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Fig.4-7(a) ol WIMBIERE{RE (vield surface)Ate] o] x Sy 2)ofir MM BERE
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gAske A2-g wolx girh

. o é TOTAL PLASTICSTRAIN INCREMENT
IR v

/ PLASTIC EXPANSIVE STRAIN INCREMENT
PLASTIC EXPANSIVE A /S
STRAIN INCREMENT 1 AJ£F y

J

YIELD SURFACE : j'—P

PLASTIC COLLAPSE

STRAIN INCREMENT
PLASTIC POTENTIAL

SURFA - a
CE T ge

CURRENT STRESS POINT

HYDOROSTATIC

AXIS
HYDROSTATIC

\ix 13

Vz o2 -y {/

{a) (b}
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Aex® 2 VEal Aok - vibaoy + Aoz ]
Hey® = VEirl Agy - v{Lhoz v Adx) ]
AEz® = VEirl Aoz = v{(ATx + Aoy ]

201+ )}
Eur

FANY g3l DN T ouy

2(1+ )

AT
Fur vE

Dr yz®

201+ )
Eur

ATzx

H

DT zx®

o7} A FBur Fig.4-6ojM M¥ JU¥coce perrt, Y] decis®) deryy
41(4-12) 9 (4-14) Aofr Tty o] go] WMEH{E Aeldul g vigl Yol
4bskel S AelE neddle] DY (b)ofa] ME AMolM BHLE HAyHLh &

o WHEGAZt a > OF YY)

ojufs Afctd Afe o] UTh. & adnk FHwolU VMEE Y¥Us 3
¥ol ULBE Agciy =0, AePij =0, TtetM deis = de®iy
o a--> Q& ¥y

Afet loemg deyj =deeij + de<iy
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° a-—> 32 B
Afp Yo Afce ¢loB® decyy =0 oluf dePiye (4-12)4 28 A
4te|l 3 #tEEZEE Potentialtwl gpod 2| mtbch.
L deij =devyj; + de?ij
°© a-—> @2 B¢
olmf= Afe2] F717F gens Agee] $7H7 R whebMd (4-12), (4-14)
ale] Mg (4-15)4 0] FEBjFITE,
olgbrte S MEHES EshH Pty Fig.a-T(bolA Mg A HolM B
Hez 270e) RRud) BAS o 2ot

4 - 3 Desai Model
o] e gt =9 H MY 7o) gEIJvie] M2 XN HelAde &K
HEfo] Waasto] B# MoUee] Aagde) HYelx] ok, uwleld o] Frie]
S4g 2este B BRES 71HY Heolwh. o AL 2712 Cap ZE 2 o7
FAY e e AlatEin Yo Desaiv BMREKE vhea de SHEUY
thekrlo g gyistel o] BIFKoAA HAPstA HEE Udsimesy oqut 2zl
ofsi e MRo] b3l Tresca, Mises,. Mohr-coulombg  E-Eo0]3
Drucker-prager, Critical state theory, Cap EW,. Lade EY-S%E o] titlile]
Syst Ao 4dus 5 siria #EEHHE Hierarchical single surface(HISS)
model 2 43ESISiTE.
F (Jy, J2t72, J3173) = go + a@1ds + @22t 2 + a3d3'’? + a4Ji2
v asdiJz172 + qe(Jz172)2 3 @il 2J517% + ga(Jats )2
+ ael2/3Jy + @10d1? + @11J12J2172 + @i2J1(Jp1r2)2
+ @13(J2172)}3 + @14(J1172)2J3173 + @ (5d2172(J3173)2
+ ay6(Jal73)3 ¢ a17di(Jal73)2 + a@y18d12J3t3

+ @1edidel/2J31 3 {4-186)

A2 tha| thga gho] hwstA melgc},
F=Jzp - {~adsi" + rJ12) (1-Bse)® = Jzp — FoFs = 0 == (4-17)

