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_ amplitude of cyclic shear stress, 7
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Triaxial Test
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Resonant Column Test woais g
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Cyclic Triaxial Tests ISw o970 dus s

50



S 5 y970dm o]

AO'G'
' RV
Imd 5 S sl s o glals S i3S - k) anlllas -
Tl shol sla s il Ll
lffs:% S plpe oy g dmanii¥l g (LB Jode s -
Ao
E=—"4
£
> E
— | Soil specimen |«—— O3=0) =04y 2 € G= 2W+a)

1 arca of the hysteresis loop

 2r area of triangle OAB and OA’B’

51

ol Sl 9 S biowl glacund 53 Jgoro §y97edu gL iulojT oliws _ailes

Lol o)ls 0525 ASw Lo )b sl (Jgeme ()9t (5 Lid ialosl oS i eolasal Sl -
A Saxie allg sl 58 Solbl g Jgene slacus o g LK s

oo 9,5 9 5551 5 solade 5 wdlioe Jobo A b Sasl (gl (6,135, (28LE) He2ee -
L JPPRERT JRPIRY

O G0 yS cge 5 W) SKasl 05,5 o0 ) S diged a5 nl 5 oYU Clo Olxas -
Sioles oo UpPper & lower flatten g, ooy i a5 oo oYU jemxe 5 Slxio 5 diges

Sl g 009 (S olg 3o (ol la it joome (25 52) Oliee 4 (Lol slajgome 2552 -
s o0lazl BB Cgignl e S 5 S
756 555 655 e ool Ll aslllas 5 (1 03 =0) 0092 (ssles b (Lol slo s 5l sbgo-
Lol (S i digas (18 bawgie Lol 2
Al oo slos 3150 3 (goga0me Slasd 4y Sgame oKy es 0,5 -

52



BNy Gy9medm wlojl — 2819 (5 9xodu (G piid Caurdg

C1#0, 705 ¢ emedus IS Cunds

gl i Jlesl 4 08 a5 alKiwo

S 5l glite g Jie ol gla S s
Sinlel olfiws wil S diged g S0 Gillas
dlon (2Bly (5 97mednm

S golSiws coln odlas iz a0l 5

g Slilste 5 (S MelS gladigas (59, » (s L2
J38 ams aw jl ladse adlllas jgiws jo wiles
oolliws ol 5l s dged SO w009
SCTA (SimpLe o%ws

as asb - Cubic Triaxial Apparatus)
2 Sl 5 (Sl gla s Jlosl 4 ;08

5 059 Aige3 ol o I 3l chlia Ll
550 Dslie SV 3 Sl 23,8 - 55 s,

SIS BUtEC
53
Ao = amplitude of oolie B g oyl (g ager S Jlosl s
pulsating stress =
0) = sustained 2
l axial stress g
e ﬁ\ /f Ao
/
- ) Ve
03— Sqﬂ « o, S
specimen o
! Time
(o] (a) (b)
v | ||I | )
wl Il g
*.E f II |I.I |I T g I i| |.
T'E I|I |II || I|II || Ao T‘t III|II ||I| |
o |
é T/{ II || III || l é I|I || || lll || Ao
|1
o) Illl | || [ IlI | {
I|I il II | | ||_|
Time Time
(c) (d)

54



Axial strain (%)

Vicksburg silty clay jls cduw (wy 69y 2 Mo (§y970dm in boj] g lis
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Unconsolidated-Undrained s jw (5,135 b o Sis awls g gldl o, S oo p Caoglie
Triaxial Test

Unconfined & Confined Compression 1,38 138 L cou duwls 5 oy S 28 Cuglie
Test

Travel-Time Test zoo jous 0t b loj ioles]
Resonant Column Test s g

Cyclic Simple Shear Test IS ool (o p s

Cyclic Simple Shear Test IS ool  cioms s

Cyclic Triaxial Tests IS o390 dus Can
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_ Dynamic tests in
¢« Dynamic ___) triaxial and shear
field tests apparatus
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table test
| Static plate
|< load te _.l

sts
H— Earthquakes ——>|
|

107 10° 10° 10 107 102 10!
Shear deformation, ¥ (%o)
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Relative Quality of Test Results

