&9 2 2Aa ¢ sHelgounding Surface) g

Fo 29 gAS FESIlel Yotk Amolth & dME oW mAYR
2 7ol Yenl I YAE Alolel FREL /A, TV LR ANA ek
olzEitt ol 4% B2 HIFHA, vITRY TElx FHNH AT AP AR
BAE vehil Bk & Md® 2E-wY g, ATue] ohE AW, A
W4d 49 59 SHE0] fRolck

Aty os BT FAES Mool ALHAY oI ERE PR B

i

2l

ZA FAXNE g = drh. AME HPEHE(linear elastic) sid ez ¢ 2
HYPS EY A9 Lol HAIT EME FAM(rigid plastic) M F  wiao
2% e £ A¥E EY FS PAEY (linit equilibrium) 7Hgel 3 4y
A siaoll A Eo] HArh ol ojyF ol 4 o]EEE FEH WE R
T FAE gt diels T80 HAATY & FRES UM UEISH Y
(working stress range)ol A F&EY AFNY AAE F3prtolle FAUT Zol AHd
ol Qi th.

Zlck ol A TR ok & AAE FYAHoE MM ZASA 7EEk
fste] W2 £2ARY  FHAEC AYHo gl I diREE 74 o5l
ERT stEzAon} EAZAES AR AT diEd o] FAHA YR
thdr &9 HAE FuF UHAvie AL WS ol folrh, w43
T84 Rdg B9 AFMAEAN AEH He I oY SN A OIHE o
e e FaT Qoler sk 2
Povop(1974, 1975) el olsted W= THAW(Bounding Surface} Zdelsol  stod
deEstaiat ot

ﬁ!{

b

-

=0 A= Dafalias(3975) 2 Dafaliass}

—6G-



2. BT 9 71EMd

AA Aol oA AANZAEL SEYRE L4
g Aoty Holr)y, 3 AMYEEE olgH i’&‘(pei—fectly plastic) =doju}

%
HY-A Y (strain-hardening) T2 vhebd & glth. AHAel HEE wha 2ol
»

i
-

TEE oy ol EEAA =Y AEs FANY 2HWEE AP Bk e
T Fyolde AR BEIHE FHY oF AEREE AS G871
MM E ol tbE Y FELE 87U ANES AY, 6dE #AR
FARYI} B S e A4 $£23) 2o I AEadE the gt
1) ¥E71%(yield criterion)
BEHINEE £ E(plastic flow)o)l LSty §H 2R E FA¥rL. ¥=x7i
Fez 1209 ¥539 d & 32t oz gursl o Hefoir)t, Fy ool 343
BEACNA HFEEH(closed convex surface) € HYsin W@, HYEPE 12
AW AY$(plastic internal variable)dl THE FATH dwryog Fo-
RPN BUY dlollE KO 2eia 249 F-0Y W YAl "t
2) &4 EE ¥3(flovw rule)
24 BE YRS 8Y o o F¥n LHWEE S o Fee ANes
el oloflulel A4 WP E FEwele] REgE AT THA Lg01E
M e APAEEY2(associated flow rule) & P A YHWU(yield surface)
3 A4 E¥hAK(plastic potential) & EW&HA A42sta gl & MBI A4
Aefell e F5 L8UFEEY v T E(differential increment)d BH71FEA
(vield surface)®] @Az wlelel] wiz§ctar 718 e, &

.p oF

8%}

AZiolA N wERIxt R AZker okolm Wg o] AL n|EEE 9uitel,
tFFe &9 £ TR E] dRAEEEY2]E £83T YA PEAS &
AEdgol APt HE S FAT U AT AYEEHA (non-associated flow
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rule) X d¥-9] o] Eofx i HEol Eollrh (Zienkiewicz et al,, 1975).

