 m away from the 
boundary. An enclosing rectangle analysis has been done for this wall. 

South East Face 

The south east face of this building has no windows or unprotected areas in the 
section of wall directly against the boundary.  This wall is concrete and is expected to 
achieve the rating of 30/30/30.  There is a small section of wall 5.6 m away from the 
boundary. An enclosing rectangle analysis has been done for the unprotected areas n 
this wall. 
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Face Enclosing 
Rectangle 
(w x h) 

Distance to 
Boundary 

Permitted 
Unprotected 
Area 

Actual 
Unprotected 

South West 18 m x 1 m 2.3 m 100%  
South East 1.5 m x 1.9 

m 
5.6 m 100%  

North West 
(Apartment 
A) 

2.2 m x 2.4 1.0 m 69% 40% so OK 

North West 
(Apartment 
B) 

2.2 m x 2.4 
m 

3.5 m 100%  

Table A1.6 - Enclosing Rectangle Calculation for Case Building One 

Therefore the design as proposed complies, and the North West wall may remain 
unrated. 

External Vertical Fire Spread 

As the building is to be sprinkler protected, external vertical spread of fire is not 
required to be addressed further. 

C/AS1 Part 8: Fire Fighting 

As the building is not located remote from the street front facing boundaries no 
special requirements are required for fire fighter vehicle access, and a site hydrant 
system is not required. 

Summary of Works required for Case Building One to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 

• A sprinkler system is required to be installed throughout the building in 
accordance with NZS 4541, it can be amended outlined in Appendix D of 
C/AS1. 

• A fully analogue addressable smoke detection system is required to be 
installed throughout the building in accordance with NZS 4512. 

• A new manual fire alarm system is required to be installed throughout the 
building in accordance with NZS 4512. 

• Fire hose reels and portable hand held extinguishers to NZS 4503 and AS 
1221 are to be provided throughout the building to comply with the sprinkler 
standard. 

• A charged fire hydrant riser is required to be installed in accordance with NZS 
4510, located within the main stair or as per agreement with NZ Fire Service. 
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• Fire Service lift control is required to be provided in accordance with 
NZS 4332. 

• Bounding construction of the following firecells is required to achieve a fire 
resistance rating of not less than (30)/30/30sm: 

o Each apartment; 

o Each communal corridor; 

o Each of the common stairs; 

o Each floor level; 

o And if present: transformer room, communal rubbish room 

o Service risers not sealed at each floor level; 

o Services cupboards within the stair; 

• The bounding construction of the basement is to achieve 60/60/60.  

• Primary supporting structures for the fire rated walls are required to achieve a 
fire resistance rating of not less than 30/-/-, and 60/-/- in the basement. 

• The North West and North East boundary walls are required to achieve a FRR 
of no less than 30/30/30sm.  The existing concrete construction will inherently 
achieve this rating, and the proposed windows in the lightwell may be unrated. 

• All doors within fire separations are required to be certified fire rated door sets 
complying with AS/NZS 1905.1 that achieve a FRR of no less than -/30/30 
sm, or -/60/30 in the basement. 

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
operated without a key or other security device and allow the door to open in a 
normal manner. 

• Electronic locking devices on doors on escape routes shall also be fitted with a 
push button or switch that releases the lock and allows the door to be opened 
(in the direction of escape) without a swipe card or key code.  
Electromechanical locks that are not free handle are required to unlock (fail 
safe/open) in the event of power failure or door malfunction. 

• Vision panels are to be provided to doors into stairways and to doors that 
swing in two directions. 

• Illuminated exit signage is required to be installed throughout the building in 
accordance with F8/AS1.  No signage is required within the apartments. 
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• Emergency lighting is required to be installed throughout the exitways 
(common corridors and stairwells and ground floor lobbies) in accordance 
with F6/AS1. 

• Throughout the building the ceiling surfaces shall meet the following early fire 
hazard indices limitations. 

 maximum permitted SFI maximum permitted SDI 
Exitways (corridors and 
stairs) 

0 3 

Occupied space in the 
retail units 

5 
or 9 

10 
or 8 

Table A1.7 - Early Fire Hazard Indices for Case Building One 

(SFI = Spread of Flame Index, SDI = Smoke Developed Index) 
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A2 Case Building Two – Sports and Recreation Building 

The fire safety requirements for Case Building Two, if using C/AS1 as the design 
basis, are described here with a list of required building works.  The building has been 
designed with no internal fire separations. 

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A2.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

G Main Sports Hall CL 2 880 0.35 308 
G Function Centre CL 2 420 0.9 378 
G Sports lounge CL 2 120 1.0 120 
G Squash courts CL 2 - - 6 
G Squash seating CL 2 27 m 2.2 ppl/m 60 
G Gymnasium CL 2 87 0.35 31 
G Childcare/ meeting CL 2 29 0.1 3 
G Referees Room CL 2 5 0.1 2 
G Managers office CL 2 12 0.1 2 
G Reception CL 2 14 0.1 2 
G Kitchen CL 2 70 0.1 7 
G Change rooms CL 2 120 0.3 36 
M Mezzanine meeting CL 2 56 0.1 6 
M Sports hall seating CL 2 - - 100* 
 Total     1061 

Table A2.1 - Occupancy for Case Building Two 

* The occupancy limit for the mezzanine level is set from the requirements for a 
‘limited area’ intermediate floor within C/AS1 as this removes the need to provide a 
specifically engineered smoke control system to the building. 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building Two 
in Table 4.1 of C/AS1 [ref]. 

Purpose 
Group 

Escape Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

CL < 4 30 7 16d, 18c 

Table A2.2 - Fire Safety Precautions required in Case Building Two 

C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

The Sports Hall has one exit directly to the outside, and two exits to the main foyer.  
The mezzanine level within the sports hall ahs two open stairs to the foyer. 
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The gymnasium, childcare room, reception, the manager’s office and the referees 
room all exit into the foyer. 

The function centre has three exits directly outside, one to the foyer and one to the 
sports lounge.  The sports lounge has two exits directly outside, and one to the foyer. 

The squash courts and the seating have one exit to the sports lounge and one to the 
change rooms.  The changing rooms exit to a common corridor which exits outside or 
to the foyer. 

The central foyer exits to outside and both ends of the building. 

Escape Route Heights: 

It has been assumed all escape routes provide 2100 mm clear height. 

Escape Route Widths: 

Level Description Occ.  
Load 

Width 
Req. 
(mm) 
Horiz. 

Width 
Actual 
(mm) 
Horiz. 

Width 
Req. 
(mm) 
Vert. 

Width 
Actual 
(mm) 
Vert. 

G Main Sports Hall 308 2x1100 3x1200 N/A N/A 
G Function Centre 378 2x1300 4x1200 N/A N/A 
G Sports lounge 120 2x850 3x1200   
G Squash courts + seating 66 2x850 3x850   
G Gymnasium 31 1x850 2x850   
G Childcare/ meeting 3 1x850 2x850   
G Referees Room 2 1x850 1x850   
G Managers office 2 1x850 2x850   
G Reception 2 1x850 1x850   
G Kitchen 7 1x850 3x850   
G Change rooms 36 1x850 2x850   
M Mezzanine meeting 6 1x850 1x850 1x1000 2x1000 
M Sports hall seating 100* 2x850 2x1000 2x1000 2x1000 

Table A2.3 - Escape Route Widths within Case Building Two 

The above shows that the escape route widths within the building comply with the 
minimum requirements of C/AS1. 

Escape Route Travel Distances: 

A 100% increase in permitted length has been used due to the sprinkler installation. 
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Level Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

G Main Sports Hall 36 0 90 51 
G Function Centre 36 11 90 37 
G Sports lounge 36 3 90 49 
G Squash courts + seating 36 12 90 53 
G Gymnasium 36 0 90 36 
G Childcare/ meeting 36 0 90 26 
G Referees Room 48 4 120 18 
G Managers office 48 4 120 12 
G Reception 48 5 120 10 
G Kitchen 48 5 120 30 
G Change rooms 36 9 90 28 
M Mezzanine meeting 36 15 90 36 
M Sports hall seating 36 12 90 28 

Table A2.4 - Escape Route Travel Distances within Case Building Two 

The above shows that the travel distances within the building comply with the 
maximum permitted by C/AS1. 

The doors from the changing rooms to the outside are to swing in the direction of 
escaping occupants. 

Vision panels are required on doors that swing in both directions. 

C/AS1 Part 5: Fire Resistance Ratings 

As the building is all under one ownership, and not besides any land boundaries, the 
required fire rating through the building is the F-rating.  This building does not have 
any firecells and as such there are no required fire separations. 

C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

No internal fire or smoke separations are required. 

The mezzanine floor is required to have the underside fire rated to 15/15/15 and any 
primary structural supports for it rated to 15/-/-. 

C/AS1 Part 7: Control of External Fire Spread 

The building is surrounded on three sides by legal road, and the fourth side by playing 
fields.  Therefore there is adequate distance to other property and no fire rated 
external walls are required, 

External Vertical Fire Spread 

As the building is to be sprinkler protected, external vertical spread of fire is not 
required to be addressed further. 
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C/AS1 Part 8: Fire Fighting 

The car parks to the front of the building are to meet the requirements of 8.1.1 for Fire 
Service vehicles.  As the building is within 90 m of the street no site hydrant is 
required. 

Summary of Works required for Case Building Two to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 

• A sprinkler system is required to be installed throughout the building in 
accordance with NZS 4541, it can be amended outlined in Appendix D of 
C/AS1. 

• A fully analogue addressable smoke detection system is required to be 
installed throughout the building in accordance with NZS 4512. 

• A new manual fire alarm system is required to be installed throughout the 
building in accordance with NZS 4512. 

• Fire hose reels and portable hand held extinguishers to NZS 4503 and AS 
1221 are to be provided throughout the building to comply with the sprinkler 
standard. 

• The underside of the mezzanine floor is to be constructed to achieve a fire 
resistance rating of no less than 15/15/15.  Primary supporting structures for 
the mezzanine floor are required to achieve a fire resistance rating of not less 
than 15/-/-. 

• The North West and North East boundary walls are required to achieve a FRR 
of no less than 30/30/30sm.  The existing concrete construction will inherently 
achieve this rating, and the proposed windows in the lightwell may be unrated. 

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
operated without a key or other security device and allow the door to open in a 
normal manner. 

• Electronic locking devices on doors on escape routes shall also be fitted with a 
push button or switch that releases the lock and allows the door to be opened 
(in the direction of escape) without a swipe card or key code.  
Electromechanical locks that are not free handle are required to unlock (fail 
safe/open) in the event of power failure or door malfunction. 

• Vision panels are to be provided to doors that swing in two directions. 

• Illuminated exit signage is required to be installed throughout the building in 
accordance with F8/AS1. 
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• Emergency lighting is required to be installed throughout the building in 
accordance with F6/AS1. 

• Throughout the building the surfaces shall meet the following early fire hazard 
indices limitations. 

 maximum permitted SFI maximum permitted SFI 
Crowd spaces 2 5 
Stairs, foyer and corridors 5 7 
Other occupied spaces 9 

or 5 
8 
or 10 

Table A2.5 - Early Fire Hazard Indices for Case Building Two 
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A3 Case Building Three – Warehouse and Offices 

The fire safety requirements for Case Building Three, if using C/AS1 as the design 
basis, is described with a list of required building works. 

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A3.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

G Warehouse WM 3 1160 0.03 35 
G Offices WL 2 156 0.1 16 
1 Offices WL 2 156 0.1 16 
 Total     67 

Table A3.1 - Occupancy for Case Building Three 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building 
Three by Table 4.1 of C/AS1 [ref]. 

Purpose 
Group 

Escape Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

WM 0 0 2af 18c 
WL < 4 45 2af 18c 

Table A3.2 - Fire Safety Precautions required in Case Building Three 

Special application ‘a’ applies to this building as no escape routes serves more than 50 
people.  Therefore a manual alarm system is not required.   

C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

The warehouse has three exits directly to the outside. 

The upper office level is provided with a single stair to the ground floor offices from 
where there is a single direction of escape outside.  The ground floor office area has a 
single means of escape outside. 

Escape Route Heights: 

It has been assumed all escape routes provide 2100 mm clear height. 

Escape Route Widths: 

The following summarises the allowable and actual escape route widths. 
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Level Description Occ.  
Load 

Width 
Req. 
(mm) 
Horiz. 

Width 
Actual 
(mm) 
Horiz. 

Width 
Req. 
(mm) 
Vert. 

Width 
Actual 
(mm) 
Vert. 

G Warehouse 35 1x850 2x1200 
1x850 

N/A N/A 

G Offices 16 1x850 1x1600 N/A N/A 
1 Offices 16 2x850 2x850 1x1000 1x1000 

Table A3.3 - Escape Route Widths within Case Building Three 

The above shows that the escape route widths within the building comply with the 
minimum requirements of C/AS1. 

Escape Route Travel Distances: 

Level Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

G Warehouse 24 13 60 50 
G Offices 24 20 24 20 
1 Offices 24 38 24 38 

Table A3.4 - Escape Route Travel Distances within Case Building Three 

The above shows that the travel distances within the upper office level do not comply 
with the maximum permitted by C/AS1.  Therefore either a sprinkler system or a 
smoke detection system is required to be installed in the building for the layout to 
remain as drawn.  A smoke detection system has been chosen here for inclusion in the 
analysis. 

It is noted a smoke detection system may not be the best solution for this type of 
building as vehicles may be used in the warehouse to move stock and could produce 
engine fumes which activate the detectors and produce unwanted alarms.  Alternative 
designs could include separating this floor and staircase as a separate firecell, or 
adding another staircase from the upper level which would remove the need for an 
automatic detection system within C/AS1.   

C/AS1 Part 5: Fire Resistance Ratings 

The S rating is calculated for the worst case using methods described in C/AS1. 

Firecell Floor Area (Af) Vertical 
Openings (Av) 

Horizontal 
Openings (Ah) 

S Rating 

Warehouse 1160 m2 120 m2 232 m2 80 mins 

Table A3.5 - S-rating for Case Building Three 

C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

The building is not required to be subdivided into firecells so there are no internal fire 
separations required. 
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The upper office level is an intermediate floor and as such, the underside of the floor 
is to be rated to 30/30/30 as there are enclosed spaces on the ground floor below it.  
Primary structural supporting members to the upper level are to be rated to 30/-/-. 

C/AS1 Part 7: Control of External Fire Spread 

The site plan shows the building is built away from the boundary on all sides, and the 
North and North West boundaries face the street. 

South Face 

The south face is located 4.4 m from the boundary and runs parallel to it.  It is 
included in the enclosing rectangle calculation below. 

East Face 

The east face is located 6.4 m from the boundary and runs parallel to it.  It is included 
in the enclosing rectangle calculation below. 

West Face 

The west face is located 6.0 m from the boundary at its closest point, and runs along 
the boundary at an angle of less than 80°.  It is included in the enclosing rectangle 
calculation below. 

South East Face 

The south east face of this building has no windows or unprotected areas in the 
section of wall directly against the boundary.  This wall is concrete and is expected to 
achieve the rating of 30/30/30.  There is a small section of wall 5.6 m away from the 
boundary. An enclosing rectangle analysis has been done for the unprotected areas n 
this wall. 

Face Enclosing 
Rectangle 
(w x h) 

Distance to 
Boundary 

Permitted 
Unprotected 
Area 

South 30 m x 5.5 m 4.4 m 23 % 
East 20 m x 5.5 m 6.4 m 33 % 
West 22 m x 5.5 6.0 m 30 % 

Table A3.6 - Enclosing Rectangle Calculations for Case Building Three 

Therefore the south, east and western external walls all require portions to be rated to 
the S-rating of 90 minutes.  

External Vertical Fire Spread 

As the building is all under single ownership there is no requirement to assess spread 
of fire to the upper level. 
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C/AS1 Part 8: Fire Fighting 

Any car parks or footpaths leading up to the building from the street are to comply 
with the requirements of 8.1.1 for Fire Service vehicle loads and access.   A site 
hydrant system is not required as all areas of the building are within 75 m. 

Summary of Works required for Case Building Three to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 

• A fully analogue addressable smoke detection system is required to be 
installed throughout the building in accordance with NZS 4512. 

• A new manual fire alarm system is required to be installed throughout the 
building in accordance with NZS 4512. 

• The underside of the upper office level floor is to be constructed to achieve a 
fire resistance rating of no less than 30/30/30.  All primary supporting 
structure for the upper level are required to achieve a fire resistance rating of 
not less than 30/-/-. 

• The South, West and East external walls all requires portions to be constructed 
to achieve a fire resistance rating of no less than 90/90/90 on-way. 

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
operated without a key or other security device and allow the door to open in a 
normal manner. 

• Electronic locking devices on doors on escape routes shall also be fitted with a 
push button or switch that releases the lock and allows the door to be opened 
(in the direction of escape) without a swipe card or key code.  
Electromechanical locks that are not free handle are required to unlock (fail 
safe/open) in the event of power failure or door malfunction. 

• Illuminated exit signage is required to be installed throughout the building in 
accordance with F8/AS1.  No signage is required within the apartments. 

• Throughout the building the surfaces shall meet the following early fire hazard 
indices limitations. 
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 maximum permitted SFI maximum permitted SFI 
Corridors and passageways 7 5 
Other occupied spaces 9 

or 5 
8 
or 10 

Table A3.7 - Early Fire Hazard Indices for Case Building Three 

(SFI = Spread of Flame Index, SDI = Smoke Developed Index, FI = Flammability 
Index) 
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A4 Case Building Four – Offices 

The fire safety requirements for Case Building Four, if using C/AS1 as the design 

basis, are described here with a list of required building works.   

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A4.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

B Basement WL 2 144 0.1 15 
G Shop CM 2 105 0.3 32 
G Offices WL 2 92 0.1 10 
1 Offices WL 2 219 0.1 22 
2-3 Offices WL 2 281 0.1 28 
 Total     135 

Table A4.1 - Occupancy for Case Building Four 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building Four 
in Table 4.1 of C/AS1 [ref]. 

Purpose 
Group 

Escape Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

WL < 10 60 3b 16, 18c 

Table A4.2 - Fire Safety Precautions required in Case Building Four 

Special application ‘b’ for the alarm type indicates a type 4 system (automatic smoke 
detection) is required where there is a single means of escape.  This building has a 
single means of escape and therefore smoke detection must be provided throughout. 

C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

The basement office area has a single stair to the ground floor office area.  The 
ground floor office area has a single means of escape into the ground floor lobby, and 
out to the street. 

The ground floor retail tenancy has independent egress to the street. 

Levels 1, 2 and 3 exit into the stairwell.  The stairwell discharges into the ground floor 
lobby from where occupants can exit to the street. 

Escape Route Heights: 
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It has been assumed all escape routes provide 2100 mm clear height. 

Escape Route Widths: 

Level Description Occ.  
Load 

Width 
Req. 
(mm) 
Horiz. 

Width 
Actual 
(mm) 
Horiz. 

Width 
Req. 
(mm) 
Vert. 

Width 
Actual 
(mm) 
Vert. 

B Basement 15 1x850 3x1200 1x1000 1x1000 
G Shop 32 1x850 1x850 N/A N/A 
G Offices 10 1x850 1x1000   
1-3 Offices 28 1x850 1x850 1x1000 1x1200 

Table A4.3 - Escape Route Widths within Case Building Four 

The above shows that the escape route widths within the building comply with the 
minimum requirements of C/AS1. 

Escape Route Travel Distances: 

A 100% increase in permitted length has been used due to the smoke detector 
installation. 

Level Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

B Basement 48 35 48 35 
G Shop 36 21 36 21 
G Offices 48 23 48 23 
1-3 Offices 48 35 48 35 

Table A4.4 - Escape Route Travel Distances within Case Building Four 

The above shows that the travel distances within the building comply with the 
maximum permitted by C/AS1. 

The doors from levels 1, 2 and 3 to the stairwell are to swing in the direction of 
escaping occupants. 

Vision panels are required on doors that swing in both directions. 

C/AS1 Part 5: Fire Resistance Ratings 

It has been assumed the building is all under single ownership. 

The S rating is calculated for the worst case using methods described in C/AS1. 
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Firecell Floor Area (Af) Vertical 
Openings (Av) 

Horizontal 
Openings (Ah) 

S Rating 

Basement 144 m2 20 m2 0 m2 90 mins 
Ground  197 30 0 80 
Level 1 219 39 0 70 
Level 2 and 3 281 45 0 80 

Table A4.5 - S-rating for Case Building Four 

Therefore, as the S-rating for the building is 90 minutes. 

C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

As the F rating for the building is 60 minutes, every firecell is to be separated by 
construction achieving no less than 60/60/60. 

The required firecells are every floor, the lift shaft, the stairwell, and the ground floor 
lobby.  The retail tenancy is required to be separated from the office tenancy on the 
ground floor as they are different purpose groups. 

C/AS1 Part 7: Control of External Fire Spread 

It is assumed the building is built directly besides the property boundaries on the two 
long sides and faces streets on the two shorter sides.  Therefore the two long side 
walls are required to be constructed to achieve a fire resistance rating of no less than 
90 minutes. 

The two shorter faces of the building face into streets and are therefore not required to 
be assessed for spread of fire to these boundaries. 

External Vertical Fire Spread 

As the building is assumed to be all under single ownership, and there are no sleeping 
purpose groups on upper levels there is no requirement to assess vertical spread of 
fire. 

C/AS1 Part 8: Fire Fighting 

The building is located adjacent to two streets and as such there are no requirements 
for Fire Service vehicles.  A charged hydrant riser is not required as hose run 
distances are less than 75 m. 

Summary of Works required for Case Building Four to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 

• A fully analogue addressable smoke detection system is required to be 
installed throughout the building in accordance with NZS 4512. 

• A new manual fire alarm system is required to be installed throughout the 
building in accordance with NZS 4512. 
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• The two long boundary walls are required to achieve a FRR of no less than 
90/90/90. 

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
operated without a key or other security device and allow the door to open in a 
normal manner. 

• Electronic locking devices on doors on escape routes shall also be fitted with a 
push button or switch that releases the lock and allows the door to be opened 
(in the direction of escape) without a swipe card or key code.  
Electromechanical locks that are not free handle are required to unlock (fail 
safe/open) in the event of power failure or door malfunction. 

• Vision panels are to be provided to doors that open into the stairwell and 
ground floor lobby and any that swing in two directions. 

• Illuminated exit signage is required to be installed throughout the building in 
accordance with F8/AS1. 

• Emergency lighting is required to be installed in the stairwell and ground floor 
lobby in accordance with F6/AS1. 

• Throughout the building the surfaces shall meet the following early fire hazard 
indices limitations. 

 maximum permitted SFI maximum permitted SFI 
Stairwell and ground floor lobby 0 3 
Corridors and passageways in 
the offices 

7 5 

Other occupied spaces 9 
or 5 

8 
or 10 

Table A4.6 - Early Fire Hazard Indices for Case Building Four 
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A5 Case Building Five – Cinema Complex 

The fire safety requirements for Case Building Five, if using C/AS1 as the design 
basis, is described with a list of required building works.  It is assumed the building 
shown in the plans is all located at ground level.  It has been assumed the building is 
all under single ownership and there is no other property or buildings containing 
sleeping purpose groups nearby. 

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A5.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

G Cinema 1 CL 2 (No. of Fixed Seats) 234 
G Cinema 2 CL 2 (No. of Fixed Seats) 202 
G Cinema 3 CL 2 (No. of Fixed Seats) 132 
G Cinema 4 CL 2 (No. of Fixed Seats) 124 
G Cinema 5 CL 2 (No. of Fixed Seats) 126 
G Box office WL 2 27 0.1 3 
G Candy Store WL 2 30 0.1 3 
G Bar (public) CL 2 68 1.0 68 
G Bar/Kitchen/Offi

ce 
WL 2 30 0.1 3 

G Foyer CL 2 192 1.0 192 
 Total     1087 

Table A5.1 - Occupancy for Case Building Five 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building Five 
by Table 4.1 of C/AS1 [ref], which each of the cinemas a separate firecell. 

Purpose 
Group 

Escape Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

CL 0 0 3f 16d, 18c 

Table A5.2 - Fire Safety Precautions required in Case Building Five 

Special application ‘f’ indicates a direct connection to the fire service is not required 
where a phone line is freely available to make ‘111’ calls.  It has been assumed a 
telephone is provided. 

Special application ‘d’ applies to this building, and emergency lighting is to be 
provided throughout the building. 