Effect of
Shear Young's  Material number  Attenuation
modulus modulus  damping of cycles
Resonant column Good Good Good Good -
with application - - - - Fair
Ultrasonic pulse Fair Fair - - Poor
Cyclic triaxial - Good Good Good -
Cyclic simple shear Good - Good Good -
Cyclic torsional shear Good - Good Good -

a After Silver (1981)
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Cyclic simple
Resonant column Cyclic triaxial shear Torsional shear
Resonant Horizontal
Load frequency Axial force force Torque
Deformation
Axial Vertical Vertical Vertical WVertical
displacement displacement displacement displacement
Shear Acceleration Not measured  Horizontal Rotation
displacement
Lateral Not usually Not usually Often Not usually
measured measured controlled measured

Volumetric None for undrained tests

Volume of fluid moving into or out of the sample for drained tests

Pore water Not usually Measured at Measured at Measured at
pressure  measured boundary boundary boundary
“After Silver (1981)
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Seismic Refraction Surveys zlsel couSs s,

Seismic Reflection Surveys zlsel LulSal i,

Subsoil Exploration by Steady-State Vibration b zlsel jLisl s,
Shooting Up/Down the Hole ssgno b g Jo3 & g0 4 zlsel jlacsl b 43 oo,
Cross-Hole Shooting S )5 (s e zlosl el b aleS oo,

Cyclic Field Plate Load Test IS slaman 5,385 ,L iles!
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First arrival time, ¢4

sl gl gusay ;o Lol )l Zlgol JlwsSl (ow )y p
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. =4[sin" (v, my) +sin” (v, m, )]

f=1[sin"' (v, m;)—sin" (v, m,)]

sin{i —
. m,= Ciﬂ)
12
J2) t,, Versus x
”3
' s g
_———__________ﬂ'_r . E
b ) E
d___,d-—f'"'f, o
a __—— E
" sin (i, + =
P my= ( < ﬁ) =
tig Upl
1y versus x
. o Distance - o
x increasing for t; x increasing for ¢,
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{4 Versus x
o — Distance @ <———— o0

x increasing for ¢, x increasing for ¢,

89

sl g gusa jo Ll )l Zlgel HlwsSl Jln

el 5 Jgoz &y Prgs )LuSUl Gibon s

(9 42Y9d ,o Job glyel o (Gl ippsd Congllas

AE alols Sy s Y ol (z E g A Joe jo 4 Culxs
el e Fo=

Point of disturbance A

Distance Time of first
from A {m) arrival {ms)
5 12.1
10 25.2
15 35.3
20 48.0
30 60.2
40 68.5
50 76.8
60 §5.1
Point of disturbance E
Distance Time of first
from E (m) arrival {ms)
5 11.5
10 22.8
15 34.5
20 44.8
30 69.1
40 78.1
50 82.8
60 87.7
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my, = T =0.5%x10~ o 5{0 4{0 3}0 29 1{0
0 10 20 30 40 50 60
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P
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=2 ><1100 =0.5x107 AF =2 | A
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F ——
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vﬂz
2 427 -
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v, =427 m/s v, =1444 m/s zo Jo
< x >
_3 | K
10 3 . e
Sx107 a2 o
u= =0.5x10 —
m 10 AF =z |

i =+5(2207°+1233%)=17.2°

) (v,,)
7 =——2 4 =359x107s V7

2cosi, ),

-3
L 359x107)@27) _ o .
2cos(17.2)
-3

GG fu=598x107s |z = SISXIONAZT) a4,

2 cosi, 2c0s(17.2)

%3 | f =21 [sin” (v, my-sin (v, m)]= 1 (22.07°-1233°) =4.87°
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Py

Tlao jo x> Zlgol wlskail sauay

Time, ¢

[Eq. (4.69)]

2
v .t
27 7= PO
t,=— 2
Py -
_,_,-:—""_,—o—""’dfff
ey
-r"_'_'__'__:-:_'__i _____ : 2
/ Uy,
nr
0 g

—_—
Distance, x
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Distance from point
of disturbance {m}

Time for first
reflection (s)

