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12. BT &#

12.1. iE S DELEA
K70 7T MMIBT 5, HEORLSZ LI FIZHHLET,

Eikz2 B ST HfL PEREAL
Fs Qe s — -
p.Fs BT 2 R — -
Pr BN ) kN/m tf/m
C TR EOREET) kN/m? tf/m2
o TR O EREEEE A ’
Y oD B AR 1R kN/m? tf/m®
Y sat T AL (A D o R kN/m? tf/m®
A ATAADER kN/m tf/m
a TN &K & DR A
R RV IR =& m m
1 BEATA AFEOT R HEE m m
d AT A Ag m m
h AT A ADT Y HEHHIRALE TOIFRE & m m
N ARG A RIDDD TR EDOERR ) kN/m tf/m
T A TG A R DH Y S kN/m tf/m
S AT A RO DBHFT Y T kN/m tf/m
u AT A R B BRI kN/m?2 tf/m2
Kh KRR EE AR S - -
y AT A ZAFLD S GLA L E T oo T m m
Q SRR I8 < AKIE DRI kN/m tf/m
fo EIELREK - —
; BETDRTA A - —
2 Co MR ToH AT A A - -
2 CoMHHHETHHATA % —~ -
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12.2. REFEX DA
12.2.1. REHERXDOEE

ART0 7T MIBT 2 ZEFHEAOHBIILLTO LBV T,

Fellenius % (K72 L)
Fellenius 7% (GE#EKmIE)
Fellenius % (7 4 V& LK)
fE1E Fellenius %

f&1E Fellenius £ (GBE¥ 1)
Fellenius #: (f:H1d B ALHE)

Fellenius %R, a f#fi 1£)

& % Bishop &

55 Janbu £

SHIN-Janbu 7% (#JE)3<0)
SHIN-Janbu 7% (ZH|§ D)
SHIN-Janbu £ (BT <)
SHIN-Janbu £ (—{K3<b)

FxR2 A7k
FEHIP K~ = =27V (2T D3 EIE)
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12.2.2. Felleniusix GRKZL)

(1) B2FEOFH TR

S{C +1+(W-cosa —u-l) s tan ¢}
Pz . R
wikg o Fs= (W - sina)

W Fs— S{C+1+(W-cosa —u*1—Kh*W-sina) * tan ¢ }

Z(W-sina+‘§-Kh-W)

(2) EIE ) DOFHEK

D1 oO%E  Pr=pFs+ XT—XS
DRSS Pr= ET_p.Fs %S
ZZ7T

W XS8S=2{C+1+(W-cosa —u-l) * tan ¢ }
ST=3(W - sina)
HEK . 2S=3X{C-1+(W-cosa —u-1—-Kh + W -sina) - tan ¢ }
[E#] 2T=X(W:sina+Kh+W - cosa)

(3] ST=3(W - sina +%

R -Kh-W)

(3 WEHHEK

CziETL%6
Fs+YW:-sina)—D{C-1+(W:cosa—u-1)-tan¢p}—C- Dl
i : K

)

t =
an e D(W=-cosa—u-l

K
o BIRET D56
Fs+ YW - sina)—D{C-1+(W - cosa—u-1 - tan¢p}—D{(W:-cosa—u-1-tano}

i j k

21

C:
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12.2.3. Felleniusj% (BE#E/KE %)

ez AR

l

BTkl FERASAA
T

A2 FEABISAA
B 7 {1 b
HhF Ak {an
E kT
(1) ZEROFHEK
. {C-1+(N—U) - tan ¢ }
e : Fs= ST
A« Z{C - 1+(N—Ne—U) - tang}
= . —
IKEAT A A
N=W-:cosa= (ysat—yw) *h-+d-cosa
U=0
T=W- sinaea= (yeat—7yw) *h*d-*sina
Ne=Kh* ysat*h-d-sina
Te=Kh* ysat*h+d-cosa
FEREAT A X
N=W-:cosa= {y¢*hi*d+ysat-hs*d+(ysat—vyw *hs-d} *cosa
U=yw-ha-1 (Fellenius )

U=vyw-:ha+1-cos2a (&L Fellenius %)
U=vyw+ha+d- cosa (EIL Fellenius % #EK+TX)

T=W:-sina= {yt-hi*d+ysat-hesd+(ysat—yw *hs-d} *sine
Ne=Kh * {vy¢+hi*d+ ysat -+ theths) - d} * sine
Te=Kh * {y¢t*hi*d+ ysat* theths « d} * cosa

252



T,
L HUBRRORHIELREL
ye o BB AR E
ysat  : THEO BRI AT AT
yw o KROBEAKFEES

(2) EMIE) OFHHE

SFDOEE  Pr=p.Fs: XT—2X8

1
SEO%E Pr= ZTip.FS xS
ZZ T,

W 28=2 {C-14+ (N—U) *tan¢ |
XT=X(W - sina)
HEH : XS=3 {C:1+ (N—U—Ne) *tan¢ }
[(E#] X2T=% (W-sina+Kh+W:-cosa)