Special application ‘c’ applies to this building as hose run lengths are less than 75 m.  
Therefore a fire hydrant system is not required to be installed. 
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C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

Each cinema has two exits, one to the outside and one to the foyer.  The candy bar, 
bar and other ancillary areas all exit to the foyer. 

The foyer has two escape routes, one directly outside and one to the connected mall 
space from which there are several directions of escape. 

Escape Route Heights: 

It has been assumed all escape routes provide 2100 mm clear height. 

Escape Route Widths: 

The following summarises the allowable and actual escape route widths. 

Description Occupant 
Load 

Width Req. 
without 
sprinklers 
(mm) 

Width Req. 
with sprinklers 
(mm) 

Width 
Actual 
(mm) 
 

Cinema 1 234 2x1640 2x850 1x1800 
1x1200 

Cinema 2 202 2x1410 2x850 1x1200 
1x850 

Cinema 3 132 2x920 2x850 3x850* 
Cinema 4 124 2x860 2x850 2x850 
Cinema 5 126 2x880 2x850 2x850 
Box office 3 1x850 1x850 1x850 
Candy Store 3 1x850 1x850 1x850 
Bar (public) 68 2x850 2x850 1x1000 

1x3000 
Bar/Kitchen/Office 3 1x850 1x850 1x850 
Foyer 192 2x1340 2x850 1x1800 

1x4000 

Table A5.3 - Escape Route Widths within Case Building Five 

*Two of the exits from cinema 3 open into the same safe path corridor and are not 
separated by 8.0 m and therefore are not able to be counted as two distinct escape 
routes. 

Table A6.3 shows that the available widths do not comply with the minimum 
permitted widths within C/AS1, unless sprinklers are installed in the building.  
Therefore sprinklers are required to be installed in this building. 

Escape Route Travel Distances: 

A 100% increase in permitted length has been used due to the installation of 
sprinklers. 
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Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

Cinema 1 36 3 90 28 
Cinema 2 36 3 90 36 
Cinema 3 36 4 90 20 
Cinema 4 36 5 90 23 
Cinema 5 36 5 90 25 
Box office 48 10 120 18 
Candy Store 48 7 120 24 
Bar (public) 36 19 90 31 
Bar/Kitchen/Office 48 15 120 26 
Foyer 36 8 90 39 

Table A5.4 - Escape Route Travel Distances within Case Building Five 

The above shows that the travel distances within the building comply with the 
maximum permitted by C/AS1. 

Other aspects of the escape routes: 

The fixed seating is to be a minimum width of 500 mm where arms are provided, or 
450 mm where arms are not provided and minimum depth of 600 mm where seat 
backs are not provided and 760 mm where seat backs are provided (measured seat 
edge to seat edge). 

The walkways in the fixed seating are to provide a minimum width of 300 mm.  
Aisles are to provide a minimum width of 1100 mm, and cross aisles 1650 mm. 

C/AS1 Part 5: Fire Resistance Ratings 

It has been assumed the building is all under single ownership and there is no other 
property or buildings containing sleeping purpose groups nearby.  Therefore any fire 
separations are required use the F-rating given in C/AS1 Part 4. 

C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

As each cinema is to be a firecell the required rating for ground floor firecells is 30 
minutes.  Therefore it is required under C/AS1 that each cinema be separated by 
construction achieving a fire resistance rating of no less than 30/30/30 sm. 

Any air-conditioning or ducting between the firecells is to be adequately collared, 
stopped or provided with dampers that achieve the required rating. 

Structural Stability: 

The failure of non fire rated construction in the vicinity of fire separations must not 
compromise the stability or integrity of these fire separations for a period not less than 
the required fire resistance rating, and therefore all primary structural members shall 
be rated for structural integrity to at least the same rating as the separations they 
support. 
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C/AS1 Part 7: Control of External Fire Spread 

No site plan was available for this case building, and it has been assumed that there 
are no close property boundaries or other buildings close by that contain sleeping 
purpose groups.  This is probable for this type of building which would likely have 
roads and car parks surrounding it. 

Therefore there are no requirements to protect from spread of fire from this building. 

C/AS1 Part 8: Fire Fighting 

If the building is located remote from street facing boundaries the car parks and 
driveways leading to the building are to be built to withstand the loading and width 
requirements of paragraph 8.1.1. 

Summary of Works required for Case Building Five to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 

• A sprinkler system is required to be installed throughout the building in 
accordance with NZS 4541, and it can be amended as detailed in Appendix D 
of C/As1 [ref]. 

• A new manual fire alarm system is required to be installed throughout the 
building in accordance with NZS 4512. 

• Fire hose reels and portable hand held extinguishers to NZS 4503 and AS 
1221 are to be provided throughout the building to comply with the sprinkler 
standard. 

• Emergency lighting is required to be installed throughout the building in 
accordance with F6/AS1. 

• Bounding construction of each firecell is required to achieve a fire resistance 
rating of not less than 30/30/30 sm.   

• Primary supporting structures for the fire rated separations are required to 
achieve a fire resistance rating of not less than 30/-/-. 

• All penetrations through fire separations are required to be fire stopped with 
approved systems suitable for the use in accordance with AS 1530 and AS 
4072.1. 

• Fire dampers are required to be installed where HVAC ductwork penetrates 
through fire separations.  Dampers are to be installed in accordance with AS 
1682 and the manufacturers’ instructions. 

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
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operated without a key or other security device and allow the door to open in a 
normal manner. 

• Electronic locking devices on doors on escape routes shall also be fitted with a 
push button or switch that releases the lock and allows the door to be opened 
(in the direction of escape) without a swipe card or key code.  
Electromechanical locks that are not free handle are required to unlock (fail 
safe/open) in the event of power failure or door malfunction. 

• Vision panels are required on doors that enter into an exitway and to any doors 
that swing in two directions. 

• Illuminated exit signage is required to be installed throughout the building in 
accordance with F8/AS1.   

• Throughout the building the surfaces shall meet the following early fire hazard 
indices limitations. 

 maximum permitted 
SFI 

maximum permitted SFI 

Exitways 0 3 
All occupied areas 2 5 
Flexible fabrics max permitted FI:    12 

Table A5.5 - Early Fire Hazard Indices for Case Building Five 

(SFI = Spread of Flame Index, SDI = Smoke Developed Index, FI = 
flammability index) 
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A6 Case Building Six - Motel 

The fire safety requirements for Case Building Six, if using C/AS1 as the design 
basis, is described with a list of required building works. 

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A6.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

G Units SA 1 (No. of Bed Spaces) 12 
1 Units SA 1 (No. of Bed Spaces) 12 
 Total     24 

Table A6.1 - Occupancy for Case Building Six 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building One 
by Table 4.1 of C/AS1 [ref]. 

Purpose 
Group 

Escape Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

SA < 4 45 4ef 16a, 18c 

Table A6.2 - Fire Safety Precautions required in Case Building Six 

Special application ‘e’ indicates a Type 5 system (with local sounding smoke 
detection and building wide sounding heat detection) is a permitted alternative to the 
Type 4 system (building wide sounding smoke detection).  This is often preferred as it 
can result in less unwanted alarms. 

Special application ‘f’ indicates a direct connection to the fire service is not required 
where a phone line is freely available to make ‘111’ calls.  It has been assumed 
telephones are provided in each unit. 

Special application ‘a’ applies to this building, as the escape routes serve less than 10 
beds and therefore emergency lighting is not required. 

Special application ‘c’ applies to this building as hose run lengths are less than 75 m.  
Therefore a fire hydrant system is not required to be installed. 

C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

The ground floor unit all have direct access to the outside.  Occupants can travel 
immediately away from the building and do not need to pass in front of another unit to 
reach a safe place. 



Appendix A - C/AS1 Design  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in 

New Zealand 

218

The first floor units have direct access to the open air walkway.  There are stairs at 
both ends of the walkway and as such, occupants have two escape paths and will not 
need to travel past a unit that is on fire. 

Escape Route Heights: 

It has been assumed all escape routes provide 2100 mm clear height. 

Escape Route Widths: 

The following summarises the allowable and actual escape route widths. 

Level Description Occ.  
Load 

Width 
Req. 
(mm) 
Horiz. 

Width 
Actual 
(mm) 
Horiz. 

Width 
Req. 
(mm) 
Vert. 

Width 
Actual 
(mm) 
Vert. 

G Each Unit 3 1x850 1x850 N/A N/A 
1 Each Unit 3 1x850 1x850 1x1000 2x1000 
1 All four units 12 1x850 2x1000 1x1000 2x1000 

Table A6.3 - Escape Route Widths within Case Building Six 

The above shows that the escape route widths within the building comply with the 
minimum requirements of C/AS1. 

Escape Route Travel Distances: 

A 50% increase in permitted length has been used due to the installation of smoke 
detectors. 

Level Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

G Units 27 6 67.5 6 
1 Units 27 6 90 33 

Table A6.4 - Escape Route Travel Distances within Case Building Six 

The above shows that the travel distances within the building comply with the 
maximum permitted by C/AS1. 

Other aspects of the escape routes: 

The front doors to the units are not required to open in the direction of occupants 
escaping due to the low occupancy load in each unit. 

C/AS1 Part 5: Fire Resistance Ratings 

It has been assumed the building is all under single ownership. 

The S rating is calculated for the worst case using methods described in C/AS1. 
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Firecell Floor Area (Af) Vertical 
Openings (Av) 

Horizontal 
Openings (Ah) 

S Rating 

Unit 1 28 m2 4.9 m2 0 m2 40 mins 
Unit 2  25.6 m2 4.9 m2 0 m2 30 mins 
Unit 3 30.6 m2 5.5 m2 0 m2 40 mins 
Unit 4 33.6 m2 5.6 m2 0 m2 40 mins 

Table A6.5 - S-rating for Case Building Six 

Therefore, as the S-rating is less than the F-rating, the F-rating is to be used 
throughout the building for fire separations. 

C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

As the F rating of the building is 45 minutes, it is required under C/AS1 that each 
accommodation unit's separations are to achieve a fire resistance rating of no less than 
45/45/45sm. 

Therefore each accommodation unit is required to be separated from each other with 
bounding construction achieving FRR of 45/45/45.  The front of the units that face the 
unenclosed walkway are not required to be fire rated as occupants have two directions 
of escape. 

To address fire and smoke spread between floors, vertical risers within the building 
are required to be either enclosed with construction that achieves a FRR of no less 
than 45/45/45sm as a vertical shaft or are to be fire separated at each floor level. 

The underside of the walkway on the first floor is to be rated to achieve 45/45/45, and 
the barrier must be a flame barrier. 

Structural Stability: 

The failure of non fire rated construction i.e. walls and column etc in the vicinity of 
fire separations must not compromise the stability or integrity of these fire separations 
for a period not less than the required fire resistance rating, and therefore all primary 
structural members shall be rated for structural integrity to at least the same rating as 
the separations they support. 

C/AS1 Part 7: Control of External Fire Spread 

The site plan shows the building is near property boundaries on the east and south 
sides, and near another building used for sleeping on the west side. 

North Face 

The North face of the building is at least 12 m from the boundary, and can therefore 
be 100% unprotected. 

South Face 
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The South face is located 3.0 m from the boundary, and is included in the enclosing 
rectangle calculation below. 

East Face 

The east face of this building is located 1.5 m from the boundary, and is included in 
the enclosing rectangle calculation below. 

West Faces 

The western facing sides of the building face into the property and to the existing 
Budget Lodge.  As this building contains sleeping purpose groups spread of fire to 
this building must be assessed even if it is under the same ownership.  The west face 
of units 4 on the ground and first floors are fire rated to separate the unit from the 
escape stair.  Therefore the risk of fire spread from the north face of unit 4 to the east 
face of the existing budget lodge.  

Method 4 was used to assess if a return wall was required on Unit 4.  The buildings 
are 2.0 m apart at 90°, and with an equivalent opening height of 3 m and an equivalent 
opening width of 5.5 m the required return wall is 200 mm.  Therefore, as the 
buildings are separated by 2.0 m no return wall is required. 

Face Enclosing 
Rectangle 
(w x h) 

Distance to 
Boundary 

Permitted 
Unprotected 
Area 

South (Unit 4) 7.4 m x 3 m 3.0 m 82 % 
East (Unit 3) 6.5 m x 3 m 1.5 m 48 % 

Table A6.6 - Enclosing Rectangle Calculation for Case Building Six 

Therefore portions of the south and east walls of both the ground and first floors must 
be constructed to achieve a fire resistance rating of no less than 45/45/45 one-way. 

External Vertical Fire Spread 

As the building has an escape height of less than 4.0 m there is no requirement within 
C/AS1 to assess vertical spread of fire to the upper level. 

C/AS1 Part 8: Fire Fighting 

As the building is located remote from the street front facing boundaries the car park 
and driveway shall be built to withstand the loads and widths required for fire fighter 
vehicle access in 8.1.1. 

Summary of Works required for Case Building Six to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 
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• A local sounding smoke detection system is required to be installed 
throughout the building in accordance with NZS 4512, with a heat detection 
system throughout that alerts the whole building installed to NZS 4512. 

• A new manual fire alarm system is required to be installed throughout the 
building in accordance with NZS 4512. 

• Bounding construction of each accommodation unit is required to achieve a 
fire resistance rating of not less than 45/45/45sm.  The walls of the units 
facing the walkway do not require fire rating. 

• Primary supporting structures for the fire rated separations are required to 
achieve a fire resistance rating of not less than 45/-/-. 

• The South and East boundary walls are required to have portions of external 
wall achieve a FRR of no less than 45/45/45sm one way. 

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
operated without a key or other security device and allow the door to open in a 
normal manner. 

• Electronic locking devices on doors on escape routes shall also be fitted with a 
push button or switch that releases the lock and allows the door to be opened 
(in the direction of escape) without a swipe card or key code.  
Electromechanical locks that are not free handle are required to unlock (fail 
safe/open) in the event of power failure or door malfunction. 

• Illuminated exit signage is required to be installed throughout the building in 
accordance with F8/AS1.   

• Throughout the building the surfaces shall meet the following early fire hazard 
indices limitations. 

 maximum permitted 
SFI 

maximum permitted SFI 

The open walkway 
and stairs 

0 3 

Units 2 5 

Table A6.7 - Early Fire Hazard Indices for Case Building Six 

(SFI = Spread of Flame Index, SDI = Smoke Developed Index) 
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A7 Case Building Seven - Apartments 

The fire safety requirements for Case Building Seven, if using C/AS1 as the design 
basis, is described with a list of required building works. 

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A7.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

G Retail 1 CM 2 94 0.3 29 
G Retail 2 CM 2 136 0.3 41 
G Office WL 2 86 0.1 9 
G Car park IA 1 670 0.02 14* 
1 Apartments SR 1 (No. of Bed Spaces) 36 
2 Apartments SR 1 (No. of Bed Spaces) 36 
3 Apartments SR 1 (No. of Bed Spaces) 30 
 Total     181 

Table A7.1 - Occupancy for Case Building Seven 

*The occupants in the car park have not been included in the building total to avoid 
duplication. 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building One 
by Table 4.1 of C/AS1 [ref]. 

Purpose 
Group 

Escape Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

CM/WL 0 0 2af 18c 
SR < 10 45 2f 16a 

Table A7.2 - Fire Safety Precautions required in Case Building Seven 

Special application ‘f’ indicates that where a telephone line is freely available to make 
‘111’ calls if required there is no requirement for a direct connection to the Fire 
Service.  It is assumed a telephone line will be available in the building. 

Special application ‘a’ does not apply to this building as the apartments do not all 
open into external safe paths.  Therefore emergency lighting is required in exitways. 

Special application ‘c’ does apply to this building as hose run lengths are less than 
75 m and therefore a fire hydrant system is not required. 

However, as there commercial firecells under sleeping firecells a minimum of a heat 
detection system is required throughout the ground floor with sounders extended 
throughout the apartments. 
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In addition to the requirements of C/AS1 this building must supply Type 1 Domestic 
Smoke Detectors to each apartment in accordance with F7/AS1 [ref]. 

C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

The ground floor retail spaces have two escape routes provided; one through the rear 
of the shops to the car park, and one through the main front doors to the street.  Retail 
2 also exits into the main building lobby.  The ground floor office space has one exit 
to the main ground floor lobby and one to the street. 

The apartments all have access to a common corridor which leads to the single stair.  
It is noted that apartment 4 on levels 1 and 2 require a lobby (horizontal safe path) to 
be provided and cannot open directly into the stair as shown. 

The stair discharges to a ground floor lobby from where occupants can leave the 
building through the front of the building. 

Escape Route Heights: 

It has been assumed all escape routes provide 2100 mm clear height. 

Escape Route Widths: 

The following summarises the allowable and actual escape route widths. 

Level Description Occ.  
Load 

Width 
Req. 
(mm) 
Horiz. 

Width 
Actual 
(mm) 
Horiz. 

Width 
Req. 
(mm) 
Vert. 

Width 
Actual 
(mm) 
Vert. 

G Retail 1 45 1x850 1x1600 
1x850 

N/A N/A 

G Retail 2 31 1x850 1x1600 
1x850 

N/A N/A 

G Office 9 1x850 1x1600 
1x1200 

N/A N/A 

G Car park 14 1x850 1x850 N/A N/A 
1 Apartments 36 1x850 1x850 1x1000 1x1000 
2 Apartment 36 1x850 1x850 1x1000 1x1000 
3 Apartments 30 1x850 1x850 1x1000 1x1000 

Table A7.3 Escape Route Widths within Case Building Seven 

The above shows that the escape route widths within the building comply with the 
minimum requirements of C/AS1. 

Escape Route Travel Distances: 

A 20% increase in permitted length has been used for the shop and office areas, due to 
the heat detector installation.  The Type 1 domestic smoke detection provided to the 
apartments does not qualify for an increase in permitted travel length. 
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Level Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

G Retail 1 29 4 72 19 
G Retail 2 29 7 72 24 
G Office 29 18 72 26 
G Car park 43 33 43 33 
1, 2 Apartments 24 20 24 20 
3 Apartments 24 22 24 22 

Table A7.4 - Escape Route Travel Distances within Case Building Seven 

The above shows that the travel distances within the building comply with the 
maximum permitted by C/AS1. 

Other aspects of the escape routes: 

The apartment doors are not required to open in the direction of occupants escaping.  
All other doors on escape routes are to open in the direction of occupants escaping. 

A single means of escape is permitted for the apartments in this building the total 
number of occupants on each level served by the single stair is less than 50, the 
escape route from each apartment opens into a safe path and the escape height is less 
than 10 m. 

C/AS1 Part 5: Fire Resistance Ratings 

It has been assumed each apartment is to be unit titled.  Therefore the higher of the F-
rating or the S-rating is required to be used for the fire separations between the 
apartments. 

The S rating is calculated for the worst case using methods described in C/AS1. 

Firecell Floor Area (Af) Vertical 
Openings (Av) 

Horizontal 
Openings (Ah) 

S Rating 

Apartment 3, 5 90 m2 8.0 m2 0 m2 60 mins 
Car park 670 15 m2 0 m2 90 

Table A7.5 S-rating for Case Building Seven 

Therefore, as the S-rating is greater than the F-rating, the S-rating is to be used for fire 
separations between the apartments. 

C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

As the F rating of the building is 45 minutes, it is required under C/AS1 that each 
firecell achieve a FRR of no less than 45/45/45sm. 

Notwithstanding the above, each apartment is to be constructed with bounding 
construction that achieves a fire resistance rating of no less than 60/60/60. 

Therefore the doors to each accommodation room are required to achieve a FRR of no 
less than -/60/30sm. 
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The passenger lift is permitted to be within the safe path stair. 

The stairwells can be unrated to the common corridor on level 9, but must still be 
smoke sealed. 

Structural Stability: 

The failure of non fire rated construction i.e. walls and column etc in the vicinity of 
fire separations must not compromise the stability or integrity of these fire separations 
for a period not less than the required fire resistance rating, and therefore all primary 
structural members shall be rated for structural integrity to at least the same rating as 
the separations they support. 

If the car parks are to be individually unit titled a waiver would need to be applied for 
when applying for building consent for this building to waive the requirements of 
Code clause C3.3.2 to protect from fire spread to other property. 

C/AS1 Part 7: Control of External Fire Spread 

North Face 

The north face of the building is built directly to the property boundary for part of the 
external walls of apartments 1 on levels 1 and 2.  These walls must be fire rated to the 
S-rating.  On the ground floor Retail 1 is 5.0 m away from the boundary and on Level 
3 Apartment 19 is 3.0 m from the boundary, these walls are included in the enclosing 
rectangle calculation below. 

West Face 

The West face of the building faces into the street and is therefore not required to be 
assessed for fire safety to this boundary. 

South Face 

The south face of the building is built directly to the boundary, on the ground floor 
office and car park, and apartments 7 on levels 1 and 2 and all these walls must be 
100% protected to the S-rating.  One Level 3, Apartment 22 is located 4.5 m away 
from the boundary at its closest point.  This wall is included in the enclosing rectangle 
calculation below. 

East Face 

The east face of the building is built directly to the boundary at ground level, 6.0 m 
from the boundary at Levels 1 and 2, and the closest part of the building is 8.0 m form 
the boundary on Level 3.  These faces have been included in the enclosing rectangle 
calculation below. 
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Face Enclosing 
Rectangle 
(w x h) 

Distance to 
Boundary 

Permitted 
Unprotected 
Area 

North (Ground) 15.5 m x 3 m 5.0 m 86 % 
North (Level 3) 17 m x 3 m 3.4 m 74 % 
South 
(Apartment 22) 

17.5 m x 3 m 4.5 m 89 % 

East (Apartment 
8 or 9) 

9.0 m x 3 m 6.0 m 100 % 

East (Apartment 
23) 

19.5 m x 8.0 m 8.0 m 100 % 

Table A7.6 Enclosing Rectangle Calculations for Case Building Seven 

Therefore portions of the north wall at ground and level 3, the south wall on level 3 
are required to be rated to the S-rating one-way.  The eastern face of the building may 
be unrated above ground level. 

External Vertical Fire Spread 

As it has been assumed the apartments are to be unit titled, external vertical spread of 
fire must be addressed for this building. 

The balconies on the east and west faces of the building provide adequate coverage 
for an apron (greater than 600 mm) if the underside is rated to the S-rating. 

The south and south faces of the building have no unprotected openings on the 
ground, level 1 or level 2.  Level 3 is protected from vertical fire spread by the 
balconies as they are required to be rated on the underside as they form the ceiling of 
the apartment below. 

C/AS1 Part 8: Fire Fighting 

As the building is not located remote from the street front facing boundaries no 
special requirements are required for fire fighter vehicle access. 

Summary of Works required for Case Building Seven to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 

• A heat detection system is required to be installed throughout the ground floor 
in accordance with NZS 4512, and connected to the manual alarm system 
through the entire building to sound a building wide alarm upon activation. 

• A new manual fire alarm system is required to be installed throughout the 
building in accordance with NZS 4512. 

• Domestic smoke detectors are to be installed in every apartment in accordance 
with F7/AS1.  They can be battery powered, and must have a hush facility and 
a testing facility available to occupants.   
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• Bounding construction of the each apartment is required to achieve a fire 
resistance rating of not less than (60)/60/60sm. 

• External walls, or portions of walls, requiring rating on the ground floor shall 
be constructed to achieve 90/90/90.  External walls, or portions of walls, 
requiring rating on the upper levels shall be constructed to achieve 60/60/60. 

• Bounding construction of the stairs and safe path corridors (other than listed 
above) are required to be constructed to achieve fire resistance rating of no 
less than 45/45/45. 

• Primary supporting structures for the fire rated walls are required to achieve a 
fire resistance rating of not less than the fire separations they support. 

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
operated without a key or other security device and allow the door to open in a 
normal manner. 

• Electronic locking devices on doors on escape routes shall also be fitted with a 
push button or switch that releases the lock and allows the door to be opened 
(in the direction of escape) without a swipe card or key code.  
Electromechanical locks that are not free handle are required to unlock (fail 
safe/open) in the event of power failure or door malfunction. 

• Vision panels are to be provided to doors into corridors, stairways and to any 
doors that swing in two directions. 

• Illuminated exit signage is required to be installed throughout the building in 
accordance with F8/AS1.  No signage is required within the apartments. 

• Emergency lighting is required to be installed throughout the exitways 
(common corridors, stairwell and the ground floor lobby) in accordance with 
F6/AS1. 