30

S0
150
210
270
330
390

1.000
1.002
1.003
1.007
1.011
1.017
1.023
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X x t t?
{m}) {(mj (s) (s?) e bz 53 Zlgal
30 900 1.000 1.000 |
90 8,100 1.002 1.004
150 22,500 1.003 1.006
210 44,100 1.007 1.014
270 72,900 1.011 1.022 B
330 108,900 1.017 1.034
390 152,100 1.023 1.046

(A1)% =10.023

@103 i
* !
Ax)? /79200 _““(5‘52_;_7_9_’56& _____
v, = (Ax) = =1816.6 m/s i
LA (An? 0.024 101
0.99 | | | |
0 34,000 74,000 111,000 148,000 185,000

99
x% (m?)

Subsoil Exploration by Steady-State Vibration b zlsel jLasl s,

100



Subsoil Exploration by Steady-State Vibration b zlgol ,Liss! g, -Y
el solaziwl 3,90 LS ‘Sw).v Jsd.a O S (o) CJa,w L g.g.l.b).: ‘5‘>‘5a BN
o9y ool

DS o g e o 3 ST L oS Lol o Jolsh (6 pFojll ) JSE illae

39, )5 4 zae Job st Cu Wl

Dynamic “ L >
load

AANNNNNNNNY

Frequency = f

\ - X

v=fL

ol oéL.....»JB Toe J#Mﬁ‘f&.crs‘»bu."fbjmb ;LL:....:L;")J‘ kSL") C‘j.a‘
oo ] (6 52 sS ailS 5 5 rae Aol s sl a3 e |, Gae e LB oSl

YW

101

Subsoil Exploration by Steady-State Vibration b zlgol )Liss! g, -Y

Dynamic e—L— _
load P u=fL
requency =
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Number of Rayleigh waves, n

Rayleigh wave length: L > L,
Frequency of vibration of plate: f; < f3
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Shooting Up/Down the Hole Js3 L g g39%0 &ygo & glgel jLicsl b aileS jog, -

Bidirectional
surface source
of SH-wave

Time to first shear
wave arrival, ¢

aleS S an (B9 slahs, 90 0 50
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Shooting Up/Down the Hole Js3 L g g39%0 &ygo & glgel jLicsl b aileS Jog, -
Bidirectional
surface source
of SH-wave
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S bl 5 (SV) oo solizw
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Vertical
/_ velocity
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“* Path of body wave %
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Cross-Hole Shooting s ,sss zlgo! jLiciil b aileS o9, Y
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Cross-Hole Shooting (s sss zlgo! jLiciil b aileS o9, Y
v, % 107 (m/s)
1 ) 3 4 Soil profile
0 | |
Silty sand
_ (SM)
0.9+ w = 3=9%
E 18- 7
= \
& '| Sandy silt
Q i (ML)
2.7 LT w=6-14%
|
|
3.6~ n
Silty sand
|| w=5-T%
4.5

w = moisture content

Stokoe and Woods. 1972
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Cyclic Field Plate Load Test IS slaman 5,385 ,L iles!
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Cyclic Field Plate Load Test ISuuw Glaxiuo 5,135 ,b ywlo;l plxil sgs 31 glaods
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Cyclic Field Plate Load Test ISuuw Glaxiuo 5,135 ,b wlo;l plxil sgi 31 glaods
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_ load on the plate, ¢
area of the plate, 4
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Cyclic Field Plate Load Test ISuuw Glaxiuo 5,135 ,b ywlo;l plxil sgs 31 glaods

_ load on the plate, O 16,8, al b S s gl e, VY
area of the plate, 4 Load per unit area, ¢

q1 42 43 q4

T S

’
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Cyclic Field Plate Load Test ISuuw Glaxiuo 5,135 ,b wlo;l plxil sgi 31 glaods

SIS (e b s 5 (6)5,b St b blite ¥l S i gl e, VY

gA
Galb-———mmm——— kplate =
; |
e ) ediaz il g b S Sy e ) F
‘§ Y S . i (Terzaghi, 1955) _xly 00g)lis 4 azg5 b (Ll 4 YU
& | | foundation width
E qar-- i : oundation = I
- | o Fivon = Jpe [ plate width ]
aryo i i Fevumtion = oo foundation width + plate width ’
R 2 % plate width