3) #A3EA (Nardening Rule)

FRPAE S WYY ALt ¥EAEY B4, 771 ala YR A E
AHE FYIF A HIOF B FIAR o] Hoh AR

s
ol

g 7l
(isotropic hardening)+ ¥SHol 27]xdele] f218t EAHE AL FAes vl
ol @719 FUtg &8k, EMY ol¥A AH (Kinematic hardening) o] =

gawol SUARANA I AANE &A 4 Jeuk I WAY AL wA

3. A (Bounding Surface) A4+ Ae £x

YRt ez g AMolE  FAAMA gL Assuiye @A E2E A
2HEY AE MEsls 424 WHHS (plastic internal variable)® )= ch

EEgEr &2 AEHE FREEYHD TI-YY o R cheR 2ol EAHC),
P

o7)elA 4

.o
T

j o K
T AN HESEE THUEN A4EEY FELR Y I uFEY 34

A& e

. P I o
S5 - i + ey (3)

ronecker delta, P& 4% o)tk

oA7lA Hafe @E uEEE ViERHY et pe A2 @8I A AMNE
ojelgteh,

o4 EY NEE THAS 08D Bk

== O G, G By Sq T (4)

Eiki Gy =0 % %9 Yo % V2.

A4EE FhAle HPPEEY TR A9ATE ZYste] SEHS LY Aog
b ol vheh ek,

1 .’
o T (5)
gy



71efA L2 s, Iy © 24389 WY, 2201 e 24AE otk
>0, IK0, 2elx =0 & AAQ%F s, Js, T MHOLGHE A2 viehdch
i e g shiel g ¥4R EUSIA ¢ 3 & o MBBAE THEEA thER
2e ’éMO] CRIENS
é‘,] =<L>®y s (6)
qﬂ
o 71004 C >3 McCalley @B olm Rij % & FHYNE vl otk Ry £

Chyr, e (7)

it

QMR sHTUAY WHE(QY2q)E AUIVTh W 2ROIEAAE I &

W¥E(yield surface) (F=0)8 WH3w (Ly =of/20) % AAFHH Kt BT

o

z7) (consistency condition) (F=0)¢} 7oz XE Feizc),

A (3), (4), (9), {6), (T)E FE

Ikt Extmn _
o - T (8)
Kp + Eaped bab Red
g = By [y -<D>RT e (9)

uig 2ol fAlel Al vIRkES FERE RHANY AME ey =0 &
wEA Ak Freh, whekA A (3), (4), ()22 RE ciFao] FaRAch
= &t SR =[Oy + (1/Kp) Ly Ryl o5 =0 -oommee (10)
A71olM L0 Q1 BSE &5 =0,
w3 A (2), (5), (8), (10)o0 23t chas} ZE Aol fiEwT)

Caabb Ljj - LogCuy Lkt Eamn
L= ! a OU = émn 777777777 (11)
Kp Cersst Bnmbinn Kp + BppeqliapReg
o1 . _
p= [RKK<L> + Ckkij Slj 1 +1/3 Tmm
Caabb )
=1/3 B [Rij dy - &j 1+ 1/3 &4y e (12)

9 2ol S5 2 ey © 2E 3Y, 2T WIES guiPrh
A (Bounding Surface) Ad2lel FERUTRE EA S 248 FA4A 9 g4
Lij ¢ Kp& Bostdel 55% Hol glvks Aelch. & LAY Aol g 2892y
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M ol BAE £ Y3 a4ATE ok BHE 28% 2 Qe V5ol
flthz Heolth 19 8% ZBHAHE & T3t BEEY Joy SyatmAd
TAEE FoAPct (29 1), ek AR w208 chEy go] ¥EHL),
F(&,q,)=0 - (13)
ol AoA NRES PAYE (F0) YA g
SYHHENE  gmth. AA BEEH g &
T BAE R0l f1o A ol s
ol FHA® FYH3 (mapping rule)ol £]5le]
(F=0) AdollAe) FUT 79894 g5 o drid

2ol grk, 22 ¥ia AW W § anuu:stng SURFACE

591 =0
25 Holgledl FIUAN YWY of B '
AP FAHI (F=0)d e A2 H-FHE U;j %l 1 ¥AI2(Bounding Surface) <
B Fguck (" 1). & ek