• Throughout the building the wall and ceiling surfaces shall meet the following 
early fire hazard indices limitations. 
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 maximum permitted SFI maximum permitted SDI 

Exitways (corridors, lobby  and 
stairs) 

0 3 

Occupied space in the retail and 
office units 

5 

or 9 

10 

or 8 

Table A7.7 - Early Hazard Indices for Case Building Seven 

(SFI = Spread of Flame Index, SDI = Smoke Developed Index)
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A8 Case Building Eight – Restaurant 

The fire safety requirements for Case Building Eight, if using C/AS1 as the design 
basis, is described with a list of required building works. 

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A8.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

G Kitchen CS 2 132 0.1 13 
G Dining CS 2 70 0.9 63 
1 Dining CL 2 150 0.9 135 
1 Play CL 2 98 0.25 25 
 Total     236 

Table A8.1 - Occupancy for Case Building Eight 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building 
Eight by Table 4.1 of C/AS1 [ref]. 

Purpose 
Group 

Escape Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

CL < 4 60 3f 16, 18c 

Table A8.2 - Fire Safety Precautions required in Case Building Eight 

C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

The ground floor kitchen has egress from the rear of the building, and staff could also 
leave through the public dining area. 

The ground floor dining area has two escape routes; one through the main entry doors 
and one through the stair lobby and to outside. 

The upper level has two escape routes; occupants can leave the building via an 
external stair or via the internal stair to the ground floor and to outside.  The internal 
stair is open to the tope floor but separated from the remainder of the ground floor. 

Escape Route Heights: 

It has been assumed all escape routes provide 2100 mm clear height. 

Escape Route Widths: 

The following summarises the allowable and actual escape route widths. 
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Level Description Occ.  
Load 

Width 
Req. 
(mm) 
Horiz. 

Width 
Actual 
(mm) 
Horiz. 

Width 
Req. 
(mm) 
Vert. 

Width 
Actual 
(mm) 
Vert. 

G Kitchen  13 1x850 1x850 N/A N/A 
G Dining 63 2x850 1x1400 

1x1200 
N/A N/A 

1 Dining and Play 160 2x1120 1x1400 
1x1200 

2x1400 2x1400 

Table A8.3 - Escape Route Widths within Case Building Eight 

The above shows that the escape route widths within the building comply with the 
minimum requirements of C/AS1. 

Escape Route Travel Distances: 

A 20% increase in permitted length has been used due to the heat detector installation. 

Level Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

G Kitchen 29 8 72 30 
G Dining 22 17 54 26 
1 Dining and Play 22 14 54 44 

Table A8.4 - Escape Route Travel Distances within Case Building Eight 

The above shows that the travel distances within the building comply with the 
maximum permitted by C/AS1. 

C/AS1 Part 5: Fire Resistance Ratings 

It has been assumed the building is under single ownership, and that there are no 
property boundaries of other buildings with sleeping purpose groups nearby to the 
building. 

Therefore the F-rating required to be used throughout the building for any required 
fire separations. 

C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

As the F rating of the building is 60 minutes, it is required under C/AS1 that each 
firecell is constructed with bounding construction that achieves a fire resistance rating 
of no less than 60/60/60sm. 

The firecells are the upper floor, including the stair and the ground floor. 

Structural Stability: 

The failure of non fire rated construction i.e. walls and column etc in the vicinity of 
fire separations must not compromise the stability or integrity of these fire separations 
for a period not less than the required fire resistance rating, and therefore all primary 
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structural members shall be rated for structural integrity to at least the same rating as 
the separations they support. 

C/AS1 Part 7: Control of External Fire Spread 

It has been assumed the building is not building close to any property boundaries or 
other buildings containing sleeping purpose groups.  This is probable for this building 
as the plans show a drive-through away of the restaurant so there is likely to be a 
driveway and car parking area around much of the building. 

External Vertical Spread of Fire 

As the building is assumed to be under single ownership there is no requirement to 
assess for external fire spread to the upper level. 

C/AS1 Part 8: Fire Fighting 

As the building is not located remote from the street front facing boundaries no 
special requirements are required for fire fighter vehicle access. 

Summary of Works required for Case Building Eight to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 

• A heat detection system is to be installed throughout the building is 
accordance with NZS 4512. 

• A new manual fire alarm system is required to be installed throughout the 
building in accordance with NZS 4512. 

• Bounding construction between the ground floor and upper level is required to 
achieve a fire resistance rating of not less than (60)/60/60sm. 

• Primary supporting structures for the fire rated walls and separations are 
required to achieve a fire resistance rating of not less than 60/-/-. 

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
operated without a key or other security device and allow the door to open in a 
normal manner. 

• Electronic locking devices on doors on escape routes shall also be fitted with a 
push button or switch that releases the lock and allows the door to be opened 
(in the direction of escape) without a swipe card or key code.  
Electromechanical locks that are not free handle are required to unlock (fail 
safe/open) in the event of power failure or door malfunction. 

• Vision panels are to be provided to doors into stairways and corridors and to 
any doors that swing in two directions. 
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• Illuminated exit signage is required to be installed throughout the building in 
accordance with F8/AS1.   

• Emergency lighting is required to be installed throughout the exitways (stairs 
and stair lobby) in accordance with F6/AS1. 

• Throughout the building the wall and ceiling surfaces shall meet the following 
early fire hazard indices limitations. 

 maximum permitted SFI maximum permitted SDI 
Exitways (lobby and stairs) 0 3 
Occupied space dining areas 2 5 
Passageways and corridors 7 7 
Other occupied spaces 5 

or 9 
10 
or 8 

Table A8.4 - Early Fire Hazard Indices for Case Building Eight 

(SFI = Spread of Flame Index, SDI = Smoke Developed Index) 
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A9 Case Building Nine – Retirement Home 

The fire safety requirements for Case Building Nine, if using C/AS1 as the design 
basis, is described with a list of required building works. 

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A9.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

G Reception WL 2 12 0.1 1 
G Kitchen WL 2 22 0.1 2 
G Nurse Station WL 2 12 0.1 1 
G Apartments SC 1 (No. of Bed Spaces) 12 
G Bedrooms SC 1 (No. of Bed Spaces) 12 
 Total     33* 

Table A9.1 - Occupancy for Case Building Nine 

*A staff to patient ratio is not required by the Ministry of Health; therefore an 
assumed number of 5 staff has been included here to allow for the additional 
occupants expected within the building. 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building Nine 
by Table 4.1 of C/AS1. 

Purpose 
Group 

Escape Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

SC 0 0 7 16d, 18c 

Table A9.2 - Fire Safety Precautions required in Case Building Nine 

C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

Within the apartment wing of the building each apartment opens into a common 
corridor.  From the corridor there are five exits, three of these are direct to the outside.  
Within the bedroom wing, each bedroom opens into a common corridor.  From the 
corridor there are three exits, two of these exit directly to the outside. 

The communal spaces and work areas of the building have several exits directly to the 
outside and occupants can also move to the apartment wing or the bedroom wing.  It 
has been assumed all escape routes provide 2100 mm clear height. 

All patient areas (apart from individual sleeping rooms) are required to have at least 
two 1200 mm escape routes which all do.  The building is supplied with significantly 
more than the minimum required escape width and complies with C/AS1.   
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Level Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

G Apartment Wing 18 13.5 45 26 
G Bedroom Wing 18 6 45 22 
G Common areas 18 8 45 24 

Table A9.3 - Escape Route Travel Distances within Case Building Nine 

The above shows that the travel distances within the building comply with the 
maximum permitted by C/AS1. 

C/AS1 Part 5: Fire Resistance Ratings 

It has been assumed that there are no property boundaries or other buildings with 
sleeping purpose groups near to this building. 

C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

Separations to SC suites are required to achieve fire resistance ratings of no less than 
15/15/15 sm, so each of the bedrooms in the bedroom wing is required to achieve this. 

The apartments are all to be separated by bounding construction achieving fire 
resistance ratings of no less than 30/30/30 sm. 

The failure of non fire rated construction i.e. walls and roof framing etc in the vicinity 
of fire separations must not compromise the stability or integrity of these fire 
separations for a period not less than the required fire resistance rating, and therefore 
all primary structural members shall be rated for structural integrity to at least the 
same rating as the separations they support. 

C/AS1 Part 7: Control of External Fire Spread 

It has been assumed there are no property boundaries or other buildings with sleeping 
purpose groups near to Case Building Nine and therefore no assessment of external 
fire spread has been undertaken. 

C/AS1 Part 8: Fire Fighting 

It is assumed the building is built away from street front boundaries and therefore any 
car parking or driveways that lead to the building are required to comply with the 
vehicle ladings and widths of paragraph 8.1.1. 

Summary of Works required for Case Building Nine to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 

• A sprinkler system is required to be installed throughout the building in 
accordance with NZS 4541. 

• A fully analogue addressable smoke detection system is required to be 
installed throughout the building in accordance with NZS 4512. 
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• A new manual fire alarm system is required to be installed throughout the 
building in accordance with NZS 4512. 

• Fire hose reels and portable hand held extinguishers to NZS 4503 and AS 
1221 are to be provided throughout the building to comply with the sprinkler 
standard. 

• Bounding construction of the bedrooms is required to achieve a fire resistance 
rating of not less than (15)/15/15sm. 

• Bounding construction of the apartments is required to achieve a fire 
resistance rating of not less than (30)/30/30sm. 

• Primary supporting structures for the fire rated walls are required to achieve a 
fire resistance rating of not less than 15/-/- or 30/-/- as required. 

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
operated without a key or other security device and allow the door to open in a 
normal manner. 

• Electronic locking devices on doors on escape routes shall also be fitted with a 
push button or switch that releases the lock and allows the door to be opened 
(in the direction of escape) without a swipe card or key code.  
Electromechanical locks that are not free handle are required to unlock (fail 
safe/open) in the event of power failure or door malfunction. 

• Vision panels are to be provided to doors into corridors and to doors that 
swing in two directions. 

• Illuminated exit signage is required to be installed throughout the building in 
accordance with F8/AS1.  No signage is required within the apartments or 
bedrooms. 

• Emergency lighting is required to be installed throughout the building in 
accordance with F6/AS1. 

• Throughout the building the ceiling surfaces shall meet the following early fire 
hazard indices limitations. 

 maximum permitted SFI maximum permitted SDI 
Exitways and sleeping areas 0 3 
Other occupied spaces 5 

or 9 
10 
or 8 

Table A9.4 - Early Fire Hazard Indices for Case Building Nine 

(SFI = Spread of Flame Index, SDI = Smoke Developed Index) 
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A10 Case Building Ten – Industrial  

The fire safety requirements for Case Building Ten, if using C/AS1 as the design 
basis, is described with a list of required building works. 

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A10.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

G Store WM 3 940 0.03 28 
G Workroom WM 3 190 0.2 38 
G Goods Store WM 3 70 0.03 2 
G Lab WL 2 90 0.2 18 
G Offices WL 2 220 0.1 22 
 Total     109 

Table A10.1 - Occupancy for Case Building Ten 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building Ten 
by Table 4.1 of C/AS1 [ref] if the building has no internal fire separations. 

Purpose 
Group 

Escape Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

WM 0 0 3f 16, 18c 
WL 0 0 3f 16, 18c 

Table A10.2 - Fire Safety Precautions required in Case Building Ten 

Special application ‘f’ indicates a direct connection to the Fire Service is not required 
where a telephone line is freely available to make ‘111’ calls from.  It is assumed in a 
business premises that a phone line will be available. 

Special application ‘c’ applies to this building as hose run lengths around the building 
are less than 75 m.  Therefore a fire hydrant is not required. 

C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

The store has four exits that open directly to outside.  The workroom and laboratory 
both have one exit to the outside and one to the store.  The goods store has one exit 
into the store. 

The office part of the building has three exits directly to the outside, independent of 
the other part of the building. 

Escape Route Heights: 
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It has been assumed all escape routes provide 2100 mm clear height. 

Escape Route Widths: 

The following summarises the allowable and actual escape route widths. 

Level Description Occ.  
Load 

Width 
Req. 
(mm) 
Horiz. 

Width 
Actual 
(mm) 
Horiz. 

G Store 28 1x850 4x850 
G Workroom 38 1x850 2x850 
G Goods Store 2 1x850 1x850 
G Lab 18 1x850 2x850 
G Offices 23 1x850 2x850 

1x1200 

Table A10.3 - Escape Route Widths within Case Building Ten 

The above shows that the escape route widths within the building comply with the 
minimum requirements of C/AS1. 

Escape Route Travel Distances: 

A 20% increase in permitted length has been used due to the heat detector installation. 

Level Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

G Store 29 25 72 55 
G Workroom 29 11 72 52 
G Goods Store 29 14 72 39 
G Lab 29 6 72 26 
G Offices 29 18 72 30 

Table A10.4 - Escape Route Travel Distances within Case Building Ten 

The above shows that the travel distances within the building comply with the 
maximum permitted by C/AS1. 

C/AS1 Part 5: Fire Resistance Ratings 

The S rating is calculated for the worst case using methods described in C/AS1. 

Firecell Floor Area (Af) Vertical 
Openings (Av) 

Horizontal 
Openings (Ah) 

S Rating 

Store 946 m2 17 m2 189 m2 120 mins 

Table A10.5 - S-rating for Case Building Ten 

It is noted the storage area could contain 5 % of its floor area, or 20 m2 which ever is 
the greater of FHC=4 material without changing the purpose group of the building. 
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C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

As the building has no internal fire separations there are no firecells within the 
building. 

C/AS1 Part 7: Control of External Fire Spread 

The site plan shows the property boundaries surrounding the building. 

North Face 

The north face is 3.5 m away from the boundary at its closest point.  It has been 
assessed in the enclosing rectangle calculation below. 

East Face 

The east face of the building is over 70 m from the boundary, and as such is adequate 
distance to not require any fire rating to this boundary. 

South Face 

The south face of the building is 11.0 m away from the boundary and runs parallel to 
it.  It has been assessed in the enclosing rectangle calculation below. 

West Face 

The western face of this building faces into the street and is therefore not required to 
be assessed for spread of fire to this boundary. 

Face Enclosing 
Rectangle 
(w x h) 

Distance to 
Boundary 

Permitted 
Unprotected 
Area 

North 30 m x 4 m 3.5 m 28 % 
South  30 m x 4 m 11.0 m 77 % 

Table A10.6 - Enclosing Rectangle Calculation for Case Building Ten 

Therefore portions of the north and south walls are required to be constructed to 
achieve a fire resistance rating of no less than 120/120/120 one-way. 

C/AS1 Part 8: Fire Fighting 

As the building is located remote from the street front facing boundaries the car park 
and driveways leading to the front of the boundary are to comply with the loading and 
widths requirements of paragraph 8.1.1 for Fire Service vehicles. 

Summary of Works required for Case Building Ten to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 
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• A heat detection system is required to be installed throughout the building in 
accordance with NZS 4512. 

• A manual fire alarm system is required to be installed throughout the building 
in accordance with NZS 4512. 

• Portions of the north and south external walls are to be constructed to achieve 
a fire resistance rating of no less than 120/120/120 one-way. 

• Primary supporting structures for the fire rated walls are required to achieve a 
fire resistance rating of not less than 120/-/-. 

• The sliding partitions between the workroom and store and the goods store and 
store are to be open at all times the building is lawfully occupied. 

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
operated without a key or other security device and allow the door to open in a 
normal manner. 

• Electronic locking devices on doors on escape routes shall also be fitted with a 
push button or switch that releases the lock and allows the door to be opened 
(in the direction of escape) without a swipe card or key code.  
Electromechanical locks that are not free handle are required to unlock (fail 
safe/open) in the event of power failure or door malfunction. 

• Vision panels are to be provided to doors that swing in two directions. 

• Illuminated exit signage is required to be installed throughout the building in 
accordance with F8/AS1.  No signage is required within the apartments. 

• Emergency lighting is not required to be installed in the building as there are 
no exitways.  

• Throughout the building the wall and ceiling surfaces shall meet the following 
early fire hazard indices limitations. 

 maximum permitted SFI maximum permitted SDI 
Passageways and corridors 7 5 
Occupied space in the remainder 
of the building 

5 
or 9 

10 
or 8 

Table A10.7 - Early Fire Hazard Indices for Case Building Ten 

(SFI = Spread of Flame Index, SDI = Smoke Developed Index) 
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A11 Case Building Eleven – Indoor Sports Facility 

The fire safety requirements for Case Building Eleven, if using C/AS1 as the design 
basis, is described with a list of required building works. 

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A11.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

G Sports Hall CL 2 880 0.1 88 
G Squash CL 2 - - 8 
G Climbing Wall CL 2 84 0.1 9 
G Gymnasium CL 2 196 0.2 40 
G Seating CL 2 143 2.2 313 
G Office 1 WL 2 49 0.1 5 
G Office 2 WL 2 24 0.1 3 
G Foyer CM 2 63 1.0 63 
1 Sports Lounge CL 2 345 1.0 345 
1 kitchen/bar WL 2 60 0.1 6 
1 Function CL 2 63 2.0 126 
1 Viewing CL 2 139 - 100 
 Total     1106 

Table A11.1 – Occupancy for Case Building Eleven 

The building is divided into three firecells; the sports hall plus viewing (544 people), 

the foyer and remaining ground floor (117 people) and the upstairs function centre 

(471). 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building 
Eleven by Table 4.1 of C/AS1 [ref]. 

Purpose 
Group 

Escape Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

CL < 4 60 4 16, 18c 

Table A11.2 - Fire Safety Precautions required in Case Building Eleven 

C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

The sports hall has one exit directly outside, and two exits into the foyer. 

The foyer area has two exits to the outside, and the gym has an exit to the outside. 
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The upper level function centre has three exits; one directly to the outside and down 
an external unenclosed stair, one down an internal staircase to the foyer, and one on to 
the viewing area within the sports hall from where occupant can travel down the stairs 
to the ground level of the sports hall and continue to outside. 

Escape Route Heights: It has been assumed all escape routes provide 2100 mm clear 
height. 

Escape Route Widths: 

The following summarises the allowable and actual escape route widths.  Sprinklers 
are required to be installed in this building as the provided escape widths were not 
adequate to meet the requirements of C/AS1. 

Level Description Occ.  
Load 

Width 
Req. 
(mm) 
Horiz. 

Width 
Actual 
(mm) 
Horiz. 

Width 
Req. 
(mm) 
Vert. 

Width 
Actual 
(mm) 
Vert. 

G Sports Hall Firecell 544 3x1300 3x1600 N/A N/A 
G Foyer and Gym 

Firecell 
117 2x850 2x1600 

1x1200 
N/A N/A 

1 Function Centre 471 2x1600 2x1600 
1x1600 

2x2100 3x1400 

Table A11.3 - Escape Route Widths within Case Building Eleven 

The above shows that the escape route widths within the building comply with the 
minimum requirements of C/AS1 when sprinklers are installed in the building. 

Escape Route Travel Distances: 

A 100% increase in permitted length has been used due to the sprinkler installation. 

Level Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

G Sports Hall 36 27 90 86* 
G Foyer plus Gym 36 7 90 42 
1 Function Centre 36 8 90 52 

Table A11.4 - Escape Route Travel Distances within Case Building Eleven 

*The travel paths across the intermediate floor has been multiplied by 1.5. 

The above shows that the travel distances within the building comply with the 
maximum permitted by C/AS1. 

C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

The required F-rating may be halved to 30 minutes due to the installation of 
sprinklers.  Therefore, the firecells are to be separated by construction that achieves a 
fire resistance rating of no less than 30/30/30 sm. 
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To address fire and smoke spread between floors, vertical risers within the building 
are required to be either enclosed with construction that achieves a FRR of no less 
than 30/30/30sm as a vertical shaft or are to be fire separated at each floor level. 

The failure of non fire rated construction i.e. walls and column etc in the vicinity of 
fire separations must not compromise the stability or integrity of these fire separations 
for a period not less than the required fire resistance rating, and therefore all primary 
structural members shall be rated for structural integrity to at least the same rating as 
the separations they support. 

C/AS1 Part 7: Control of External Fire Spread 

It has been assumed the building is not built close to any property boundaries of other 
buildings containing sleeping accommodation. 

External Vertical Fire Spread 

As the building is to be sprinkler protected, external vertical spread of fire is not 
required to be addressed further. 

C/AS1 Part 8: Fire Fighting 

As the building is located remote from the street front facing boundaries the car park 
and driveways are to comply with the loading and width requirements of 8.1.1 for Fire 
Service vehicles. 

Summary of Works required for Case Building Eleven to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 

• A sprinkler system is required to be installed throughout the building in 
accordance with NZS 4541, it can be amended outlined in Appendix D of 
C/AS1. 

• A new manual fire alarm system is required to be installed throughout the 
building in accordance with NZS 4512. 

• Fire hose reels and portable hand held extinguishers to NZS 4503 and AS 
1221 are to be provided throughout the building to comply with the sprinkler 
standard. 

• Bounding construction of the following firecells is required to achieve a fire 
resistance rating of not less than (30)/30/30sm: 

o The Sports Hall (including the viewing area and squash courts); 

o The Sports Lounge (including the function room and kitchen); 
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o The Foyer, Gym and associated ground floor rooms (including the 
internal stair). 

• Primary supporting structures for the fire rated separations are required to 
achieve a fire resistance rating of not less than 30/-/-, and 60/-/- in the 
basement. 

• All doors within fire separations are required to be certified fire rated door sets 
complying with AS/NZS 1905.1 that achieve a FRR of no less than -/30/30sm. 

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
operated without a key or other security device and allow the door to open in a 
normal manner. 

• A panic bolt is required to the exterior door from the sports hall. 

• Electronic locking devices on doors on escape routes shall also be fitted with a 
push button or switch that releases the lock and allows the door to be opened 
(in the direction of escape) without a swipe card or key code.  
Electromechanical locks that are not free handle are required to unlock (fail 
safe/open) in the event of power failure or door malfunction. 

• Vision panels are to be provided to doors into stairways and to doors that 
swing in two directions. 

• Illuminated exit signage is required to be installed throughout the building in 
accordance with F8/AS1.  No signage is required within the apartments. 

• Emergency lighting is required to be installed throughout the exitways 
(stairwells and ground floor lobby) in accordance with F6/AS1. 

• Throughout the building the ceiling surfaces shall meet the following early fire 
hazard indices limitations. 

 maximum permitted SFI maximum permitted SDI 
Exitways 0 3 
Occupied spaces 2 5 

Table A11.5 - Early Fire Hazard Indices for Case Building Eleven 

(SFI = Spread of Flame Index, SDI = Smoke Developed Index) 
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A12 Case Building Twelve - Townhouses 

The fire safety requirements for Case Building Twelve, if using C/AS1 as the design 
basis, is described with a list of required building works. 

C/AS1 Part 2: Occupancy Numbers and Purpose Groups 

Table A12.1 describes the purpose groups and occupancy loads calculated for this 
building. 

Level Description Purpose 
Group 

FHC Area 
(m2) 

Occupant 
Density 
(ppl/m2) 

Occupant 
Load 

G Townhouses (5) SR 1 (No. of Bed Spaces) 30 
 Total     30 

Table A12.1 - Occupancy for Case Building Twelve 

C/AS1 Part 4: Requirements for Firecells 

The following summarises the fire safety precautions required for Case Building 
Twelve by Table 4.1 of C/AS1 [ref]. 

Purpose 
Group 

Escape Height 
(m) 

F Rating 
(min) 

Alarm Type Other Protection 
Required 

SR 0 0 - - 

Table A12.2 - Fire Safety Precautions required in Case Building Twelve 

Note that within C/AS1 upper levels within a household unit are not required to be 
added to the escape height for determining fire safety precautions within Table 4.1, 
and as such these townhouses have the entry and exit point at ground level, and 
therefore their escape height is at ground level or 0 m. 

Notwithstanding the above, despite the fact that no fire safety precautions are required 
for this type of building within C/AS1, Type 1 Domestic Smoke detectors are required 
to be installed in every unit in accordance with F7/AS1. 

C/AS1 Part 3: Means of Escape 

The escape routes from the various parts of the building are described here. 

Each townhouse has one main entry and exit at ground level direct to the outside.  
Each townhouse’s escape is independent of the other townhouses.  A single means of 
escape is permitted for this type of building due to the low occupancy numbers and 
dead end escape path lengths being within the permitted maximum. 

Escape Route Heights: 

It has been assumed all escape routes provide 2100 mm clear height. 

Escape Route Widths: 
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The following summarises the allowable and actual escape route widths. 

Level Description Occ.  
Load 

Width 
Req. 
(mm) 
Horiz. 

Width 
Actual 
(mm) 
Horiz. 