[[93L] ST=% (W-sina +%

R -Kh-W)
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12.2.4. Felleniusii (T4 ILA Ljik)

by

(1) ZeROFHEK

_ S{C+1+(N—U) - tan ¢ }

W Fs ST

~ 2{C-1+(N—Ne—U) - tan ¢}
HWERE  : Fs= STCE)
IKEAT A A

N=W - cosa +/E *sina

= (Ws+Wy) rcosa+ (En—En+1) * sine
= (hs* ysat+hw* yw) *d-cosea+h+ yw+1l:sin2a
Ne=Kh « W, * sina«
U=h+yw-1l (Fellenius )
U=h*vyw+1l-+cos2a (EIE Fellenius %)
U=h+yw-d-cosa (f&IE Fellenius % &1 T.7)

T =W-sina—E * cosa
= (Ws+W,) *sina— (E.—Eu.1) * cosa
=hi* (YT vy 1l cosa *sina
Te=Kh « W, * cos
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FERBEARAT A R
N =W-cosa+E - sina

[ =R e i

Te

»»-./(3
— — N

(W, +Ws)
(h1 °

Kh -
Kh -
hy *
hy -
hy -

ccosa+ (E,—Ew) * sina
Vt+h2' Vsat) *b-
(W, +W,) * sina

(hl' vithy e ’Vsat) *b+sina

ywel (Fellenius %)

vwel+cosZa ({&1E Fellenius %)
vwed-*cosa (f&1E Fellenius 7% @ ¥+ T.20)

cosa thy* vy,

=W-sina —/E * cosa

= (N+W)
(hl :
=Kh + (W,+W,)
=Kh + (hy -

YVt

Y w

*sina — (E,—Eu1)
’yt+h2' ysat) 'd.
* COS«

Vsat) 'b'

* cos o
sina — hy*

v cthy -

CoSs

D B BRON I BT A
ysat : LSRORIFIHAN (AR E B
 AKROBNL AR H &

(2) MBI DEER

N
S

&
&

2
W
S

(Y
(Y
N

3 7

o

op

Iy

: Pr= ZT—L

:Pr=pFs- ZT— XS

p.Fs 28

: 2S=X{C+1+N—=U) - tan¢ }

ST=Y W+sina—E -+ cosa)

HER : XS=X{C+ 1+ N—U—Ne) * tan¢}

(ERE] ZT=X (W-sina —E -+ cosa +Kh
[(Hi] XT=2X (W-sina*AE-cosaJr%
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vy+de (tana —tanf)

*sinw

* CoOS
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12.2.5. {EIEFelleniusix

(1) BAHEOF G

~ 2{C+1+(W-cosa —u-l- cos?a) - tan ¢}
o YW+ sina)

WHE o Fs

~ 2{C-1+(W-cosa —u-l- cos2a —Kh-W-sina) - tan ¢ }

EXW-gna+%-Kh-W)

HWERE  : Fs

(2) REMIE ) DFHHEK

SFDOEE  Pr=p.Fs: XT—2X8
SRO%E  Pr= ET_p.Fs >S
ZZT7T

Wi 2S=X{C +1+(W-cosa —u-l - cos?a) * tan ¢}
YT=X(W - sina)
HER  2S=X{C:1+(W-cosa —u-l*cos2a —Kh+W-sina) * tan¢}
[(E#] 2T=X(W:sina+Kh+W - cosa)

(P90 ] ZTZEXW-mna+% “Kh - W)

(3) WFHHE
CAEETIHE

Fs+ YW+ sina)—D{C-1+(W - cosa —u-1-cosa)-tanp}—C - 21

i j k

tan ¢ =
’ D(W=-cosa—u-1-cos?a)

K
o HIRETDHE
C=[Fs->W:-sina)—D{C-1+(W + cosa —u-1-cos?a)-tano}

1 J

—tan¢ * > (W= cosa—u-1-cos2a)l/ 21

k k
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12.2.6. {&EFelleniusi® GER T T)

(1) BAHEOF G

- 2{C-1+(W-cosa —u-d-cosa) - tan ¢}
- >(W - sina)

W Fs

W Fs— S{C+1+(W-cosa —u*d-cosa —Kh*W-sina) * tan ¢ }

Z(W-sinaJr‘I%-Kh-W)

(2) EMIE ) OFHHE

D1 oO%E  Pr=pFs+ XT—XS
DRSS Pr= ET_p.Fs %S
ZZ7T

Wi 2S=3X{C +1+(W-cosa —u-d-cosa)*tan¢}
ST=3(W - sina)
HER 2S=X{C:1+(W-cosa —u-d-cosa —Kh+W=-sina) * tan ¢}
(EH] ST=3X(W:-:sina+Kh+W-cosa)

(3] ST=3(W - sina +%

R -Kh-W)

(3 WEHHEK

CziETL%6
Fs+Y(W:-sina)—>{C-1+(W - cosa—u-d-cosa) tan¢}—C -2l
i : k

)

t =
ane D(W:-cosa—u-+d-cosa)

K
o BIRET D56
C=[Fs*Y(W:-sina)—D>{C-1+(W - cosa —u-d-cosa) - tan ¢}

1 J

—tan¢ + Y (W-cosa—u-+d-cosa)l/ 2l
K K
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12.2.7. Felleniusik (L itk BE#E)

