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Abstract

In recent years, finite element methods have bheen used with increasing
effectiveness in analysis of displacements and stresses within soil masses,
However, one of the weakest links in the analytical representations used in
these methods is the models of the material behaviour,

Herein is discribed a modification to the finite element methods that allows
solution problems with realistic stress-strain relation for soils,

A finite element program for the precision prediction of the stress
distribution within foundation has been developed using the elasto-plastic
Work-Hardening model.

The developed program is verified by comparing the results of this study with
the tested results for Sacramento river sand.

The main results obtained from the numerical examples are as follows:

The wvertical total stress increments are 1insensitive to drainage and
constitutive equation of materials,

The horizontal total stress increments are considerably affected by the
drainage and constitutive equaticon of materials,

The maximum shear stresses are affected by the drainage only in elasto-plastic
materirals,

The excess pore water pressures and the volumetric strains not only are
considerably affected by the constitutive eguation of materials, but alsc have
almost similar distribution.
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fo = ( [13/13 - 27 } ( Ii/pa ), - (2.1a)

fo = m  at failure (2.1b)
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Tt vBARFA] LW ojufo] MERIR potential ElE the3} Zch

gp = 113 - (27 + 2 - (PasIy )m ) - 13 (2.4)

A7l n = WREN(cc ) fp0] Fold glol ciste ZAHE= wAMmoir]
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Fig.2.2 Schematic diagrams of yielding process with both yield surfaces
activated and combination of plastic strain increments,
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Fig.2.3 Comparison between peasured and predicted (a) stress-strain and volume
change behaviour for loose Sacramento River sand (b) stress-strain and Pore
pressure relations for loose Sacramento River sand (c) stress-strain and pore
pressure relations for cubical traiaxial tests on Grundite clay.
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Fig. 3.1 Flow chart of Program for determined Parameter
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deij = deij + deig + deij (4.1)
a5 WEES-BER ES3AE F34 HYol wel chet o] EAMCH

doij = Ce( deij - dc‘i:j - dsl;j ) (4.2)
VMU EREREEN(f ) HERERRTHER ()] 28482 H51E o3 ot

afe

- . . €

dfe = ot P e Tagige 961 70 (4.3)
_ _afe .o, Ofe 9w @ _ '

dfp = 201 doij + P Py deij =0 (4.4)

Thel HEEEEE WSS EREA whel o o] EAIHTL

& _ 68c

deij = Ac a01; (4.5)
Bo_ %%

dCLJ = kp 201 ; (4.6)

(4.5)%2} (4.6)RE (4.2)5Rell o3 o2z et
. _ re L dgc _ ag
doi; = Ce [ deij - Ac 015" Ap -——ao‘i’j ] (4.7)
A7 A ke, Ap HHIHBOlD o] Tt Fte EE ohE Uk
(4.3)5%2} (4.4)0] (4.2)8/E AT o2& L&=ct

afe afc Ve

dei; = 0 (4.8)

.Ce ( deij - defj - defy )+ N
adi j Ve 3Eij

e . co (deig - aefy - aefy ) ¢
01 j awe  ael;

(4.8)%3} (4.9)Rell ZH2HA.5) (4.6)RE RASHA chAYTh

JCLE SLJ SO (4.9)

afc Ce(dﬁlJ - c gc - l agp ) afc awc agc = 0 (4. 10)

301§ aoi; ¢ aoij We  B€1jS C 301j
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e Coqdri; - a8 a8y, 2fp W 08 _ (4 )

adi; 301 j a0i j aWp 3c13® " 30ij
9 X& Aelspd o2zt Yk
Ae Lyp +Ap L1z = Th (4.12)
Ae Lzi + dp L22 = T2 {4.13)
o714
afc o _O8c R _a& dgc
L= 2t (o] 45250 + 420 do T {28 (4.14)
Lzz-<“" T el 45282y o {Eey foir (20 (4.15)
afc o BS_
Lia={ 35 #T [Co) 455 (4.18)
6fP ' ag_c
>T [Ce] <aoij> (4.17)
T :<§§§;>T (ce] {de? (4.18)
T 43f? T [Co] {dc} (4.19)