Width 
Req. 
(mm) 
Vert. 

Width 
Actual 
(mm) 
Vert. 

G Townhouse 6 1x700 1x850 1x850 1x900 

Table A12.3 - Escape Route Widths within Case Building Twelve 

The above shows that the escape route widths within the building comply with the 
minimum requirements of C/AS1. 

Escape Route Travel Distances: 

Level Description DEOP 
Permitted 
(m) 

DEOP 
Actual 
(m) 

TOP 
Permitted 
(m) 

TOP 
Actual 
(m) 

G Townhouse 24 28 24 28 

Table A12.4 - Escape Route Travel Distances within Case Building Twelve 

The above shows that the travel distances within the building comply with the 
maximum permitted by C/AS1. 

C/AS1 Part 5: Fire Resistance Ratings 

It has been assumed townhouse is to be separately titled (either cross-leased or unit 
titled).  Therefore the higher of the F-rating or the S-rating is required to be used for 
the fire separations between the townhouses. 

The S rating is calculated for the worst case using methods described in C/AS1. 

Firecell Floor Area (Af) Vertical 
Openings (Av) 

Horizontal 
Openings (Ah) 

S Rating 

Townhouse C 120 m2 21.7 m2 0 m2 40 mins 

Table A12.5 - S-rating for Case Building Twelve 

It is noted the three story townhouses are not exempt from being required to use the S-
rating, as described in paragraph 7.10.7 as there are more than two levels in each 
household unit.  However, townhouse A which is only two stories can be rated to 30 
minutes if required. 

C/AS1 Part 6: Control of Internal Fire and Smoke Spread 

Each household unit is a firecell and is required to be separated from other household 
units by construction achieving a fire resistance rating of no less than 40/40/40.  The 
fire rating is to extend up to the underside of the roofing material. 

The garage, as it serves only the household unit it is within, is not required to be fire 
separated from remainder of the household unit. 
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There is no requirement to fire rate the underside of the upper levels within each 
household unit. 

All primary structural members providing support to the fire rated walls between units 
is required to be rated to the same level as the walls it supports.  The failure of any 
non-rated structural supports shall not cause the collapse of fire rated separations. 

C/AS1 Part 7: Control of External Fire Spread 

The site plan shows the building in relation to property boundaries and other buildings 
containing sleeping purpose groups on the same property. 

North Face 

The north face of townhouses (Townhouse E) is located 5.6 m from the property 
boundary.  This face is included in the enclosing rectangle calculation below.  Note 
that C/AS1 allows each floor level of a household unit to be assessed even if they are 
in the same firecell. 

East Face 

The east face of the townhouses is located 6.0 m from another townhouse building at 
its closest point.  The face of the closest household unit (townhouse B) is included in 
the enclosing rectangle calculation below. 

South Face 

The south face of the building is located 1.2 m from the property boundary, and this is 
the external wall of townhouse A.  This face is included in the enclosing rectangle 
calculation below. 

West Face 

The west face of the building is located 7.5 m away from another block of 
townhouses.  The face of one of the closest household units (townhouse C) is included 
in the enclosing rectangle calculation below. 
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Face Enclosing 
Rectangle 
(w x h) 

Distance to 
Boundary 

Permitted 
Unprotected 
Area 

Actual 
Unprotected 

North (Unit E) 9.5 m x 3 m 5.6 m 100 %  
East (Unit B) 4.8 m x 3 m 6.0 m 100%  
South (Unit A - 
ground) 

9.5 m x 3 m 1.2 m 40 %  

South (Unit A – 
first) 

9.5 m x 3 m 4.0 m 98 %  

West (Unit C) 4.8 m x 3 m 7.5 m 100%  

Table A12.6 - Enclosing Rectangle Calculation for Case Building Twelve 

This shows that portions of the external wall of Townhouse A are required to be fire 
rated on the ground and first floors. 

External Vertical Fire Spread 

As there is no other property, or separate firecells, above each townhouse, external 
vertical fire spread is not required to be assessed. 

C/AS1 Part 8: Fire Fighting 

As the building is located remote from the street front facing boundaries, the 
driveways are to comply with the loadings and width requirements of paragraph 8.1.1 
for Fire Service vehicles.  As the building is within 90 m of the street no on-site 
hydrant is required. 

Summary of Works required for Case Building Twelve to comply with C/AS1 

Considering the analysis undertaken and described above for this building in terms of 
C/AS1, the following works must be included in the building 

• Domestic smoke detectors are to be provided to every household unit in 
accordance with F7/AS1.  They can be battery powered, and are to have a 
hush facility and test facility available to occupants.  One is required on every 
level in the escape routes and in, or within 3 m of, every bedroom. 

• Each townhouse is to be separated by bounding construction achieving a fire 
resistance rating of no less than 40/40/40.  The fire rated construction is to 
extend to the underside of the roofing material. 

• Primary supporting structures for the fire rated walls are required to achieve a 
fire resistance rating of not less than 40/-/-, and the failure of non-rated 
members must not cause the collapse of the fire separations. 

• Portions of the southern external wall of Townhouse A are to be rated at 
ground and first floor levels to achieve a fire resistance rating of no less than 
30/30/30. 



Appendix A - C/AS1 Design  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in 

New Zealand 

248

• All locking devices on doors on escape routes shall be clearly visible, located 
where such a device would normally be expected, designed to be easily 
operated without a key or other security device and allow the door to open in a 
normal manner. 

• No signage is required within the townhouses. 

• There are no limitations for the materials within the townhouses. 
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Appendix B – Zone Model Input Files 

All zone model input files supplied here are for Design Fire 

Scenario One for the occupants in the room of fire origin.  Note that 

for the case buildings with storage (Case Building Three and Case 

Building Ten) there were more than one design fire tested for 

Design Fire Scenario One. 

B1 Case Building One - Apartments 
================================================================ 
Description of Rooms 
================================================================ 
Room  1  : Apartment B 
         Room Length (m) =                                 7.50 
         Room Width (m) =                                  9.00 
         Maximum Room Height (m) =                         2.40 
         Minimum Room Height (m) =                         2.40 
         Floor Elevation (m) =                             0.000 
         Room  1  has a flat ceiling. 
      Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             13.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          13.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 

         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  2  : Common Corridor 
         Room Length (m) =                                 18.00 
         Room Width (m) =                                  1.30 
         Maximum Room Height (m) =                         2.40 
         Minimum Room Height (m) =                         2.40 
         Floor Elevation (m) =                             0.000 
         Room  2  has a flat ceiling. 
       Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             13.0 
    Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          13.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  3  : Rear Stairway 
         Room Length (m) =                                 3.50 
         Room Width (m) =                                  2.20 
         Maximum Room Height (m) =                         30.00 
         Minimum Room Height (m) =                         30.00 
         Floor Elevation (m) =                             0.000 
         Room  3  has a flat ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                           2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 
         Wall Thickness (mm) =                             100.0 
         Ceiling Surface is concrete 
         Ceiling Density (kg/m3) =                        2300.0 
         Ceiling Conductivity (W/m.K) =                    1.200 
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         Ceiling Emissivity =                              0.50 
         Ceiling Thickness (mm) =                          13.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  4  : Main Stairway 
         Room Length (m) =                                 4.40 
         Room Width (m) =                                  1.90 
         Maximum Room Height (m) =                         30.00 
         Minimum Room Height (m) =                         30.00 
         Floor Elevation (m) =                             0.000 
         Room  4  has a flat ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                           2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 
         Wall Thickness (mm) =                             100.0 
         Ceiling Surface is concrete 
         Ceiling Density (kg/m3) =                       2300.0 
         Ceiling Conductivity (W/m.K) =                    1.200 
         Ceiling Emissivity =                              0.50 
         Ceiling Thickness (mm) =                          13.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                         2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
================================================================ 
Wall Vents 
================================================================ 
From room  1  to  2 , Vent No 1 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  2 , Vent No 2 

                   Vent Width (m) =                        0.810 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    168 
                   Closing Time (sec) =                    176 
 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        2.400 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.400 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        1.000 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.400 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
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From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        3.000 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.400 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 4 
                   Vent Width (m) =                        5.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.400 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 5 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 

                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 6 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 7 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 8 
                   Vent Width (m) =                        0.002 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to  3 , Vent No 1 
                   Vent Width (m) =                        0.000 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to  3 , Vent No 2 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    184 
                   Closing Time (sec) =                    214 
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From room  2  to  3 , Vent No 3 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    518 
                   Closing Time (sec) =                    548 
 
From room  2  to  4 , Vent No 1 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to  4 , Vent No 2 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    179 
                   Closing Time (sec) =                    209 
 
From room  2  to  4 , Vent No 3 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    513 
                   Closing Time (sec) =                    543 
 
From room  2  to outside, Vent No 1 
                   Vent Width (m) =                        0.007 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 2 

                   Vent Width (m) =                        0.007 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 1 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  4  to outside, Vent No 1 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
================================================================ 
Ceiling/Floor Vents 
================================================================ 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 
Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
================================================================ 
Tenability Parameters 
================================================================ 
Monitoring Height for Visibility and FED (m) =             2.00 
Occupant Activity Level =                                  Rest 
Visibility calculations assume:                 reflective signs 
FED Start Time (sec)                                       0 
FED End Time (sec)                                         1800 
================================================================ 
Sprinkler / Detector Parameters 
================================================================ 
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Sprinkler installed in Room                                1 
         Sprinkler suppression is simulated. 
         Response Time Index (m.s)^1/2 =                   50.0 
         Sprinkler C-Factor (m.s)^1/2 =                    0.50 
         Radial Distance (m) =                             4.30 
         Actuation Temperature (C) =                       68.0 
         Water Spray Density (mm/min) =                    5.0 
         Distance below ceiling (mm) =                     25 
         Ceiling Jet model used is NIST JET. 
Smoke Detector in Room 1 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    3.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 2 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 3 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    4.000 
         Distance below Ceiling (m)                       27.000 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 4 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    4.000 
         Distance below Ceiling (m)                       27.000 
   Detector response is based on OD inside the detector chamber. 
================================================================ 
Mechanical Ventilation (to/from outside) 
================================================================ 
Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 

Mechanical Ventilation not installed in Room 3 
Mechanical Ventilation not installed in Room 4 
================================================================ 
Description of the Fire 
================================================================ 
Radiant Loss Fraction =                                    0.52 
CO Yield pre-flashover(g/g) =                              0.000 
CO Yield post-flashover(g/g) =                             0.400 
Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.20 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
Burning Object No 1 
Fast fire growth rate 
              Located in Room                              1 
              Energy Yield (kJ/g) =                        20.0 
              CO2 Yield (kg/kg fuel) =                     1.920 
              HCN Yield (kg/kg fuel) =                     0.010 
              Fire Height (m) =                            0.000 
             Fire Location (m) =                          Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               20                      19 
               40                      75 
               60                      169 
               80                      300 
               100                     469 
               120                     675 
               140                     919 
               160                     1200 
               180                     1519 
               200                     1875 
               220                     2269 
               240                     2700 
               260                     3169 
               280                     3675 
               300                     4219 
               320                     4800 
               340                     5419 
               360                     6075 
               380                     6769 
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               400                     7500 
               420                     8269 
               440                     9075 
               460                     9919 
               480                     10800 
               500                     11719 
               520                     12675 
               540                     13669 
               560                     14700 
               580                     15769 
               599.8                   16875 
================================================================ 
Post flashover Inputs 
================================================================ 
Post flashover model is OFF. 
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B2 Case Building Two – Sports and Recreation 

Building 
================================================================ 
Description of Rooms 
================================================================ 
Room  1  : Sports Hall 
         Room Length (m) =                                 40.00 
         Room Width (m) =                                  26.00 
         Maximum Room Height (m) =                         11.00 
         Minimum Room Height (m) =                         9.00 
         Floor Elevation (m) =                             0.000 
         Room  1  has a sloping ceiling. 
 
Zone models may not provide realistic results for large 
compartments where momentum effects and large heat losses remote 
from the fire could cause non-uniformity in the upper/lower 
layer properties. Please interpret your results with extra care. 
 
         Wall Surface is plywood, ordinary  
         Wall Density (kg/m3) =                            725.0 
         Wall Conductivity (W/m.K) =                       0.120 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             15.0 
         Ceiling Surface is plywood, ordinary  
         Ceiling Density (kg/m3) =                         725.0 
         Ceiling Conductivity (W/m.K) =                    0.120 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          100.0 
         Floor Surface is timber, varnished pine, 10 mm 
         Floor Density (kg/m3) =                           380.0 
         Floor Conductivity (W/m.K) =                      0.120 
         Floor Emissivity =                                0.88 
         Floor Thickness = (mm)                            100.0 
 
Room  2  : storage cupboard 
         Room Length (m) =                                 3.00 
         Room Width (m) =                                  1.60 

         Maximum Room Height (m) =                         2.80 
         Minimum Room Height (m) =                         2.80 
         Floor Elevation (m) =                             0.000 
         Room  2  has a flat ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                           2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 
         Wall Thickness (mm) =                             100.0 
         Ceiling Surface is concrete 
         Ceiling Density (kg/m3) =                        2300.0 
         Ceiling Conductivity (W/m.K) =                    1.200 
         Ceiling Emissivity =                              0.50 
         Ceiling Thickness (mm) =                          100.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  3  : foyer/corridor 
         Room Length (m) =                                 3.00 
         Room Width (m) =                                  40.00 
         Maximum Room Height (m) =                         5.00 
         Minimum Room Height (m) =                         5.00 
         Floor Elevation (m) =                             0.000 
         Room  3  has a flat ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                           2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 
         Wall Thickness (mm) =                             100.0 
         Ceiling Surface is concrete 
         Ceiling Density (kg/m3) =                        2300.0 
         Ceiling Conductivity (W/m.K) =                    1.200 
         Ceiling Emissivity =                              0.50 
         Ceiling Thickness (mm) =                          100.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
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================================================================ 
Wall Vents 
================================================================ 
From room  1  to  2 , Vent No 1 
                   Vent Width (m) =                        1.400 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  3 , Vent No 1 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    261 
                   Closing Time (sec) =                    321 
 
From room  1  to  3 , Vent No 2 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    261 
                   Closing Time (sec) =                    321 
 
From room  1  to  3 , Vent No 3 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                4.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  3 , Vent No 4 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                4.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 

 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        4.000 
                   Vent Height (m) =                       0.020 
                   Vent Sill Height (m) =                  4.000 
                   Vent Soffit Height (m) =                4.020 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       4.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       4.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 4 
                   Vent Width (m) =                        0.007 
                   Vent Height (m) =                      10.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =               10.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 5 
                   Vent Width (m) =                        0.007 
                   Vent Height (m) =                      10.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =               10.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 6 
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                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                      10.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =               10.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 7 
                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                      10.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =               10.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 8 
                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                      10.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =               10.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 9 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    261 
                   Closing Time (sec) =                    321 
 
From room  3  to outside, Vent No 1 
                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 2 
                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                       5.000 

                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 3 
                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
================================================================ 
Ceiling/Floor Vents 
================================================================ 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 
Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
================================================================ 
Tenability Parameters 
================================================================ 
Monitoring Height for Visibility and FED (m) =             6.00 
Occupant Activity Level =                                  Light 
Visibility calculations assume:                            
reflective signs 
FED Start Time (sec)                                       0 
FED End Time (sec)                                         1800 
================================================================ 
Sprinkler / Detector Parameters 
================================================================ 
Sprinkler installed in Room                                1 
         Sprinkler control is simulated. 
         Response Time Index (m.s)^1/2 =                   140.0 
         Sprinkler C-Factor (m.s)^1/2 =                    1.00 
         Radial Distance (m) =                             3.20 
         Actuation Temperature (C) =                       74.0 
         Water Spray Density (mm/min) =                    5.0 
         Distance below ceiling (mm) =                     25 
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         Ceiling Jet model used is NIST JET. 
Smoke Detector in Room 1 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 2 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    1.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 3 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    2.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
================================================================ 
Mechanical Ventilation (to/from outside) 
================================================================ 
Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 
Mechanical Ventilation not installed in Room 3 
================================================================ 
Description of the Fire 
================================================================ 
Radiant Loss Fraction =                                    0.52 
CO Yield pre-flashover(g/g) =                              0.040 
CO Yield post-flashover(g/g) =                             0.400 
Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.20 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
Burning Object No 1 
Fast fire growth rate 
              Located in Room                              1 

              Energy Yield (kJ/g) =                        20.0 
              CO2 Yield (kg/kg fuel) =                     1.920 
              HCN Yield (kg/kg fuel) =                     0.010 
              Fire Height (m) =                            0.000 
             Fire Location (m) =                          Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               15                      11 
               31                      44 
               46                      100 
               62                      178 
               77                      278 
               92                      400 
               108                     544 
               123                     711 
               139                     900 
               154                     1111 
               169                     1344 
               185                     1600 
               200                     1878 
               215                     2178 
               231                     2500 
               246                     2844 
               262                     3211 
               277                     3600 
               292                     4011 
               308                     4444 
               323                     4900 
               339                     5378 
               354                     5878 
               369                     6400 
               385                     6944 
               400                     7511 
               416                     8100 
               431                     8711 
               446                     9344 
               461.8                   10000 
=============================================================== 
Postflashover Inputs 
Postflashover model is OFF. 
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B3 Case Building Three – Warehouse and 

Offices 

The design fire for Group1 fuel (100% polyurethane foam ) is 

shown here. 

================================================================ 
Description of Rooms 
================================================================ 
Room  1  : Warehouse 
         Room Length (m) =                                 62.00 
         Room Width (m) =                                  19.00 
         Maximum Room Height (m) =                         5.50 
         Minimum Room Height (m) =                         5.50 
         Floor Elevation (m) =                             0.000 
         Room  1  has a flat ceiling. 
 
Zone models may not provide realistic results for large 
compartments where momentum effects and large heat losses remote 
from the fire could cause non-uniformity in the upper/lower 
layer properties. Please interpret your results with extra care. 
 
         Wall Surface is fibre cement sheet 
         Wall Density (kg/m3) =                           1490.0 
         Wall Conductivity (W/m.K) =                       0.720 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             15.0 
Ceiling Surface is plasterboard, gypsum paper-faced 
         Ceiling Density (kg/m3) =                         760.0 
         Ceiling Conductivity (W/m.K) =                    0.160 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 

         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  2  : Office ground floor 
         Room Length (m) =                                 19.50 
         Room Width (m) =                                  8.00 
         Maximum Room Height (m) =                         3.00 
         Minimum Room Height (m) =                         3.00 
         Floor Elevation (m) =                             0.000 
         Room  2  has a flat ceiling. 
         Wall Surface is plasterboard, gypsum paper-faced 
         Wall Density (kg/m3) =                            760.0 
         Wall Conductivity (W/m.K) =                       0.160 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             9.0 
         Ceiling Surface is concrete 
         Ceiling Density (kg/m3) =                        2300.0 
         Ceiling Conductivity (W/m.K) =                    1.200 
         Ceiling Emissivity =                              0.50 
         Ceiling Thickness (mm) =                          100.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  3  : Office mezzanine 
         Room Length (m) =                                 19.50 
         Room Width (m) =                                  8.00 
         Maximum Room Height (m) =                         3.00 
         Minimum Room Height (m) =                         3.00 
         Floor Elevation (m) =                             3.000 
         Room  3  has a flat ceiling. 
 
         Wall Surface is plasterboard, gypsum paper-faced 
         Wall Density (kg/m3) =                            760.0 
         Wall Conductivity (W/m.K) =                       0.160 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             9.0 
         Ceiling Surface is plasterboard, gypsum paper-faced 
         Ceiling Density (kg/m3) =                         760.0 
         Ceiling Conductivity (W/m.K) =                    0.160 
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         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
================================================================ 
Wall Vents 
================================================================ 
From room  1  to  2 , Vent No 1 
                   Vent Width (m) =                        0.002 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  2 , Vent No 2 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.010 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.010 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  3 , Vent No 1 
                   Vent Width (m) =                        0.002 
                   Vent Height (m) =                       2.500 
                   Vent Sill Height (m) =                  3.000 
                   Vent Soffit Height (m) =                5.500 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       5.500 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.500 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 

From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       5.500 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.500 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
 
From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       5.500 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.500 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 4 
                   Vent Width (m) =                       62.000 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  3.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 5 
                   Vent Width (m) =                       19.000 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  3.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
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                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 6 
                   Vent Width (m) =                       19.000 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  3.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 7 
                   Vent Width (m) =                       20.000 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  3.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 

                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 8 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    209 
                   Closing Time (sec) =                    261 
 
From room  1  to outside, Vent No 9 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    209 
                   Closing Time (sec) =                    261 
 
From room  1  to outside, Vent No 10 
                   Vent Width (m) =                        0.860 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    209 
                   Closing Time (sec) =                    261 
 
From room  2  to outside, Vent No 1 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 2 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
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                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 3 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 4 
                   Vent Width (m) =                        7.500 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 5 
                   Vent Width (m) =                        7.500 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 

                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 6 
                   Vent Width (m) =                       18.500 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 7 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    269 
                   Closing Time (sec) =                    310 
 
From room  3  to outside, Vent No 1 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 2 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
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                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 3 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 4 
                   Vent Width (m) =                        7.500 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 5 
                   Vent Width (m) =                        7.500 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 

                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) = 0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 6 
                   Vent Width (m) =                       18.500 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
================================================================ 
Ceiling/Floor Vents 
================================================================ 
Upper room  3  to lower room  2 , Vent No 1 
                   Vent Area (m2) =                        2.00 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
                  Open method =                           Manual 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 
Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
================================================================ 
Tenability Parameters 
================================================================ 
Monitoring Height for Visibility and FED (m) =             2.00 
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Occupant Activity Level =                                  Light 
Visibility calculations assume:                            
reflective signs 
FED Start Time (sec)                                       0 
FED End Time (sec)                                         1800 
================================================================ 
Sprinkler / Detector Parameters 
================================================================ 
No thermal detector or sprinkler installed. 
Smoke Detector in Room 1 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 2 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025    
Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 3 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
================================================================ 
Mechanical Ventilation (to/from outside) 
================================================================ 
Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 
Mechanical Ventilation not installed in Room 3 
================================================================ 
Description of the Fire 
================================================================ 
Radiant Loss Fraction =                                    0.52 
CO Yield pre-flashover(g/g) =                              0.040 
CO Yield post-flashover(g/g) =                             0.400 

Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.20 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
Burning Object No 1 
              Located in Room                              1 
              Energy Yield (kJ/g) =                        20.0 
              CO2 Yield (kg/kg fuel) =                     1.920 
              HCN Yield (kg/kg fuel) =                     0.000 
              Fire Height (m) =                            0.000 
             Fire Location (m) =                          Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               2                       0 
               4                       2 
               6                       6 
               8                       13 
               10                      26 
               12                      45 
               14                      72 
               16                      108 
               18                      153 
               20                      210 
               22                      280 
               24                      364 
               26                      462 
               28                      578 
               30                      710 
               32                      862 
               34                      1034 
               36                      1227 
               38                      1444 
               40                      1684 
               42                      1949 
               44                      2241 
               46                      2561 
               48                      2909 
               50                      3288 
               52                      3699 
               54                      4143 
               56                      4620 
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               58                      5000 
               60                      5682 
               62                      6270 
               64                      6896 
               66                      7563 
               68                      8272 
               70                      9024 
               72                      9819 
               74                      10661 
               76                      11548 
               78                      12484 
               80                      13470 
               82                      14505 
               84                      15593 
               86                      16733 
               88                      17928 
               90                      19178 
               92                      20485 
               94                      21851 
               96                      23275 
               98                      24761 
               100                     26308 
               102                     27918 
               104                     29593 
               106                     31333 
               108                     33140 
               110                     35016 
               112                     36960 
               114                     38976 
               116                     41064 
               118                     43224 
               120                     45460 
               122                     47771 
               124                     50000 
               1800                    50000 
================================================================ 
Postflashover Inputs 
================================================================ 
Postflashover model is OFF. 
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B4 Case Building Four - Offices 
================================================================ 
Description of Rooms 
================================================================ 
Room  1  : Level One 
         Room Length (m) =                                 18.25 
         Room Width (m) =                                  12.00 
         Maximum Room Height (m) =                         3.00 
         Minimum Room Height (m) =                         3.00 
         Floor Elevation (m) =                             0.000 
         Room  1  has a flat ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                           2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 
         Wall Thickness (mm) =                             100.0 
         Ceiling Surface is concrete 
         Ceiling Density (kg/m3) =                        2300.0 
         Ceiling Conductivity (W/m.K) =                    1.200 
         Ceiling Emissivity =                              0.50 
         Ceiling Thickness (mm) =                          100.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  2  : Stairway Landing 
         Room Length (m) =                                 5.00 
         Room Width (m) =                                  2.00 
         Maximum Room Height (m) =                         3.00 
         Minimum Room Height (m) =                         3.00 
         Floor Elevation (m) =                             0.000 
         Room  2  has a flat ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                           2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 