Jeoe BEM D Tensors] 2% FBWEo|3L a. A, v, n, n & EWEK (response
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function)o]lZ Se2 & Hf =AM Jsp!/3/J2p! 2, Jspt Tensor Siy2 324 AR
BEolch o k&Y 7y, B, at HWERHBA Ut B ot o+ FLEKR
A oad dege] dxol i) Yl ohF fig.4-9€ 2elod g YaHY
TEYS Fx02) FUg 2 7ta] gEA PR Hojr),

+1

F=Too T, R,

(3]

Fig.4~9 Plot of yield function in various stress spaces:
(a) In Ji—/(Jzp) space: (b} in triaxial space; {c¢) in deviatoric space
H (-1l M Foe Ji ~ vizp M EM Feie] dMitiEs el 3les a
e Fgiz) WPg Al phase change?] ko2 olHoH devp=0 ol . (¥
8) Y Foy MHREKEA 18 (Mg FE 2IE veldn g2 azkel 2
2rg deiateh. o] 52 E5 duiel 2isiM FPYU), Desait ¢ wH-F Fol
HWiiehflc] B85 s B8 So(Basic™, FHEL), HIMERHIl » &5l

E 71258 5 (non-associativeR W, B AL, 7Ie} Sz, So+e, (MEXLE 2
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ARRDI= 47he] 2de 3 oato] MARRE MUS R Uk Fig.4-10(a) e §o
ZYUE o A2t B RWAC] M2 tlrol YAYSE Potential Yl
dch. uhebM gi@oIM 2l nlabslale F4 40 Aoweh (FR). &, 2de Ys
®l potential W4 QF sbd, o] Feofdol WBHBAICl HSHol (b)17 oM
ME 2 IdelMe] MW M5 vector§ }u kA B,

Wows At

il

()
Fig.4-10 Basic 8o and non-associative rodels &4
(a) wodel &o: (b) model &

potential Yo Q& vhg2} z2c}.

Q=F+hlJ;, &, &v),1=1, 2, 3 (4-18)

h = @cdim(1-fsc)® (correction function)

§ =/ (deriy dePi)/2 24 HMHEBBEIZ o}y thA| volusetric and
Deviatoric parts® U¥xo] Z,,Zp2 By} ubekM Q=0 FTofr = maje)
BYE D FHAM FRY vizh o) 2MUBEE 240 Ta4e th& 2 et

aQ

dePij = A ——— (4-19)
agi;

o U BhEM ot ¢ Yaem 2l gug 32 4 - ag/ gt o)},
at, nod W L oy HERERES s Posne gt Zafof
tiet potentialfh4-o] ¢ of§ wmo|w r}g2} rt

Q=Jdap ~ [ @odi®™ + r(J1)2 ] F, {4~20)
ao = +*K{ae -~ K (1-ry), rv = v/
K : non-associate parameter £, - &+ plote] HM e e 2ein),

th& & & Hierarchical model2) 719§ £7i% Zo|t},
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Table 1.