(1) BAHEOF G

~ 2{C-1+(W-cosa —u-l) - tan¢}
(W - sina)

{C1+(W:cosa —u1—Kh*W-sina) * tan ¢ }
S(W - sina +Kh + W-cos o)

HERF : Fs=

(2) REMIE ) DFHHEK

SFDOEE  Pr=p.Fs: XT—2X8
SEOEE :Pr:ET_p.Fs >SS
ZZ T,
W 2S=2X{C+ 1+ W-cosa—u-l) - tan¢}
XT=XW-sina)
HER . XS=X{C+ 14+ W-cosa —u*1—Kh*W-sina) * tan¢}
ST=XW-+sina +Kh*W-cosa)

(8) WEHHE A
CziRET 2%E
Fs+>(W-sina)—Y{C-1+(W-cosa—u+D-tan¢}—C- 2l

1 ] k

t =
ane D(W=-cosa—u-l

K
o ZHEET DHE
Fs+>(W:sina)—D{C-1+(W-cosa—u-D-tan¢p}—D>{(W:-cosa—u-1-tano}

i j k

21

C:
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12.2.8. Felleniusix (R/affi1E)

T

(1) ZeLOHEX

5 Sap+-25 Sep+ ¥ She
ail az

Fs=
;-_IIETAB‘F;_EETCD‘F 2 Tre
Z T,
wH . 2S=X{ (W-cosa—u-1) ~tan¢p +C -1}
ET=X2(W - sina)
HER: 2S=X{ W-cosa—u+1—Kh+W:sina) * tan¢’+C - I}
[(E#] ZT=X(W:sina+Kh+W:cosa)

EES ZTZZ(W-sinoH-% - Kh - W)

(2) vEMI A DER
STOHA Pr=p.Fs - (iETAB+;—22TCD+ zTBc)—(iz SAB+;—ZE Scp+ ¥ Spe)

1 1

r I
SREOSE :Pr=(a—112TAB+a_ZZTCD+ZTBC)_p.Fs a1

M) SAB"’;_ZZ Scp+ X Sse)
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(3) WiEthA

CzfET %5

tan ¢ =

o EZIRET DHE

C=

,.,../C“
— — N

, X1 ra
%:S = alZSAB+ a2ZSCD +
j j

DT = ;_IIZTAB + ;_zZTCD +> Tse

Fs- YT —>S —C- (;_IIZIABﬁL;_zZlCD‘FZIBC)
; ] k k k

LS (Nag—Ua) + 225 (Nop—Ucn) +
k k

Fs - X1 =% —tané + G- (Nap—Us)+ 32> (Neo—Ucn) +
i J k k

> (Nec—Usc)

k

> (Nec—Usc))

k

1

1

Ir1 Ir2

> See

]

1

>lep+ 2 Isc

k
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12.2.9. ffi ZiBishopik

(1) BAHEOF G

1 C-l-cosa+(W—u-l-cosa)*tano
Al . _ . f. 2
B FS=EW e sina) - 21 n, s
1 C-1- +(W—u-l- ) -t
HUBERS : Fs= L g R s T
z(w-sina+~§-Kh-W) :
ZZ T,

tana ° tan ¢
n,=cosao * (1+—FS )

(2) EMIES)DFHHEK

SFO%E  Pr= (p.Fs—Fs) - 2T
Fs

YA H._/\ . — — .

SEEOSS Pr= (1 p'Fs) 2T

ZZ7T

Y T=X(W +sina)
HIFRHE - ZTZZ(W-sina—F% -Kh -+ W)
(3) WiFtH

CZBETHHE
C l-cosa+(W—u-'l+cosa):*tand

tano ={Fs + > (W * sina)—, ( 0 )

i j “

l-cosa, W—u-l-cosa
fc.z o +/ z o
k k
o EBIRETHHE
C-1- +(W—u-l- )+t
C={Fs+ Y. (W-sina)—2( =2 nu == an<b)
i i ‘
W—u-1- 1-
Ctand - Y un cosoa}/Z flosoa
k ¢ k ¢
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12.2.10. f§ ZJanbuik

(1) BAHEOF G

. fo C+l-cosa+(W—u-l+cosa)tan¢
A . — . f. A
i 'FsiZ(W-tana)JrQ 21 n, !
fo C+l-cosa+(W—u-l+cosa) - tando
EEpd . _ . f
HUBRRS - Fs =T W - tana +Kh - W1 qQ  >° .
Z Z T,

tana ° tan ¢
n,=cos?a °* (l-l—F—s)

(2) EMIES)DFHHEK

SFO%E  Pr= (p.Fs—Fs) - 2T
Fs

YA H._/\ . — — .

