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11 countries and more than 22 case histories including 3 from NZ (Murchison 1929, Darfield 2010 and Kaikoura 2016).



Gravelly soil liquefaction in natural deposits
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100

90

80

70

60

50

40

30

20

—— 1929 Murchison _ Curve 1

—®— 1929 Murchison _ Curve 2

—A— 1948 Fukui

—¥— 1964 Alaska _Lower Range (Bardlet and Youd 1992)

© 1964 Alaska _ Upper Range (Bardlet and Youd 1992)
—— 1976 NE Italy _ Curve 1 (Sirovich 1996b)

~®- 1976 NE Italy _ Curve 2 (Sirovich 1996b)

@ 1976 NE Italy _ Curve 3 (Sirovich 1996b)
—— 1978 Miyagiken
~—+— 1983 Borah Peak _ Pence Ranch (Andrus., 1992)
M 1983 Borah Peak  Andersen Bar (Andrus., 1992)

© 1983 Borah Peak ~ Whiskey Springs (Andrus., 1992)
—A— 1983 Borah Peak  Larter Ranch (Andrus., 1992)

—W— 1983 Borah Peak  Andrus and Youd 1987
—@— 1983 Borah Peak  Youd et al. 1985

—<— 1983 Borah Peak  Lower Range

P 1983 Borah Peak _ Upper Range

—>— 1993 Hokkaido ~ Average Mori Town (Egawa 2018)
#1993 Hokkaido _ Lower Range (Egawa 2018)
——— 1993 Hokkaido ~ Upper Range (Egawa 2018)

R R O 1}

i}

1

~— 1999 Chi-Chi _Lin et al., 2002

—p— 2008 Wenchuan _Lower Range (Cao 2013)
@ 2008 Wenchuan _ Upper Range (Cao 2013)
o] 2011 Tohoku (Toyota et al 2012)

Particle Size (mm)

10

100



Gravelly soil liquefaction in man-made deposits
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Ternary plot - liquefied gravelly soils
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Gravel content ranges from 5 to 85%.



Importance of gravelly soils liquefaction study in NZ
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2016 Kaikoura earthquake

Gravelly soil liquefaction at Centerport, Wellington

References:- Cubrinovski et al.,, 2017, Cubrinovski 2018



2016 Kaikoura earthquake - Blenheim ( Lansdowne Park)
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Lansdowne Park Particle Size Distribution Curve
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Liquefaction evaluation methods
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Liquefaction Evaluation Methods

v
In-Situ Methods

¢_‘

v

Laboratory Methods

H

1. Standard Penetration Test (SPT)

2. Cone Penetration Test (CPT)

3. Becker Penetration Test (BPT)

4. Large Penetration Test (LPT)

5. Chinese Dynamic Penetration Test (DPT)
6. Shear Wave Velocity

1. Shake Table Test

2. Direct Simple Shear Test
3. Cyclic Triaxial Test

4. Shear Wave Velocity

5. Large Scale Chamber Test

CSR ¢

CRR

N1, gcns, Dr, Ge, Vs etc..

10
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m Effects on CSR/CRR

Fabric/ structure Insignificant Banarjee et al., 1979
Amini and Chakravarty 2003

2 Relative Density Increasin Evans and Zhou ., 1995, Toyota and
: Takeda 2019
3 Skeleton Void ratio Depending on threshold sand Chang 2014, Chen et al., 2018
content
4 Gravel Content Increasing Lin etal., 2002, Chang 2016
5 Confining Stress Increasing Chenetla., 2018
6 Cu, Cc
7 Shear Wave Velocity Higher than sand Andrus and Stokoe (2000), Kokusho
(1995)

It is important to understand the combined effects of such factors and define better
parameters/framework to properly describe the liquefaction potential of gravelly soils (e.qg.,
intergranular contact index (skeleton) void ratio (e*), equivalent void ratio (ef)q, State

parameter (), equivalent granular state parameter (y*)
11



2. Research Objectives and Planning
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» To understand the combined effects of Dr and Gc on
the liquefaction phenomena of SGMs

» To find out a suitable parameter to evaluate
liquefaction resistance of SGMs
1. Void Ratio (e)
Skeleton Void Ratio (€*) Or (esgx)
Equivalent Void Ratio (ef)eq

State Parameter (V)
Equivalent Granular State Parameter (y*)

Al

CSR ¢

v

f(e, Gc, Vs, )

