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[_INTRODUCTIoN |
Objechuis of " Generalyzed " Mode)

) Mathemoatcol Inoc/c/ ( et of Constitutrve 2gn) 7 N/o/wcﬂ
Shass-shran -strength behauor in reasonable fashron
for various Stress parhs 3 Stess Systems (b}$)
for Bor#H ‘eranae § undrane! Condrfians

2) Keasonable pumber 10put paramaters that bave
physicel s1gnificance § Canbe measured!

( Simplest model = linaar; elashi, /.Saf%//(, —~ 2 paramets)

2 _PLASTICITY THEORY (Elasts-Plashe Model)

2,1 Y é/dmé vs Fadure y L
a) S/m'oym shear E ;
N o Farlur T ‘ ’
_/ f \//a/c//ny - hrapactnm Fom
N Elashplashi 2lati (all pecoversdt)
v v Stran 0 plactes. (Mecorralh) w
(7 harclening

s Plashe shams — inciase

bn , Mo "/zanduulnﬁ Ao

Elashc

| ¥P | €1 \rv v Failue - e, Moha-Coulomb
N (Contrued deformaton at
b) /607‘rop/&, consolidation Fest Constant” 3Fress)
/ , Svp‘ Sv \
q =q, (VL) Vogon - plaskec #some tlaske shamy
’ -> e‘a I-‘lCC; ¢
'Q) Sslp ocC % ) SV
W
w ¢ - . l O-Cm S /'m/o& "/50"90/)/(, ha.ra’enm3
2 low Mf‘ﬂ ag, = O&m
. N
- N NOTE: Continuows Yialding on
> 109.0¢ VCL = Virgin Compr. Lint
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"P/Q&ﬁéﬁ:ﬁnﬁa/*—Jm/m ol w L b plasiec shace WW (Sheet A)

22 State Voriables CSV) . : ‘ -f(d"’ j
=F(0e)
Define "state” of soi/ - Smpk Clay - -g-p'
: ViCccC — ?‘_P—' :

2.3 Stafe Bouna/ery Surface § Yierd Surface (Locus -£nvelope)

v Consider ClU PSC  with alashe A =05 ( b=0.5)

Mside SBS VS (@) Yuding before failure
@ Simuttancous yitlding § Ffaiture

ocl = A .
. slure) -
9 / 07«3 Horslev(Railure | s 2 [ ?y S
l r X o / 7o
%/a.;ﬁé- L A (FPoscoe)
ok 4

ploe

() More feallshe Behavor : Yiding betore it 585
— SBS 9-p' /v
- VS 2"/0'/O'CIM (Use O'CI,,, Since Confrols yIQ}dS/I’QS)

A
A
&
T £y
>
24 Flow Fule (St of Q?I?.=P/457'7c‘loofm/70'/) 57 187

s Gives direchon | n'noyn;fadc of /o/asﬁd strawn Incraments

> when SV hitks YS , e during yrelding
- "Qssociated"': Same egn: p/q;;k ,w/em’m‘/ £ )//e/d.sqrfba_

2.5 /7[0/6/@')//;5 Law

. Govaerns changes tn Shape § locaton of Vs
resulting from p/C/Sﬁé deformations
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3. MopIFIEL CHAM-CLAY (mec)

3.1 Background |
» Finat gonoratigid mgdet j clerelaped at Camibrdg tnus
* . ! ¥ * o !
(&GW, SCAOM, Wroth Pooroasha,s[;)ﬁur/and ) in 1960s =
o Intended o moded sesulls hom ClC | CLOC Yesds
on AL matded %'W‘%’ at Aow OC. Bud

Cam prudet Plame St | CRUYP, et 1SOTROPIC

3,2 State Varables /Forrx fcsf**
— ) o /
e g > (07 -03) P"" 9 =§(J,7‘(72'f0'3)

3.3 [Farture taw (Surface = Envelope)

A Both NC 1OC Extended von Mises
? CSL /’/M g,p/sr, m |
f T ot Critiea! State £ine (C‘SQ)—)
Umyu\z Qf- ?f - /Ef

? P

S . C ‘

A;/df bzo(rc) M= bsnB|(3=urf)  or sme'=3m/(srm)
o7, - T

reolshe. b=0.5 M =~ (35me

b:10(TE) M =635:nB)(3+ang) or smg =3m/(6-m)