Ao 2 Ap TS 37 #1381 (4.12)FE N (4.13)R& dAyste E9 ot Uch
Lz2 Ty - L12 T2
Lit Lzz - L1z Lz

Lit T2 - L2t Ty
Li1 L2z - Liz L2y

22 (4.200R3 (4.2)RE (4.17)Rell KA thS3t o] B HHEET- MY
Rz Rol dojdrh

Ae= (420)

Ap=

{4.21)

doij = Cep dgij (4.22)
o714
Ce . a
(eort=tce] - K8 (28 oyt + (2B qby)Tice) (4.23)
= Ly L2z - le Lz2) (1.24)
(bel= Loz 4500t - Liz 4,07} (4.25)
{bp}= Lll{ } - <83f°> (4.26)

¢l R *}%EI%? AEAH HAES TEHEMBER U MBS R=ES e
Zo] FEHTL

ox '
(oMo o g OBy o | (4.27)
adij adi j 271!)'
Oz
afc  Pa fe 1- :
awe  CP [Paz] P 017!,1.!_ C,p= &_%n}iﬂtﬁ%}g_} DH7H’5“/‘|‘: (428)
{o izt -2-12 4 T2 =28 (4.29)

33 - gzox - It
2110xTxy
313 - ( Oxdy - Txyz )' Iy

pr I]Z
3 3o b= 142

315 - Oy0z - I
) [
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1
1 it m I .
{ " } (45 - 20 5 ()=t R

Oy0z
e | _ _ Pa Gz0x
! BOij} {27+ m I = [ - 2(0zTxy) }
GxGy'Txyz
1
1 I Pa
+ [ 0 } ( 3112 + ( I:: ) nm (I; jo (4.31)
1
afp _ fp Pa -
aWp - Pa [ q¥p bPa I (4'32)
agp Pa \m
T {—=2r% = . . - {2 .
{ot {aou} 3rgp vmome - ()7 - s (4.33)

4.2 BK o FFEKBBRENTE A BRERS EAL

ool Mg M W# Vork-hardening @& AH2-517) $8te] MHMRS A1est
o=} g;m%xiﬁﬁ# 2 MWL FAld 0§ ¥ = A ARERAS o33 ¢
[+] Tt

2B HRSHE (Aot i o] uehdc

{ Ao }T = { Aox . Aoy . Atxy , A0z } (4.34)
HEHREHWHSYE {40’ )= o 2oL

{ Ao’ }T = { AC'x . AU'y R ATxy . Ao’z } (4.35)
223 MROKERSHE (AU} & gzt Yok

{AU T = { AU, AU, O, AU} (4.36)
HEEORE 23ld RS A { Ao b= thEF gk

{ac} ={ac" } + { AU} (4.37)
BHEASHE ( Ac }& 22 Zel

{ Ae 3T = { Aex . A€y ., Arxy ., A&z } (4.38)
BEREHRS 2 BHBRRS ] BALE ohg2t ol

{Aao” } = [Cer]-{ Ac } (4.39)

FMEAHERIYEE { AP ), BROBSNEHE { Ab },{ AV } & Mirmayel
:1}% 6)% A2 WABERS olelstd stk FEel 2sled ol ol &Y
SR _13

fs{AP}T 8{AV}dS + fv{Ab}T &{AV}dV = fv{Ac}T §{Ac}dV
= fv{Ac}T &{Ae}dV + [fu{AUT &{Ae}dV (4. 40)

BE Y 42 x| HollAMe] mivmyS HIREE x,yo REREE /13 stdon

ChAlo g FAFCL
{ AV } = [M)-[A]-! -{ AVN } (4.41)

o] KollA (M} x &ty & 123} st [A]-12 EREORINE{ AW } &
AHAANE 37 AFY A2 HBAF = BF Fr)olch. R(4.41)F v &3y
BHRMS S A oE FHRCL _

{ Ac } = [B]-{ AWN } (4.42)