Se(h) Sezy Se) Se@ Elastic rebound, s,
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Load per unit area, g

Cyclic Field Plate Load Test ISuuw Glaxiuo 5,135 ,b ywlo;l plxil sgs 31 glaods

4

q3

42

q1

gA
CZ = g kplate :.S“_
_____________ Se g
i g E 1 .
| G= =113 il Barkan, 1962 55 i, 5|
o E
an 2+ T i
AN G- CN4
R i 2.26
.s'alr,n Sel{zm L*'c:{.ﬂ Se(a) Elastic rebound, s, dzcdo éhsﬁ CJ‘M A

119

Settlement (mm)

Cyclic Field Plate Load Test JSouw slaxiuo 5,135 ,b (islosl 31 Jte

X0 smlsy e pe 28 L b s (o Kjage () en Censllas ol 250

0 100 200 300 g (kPa)
0 T T
— Load per unit area, g (kPa) Elastic settlement, 5. {mm).
75 0.53
150 1.10
5 225 1.50
300 2.10

15
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Cyclic Field Plate Load Test IS slaxiuo 5,135 ,b (islojl 51 Jto

X0 Ogmly e (28 b oh oo (o Kiate (Gl et Camgsllae ol 50

300 _gd -
C.= q_ =142 86 MN/A1 Kytate ¢ (142.86)(0.3) = 42.86 MN/m.
5, 0.0021 e
300 /
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g 200 - 2.26 2.26
N ~22.5 MPa
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Load per unit area, g (kPa) Elastic settlement, s. (mm).
100 | 75 0.53
150 1.10
225 1.50
300 2.10
0 1 1 1 !
0 05 1 15 2.0 5o (mm)
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o o g0 9 (Saolud (b Jgoo und s g,

General Approximate Properties
procedure Test condition strain range determined
Determination of  Triaxial compression 10~ to 5% Modulus; damping
hysteretic stress-  Simple shear 107 to 5% Modulus; damping
strain relationships Torsional shear 107 to 5% Modulus; damping
Forced vibration = Longitudinal vibrations 107%t0 107°%  Modulus; damping
Torsional vibrations 10%t0 10%%  Modulus; damping
Shear vibrations—Ilab 1010 10%%  Modulus; damping
Shear vibration—field 10%t010% %  Modulus

Free vibration tests Longitudinal vibrations 107 to 1% Modulus; damping
Torsional vibrations 107 to 1% Modulus; damping
Shear vibration—lab 107 to 1% Modulus; damping
Shear vibration—field 107 to 1% Modulus

Field wave velocity Comparison waves ~5x107%% Modulus

measurements Shear waves = 5% 107%% Modulus
Rayleigh waves =5x 1074 Modulus

Field seismic Measurement of motiong Modulus; damping

responge at different levels in deposit
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Shear stress, T

(2 G- o 6y L (g8

TS o e G Jpona sk
S Dpgar S sl 2 GRS

Gmu rmax :45 w)f

s e e G55 Gl b -

b oo ShalS
T 2y J9de el sl G550 Y

'(G:Gmax)dﬂ-w‘ MJ{L"

B R
A5 (o0 S5

{(Hardin and Drnevich, 1972)

Y

Shear strain, ¥’

T=
l’lermax +j/h.max
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Shear wave velocity. v, (ms)
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1

G(kPa) = 218.82K 52 (kPa)
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1.0 —
1 T
Gy (KPa) = 218.82K 52 (KP:
0.8
G K, , 5‘*
. K, & 06
max 2(max)
FF
Relative density, 0.4
Ro (%) Kaqmax)
30 34 0.2 .
40 40 o
45 43 e
60 52 0
75 61 1074 107 102 101
90 70 Shear strain, 7" (%)
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; . Depth
Soil Location ‘e KZ
Dense dry sand Washington 10 44
Dense saturated sand So. California 50 58
Dense saturated sand Georgia 200 60
Dense saturated silty sand Georgia 60 65
Dense saturated sand So. California 300 72
Extremely dense silty sand So. California 125 86
Dense dry sand (slightly cemented) | Washington 65 166
Moist clayey sand ' Georgia 30 118