         Wall Thickness (mm) =                             100.0 
         Ceiling Surface is concrete 
         Ceiling Density (kg/m3) =                        2300.0 
         Ceiling Conductivity (W/m.K) =                    1.200 
         Ceiling Emissivity =                              0.50 
         Ceiling Thickness (mm) =                          100.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  3  : stairway 
         Room Length (m) =                                 4.00 
         Room Width (m) =                                  4.00 
         Maximum Room Height (m) =                         9.00 
         Minimum Room Height (m) =                         9.00 
         Floor Elevation (m) =                             0.000 
         Room  3  has a flat ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                           2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 
         Wall Thickness (mm) =                            100.0 
         Ceiling Surface is concrete 
         Ceiling Density (kg/m3) =                        2300.0 
         Ceiling Conductivity (W/m.K) =                    1.200 
         Ceiling Emissivity =                              0.50 
         Ceiling Thickness (mm) =                          100.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
================================================================ 
Wall Vents 
================================================================ 
From room  1  to  2 , Vent No 1 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
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                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  2 , Vent No 2 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    207 
                   Closing Time (sec) =                    251 
 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        5.500 
                   Vent Height (m) =                       2.500 
                   Vent Sill Height (m) =                  0.500 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        5.000 
                   Vent Height (m) =                       2.500 
                   Vent Sill Height (m) =                  0.500 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 

                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        2.800 
                   Vent Height (m) =                       2.500 
                   Vent Sill Height (m) =                  0.500 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =           3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 4 
                   Vent Width (m) =                        4.800 
                   Vent Height (m) =                       2.500 
                   Vent Sill Height (m) =                  0.500 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
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From room  1  to outside, Vent No 5 
                   Vent Width (m) =                        2.800 
                   Vent Height (m) =                       2.500 
                   Vent Sill Height (m) =                  0.500 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 6 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 7 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 8 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 

From room  1  to outside, Vent No 9 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to  3 , Vent No 1 
                   Vent Width (m) =                        1.000 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to  3 , Vent No 2 
                   Vent Width (m) =                        1.000 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 1 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 2 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 3 
                   Vent Width (m) =                        0.005 
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                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
================================================================ 
Ceiling/Floor Vents 
================================================================ 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 
Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
================================================================ 
Tenability Parameters 
================================================================ 
Monitoring Height for Visibility and FED (m) =             2.00 
Occupant Activity Level =                                  Light 
Visibility calculations assume:                            
illuminated signs 
FED Start Time (sec)                                       0 
FED End Time (sec)                                         1800 
================================================================ 
Sprinkler / Detector Parameters 
================================================================ 
No thermal detector or sprinkler installed. 
Smoke Detector in Room 1 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 2 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 3 

         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    0.000 
         Distance below Ceiling (m)                        6.000 
   Detector response is based on OD inside the detector chamber. 
================================================================ 
Mechanical Ventilation (to/from outside) 
================================================================ 
Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 
Mechanical Ventilation not installed in Room 3 
================================================================ 
Description of the Fire 
================================================================ 
Radiant Loss Fraction =                                    0.41 
CO Yield pre-flashover(g/g) =                              0.040 
CO Yield post-flashover(g/g) =                             0.400 
Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.00 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
Burning Object No 1 
Fast fire growth rate 
              Located in Room                              1 
              Energy Yield (kJ/g) =                        16.5 
              CO2 Yield (kg/kg fuel) =                     1.555 
              HCN Yield (kg/kg fuel) =                     0.005 
              Fire Height (m) =                            0.000 
             Fire Location (m) =                          Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               39                      71 
               78                      282 
               116                     635 
               155                     1129 
               194                     1764 
               233                     2540 
               272                     3458 
               310                     4516 
               349                     5716 
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               388                     7057 
               427                     8539 
               465                     10162 
               504                     11926 
               543                     13831 
               582                     15878 
               621                     18065 
               659                     20394 
               698                     22864 
               737                     25475 
               776                     28227 
               815                     31120 
               853                     34154 
               892                     37330 
               931                     40646 
               970                     44104 
               1009                    47703 
               1047                    51443 
               1086                    55324 
               1125                    59347 
               1163.7                  63510 
================================================================ 
Postflashover Inputs 
================================================================ 
Postflashover model is OFF. 
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B5 Case Building Five – Cinema Complex 
================================================================ 
Description of Rooms 
================================================================ 
Room  1  : Cinema 1 
         Room Length (m) =                                 20.00 
         Room Width (m) =                                  13.00 
         Maximum Room Height (m) =                         7.00 
         Minimum Room Height (m) =                         5.00 
         Floor Elevation (m) =                             0.000 
         Room  1  has a sloping ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                           2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 
         Wall Thickness (mm) =                             100.0 
         Ceiling Surface is concrete 
         Ceiling Density (kg/m3) =                        2300.0 
         Ceiling Conductivity (W/m.K) =                    1.200 
         Ceiling Emissivity =                              0.50 
         Ceiling Thickness (mm) =                          100.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  2  : Central Space 
         Room Length (m) =                                 15.00 
         Room Width (m) =                                  7.00 
         Maximum Room Height (m) =                         3.00 
         Minimum Room Height (m) =                         3.00 
         Floor Elevation (m) =                             0.000 
         Room  2  has a flat ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                           2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 

         Wall Thickness (mm) =                             100.0 
         Ceiling Surface is concrete 
         Ceiling Density (kg/m3) =                        2300.0 
         Ceiling Conductivity (W/m.K) =                    1.200 
         Ceiling Emissivity =                              0.50 
         Ceiling Thickness (mm) =                          100.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
================================================================ 
Wall Vents 
================================================================ 
From room  1  to  2 , Vent No 1 
                   Vent Width (m) =                        2.200 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    110 
                   Closing Time (sec) =                    382 
 
From room  1  to  2 , Vent No 2 
                   Vent Width (m) =                        0.001 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  2 , Vent No 3 
                   Vent Width (m) =                        2.200 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
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                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    110 
                   Closing Time (sec) =                    382 
 
From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        0.011 
                   Vent Height (m) =                       4.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        0.011 
                   Vent Height (m) =                       4.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 4 
                   Vent Width (m) =                        0.006 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 5 
                   Vent Width (m) =                        0.006 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 6 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       0.006 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.006 
                   Opening Time (sec) =                    0 

                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 7 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       0.006 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.006 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 1 
                   Vent Width (m) =                        0.008 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 2 
                   Vent Width (m) =                        0.008 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
================================================================ 
Ceiling/Floor Vents 
================================================================ 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 
Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
================================================================ 
Tenability Parameters 
================================================================ 
Monitoring Height for Visibility and FED (m) =             2.00 
Occupant Activity Level =                                  Light 
Visibility calculations assume:                            
reflective signs 
FED Start Time (sec)                                       0 
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FED End Time (sec)                                         1800 
================================================================ 
Sprinkler / Detector Parameters 
================================================================ 
Sprinkler installed in Room                                1 
         Sprinkler control is simulated. 
         Response Time Index (m.s)^1/2 =                   140.0 
         Sprinkler C-Factor (m.s)^1/2 =                    1.00 
         Radial Distance (m) =                             3.20 
         Actuation Temperature (C) =                       74.0 
         Water Spray Density (mm/min) =                    5.0 
         Distance below ceiling (mm) =                     25 
         Ceiling Jet model used is NIST JET. 
 
 
================================================================ 
Mechanical Ventilation (to/from outside) 
================================================================ 
Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 
================================================================ 
Description of the Fire 
================================================================ 
Radiant Loss Fraction =                                    0.52 
CO Yield pre-flashover(g/g) =                              0.040 
CO Yield post-flashover(g/g) =                             0.400 
Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.20 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
Burning Object No 1 
Fast fire growth rate 
              Located in Room                              1 
              Energy Yield (kJ/g) =                        20.0 
              CO2 Yield (kg/kg fuel) =                     1.920 
              HCN Yield (kg/kg fuel) =                     0.010 
              Fire Height (m) =                            0.000 
             Fire Location (m) =                          Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               42                      84 

               85                      335 
               127                     754 
               169                     1340 
               211                     2094 
               254                     3016 
               296                     4105 
               338                     5362 
               380                     6786 
               423                     8378 
               465                     10137 
               507                     12064 
               549                     14158 
               592                     16420 
               634                     18850 
               676                     21447 
               719                     24212 
               761                     27144 
               803                     30244 
               845                     33511 
               888                     36946 
               930                     40548 
               972                     44318 
               1014                    48256 
               1057                    52361 
               1099                    56634 
               1141                    61074 
               1183                    65682 
               1226                    70457 
               1267.9                  75400 
================================================================ 
Postflashover Inputs 
================================================================ 
Postflashover model is OFF. 
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B6 Case Building Six - Motel 
================================================================ 
Description of Rooms 
================================================================ 
Room  1  : Unit 1.4 living 
         Room Length (m) =                                 4.50 
         Room Width (m) =                                  4.00 
         Maximum Room Height (m) =                         2.40 
         Minimum Room Height (m) =                         2.40 
         Floor Elevation (m) =                             0.000 
         Room  1  has a flat ceiling. 
       Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             13.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          13.0 
         Floor Surface is particleboard, high density 
         Floor Density (kg/m3) =                         1000.0 
         Floor Conductivity (W/m.K) =                      0.170 
         Floor Emissivity =                                0.88 
         Floor Thickness = (mm)                            25.0 
 
Room  2  : Unit 1.4 bedroom 
         Room Length (m) =                                 3.40 
         Room Width (m) =                                  4.00 
         Maximum Room Height (m) =                         2.40 
         Minimum Room Height (m) =                         2.40 
         Floor Elevation (m) =                             0.000 
         Room  2  has a flat ceiling. 
       Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 

         Wall Thickness (mm) =                             13.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          13.0 
         Floor Surface is particleboard, high density 
         Floor Density (kg/m3) =                          1000.0 
         Floor Conductivity (W/m.K) =                      0.170 
         Floor Emissivity =                                0.88 
         Floor Thickness = (mm)                            25.0 
================================================================ 
Wall Vents 
================================================================ 
From room  1  to  2 , Vent No 1 
                   Vent Width (m) =                        0.760 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  2 , Vent No 2 
                   Vent Width (m) =                        0.001 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        1.800 
                   Vent Height (m) =                       1.200 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
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                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =           3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        0.600 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  1.200 
                   Vent Soffit Height (m) =                2.200 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.200 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 

From room  1  to outside, Vent No 4 
                   Vent Width (m) =                        0.600 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  1.200 
                   Vent Soffit Height (m) =                2.200 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 5 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 6 
                   Vent Width (m) =                        0.001 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 1 
                   Vent Width (m) =                        0.600 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  1.200 
                   Vent Soffit Height (m) =                2.200 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
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                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 2 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       0.600 
                   Vent Sill Height (m) =                  1.200 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =            0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 3 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    30 
                   Closing Time (sec) =                    50 
 
From room  2  to outside, Vent No 4 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 

                   Closing Time (sec) =                    1800 
================================================================ 
Ceiling/Floor Vents 
================================================================ 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 
Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
================================================================ 
Tenability Parameters 
================================================================ 
Monitoring Height for Visibility and FED (m) =             2.00 
Occupant Activity Level =                                  Rest 
Visibility calculations assume:                            
reflective signs 
FED Start Time (sec)                                       0 
FED End Time (sec)                                         1800 
================================================================ 
Sprinkler / Detector Parameters 
================================================================ 
Heat detector installed in Room                            1 
         Response Time Index (m.s)^1/2 =                   50.0 
         Radial Distance (m) =                             2.0 
         Actuation Temperature (C) =                       57.0 
         Distance below ceiling (mm) =                     25 
         Ceiling Jet model used is NIST JET. 
Smoke Detector in Room 1 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    2.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 2 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
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================================================================ 
Mechanical Ventilation (to/from outside) 
================================================================ 
Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 
================================================================ 
Description of the Fire 
================================================================ 
Radiant Loss Fraction =                                    0.52 
CO Yield pre-flashover(g/g) =                              0.040 
CO Yield post-flashover(g/g) =                             0.400 
Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.20 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
Burning Object No 1 
Fast fire growth rate 
              Located in Room                              1 
              Energy Yield (kJ/g) =                        20.0 
              CO2 Yield (kg/kg fuel) =                     1.920 
              HCN Yield (kg/kg fuel) =                     0.010 
              Fire Height (m) =                            0.000 
            Fire Location (m) =                          Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               14                      9 
               27                      35 
               41                      79 
               55                      140 
               68                      219 
               82                      316 
               96                      430 
               109                     562 
               123                     711 
               137                     878 
               150                     1062 
               164                     1264 
               178                     1483 
               192                     1720 
               205                     1975 
               219                     2247 

               233                     2537 
               246                     2844 
               260                     3169 
               274                     3511 
               287                     3871 
               301                     4248 
               315                     4643 
               328                     5056 
               342                     5486 
               356                     5934 
               369                     6399 
               383                     6882 
               397                     7382 
               410.4                   7900 
================================================================ 
Postflashover Inputs 
================================================================ 
Postflashover model is OFF. 
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B7 Case Building Seven – Apartments 
================================================================ 
Description of Rooms 
================================================================ 
Room  1  : Apartment 5, Level 1 
         Room Length (m) =                                 15.00 
         Room Width (m) =                                  6.00 
         Maximum Room Height (m) =                         2.40 
         Minimum Room Height (m) =                         2.40 
         Floor Elevation (m) =                             0.000 
         Room  1  has a flat ceiling. 
       Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             13.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          13.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                         2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  2  : lobby, level 1 
         Room Length (m) =                                 4.00 
         Room Width (m) =                                  3.00 
         Maximum Room Height (m) =                         2.40 
         Minimum Room Height (m) =                         2.40 
         Floor Elevation (m) =                             0.000 
         Room  2  has a flat ceiling. 
       Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 

         Wall Thickness (mm) =                             13.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          13.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  3  : stairwell, level 1 
         Room Length (m) =                                 3.00 
         Room Width (m) =                                  5.00 
         Maximum Room Height (m) =                         2.40 
         Minimum Room Height (m) =                         2.40 
         Floor Elevation (m) =                             0.000 
         Room  3  has a flat ceiling. 
      Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             13.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          13.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
================================================================ 
Wall Vents 
================================================================ 
From room  1  to  2 , Vent No 1 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
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                   Opening Time (sec) =                    165 
                   Closing Time (sec) =                    173 
 
From room  1  to  2 , Vent No 2 
                   Vent Width (m) =                        0.001 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  2 , Vent No 3 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  3 , Vent No 1 
                   Vent Width (m) =                        0.001 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        4.000 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 

                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 4 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to  3 , Vent No 1 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    175 
                   Closing Time (sec) =                    191 
 
From room  2  to  3 , Vent No 2 
                   Vent Width (m) =                        0.001 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
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From room  2  to  3 , Vent No 3 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 1 
                   Vent Width (m) =                        0.002 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 1 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
================================================================ 
Ceiling/Floor Vents 
================================================================ 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 
Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
================================================================ 
Tenability Parameters 
================================================================ 
Monitoring Height for Visibility and FED (m) =             2.00 
Occupant Activity Level =                                  Rest 
Visibility calculations assume:                            
reflective signs 
FED Start Time (sec)                                       0 
FED End Time (sec)                                         1800 

================================================================ 
Sprinkler / Detector Parameters 
================================================================ 
No thermal detector or sprinkler installed. 
Smoke Detector in Room 1 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 2 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    3.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 3 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    3.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
================================================================ 
Mechanical Ventilation (to/from outside) 
================================================================ 
Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 
Mechanical Ventilation not installed in Room 3 
================================================================ 
Description of the Fire 
================================================================ 
Radiant Loss Fraction =                                    0.52 
CO Yield pre-flashover(g/g) =                              0.040 
CO Yield post-flashover(g/g) =                             0.400 
Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.20 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
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Burning Object No 1 
Fast fire growth rate 
              Located in Room                              1 
              Energy Yield (kJ/g) =                        20.0 
              CO2 Yield (kg/kg fuel) =                     1.920 
              HCN Yield (kg/kg fuel) =                     0.010 
              Fire Height (m) =                            0.000 
              Fire Location (m) =                         Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               23                      25 
               46                      100 
               69                      225 
               92                      400 
               115                     625 
               139                     900 
               162                     1225 
               185                     1600 
               208                     2025 
               231                     2500 
               254                     3025 
               277                     3600 
               300                     4225 
               323                     4900 
               346                     5625 
               369                     6400 
               392                     7225 
               416                     8100 
               439                     9025 
               462                     10000 
               485                     11025 
               508                     12100 
               531                     13225 
               554                     14400 
               577                     15625 
               600                     16900 
               623                     18225 
               646                     19600 
               670                     21025 
               693                     22500 
               692.6                   22500 
================================================================ 

Postflashover Inputs 
================================================================ 
Postflashover model is OFF. 
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B8 Case Building Eight – Restaurant  
================================================================ 
Description of Rooms 
================================================================ 
Room  1  : ground floor 
         Room Length (m) =                                 14.00 
         Room Width (m) =                                  20.00 
         Maximum Room Height (m) =                         3.00 
         Minimum Room Height (m) =                         3.00 
         Floor Elevation (m) =                             0.000 
         Room  1  has a flat ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                           2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 
         Wall Thickness (mm) =                             100.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  2  : level 1 
         Room Length (m) =                                 14.00 
         Room Width (m) =                                  20.00 
         Maximum Room Height (m) =                         3.00 
         Minimum Room Height (m) =                         3.00 
         Floor Elevation (m) =                             3.000 
         Room  2  has a flat ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                           2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 

         Wall Thickness (mm) =                             100.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  3  : stair 
         Room Length (m) =                                 4.00 
         Room Width (m) =                                  3.00 
         Maximum Room Height (m) =                         6.00 
         Minimum Room Height (m) =                         6.00 
         Floor Elevation (m) =                             0.000 
         Room  3  has a flat ceiling. 
         Wall Surface is concrete 
         Wall Density (kg/m3) =                          2300.0 
         Wall Conductivity (W/m.K) =                       1.200 
         Wall Emissivity =                                 0.50 
         Wall Thickness (mm) =                             100.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                         2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
================================================================ 
Wall Vents 
================================================================ 
From room  1  to  3 , Vent No 1 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
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                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  3 , Vent No 2 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    303 
                   Closing Time (sec) =                    403 
 
From room  1  to  3 , Vent No 3 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 

                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 4 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
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                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 5 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 6 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 

 
From room  1  to outside, Vent No 7 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 8 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 9 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
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                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 10 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 11 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 

                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =           3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 12 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 13 
                   Vent Width (m) =                        2.500 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
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From room  1  to outside, Vent No 14 
                   Vent Width (m) =                        2.500 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 15 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 16 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 17 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 

 
From room  1  to outside, Vent No 18 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 19 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    303 
                   Closing Time (sec) =                    323 
 
From room  1  to outside, Vent No 20 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 21 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 22 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 23 
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                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    303 
                   Closing Time (sec) =                    327 
 
From room  1  to outside, Vent No 24 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 25 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 26 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 27 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 28 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 

                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 29 
                   Vent Width (m) =                        0.002 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to  3 , Vent No 1 
                   Vent Width (m) =                        1.400 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to  3 , Vent No 2 
                   Vent Width (m) =                        1.400 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  1.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to  3 , Vent No 3 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 1 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
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                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =           3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 2 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 3 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 

                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 4 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 5 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
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From room  2  to outside, Vent No 6 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =           3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 7 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 8 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 

                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 9 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 10 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
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                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 11 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 12 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 

 
From room  2  to outside, Vent No 13 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 14 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =           3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 15 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
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                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 16 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 17 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 

                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 18 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 19 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
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From room  2  to outside, Vent No 20 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 21 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 22 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 

                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 23 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 24 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 25 
                   Vent Width (m) =                        1.100 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 26 
                   Vent Width (m) =                        1.100 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
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                   Opening Time (sec) =                    483 
                   Closing Time (sec) =                    560 
 
From room  2  to outside, Vent No 27 
                   Vent Width (m) =                        2.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 28 
                   Vent Width (m) =                        2.800 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.800 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 29 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 

                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 30 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 31 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 32 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 33 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 34 
                   Vent Width (m) =                        0.002 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
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                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 1 
                   Vent Width (m) =                        0.600 
                   Vent Height (m) =                       0.600 
                   Vent Sill Height (m) =                  3.800 
                   Vent Soffit Height (m) =                4.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 2 
                   Vent Width (m) =                        0.600 
                   Vent Height (m) =                       0.600 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 3 
                   Vent Width (m) =                        0.600 
                   Vent Height (m) =                       0.600 

                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                1.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 4 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 5 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 6 
                   Vent Width (m) =                        1.100 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 7 
                   Vent Width (m) =                        1.100 
                   Vent Height (m) =                       2.000 
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                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    310 
                   Closing Time (sec) =                    563 
 
From room  3  to outside, Vent No 8 
                   Vent Width (m) =                        0.001 
                   Vent Height (m) =                       6.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                6.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
================================================================ 
Ceiling/Floor Vents 
================================================================ 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 
Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
================================================================ 
Tenability Parameters 
================================================================ 
Monitoring Height for Visibility and FED (m) =             2.00 
Occupant Activity Level =                                  Light 
Visibility calculations assume:                            
reflective signs 
FED Start Time (sec)                                       0 
FED End Time (sec)                                         1800 
================================================================ 
Sprinkler / Detector Parameters 
================================================================ 
Heat detector installed in Room                            1 
         Response Time Index (m.s)^1/2 =                   50.0 
         Radial Distance (m) =                             3.2 
         Actuation Temperature (C) =                       57.0 
         Distance below ceiling (mm) =                     25 
         Ceiling Jet model used is NIST JET. 
================================================================ 
Mechanical Ventilation (to/from outside) 
================================================================ 

Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 
Mechanical Ventilation not installed in Room 3 
================================================================ 
Description of the Fire 
================================================================ 
Radiant Loss Fraction =                                    0.41 
CO Yield pre-flashover(g/g) =                              0.022 
CO Yield post-flashover(g/g) =                             0.220 
Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.00 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
Burning Object No 1 
Fast fire growth rate 
              Located in Room                              1 
              Energy Yield (kJ/g) =                        16.5 
              CO2 Yield (kg/kg fuel) =                     1.555 
              HCN Yield (kg/kg fuel) =                     0.005 
              Fire Height (m) =                            0.000 
              Fire Location (m) =                         Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               44                      90 
               88                      361 
               132                     812 
               175                     1444 
               219                     2256 
               263                     3248 
               307                     4421 
               351                     5774 
               395                     7308 
               439                     9022 
               482                     10917 
               526                     12992 
               570                     15248 
               614                     17684 
               658                     20300 
               702                     23097 
               746                     26074 
               789                     29232 
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               833                     32570 
               877                     36089 
               921                     39788 
               965                     43668 
               1009                    47728 
               1053                    51968 
               1097                    56389 
               1140                    60990 
               1184                    65772 
               1228                    70734 
               1272                    75877 
               1315.8                  81200 
================================================================ 
Postflashover Inputs 
================================================================ 
Postflashover model is OFF. 
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B9 Case Building Nine – Retirement Home 
================================================================ 
Description of Rooms 
================================================================ 
Room  1  : Apartment 4 
         Room Length (m) =                                 8.20 
         Room Width (m) =                                  4.00 
         Maximum Room Height (m) =                         2.40 
         Minimum Room Height (m) =                         2.40 
         Floor Elevation (m) =                             0.000 
         Room  1  has a flat ceiling. 
       Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             13.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          13.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  2  : Hallway 
         Room Length (m) =                                 50.00 
         Room Width (m) =                                  1.80 
         Maximum Room Height (m) =                         2.80 
         Minimum Room Height (m) =                         2.20 
         Floor Elevation (m) =                             0.000 
         Room  2  has a sloping ceiling. 
       Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             13.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  

         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          13.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
================================================================ 
Wall Vents 
================================================================ 
From room  1  to  2 , Vent No 1 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    223 
                   Closing Time (sec) =                    231 
 
From room  1  to  2 , Vent No 2 
                   Vent Width (m) =                        0.002 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to  2 , Vent No 3 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        2.500 
                   Vent Height (m) =                       1.200 
                   Vent Sill Height (m) =                  0.800 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
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                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        0.002 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 4 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 1 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    230 

                   Closing Time (sec) =                    260 
 
From room  2  to outside, Vent No 2 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 3 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 4 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 5 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
================================================================ 
Ceiling/Floor Vents 
================================================================ 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 
Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
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================================================================ 
Tenability Parameters 
================================================================ 
Monitoring Height for Visibility and FED (m) =             2.00 
Occupant Activity Level =                                  Rest 
Visibility calculations assume:                            
reflective signs 
FED Start Time (sec)                                       0 
FED End Time (sec)                                         1800 
=============================================================== 
Sprinkler / Detector Parameters 
================================================================ 
Sprinkler installed in Room                                1 
         Sprinkler suppression is simulated. 
         Response Time Index (m.s)^1/2 =                   50.0 
         Sprinkler C-Factor (m.s)^1/2 =                    0.50 
         Radial Distance (m) =                             4.30 
         Actuation Temperature (C) =                       68.0 
         Water Spray Density (mm/min) =                    5.0 
         Distance below ceiling (mm) =                     25 
         Ceiling Jet model used is NIST JET. 
Smoke Detector in Room 1 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    4.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 2 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       0.0 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
================================================================ 
Mechanical Ventilation (to/from outside) 
=============================================================== 
Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 
================================================================ 
Description of the Fire 

================================================================ 
Radiant Loss Fraction =                                    0.52 
CO Yield pre-flashover(g/g) =                              0.040 
CO Yield post-flashover(g/g) =                             0.400 
Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.20 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
Burning Object No 1 
Fast fire growth rate 
              Located in Room                              1 
              Energy Yield (kJ/g) =                        20.0 
              CO2 Yield (kg/kg fuel) =                     1.920 
              HCN Yield (kg/kg fuel) =                     0.010 
              Fire Height (m) =                            0.000 
              Fire Location (m) =                         Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               14                      9 
               28                      36 
               42                      82 
               56                      146 
               70                      228 
               84                      328 
               98                      446 
               112                     583 
               125                     738 
               139                     911 
               153                     1102 
               167                     1312 
               181                     1540 
               195                     1786 
               209                     2050 
               223                     2332 
               237                     2633 
               251                     2952 
               265                     3289 
               279                     3644 
               293                     4018 
               307                     4410 
               321                     4820 
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               335                     5248 
               348                     5694 
               362                     6159 
               376                     6642 
               390                     7143 
               404                     7662 
               418                     8200 
               418.1                   8200 
================================================================ 
Postflashover Inputs 
Postflashover model is OFF. 
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B10 Case Building Ten – Industrial 

The zone model input file supplied here is with the design fire for 

the Group 1 fuel (100% polyurethane foam). 