5RO Pr (lpFQ 2T

ZZ7T

;%"H%E : XT=2(W * tana)+Q
HERF : ST=X(W * tana +Kh - W)+Q

(3) WFHHE

CzfaEdT 25,6

F C-l-cosa+(W—u-‘l:cosa)*tano
tan ¢ =[3 + XW - tana)+Q}—X ( — - )
i j *
l1-cosa W—u-l-cosa
_C.§ n(l ] / % n(l

o EBIRET DHE

F C+l-cosa+(W—u-l+cosa) tand
C=[5 - {XW - tana) +Q—X ( — - )
i j *
W—u-1- 1-
tang - Y un cosa]/z Iclosoc
k (3 k o
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12.2.11. SHIN-Janbuik (#)819 R Y)

FREIRFRERD T RIZAREBIT L LB R S OB O T =0 IS L7

(1) ZEeROHEX

ol C-+l-cosa+(W—u-l-cosa)- -tand, Wi'*tanon
v n i+ n.

i=

W Fs=fo- B
D(W-tana)+Wy'* tanan1+Q

i=1

ol C-l-cosa+(W—u-l-cosa) tang, Wi *tanon
z ! N, j+ Ngy, n1
i=1 ’

HOFERF  : Fs=fo - ——
>(W - tana +Kh + W)+Wy' * tan an1+Kh « Wo'+Q
i=1

T,

tana * tan ¢
02y . b S
n,=cos2a * (1+ Fs )

o L
Wn —Wn 2 vV w Zw2 tan@

QZE. 'YW'sz

0 BZEEOKEIS K D EAA
Zw : BENKALE

yw o KOWRNLRFEE &

ai AT AALOTRY mEERHE

(2) MBI DOEFER

DFOHE  Pr= (p.Fs—Fs) - 2T

F
SRO¥A  : Pr= <1—p_—§s> CXT
T,

n-1
WEE o XT=>(W-tana)+Wn' - tanan1+Q

1=1

n-1
HIERF : ZT=>(W - tana +Kh - W)+Wy' * tan @ n1+Kh + Wi'+Q

i=1
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(3) WiEHHE
CzfET %5

F n-1
tan ¢ :[f_os - {D (W= tana)+Wn' - tan an1+Q}

i=1

C+l+cosa+(W—u-l+cosa)*tano 1-cosa W—u-+1l-cosa
2 . L
i k k

o ZIRET 256
Fs !
C:[f_0 <D (W - tana)+Wy' * tanan1+Q}
=1

C:l-cosa+(W—u-l-cosa)*tan ¢ W—u-1-cosa 1+ cosa

. )—tanqb‘% 1 7 X

n, n.
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12.2.12. SHIN-Janbuik (ZB|FRY)

TR WD TV A KEQR A TH BN O MR b A E EZ SN DA DT~ 1Txt
s L=,

s e 1 o« Crl-cosat(W—u-l-cosa)-tang,
WS Fs=i T  tana)tqQ | St n. ;

1 C+l+rcosa+(W—u-l-cosa)*tan¢
’gf' N = . . }
RS : Fs=f S tana +Kh - Wt Q" =1 n. ;

ZZ T,
tana * tan ¢
—opa2 o . —_—
n.,=cos2a * (1+ Fs )

(2) HEIIE S OFF K

SFO%E  Pr= (p.Fs—Fs) - 2T
Fs

YANIES EL_/\ . — ——) .

SEOLE  Pr= (1 p.Fs) >T

ZZT7T

WHE  XT=X(W * tana)+Q
WER  ST=2X(W tana +Kh - W+Q

(3 WiEtHEX

CZfET2HE

F Cc-1- +(W—u-l - Y -
tanqS:[f_OS'{Z(W'tana)-i-Q}—Z( cos o n“ cosa) and))_c.z%]
i j @ k %
W—u-1l-cosa
D> o
k
o HFRET D% H
F C-1- +(W—u-l- ).t W—u-1l-
Cz[f_:'{Z(W-tanaHQ}—Z( cos rlu cosa) “tand, oy un cosa,
i j @ k a
1-cosa
D> o

k
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12.2.13. SHIN-Janbuik (B33 RY)

Bais ity T EE D & T IR DR 23 AR T D GE TR IS L7z,

Q+tHE

(yt—y) * Zw?* cos B

k' C+l-cosa+(W—u-l-cosa)- tan¢,
E { o }
W Fs=fo- N
(W - tana)+Q+Ea
i=1
k' C+l-cosa+(W—u-l-cosa)-tan¢,
HEERF © Fs=fo - -
>(W : tana +Kh + W)+Q+Ea
i=1
ZZ T,
B tanoa - tan¢
n,=cos?a * (1—1-—FS )
1 ; 1 11
Wk—2 +(h+h)-d- vt+2 C Yw e Lw? e tant 2
1
Ea:§ Ay h2—(yi—vy) - Zw?+Ka

Ka=tan2(45° —

YVt
V’
Y w
0
A

de

¢
2

)

s SR ORI B AR
i e AV N AL R VAL N - b i

HVNQL VAN 8
: it T oREE DR A

: BERIES L C D KALE
s g HBR OB EE R A

(2) EH IS DFHE

&
g
)
N

AN
=

3
e
S
S
o

(f
[y

G

:Pr= (p.Fs—Fs) -+ T

: Pr= (1—

Fs
p.Fs

)+ =T

K
: XT=>(W - tana)+Q+Ea

i=1

k

HiERs : 2T= Y (W -+ tana+Kh - W)+Q+Ea

i=1
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(3 WFHHK

CzfET %5

F C-1: +(W—u-l - ).t 1.
tan =[2+ (S(W - tana) + Q+ Eaj — ¥ (ot MR TG L 3 Ry
i j @ Kk @
W—u-1l-cosa
/Z n&
k
o HFRET D56
F C-1- +(W—u-1- ) -t Weu-1-
C=[p - (W - tana)+Q+Ea}—X ( R E R MO0y gy Lt
i j s . o
1-cosa
> .

