
T-Rex and the NEES@UTexas Team Preparing to Begin Testing  

Effectiveness of Inhibiting Liquefaction Triggering by 

Shallow Ground Improvement Methods: Field Shaking 

Trials with T-Rex at One Area in Christchurch, NZ



Summary of Effects: 22 Feb. 2011 EQ., Mw 6.2

• 185 fatalities

• CBD gone: 2,400 buildings demolished (out of 3,000)

• Total economic loss approx. 40 billion NZ dollars;

20% of New Zealand’s GDP

• Liquefaction effects on residential properties: 

40,000 affected

20,000 severely affected

10,000 abandoned 

large sand boil

Sand/Silt ejecta 

everywhere



Approach: Field Shaking and Blasting Tests; 

Three Test Locations: Sites 3, 4 and 6

Site  6

Christchurch CBD
Avon River

Christchurch Cathedral

Legends

Moderate to severe liquefaction

Low to moderate liquefaction

Liquefaction on roads 
(predominantly, no/localized liquefaction on 

properties)

Heathcote River

Sites  3 & 4



Field Trials: Plan View of Site 6 with Seven Test Panels

(Ariel Photograph Before Homes Removed.)

10 m

Piers

(total = 22)
7



T-Rex Shaking of Each Test Panel: 

Location of Embedded Sensors

Static Loading

Dynamic Shaking

0.6 m

Not to scale

2.3 m

Instrumented Zone

1.2 m



2-D Geophone
Transducer

Generalized Arrangement of Sensors at the Natural 
Soil and RIC Test Panels at Site 6

(a) Cross Section (b) Instrumentation

Pore-Pressure



Pushing Geophones and 

Pore-Pressure Transducers with T-Rex

Hydraulic

Push/Pull

Cylinder

T-Rex
Sensor

Installation

cable

sensor

bentonite



Preparing for T-Rex Shaking: (1) Burying Sensor Cables 

in Native Soil, (2) Placing Gravel Pad, (3) Load with  T-Rex 

Overnight and (4) T-Rex Shaking and Recording

(1) (2)

(3) (4)

senor cables

to recorders

T-Rex base plate
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Crosshole Testing : S-Wave Velocities at 

Natural Soil Test Panels for Reference Profile 

Median of 

Natural Soil 

Natural Soil 1a

Natural Soil 1b

Natural Soil 2a

Natural Soil 2b

Maximum

Depth = 5 m



P-Wave 

and 

S-Wave 

Velocities, 

m/s
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P-Wave Velocity Profiles at Site 6:

To Determine Where Soil is Saturated

(a) Natural Soil, RAP, and SRB 

Test Panels

Sr = 100%



T-Rex Shaking of Each Test Panel: 

Location of Embedded Sensors

Static Loading

Dynamic Shaking

0.6 m

Not to scale

2.3 m

Instrumented Zone

1.2 m



24-hr Process of Sensor Installation and 

Staged Loading with T-Rex at Each Test Panel

Vertical 

Static

Load,

kips

~ 60 

Install

Sensors

1:00 p 7:00 p      8:00 a 11:00 a

Time

0

Overnight

Consolidation

Period

Constant Static Load 

During Consolidation 

and Shaking Periods

1:00 p

Demob

Day 2

(a) Install Sensors, Vertical Static Loading, and Demobilization

(b) Staged, Horizontal Shaking with T - Rex

Day 1 



Natural Soil Test Panel at Site 6: 
Stage 2 - Pore Water Pressure Ratio, ru, Versus Time

Depth = 1.1 m
VP = 880 m/s
VS = 105 m/s

Depth = 0.6 m
VP = 450 m/s
VS = 90 m/s

Depth = 1.6 m
VP = 1,570 m/s
VS = 117 m/s

Depth = 2.1 m
VP = 1,700 m/s
VS = 146 m/s

Depth = 2.9 m
VP = 1,730 m/s
VS = 148 m/s

Note: ru = uexcess/σv’

ru = 7.0% 

ru = 0% 

Geophone

PPT

Shaking: 100 cycles at 10 Hz; Stage 2; Peak horizontal force     28 kN (6,300 lbs)
~

ru = 0% 



Natural Soil Test Panel at Site 6: 
Stage 5 - Pore Water Pressure Ratio, ru, versus Time

Shaking: 100 cycles at 10 Hz; Stage 5; Peak horizontal force  ~ 91.2 kN (20,500 lbs) 