================================================================ 
Description of Rooms 
================================================================ 
Room  1  : Warehouse 
         Room Length (m) =                                 43.00 
         Room Width (m) =                                  22.00 
         Maximum Room Height (m) =                         7.00 
         Minimum Room Height (m) =                         5.00 
         Floor Elevation (m) =                             0.000 
         Room  1  has a sloping ceiling. 
 
Zone models may not provide realistic results for large 
compartments where momentum effects and large heat losses remote 
from the fire could cause non-uniformity in the upper/lower 
layer properties. Please interpret your results with extra care. 
 
         Wall Surface is fibre cement sheet 
         Wall Density (kg/m3) =                           1490.0 
         Wall Conductivity (W/m.K) =                       0.720 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             15.0 
    Ceiling Surface is plastic faced steel sheet on mineral wool 
         Ceiling Density (kg/m3) =                         1077. 
         Ceiling Conductivity (W/m.K) =                    0.220 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 

Room  2  : workroom 
         Room Length (m) =                                 20.00 
         Room Width (m) =                                  9.50 
         Maximum Room Height (m) =                         5.00 
         Minimum Room Height (m) =                         5.00 
         Floor Elevation (m) =                             0.000 
         Room  2  has a flat ceiling. 
         Wall Surface is fibre cement sheet 
         Wall Density (kg/m3) =                           1490.0 
         Wall Conductivity (W/m.K) =                       0.720 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             15.0 
    Ceiling Surface is plastic faced steel sheet on mineral wool 
         Ceiling Density (kg/m3) =                        1077.0 
         Ceiling Conductivity (W/m.K) =                    0.220 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  3  : Goods store 
         Room Length (m) =                                 8.00 
         Room Width (m) =                                  9.50 
         Maximum Room Height (m) =                         5.00 
         Minimum Room Height (m) =                         5.00 
         Floor Elevation (m) =                             0.000 
         Room  3  has a flat ceiling. 
         Wall Surface is fibre cement sheet 
         Wall Density (kg/m3) =                           1490.0 
         Wall Conductivity (W/m.K) =                       0.720 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             15.0 
    Ceiling Surface is plastic faced steel sheet on mineral wool 
         Ceiling Density (kg/m3) =                        1077.0 
         Ceiling Conductivity (W/m.K) =                    0.220 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
 
         Floor Surface is concrete 
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         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  4  : lab + offices 
         Room Length (m) =                                 12.50 
         Room Width (m) =                                  9.50 
         Maximum Room Height (m) =                         5.00 
         Minimum Room Height (m) =                         5.00 
         Floor Elevation (m) =                             0.000 
         Room  4  has a flat ceiling. 
 
         Wall Surface is fibre cement sheet 
         Wall Density (kg/m3) =                           1490.0 
         Wall Conductivity (W/m.K) =                       0.720 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             15.0 
 
    Ceiling Surface is plastic faced steel sheet on mineral wool 
         Ceiling Density (kg/m3) =                        1077.0 
         Ceiling Conductivity (W/m.K) =                    0.220 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
================================================================ 
Wall Vents 
================================================================ 
From room  1  to  2 , Vent No 1 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to  2 , Vent No 2 

                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to  2 , Vent No 3 
                   Vent Width (m) =                        2.500 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to  3 , Vent No 1 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to  3 , Vent No 2 
                   Vent Width (m) =                        2.500 
                   Vent Height (m) =                       3.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to  4 , Vent No 1 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to  4 , Vent No 2 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
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                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       6.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                6.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 4 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 5 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 

                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 6 
                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 7 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 8 
                   Vent Width (m) =                        5.000 
                   Vent Height (m) =                       0.020 
                   Vent Sill Height (m) =                  4.000 
                   Vent Soffit Height (m) =                4.020 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 9 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       4.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 10 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       4.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
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From room  1  to outside, Vent No 11 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  1.200 
                   Vent Soffit Height (m) =                2.200 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 12 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 13 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 14 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 

 
From room  1  to outside, Vent No 15 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    60 
                   Closing Time (sec) =                    120 
 
From room  1  to outside, Vent No 16 
                   Vent Width (m) =                        3.000 
                   Vent Height (m) =                       0.020 
                   Vent Sill Height (m) =                  4.000 
                   Vent Soffit Height (m) =                4.020 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 17 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       4.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 18 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       4.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 19 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  1.200 
                   Vent Soffit Height (m) =                2.200 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
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                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 20 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  1.200 
                   Vent Soffit Height (m) =                2.200 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 21 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  1.200 
                   Vent Soffit Height (m) =                2.200 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 

                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 22 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       1.000 
                   Vent Sill Height (m) =                  1.200 
                   Vent Soffit Height (m) =                2.200 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 23 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 24 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 25 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 



Appendix B – Zone Model Input Files  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in New Zealand 

306 

                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 26 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    60 
                   Closing Time (sec) =                    120 
 
From room  1  to outside, Vent No 27 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 28 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 29 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 30 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    60 
                   Closing Time (sec) =                    120 

 
From room  1  to outside, Vent No 31 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 32 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 33 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 34 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    60 
                   Closing Time (sec) =                    120 
 
From room  2  to  3 , Vent No 1 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 1 
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                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 2 
                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 3 
                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 4 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 5 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 6 
                   Vent Width (m) =                        3.000 
                   Vent Height (m) =                       0.020 

                   Vent Sill Height (m) =                  4.000 
                   Vent Soffit Height (m) =                4.020 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 7 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       4.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 8 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       4.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                4.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 9 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 10 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 11 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
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                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 12 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    60 
                   Closing Time (sec) =                    120 
 
From room  3  to  4 , Vent No 1 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 1 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 2 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  4  to outside, Vent No 1 
                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 

 
From room  4  to outside, Vent No 2 
                   Vent Width (m) =                        0.010 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  4  to outside, Vent No 3 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  4  to outside, Vent No 4 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       5.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                5.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  4  to outside, Vent No 5 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    60 
                   Closing Time (sec) =                    120 
 
From room  4  to outside, Vent No 6 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  4  to outside, Vent No 7 
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                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  4  to outside, Vent No 8 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
================================================================ 
Ceiling/Floor Vents 
================================================================ 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 
Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
================================================================ 
Tenability Parameters 
================================================================ 
Monitoring Height for Visibility and FED (m) =             2.00 
Occupant Activity Level =                                  Light 
Visibility calculations assume:                            
reflective signs 
FED Start Time (sec)                                       0 
FED End Time (sec)                                         1800 
================================================================ 
Sprinkler / Detector Parameters 
================================================================ 
Sprinkler installed in Room                                1 
         Sprinkler control is simulated. 
         Response Time Index (m.s)^1/2 =                   140.0 
         Sprinkler C-Factor (m.s)^1/2 =                    1.00 
         Radial Distance (m) =                             3.20 
         Actuation Temperature (C) =                       74.0 
         Water Spray Density (mm/min) =                    5.0 

         Distance below ceiling (mm) =                     25 
         Ceiling Jet model used is NIST JET. 
Smoke Detector in Room 1 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 2 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 3 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 4 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
================================================================ 
Mechanical Ventilation (to/from outside) 
================================================================ 
Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 
Mechanical Ventilation not installed in Room 3 
Mechanical Ventilation not installed in Room 4 
================================================================ 
Description of the Fire 
================================================================ 
Radiant Loss Fraction =                                    0.52 
CO Yield pre-flashover(g/g) =                              0.040 
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CO Yield post-flashover(g/g) =                             0.400 
Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.20 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
Burning Object No 1 
t cubed q=at3/0.65 * Hst 
              Located in Room                              1 
              Energy Yield (kJ/g) =                        20.0 
              CO2 Yield (kg/kg fuel) =                     1.920 
              HCN Yield (kg/kg fuel) =                     0.010 
              Fire Height (m) =                            0.000 
              Fire Location (m) =                         Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               2                       0 
               4                       2 
               6                       6 
               8                       13 
               10                      26 
               12                      45 
               14                      72 
               16                      108 
               18                      153 
               20                      210 
               22                      280 
               24                      364 
               26                      462 
               28                      578 
               30                      710 
               32                      862 
               34                      1034 
               36                      1227 
               38                      1444 
               40                      1684 
               42                      1949 
               44                      2241 
               46                      2561 
               48                      2909 
               50                      3288 
               52                      3699 

               54                      4143 
               56                      4620 
               58                      5000 
               60                      5682 
               62                      6270 
               64                      6896 
               66                      7563 
               68                      8272 
               70                      9024 
               72                      9819 
               74                      10661 
               76                      11548 
               78                      12484 
               80                      13470 
               82                      14505 
               84                      15593 
               86                      16733 
               88                      17928 
               90                      19178 
               92                      20485 
               94                      21851 
               96                      23275 
               98                      24761 
               100                     26308 
               102                     27918 
               104                     29593 
               106                     31333 
               108                     33140 
               110                     35016 
               112                     36960 
               114                     38976 
               116                     41064 
               118                     43224 
               120                     45460 
               122                     47771 
               124                     50000 
================================================================ 
Postflashover Inputs 
================================================================ 
Postflashover model is OFF. 
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B11 Case Building Eleven – Indoor Sports 

Facility 
================================================================ 
Description of Rooms 
================================================================ 
Room  1  : hall 
         Room Length (m) =                                 37.00 
         Room Width (m) =                                  35.00 
         Maximum Room Height (m) =                         11.00 
         Minimum Room Height (m) =                         7.00 
         Floor Elevation (m) =                             0.000 
         Room  1  has a sloping ceiling. 
Zone models may not provide realistic results for large 
compartments where momentum effects and large heat losses remote 
from the fire could cause non-uniformity in the upper/lower 
layer properties. Please interpret your results with extra care. 
       Wall Surface is plastic faced steel sheet on mineral wool 
         Wall Density (kg/m3) =                           1077.0 
         Wall Conductivity (W/m.K) =                       0.220 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             3.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          10.0 
 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  2  : gym 
         Room Length (m) =                                 37.00 
         Room Width (m) =                                  17.00 
         Maximum Room Height (m) =                         3.60 

         Minimum Room Height (m) =                         3.60 
         Floor Elevation (m) =                             0.000 
         Room  2  has a flat ceiling. 
Zone models may not provide realistic results for large 
compartments where momentum effects and large heat losses remote 
from the fire could cause non-uniformity in the upper/lower 
layer properties. Please interpret your results with extra care. 
       Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             10.0 
 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          10.0 
 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                         2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  3  : lounge 
         Room Length (m) =                                 37.00 
         Room Width (m) =                                  15.00 
         Maximum Room Height (m) =                         7.40 
         Minimum Room Height (m) =                         3.40 
         Floor Elevation (m) =                             3.600 
         Room  3  has a sloping ceiling. 
Zone models may not provide realistic results for large 
compartments where momentum effects and large heat losses remote 
from the fire could cause non-uniformity in the upper/lower 
layer properties. Please interpret your results with extra care. 
       Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             10.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
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         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          10.0 
         Floor Surface is particleboard, high density 
         Floor Density (kg/m3) =                          1000.0 
         Floor Conductivity (W/m.K) =                      0.170 
         Floor Emissivity =                                0.88 
         Floor Thickness = (mm)                            25.0 
================================================================ 
Wall Vents 
================================================================ 
From room  1  to  2 , Vent No 1 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.600 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.600 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to  2 , Vent No 2 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.600 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.600 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to  2 , Vent No 3 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       3.600 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.600 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to  3 , Vent No 1 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       5.400 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 

                   Closing Time (sec) =                    0 
 
From room  1  to  3 , Vent No 2 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       5.400 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to  3 , Vent No 3 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       5.400 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       9.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       9.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       9.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
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From room  1  to outside, Vent No 4 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       9.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 5 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       9.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 6 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       9.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 7 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       9.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 8 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       9.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 9 
                   Vent Width (m) =                        0.005 

                   Vent Height (m) =                       9.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                9.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 10 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 11 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    300 
                   Closing Time (sec) =                    360 
 
From room  1  to outside, Vent No 12 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 13 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    300 
                   Closing Time (sec) =                    360 
 
From room  1  to outside, Vent No 14 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
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                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 15 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 16 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 17 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.006 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.006 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 18 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    300 
                   Closing Time (sec) =                    360 
 
From room  1  to outside, Vent No 19 
                   Vent Width (m) =                        4.000 
                   Vent Height (m) =                       0.020 
                   Vent Sill Height (m) =                  2.500 
                   Vent Soffit Height (m) =                2.520 
                   Opening Time (sec) =                    0 

                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 20 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       2.500 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.500 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  1  to outside, Vent No 21 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       2.500 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.500 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 1 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.600 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.600 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 2 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.600 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.600 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 3 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.600 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.600 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
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From room  2  to outside, Vent No 4 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.600 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.600 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 5 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.600 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.600 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 6 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       3.600 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                3.600 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 7 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 8 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 9 
                   Vent Width (m) =                        0.003 

                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 10 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.006 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.006 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 11 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    300 
                   Closing Time (sec) =                    360 
 
From room  2  to outside, Vent No 12 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 13 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 14 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
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                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 15 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.006 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.006 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 16 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    300 
                   Closing Time (sec) =                    360 
 
From room  2  to outside, Vent No 17 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 18 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 19 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 

                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 20 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.006 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.006 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 21 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    300 
                   Closing Time (sec) =                    360 
 
From room  2  to outside, Vent No 22 
                   Vent Width (m) =                        9.000 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.500 
                   Vent Soffit Height (m) =                2.500 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 23 
                   Vent Width (m) =                        7.500 
                   Vent Height (m) =                       0.500 
                   Vent Sill Height (m) =                  2.500 
                   Vent Soffit Height (m) =                3.000 
                   Opening Time (sec) =                    0 
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                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 24 
                   Vent Width (m) =                        4.000 
                   Vent Height (m) =                       0.020 
                   Vent Sill Height (m) =                  2.500 
                   Vent Soffit Height (m) =                2.520 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 25 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       2.500 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.500 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  2  to outside, Vent No 26 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       2.500 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.500 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 1 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.800 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                7.400 
                   Opening Time (sec) =                    0 

                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 2 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       4.400 
                   Vent Sill Height (m) =                  3.000 
                   Vent Soffit Height (m) =                7.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 3 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.800 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                7.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 4 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.800 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                7.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 5 
                   Vent Width (m) =                        0.005 
                   Vent Height (m) =                       3.800 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                7.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 6 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       3.800 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                7.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
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From room  3  to outside, Vent No 7 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                3.603 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 8 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                5.600 
                   Opening Time (sec) =                    672 
                   Closing Time (sec) =                    765 
 
From room  3  to outside, Vent No 9 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  5.600 
                   Vent Soffit Height (m) =                5.603 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 10 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                5.600 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 11 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                5.600 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 12 
                   Vent Width (m) =                        1.600 

                   Vent Height (m) =                       0.006 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                3.606 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 13 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                5.600 
                   Opening Time (sec) =                    672 
                   Closing Time (sec) =                    765 
 
From room  3  to outside, Vent No 14 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  5.600 
                   Vent Soffit Height (m) =                5.603 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
 
From room  3  to outside, Vent No 15 
                   Vent Width (m) =                        1.600 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  3.600 
                   Vent Soffit Height (m) =                5.600 
                   Opening Time (sec) =                    672 
                   Closing Time (sec) =                    765 
 
From room  3  to outside, Vent No 16 
                   Vent Width (m) =                        6.000 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  4.100 
                   Vent Soffit Height (m) =                6.100 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
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                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 17 
                   Vent Width (m) =                        4.000 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  4.100 
                   Vent Soffit Height (m) =                6.100 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 18 
                   Vent Width (m) =                        4.000 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  4.100 
                   Vent Soffit Height (m) =                6.100 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 

From room  3  to outside, Vent No 19 
                   Vent Width (m) =                        4.000 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  4.100 
                   Vent Soffit Height (m) =                6.100 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 20 
                   Vent Width (m) =                      26.000 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  4.100 
                   Vent Soffit Height (m) =                6.100 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
=============================================================== 
Ceiling/Floor Vents 
================================================================ 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 



Appendix B – Zone Model Input Files  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in New Zealand 

320 

Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
================================================================ 
Tenability Parameters 
================================================================ 
Monitoring Height for Visibility and FED (m) =             2.00 
Occupant Activity Level =                                  Light 
Visibility calculations assume:                            
reflective signs 
FED Start Time (sec)                                       0 
FED End Time (sec)                                         10000 
================================================================ 
Sprinkler / Detector Parameters 
================================================================ 
Sprinkler installed in Room                                3 
         Sprinkler control is simulated. 
         Response Time Index (m.s)^1/2 =                   140.0 
         Sprinkler C-Factor (m.s)^1/2 =                    1.00 
         Radial Distance (m) =                             3.20 
         Actuation Temperature (C) =                       74.0 
         Water Spray Density (mm/min) =                    5.0 
         Distance below ceiling (mm) =                     25 
         Ceiling Jet model used is NIST JET. 
================================================================ 
Mechanical Ventilation (to/from outside) 
================================================================ 
Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 
Mechanical Ventilation not installed in Room 3 
================================================================ 
Description of the Fire 
================================================================ 
Radiant Loss Fraction =                                    0.52 
CO Yield pre-flashover(g/g) =                              0.040 
CO Yield post-flashover(g/g) =                             0.400 
Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.20 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
 
Burning Object No 1 

              Located in Room                              3 
              Energy Yield (kJ/g) =                        20.0 
              CO2 Yield (kg/kg fuel) =                     1.920 
              HCN Yield (kg/kg fuel) =                     0.000 
              Fire Height (m) =                            0.000 
              Fire Location (m) =                         Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               62                      179 
               124                     715 
               185                     1610 
               247                     2861 
               309                     4471 
               371                     6438 
               432                     8763 
               494                     11445 
               556                     14486 
               618                     17883 
               679                     21639 
               741                     25752 
               803                     30223 
               865                     35051 
               926                     40238 
               988                     45781 
               1050                    51683 
               1112                    57942 
               1173                    64559 
               1235                    71533 
               1297                    78866 
               1359                    86555 
               1420                    94603 
               1482                    103008 
               1544                    111771 
               1606                    120891 
               1667                    130370 
               1729                    140205 
               1791                    150399 
               1852.5                  160950 
=============================================================== 
Postflashover Inputs 
================================================================ 
Postflashover model is OFF.
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B12 Case Building Twelve – Townhouses 
================================================================ 
Description of Rooms 
================================================================ 
Room  1  : Ground floor 
         Room Length (m) =                                 8.50 
         Room Width (m) =                                  4.50 
         Maximum Room Height (m) =                         2.40 
         Minimum Room Height (m) =                         2.40 
         Floor Elevation (m) =                             0.000 
         Room  1  has a flat ceiling. 
        Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             13.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
         Floor Surface is concrete 
         Floor Density (kg/m3) =                          2300.0 
         Floor Conductivity (W/m.K) =                      1.200 
         Floor Emissivity =                                0.50 
         Floor Thickness = (mm)                            100.0 
 
Room  2  : First Floor 
         Room Length (m) =                                 9.30 
         Room Width (m) =                                  4.50 
         Maximum Room Height (m) =                         2.40 
         Minimum Room Height (m) =                         2.40 
         Floor Elevation (m) =                             2.400 
         Room  2  has a flat ceiling. 
        Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             13.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 

         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
         Floor Surface is particleboard, high density 
         Floor Density (kg/m3) =                          1000.0 
         Floor Conductivity (W/m.K) =                      0.170 
         Floor Emissivity =                                0.88 
         Floor Thickness = (mm)                            25.0 
 
Room  3  : Second Floor 
         Room Length (m) =                                 9.30 
         Room Width (m) =                                  4.50 
         Maximum Room Height (m) =                         2.40 
         Minimum Room Height (m) =                         2.40 
         Floor Elevation (m) =                             4.800 
         Room  3  has a flat ceiling. 
        Wall Surface is plasterboard, painted gypsum paper-faced  
         Wall Density (kg/m3) =                            731.0 
         Wall Conductivity (W/m.K) =                       0.170 
         Wall Emissivity =                                 0.88 
         Wall Thickness (mm) =                             13.0 
     Ceiling Surface is plasterboard, painted gypsum paper-faced  
         Ceiling Density (kg/m3) =                         731.0 
         Ceiling Conductivity (W/m.K) =                    0.170 
         Ceiling Emissivity =                              0.88 
         Ceiling Thickness (mm) =                          9.0 
         Floor Surface is particleboard, high density 
         Floor Density (kg/m3) =                          1000.0 
         Floor Conductivity (W/m.K) =                      0.170 
         Floor Emissivity =                                0.88 
         Floor Thickness = (mm)                            25.0 
================================================================ 
Wall Vents 
================================================================ 
From room  1  to outside, Vent No 1 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
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From room  1  to outside, Vent No 2 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 3 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 4 
                   Vent Width (m) =                        1.200 
                   Vent Height (m) =                       2.200 
                   Vent Sill Height (m) =                  0.100 
                   Vent Soffit Height (m) =                2.300 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 5 
                   Vent Width (m) =                        0.500 
                   Vent Height (m) =                       1.400 
                   Vent Sill Height (m) =                  1.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 

                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  1  to outside, Vent No 6 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       2.300 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.300 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 7 
                   Vent Width (m) =                        0.020 
                   Vent Height (m) =                       2.300 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.300 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 8 
                   Vent Width (m) =                        2.600 
                   Vent Height (m) =                       0.020 
                   Vent Sill Height (m) =                  2.300 
                   Vent Soffit Height (m) =                2.320 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 9 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
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From room  1  to outside, Vent No 10 
                   Vent Width (m) =                        0.003 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 11 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  2.000 
                   Vent Soffit Height (m) =                2.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 12 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       0.003 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                0.003 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  1  to outside, Vent No 13 
                   Vent Width (m) =                        0.800 
                   Vent Height (m) =                       2.000 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    160 
                   Closing Time (sec) =                    170 
 
From room  2  to outside, Vent No 1 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 2 
                   Vent Width (m) =                        0.004 

                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 3 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  2  to outside, Vent No 4 
                   Vent Width (m) =                        4.000 
                   Vent Height (m) =                       2.300 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.300 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  2  to outside, Vent No 5 
                   Vent Width (m) =                        4.000 
                   Vent Height (m) =                       2.300 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.300 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
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                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 1 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 2 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 3 
                   Vent Width (m) =                        0.004 
                   Vent Height (m) =                       2.400 
                   Vent Sill Height (m) =                  0.000 
                   Vent Soffit Height (m) =                2.400 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
 
From room  3  to outside, Vent No 4 
                   Vent Width (m) =                        2.000 
                   Vent Height (m) =                       1.100 
                   Vent Sill Height (m) =                  0.900 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 

                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 5 
                   Vent Width (m) =                        0.400 
                   Vent Height (m) =                       1.400 
                   Vent Sill Height (m) =                  0.900 
                   Vent Soffit Height (m) =                2.300 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 6 
                   Vent Width (m) =                        2.000 
                   Vent Height (m) =                       1.100 
                   Vent Sill Height (m) =                  0.900 
                   Vent Soffit Height (m) =                2.000 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
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                   Glass is heated by gas layers only. 
 