k
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12.2.14. SHIN-Janbuik (— &3 RY)

Baise s LIRIMIOBEDS D FHRER KL L TT_2HE s LA,

(1) ZeEOFHEX

" g 1 Ll cosa+(W—u-l-cosa)-tang,
mAF o Fs=fo S(W - tana)+Q 2 n, !
1 Cl+cosa+(W—u-'l+-cosa)*tano
- Po—f) - . )
HUBRES : Fs=f0* T W fana TKh-W)1Q >! n. J

ZZ T,
tana * tan ¢
— 2 . _—
n,=cos2a * (1+ Fs )

(2) B D ER

D1 oO%E  Pr= (p.Fs—Fs) - =T

Fs
SROSE Pr= (1—p.FS) - 2T
ZZT

WHE  ST=3(W - tana)+Q
HWER;: XT=X(W +tana +Kh - W)+Q

(3) WiFt&E

CziRET2HmE

F C-1- +(W—u-l- .t 1.
tan¢:[f_:'{Z(W°tana)+Q}fZ( cos o n“ cosa) an%fC.Z%]
i ] @ X a
W—u-1l-cosa
D> o
k
o ZIRET 2HE
F C-1- +(W—u-l- ° t W—u-1-
C:[f_os'{Z(W‘tana)+Q}*Z( cos a +( nu cos &) an(l))*tandwz un cosa,
i j « k a

l1-cosa

>

N ng
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12.2.15. FxRAVF 7%

(1) ZeLROHEX
_ X(C-1+W'cose - tang)

lid .
s+ Fs EZW:sina
S(C - 1+W'cosa - t
R« Fe— (C-1+W co;a an¢)
Z(W’Sina+R'Kh‘W)
KA T A A FAKEAT A A
W=A1"* (ysat— yw) W=As* y¢t+As: (ysat— vw)
W=A1" yat W=A2+ ytt+As* vsat

ZIZT, oyt o RO ER
veat 1 EHEOOEFDENT A R
Yw o KOBENARFEERE

(2) EIIEDOFHEK

T D%E  Pr=pFs+ XT—XS
1
SRS :PrZZT—E >S
ZIZT, XS=3X(C+1+W-cosa *tan¢) W XT=X(W * sina)

A :ZT=Z(W'Sina+% “Kh -+ W)

(3) WEHHK

CzfETL2HE
Fs+*>(W-sina)—D>(C-1+W'+cosa *tanp)—C - 21

j k

t =
ane > (W - cosa)
K
o HIRET DHE
Fs+>(W-sina)—2(C-1+W-cosa *tan¢)—D (W cosa *tan¢)

J k

C =
21
K
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12.2.16. B KE =T IL (ZRFTDHEX)

(1) BAHEOF G

R - T ~ Mg _ Y{[C1+(W-cos a—Kh-W'sin a—u-l)-tan @]-R¢}
BTSN {W Ry —(W-cos a—Kh-W-sin a)-R;+Kh-W-Re}

~ ~
Ry, = £(X0 - X,)
R, = (YO —Y,) - cos(a + 90°) + (X0 — X,) - sin(a + 90°)
R, = (YO —Y,)
Ri=(Y0—-Y,) cosa+ (X0—X,) sina
— _/

Rr _:;;' :
EER ge— . Rw
{X0,Y0) ﬁ ) -

H1D XX IZBW L, HREETADPAE LY FEOHAL -7, £EVREOBAT +7 L35
H2) AEoREOSHE, W RwBXOH - Re 1ZBFFHEIV 27 +7 95 (LY RmIEEEEY 27 +7)
E3) ALoEHROEE, N« Re BEOS « Rt IIXEIFFHRID 27+ 92 (LY FiEixEteE o 27 +7)

(f
(1

S=C-1+4(N—u-D-tane
N=W:-cosa—Kh:-W:-sina
H=Kh-W

LERT DL,

Mgp _ L(SRy)

Fs=— =
*"Mp  X(W-Ry—N-R+HR,)

Ld,
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Mg D HEHE—A b (kN « m/m)

My o BEE—A b (kN * m/m)
S S RAUE W) (kN/m)

D ATAROEINCL BRI (EREK ) (kN/m)
H D ATAADOHIEN (kN/m)
W : AT A ADHEE (kN/m)
Rw . HEICLDE—AVFOBOES (m)
Rr L BRI LD E— AL FOBEOE S (m)
Re o HENCEDZE—AY NOROEX (m)
Rt T RDEICEDE—A L FOROE S (m)
X0,Y0 ¢ ATE AR (m)
Xg, Yg @ EELJERE (m)
Xa, Ya : FLDE T OF ) [ JEAE (m)