% | ' .
Shear modulus, G = 1000 K, (Um')zpsf
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GM’.G%)@)QT&‘PSJB&_\ 28
(ossltlaz,e 24
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Salns b sl IS oo -F f: 16 /
Sl o S5 -0 ;’: N / P
i G e b gl f T g i |
S ppame J2EV -
- Average
0 i ‘
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135 Shear strain, ¥’ (%)

dwlo 3o (2lpo o b 9 (o Jooo

ol (S ooles iy coud (59, » Sherif, Ishibashi, Gaddah (1977) cldlas slw 5
il s BB 5 alal) L;.,'l).g.c S ols

50—0.087 7
p=22"""219%0 (733753 3)(4)%% (1.01 — 0.046 logh)

38
1 ,
F= _S
vic, Vs
5 J&A slass :N
C,= _ D @95 55 F
(Dyo X Dgy ) 85,8268 o1 5l s ails oo 1 aS ks D,
als il maw S

&lop:.orwe)fu_,.;l?@au:g
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iy 4 SB 3 oo g d s Sasl gl STl coShyin p oyisdshS VAL ol 55
e VO Gos 30 SB ol coyd g (o p Jgde metd Cagllae il + F g az 0 Y7 L ol

5’0=%(3—25in¢)

&,=3(15.5) + 4.5(18.5 - 9.81) =85.61 kPa

VY 55 gl 53 5 o)

Jo

Relative density,

RD [%) Kz(mm
35 61 30 34
G, = — [3 - (2)(sin 36)] = 52.06 kPa 40 40
3 45 43
60 52
¢ =36 mmm) Rp =45%, Ky =43 75 51
90 70
1
G = 218.82K2(max)c?02 = 218.82(43) /52.06 = 67890kPa=67.9MPa
137

9108 STl (YL S ogase (g Sl ) i Sl 5 ol S V(e 5 ol b
@;@JL&JM%J.‘ZgGL}Io SElasl aygl;y S.cal CaSoyin p 5abiskS VAL o1 5
F e VO Gos 1o S oo o pd g (B Jgdo Guetd Canngllan il + 7 g az 2 YF L ol

CINY (1S o 50 9 oo el

1.0 —

G, =67.9MPa

0.8

G = F' G = (0.28)( 67.9) ~ 19 MPa
0.6

'

Average

FF
0.4

0.2

)
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107
Shear strain, ' (%)
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5108 Clghaw (Vb S (pgase 05y ool e gl S| 5 ol e ¥ (oon ) Ol
i Vb Gos 10 SB olpe copd g (b Jgde Guend Canngllas il + F g ax 0 Y2 L ol

G /v

28

v &

24

el Jo

20

A

16

12

Damping ratio, D (%)

Avprage

13 10 10-3 102
Shear strain.v” (%)

awlo jo 3 luiliwl dgdi due g (b 9 Jgoo pos 3l oy BT

st BB a5 abal 5l o5 Jsie deiin a5 wisls oles Seed et al., 1986 clillas slics

|

1

G, =35x161.5N G )"

7
(kPa)

(kPa)
&5 Kig Hammar
Tripud
Bore Hoke
Split Spoan Samgler
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O 0 (e g0 9 (9 Jguo

C,‘...J).i) O g ol (g FHEY u?uméj)); YAAP Jl.w)b w‘)l&o.bj‘.\mul.’.]&u C"L"’

140 T T
1
G, (kPa) = 218.82K2(m‘,1‘x)602 (kPa) 120
Gmax K2(max)
1
=2 80
G(kPa) = 218.82K2(max)F ¢ (kPa)
K
80 < Ky <180 o sl
30K, 0 <75 Auls sl 0
0 1 \ |
10 107 1072 10!
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Cyclic shear strain, ¥ (%)



O 90 (e g0 9 (9 Jguo

w‘).:) u)yaa ol L alo “—‘Pu*"dﬁ))" YAAF Jl.w).) wl)ijquaﬂ @Lu

1
G (KPa) = 218.82K,, . 52 (kPa)

G K ,
G_ - K —=F 1.0 Nl
max 2(max) e \
1 0.8 5
G(kPa) = 218.82K . F'5¢ (kPa) \é X & Average
0.6 N
80< Ky <180 Ob sl F Range-kx“x
0.4
30< Ky <75 aule sl . ) )
0 -
10+ 3 108 3 102 3 107! 3
Cyclic shear strain & 7' (%)
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O 0 (e g0 9 (9 Jguo

o] 2y S ol (g FHEY "‘5"0‘“"65})” VAAF JL»J 50 JAJ‘)MSM Sldlas C"L"'
w‘oww‘_ﬁ.ﬁua)o w)MMl?quu_:‘ﬂ%fa