T___,\, For M=)2 ¢'= 30° 7¢C ,/fjc/ea;/hg fo ;6‘: 48.6° 7£
My hs S A N A ‘

’ A/O?Lz5 ’45 Ofp//drl//r.) praa‘m‘e ) L/JL/Q//y vie ¢' fl‘(a,\m;,/

(Zomprd.ﬁlo;’) /b Compaf( /‘7

1 For_' O<6</;O ?.—; Z“‘g-ézﬁo;'JZ)»z‘*(d;‘a;)z*(@-'@)z

; , } Shut B
Extendad von Mises: 2”/02'_* = M (5/5})0,0,/971)

£ Foscoe JKH T Burland, 7.3 (1968),” On the Generalized Stuss-Sham
Bahaviour of 'wet' Clay', 1n Enginearing Plasherty , Cambridge
Unw., p’“"/ pp 535-609. ( MCC/n/meromefms %’c + /Sofropre @ vs.log p r)
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: 3 5 .5 Pf
19 B =G { (os)f/fm
o 7e
N .
éh% > /og P
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ESJ Size of ¥S
3.5 YWalel Surface § Qssociated Flow Pult
' E n for Yield surface _E_ - M2 ) P E’/_
/5 a/lipse § afse P (/1’72+ R? r
equals "plashc peturtra/"~> ' \
aSsocroted #Flow rule (etua/s '‘normality’ ) \ 4 P (o
byt 1140
o (Pl
o8 |- M =1.2 (¢, 30)
i s¢’
(sv*o)
0.6 , P
Z//in L E from €-1og £,
04 / :
| CWE—>
62 b1 f  CIDC(L)
Elashi il
- Qs c '
I:iofrO/;/'c :.’/T ‘ / SVP (6% =0
é 1 | L 1 1 'S 1 1 1 >
0O 0.2 0.4 o b 0. /.0
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3.6 SBS = z, SP for CIVYE Oclzr  (Trawal Tests)

(Follows from yrdlel surtace +Flowirule # bardening /law
$ Fartare Jaw)

Eyn bor 585 P . (_ 2 \" -l
o for 585 E - sz). 075
/4

o For P=M)d?. ot ﬁl/cl/m, P;/P( z (O.S)mq CSL wn 34

0.9 o asm
B

*er ses {712

%‘/— - m=0,8
Pa |
04 + 2ESP for all
ocR=) CIUCIE
0|2 -
0 ! -
o 02 o4 06 o0& 4o P/B

» SBS = £SP for Ocl=1 CIUCE * Jovarns 4Ae for CIDG/E
3.7 Predictked CIU 4 /d For OCO=/

RN ?:f’/-’;"" i Py Pe (as)m: a;;'(o,s)"’
- 9t/ o, = ”'(as) for both ClUC § CIVE

wl

-~

Examples ¢(rc) M ?f/ "J
for m=0.8 25 0984 - Q.283 ’( Sec Sheet B for

30 200 O,
(200 0345 mr é’.SP(pr'-s—a;_').

35 /418 0407
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3.6 Paditd C1v j,c/a;_' vs OCR

(@) Graphi e/ Mode/

‘ N Virgin <Tc'= Pz with shope Cc
AN ' "’
- cse (Q;vspf) %/p, = (05)
d S/a/;g s W
\Z Same For both N¢ FOC,
\' P | (¢, Indapenclent of 008
%= p.

v

Jog P

(b) Derivetion of eQyn.

. - m
() From 3.7 G /P = 2 (08 = 0R
( chlllhg) - ( wr‘gm) - - ' -
@ T, log I'm Pm - C c log Im Fn. — Cs /og_'a.'l’. = /ogﬁ_".l
g’c' Pe Ce ae Pe
/og f:n log Lo b /ayfs,_ - Jog OCR (1-L5.) = fog L
Pe O.c Tc L.—«Scz
~ 2 m
' ﬁq_, = (OCE)m
T
) Mutply ()by@ - - Tt P - = &1 (o) " (oce)
' Pe 0¢
~ | §el = 2 (09 (o))"
—

Valua ot ocest (=S SHaNSEP £¢2)

MNoTBS() Stmstar fwm to /36/, __ = S (OCA’)
4

@) Tends 4> overpredict eftect of Ok
B) Su(TE):=3,(1) not reelstrc

C
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3.9 Frecicted €SP For CIU Tests of OCR >
( Uae (W;‘ gwp » 7C 7€)