5 = Ao, q,) o e (14)
A71ellA = F(f of, q)) = 08 BANoE Re 7R},

WY 8Y of ol e 448F (plastic loading)® W Ly & FLeHAY
7 oMo} Fo) WnER Fopr &
aF

2HWYE Yol que §HEE i o B 2ol Ui FYSHEE F &
n 9 PANLE HAEN (F=0)He Aol ulet Y=L S Hoiglch A
WA o] £ ThEe 37kl FHAH g dEY 4 Yk
1) @38+ L (465 1L; o & (8 19% F §95e o, & 222 F
£GAS Ky, Kool Bom FAW 4 Arh (KpE of o @AY Kz
digste BAE Y oM 2YASE duwh). &
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2) VAR Molxel aMAS Kt $THEEZ (consistency condition) (F=0) =
BE FA. A (D3 (13) 7212 A(06)8 SR8 Nog B8 hgas
2y,

_ T
K, = - o - (17)

a1,

3) THAHC AL K 4K, o #AE T FEANHAY A o9 ¥
Koz mUY & k. &
Kp = Kp (Kp, 6, o, ) - (18)
710 M 650 (MA EFAHo) TAR ol EAA B Kk ZRlZ 6=0 (HA
YA do] BAR flol EMY ALK, = K7k Bk A1) pAYR olgY
Md& FMEE T ek, ¥ A(18)2 AR Qto] Ealishy: A EloA A8HY
& BUY 4 JAEF o (YA THAHT BFSHAEAANG A oste] 1 W
HEol PHHLE ek A 2HAFo) VAR N £F KE Kol 7
Ao 2 grol TASE VR AHEYES AxA Bk GHEH o T A9EYE
AYEA FFA g AW syl Frot (2] 16). sHEo] A% sishaid LAy
THANE (F=0) #ol olgAl =R s1F& AAY 3% (FFHHReR 75 olgHY
PAE WEE b
Ly & Le Zogoss d9de) 924 of oA FILHE 71 Esto] YAEDS
FAE Lo} E FEE 2Pl FAoR EAY ukeh ol Fed 4 A Hol
o] W2 RMIAAER FASIAIRE FEY (yield surface}3he riErh.  diukstd
$HAE7 I 9 e FAY o) Aol BAHEE AR o) WE o
Rhup7) Ao &8y E BHET mEolct.
T kA FHY 9 AN add $Ewlyield surface) T2
TAQE 650 duwiel A(18) &2 Fel Kp = Kp = =7t @ Qoo E£F (6=0) B S
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kKoot ® 4 Wtk Fatel 29 BAW(bounding surface) & FAH  Apdg
BHW(yield surface)t FUT 7158 7137 Hel, o] NS dog My vy
U 2R 4E2 #3284 Ytk F M9 €EUL WAven FYsin
AolA AFE A (16),(17),(18) & S tbf 1o) B WP FUW A (mapping
rule) & FH-EA7IW FAA9l FEA 2MFTHHeF P NEL DAY YR

28 W¥o] sl shzivl
4. Fe ¥AE(Bounding Surface) A4

AP Gelld AdgE ol mluls ZPMY SESY MYE Aesine
the AgolE Aol ZHedith. £ "Holld: olAzix|e) YAl Lo g RE
WY FHE WYL E NDE WA THA Fzol] Psto] Itz fh 24
gl 2ste] S8 BENgol DHE wa) g Zo® RS ByAeES

thes} Zo] BAIHL),

26-3K 1
Ci = ——— o dg + — (& & +o o) ——mn (19)
18KG 46
Fi = (K-2/36) &5 &4 + Gk oy +4y &) - (20}

o7l A K& AlAAs (bulk modulus), G AP S (shear modulus) & o)u) 5oy (i
G dkell wFEHAQ 1 Fuby Y UM aol osted Aol 4 (M= o)A
o3t Zol AMgdE = .

n = 3K &F Sp=2¢6 0 - (21)

T

SHATLA W SHMEE AWM RE SHUEES 1 9 B4 S 29 gaws
AHT ) 2 AP},

’ p , M

I =trop = o, A R (22)
ER O FPAE AEe [EE upet w84 23 (isolropic hardening) 9
ol's% 22 (Kinematic hardening)& ZHYste 208 7bgsin shile] Ageior