24
MBIl paie 35S0 0 Rp=100%
= 65%
£ 16 " |
Fo 00,5 i yl,8 315....,," Sl _§
o y0 095 adgl s ejlul % 4—.’.J5~.c- E gl
b (oo RS S5l (Wb mhaw 2
=
s
o> ‘55‘)—\.40 w)@ ‘5..79.‘0 -Y 0 | | |
! Lo WISV
Ale 4t OB 25 107 1073 1072 107! |

Shear strain, y" (%)
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093 30 2y o pd g (S Jom

Wlod,S @1 1) soel s a5 (laosls g il |35 alises ol 3l was g Slialesl ulul 5
Iy zlaal Hlaasl loy Vg 959 Cawd 4 gl S gt sladiges b s Sliolesl jo ud,¥ dlie
L adl gole 080 sy oS (gl aS ol sols lid 9 28,5 o3kl YU sla uilS 13 sl
10,5 oolaiwl dlsS 5 dwle O¥olas lod Sl g5 oo 05 5 s0le Corwlu>

.Sl P ) : ;.*h..l&a 5l fobrinsd yS
1 1
_ 3230(2.97-€)’52 o _1230(297- e)’ 52
max 1+e e 1+e

OCR | ol 0555 G353 ooy S 6l G e 4zl 0uSow g0l o, LS D5,
sl

Sl oo )0 :@“#K;‘ (o) §O
1 1
~ 3230(2.97-€)’(OCR)" &2 1230(2.97-€)’ (OCR)" &2
e l+e e 1+e
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0 30 &l o o g (o Jee

OCR | ol 0555 53 ooy S 6l G e 4l 0uSow g0l o, LS D5

il o
S| s o oS s 5o
1 1
_ 3230(2.97-¢)’ (OCR)" 53 a2 1230(2.97 )’ (OCR)" &2
e l+e h 1+e
SLe gy (Sl 4y (S 398 ljle 0 Kl Flasticity index,
w‘ ol ob)5—| 959) Jj-.\} ).b as a)lo Pl (%) K
0 0
-OCR Cy y23 20 0.18
OCR = Te " % &5 S pyoe 5 @ ot
o 23l Sos S ] '
Ve Wk ot S0 80 0.48
S5z g0 Sl 5y00n LS >100 0.5
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Oy = 00 30 JyoalS| wgie 5 jlade G

s Sl w08 e 513 0, #6, 720, sl 5 i bl 5b cos a5 SB ases oy
_ 1 1
6025(61+62+63):§|1:Goct

JhoeelST g o4y gl G e By

o, = effective vertical stress = o,

o, = 63 =K\5,

G, = %(6\, +2KG,)

K, =0.4+0.007(Pl), O0<PI<40%
K, =0.68+0.001(PI-40),  40% <Pl <80%
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Shear stress, T

I, 2 b, Hardin and Drnevich

0 30 &l o o g (o Jee

1972 5 )3 slo (65 ) Sy Jade 28 sl

30,5 olgiion
Tnax+ ¥
7 — G = i
Y
G — Tmax
7
e — Gmax
1+ 91y,
i AJag‘) & o C)La‘ G
— T8GR
/ —) 1+7,
i/
/e . . , ’ s
jo/ hyperbolic|strain: ¥: = [7’_][1_,_&8—&(}' fm]
/ 7
/ J Elil ooz S5 gy : @= 1 +0.25log N —» [ slows
4 b=13
¥, = reference strain. Shear strain, '’

093 30 2y o pd g (S Jom

Hardin &5 sle (25,5 0 oo JSM. oL sy 0 | | N | I L | ) | _
oS ol |, 5 g, aNd Drnevich 1972 (a) OCR=1 (b) OCR =2 (c) OCR =3
G T
7 , o S
v e=19 T+ =
. . —_ o = _ 1.7 -
hyperbolic strain: il - s .
’ \% s T
= (£ ] e
7 =2 — 13 “‘\
\\—}‘I%E_\
Ll oy S (gl : 09 0.7
&k o sl Lo 08 _;:\
c— 07 3 0.5
a=1+025log N —» JSw olaxs - 05 ‘fN
b=13 03 T ]
03 | | | |
0 25 50 750 25 50 750 25 50

¥, = reference strain.