Note: ru = uexcess/σv’

ru = 31% 

ru = 27% 

Depth = 1.1 m
VP = 880 m/s
VS = 105 m/s

Depth = 0.6 m
VP = 450 m/s
VS = 90 m/s

Depth = 1.6 m
VP = 1,570 m/s
VS = 117 m/s

Depth = 2.1 m
VP = 1,700 m/s
VS = 146 m/s

Depth = 2.9m
VP = 1,730 m/s
VS = 148 m/s

Geophone

PPT

ru = 32% 
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0 ru = 32% 

CSR = 0.32

Notes:
ru = uexcess/σv’           CSR = τ/σv’

Natural Soil Test Panel at Site 6: 
Stage 5 - Pore Water Pressure Ratio, ru, versus Time

Shaking: 100 cycles at 10 Hz; Stage 5; Peak horizontal force  ~ 91. kN (20,500 lbs) 

Depth = 2.1 m

PPT

G = t/g  t = G ( g )



ru > 0

Shear Strain (%)

Loading Stages:

PPT 9P, Depth 2.1 m, 

VP = 1,700m/s, VS = 146 m/s
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Notes:
ru = uexcess/σv’

PPT

Stage Testing at Natural Soil Test Panel, Site 6:
ru versus Log g after 100 Cycles of Shaking at Each g

Depth = 2.1 m



Shear Strain (%)

PPT 9P, Depth 2.1 m, 

VP = 1,700m/s, VS = 146 m/s

CSR

0.03
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0.13
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Depth = 2.1 m

Stage Testing at Natural Soil Test Panel, Site 6:
ru versus Log g after 100 Cycles of Shaking at Each g

ru > 0

PPT

Notes:

ru = uexcess/σv’  ; CSR = τ/σv’    ;      G = t/g t = G ( g )

Loading Stages:



Stage Testing at Natural Soil Test Panel, Site 6:
ru Versus Log g after 100 Cycles of Shaking at Each g

?

Liquefaction 

Triggering 

Likely in 

a Large 

Earthquake

PPT 1P, Depth 2.9 m, 

VP = 1,730m/s, VS = 148 m/s

PPT 6P, Depth 1.1 m, 

VP = 880m/s, VS = 105 m/s

PPT 5P, Depth 1.6 m, 

VP = 1,570m/s, VS = 117 m/s

PPT 9P, Depth 2.1 m, 

VP = 1,700m/s, VS = 146 m/s
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Evaluation of T-Rex Shaking Tests at Site 6

Reference ru - Log g Liquefaction Triggering Relationships
100 Cycles of Shaking at Each g

Range likely to

Trigger liquefaction in 

a large earthquake

Extrapolation based

on Vucetic and

Dobry (1986)

Shear Strain, g (%)



ru > 0

PPT 9P, Depth 2.1 m, 

VP = 1,700m/s, VS = 139 m/s

Stage Testing at Natural Soil Test Panel, Site 6:
ru versus Log g after 30 Cycles of Shaking at Each g

Depth = 2.1 m

N = 30

Shaking Stages:
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Modeling the Loading of the Natural Soil Test Panel:
Before T-Rex Shaking; Depth 2.1 m

Gmax = 38.1 MPa, From Field VS

σo‘ = 16.5 kPa, Vs = 139 m/s

Field Stage:

(1) ♦ Gmax (No T-Rex)

(2) ● Gmax (T-Rex)

(3) – G-log(γ) (pre-shaking)



Gmax = 48.2 MPa
σo‘ = 26.5 kPa, Vs = 156 m/s

Field Stage:

(1) ♦ Gmax (No T-Rex)

(2) ● Gmax (T-Rex)

(3) – G-log(γ) (pre-shaking)

Modeling the Loading of the Natural Soil Test Panel:
Before T-Rex Shaking; Depth 2.1 m



𝐺

𝐺max 𝑇−𝑅𝑒𝑥
=

1

1 +  
𝛾
𝛾𝑟

𝑎 =
1

1 +  
𝛾
0.037%

0.79

Field Stage:

(1) ♦ Gmax (No T-Rex)

(2) ● Gmax (T-Rex)

(3) – G-log(γ) (pre-shaking)

Field ru = 0Lab RCTS

Modeling the Loading of the Natural Soil Test Panel:
Before T-Rex Shaking; Depth 2.1 m



G/Gmax = 0.88Gmax = 48.2 MPa
σo‘ = 26.5 kPa

ru = 0.0 %
CSR = 0.031

Modeling the Loading of the Natural Soil Test Panel:
During T-Rex Shaking; Depth = 2.1 m