(n At Oce 2.0+ Vinteal FSP - dumultontnie MW/W

2) AF OCr < 20

See Fig. 1 (Sheet €) forn tptemple with G4, &< £ § 015
¢ Gt vrfeesd ESP unbd infosed VS Ao T <

T folhons £5P o1 1nd of S8S 4 f5. havngSioms € [ e B (0cR)"] =
NC U ESP wath 02 /D¢ Cornbonad JA‘M‘]"(’"WP&

(3) At Ok » 20
Ste Fig, 2 (Shet D) /n ESP nevmaliged o . .ot OCR= 10, 15,2 10
(tx, WMAM/”M MJM ¢, but Varspny F)

o At Consolidatim : £ |f, - l/(océ)’" : (0cR)™™

/Ei') . - - < . - -
hotd | il < e s €30 [+ SR
at all
v Thwefle fotlnn S8S < B [ M2 \m =) - ~
0CRs Thessf -P@c -(”w,) ke R~ /5 } W*
. AffM{CSU, ;3;/[5‘ : (05)" »/é:"//:’;#y/éld:(éock)m m“ﬁé’

A

@ s i
uranany - _

: s Inihd A, / e = (ocw) I Pe/p. (0cR)™

i,;,,(m(’:?) = P,n at failuee = f. (2)'™ tor all 0ck

- _ .
P increases affer 15 yieldm;

S
3

P dtcraases atfer /"y/é/a’m'j

> /03/3'
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300 Summary of Input Farametess for mcc
(1) Comprsscbibidy (k. =1)
- NC Qn/l;d'/ - log iy G~ Y dlogal (A 'C/f/dA&)
 Suilling > (tcrmprtatin Auces C-( K <G fo3) o mo(1- G)

@) FWMW%\ NC tay , 2y, 7%
M= G /gy F(B) = (6308)/(3-508) for 8" %,

() One Llagke fmwhu%mv‘m M()v’u;mdwﬁo Shess - sham
an/x,&w alding
k.5 . _E . 2@(/»«-:/‘)}
{ 313 3(r-2vY 3(-2v")

L tasty avdented

301 Summary of Rlatoaships for CLUCIE Tasts

(1) At Consolidatron s Pelpr = 1[0k 5 f:n//&; - (0eR)’ ™ ; /5C//5(’ (ocr)™

@) B 75 (in1hal) Yreldinig [ Py P

-

‘V'=/3;n/oce'/3¢ (0R)™"]

: _?_; = IJORT _:_y MVoace-1 - v . m\aceT
Pe . Pem acer />¢ (Ocr) ™

(3 4¢ Farlure [?_f =P}M ; ﬁ’-‘//ge’ (0.5)"’]

s G = 2L (05)" (0cR)™
\_J*J
S

> Ocr<2 :demuwn(jﬁ f'm\mmma,amofk’f
¢ p,‘ _(0(?)

—> OCR )2 * m‘aw«igp’ {'dtmuama f,,,, ot YS

. _P}_ -(o.5)"(ocr) ™’

P
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4. COMPARISON OF MCC WITH SIMPLE CLAY ( Ci/0)

41 Sy /T vs. 0CR

. ac¢ /~C
: m¢'= 0.89/6 > M=0.9008 = 0.90 4 (1= Cs/
2 0.735
v m et LsfQ) > 0.65 = o, vedue ot 0> 8 ¢ 0.48
8 0.t5
/6 0.63
@) Resultont ratis |
/
Zf/oé. Y774
OCr Mcc S¢ T ¥
/ 0,287 029 099 } W
4 0:706 0636 015 ) ter
/2 [ 42 [ 166 124" ‘

Nofe: m=07> fifr]= 1,58 L OCR=12(435])

(3) Duacussenn > w‘a meC ororpedicds s,

at Augh Ok

4.2 Stress- Shran qng ESP gt OcR =]

(1) e Fig3 (Sheet E) fq, Companaor . Shtoa - Shaw Ciunves
Mgt Computer proyuam dons by M. Kavadae who
Aercliped  MUT-E1 ( for ansaotaps NC clay)
@) At OwR=1 [ MCC > Lyweor ESP, but obffen ptaporse
22, MCC > Lonsan ESP, Sames, amd MM//“,/
M grn&
(3) At OCR=8, MCC > ESP fhat 3&/@ abre. Jlypraley

Lwvelape (wbh A =he = ’/3) 5’74"L Yulding ; P Ham anireasen

Abfmfuawﬂy to neach adws at CSL

4 Queatins
. Que CJLM/WWWMWJ)M’

¢ Can dffouma b allrihided fo Laptrimnted Laria.?