Plasticity index



093 30 2o o pd g Sy Jo

40 | | | | | I I I
| @OCR=1 | (bOCR=2 | (c)OCR=3 | [ (d)OCR=4 | (e)OCR=S5 () OCR=6 |
10 — . L i _
L ] N e= .
" Q ] ].K _
— D‘:__s\ B — i —_.—
Llg Ok 17 1.7 i
ES TTT— i
= E 2'“'%-;_______%;5_ i A 1.5
S - 13 1.3
— 13 A N
— 1.1
— LI 0.9
—| 0.9
09 .
7] NN 03
07 u T 052
:"‘““H-__q___\_h_ U.S -j — 05\ 03\
] 03 >
03 i 1 ~
0.3 ' ' ' I I 1 I I E— I 1
0 25 50 750 25 S0 750 25 S50 750 25 50 750 25 50750 25 50 75 =
Plasticity index Plasticity index
0330 o o o g Sy Jge
58,8 sliion |, p3 e, Hardin and Drnevich 1972 il e co o o580 sl
el i S (6l
G _
D =Dy (LQJ Dy (%9)=31-(0.3+0.003 f)G,'* +1.5f1* —1.5(log N)

}

Hz) Ll IS s Sl

Wb, sons el | D _ ¥ |, Y_'[ —th(v’/vr’)]
> D 1+ 77 v 1+ae a =1+ 024"

by=02f(e""%) +0.0235, + 0.3 logN

el oy (pmw (S 92y il S o6 e Ailid il e el 4 ol yee oy
S g4, Dobry and Vucetic (1987) 4 (1991)
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(1970) o y01 g o (95 43 (w0 30 (2l y0 8 9 (92 J9ho et

(5|ﬁ|)ﬁj@m[m&3;gjlliac9hw)ogjl&aQLQ&)]@LU@A;%L?&)JjW
1490,5 slgaion gLl sdns LS

3000 —
T &\
e Average
1000 - BN
— | _Z\%
Range
G 300 | BN
Cu cu= undrained cohesion
100 \
30
10
10 103 1072 107! 1 3
Shear strain (%)
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(1970) s 50! g s 59y 41 () 30 (270 0 18 9 (S 2 Jgoho (S
1230 ,S slpaion 1) 3 RT3 6{1).:.@ o po 8 sl aline jalay
35
30
(=]
g 20 Limits
g
[ -
10 - AN
e )<Avcragc
. R
10 10-3 102 10-1 1 10
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Shear strain (%)



Srlod ey Gos 0 |y By pd sl Sl o 00l S gllas (S Lid i JUe

.._; . Dl'y sand-l' e " ; )
Lo CGm 265 - 60=E(EV+ZKO<?V) :J>
LayerI, 3.0 m e=0.7 3