A(4.39),(4.41),(4.42)F R(4.40)o RRAZSL A& o2 REENE 319 o3t
Lol Mol Fa)aict,

& {AVN}T{APN} = S{AVN}T({KN]{AVN} + fu{B]T{aU}dv) (4.43)
40%71*1 S{aWNIS FE Yoz A o 4 gon® e HEE 3 ad o2 e
Ajo}

{APu} = [Knl{aVN} + [ [BIT{AU}dv (4.44)
o 7| A : :

{APN} = [A)-1(fs[M]T{AP}ds + fv[M]T{b}dv) (4.45)

{Kn} = fv[BIT[Cer]{B]dv (4.46)
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A4 M) = WRBRS AE] (AW S HIRT7ENE (APl M FFE E A7
3 gich Uit HREXKAE MIRKES Mifel LAHA U7 Wl K(4.4)
2] mpxlu} go] glor} upulaZ Aol MMAEC) FHA JWX7) el MK
E Jo] X3k Aojct.

o MRt uxie 3g PRt theat gk

(AT =01,1,0,174a (4.47)
w2hA
Gr=01,1,0,1] (4.48)

2 Aostd wesich, A (4.44)9] opxn} g2 {G}-{B]-AU-Vol. £ =1, Vol2
40 @telct. 2708 nixleg 377 ZEF Y] A% BT +Us BREK
(Ks = E/3(1-20)) & Lol MEE ol ainE the2t Zo] viehdr)

AU

MMy = 4 — (4.49)
whe}A] ®

{aPn} = [Kn]- {aVn) + [K'N]- AHN {4.50)
o714

[K'N] = {G}- [B]-Vol. Ka (4.51)

(4.50)%2 Ytz el HFRERR= gl MMAESY ox$71 Zgso gt 2
2lated £ nx] ol e Ko] HEE o] FAE EW e Ko] f Wes)
o] o] A2 MRM{LHB] B Koo ol Urh oluf WMWK WRMWEBR
W3 AcveE THS o] EHYICT

Aey = Aex + Aey + Mgz = [ 1 1 0 1] [B} {aVn}
= {G}T [B]- {AWN} (4.52)
(4.52)& o¥Holl Kp-Vol. & Jo1H cha} Zth :
Kg-Vol.-Aev = {G}T-[B]- {AVN} Vol. KB

= IK'n]T-{AWN} (4.53)
#(4.50)2} A (4.53)& &SI ERol oyt G cpg3 32 FAFERS
aE& 4 orch
Kn i KN AVng _ APN
TTKNT T 0 ] [_Eﬁﬁ] N [Rﬁf\_féi A ] (4.54)

7|4 Vol. Aev2> BRAS ERM{LAS oI, JFEMEY ZF9E 0 ol 22
slo] JEHAMITES Y P Kp Vol.-Aev = 022 3le] n[2]4 ANE 3} EXR2] B
ﬂ}lﬂ;ﬁﬂ(E% A4S PkEALlE Al = 022 3t EXRe] BRMPRRFS 7
Yt
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Fig. 4.1 Flow Chart of Main Program
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Fig. 4.2 Flow Chart of Global Stiffness Assembly
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Fig.4.3 Comparison between measured and FEM predicted stress-strain and
volume change behaviour for loose Sacramento River sand
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LEoigit). & FE Foll Ay MPRAEMLA(AU)E thE Ao8 FHHC]

AU = Aoy + A (Ao - Aoa) (4.55)

oA7]M Aoy 3 Acie 2NN MHE ol 223 A XKWRo= FAFE= M

PMAE&RKoITE obH2 ZiES xbshu gzl A& ZRRaglch & a9 ol

#EE N EhkRe] izt AT E=¥ fRIEENL] Gito] BHHR] ¢k A of

Tl ¥ Henkel-2 B (AHM Nzl NN MSES] o MRAE BIKS
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AU= 1/3[[AO'1+A0‘2+A0’3) + aAf(dl-dé)2+(0‘2-63)2+(61—63)2] (4.56)

A7[M Ao, Aoz Ao 2SS WioEkel, a: MERKEGRK|C)