Eierarchical Medels for Sails, Rocks, Concrete apd Jeints/Interfaces

——
Hodel (ﬁﬂardening Flow Rule Special Forms Constants (ln gddition to 2 Refercnces
elastic constancs)
6q Iso A Ktralght ultimate ultimate m,oT, 8 Desal (1980)
pavelope phase change n gaker and Desal (1982)
hardeaiag a5, Ny [vDesal and Faruque (1984)
Scheele, Desail and
Huqradir (1986)
Furved ultimace wlcimage m, Y. B, Bi Salami (1985}
pavelope (f (Jl)) phase change n Desal and Varadarajan (1986)
hardening E
1 i
61 Isa Na Srraight ultimate ultimate o, Y, B Desal and Siriwardane (1980)
nvelape and constant x phase change n "Frantziskonis, Desal and
hardeaing al, “1 Somasundaram {1986)
nonassociarive <
ISeraight ultimate uitimate m, ¥, 8 Hashmi (1986)
envelope, constant k phase change n
tand split hardening hardening bl‘ bZ' b3, b&
(l.e., ¢ = f (L, Ed) nonassociative K L_
| - —
)cerved ultimate ultimate m, Y. B, B!l Varadarajsn and Desal (1986)
envelope, variable phase change n
hardening &, N
L i
nonassoclacive Kye xz
62 Aniso Na Stralght ultipate ultimate w, Y. B o Desal, Somnsundaram and
envelope phase change n frantziskonis (1986)
Plastic unleading and ~hardening (virgin) a,, n‘ Somasundaram and Pesai (1986}
reloading interpolation hl' h2 and h3 Somasundaran {1986)
translacion h!.
61+ Anlso NA Same as 6. above with constants far §_ + porosity o Galagoda {198&)
P modified stress for pare bulk modulus of Hater.Kf Desal, Galageda and
pressure Wathugala (1987)
6i+r Same as 61 Same as 6& 6u+r constants for 60 + _ Frantziskonis and Desail (1986)
damage ru, R, Frantziskonis (1986)
61+v Same as di Same as 61 5°+v viscoplastic constants for 61 + Desal and Zhang (1986)
vigeo Y. N
* *
5 Same as § Same as 6,| & for ultimate ¥ Fishman and Desal (1987)
tor i i o hase change Fishm 1987
Disconrinuities: Joints 2 ad ] nE n shman { }
and Interfaces ardenling a[’ nL
" nonassociative «
Fote: A = Associacive, NA = Nonassoclative, Iso = lsotropic hardening, Aniso = Anisotropic Hardening

Basic Hodels

50 = igetreplc bardening, associative

5] = {sotropic hardening. nonassociative

62 = gnisotropic hardening, nonassociative

14 61 model with damage (¢) (strain-softening)

é
6&+v - 61 model with viscoplastic modificaciens
£

L+¢ = models for discontingities (jolats/interfaces)
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S.fARRFI=] SIEE W A= MakR=] =y

Ag7ha] AbH @A AgAHF b ®-2of viebddcl, o] F5 L& BE yhEs}
Fo] obd wzF MM TE KAslE shEol WAsE 29 golth. z-32 o
2 mde] /2 E 2oy AE WY 3el ohF Appendex 1 Desairt F o4t
medo] oiz) gty otk 53| 82) Lade and Kim 22| Az EY 9,10,112]
M. Kimd dMvidae YEH afe) A3 5§ st

® -2

K el t <t At

Roscoe-Schofield-Thurairajah{1963)
Mg A Es Burand 1965, 1968

Christian 1966

Palmer 1967

= o Schofield-Worth 1968
Hata-Ohta-Yoshitani 1969, 1871
tk Dimagio- Snadler 1971

3 Hashiguchi 1972

Khosla-Wu 1976
Sekiguchi-Ohata 1977

Wile 1977

Mitachi-kitago 1979
Matsul-Abe 1981

e
-]
o

L Jo o

Poorooshasb-Holber 1966, 1967
ooy FE2E AHeste Pooroshasb 1971

Pender 1973,1978
Lade-Duncan 1975

L o Wong-Mitchell 1975 -
Eekeler-Potis 1978
Nova-Wood 1979

Desai 1979

Lade and Kim 1988

22 g

e HEE et Roseoe-Burland 1968
LA o Prevost-Hoeg 1975

v e J53E A8t Lade 1977

Pender 1977

2 = Nishi-Ezashi 1978
Yerneer 1978
Ohmaki 1979

l fo ot Ao

nd jo
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Table 3 Swinmary of co

ildive muadely o

Lheir capa bilitices.