"
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¢g, h/oaa(, oM. (1990). Sorl Bthavior ¢nd Critical

215195

5. DISCUSS /oN

51 Comments on MCC

) W ey WM&M (o Lals (9605) Hat wpsat
W by WWW% 2 lo-1Syr.

(2) /%;#7 inova e wda,«i %%MM (bt nud computn
PUWham 4o OMW'SA&M Cuarca) o Fmed He boos

< %ﬂ Critical State So1) Mechames (CSSM) that w shil

wuldJ faugpht ot come e Unovesoda (2. anFnglacd)
and Qsssmed an practece (.5, unegue CSL),

(3) Mrat popodan. § wrdely waedd clag masdel an fimite elimeat
Compute. Codea (2.3, ABAPUS, - )
bul taing @'= Comatund nathin Han )< Conadact

) Hrworn, Aoa otvowe Aomdbatine whin. applicd to ratust OC clop
¢ Uaokee hehanip at Ok »1 * Tro high 5. ot OCR > =2
°N05umw I

- Shale Soil Mechanics, Gmbrice trm Pess , t162p

£.2 MCC -0 Finite Flement Consolidaton Anaksts

() Obpcto &t ham conut U mliyq! fn K, dacding o L0k Laga

/ la‘\ﬁo OJ
, » »
l @ How MCC dporatts; Vias Wiz, meag
¢ - &,(0¢) = 7’% ~ £, 043

cKolwe) = F(v, M fm) > Koxoss

‘Kd«yuwlyuldato;:, <0',;'

log ay,

() 7[«:/« raed fo et V) M fm > Some Ky fn OCINC Lay.
Wl v umde, Fant C
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53 MIT-£3 Modd of Clay Behavior
() Frmudaton desnchd by Whalle § Kavmdas (1794), h35

JEE, 120(1),773- 198

() Thase meyn. conparsnts
1. Elaato-plashe aratel fo NC cluy vhet mcaprates amicofy
+ See Fig. 2, Skt Fly fp nebubed. gutet W:AMW

Co Fig 4, 1 o MC CKUPSC/E

2. EﬁﬁMMMMMMWﬁWW
/Uf,m,m‘ WMM«V o '
- Jet 7510, Sheet F1, fn W*»tw/q%
L ow /C;9;4‘) 7t ,ﬁwwm b(j\w

3, Bmdwvmfaufl«m&ubﬁ W,MWW
path - depindent prharin. of OC clogs
+ Set Fig i, Shet FI, g plaske shae. (AF) fn pelppsony b VL
¢ f‘_lj 2, it w ,MWM
TN X 2 ST )MW/\W/{OCOL"
(3) h/mi,omamuvlaq, : Takblez , Shet F2 - /5 parametes
&) 10 Cnorlidadem deti wbhmiasuimint f K, = 7 paramehus
b) CKUC ot Oclr/ 12, CHUE af OCR= ] 4,;mm‘
c)WWﬁM%MWM#lfW(GM

d)5/ou¢;l¢¢ol'"/o»t&a4m" v ¢ Ancaod ¢ pan
Catuon. of Drionsn m.“, AnsoBgRs > spaomatin (1)

() See Tateo 1 §2 fr vabisso of parameton fo. Hose. el
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50 SHEETS

22-142 100 SHEEYS
22-144 200 SHEETS

2214

O

p/OJ?‘/é Potential

IS :
(M Susfoa (= H(T0) f G ]
TG N/ K
5 |
Plash, Polentcat - 1tdahere
Magntuds of 8,77 §,°
G'O)d; S\/P

MCC CUCIE OcR=1 (M=12 § m=08)

MO/Z.’ % MIT wa‘ e 'Zf/dc’, 0,34-4.‘“:034{

——O0—— 1c: (Au-8q)jq = 0.455 » As= 0,95
——9—- TE: . " :0,385'—-)‘:: =/,28!