Henkel-& AU H Weald clayolth¥t =M= 51RARAA A EFQY
& et A st 15) Shibatagl Karubel€) = BEBE Sakai HEof cfyl
SN AWM BE FHMEE A izl dE RIPRKEZe] (4.56)K 2] ®E
wg 2 wp 2ot stgct. gl velhd AMES M kS oH MMRKE H
2 23 w4 Uxnt FolM dojih= W )25l AAY H AL ohrlh ¥t
H RoscoeFll.17)0] #H|QIFt Cam-clay @A = MIMOKES] =322 Jrdkk R Rl
it oAt A2l HHM RS A A4t & 4 glt), ojuls F HE &l 21
Axjgdch ol Ut o Wi de] Aol M H#E Vork-Hardening R &
HRACE MRSy «fFoll HE Minsl o1& of BRI 272 dechs B4
of A% 2 HFRERES Mo MEAKEANES A4

Jajn B Befla Alggr whye] el E #elst7] #5te] Seed and Leel!d)of
2|3 A Sancramento river sand?] WEESE 2} v] oyt Fo] Fig. 4. 4ot} Fig. 4.42
RE] o $oll vie} ol MEMe HEMERMIT H U]t Q). oield wieRgt
ofu e} FEHAFBMNS U uf ok £ e sT2 80 HRMdoj Hrf

4 T Fe]
6 % 99 0%
3+
= 2
eal 123,00 ky/cn? Oeat1=12,65 kﬁ/ﬂl
4 2 . .
s .
' [ 20 30 ; 3 a L
4 T T 4 T ¥ 20 T
] - 3 -
157
2 1 2 e
o 10p -~ =
1 o o R 1 h \
° .
[+] O 1 . 5 -
1o X 10 20 0
-1 r— s -1 L 1

1 1
- o 10 W0
AXTAL STRALN, E1(%} AXIAL SETRAIN, Cy(X) AXIAL STRALN, £ (X}

Fig.4,4 Comparison between measured and FEM predicted stress-strain
and Pore pressure relations for loose sacramento River sand

5. BtEmike] W-Mi EEMH 8
ol zjgto] 2 Fhxe] UEZ IR F|A MEE Vork-Hardening TFof2 gt
Zjdke] M- Mpl Uy BRI AL ®ES(AcE 222 J2P3e nif UL

& A58 XPR/EF 00U ASE Uslrlh oM & Z2IRR o] fdto] r}
S MR o] AASH dojAl: #RE YesEch

- 265 -

n



5.1 BN MAke] M EfE

1) B3 =ute] Wi S92 5 400 o] t2niifko] BE 8Sno| HH HHEol A
T BF-2 St WM DR iRy st TR 7071 EX ssEimio = Rty
oo Fig. 5.13 gl

11

|

Fig. 5. 1 Finite Element Grids

2) MES FFPKHA L] Bl Jizbe 15t/n2 71| REFE 1v/n2%] M Alzich
3) BEDERS WREHS vl KFBET FESD MES MERVT HFE

ek
4) BlEMHO AHEY LEHMIUS Table loff Uellon WAIEHE Lolof i}
WA
Table 1 EQ vzl (£33 EEAH] d84d2

Kur n v C P 7

676 0.675 0.265 0. 00031 0,716 37 0.156

S t P r 1 o - B
0.475 -1,97 0.08 1.23 1.82 2.43 0.40

5.2 MR X IR

5.2.1 $AEE N
Fig. 5.2a0l= Bt oz HEsiny 260HEEHMGUL 25l o2 2 fEAH
H(15t/m2) 22 Yol #HMEY TS k) FEHEK =18 ul23ted Jepd Aelrl
J&lod B dle}l Lo] Mol M= 2EM BRIl ME A2 ¢ UE
UEhRSL gith o] MBS ek FAYS ¢ 4 gk Fig 5.2b
o MRS M MEMBE JPASIe] MY 2ATHEHIRS S Pkl FEHRK A
2.8 wjzyl Aojrp, Axe] Aol glo} H HEHBRANE T oA 22 Yol
A9 wls=stA vrephuial elch
Fig. 5.2ct Hek¥Efbols MMl B Wi FLE5 vla2dtd vehigled, Fig.
5.2d%= FEHEKEEAA Mt E s vy Aol o] F ALx A
werdmz)l 21 AT 2 AL wlsy US viehfa gk ol #HEe Mol &
M DB RE FHEE LELL o2& ¥ o 220, Boussinesq®] BN
ol 2EEEIESUS ML ERNMEEE o) F3sitle AT E #HHo)

ol= = 3jr}, ‘ “HH o

|

&5~h'mwm1dﬂn&mmwmw%h Fg. 5—2b. Carnperison of Besto—Plagtic Drained Condition with Basto—Pestc Undrained