0,90 Askel Fspdo] HejH),
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B == (Lhe,) €= - (Lo, ) &8 - (e, )&y ~ &+ —-mmov (23)

o7l A e VALY FFHv], e, v RN FHvloltt
QA New ¥y fg q, o2 Agsgich. olgjstel 4 (13)& chEat go] FHALL
FAL -0 e (24)
A Aol 7t2ES FollM g oizizi g (F=l) WM e 39 YdusE ondch
A (15), (16), (21), G2 Fe | LHZEHA (associated flow rule)
L =Ry & HEY e 22 FYHE Eerh

Yy
oF 1 JF
LU :Rjj = o 6ﬁ + ?\-[“: ‘a-"\/_— T (25)
1 oF _ OF oF ., OF .
b T P & by 2 Al @)

goldsl npake (50 = (S/Me g9 oo 248 Boste $99
oz Rd g™l Brh A 4 (203 4 (6), ()2 P8 L4 8PS FTRE 7
stA ok, AR A FZEHA(non-associated flow rule) & HEY HALE R
e wHew st sbesic

o)A & (T3 (23)e) kol thaD B T Mo} HYBh

mlru

8P = r > = _(1+eo) EEk = —(1+eo) Rkk<L> ———————— (27)
A (20)2 FE Ry & T HE 4 (7)€ thEst Zo) WP
- 9F oF
=3(te)) — oo (28)
geP a7

A (28) & A 20 o6 20 AS TAY 24AS K= 08/01° o ghell wiat
0Bl ZAW, AV L 03 22 & 2A "Hrh o225 &2 2213 vhgdd
B BE AARE K0 A9E gAdEel BAastA Hol 2 4HEYE #PsAl =
o} Kp<0 Z8-& PAIMel £l urel F2 MAYA (dilation) S BYsA B
th E¥ K09 AT YA Zvle) 83t glowd & BAITY AT a4
EEE YA Ach

(F=0)@ Aol M) Kpol b2 Al(18)o EAIE wie} Lol MA &Y AejolMe

e



agAe Ko gholl Bigol Hedl PAHHOR rhg ey RAE + Qlrh

Ry = Ky + 1L, /3, &)
By — &

o 7|0l A Hi  gHAIH WAL 3L4b4 (Shape hardening function), o+ 2T A
A HAgHAED} FFEHHAL Ael, 4, © 4, -0 200 HES HeE o
olg 71& AL FEEHoNA FE] AR 729 Az)E vebditl. HE %3
A Bostr] A e ARt e s HEURE Folo] 1 &) ¥Y-9g EANE
cleiAtle] HERde A 2¥E 79N A TEe gEc) dadch. NQRIE
F2e) 2l H7F PPl Fog uf Ky grol Rl At (o=0) 73-?--‘5 A
A (Bounding Surface)st FEB(yield surface)S YT 715 & Z4 Hrh, Eg
Koot Kp©) g 2u ol ohet £9] ¥¥-Z3 T2 o5 ved WY ¢ UE §5
ol 7hed g BoETh

Al (19}, (20), (25) &5 A (8)a% (9) A UAE o] &3t T}y 2E ¢

ek,
. KQEAT) Syt (/MEEAD SpaSpq )
K, + 9K(2B/2T)* + G(aF/a/T)"
oF G 9F
=20 S () Eu by b (K — g +_ﬁ_5f_ ] - (31)
FAY WHOR uS 282 S A (1)FH (12) = thest gol AR
L. e 0 @ DeErel Sees -

K-+OK(F/31)°  Kot9K(oF/2D) " +G(2F/adT)1”
F
=X — W +IL s (33)
8T
= A1) 22 FE vlus 200 SHFRE dYstEs e 2 PPN E
2Erh
., ar/ o1’ Kp
/1= - [t 1 (34)
FAHT  9K(2F/D)(3F/alT)
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77kA9) B4 of o = Tl HEEH: AR Aue A (4§ Fue T
28" T E T OF A THNES AAE AM FAZTL LY Fol 4y

)
FEE &9 HYd 9% IHSETE 7Y £ A ek
5. FEA mrES

YA (Bounding Surface) =21 749412 19718] uf7iH 42 o) FolA Qirt. &
=9 271AHE B8t oifd st 27, AR Uty Lol & A olA AHgE)
T EdASLE TR 7, 22l 12709 Ry oifHSE R FAHE ) 9k,

