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Recorded Accelerations

To record the response of Thorndon Overbridge under seismic activity, 16 tri-axial    
accelerometers were installed on multiple piers as a part of GeoNet Structures In-
strumentation Programme. Since the installation of accelerometers, the bridge has  
experienced several ground motions of varying magnitude. Some of the significant 
ground motions experienced are below:

• Thorndon Bridge experienced peak ground accelerations of 0.1g during Cook Strait, 
0.05g during Lake Grassmere, 0.02g during Eketahuna and 0.12g during Kaikoura 
earthquakes and performed well during all these earthquakes. There was no occur-
rence of damage during these seismic events.

• Stockwell transform of Pier 25 during the Kaikoura earthquake shows no change in 
stiffness of the superstructure during the earthquake.

OpenSeesPy Modelling
OpenSeesPy (an open source Python module) is used to generate the finite element 
models for seismic analysis. The key aspects of the model were:

• All the material properties are obtained from structural drawings. Soil domain is 
modelled using Py springs, and their properties were based on CPT data from geo-
technical reports. The CPT - qc value of the soil was varying from 10MPa at the top 
to 35MPa at the bottom. 

• The mass of the super structure was concentrated at the top of column and mass of 
the pile cap was concentrated at the base of the column.

• A range of model complexities like fixed base, foundation springs, single pile foun-
dation and two pile group foundation are assessed to investigate their performance. 

• Column is modelled using fiber elements and foundation using elastic elements.

• Only Pier 25 was modelled in Cook Strait Earthquake and its results were compared 
against the recorded data in the bridge transverse direction.

Motivation

Instrumentation and testing of existing structures is becoming more prevalent, as this 
improves our understanding of foundation and structural response. This can help us to 
evaluate the current analysis and design procedures and improve on these approaches. 
One of the main reasons for this lack of understanding is the limited amount of in-
service data related to foundation response, soil foundation structure interaction, and 
structural nonlinearity. The main objective of this study is to assess the monitored 
response of the Thorndon Overbridge and use existing modelling techniques to replicate 
this response. 

Comparison of Recorded and Modelling Results

• The acceleration and displacement time histories of the model compare well with the 
recorded time histories of the pier, but some discrepancies between these time his-
tories can be seen. These discrepancies can be due to the interaction between the 
pier and ground motion instruments, as the instruments were above the pile cap and 
close to the pier. These affected seismic records could influence the analysis results.

• The peaks in the Fourier transform suggest the first few modes of the model were 
consistent to that of real pier.

• The foundation stiffness is obtained using standard equations developed for lateral 
static stiffness, with linear variation of subgrade modulus for the spring foundation 
model. It gave better results and is well suited for rapid assessment compared to the 
fixed based model.

Thorndon Overbridge Description

• Located on State Highway 1 (SH1) in Wellington.

• Designed using low seismic provisions and was constructed between 1967 and 1972.

• Undergone seismic strengthening between 1996 and 1998.

• Overall length of 1.35km with span lengths varying between 19.8m to 41.5m and 
width of 13.5m.

• Two parallel lanes each with 36 simply supported reinforced concrete spans.

• Superstructure supported by single circular column piers of 2.44m diameter, resting 
on pile foundations below.

• The foundations are built on reclaimed soil, which typically consisted of 4m to 16m 
of gravel rock fill over a 1m to 2m of silty/gravelly sand Holocene beach and marine 
sediments. 

Figure 1: Plan View of Thorndon Overbridge

Future Work
• Further development of foundation system modelling for Thorndon Overbridge.

• Learnings from Cook Strait earthquake are further applied to modelling of Thorndon 
Overbridge during Lake Grassmere, Eketahuna and Kaikoura earthquakes. 

• Development of multi-span models for all the above mentioned earthquakes. 

• Application of methodologies developed during Thorndon Overbridge modelling to 
other bridges that are monitored like Awatere River Bridge and destructive tested 
like Whirokino Trestle and Henderson Creek Bridge.
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Figure 2: Transverse response of ground and superstruc-
ture during Cook Strait earthquake (M6.5) in July 2013.

Figure 4: Transverse response of ground and superstruc-
ture during Eketahuna earthquake (M6.2) in January 2014.

Figure 3: Transverse response of ground and superstructure 
during Lake Grassmere earthquake (M6.6) in August 2013. 

Figure 5: Transverse response of ground and superstruc-
ture during Kaikoura earthquake (M7.8) in November 2016.

Figure 9: Comparison of recorded vs OpenSees model ac-
celeration time history

Figure 10: Comparison of recorded vs OpenSees model 
displacement time history

Figure 11: Comparison of recorded vs OpenSees Model 
periods with FFT 

Figure 8: Elevation and plan view of Pier 25

Figure 7: Location of Accelerometers at Pier 25
Figure 6: Stockwell transform of Pier-25 during Kaikoura 
Earthquake


