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Cyclic mobility
Lateral spreading

Lateral Spreading
at Tea Garden in
Seymen, Turkey
1999
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Simple shear test

Triaxial test

CSR, =C,CSR,

CSR

site

CSR = cyclic stress ratio causing 5% strain in 20 cycles

CSR = rcyC/ Ol
CSR, =0,/ 20,

C,=(1+K,)2 Finn 1971
C, =2(1+ 2K, )/3/3 Castro 1975

Bl o ol g i sled ) s @ a3 pslie (IS 85 o
=0.9CSR,

.=0.9C,CSR,

CSReq = 0.65(8s / 9)r (0, /)
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) CSR, =0,/ 20, = 39 _ 0195
. 3*100
K, =1-sin33=0.46

C = (1K, )2=11240 473
CSR,,, =0.9CSR =0.9*0.73*0.195=0.128
CSRy, =74 /0 = Toe = CSR, 0,0 =0.128%91.3=11.7kPa

= 70 = 7oy /0.6 =11.7/0.65 = 18kPa
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Curves for estimation of correction factor, k, (Harder,
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Cyclic Stress Ratio (1,,/ 0,)
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TABLE 2. Corrections to SPT (Modified from Skempton 1986)
as Listed by Robertson and Wride (1998)

Factor Equipment variable | Term | Correction
(1) @) (@) (@)
[ Pl
Cx Cu =17
yo 05-1.0
Cx 07-1.2
T 0.8-1.3
o 1.0
150 mm Ca 1.08
200 mm Ca 115
<3m Cr 0.75
4 m b 0.8
4—6 m Cr 0.85
6-10m & 0.95
10-30 m Cr 1.0
Sampling method | Standard sampler G 1.0
Sampling method | Sampler without liners | G, 1.1-1.3
o 10 20 0 “0 L

Standard Penetration Test Blow Count (N, )

Relationship between Stress Ratio Causing Liquefaction and (N1)60
values for Silty Sand for M = 7.5 (after Seed et al. 1985)
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PENETRATION RATIO, q,/Ng,
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MEAN GRAIN SIZE, Dgy (mm)

Variation of g/N,, ratio with mean grain size, D;, (Seed
and De Alba, 1986, reprinted by permission of ASCE).
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Useful in gravels

Becker penetration test (BPT) :

K i s

Number of blows required to drive the casing 300 mm in the gravel
Very little data linking BPT directly to filed liquefaction events
Becker blow counts are to equivalent SPT blow counts

Use SPT chart to find CRR

SPT Blow Count, Neo

80

" o
60
/
e

40 e

on ]
PR ).

A

0 *
0 20 40 60 80 100 120 140

Becker Blow Count, Nuc¢

Correlation between SPT and BPT blow counts in sand (modified from Harder and Seed in 1986)

[ Feature

Comparison of field tests :

_SPT CPT v,

25 5y Jaillly (e

71‘['_.\1 Type

[ BPT |

Number of test | ‘
measurements at Abundant  Abundant  |[Limited Sparse
liquefaction sites I - {
I'ype of stress-strain Partially } ;l’iill\i
behavior influencing test  drained — ‘Dr;lined - Small strain ;Lirmncd -

o large strain _large strain | large strain |
Quality control & L [
repeatability Poor to good Very good  Good [Poor
‘Dctccliun of variability of | ‘
soil deposit Good Verygood [Fair [Fair
Soil types in which test is | Primarily
Trec_ummﬂu_led ___Non-gravel Non-gravel |an ~ gravel
[Test provides sample of ‘
soil e INo No  No

Comparisons of advantages and disadvantages of various filed tests for
assessment of liquefaction resistance(from NCEER,1997)
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2 8 5 Jailly ams

Comparison of field tests :

The SPT- and the CPT-based liquefaction assessment charts are the
preferred means of evaluating liquefaction potential .

They are the most reliable because they are supported by the largest
databases on the occurrence of liquefaction .

The SPT test provides soil samples for identification of soil type and
many empirical design procedures are based on the SPT, N.

The CPT provides the best picture of soil stratification and is the most
reliable penetration test. Many design procedures are also based on
CPT data .

If the CPT is run with a seismic cone, the shear wave velocities can be
measured at the same time. The shear moduli can be readily obtained

from the velocity data and can be used as input into dynamic and static
analyses.

The BPT is the most uncertain of the tools for evaluating liquefaction
potential but its use may be in gravels
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CSR =22 _ 0 65 mx

.

Y

g

CSR = Cyclic stress ratio,

o
g = Acceleration of gravity,
o,, = Effective vertical stress,
o,, = Total vertical stress. and
r = Stress reduction factor

G‘. 0

el |

a\ o

= Peak ground surface acceleration,

Depth (m)

21

24
27
30

ra

00 0.1 0.2 03 04 05 06 0.7 0.8 091.0

1 1 T T

Mean values of rycalculated
from Equation {2-2)

Range for different

soil profiles

Simplificd procor.lmc-
" not verified with : :

case history data /"
in this :
region

L T T

Average values

r; =1.0-0.00765z forz< 9.15m
7, =1.174-0.0267z for9.15m< z<23m
7, =0.744-0.008z for 23m< z <30m

73 =05 forz>30m

Figure 4.1 15 versus Depth Curves (NCEER 1997)
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If ¢,y < 50 CRR,,

2

= 0.833[(¢,1y)., /1000]+0.05

If50<q,, <160  CRR,; =93[(¢.y). /1000)] +0.08

q:l.\-‘ = Cq(q: / Pa)

C,=(p, /oL

Pa = 1 atm of pressure in the same unit used for o,
n = exponent that varies with soil type, and
Qe = field cone penetration resistance measured at the tip.

The value of the exponent, n, varies from 0.5 to 1.0 depending on the grain

characteristics of the soil (NCEER 1997).

06
FC (%) <5
+4 L
50 0.5
Eg CPT Clean Sand
NEe o4 Base Curve
Qm =
=2 AA
o .
© 3 No Liquefaction
Zg o3t
I A 4
g
n P 2 -
£8 oz2fe St
W -
L0 »
22 o014} P
Qo Field Performanrce Lig. No Lig.
NCEER (1996) | Stark & Olson (1935) @ =]
0 Wm‘k.shop Suzukilt:l(lQ-S‘Sb) A . A

0 50 100 150 200 250 300
Corrected CPT Tip Resistance, qun
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(qcl.\’)t‘: = qurl.\"
For 1. <1.64 K. =10

For /

¢’

1.64 K. =-0.4037*+5581° -21.631> +33.75]_ —17.88

.=

I.=[(3.47-10g Q) +(1.22+log F)*1*’

0=[(q.—0,) P, I[P,/ 5,)"]
F=[f,(g.-0,)]x100%
where [ is the sleeve resistance of the CPT (The units are the same as those in which qc
and oy, are expressed).
The detailed calculation procedure of the L. index for different soil types is given

m Youd et al. (2001).
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