AME Z710H mi7isEsS &9 27 50 e & 2d) AYd FRESH P

=Y

2 o]F k. EWMY mANESES SRAWAS (G (T2 Folsul )9k Ty
A ANEZINKk Bl R 1 59 el S8 $AR (critical state line)
o] 71871 Mc & Me2 FA®Eck  AMEE AW Y tiAYsgE BAE Ya
74 Re, Re, Ac, Re, T E°l U2 FREH mMMEd4 0, &4 I FAE s
S, A% oiAES he, he, me, me 2213 HELY (transitional stress) Pl SO
ol oA Qirk. oM HAZ EAE ct e A7 AFN AW FHHHE o
th oldel MM SEel Held ouigk AR MYHZRE FEH 2EAPE E3d
AE 4] AG e A Ao s £ =T Rzl gket
S (Dafalias et al., 1980)} (Sohn, 1988) Foll AAz] 7= flch.

6. #HE

TAA (Bounding Surface) 4xg7+g212] S WA SH AT AE ol #x
o) SHPES SAHEFE FA LY e st &8ALE BHEY §FEY
R WHOFE AHUEE AL Yok AT e SHRE RS FEANA
AA SHAAY TAE £YEHAATRL Aol dvte] RAHEF 1 FHol 9]
o o)L HALY PEY AT YHNAZRE LAY BYH Mdoick EY TAW
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EYE &2 AAIH e, i W vl 208 uREe) vind dAe §¥-HE
WEE AHIA HASES Y0 Hol len 53] AFEAH MM UddAME
Bl 4 B ge] HYT V5d 7hAa ok

Tre oAl Ry rgoeze 4ol i @ tiEeE gAaR Pis
A& F 4 Uk AR EFTISAI AEA S HgsiHy ol P2 olset
AEEAAE FHY e EFAYel JEd S¥E7 a7 il HAH
o oA ol glF @drk. oY HelX oo ARy L F4 g€ 5
ST Fo 7N EdE BHEA folstA AHEY & URF v Herng)
AJPUE s RFHAE T+ diol AUdH g Fojor ¥ Holrh,

1. Dafalias, Y.F., "On Cyclic and Anisotropic Plasticity: i) A General Model
Including Material Behavior under Stress Reversals, 1ii) Anisoiropic
Hardening for Initially Orthotropic Materials", thesis presented Lo the
University of California at Berkeley, Ca, in 1975, in partial fulfillwent of
the requirements for the degree of Doctor of Philosophy.

2. Dafalias, Y.F., and Popov, E.P., "B Model of Nonlinearly Hardening Materials
for Complex Loadings", Proceedings of the 7th U.S. National Congress of
Applied Mecahnics, Boulder, USA, 1974, p. 149(Abstract and Acta Mechanica,
Vol.21, 1975, pp.173-192.

3. Dafalias, Y.F., and Popov, E.P., "Plastic Internal Variables Formalism of
Cyclic Plasticity”, Journal of Applied Mechamics, Vol.98, No.4., 1976,
pp.645-650.

4, Dafalias, Y.F., and Herrmann, L.R., "B Bounding Surface Soil Plasticity
Model”, International Symposiem on Soils under Cyclic and Tramsient Loading,

Swansea, U.K., Vol.1, 1980, pp.335-345.
-79-



(S5}

Dafalias, Y.F., Herrmann, L.R., DeNatale, J.S.. "Description of Natural (lay
Behavior by a Simple Bounding Surface Plasticity Formulation," Proceedings
of the Workshop on Limit Equilibrium, Plasticity and Generalized
Stress-Strain in Geotechnical Eongineering, pp.711-744.

Sohn, Joomik, "Crack Propagation in Earth Embankment Subjected to Fauolt
Movement," dissertation presented to the University of California at Davis
in 1988,1in partitial fulfillment of the requirements for the degree of
Doctor of Philosophy.

Zienkiewicz, 0.C., Humpheson, €. and TLewis, R.¥., "Associated and
Non-associated Viscoplasticity amd Plasticity in  Soil  Mechanics,"
Geotechnique, V.25, No.4, 1975, pp.671-639.

&), "APTHANE o8 Fo) HB-A(Strain-Softening) R A"
PSS Beund =3, 1983.104.

-80-