N = 30

Shaking Stages:   ● Trial 1



Shaking Stages:   ● Trial 1 ● Trial 2

G/Gmax = 0.65Gmax = 48.2 MPa
σo‘ = 26.5 kPa

N = 30

ru < 0.1 %
CSR = 0.134

Modeling the Loading of the Natural Soil Test Panel:
During T-Rex Shaking; Depth = 2.1 m



G/Gmax = 0.53Gmax = 48.2 MPa
σo‘ = 26.5 kPa

Gmax = 48.0 Mpa
σo‘ = 26.3 kPa

N = 30

ru = 0.8 %
CSR = 0.204

Modeling the Loading of the Natural Soil Test Panel:
During T-Rex Shaking; Depth = 2.1 m

Shaking Stages:   ● Trial 1 ● Trial 2 ● Trial 3   



G/Gmax = 0.37Gmax = 48.2 MPa
σo‘ = 26.5 kPa

Gmax = 46.4 Mpa
σo‘ = 24.6 kPa

N = 30

ru = 7.3 %
CSR = 0.301

Shaking Stages:   ● Trial 1 ● Trial 2 ● Trial 3   ● Trial 4  

Modeling the Loading of the Natural Soil Test Panel:
During T-Rex Shaking; Depth = 2.1 m



Shaking Stages:   ● Trial 1 ● Trial 2 ● Trial 3   ● Trial 4   ● Trial 5

Gmax = 48.2 MPa
σo‘ = 26.5 kPa

Gmax = 44.0 Mpa
σo‘ = 22.0 kPa

G/Gmax

= 0.24

N = 30

ru = 17.0 %
CSR = 0.375

Modeling the Loading of the Natural Soil Test Panel:
During T-Rex Shaking; Depth = 2.1 m



Predicted Shaking Results:   ● Trial 6   

Shaking Stages:   ● Trial 1 ● Trial 2 ● Trial 3   ● Trial 4   ● Trial 5

Gmax = 48.2 MPa
σo‘ = 26.5 kPa

Gmax = 40.4 Mpa
σo‘ = 18.6 kPa

N = 30

ru = 30.0 %
CSR = 0.371

Modeling the Loading of the Natural Soil Test Panel:
Predicting High-Level T-Rex Shaking; Depth = 2.1 m

G/Gmax

= 0.18



Gmax = 48.2 MPa
σo‘ = 26.5 kPa

Gmax = 26.9 Mpa
σo‘ = 18.4 kPa

N = 30

ru = 69.4 %
CSR = 0.203

G/Gmax

= 0.10

Modeling the Loading of the Natural Soil Test Panel:
Predicting High-Level T-Rex Shaking; Depth = 2.1 m

Predicted Shaking Results:   ● Trial 6   ● Trial 7

Shaking Stages:   ● Trial 1 ● Trial 2 ● Trial 3   ● Trial 4   ● Trial 5



Variation in VS and Gmax with Depth and Estimated Dr

at the Natural Soil Test Panel

2.1 m sensor depth

2.85 m sensor depth
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Dr = 100 %

Dr = 78 %

Dr = 0 %

Dr = 38 %

NS 1a

NS 1b

Dr = 100 %

Dr = 78 %

Dr = 0 %

Dr = 38 %

NS 1a

NS 1b

Gmax (MPa)S-Wave Velocity (m/s)



Ground Improvement Method No. 1: 
Rapid Impact Compaction (RIC) 

New

Crust

Diam. = 1.5 m



N = 30

Gmax = 47.1 MPa, From Field VS

σo‘ = 16.8 kPa, Vs = 154 m/s

Gmax = 59.5 MPa
σo‘ = 26.5 kPa, Vs = 173 m/s

Modeling the Loading of the RIC Panel:
During T-Rex Shaking; Depth = 2.1 m

Shaking Stages:   ● Trial 1 ● Trial 2 ● Trial 3   ● Trial 4   ● Trial 5



2.15 m sensor depth

2.9 m sensor depth
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Variation in VS and Gmax with Depth and Estimated Dr

at the RIC Test Panel

Gmax (MPa)S-Wave Velocity (m/s)
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Symbol Natural Soil Depth Y-Axis

6-NS-1         2.1 m         ru

6-NS-1         2.9 m         ru

6-NS-2         2.1 m         ru

6-NS-2         3.0 m    G/Gmax

RCTS Results
at σ’0 ~ 0.25 atm
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Range in G/Gmax

Relationship Between G/Gmax-log g Curve and The

Threshold Strain for Pore Pressure Generation, γt
pp

Natural Soil Test Panels




