(2) wEIE S DOFHEK

VEIIE OB IS L TE Y £ A,

(3) WiFtHE

WEHEAUIS L TR Y £H A,

(4) =M =Y D5

THIPI S~ = 2 TV OfER ORBRE 18R O IR T SRHEE T A BT A o R OVRIERL) o B — 3l
TARYOFEIZ, FTRATERINTEY £7,

M C-1+(W-cos a—Kh-W-sin a—u-l)-tan ¢]-R
s e MR — ZUCTHC | )-tan @] -Ro}
Mp Y{W-Rgy'sin a+Kh-W-R.}

= (E—HER )

2T, Io#HER X, #eHI Xy o2, BH—-HiloHA1T.
Rr=0, Rt=Ro, Rw=Rt * sina =Ro * sina (Ro : HH— il }£%)
Ehenl=d, TOFHER) ITRATE L, B—MiloX LR UTIZ2RY 7,

LY 7 MW TR, TOFFER] 0L IETT A, B—MIloSE, £ O PR L AR R T

ThiuX, Rr=0, Rt=Ro &72V, ¥/, Rw IL [£(X0—Xg)=Ro *sina] TH 5=, H [l
DE T ATRE T,
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12.2.17. @ir X H#—&

fiEHT = R A FEITH FAT B
Fellenius I CETHIR BRI D B HEHE(SR) (f1) B AT NP 5E s 198
(k) [FfiEsn - FHEMR A9 10 H 16 A HERAWR s
HIE R P HERORE - REFDOIEITE T (b Ml T 525 81
199841 H 15 A
FEUEK L IR ZHMSY AOEH FH2E P () & s Eifliz v 2 — 476
WEFn 62 4 11 A 20 H AT BE
Ry
PGP NS i IR T ANE DO - D GHEITE T b +E T5% 161
HIFERE YA 645 A 161
Fellenius IR Tt BB A - BRE [BaE] | BAOKES 310
(- B L) HiEE Ry FUEE - Bffrdy R 1042 3 A HEIEUCER
f&1F Fellenius £ W W+ T -t T (#h) B AE M W2 111
GERE - T) HiFE R Rk 21 45 6 H 124
Fellenius I ER LT — o0 i TR ZE Tt (+h) B AE R s 269
(R/a #1E) WAFn 61 45 11 A
HIEE Ry
1% 5 Bishop ¥ TR HETHANRT v () LE 5 239
paiche G Wk 3410 A 25 H 244
415 Janbu 7% H I - A AREERS IR TR E & E hEETE KB YithS 7
— R B EER (. TS E RS —
LE PR 1447 H 15 A
Hi Ry
SHIN-Janbu i il S TE RO b ey 7 A — (R i 81
(f18h - ZEH1 - Bl 199543 A 15 H B
« —{KTRD) HIEE R
FeRZ VAT | HE PRIE O Jifi g% D HAF_E o FLUE - [FfiE (1) B AR PRI s 5-94
%0 54 4 3 H
oty i3
EHBL S~ =2 T | B
N (ZRIT Doy H | HiERE TG K~ = 2 T VO T HIRS S IEe 152
%) Tk 19 4F 12 A
TSRS 138 Bl Hh D VE B B VR SR HEE T 1 | [ A8 m A 1-105
RZ A 2 R ONRIfFER
Rk 27 45 H
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12.3. A4 R
12.3.1. RASA RS EIDRA|

ATAAEXT R EATHICIBNT, B, Mg, KL, TV EOERE, TNETNOREEE v I T v
T L. FOXEEE AT A A yEINLE & UCERLET,
Fio, BRRATA ARERELTZGAIE. AT AR ZOREL Y RELBLRVWIET, SIH6IZ0% L
F9, WARAT A AEOHEIL, 70 mRAFILOMEFTIC O A H L E 7,

0 AT ANETHE _ }-,-:-—- Hist
JV Hofi
HhfE
/
/
/¥Ry E
12.3.2. RS54 R 14k
AT A ADEHRELL IR LET,
d: 254218
A: B ho: B2
h: a1

"

— — lr~vEE

e 13 oL 2180
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12.3.3. RASM1REtE
(1) ERDOFHE

BIEESy & FANOE S 253 1 TRER L. \ARIC 2 >DOF& RO £7,

»

,,,»5' BE /
/ r: I- .
ﬂi?%'l ‘
—l_ I:I \“._‘ _
h,+h
1:%><d A2:%><r2><(9 —sinf) A=A+ As

(2) EEOHE
ERBICBWTCHENNE (1m) H7YOERBLEEHEL., 202K ET,
F NN T RBDB BT AN\ T DEENG— =T DELDPLE N5
HOELTEHEAELET,

W=A1- y1+As- yat+tAs- y3

0

.L'I:".L‘l"})‘l

A

Agr¥y

<

Ag¥s

\

.