From room  3  to outside, Vent No 7 
                   Vent Width (m) =                        0.400 
                   Vent Height (m) =                       1.400 
                   Vent Sill Height (m) =                  0.900 
                   Vent Soffit Height (m) =                2.300 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    0 
                   Glass fracture is modelled for this vent 
                   Glass Thickness (mm) =                  6.0 
                   Glass Fracture to Fallout Time (sec) =  0 
                   Glass Shading Depth (mm) =              15.0 
                   Glass Fracture Stress (MPa) =           47 
                   Glass Expansion Coefficient (/C) =  0.0000095 
                   Glass Conductivity (W/mK) =             0.76 
                   Glass Diffusivity (m2/s) =            3.6E-07 
                   Glass Modulus (W/mK) =                  72000 
                   Glass is heated by gas layers only. 
================================================================ 
Ceiling/Floor Vents 
================================================================ 
Upper room  2  to lower room  1 , Vent No 1 
                   Vent Area (m2) =                        3.40 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
                   Open method =                         Manual 
 
Upper room  3  to lower room  2 , Vent No 1 
                   Vent Area (m2) =                        3.40 
                   Opening Time (sec) =                    0 
                   Closing Time (sec) =                    1800 
                   Open method =                         Manual 
================================================================ 
Ambient Conditions 
================================================================ 
Interior Temp (C) =                                        20.0 
Exterior Temp (C) =                                        18.0 
Relative Humidity (%) =                                    65 
================================================================ 
Tenability Parameters 
================================================================ 

Monitoring Height for Visibility and FED (m) =             2.00 
Occupant Activity Level =                                  Rest 
Visibility calculations assume:                 reflective signs 
FED Start Time (sec)                                       0 
FED End Time (sec)                                         1800 
================================================================ 
Sprinkler / Detector Parameters 
================================================================ 
No thermal detector or sprinkler installed. 
Smoke Detector in Room 1 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 2 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
Smoke Detector in Room 3 
         Smoke Optical Density for Alarm (1/m)             0.097 
         Detector Characteristic Length Number (m)         15.0 
         Detector Sensitivity (%/ft)                       6.6 
         Radial Distance from Plume (m)                    5.000 
         Distance below Ceiling (m)                        0.025 
   Detector response is based on OD inside the detector chamber. 
================================================================ 
Mechanical Ventilation (to/from outside) 
================================================================ 
Mechanical Ventilation not installed in Room 1 
Mechanical Ventilation not installed in Room 2 
Mechanical Ventilation not installed in Room 3 
=============================================================== 
Description of the Fire 
================================================================ 
Radiant Loss Fraction =                                    0.52 
CO Yield pre-flashover(g/g) =                              0.040 
CO Yield post-flashover(g/g) =                             0.400 
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Soot Yield pre-flashover(g/g) =                            0.100 
Soot Yield post-flashover(g/g) =                           0.200 
Smoke Emission Coefficient (1/m) =                         1.20 
Characteristic Mass Loss per Unit Area (kg/s.m2) =         0.011 
Air Entrainment in Plume uses McCaffrey (default) 
 
Burning Object No 1 
Fast fire growth rate 
              Located in Room                              1 
              Energy Yield (kJ/g) =                        20.0 
              CO2 Yield (kg/kg fuel) =                     1.920 
              HCN Yield (kg/kg fuel) =                     0.010 
              Fire Height (m) =                            0.000 
              Fire Location (m) =                        Centre 
              Time (sec)               Heat Release (kW) 
               0                       0 
               15                      11 
               30                      42 
               45                      95 
               60                      169 
               90                      380 
               105                     517 
               120                     676 
               135                     855 
               150                     1056 
               165                     1277 
               195                     1784 
               210                     2069 
               225                     2375 
               240                     2702 
               255                     3051 
               270                     3420 
               285                     3811 
               300                     4222 
               330                     5109 
               345                     5584 
               360                     6080 
               375                     6597 
               390                     7136 
               405                     7695 
               420                     8276 
               435                     8877 

               450                     9500 
               450.1                   9500 
================================================================ 
Postflashover Inputs 
Postflashover model is OFF. 



Appendix C – Egress Calculations  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in 

New Zealand 

327

Appendix C – Egress Calculations 

This appendix provides explanatory calculations for the egress results shown in each 
chapter of the case buildings’ analysis. 

C1 Case Building One - Apartments 

Detection time:  

DFS1   34 s (smoke detector in apartment) for apartment occupants 
   117 s (sprinkler activation in apartment) for other occupants 
DFS2   5 s (smoke detector in stair) for all occupants 
 

Pre-movement time:  

DFS1 120 s for apartment occupants (W3 = 5 mins, but as occupants 
are in the same small room as fire W1 = 2 mins can be used). 

 300 s for other asleep occupants/residential (W3 = 5 mins) 
 240 s for awake occupants/commercial (W3 = 4 mins) 
DFS2 300 s for all asleep occupants/residential (W3 = 5 mins) 
 240 s for awake occupants/commercial (W3 = 4 mins) 

Travel Time: 

Apartment B: occupants: 4 
 density: 0.06 ppl/m2 (4 ppl/67.5 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 Apartment B: 13.5 m @ 1.19 m/s = 12 s. 
 
Level 1- 8 corridors: occupants: 16 
 density: 0.64 ppl/m2 (16 ppl/25 m2) 
 therefore walking speed impeded as greater than 0.54 ppl/m2 
  
 walking speed:  S = k2 – ak2D 
 where: k2 = 1.4, a = 0.266, D = density. 
 so: S = 1.4 – (0.266 x 1.4 x 0.64) 
 S = 1.16 m/s 
 
 Levels 1 – 8 corridor: 17.5 m @ 1.16 m/s = 15 s 
 
Level 9 apartments: occupants: 4 
 density: 0.06 ppl/m2 (4 ppl/70 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
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 Level 9 apartments: 11 m @ 1.19 m/s = 9 s 
 
Level 9 corridor: occupants: 12 
 density: 0.48 ppl/m2 (12 ppl/25 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
  
 Level 9 corridor: 17.5 m @ 1.19 m/s = 15 s 
 
Ground floor: occupants: 45 
 density: 0.3 ppl/m2 (45 ppl/150 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 Fsm = 1.3 ppl/s/m through the doorway 
 
 Fc = FsmWe: so Fc = 1.3 x 1.3 
 Fc = 1.7 ppl/s through the doorway 
 
 so to get 45 people through the doors to shop 1 = 26 s 
 
Stairway (level 9 occupants): 
 assume unimpeded walking speed on stairs due to low 

occupancy 
 walking speed: 0.85 m/s (190  riser, 280 mm tread) 
 walking speed: 1.19 m/s on flat landings 
 
 stair: 45 m @ 0.85 m/s = 53 s (18 x 2.5 m flights) 
 flat: 51.5 m @1.19 m/s = 43 s (17 x 1.5 m landings, plus 26 m) 
 
 so level 9 occupants to get down stairs and out to the street take 

= 96 s 
 
Therefore: 
to clear Apartment B: = 12 s 
to clear Levels 1 – 8: 12 + 15 = 27 s 
to clear Level 9: 9 + 15 = 24 s 
to clear Level 9 occupants down stairs and across ground floor: 43 s 
to clear level 9 occupants to the street: 9 + 15 + 96 = 120 s 
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C2 Case Building Two – Sports and Recreation Building 

Detection time:  

DFS1   81 s (smoke detector in sports hall) for all occupants 
DFS2   44 s (smoke detector in function centre) for all occupants 
 

Pre-movement time:  

DFS1 180 s for sports hall occupants (W3 = 6 mins, but as occupants 
are in the same large room as fire W2 = 3 mins can be used). 

 360 s for other occupants/assembly (W3 = 6 mins) 
DFS2 180 s for function centre occupants (W3 = 6 mins, but as 

occupants are in the same large room as fire W2 = 3 mins can 
be used). 

 360 s for other occupants/assembly (W3 = 6 mins) 
 

Travel Time: 

Sports hall ground: occupants: 308 
 density: 0.35 ppl/m2 (308 ppl/880 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 assume 1/3 of people (103) use the 3 exits available 
 

 Two 1.6 m doors:  
check max flow through doors: Fsm = 1.3 x 1.3 m (effective 
width = 1.6 – (2 x 0.15) 

 Fsm = 1.7 ppl/s through the doorway 
 
 Fc – FsmWe: so Fc = 1.7 x 1.3 
 Fc = 2.2 ppl/s through each 1.6 m doorway 
 
 so to get 103 people through each of the two 1.6 m doors = 47 s 
 

One 1.2 m doors:  
check max flow through doors: Fsm = 1.3 x 0.9 m (effective 
width = 1.2 – (2 x 0.15) 

 Fsm = 1.2 ppl/s through the doorway 
 
 Fc – FsmWe: so Fc = 1.2 x 0.9 
 Fc = 1.1 ppl/s through the 1.2 m doorway 
 
 so to get 103 people through the one 1.2 m door = 94 s 
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Sports hall upper: occupants: 100 
 density: 0.64 ppl/m2 (100 ppl/156 m2) 
 therefore walking speed impeded as greater than 0.54 ppl/m2 
  
 walking speed:  S = k2 – ak2D 
 where: k2 = 1.4, a = 0.266, D = density. 
 so: S = 1.4 – (0.266 x 1.4 x 0.64) 
 S = 1.16 m/s 
 
 assume ½ of people (50) go to each exit, and queuing in stair 

dominates 
 

max flow down stairs: Fsm = 0.94 x 0.7 m (effective width) 
 Fsm = 0.7 ppl/s down stairs 
 
 Fc = FsmWe: so Fc = 0.7 x 0.7 
 Fc = 0.49 ppl/s down each stair 
 
 so to get 50 people down each stair= 102 s 
 
Function centre: occupants: 378 
 density: 0.9 ppl/m2 (378 ppl/420 m2) 
 therefore walking speed impeded as greater than 0.54 ppl/m2 
  

walking speed:  S = k2 – ak2D 
 where: k2 = 1.4, a = 0.266, D = density. 
 so: S = 1.4 – (0.266 x 1.4 x 0.9) 
 S = 1.06 m/s 
 
   assume ¼ of people (95) use each 1.2 m doorway 
 

max flow through doors: Fsm = 1.3 x 0.9 m (effective width) 
 Fsm = 2.2 ppl/s through each 1.2 m door 
 
 Fc = FsmWe: so Fc =  2.2 x 0.9 
 Fc = 1.98 ppl/s through each doorway 
 
 so to get 95 people out through each of the four exits = 48 s 
 
Foyer:  as occupants have queued to travel down stairs or through 

doorways, assume density does not affect travel speed through 
foyer.  Therefore walking speed = 1.19 m/s 

  
 so: from sports hall: 8.5 m of travel to outside 
 from function centre: 6 m of travel to outside 
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 sports hall occupants to clear foyer: 
 8.5 m @ 1.19 m/s = 7s 
 
 function centre occupants to clear foyer 
 6 m @ 1.19 m/2 = 5 s 
 
 
Therefore, 
to clear sports hall ground: = 94 s 
to clear sports hall upper level: = 102 s 
to clear function centre: = 48 s 
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C3 Case Building Three – Warehouse and Offices 

Detection time:  

DFS1 Group 1 31 s (smoke detector in warehouse) for all occupants 
 Group 2 38 s (smoke detector in warehouse) for all occupants 
 Group 3 46 s (smoke detector in warehouse) for all occupants 

Pre-movement time:  

DFS1 180 s for warehouse occupants (W3 = 4 mins, but as occupants 
are in the same large room as fire W2 = 3 mins can be used). 

 240 s for other occupants/commercial (W3 = 4 mins) 

Travel Time: 

Warehouse: occupants: 35 
 density: 0.03 ppl/m2 (35 ppl/1160 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 warehouse: 50 m @ 1.19 m/s = 42 s 
 
Offices upper: occupants: 16 
 density: 0.1 ppl/m2 (16 ppl/156 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s on flat 
 walking speed: 0.85 m/s on stairs (190 mm riser, 280mm tread) 
  
 travel path:  20 m flat, level 1 @ 1.19 m/s = 17 s 

8.5 m stair, @0.85 m/s = 10 s 
     9 m flat, ground @ 1.19 m/s = 8 s 
 
   Upper office level to outside: 17 + 10 + 8 = 35 s 
 
Office ground: occupants: 16 
 density: 0.1 ppl/m2 (16 ppl/156 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s on flat 
   
 travel path:  20 m flat @ 1.19 m/s = 17 s 
 
Therefore: 
to clear warehouse: = 42 s 
to clear upper office level: = 17 s 
to clear ground level (of upper level occupants): = 35 s 
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C4 Case Building Four – Offices 

Detection time:  

DFS1   35 s (smoke detector on Level 1) for all occupants 
 

Pre-movement time:  

DFS1 180 s for level 1 occupants (W3 = 4 mins, but as occupants are 
in the same large room as fire W2 = 3 mins can be used). 

 240 s for other occupants/commercial (W3 = 4 mins) 

Travel Time: 

Level 1: occupants: 22 
 density: 0.1 ppl/m2 (22 ppl/219 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 However queuing likely at corridor to stairs. 
 Fsm = 1.3 ppl/s/m 
 Fc = FsmWe 
 Fc = 1.3 x 0.7 (effective width: 1 m – (2 x 0.15) = 0.7 m) 
 Fc = 0.91 ppl/s through corridor 
 
 so 22 people through the corridor to the stairs = 24 s 
 (Level 1 occupants into the stairs) 
 
Level 1: occupants: 28 
 density: 0.1 ppl/m2 (28 ppl/281 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 However queuing likely at corridor to stairs. 
 Fsm = 1.3 ppl/s/m 
 Fc = FsmWe 
 Fc = 1.3 x 0.7 (effective width: 1 m – (2 x 0.15) = 0.7 m) 
 Fc = 0.91 ppl/s through corridor 
 
 so 28 people through the corridor to the stairs = 25 s 
 (Level 2 and 3 occupants into the stairs) 
 
Ground shop: occupants: 32 
 density: 0.3 ppl/m2 (32 ppl/105 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
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 However queuing likely at door to outside. 
 Fsm = 1.3 ppl/s/m 
 Fc = FsmWe 
 Fc = 1.3 x 0.55 (effective width: 0.85 m – (2 x 0.15) = 0.55 m) 
 Fc = 0.72 ppl/s through corridor 
 
 so 32 people through the door to outside = 45 s 
 
Ground Office: occupants: 10 
 density: 0.1 ppl/m2 (10 ppl/92 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 Ground to outside: 23 m @ 1.19 m/s = 19 s 
 
Basement: occupants: 15 
 density: 0.1 ppl/m2 (15 ppl/144 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
  
 Basement to outside: 35 m @ 1.19 m/s = 29 s 
 
Stairs and Lobby: Level 3 occupants down the stairs and across ground floor to 

outside. 
 
 assume unimpeded walking speed on stairs  
 walking speed: 0.85 m/s (190  riser, 280 mm tread) 
 walking speed: 1.19 m/s on flat landings 
 
 stair: 24.6 m @ 0.85 m/s = 29 s (6 x 4.1 m flights) 
 flat: 26.5 m @ 1.19 m/s = 22 s (6 x 3.0 m landings, plus 8.5 m) 
 
 so level 3 occupants to get down stairs and out to the street take 

= 51 s 
 
Therefore: 
to clear Levels 1, 2, and 3 to stairs: = 25 s 
to clear ground shop: 45 s 
to clear ground floor office occupants to outside: 19 s 
to clear basement occupants to outside: 29 s 
to clear level 3 occupants to the street: 25 + 51 = 76 s 
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C5 Case Building Five – Cinema Complex 

Detection time:  

DFS1   103 s (fire grows to 500 kW) for cinema 1 occupants 
   315 s (sprinkler activation) for all other occupants 

Pre-movement time:  

DFS1 180 s for level 1 occupants (W3 = 6 mins, but as occupants are 
in the same large room as fire W2 = 3 mins can be used). 

 360 s for other occupants/assembly (W3 = 6 mins) 

Travel Time: 

Cinema 1: occupants: 234 
 density: 0.9 ppl/m2 (234 ppl/260 m2) 
 therefore greater than 0.54 ppl/m2 so walking speed impeded 
  

walking speed:  S = k2 – ak2D 
 where: k2 = 1.4, a = 0.266, D = density. 
 so: S = 1.4 – (0.266 x 1.4 x 0.9) 
 S = 1.06 m/s 
 
 However queuing likely at doors. Assume ½ people (117) use 

the two exits equally. 
 Fsm = 1.3 ppl/s/m 
 
 The 1.8 m door to the foyer: 
 Fc = FsmWe 
 Fc = 1.3 x 1.5 (effective width: 1.8 m – (2 x 0.15) = 1.5 m) 
 Fc = 1.95 ppl/s through corridor 
 
 so 117 people through the door to the foyer = 60 s 
 
 The 1.2 m door to outside: 
 Fc = FsmWe 
 Fc = 1.3 x 0.9 (effective width: 1.2 m – (2 x 0.15) = 0.9 m) 
 Fc = 1.17 ppl/s through corridor 
 
 so 117 people through the door to outside = 100 s 
 
Cinema 2: occupants: 202 
 density: 1.0 ppl/m2 (202 ppl/198 m2) 
 therefore greater than 0.54 ppl/m2 so walking speed impeded 
  

walking speed:  S = k2 – ak2D 
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 where: k2 = 1.4, a = 0.266, D = density. 
 so: S = 1.4 – (0.266 x 1.4 x 1.0) 
 S = 1.03 m/s 
 
 However queuing likely at doors. Assume ½ people (101) use 

the two exits equally. 
 Fsm = 1.3 ppl/s/m 
 
 The 1.2 m door to the foyer: 
 Fc = FsmWe 
 Fc = 1.3 x 0.9 (effective width: 1.2 m – (2 x 0.15) = 0.9 m) 
 Fc = 1.17 ppl/s through corridor 
 
 so 101 people through the door to the foyer = 86 s 
 
 The 0.85 m door to outside: 
 Fc = FsmWe 
 Fc = 1.3 x 0.55 (effective width: 0.85 m – (2 x 0.15) = 0.55 m) 
 Fc = 0.71 ppl/s through corridor 
 
 so 101 people through the door to outside = 142 s 
 
Cinema 3: occupants: 132 
 density: 1.0 ppl/m2 (132 ppl/136 m2) 
 therefore greater than 0.54 ppl/m2 so walking speed impeded 
  

walking speed:  S = k2 – ak2D 
 where: k2 = 1.4, a = 0.266, D = density. 
 so: S = 1.4 – (0.266 x 1.4 x 1.0) 
 S = 1.03 m/s 
 
 However queuing likely at doors. Assume 1/3 people (44) use 

the two exits equally. 
 Fsm = 1.3 ppl/s/m 
 
 The three 0.85 m doors to the foyer and corridor: 
 Fc = FsmWe 
 Fc = 1.3 x 0.55 (effective width: 0.85 m – (2 x 0.15) = 0.55 m) 
 Fc = 0.71 ppl/s through corridor 
 
 so 44 people through the doors = 62 s 
 
Cinema 4: occupants: 124 
 density: 0.8 ppl/m2 (124 ppl/154 m2) 
 therefore greater than 0.54 ppl/m2 so walking speed impeded 
  

walking speed:  S = k2 – ak2D 
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 where: k2 = 1.4, a = 0.266, D = density. 
 so: S = 1.4 – (0.266 x 1.4 x 0.8) 
 S = 1.1 m/s 
 
 However queuing likely at doors. Assume ½ people (62) use 

the two exits equally. 
 Fsm = 1.3 ppl/s/m 
 
 The two 0.85 m doors to the foyer and to outside: 
 Fc = FsmWe 
 Fc = 1.3 x 0.55 (effective width: 0.85 m – (2 x 0.15) = 0.55 m) 
 Fc = 0.72 ppl/s through corridor 
 
 so 62 people through the doors = 86 s 
 
Cinema 5: occupants: 126 
 density: 0.9 ppl/m2 (126 ppl/140 m2) 
 therefore greater than 0.54 ppl/m2 so walking speed impeded 
  

walking speed:  S = k2 – ak2D 
 where: k2 = 1.4, a = 0.266, D = density. 
 so: S = 1.4 – (0.266 x 1.4 x 0.9) 
 S = 1.06 m/s 
 
 However queuing likely at doors. Assume ½ people (63) use 

the two exits equally. 
 Fsm = 1.3 ppl/s/m 
 
 The 0.85 m doors to the foyer and to outside: 
 Fc = FsmWe 
 Fc = 1.3 x 0.55 (effective width: 0.85 m – (2 x 0.15) = 0.55 m) 
 Fc = 0.72 ppl/s through corridor 
 
 so 63 people through the door to the foyer = 88 s 
 
so entering the foyer: 
Cinema 1: 103 + 180 + 60 = 343 s (last person of 117 people) 
Cinema 2: 315 + 360 + 86 = 761 s (last person of 101 people) 
Cinema 3: 315 + 360 + 62 = 737 s (last person of 44 people) 
Cinema 4: 315 + 360 + 86 = 761 s (last person of 62 people) 
Cinema 5: 315 + 360 + 88 = 763 s (last person of 63 people) 
 
Foyer:  
192 + 3 + 68 + 3 + 3 = 269 people before cinema patrons enter 
 
foyer has 4 x 1.0 m exits and 1 x 1.8 m exit (4 x 0.7 m and 1 x 1.5 m effective width) 
so total effective width for escape is: 4.3 m 
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so: Fsm = 1.3 ppl/s/m 
 
Fc = FsmWe: Fc: 1.3 x 4.3 = 5.6 ppl/s 
 
people in foyer as cinema 1 leaves: 269 + 117 = 386 ppl 
so, at maximum efficiency of exits it would take :  386 ppl 69 s to clear the foyer 
 
assume this starts from when the first occupants of cinema 1 enter the foyer, which 
occurs at 103 + 180 = 283 s after ignition 
 
Therefore: foyer clear of original plus cinema 1 occupants: 283 + 69 s = 352 s 
So, no queuing to leave for other cinema occupants as they haven’t entered the foyer 
yet. 
 
Travel time through foyer: 25 m @ 1.19 m/s = 21 s 
 
Therefore: 
 
to clear cinema 1 takes: 100 s 
to clear cinema 2 takes: 142 s 
to clear cinema 3 takes: 62 s 
to clear cinema 4 takes: 86 s 
to clear cinema 5 takes: 88 s 
to clear foyer takes: 69 s (for original and cinema 1 occupants) 
 
to clear foyer for cinema 2, 3, 4 and 5 occupants: 21 s 
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C6 Case Building Six - Motel 

Detection time:  

DFS1   29 s (smoke detector activation) for occupants in unit of fire 
   78 s (heat detector activation) for all other occupants 
 

Pre-movement time:  

DFS1 120 s for level 1 occupants (W3 = 6 mins, but as occupants are 
in the same small room as fire W1 = 2 mins can be used). 