Gc‘ Vs

s

12
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Materials Max Density Min Density Sp. Gravity D50
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(a) Coarse grain soil mix (b) Fine grain soil mix (c) Layered soil mix
Prima rain Inter coarse grain Inter fine grain
Ty 8 contact dominant contact dominant
contact C<C. CCoy

A

Role of fine grain Role of coarse grain
Secondary [

grain contact . v v
fully conﬁned\ Confined and ) (Confined and)  Fully
within void |{partially in contact| | seperator of dispersed:
with coarse grain J | coarse grain
H T

\4
artially dispersed
einforcing element:

(]

Microstructure

N
B
.
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Yy
o.-o?: 9,

:
gee

Y L
ooedels o'..f:

| |

(Case 1) (Cas'e i) (Case 111) (Case 1v-2)
| | | | |

+ A4 A4 A4 A 4

Grain contact [eterc)lie) ] [(ec)m=(e+(l-b)c'.)/(l-(l-h)cl_)][ erele, | [ (e)ellet(1-c)Rp) ]
density index

b= Portion of the fine grains that cotribute to the active intergrain contacts: e=global void ratio: C,=fine grains content
C,,=Threshhold fine grains content, CFlh<(IOOe/emax‘”F)%; C,,=limit fines content, C, >100(1-m( 1+e)/(6s3))%>CFlh
m: Reinforcement factor; R =D/d=particle size disparity ratio; s=1+a/R,, a=10; & it the maximum void ratio of host fine

14
References:- Thevanayagam, 2007
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(b) Fine grain soil mix

contact dominant

Inter fine grain
Cl }Cl 1L

Role of coarse grain
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Experimental planning
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Relative Density 26 46
Gravel Content Void Ratio (e)

0 0.8 0.73

10 0.66 0.61

25 0.57 0.53

40 0.47 0.44

Skeleton Void Ratio 073 07
Gravel Content Relative Density (Dr)

0 46 55

10 26 38

25 34 46

40 46 55

(a)
Voids, e V.,
HEE T I T
SRR G

Global void ratio, e

Ve +

V=10

Vy
Ve +V

(b)
Voids, € V,
© Finegrain | Vi

HEHHBLE

Sand skeleton void ratio, e

[
1 -GC

€k =

(c)

Apparent voids,
€+ (1-GC)

Gravel skeleton void ratio, e,

_ e+(1-GO)

Cyi
B GC
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Specimen Size
61mm*130mm

17



Specimen Preparation Method at Laboratory
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Wet Tamping, Water content = 5%

Split Mould

Wet Materials

Porous Stone

(Ishihara 1993)

Wet Tamping

Tamper

18
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05 T T | T T T T T T % "
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0.45 i B GCO_Dr=46% | Density
oo ; ®© GC10_Dr=26% ||
0.4 % .4 ; & GC10 Dr=46% Gravel
e WL : }%{ GC25_Dr=26%;  Content (Gc) Void ratio
S : GC25 Dr=46%
035 p- B 32{ g G40 Dr = 26%] 0 0.8 0.73
- S A R GC40 _ Dr = 46%) 10 0.66 0.61
03F & " e T T T e ] 25 0.57 0.52
| R e _ 40 047 044
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&) - - & .
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0 A ] | |« No well-defined relationship
| 'i'---.‘::;A.._O i between Gravel Content and
gl © 1 CSR.
0.15 : T A
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Gravel Dr e

Content (Gc)
25 0.57
35 0.54

25 40 0.53

46 0.52
55 0.50

Result

<+ CRR Increases with

increasing Dr
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Preliminary Results :- CRR Vs Global Void Ratio
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Preliminary Results :- CRR Vs Skeleton and Equivalent void ratio
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Shear Wave Velocity (m/s)

Preliminary Results :- Shear Wave Velocity
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CCCCCCCCCCCCCCCCCCCCCC

+» Preliminary results indicated that the intergranular contact index (skeleton) void
ratio (e*) and the equivalent void ratio (ef)eq are two promising parameters to

describe the liquefaction potential of sand-gravel mixtures since they make it possible
to combine the effects of GC and Dr

Future work

More tests will be carried out to improve the e*- CRR and (ef)eq- CRR relationships, and

verify if this approach is suitable also for SGMs prepared with different preparation
methods (i.e., will these relationships be unique for different soil fabric/structures?)
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Thank you
Questions and Suggestions will be greatly appreciated.
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