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CentrePort Case History



Liquefaction Damage from Mw7.8 Earthquake 

Cubrinovski et al. (2017) NZSEE Bulletin

2016 Kaikoura: Major damage

Thick ejecta
(up to 200 mm)

Settlement of fill
(up to 500 mm)

Damage to Thorndon and King’s wharf piles and deck
(severe)

PGA ≈ 0.20g – 0.31g
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- Ic = 1.9 – 2.3

- qc = 6.5 – 8.0 MPa

- Sand-silt controlled matrix

- Indicates performance 

during Kaikoura EQ

10 m

20 m

Clean sand fill

Legend

CPT Locations

Borehole Locations

Gravelly Reclamation Gravelly reclamation

Dhakal et al. (2020a; 2020b) NZSEE Bulletin & Soils and Foundations

Site Characterization
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Performance of Damage Indices

Dhakal et al. (2020a) NZSEE Bulletin; Cubrinovski et al. (2018) GEESD V
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Estimated (Zhang et al. 2002)

Measured (Aerial survey)

Estimated < Measured

“Free field”

Dominated by 
lateral spreading

Estimated << Measured

Pre-earthquake

Post-earthquake

0.2–0.3 m 0.4-0.6 m
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Laboratory Cyclic Testing
Sandy fill (Ic ≈ 2.0)
AQS3A-1 GPTR1B

Shelly fill (Ic ≈ 2.0)
AQS1A-2 GPTR2C

CPT

Lab

CPT

Lab
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Upward 
propagation 

of waves

1D Effective Stress Analyses
CPT data → Simplified profile algorithm Simplified profile Numerical model

Quiet boundaries to 
input equivalent 
rock outcrop motion

Adjacent nodes move 
in simple-shear



1D Effective Stress Analyses

Dhakal et al. (2024a) 8ICEGE

Gravel-Sand-

Silt Reclamation

qc1Ncs ≈ 70-90

Dense Sandy 

Fill

qc1Ncs ≈ 110-150

Compacted 

Gravelly Crust
N

Gravelly ejecta

Sandy ejecta

Water-silt ejecta



1D Effective Stress Analyses

Dhakal et al. (2024a) 8ICEGE

Gravel-Sand-

Silt Reclamation

qc1Ncs ≈ 70-90

Loose Sandy 

Fill

qc1Ncs ≈ 80-100

Dense Sandy 

Fill

qc1Ncs ≈ 110-150

Compacted 

Gravelly Crust
N

Gravelly ejecta

Sandy ejecta

Water-silt ejecta



1D Effective Stress Analyses

Dhakal et al. (2024a) 8ICEGE

Non-Liquefiable 

Crust

Ic ≈ 3.0-3.5

Gravel-Sand-

Silt Reclamation

qc1Ncs ≈ 90-130

Dense Sandy 

Fill

qc1Ncs ≈ 110-150

N

Gravelly ejecta

Sandy ejecta

Water-silt ejecta



2D Nonlinear Dynamic Analyses

Dhakal et al. (2024b) 18WCEE

Pre-earthquake

Post-earthquake

0.2–0.3 m 0.4-0.6 m 0.5-1.0 m

150 - 200 m

130 m 30 m 44 m

20 m

22 m

Gravelly crust
Gravelly fill
Rip-rap
Marine Deposit
Alluvium Layer 1
Alluvium Layer 2
Alluvium Layer 3
Alluvium Layer 4
Alluvium Layer 5
Alluvium Layer 6
Alluvium Layer 7
Bedrock



2D Nonlinear Dynamic Analyses

Dhakal et al. (2024b) 18WCEE

Max. EPWP

0%

50%

100%

XDisp

0 m

1.0 m

2.2 m

XDispcrest ≈ 2 m

XDisptoe ≈ 1 m

Input PGA = 0.45g



2D Nonlinear Dynamic Analyses

Dhakal et al. (2024b) 18WCEE



2D Nonlinear Dynamic Analyses

Dhakal et al. (2024b) 18WCEE
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Concluding Remarks
• Port case histories improves our understanding of reclamation 

fill liquefaction and the seismic performance of an important 
wharf structures

• Ongoing work
• Interpretation and synthesis of laboratory testing data

• Refine 2D numerical model + sensitivity studies

• Outputs:
• Insights in applicability of existing assessment methods for NZ-specific 

case histories

• Development of simplified, advanced and laboratory assessment 
methods for nonstandard soils

• Liquefaction hazard maps at and around the waterfront
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Any Questions?

Ribu Dhakal

riwaj.dhakal@canterbury.ac.nz

Thank You for Your Attention
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