b e A A [y
ETOAZAAICNMELTEHE

I
S
ol

/|
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() T~ EER O

ATAADELNSREICEAS LIZEMR L TR0 & O RITB T 2HEROAE L RO ET, T30 @
EAROL AL, HERZOEET Y EHERAEICRY £,

QEMRDOEE
a=tan"?! (yz — yl)
Xy —Xq
(¥X2,¥2)
o
{®1,¥1)
QOHMINDEHE

BEOHEBEZ W, Wo, Wi &TDEARATAAOELELE x ZULTFTOXNTHNET,

_ Wix1+Wo-x,+W3-x3 I: H1,¥1 :I
Wy +Wa +Ws

(%2, v2) =T

(X3, v3)

O xJEFICB T 52T EARIT, RO LD X TRSNET,

— T
y 3’0)_'__ ( %o, Vo)

a= tan‘l(
X — X 2

@) TRV EEOFHE (HIN)
l=r x 6
Z T,

AC
6 =2 xsin?t (—)
r
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(5) BELORDTT

OEFEOELOHER
2+ ha+hi
X3 (he+hy 4 x jhz

hi

QMO ELOFHEN
EfES OFERITKDO LY IcELINE T,

20 R
§="5-—0C -\[rz— 0C

WD 1 IRE— A NG OFHERIIRD
IorickbasnEd,

3
G:g-rm—ocz)Z

3
FXOMMC GoEIIIROXTREINE T,
_g_
CG =g— OC
@z,

BD = BC + CD

CG
= BC —:-‘\[ AC 2 CB2
AC
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124. OYRFEDEFHRER

=

DY PG EIT, B L PR EREOMIC L > THRESVET,

DR AR OfE = BfE + DM EE
= bX (1,+1,-b) XhX y . + (1,-b) X (1,7b) Xh.X y,

[y
(v

G
P
HFEEM DR X
S ¥ 1P VAN =
g MO AR R
e OO HEAAREERE
o1 WEEM A AR EE

5o o

B

<R R ==

7B [OYBEEO AN #4770 7N THRELMEIL, EREE?HHHR 1m 40 O EE
KD, ZOMENS AT A ZME 1m 4 ) DA EZ LT OXTROOMAE q 25RA L ET

MR 1m 24 0 O3 AR fT H DY 1 AR ORFES (1,X1,)

AT A AW Im 2 OMME q = HIEHR In 40 OSMKEX OV & 1EHE
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13. AT EMR

13.1. BRZHBMHHET I TUX LERAWN - KERRIT"

13.1.1. xR ABXLEREH

Ml DEF B 25 2 DB, g% TR0 672 584 (LLF, LB EMES) (BEiK) &, 2oHicEE
NTWDHIERAK (EIE) . &l (GR) ORAEE LTEZDLDNR— KN OBRFETHA S 2, L
L. 22 COBEMTEEHZTERFEHO LI TS AE S OFEIZHE 5 -/ AKE A B AT O RS FE 7 E &
FHERMOENEICH DO T, BRIIKTEEMITHY ., BHSHERET D 2MBEEKRE L TRV,
F=. ZOMBRKIZIEEMREETH S EHET D,

ZOFEHEALS VI 2R A R T D HEER IO 705 5 O B TR RUILL F D6 > TR IND,

R 7200 B dive+b=0, (12.1.1.1)
T AR 5y O R AR K &K=C &, (12.1.1.2)
O HZEN LR e=(Vu)®, (12.1.1.3)
BEh S DJFRER o=0'-p,1, (12.1.1.4)
i tr(&+div(v,) =0, (12.1.1.5)
B OWER (Zr—h)) . o, =-K grad(h). (11.1.1.6)

ZITOo :,t f“jj'f//zlz bizmtkh~r v, o' iZEs T v, C® ‘i%ﬁﬂé@%ﬁk*f///v 1

(M) =0y) FruxyI—OFTNVE, v FHBUKOFR~Z by (BB 2MEE) . K, 132
m%ﬁfx/wf%b FftEDSIE () NOT U I ADRBRES THDHZ EE2FZLTVD, hi 7K EH
ERLTEY., y, ZWBUKOHEA AR ER, 7 2@EKHET5 L

hePu s (12.1.1.7)
Y

DERB®H D, £z, LERES (EMEICITRSAREEROLEIATK 258/ 5%M) . MIBKE (2KE) (2
LTENTNERFEPRRENTEY . HERITET 2B

Neumann BR : t=on onS_, (12.1.1.8)

o

Dirichlet 555t : u=u on§s,. (12.1.1.9)

u

Thd, ZZTRHREDOEDO— (N—) FEMETHLZLRLTBY ., S IGEEEMOER, S 134
LEEMRMOER CTH Y | LEBBICHT 28557 %S 95L&

$S5S,, S5, $#=S,NS,, (12.1.1.10)

(e}

CIET D ML S EOHLERY P Th D,
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AKERIZ RS 2 BER AT

Neumann 55 : g=v,-n oOnS,, (12.1.1.11)

Dirichlet 55 :  h=h on§S,. (12.1.1.12)

ThD, QITHARFH DY OWHAR, S 3FMEBMOER, S| I3KEBEMOER TH D, KBITH T
LEERES LT 5L

SoS,, S8, ¢=5,nS,, (12.1.1.13)

q

Th b,

13.1.2. HEXILEBRER AL
LD X5 eilBrBis 2 €% %,
Su={ou|de=(Véu)®, su=00n S } (12.1.2.1)

ZOREBREEE S HWVX (12.1.1.1) OFERIH T A Gauss OREBUEEE & BRIk 5 HDOBER %
f (12.1.1.8). ARUSHOFEE (12.1.1.4) 2520 HWROFPERAREND