<l .
Pk = ==
FRd e
-~ P  ermiiorETorio
|+ i - s
. 4 L .
s P A
by Ny Phr ot
d
L L id

130 daa}

Normakzad Torst Vertical S Conition for Normakzed Total Vertiosl Stress Increments.

- 266 -



Wit us s

== Elasto-plastic

12D (m}

Q. 5—2a Comperison of Blestic Dreined Condition with Basty—Plastic Drsined Concition, for Fo 5—2 Comperean of Baytic Undrained Condition with By 10 ~Pesic | . o for
Normaizerd Total Vertcal Stress incremenns. Norrmaized Totsl Vertical Stress Increments.

52.2 KFEN

WK 9 JEEKERAol A B Rt . M Vork-Hardening 29 & 24zt A}431o
FU 2AFMES NS FATE(15t/02) 08 ol AMEY g A2 nla &9
eid ol Fig. 5.3 o[t} Fig. 5. 3a0l:- BMEHAKS JHAS MINY HRE ula
g Ho|3 Fig. 5.3boll= 3 Mgk e} JEhKE Hlatste Lehd Ziojth. I3iefy
2ATMOME IS e BekEEERCE 3A vehdrh, o2 Fo| #AEL
EANS delo] don MMAES HARMMEEHS MENNZ 32 sy ¢
et Bakeln A2 ¥ 4 ot 32 KFEED HPEHE S5 EgA 3l
ol kEAS edte Aol olfj¥Th Fig. 5.3colt HAHFA MERda)
M- Mt Work-Hardening2W& ME #la st Ueld Zlo)3, Fig. 5.3del= 3EPEK
Beol M MR dsl W MK VWork-HardeningRAE MHTY RS wiasted Uehd
Bolth, aqeflM ofmZ 9Lt M- Wdulst MyEUeiecl 2 P& vepia Yk o)
2L MHALEREIT Fol A% ¥ 45 Iche 23 BdsY Y2 F Zaista A
zbgich, .

tm}

120 =)

g S—3a Corperion of Bastic Drsined Condhtion with Bastic Undrsined Condition for Fige 5 —3b. Compenixen of Basto — Plastic Drained Condten with Basto —Plestic Ungrained

Normelized Total Horiaontal Stress ncremanes, Condition for Normetzed Total Horizontal Stress increments.
R w e ﬂm e 20
— Elastic S . —— Flastic

-~ Elasto-plazt jc . AN - =~ Elastotlastic -~

‘
Tagimd L

ch-xmummmmmm—ﬂmcmc«mm Fhs—th&w&bMCudﬁmvﬁmﬂasm—ﬁasﬁcw
Flormalio Torml HoreorustStrees crements Corgition for Marmalzed Toksk Mortzoresl Stress inpremerts

- 267 -



5.2.3 BMANKEN

$A U JEdhkEES] oS Ay g A ¥ Vork-Hardening 2 4 & A1g8to] 3%t
BASWENe feRMEo R throl MR I A= u|38}9) Fig. 5.40f VERR
tl. Fig. 5.4acli MMEPKS} JEEAE MY RS uj23te] PR Zle] Fig.
5.4 bol= M. MMEASl JEEAS ulmsiel uUehd Zleojrk. o] o} YE} A 8}
o} gol AN S REHE ofMEs ke F9ol Sl.on} M- MRS %
Aol 297} A of Bop o7 2A Jvehin A& @ 5 olt}, Fig. 5.4coi:
PeA RN BT osl B ¥#E Work-Hardening R & w2 8to Lrebd Zel3 Fig.
5 4dl FEsEAEREolA MR Wl ¥ ME Work-HardeningRd& ¥ 25t Ve 2
olth, taled UFERG bl grol M. MEE HkERfEIMRE S0l S F ol o)
ulgro 2 o)|Eoted UEUR ot} A ow BANNESS B ek EEgEolA
ot o} Zhe vepdoha o g 4 olc)

