Effectiveness of Inhibiting Liquefaction Triggering by
Shallow Ground Improvement Methods: Field Shaking
Trials with T-Rex at One Area in Christchurch, NZ

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




Summary of Effects: 22 Feb. 2011 EQ., M, 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
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Approach: Field Shaking and Blasting Tests;
Three Test Locations: Sites 3,4 and 6
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Field Trials: Plan View of Site 6 with Seven Test Panels

(Ariel Photograph Before Homes Removed.)
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T-Rex Shaking of Each Test Panel:
Location of Embedded Sensors
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Generalized Arrangement of Sensors at the Natural
Soil and RIC Test Panels at Site 6

In-line Shaking Direction
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Pushing Geophones and
Pore-Pressure Transducers with T-Rex
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Preparing for T-Rex Shaking: (1) Burying Sensor Cables
In Native Soll, (2) Placing Gravel Pad, (3) Load with T-Rex
Overnight and (4) T-Rex Shaking and Recording
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Crosshole Testing : S-Wave Velocities at
Natural Soil Test Panels for Reference Profile
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Effect of Degree of Saturation (S,)
on P- and S- Wave Velocities
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P-Wave Velocity Profiles at Site 6:
To Determine Where Solil Is Saturated

(a) Natural Soil, RAP, and SRB
Test Panels
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T-Rex Shaking of Each Test Panel:
Location of Embedded Sensors
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24-hr Process of Sensor Installation and
Staged Loading with T-Rex at Each Test Panel

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

e R 7 . /S |
Vertical Install Overnight _
Static Sensors Consolidation Constant Static Load Demob
Load, | Period During Consolidation R
kips and Shaking Periods Time
0 Z >
1:00 p 7.00p 8:00a 11:00a 1:00p
|<— Day 1 =i: Day 2 >

(b) Staged, Horizontal Shaking with T - Rex

F s
X
= 100 cycles ‘Q N/
3 at 10 Hz ) \
= e Qlsec_ ___
8315 -
% Equilib.ration
(',C) Period
T oFr-—-——7"-"""==-"---- \
S 6
N o mmTT
5 I
I 2 -

0

#1 #2 #3 #4 #5

Staged Loading 11:00 am



Natural Soil Test Panel at Site 6:

Stage 2 - Pore Water Pressure Ratio, r,, Versus Time

Shaking: 100 cycles at 10 Hz; Stage 2; Peak horizontal force _ 28 kN (6,300 Ibs)
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Natural Soil Test Panel at Site 6:

Stage 5 - Pore Water Pressure Ratio, r,, versus Time
Shaking: 100 cycles at 10 Hz; Stage 5; Peak horizontal force ~ 91.2 kN (20,500 Ibs)
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Natural Soil Test Panel at Site 6:

Stage 5 - Pore Water Pressure Ratio, r,, versus Time
Shaking: 100 cycles at 10 Hz; Stage 5; Peak horizontal force ~ 91. kN (20,500 lbs)
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Stage Testing at Natural Soil Test Panel, Site 6:
r, versus Log y after 100 Cycles of Shaking at Each y
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Stage Testing at Natural Soil Test Panel, Site 6:
r, versus Log y after 100 Cycles of Shaking at Each y
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Stage Testing at Natural Soil Test Panel, Site 6:
r, Versus Log g after 100 Cycles of Shaking at Each y
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Reference r, - Log y Liquefaction Triggering Relationships
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Stage Testing at Natural Soil Test Panel, Site 6:
r, versus Log vy after 30 Cycles of Shaking at Each y
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Modeling the Loading of the Natural Soil Test Panel:
Before T-Rex Shaking; Depth 2.1 m

60 T T T - 30
G, ax = 38.1 MPa, From Field V.
' _ —
50 o, =16.5 kPa, Vs =139 m/s 25
g / S
S 40 Y 20 5
2 o
O ()]
2 5
=30 15 @
g &
= ()]
E 20 T Field Stage: 102
» (1) ¢ Gmax (No T-Rex) %
10 5 3
0 I EEEEE N 0
0.0001 0.001 0.01 0.1 1

Shear Strain (%)



Modeling the Loading of the Natural Soil Test Panel:

Before T-Rex Shaking; Depth 2.1 m

60 [T [ [ TTIIT] ]
G, =48.2 MPa
50 1| 0, = 265 kPa, Vs = 156 m/s
[

©
o
S 40 p
O
;
230
3
=
E 20 Field Stage:
@ (1) ¢ Gmax (No T-Rex)

10 (@2 @ Gmax (T-Rex)

0 [ T [ TT1I1] T T 111
0.0001 0.001 0.01 0.1

Shear Strain (%)

N w
N o

N
o

-
o

—
(@)
Excess Pore Pressure Ratio, r, (%)

a



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

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

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

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

During T-Rex Shaking; Depth =2.1 m
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Modeling the Loading of the Natural Soil Test Panel:
During T-Rex Shaking; Depth =2.1 m
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Modeling the Loading of the Natural Soil Test Panel:
Predicting High-Level T-Rex Shaking; Depth=2.1m
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Modeling the Loading of the Natural Soil Test Panel
Predicting High-Level T-Rex Shaking; Depth=2.1m
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Variation in Vg and G, with Depth and Estimated D,
at the Natural Soil Test Panel
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Modeling the Loading of the RIC Panel:

During T-Rex Shaking; Depth =2.1 m
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Variation in Vg and G, with Depth and Estimated D,
at the RIC Test Panel

Medium Om S-Wave Velocity (m/s)
v Sand 0 50 100 150 200 250
= | mmmmem- S
Silt L 1m 10
Sandy Silt L RIC
(acrog
T 2m 2.0
Silty RI(
Fi 25
S'”% (betw; \-
an
__-§--‘§-‘-3-0 N .- I N .
?3.5 \
B 4m 4.0 \3\\\
45 \
|| D,=100%
L 5m ]
5.0 l‘(/ I
D, =78 %
55
om A
6.0

0.5

1.0

Gmax (MPa)
0 20 40 60 80 100
AV
\
N \‘\ RIC
T \ -
Va N\/R(b ctweer)
RICTT ‘)1
(across)\ ‘N \‘ \
“ I " Al
\ t‘\b\ \ 2.15 misensor depth
— x
------L-‘-- LB & B N N}
\ \ \ \ 2.9 m sensor depth
SIS\
| \
RN
/N
| . D, =100 %
FE AR \/r|
= 0 X \
D, =38% T \ \/Dr=78%
\ \
' \
Dr=0% \ “ \A/ \
. ! 1




Relationship Between G/Gmax-log y Curve and The
Threshold Strain for Pore Pressure Generation, y,PP
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