4: #8.° _—
04 F / " /@c = 30°

| 0345 —
W |

/ |
0.2+
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/:Nm 5/3/10,5 (1971) Koscor /ﬁcmn;/ Vo/lure. : .

.¢6

pILTA
Extended von Mises Farlure Criterion

90

8o

1o

(44

: —g_i =M wik g LV (00 (60) (66

oct

vam/ﬁj b C2-G "'_',"5,,;¢ - 3m .

7 -03 M(1-28) +6\ 747432

=15, Hy.= 34.9°

More: m>.s >

N / e > 90°

0.50 0.7% | 1.06
b+ (0G-5/(G-)
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50 SHEETS
Ti-142 100 SHEETS
Ti-144 T00 SHEETS

Adapted from iy fiuille ! Kasvadas (/594)

13-141

ehad. (1994} ASCE TCE [2000)

Adapted from

(¢
)

Void Ratio, e

Void Ratio, e

op Ox Oc

loge (mean effective stress, ¢')

Conceptual Model of Unload-Reload Used by MIT-E3 for
Hydrostatic Compression:

(a) Perfect Hysteresis; and (b) Hysteresis and Bounding Surface

Plasticity.

Critical  m—
state cone

R: Current overconsolidated
stress state

V: Stress state for "Virgin normally
consolidated clay"

I: Image point

— X

Current load '
surface, f,

Boundary surface, f

Yield, Failure, and Load Surfaces used in MIT-E3 Model

Measured Data:

Ladd etal. (1971)  O'Neill (1985) |

OCR: 1.0 2.0 4.0 4.0
Compression/Extension C ECECE CE
Symbol ceden oo
= MIT-E3 Predictions |
7
‘}0
1
0.4 .
N
()
02k 8 -
. A ”,.
’/’ o
& o0 - [ ]
Q - o0
& 00 = -
s X o
!
; 0.2
(488
1 3250
] 0.4 1 1 h 1
0.0 0.2 0.4 0.6 0.4
(ov+op)/20p

-0.4 1

Ko-Consolidated BBC

0.1 1
Axial Strain, Iey I (%)

10

Evaluation of MIT-E3 Predictions of Undrained Plane Strain Shear Tests on

Figures by MIT OCW.
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50 SHEETS
100 SHEETS

22-144 200 SHEETS

22-141
22-142

)
AMPAD,

CCL 2256

Whittk (/993)’ %Mu,m #3(2), 289-313,

Table 1. Average index properties of three clays

Property Boston blue Empire | London
clay clay clay
w: % 42 76 5
wp: % 21 © 26 28
I: % 21 50 47 N
I:% 95 36 5
Table 2. Input parameters for the MIT-E3 model
Test type Parameter/ Physical contribution/ Boston Empire London
symbol meaning blue clay clay clay

One-dimensional e Void ratio at reference stress on 112 1:26 1-2t
consolidation virgin consolidation line
{oedometer ~
CRS, etc.) 2 Compressibility of virgin normally 0:184 0-274 0172

consolidated clay :
C Non-linear volumetric swelling 220 240 650
behaviour
n 1-60 175 1-50
h Irrecoverable plastic strain 02 02 (131

K-oedometer Kone K, for virgin normally consolidated 048 0-62 0-62
or clay

K -triaxial

2G/K Ratio of elastic shear to bulk 105 086 099
modulus (Poisson’s ratio for initial
unload)

Undrained [ 9 Critical state friction angles in 334 23-6° 22:5°
triaxial triaxial compression and ) -
shear tests: [ - extension (large strain failure 459°t 21-6° 22:5°
degrees criterion)

OCR = 1; CK,UC

OCR=1; CK,UE ¢ Undrained shear strength (geometry 0-86 075 0-80

OCR =2; CK,UC of bounding surface

s, Amount of post-peak strain 45 30 39
softening in undrained triaxial
compression

) Non-linearity at small strains in 007 020 020
undrained shear

¥y Shear induced pore pressure for OC 05 05 05
clay

Resonant column* Ko Small strain compressibility at load 0-001 0-0035 0-001

reversal

Drained triaxial ¥, Rate of evolution of anisotropy 100-0 100-0 100-0

(rotation of bounding surface)

* Alternatively use field data from cross-hole shear wave velocity type tests.
t Recent data (Germaine, 1989) suggest ¢g = 40°,