 360 s for other occupants/accommodation (W3 = 6 mins) 

Travel Time: 

Units: occupants: 3 
 density: 0.1 ppl/m2 (3 ppl/32 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 to clear unit: 6 m@ 1.19 m/s = 5 s 
 
Walkway and stairs: occupants: 12 
 assume walking speed not impeded due to low occupancy 
 walking speed: 1.19 m/s flat 
 walking speed:0.85 m/s stairs (190 mm riser, 280 mm tread) 
 
 flat: 19 m @ 1.19 m/s = 16 s 
 stair: 8 m @ 0.85 m/s = 9 s 
 
 so occupants on the upper level to reach a safe place = 25 s 
 
Therefore; 
to clear unit of fire: 5 s 
to clear whole building: 25 s 
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C7 Case Building Seven - Apartments 

Detection time:  

DFS1   41 s (domestic smoke detector) for apartment of fire occupants 
   unknown for remainder of building 
DFS2   unknown for all occupants 
DFS5   746s (domestic smoke detector) for apartment of fire occupants 
   unknown for remainder of building 

Pre-movement time:  

DFS1 120 s for level 1 occupants (W3 = 5 mins, but as occupants are 
in the same small room as fire W1 = 2 mins can be used). 

 300 s for other sleeping occupants/residential (W3 = 5 mins) 
 240 s for other awake occupants/commercial (W3 = 4 mins) 
DFS2 300 s for all sleeping occupants/residential (W3 – 5 mins) 
 240 s for awake occupants/commercial (W3 = 4 mins) 
DFS5 120 s for level 1 occupants (W3 = 5 mins, but as occupants are 

in the same small room as fire W1 = 2 mins can be used). 

Travel Time: 

Apartment of fire: occupants: 4 
 density: 0.04 ppl/m2 (4 ppl/90 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 travel to lobby: 20 m@ 1.19 m/s = 17 s 
 
from apartment to stair (via common lobby): 
 assume walking speed not impeded due to low occupancy 
 walking speed: 1.19 m/s 
 
 travel via lobby: 13 m @ 1.19 m/s = 11 s 
 
stairs and ground lobby: assume walking speed not impeded due to low occupancy 
 walking speed: 1.19 m/s (flat) 
 walking speed: 0.85 m/s on stairs (190 mm riser, 280mm tread) 
 
 stairs: 21 m @ 0.85 m/s = 25 s (6 x 3.5 flights) 
 flat: 10 m @ 1.19 m/s =8 s (6 x 1.0 landings, plus 4 m) 
 ground lobby: 15 m @ 1.19 m/s =13 s 
 
 to clear stair and lobby: 25 + 8 + 13 = 46 s 
 
Ground retail 1: occupants: 41 
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 density: 0.3 ppl/m2 (41 ppl/136 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 assume queuing at doors dominates travel time, and ½ people 

(21) use each exit equally 
 
 Fsm = 1.3 ppl/s/m 
 
 One 1.6 m door to outside: 
 Fc = FsmWe 
 Fc = 1.3 x 1.3 (effective width 1.6 – (2 x 0.15) = 1.3 m) 
 Fc = 1.7 ppl/s 
  
 so to clear 21 people through this door: 12 s 
  
 One 0.85 m door to outside: 
 Fc = FsmWe 
 Fc = 1.3 x 0.55 (effective width 0.85 – (2 x 0.15) = 0.55 m) 
 Fc = 0.72 ppl/s 
  
 so to clear 21 people through this door: 29 s 
 
Therefore; 
to clear apartment of fire to lobby: 17 s 
to clear level 1, 2 and 3 to stair: 11 s 
to clear ground floor commercial tenancies: 29 s 
to clear level 3 occupants down stairs and across ground lobby: 46 s 
 
 
 



Appendix C – Egress Calculations  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in 

New Zealand 

342

C8 Case Building Eight – Restaurant  

Detection time:  

DFS1   123 s (heat detector activation) for all occupants 
DFS2   14 s (heat detector activation) for all occupants 

Pre-movement time:  

DFS1 180 s for ground level occupants (W3 = 6 mins, but as 
occupants are in the same large room as fire W2 = 3 mins can 
be used). 

 360 s for other occupants/assembly (W3 = 6 mins) 
DFS2 360 s for all occupants/assembly (W3 = 6 mins) 

Travel Time: 

Ground floor: occupants: 13 + 63 = 76 
 density: 0.3 ppl/m2 (76 ppl/280 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 assume kitchen staff leave by 0.85 door and there is no 

queuing: 
 kitchen: 30 m @ 1.19 m/s = 25 s 
 
 assume ½ of patron (32) use each door equally 
 
 the 1.4 m door to outside: 
 Fsm = 1.3 ppl/s/m 
 Fc = FsmWe 
 Fc = 1.3 x 1.1 (effective width: 1.4 – (2 x 0.15) = 1.1 m) 
 Fc = 1.43 ppl/s 
  
 so 32 people through the 1.4 door to outside takes: 22 s 
 
 the 1.2 m door to the lobby: 
 Fsm = 1.2 ppl/s/m 
 Fc = FsmWe 
 Fc = 1.3 x 0.9 (effective width: 1.2 – (2 x 0.15) = 0.9 m) 
 Fc = 1.17 ppl/s 
  
 so 32 people through the 1.2 door to outside takes: 27 s 
 
 If all occupants exit via one door to outside: 
 Fc = 1.43 ppl/s for the 1.4 m door to the outside 
 so; 63 people through the 1.4 door to outside takes: 44 s 
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The upper level:  occupants: 160 
 density: 0.57 ppl/m2 (160 ppl/280 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 but queuing time will dominate 
 
 assume ½ of patrons (80) use each door equally 
 
 the 1.4 m stairwell: 
 Fsm = 1.3 ppl/s/m 
 Fc = FsmWe 
 Fc = 1.3 x 1.1 (effective width: 1.4 – (2 x 0.15) = 1.1 m) 
 Fc = 1.43 ppl/s 
  
 so 80 people through the 1.4 opening to the stairs takes: 56 s 
 
 the 1.2 m door to the exterior stairs: 
 Fsm = 1.2 ppl/s/m 
 Fc = FsmWe 
 Fc = 1.3 x 0.9 (effective width: 1.2 – (2 x 0.15) = 0.9 m) 
 Fc = 1.17 ppl/s 
  
 so 80 people through the 1.2 door to outside takes: 68 s 
 
 If all occupants exit via one door to outside: 
 Fc = 1.17 ppl/s for the 1.2 m door to the exterior stair 
 so; 160 people through the 1.2 door to outside takes: 137 s 
 
Stairs and lobby: assume unimpeded walking speed as occupants have queued to 

pass through obstacle (entrance to stairs) 
 walking speed flat: 1.19 m/s 
 walking speed stair: 0.85 m/s (190 mm riser, 280 mm tread) 
 
 stair: 9 m @ 8.5 m/s = 11 s (2 x 4.5 m flights) 
 flat: 11 m @ 1.19 m/s = 9 s (landings plus lobby) 
  
 so, travel down stairs and to outside: = 20 s 
 
Therefore; 
DFS1 using both escape routes 
to clear level one: =68 s 
to clear ground floor: = 27 s 
to clear the stair and lobby: 20 s 
so, to clear upper floor occupants to outside: 56 + 20 = 76 s 
 
DFS2 using only one escape route (not the internal stair) 



Appendix C – Egress Calculations  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in 

New Zealand 

344

to clear level one: =137 s 
to clear ground floor: = 44 s 
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C9 Case Building Nine – Retirement Home 

Detection time:  

DFS1   40 s (smoke detector activation) for all occupants 

Pre-movement time:  

DFS1 180 s for apartment 4 occupants (W3 = 8 mins, but as 
occupants are in the same small room as fire W1 = 3 mins can 
be used). 

 480 s for other sleeping occupants/care (W3 = 8 mins) 
 240 s for awake occupants (staff)/commercial (W3 = 4 mins) 

Travel Time: 

(assume fire occurs at night when occupants are asleep and in the bedrooms) 
Apartment 4: occupants: 1 
 density: 0.03 ppl/m2 (1 ppl/33 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.0 m/s (lower than average population due to 

age of occupancy 
 
 to clear apartment: 13.5 m@ 1.0 m/s = 14 s 
 
Apartment Wing: assume no queuing due to low occupancy 
 walking speed: 1.0 m/s 
 travel to furthest exit: 26 m @ 1.0 m/s = 26 s 
 
Bedrooms: assume no queuing due to low occupancy 
 walking speed: 1.0 m/s 
 to clear bedrooms: 6 m @ 1.0 m/s = 6 s 
 
Bedroom Wing:  assume no queuing due to low occupancy 
 walking speed: 1.0 m/s 
 travel to furthest exit: 22 m @ 1.0 m/s = 22 s 
 
Communal areas/staff: assume no queuing due to low occupancy 
 walking speed: 1.19 m/s 
 travel to furthest exit: 24 m @ 1.0 m/s = 20 s 
(this is kitchen and other staff not assisting other occupants to evacuate) 
 
Therefore: 
to clear apartment 4: 14 s 
to clear apartment wing: 14 + 26 = 40 s 
to clear bedroom wing: 6 + 22 = 28 s 
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C10 Case Building Ten - Industrial 

Detection time:  

DFS1 Group 1 98 s (heat detector in store) for all occupants 
 Group 2 128 s (heat detector in store) for all occupants 
 Group 3 172 s (heat detector in store) for all occupants 

Pre-movement time:  

DFS1 180 s for store occupants (W3 = 4 mins, but as occupants are in 
the same large room as fire W2 = 3 mins can be used). 

 240 s for other occupants/commercial (W3 = 4 mins) 

Travel Time: 

Store: occupants: 28 
 density: 0.03 ppl/m2 (28 ppl/940 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 travel: 55 m @ 1.19 m/s = 46 s 
 
Workroom: occupants: 38 
 density: 0.2 ppl/m2 (38 ppl/190 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 travel: 52 m @ 1.19 m/s = 44 s 
 
Goods store: occupants: 2 
 density: 0.03 ppl/m2 (2 ppl/70 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 travel: 39 m @ 1.19 m/s = 33 s 
 
Laboratory: occupants: 18 
 density: 0.2 ppl/m2 (18 ppl/220 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 travel: 26 m @ 1.19 m/s = 22 s 
 
Offices: occupants: 22 
 density: 0.1 ppl/m2 (22 ppl/220 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
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 walking speed: 1.19 m/s 
 
 travel: 30 m @ 1.19 m/s = 25 s 
 
However, the goods store must egress through the Store: 
 so, to clear good store into store: 
 travel: 12 m @ 1.19 m/s = 10 s 
 to cross Store to outside: 
 travel: 27 m @ 1.19 m/s = 23 s 
 
Therefore; 
to clear the Store: 46 s 
to clear good store: 10 s 
to clear workroom: 44 s 
to clear laboratory: 22 s 
to clear offices: 25 s 
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C11 Case Building Eleven – Indoor Sports Facility 

Detection time:  

DFS1   103 s (fire grows to 500kW) for sports lounge occupants 
   355 s (sprinkler activates) for all occupants 

Pre-movement time:  

DFS1 180 s for sports lounge occupants (W3 = 6 mins, but as 
occupants are in the same large room as fire W2 = 3 mins can 
be used). 

 360 s for other occupants/assembly (W3 = 6 mins) 

Travel Time: 

Sports lounge: occupants: 308 
 density: 0.35 ppl/m2 (308 ppl/880 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s 
 
 assume 1/3 of people (103) use the 3 exits available 
 

 Two 1.6 m doors:  
check max flow through doors: Fsm = 1.3 x 1.3 m (effective 
width = 1.6 – (2 x 0.15) 

 Fsm = 1.7 ppl/s through the doorway 
 
 Fc – FsmWe: so Fc = 1.7 x 1.3 
 Fc = 2.2 ppl/s through each 1.6 m doorway 
 
 so to get 103 people through each of the two 1.6 m doors = 47 s 
 

One 1.2 m doors:  
check max flow through doors: Fsm = 1.3 x 0.9 m (effective 
width = 1.2 – (2 x 0.15) 

 Fsm = 1.2 ppl/s through the doorway 
 
 Fc – FsmWe: so Fc = 1.2 x 0.9 
 Fc = 1.1 ppl/s through the 1.2 m doorway 
 
 so to get 103 people through the one 1.2 m door = 94 s 
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C12 Case Building Twelve - Townhouses 

Detection time:  

DFS1   43 s (smoke detector activation) for ground floor occupants 
   69 s (smoke detector activation) for second floor occupants 
DFS5   801 s (smoke detector activation) for ground floor occupants 

Pre-movement time:  

DFS1 120 s for occupants (W3 = 5 mins, but as occupants are in the 
same small room as fire W1 = 2 mins can be used). 

DFS5 120 s for occupants (W3 = 5 mins, but as occupants are in the 
same small room as fire W1 = 2 mins can be used). 

Travel Time: 

Townhouse C: occupants: 6 
 density: 0.05 ppl/m2 (6 ppl/120 m2) 
 therefore less than 0.54 ppl/m2 so walking speed not impeded 
 walking speed: 1.19 m/s on flat 
 walking speed: 0.85 m/s on stairs 
 
to cross second floor: travel: 9 m @ 1.19 m/s = 8 s 
 
to descend stairs travel: 8 m @ 0.85 = 9 s (stairs to first floor) 
 travel: 10 m @ 1.19 m/s = 9 s (across first floor to next stairs) 
  
 travel: 8 m @ 0.85 = 9 s (stairs to ground floor) 
 travel: 2 m @ 1.19 m/s = 2 s (across ground floor to door) 
 
ground floor: occupants of bedroom have 11 m to travel to exit door 

travel: 11 m @ 1.19 m/s = 9 s 
 
 
Therefore; 
to clear second floor: 8 s 
to clear first floor (second floor occupants): 8 + 9 + 9 = 26 s 
to clear ground floor (second floor occupants): 26 + 9 + 2 = 37 s 
 
to clear ground floor (ground floor occupants): 9 s 



Appendix D – Performance Groups  

 

Evaluation of the Conceptual Framework for Performance Based Fire Engineering Design in 

New Zealand 

350

Appendix D – Performance Groups 

The Department is considering categorising buildings into Performance Groups 
within the revised Building Code.  Table D provides the listings being considered at 
the time of publication.   
 
Perform-
ance 
Group 

Description Buildings Included 

PGI Buildings posing low risk 
to human life or the 
environment, or a low 
economic cost, should the 
building fail. [These are 
typically small non-
habitable buildings, such 
as sheds, barns, and the 
like, which are not 
normally occupied, 
though they may have 
occupants from time to 
time]. 
 

‘Ancillary buildings’; meaning not for human habitation. 
Minor storage facilities. 
Back country huts. 
 

PGII Buildings posing normal 
risk to human life or the 
environment, or a normal 
economic cost, should the 
building fail. [These are 
typical residential, 
commercial and industrial 
buildings]. 
 

All buildings and facilities except those listed in Performance 
Groups 1, 3, 4 and 5. 
 

III Buildings of an increased 
level of societal benefit or 
importance, or with 
higher levels of risk-
significant factors to 
building occupants. These 
buildings have increased 
levels of performance as 
they may house large 
numbers of people, 
vulnerable populations, or 
occupants with other risk 
factors, or fulfil some role 
of increased importance 
to the local community or 
to society in general. 
 

Buildings where more than 300 people congregate in one area. 
Buildings with primary school, secondary school, or day-care 
facilities with a capacity greater than 250. 
Buildings with tertiary or adult education facilities with a 
capacity greater than 500. 
Healthcare facilities with a capacity of 50 or more residents, but 
not having surgery or emergency treatment facilities. 
Jails and detention facilities. 
Any other building with a capacity of 5000 or more people. 
Buildings for power generating facilities, 
water treatment for potable water, waste water 
treatment facilities and other public utilities facilities not 
included in Performance Group 4. 
Buildings not included in Performance Groups 4 or 5 containing 
sufficient quantities of highly toxic gas or explosive materials 
capable of causing acutely hazardous conditions that do not 
extend beyond property boundaries. 
 

IV Buildings that are 
essential to post-disaster 
recovery or associated 

Hospitals and other health care facilities having surgery or 
emergency treatment facilities. 
Fire, rescue, and police stations and emergency vehicle garages. 
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with hazardous facilities. Designated emergency shelters. 
Designated emergency preparedness, communication, and 
operation centres and other facilities required for emergency 
response. 
Power generating stations and other utilities required as 
emergency back-up facilities for Performance Group 3 
structures. 
Buildings housing highly toxic gas or explosive materials 
capable of causing acutely hazardous conditions that extend 
beyond property boundaries. 
Aviation control towers, air traffic control centres, and 
emergency aircraft hangars. 
Buildings having critical national defence functions. 
Water treatment facilities required to maintain water pressure 
for fire suppression. 
Ancillary buildings (including, but not limited to, 
communication towers, fuel storage tanks or other structures 
housing or supporting water or other fire suppression material or 
equipment) required for operation of Performance Group 4 
structures during an emergency. 
 

PGV Buildings whose failure 
poses catastrophic risk to 
a large area (eg, 100 km²) 
or a large number of 
people (eg, 100,000). 
 

Major dams. 
Extreme hazard facilities. 
 

Table D.  Performance Groups being considered for inclusion the revised Building 
Code. 
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Appendix E – Fire Load Table 

The conceptual performance framework for fire safety stipulates fire loads to 
challenge a building design.  The fire loads under consideration at the time of 
publication are described in Table E.  These should not be relied upon for 
performance based engineering designs until approved by the Department.  Note that 
some of the fires used in this work, such as the t-cubed fire and the smouldering fire 
are under development and not included in the table. 
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Use of Space (kW/s2) (MJ/m2) (kW/m2)   (MJ/kg)

Crowd Activities           

Auditoriums Fast 400 100(1) 2 16.5 
Backstage areas Fast 400   2 16.5 

Baggage handling Fast 800   1 20 
Bars Fast 400   1 20 

Cafeteria Fast 400   2 16.5 
Chapel Fixed seating Fast 400   2 16.5 

Airport check-in areas Fast 800*   1 20 
Childcare (Non Sleeping) Fast 400 250(2) 1 20 

 School Classrooms Fast 400 290(3) 2 16.5 
Computer labs Fast 400 290(3) 2 16.5 

Computer rooms (Low occupant load) Fast 400 290(3) 2 16.5 
Racquetball Courts Moderate 400   2 16.5 
Departure Lounges Fast 200   1 20 

Electronic gaming area Fast 400 290(3) 2 16.5 
Exercise room/Physical therapy Fast 200   1 20 

Exhibition/Meeting space ceiling height < 
3m

Fast 200   2 16.5 

Exhibition/Meeting space ceiling height > 
3m

Fast 200   2 16.5 

Kitchen Fast 200   2 16.5 
Laboratory space Fast 200   1 20 

Lecture theatres (Fixed seating) Fast 400 290(3) 2 16.5 
Lecture theatres (No fixed seating) Fast 200 290(3) 2 16.5 

Lounge Fast 300   1 20 
Mailrooms Fast 400   2 16.5 

Gym mat storage Fast 2500   1 20 
Pool area Fast 100   2 16.5 
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Printer/Copy centre Fast 800 290(3) 2 16.5 
Projection room Fast 200 290(3) 2 16.5 
Reception area Fast 300 290(3) 1 20 

Restaurant dining area Fast 300 290(3) 1 20 
Retail space Fast 600* 550(4) 1 20 
Studio space Fast 800 290(3) 2 16.5 

Supermarkets or other stores with bulk 
storage/display over 3.0 m

Fast         

Theatre seating areas Fast 300 290(3) 1 20 
Uncovered seating (combustible 

construction)
Fast         

Uncovered seating (non-combustible 
construction)

Fast         

Weightroom Fast 200   1 20 
            

Sleeping Activities           
            

Bedrooms Fast 500 250(2) 1 20 
Guest rooms Fast 300 250(2) 1 20 

Operating theatres Fast 100 250(2) 1 20 
Restrained sleeping (controlled fuel load)       1 20 

Restrained sleeping (uncontrolled fuel load)       1 20 
Hospital examination rooms Fast 200 250(2) 1 20 

Hospital patient rooms Fast 300 250(2) 1 20 
           
           

Working Business and Storage 
Activities           

Services           
Dental or Medical Office Fast 200 290(3) 1 20 

Bank Counter Fast 300 290(3) 1 20 
Hairdressing shops Fast 300 290(3) 1 20 

Personal or Professional Service Fast 800 290(3) 1 20 
Laundry (self service) Fast 200 290(3) 2 16.5 

Business or other offices Fast 800 290(3) 2 16.5 
Police stations (without detention) Fast 800 290(3) 2 16.5 

Radio studio Fast 300 290(3) 2 16.5 
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Use of Space (kW/s2) (MJ/m2) (kW/m2)   (MJ/kg)

Television studios (no audience) Fast 300 290(3) 2 16.5 
            

Manufacturing, processing or storage of 
non-combustible materials 

          

Coldstores Fast         
Covered cattle yards Fast         

Wineries Fast         
Grading, storage, or packing of horticultural 

products, wet meat processing
Fast         

Wet meat processing Fast         
           

Small tool and appliance rental and service Fast         
Telephone exchanges Fast         

Dry meat processing Fast         
Manufacturing and processing of 

combustible materials not otherwise listed
Fast         

Bulk medium fire load and storage up to 3 m 
high (excluding foamed plastics).

Fast         

Chemical manufacturing or processing 
plants Fast         

 distilleries Fast         
 feed mills Fast         
 flour mills Fast         

 lacquer factories Fast         
 mattress factories Fast         

 rubber processing plants Fast         
 spray painting operations Fast         

 plastics manufacturing Fast         
 Bulk storage of combustible materials over 

3 m high  (excluding foamed plastics)
Ultra 
Fast         

           

Bulk plants for flammable liquids or gases
Ultra 
Fast         

Bulk storage warehouses for flammable 
substances 

Ultra 
Fast         

Bulk storage of foamed plastic
Ultra 
Fast         

           
Intermittent Activities           

Car parking Moderate 200   4 TDB 
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Use of Space (kW/s2) (MJ/m2) (kW/m2)   (MJ/kg)
Garages Moderate 300   4 TDB 

Enclosed corridors   100       
 Unstaffed kitchens or laundries   200   2 16.5 

 Lift shafts Moderate         
Locker rooms Moderate 100   2 16.5 
Linen rooms Fast     2 16.5 

Open balconies Moderate 100   2 16.5 
Stairways (within the open path) Moderate 100       

Toilets and amenities Moderate 100   2 16.5 
Service rooms incorporating machinery or 

equipment not using solid-fuel
Moderate 200   3 13 

Service rooms  designed to accommodate 
any of the following: boiler/plant equipment, 

furnaces, incinerators, refuse, 
caretaking/cleaning equipment, air-

conditioning, heating, plumbing or electrical 
equipment, pipes, lift/escalator machine 

rooms, or similar

Moderate 300   3 13 

Service rooms  designed to accommodate 
any of the following: boiler/plant equipment, 

furnaces, incinerators, refuse, 
caretaking/cleaning equipment, air-

conditioning, heating, plumbing or electrical 
equipment, pipes, lift/escalator machine 

rooms, or similar

Ultra 
Fast         

            

Other Specific Scenarios           
Arson Attack Ultra fast         
(S5) Smouldering Fires           
        

Dancing floor Moderate         
Sales/other Fast         

Service/equipment areas Fast         
Structural area/hidden space Fast         
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Peak Heat Release Rate Endnotes      
(1)Estimated using values given in PD7974-1 
Table 4      
(2)Based on Hotel Rooms - PD7974-1 Table 
4      
(3)Based on Offices - PD7974-1 Table 4      
(4)Based on Shops - PD7974-1 Table 4      
 
      
Net Heat of Combustion Endnotes      
(1) ΔHc(Net)=20MJ/kg 100% Polyurethane 
(20MJ/kg)      
(2) ΔHc(Net)=16.5MJ/kg 50% Polyurethane 
(20MJ/kg) 50% Wood (13MJ/kg)      
(3) ΔHc(Net)=20MJ/kg 100% Wood 
(13MJ/kg)      
(4) ΔHc(Net) for automobiles TBD      
      
Species Pre-Flashover Endnotes      
(1) Species 100% Polyurethane fCO=0.04 
kg/kg, fC=0.20 kg/kg      
(2) Species 50% Polyurethane 50% Wood 
fCO=0.022 kg/kg, fC=0.11 kg/kg      
(3) Species 100% Wood fCO=0.004 kg/kg, 
fC=0.015 kg/kg      
(4) Species from automobile experiments 
(TBD)      
CO production is 50 times larger than 
preflashover value       
Soot production is 2.6 times larger than 
preflashover values      
      

Table E.  Fire Loads being considered for inclusion in the Fire Safety Performance 
Framework 