128 (=)

Fo. 5—1a Compartson of Bsoe Graved Concition with Bastic Undrained Condtion for Fa. 5~4b. Comperison Blasto —Plastic Drained Concktiont with Basto~Peetic Undrained

Madmum Sheer Stresses. Cordition for Maximum Sheer Soesses.
im) 200 w0 D
—— Vdumetric Strains
- = - Excess Pare Water Presares
rf-"""_/e
o0 -0
12D (b 120 (=)
Fg. 5—5¢, Reletionshin Voumetc Stesns and Excess Pore Water Pressunes Using the Fg. 5—5d. Relatonshp Voumetx: Suars and Excess Pore Woter Presaures Using the
Bastic Model. Basw —Plasts Hype baic Modk.

5.2.4 FAMAKES BRBTF

Sk C S BT M M Fork-HardeningERE Apg-ste) R REAMR
AES fEERNKOR o] #mlk ¥ ¥ ME W) :2.8}0] Fig. 5. 5ac) Jepdch &
Wi York-HardeningRwe]l A 3-7t BT PPk o) 10-15%¥ = A A vjehia 8l
o} olAL HAkEadu] W MEd By pampEo) A vrhd 2z ¥do] U2
o RG] 2 & HiHEe] MEKE] 3A vl 1 eg AfzbHct, Fig. 5.5b]
= fkEge S EHEY 3 B Wit Vork-Hardening® A& Apg-she] LR EREpR
& fEAEmEe S ol ML Sl ME H) g Zolth 3of el wiep ol
M. Wk Vork-HardeningZ 2| B971 72 JR3A 0.0Ix3E 2ULS yehd o
T}, 0|72 W WeHEy Bt Acte AL elu|ytt. IR Fig. 5. 5colls A
magold HEKEACAN Q2 BRmMBRY ek A YT MRAES A vl
sy Llehda  5.5dol= B ME Work-Hardening @& AHgsle) A 2 HE
Ml std Lepdolth, TglofM simuist ol REEBE RAES oY 4%
A ul R A (i EHMIAES] 0 A HE a3 el fEfestA ") uehdzal
). olAg HEMmol whE EEmtst AA A BIPRAMES] ARt B A
zt¥ch

- 268 -



— Elasthc_
=== Elasto-plastic

g §—5a Cormparision of Bestic Model with Basto —Flastic Hypertxchc Madd for
Exoess Fore Water Pressures.

Volurnetrc Stans.

Jlﬂw

120 [w)

Fg. 55t Compartson of Bastic Madd with Basto — Plasac Hypertale Model tor

Fg 5—4d Comperison of Bastic Undrared Condition with Basto— Pastic Uncreined

Fas-hmmam&:mmmmm—m&mm i )
Condition for Maximum Shear Stresses,
for Mexdmum Sheer Sgesses.

6. K =

#WELE o 2 M Lade2] M- Wi#: Work-Hardening UL AA £2 BH-BER
A ol AxwA BHY 5+ L& ZdoHT A7 uey FEESBE i
gha Eapsjel WALEA Rsidch. BEES o BABEKE AgNeg + e dX
JdZe MBSt Frlo) o|Ed& o3 AU B-MEENRE Fied X2
ag Yabzjusiel gt stdct ey FE3 EEA oo ANtEd S 7PE s
agqazziel EMES U A3 chEALE KRS dalct.

1) 20EMARSS BARES L HEe] MRl Ao derg Uz ert

2) 2ATHAMSE HAES U B MRRA wehA AL VL werh

3) BANKEHS B WEH el AT HREMRS 2VE et

1) BEMPRAES BEBPES BERA Tl IVE wa glonl WY EXE
Ao g2 AYE Uehdch :

- 269 -



BEIM

1.