S o , T o wog p [T "
5 9 “ Yo [ HTHE gee jTtoe Z L oE o
2 o ] W g = L 2 il 25 ~ 2B o
B a2 -1 maa g g ea G| b g g s
w £ on B ] n 9 & T“.me a2 S H
n B .8 ] - % — o pey = ng [ o T.
3 E &0 == 6 g ey TR E 5 v
= 3oy Y g 8 B~ s 0 5 g Slh O - b
I A VI a n. v 5 - o« 38 P tom § [ ] 7] b
5 g G 5 ¥ 5o |“8E . FEPESIE £ Br|SETE S
. o = Z f g
] [ Oz QO w8 8% [veEk vl TDWRM fe
e g 4w Y a v @ hmmehht&he. a |4 © s ig
@ 8 E . 8 52 =2 1788 [LEsl108ed wo e 9) ¢ 2
2 & 3 E - L b eet g (B oE 858 EFElE G e
P = 9 5 et = g R s L4 o
= £ 2 RN <2 om (mEsd [88S7 {ACay Ee|w §.&| <5
Hyperbolie {deformation 13 |3 conventional tiwwial 1in general yey. yes  lyes, olten "o ne N.A* Yno ¢ no
(Duncan- | theory compresgion tests fitting procedures quoted in
Chang) at different o, well defined literature
Drucker- T__nw:n.:almnz« 4 2 vonventignal triaxial | yeu yeg yey no no r.f,bnr:o& no no
Proger plustic compression teyly ol
{isotlropic) dilferent g,
Cem-Clay |clastic- 6 1 isotropic consolidation| yes. locutien of CSI, yes yes no yed no jin general. no
hardening and swelling test. is invelved
plastie i conventional triaxiat
{isclropic} compression test
Cap clustic-harde- {8 i isotreple compression i generaliyes, dynnmic in n awsociated| no in general, no
{Wei- ning phaslic test with at least | yes shock wavef geneval. [general,
dlinger) (isotropic) unloading-releading propagalion)  no no
eyele. 3 cunventignal
triaxinl cnmpression
tests at diffevent o,
Lode elastic.hardes |14 3 conventional trinx 0o, yes | yea you Yoy nu {in pencral no,
ning plastic compression lests al na anisotropic
(isolrepic) different o, procadures
well deflined
Prevest elastic-harde i generalf yes no yeu associatedy na
ning phastic nunaYsG
(ignlropic) ciuted
Endoch- incremental 18 | requirements go up no in gencvallyos in yes N.AL no |yes, anisotropic
ronic plasticity according Lo ne general, hardening
without a desived vecuracy no

yield surfacel

features part
izlly included

NV A, =nol app

able,
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1.

5.

o

Hodel

Classical
Plasticity

Cricical
Stace

Cap Models

Hatsuoka
and Nakal

Lade

Desal {HISS)

F

APPERDIX | -

Yield Funceion, F

Potential Function, q

REVIEW (F VAR[OUS MUDELS

Nuymber of Constunls

wm

|
F ﬁu_. gmc. ¢, 4y =0
F
F —Lﬁ (or p},
.&c {or q), X,
Ky M, mow =0

F _Lﬁ {er p),

c
dop tor ai, k) = 0

- goastan: = Q

constant = 0

(%4

spherlcal cap

Constants: 3 or 4
One failure surface delines
plastle b vior,

Constants: 6

F (below ¥ ) defines continuous
ylelding and F_ dellnes celtical
stata. c

Later modifications conslder
nonassuciative behavior,

Constantt: 9

F (below F.) deflnes continuous
w«nwapsx an mm defines fallure
surlace.

F is open {allure surface.

Constants, 11
fols open {(fullure} surlace.

Constants: 7 for &
8 for aw
Single surface F for cunt us
ylelding and uwitimate, tnelading
fallure, peak and criticeal
slate,

o

7. Schreyer F =7 -L - g, 0 Constancs: L0
’ Single surface F defines
contlouvus ylelding approuching
the fallure or statlonary state,
f. Lade and Kim F a n_.nm L] Constancs: |1
b Single surface F deflnes contlnuous
J 3 J 2 ylelding, Failure is defined by a
1 i supirete function. '
L= 5=
3 T2
ﬂm =
q =
9T
q, =

————

*
Definftion of symbols not delined In text

X, K

H

n

q

B, b, W, Z
a, y. B
K

¥

L

* parameters associated with F
* parameter In potential

= material

- ﬂﬂo_ - cmv ﬁou - cmu ﬂcu - U)o+

= slopes ol consolldatlon und swelling curves |

= slope of critical state liae in the p-q space

= mcan pressuve

= shear stregs

parameters gssseciated with Foand hardening
i

function

parameter

]

= shifL stress
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