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Abstract
This project intends to develop and analyze the computational model of Avondale Road
Bridge that spans over the Avon River in Christchurch, New Zealand. The computational
model produces the response of the soil structure.

Background/Introduction
On February 2011 at approximately 12:51 P.M. Christchurch, New Zealand experienced a
MW 6.2 earthquake generating peak ground accelerations(PGA) up to 0.80g where the city
suffered large amounts of irreparable damages. The large peak ground accelerations exceeded
the designs used (NZS 1170.5:2004), causing enormous damage. Many structures were
beyond repair and Christchurch was destroyed, Figure 2a, but a huge effort from New
Zealand is being put into rebuilding Christchurch for the future. You can see the large
amounts of quakes that shook Christchurch in Figure 1 below.
Liquefaction induced lateral spreading was the primary cause of failure to the bridges that
crossed the Avon River. The improvement and research of the bridge's foundation is the main
purpose of this paper.

Figure 1: List of quakes in the Christchurch region on February 22, 2011
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The Avondale bridge that crosses the Avon River provided on Figure 2b spanned 36 meters
and has a width of 12.8 m. The bridge was constructed with 3 spans of precast concrete
beams that spanned 12 m, 12.4m and 12m. The complete superstructure is supported by two
abutments and two three pile caps . Each abutment is supported by 7 piles, of which 4 are
vertical and 3 are at a 14o angle.

Figure 2a: Photo showing the back-tilted
southern abutment of the Avondale bridge and
the damage to the deck

Figure 2b: Overview of the Avondale Bridge

Objective
The objective of this research is to create a computer model of the Avondale Bridge and test
its validity by running the analysis of the bridge under the both the Christchurch and Darfield
earthquakes with 3 different peak ground accelerations. Upon completion of verifying the
initial model, alterations will made on each piles of the bridge to develop improvements of
the structure.

Methods
Beam Spring Model
There are various approaches for seismic geotechnical analysis ranging from a simple
pseudo-static analysis to sophisticated numerical procedures for dynamic analysis of soil
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structure systems. In this case, the former was used to analyse the Avondale Road bridge. The
model was created in Ruaumoko, a New Zealand based structural analysis program. The
pseudo-static analysis method was used on a single-pile model of both the Northern and
Southern abutment for the Avondale Road bridge. A single pile was used by dividing the
abutment into 4 sections; each section containing a pile, as shown in the Figure 3.
Provided in Figure 4 the pile has a square cross section with a length of 0.4064 meters,
Young's Modulus of 29,730,000 kPa, and a moment of inertia of 0.002264 m4. The momentcurvature characteristics of the pile for a specific case is shown in Figure 6. This momentcurvature behaviour was defined by the hinge properties where the cracking moment occurs
at 52.91 kNm and yield moment occurs at 183 kNm and ultimate moment occurs at 205 kNm.
The pile and abutment were modelled as beam elements and the soil was modelled as nonlinear spring elements, whose stiffness varied as the soil stiffness varied. The soil-pile model
is shown in Figure 5b. The flowchart shown in Figure 7 shows the various soil properties and
relationships that are used to determine the soil spring parameters. In order to calculate the
parameters, data is gathered through Cone Penetration Testing (CPT) and Standard
Penetration Testing (SPT). The calculations were done through Excel and are attached in the
Appendix.
In order to test the model, ground displacements were applied to the ends of the soil springs.
The displacements follow the shape shown on Figure 6c and vary with the input PGA and
Mw. The springs that are not loaded with any ground displacements were made to be fixed
because that region is a non-liquefied layer. There are typically 3 layers in a soil profile:
crust, liquefied layer, non-liquefied layer. In the case which of the Southern Abutment model,
it was loaded with an earthquake of MW = 6.2 and PGA=0.3, there were 1 crust, 1 liquefied
layer, and 1 non-liquefied layer.
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0.4064 m

Figure 3: Sections of the Abutment
0.4064 m

Figure 4: Cross section of the Pile (not to scale)

Figure 5: Typical beam-spring models for pseudo-static analysis of piles
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Figure 6: Moment Curvature characteristic of the modelled pile
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Figure 7: Flowchart showing the various soil properties and relationships that are used to determine the soil
spring parameters

Sensitivity Testing
Sensitivity testing was done on the model by applying the upper and lower standard deviation
of loads as well as the average. The loads are based on 2 different earthquakes. The Darfield
earthquake which had a MW of 7.1 and an average PGA of 0.18g and the Christchurch earth
quake which had a MW of 6.2 and an average of PGA 0.35g. One standard deviation above
and below of the PGA were used for both earthquakes and one standard deviation above and
below of the soil profiles for both the Northern and Southern abutment were also used.
Darfield Earthquake MW 7.1
Lower PGA 0.13g

Average PGA 0.18g

Christchurch Earthquake MW 6.2
Lower PGA 0.25g
Average PGA 0.35

Upper PGA 0.24g

Upper PGA 0.49g

Results
The data outputted from Ruaumoko was processed through Excel and produced the following
plots on Figure 8a-e for the Southern Abutment Median Profile. These plots were a product
of the model loaded with the Christchurch Earthquake and Average PGA. On Figure 8c you
see that where the abutment and pile meet the bending moment far exceeds the cracking
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moment, where the yellow vertical line is the cracking moment and the red line is the
yielding moment. There is also a very large rotation at that same connection.
The results also yielded at which depth the first cracking and first yielding occurred at both
the top of the pile and the lower pile. Full results of the moment is shown in the appendix.
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Figure 8a: Soil spring displacements and abutment/pile displacements
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Figure 8b: Abutment/Pile rotation in degrees
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Figure 8c: Pile/Abutment bending moment
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Figure 8d: Pile and Abutment Shear Force
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Figure 8e: Pile and Abutment Curvature

10

Conclusion
The series of earthquakes that shook Christchurch in February 2011 caused significant
liquefaction induced lateral spreading. Much of the lateral spreading occurred along the Avon
River, affecting the city business district, CBD.
Using the data collected from SPT and CPT testing and ground level displacements of each
earthquake and PGA case, the following results were recorded down:
•

Bending Moment

•

Shear Force

•

Horizontal displacement

•

Rotation

•

Soil Axial Force

Sensitivity analysis was done on the model in order to get a range of results for the model,
increasing the sample size.
•

For both Southern and Northern Abutments, 3 profiles were created: Lower, Median,
Upper bound profiles

•

Testing was done based on two different earthquakes: Christchurch MW 6.1 and
Darfield Earthquake MW 7.1

•

For both earthquakes, the Lower, Median, and Upper bounds were used for the peak
ground acceleration

By considering the moment equilibrium of the abutment about the abutment-pile connection,
major improvements can be made to the stability of the superstructure. As shown in the
Bending Moment and rotation graph in the results, there is a large moment and rotation about
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the connection. Retrofitting has already begun on the Avondale Bridge, improving on the
bridge joints. The plan details are shown in the appendix.
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Appendix

Figure A1a: Soil Profile Characteristics used for calculations

Figure A1b: Liquefaction Trigger Calculations
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Figure A1c: Liquefaction Triggering Plots

Figure A1d: Lateral Spreading Calculations
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Figure A1e: Cyclic Strain Relationships

FigureA1f: Soil Stiffness Calculations
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Figure A2: Data processed for median southern abutment loaded with the Christchurch Earthquake and PGA
of 0.35
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