10,
i1,

12.

13.

14,

15.

16.

17.

18,

Kondner, R.L., 1963, " Hyperbolic Stress-Strain Response :Cohesive Soils”,
Journal of the Soil Mechanics and Foundations Division, ASCE, Veol. 89, No.
SM1, pp. 115-143,

Duncan,M. J. and Chang,C.Y. 1970, “ Nenlinear analysis of stress and strain
in soil”, Journal of the Soil Mechanics and Foundations Division, ASCE,Vol,
96 No, SMS, pp.1629-1653.

Clough,R. ¥. and Duncan,J.M. 1971, " Finite element analasysis of retaining
wall behaviour ". Journal of the soil mechanics and foundations Division,
ASCE, Vol.97, No. SM12, pp 1657-1673

. Lade. p.v.and Duncan,J.M. 1975, " Elastoplastic stress-strain theory for

cohesionless soil”™. Journal of the Geotechnical Engineering Division, ASCE,
Vol 101, No. GT10, pp.1037-1053.

Lade, P.V. 1977, "Elasto-plastic stress-strain theory for cohesionless soil
%ith curved yield surfaces™.Int. J. Solids and Structs,Pergamon press Inc.
New York, Voi.13 pp. 1019-1035,

Lade, P.V. 1978. "Prediction of undrained behavior of sand”. Journal of the
Geotechnical Engineering Division, ASCE, Vol.104, No GT6 pp.721-735

. Lade. P.V.and Nelson,R.B, 1984, " Incrementalization Procedure for elasto-

plastic constitutive model with multiple, intersecting yield surfaces”.
International Journal for numerical and analytical Methods in Geomechanics,
Vol 8, pp. 311-323

Lade, P.V. 1986, " Three-Dimensional behavour and parameter evaluation of
an elastoplastic soil model”, Geomechanical Modeling in Engineering prati-
ce, pp. 297-311,

lLade, P.V., 1979, " Stress-strain Theory for Normally Consoldated Clay”, Pro-
ceedings of the Third International Conference on Numercal Method in geome-
chanics Aachen, West Germany, Vol IV, PP1325-1337.

Druker,D.C.,, Gibson,R.E, and Henkel, D J., 1957, " Soil mechanics and work-
hardening theoris of plasticity”, Trans, Vol.122 PP, 333-345.

Roscoe, K. H., Schofield, A. N., and Worth, C.P., 1958, " On the Yielding
of s0il”. Geotechnique. London, England, Vol. 8. No. 1 pp.22-52

Ko,H-Y.and Strue,S., 1989, " State of the art: data reduction and applic-
ation for analytical Modeling, Constitutive equations for granular non-
chosive soils”, ASTM, STP740, pp.329-386.

Christian, J.T. 1968, “Underained stress distributions by numerical method”
Jurnal of the soil mechanics and foundations, Division, ASCE, Vol.94, No.
SM6, pp. 1333-1345

Skempton, A.W., 1954 " The pore pressure coefficients A and B.” Geotechni-
que, London, England, Vol, 4, No. 4, pp 143-147

Henkel, D. J., and Wade, N.H., 1966, " Plane strain tests on a saturated
remolded clay. "Journal of the soil mechanics and foundatiens, Division,
ASCE. Vol.92, No. SM 6, pp. 67-80.

Shibata, T.,and Karube,D.,1965. "Influence of the variation of the interme-
diate principal stress on the mechanical properties of normally consolida-
ted clays”. proceedings of the 6th international conference on scil mecha-
nics and foundation engineering, Vol.I, pp 359-363.

Roscee, K. H.and J. B. Burland., 1968. " On the generalized stress strain
behaviour of 'wet' clay”, Engineering Plasticity, Cambridge Univ. Press,
pp. 535-609.

Seed,H.B. and Lee,K.L. 1967, " Undrained strength characteristics of cohe-
sionless soils”. Journal of the Soil Mechanics and Foundations Division,
ASCE, Vol.93, No.SM6, pp.333-360.

el @

B a3 g3ettie) 1991d% @] XUeg offol AoT FAte
ol A

- 270 -