$=30°  G.W.T. _ _
PE— Layer(l) K,=1-sin¢ =1-sin30=0.5,
Layer Il 1.sm Gy~ 265 Layer(Il) K, =1-sin33=0.455
e=\u.
¢=33°
: Layer(lll) Pl=LL-PL=48-23=25
Normally consolidated clay
G,=2.78 K,=0.4+ 0.007(PI ), Pl <40%
Layer III, 1.5m e=50% _ —
L iequid fionft = 45 K, = 0.4+ 0.007(25) = 0.575
Plastic limit = 23 ) )
Y , P g0 Pgate ()9 dmwlxo
Rock
Gy, (265)(9.81) ,
z=0-3m = = =—%= =15.29kN/m
Tar oy =1 e 1+07 /
G,-1) (2.65-1)(9.81)
z=3-45m = =Y — :( S = =10.12kN/m?®
Yeff ’th YW 1+e w 1+ 06 /
G, -1 2.78-1)(9.81
z=45-60m = vy, _(G, )yw=( ) )=7.87kN/m3
l+e 1+1.22
155
Layer(1) K,=0.50, v, =15.29kN/m’ : J o
Layer (1) 0.455, 10.12kN/m? 1
Layer (I11) 0.575, 7.87kN/m? o :g(ﬁv +2K,) 1>
( Y52 (kPa) 3230(2.97 €)' 57
6908(2.17-¢€) 52 (kPa 9I—€) Gy
Lo ‘ : — 0 ‘ H G =
awbo¢lp: G, (kPa)= Tre o S Oy Tre
Depth F4 5’1 0'_2 = 6_3 = Koa'_]_ EU e G = Gmax
(m) (kPa) (kPa) (kPa) {(MPa)
0 0 0 0 0.7 0
1.5 15.29x 1.5 11.47 15.29 0.7 34.34%
=22.94
3.0 15.29x3 22.94 30.58 0.7 48.56"
(in layerI) =4587
3.0 45.87 20.87 29.20 0.6 57.51°
{in layer IT)
4.5 4587+10.12x 1.5 27.78 38.87 0.6 66.35"
{in layer IT} =61.05
4.5 61.05 35.10 43.75 1.22 29.47"°
{in layer IIT)
— 6.0 61.05+787x 1.5 41.89 52.21 1.22 32.20"

=72.86




g
84
Depthz G = Gmax '
{m) (MPa)
0 0
1.5 34.34%
3.0 48.56°
(in layer T’ )
3.0 57.51° W
{in layer II
4.5 66.35°
{in layer II
4.5 29.47°
{in layer IT
6.0 32.20°
(b)
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Ol 0155 (oo amle 9 0l Gloss S 5 L0l (oo ) b aitlopn Sl sl o endST Sl S

(Saxena, Avramidis, and Reddy, 1988) uwiS' o 9 2 2,70 abail,
W) AJJLNJ-AJ awle Ls.u:).: dew M;Lc

Graxesy = Gmaxes) T AGmgcr—s  aiilow Al b sb i Jgde oSl

b awle (b Jodo s Sle e 0o s
t _ £ 0.5152-0130C+0.285

AGmax [ 172 @

Grasisy = 428.2 (%)0.426 (50)0.5?4 © _ (CC)Lse

0.3+0.7€° P, (e—0.5168)
T T T (for CC < 2%)
(kPa) (kPa)  (kPa) AG 773 _ £ 06982-004CC-02
max(C) _ (CC)1.2 (@]

,M 5 )L....._‘a A/ Pa € @

- (for 2% < CC < 8%)

ool ailoww dwlo 3O (2o g (S 0 Jgoo

Ol 0155 (oo amle 9 0l loss S 5 L0 (oo ) b aitlepn Sl e o endS Sl S

(Saxena, Avramidis, and Reddy, 1988) S o 59 2 2,20 dbail,
oo ailogs aule g‘fm oy (v'<1073%)

Des= Do+ ADg — &8l J1 51 (30 olye oy

s anle (olme oo

_ ~—-038
D, = 0.94(@]
P

=3

]

& —0.36
AD. = 049(cc)t" [?0]
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ouds abloww dwlo 30 (2o 90 9 (S J9oo 3l (Sl

)‘)398 kPa l.t).t‘).s ow)yamyywm&mom d.ul..o......u 6‘ awle S )| LS‘ 4.’9.04;‘

428.2 _
Gmax(:i) — . (%)0.426(0_0)0.5?4 _ 428.2 . (100)0.426 (98)0_574
0.3+0.7e 0.34(0.7)0.7)

= 65,805 kPa = 0.066 GPa

_ 5 0698e-00400-02 _ _
AGpwcy _ 773 coyt| 7o AGuaz(cy _ 773 L (ﬁj[o.sga(o_?) 0.04(3) - 0.2]
P, e P, 100 0.7 100
= (1104.3)(3.737)(0.994)
O o9 =416,067 kPa= 0416 GPa

Dos =?  [GaCS) = Gagans) + AGhumncr

161 =0.066 +0.416 =0482 GPa = 482 MPa