[~ p.1)-Sedv+[b-dudv—[t-duds=0. (12122
v \Y Sy

WIZH ) —>OREBRBEE A EET 5.
oh={oh|sh=0o0n S, } (12.1.2.3)

R (12.1.1.5) IZHNT & E., Gauss OFBUEH L EEMOFERSLMH(12.1.1.10 2 HWA Z LI Ly,
WD LS el ROBFEANESNS

[{tr (& oh—v, - grad(sh)}dv=—[q shds. (12.1.2.4)
v Sq

202505 EFREREERCT 5 202N L2175, 8BS Ed ., SaokEEh L35
&
u = Nd,
e=VNd =Bd,
tr(&§=1"B&=b, &
h=n'h,
grad(h) =B, h,
v, =-K, B,h,
Pu =7u(h=2),
= 7/wnhT (h-2z).

(12.1.2.5)

ZZTNIFEMICHT 2R TH Y . n, 13OKEISH T 2NHBEETH 5, HRBRBIEIZK L TH RO
HEBAL2MT R D LIET D &
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ou=Nod,

o€ =Badd,

Sh=mn'5h,
grad(oh) =B, oh,

(12.1.2.6)

LD, B I CEMPBEEIL AT o7 (12.1.2.5) LI, AREZTEAALOBHNHEV, RFITELZ T
WAV ST, OFTRIT_7 MUb, T v Y WiZ~ R 7 2{EENTWAB Z LICEET D, LT -> T,

FfrEx 0T ITEEEITH A2 EW%T 5, (12.1.2.5), (12.1.2.6) D% 4 (12.1.2.2), (12.1.2.DITRA LEEHE4 2 & .

A[B o/ (d)dv-y,K (h-z)= A [N'Eds- A [Nbdv, (12.1.2.7)
e=ly eslg e=lve
K, & K h= —,K [mads (12.1.2.8)
e=lg

qe

K,=A[mb, dv (12.1.2.9)

e:lve
ne
K,=A [B,'K,B, dv (12.1.2.10)

e=1 V,

TH Y. Aldassembly operator & FFFHEZFEHNE DIIZITERADE L2 FE2E®RT 2. K, IZEKIEHK
~ M7 ATHY, MBKDOREIZBTDEGEEZE X D56,

k. 0 0
K,=10 k, 0 (12.1.2.11)
0 0 Kk,
LRED, ko ko kK EEhenx, y. z FRoEkRETH L, R12.1.2.77, (12.1.2.8)0%E0% N7

7 MV, FiDENTIRT RV EREOYN

F(d, h) = Al‘ [BTo(d) dv—7,K, (h-2), (12.1.2.12)
e=l ve
Fext = éSINTf ds—,:Aze}JeNTb dv, (12.1.2.13)
G™(fh) =K &K, h, (11.1.2.14)
Gt :—K jnhqu, (12.1.2.15)
e=lg,

LR L BRI KR R R E S LI AT 1 B L S ezt d | et AR v pe
KIEh 2R & DI RIS Shd

F* —F"(d, h) =0, (12.1.2.16)

G —G™(&h)=0. (12.1.2.17)
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13.1.3. Newton Raphsonii IR &7 51/ KEREEITOER L

#(12.1.2.16), (12.1.2.1DITITHEERIOMERE L | BERFOMEREINEAE L T\ 5 O THREENIZED L CTHEEYL
o) =179,

L LW R [t €, ] ISRV CHB R w DRI E LT 5 LRET D &
v=01-0)w,+0y,.,, (12.1.3.1)

W= (v, —w,) ! At, (12.1.3.2)

ERED, TIT, PHERZAFEN, n+lizzntnikZt, . t,, COYHAETHL I LE2RLTND, T
DIRT A=K Q% 0 & LT-REZGREEERL, 1 & LR Rysnil & v o, 72, FRfBisirst &7 L
AYRLEF, Z0O0%1ELIZZEDHRTRNWI LIZEET D,

Z DR EILEWE T EAEE 5 O BRI T 2 I8 IFHEIEOBEWICH 5, 3k, WH ST D 1K
BRIV TIE, ZORFZESICBE L TE0 2 1 & LIEERIERICIY o TV D28, BB HEAR I B
L ik, BICHAREE S RIT 21T > TV Db ORIEE A ETHY | RE S 7S D3BERE LIZIEMIZRR - T
WRWR EORENH o1z, ZORERE BIZ72W S ) & BRI IR 3 #/E% Return Mapping & FESAS,
Simo X fafi#{E Return Mapping & L T Algorithmic tangential moduli % FV 7= General return
mapping algorithms % 72 AR % R E CHE K FIEEIRE L TV 5 D, s EHz B W Tk
Borja 5% 2MEIE Cam-clay €7 V% AW - EREREMEHFEAZIREL T D, UL, 5 IxHEKkoin
EXGRE LIZEAT CTH Y . BIBRAKIZOWTIZBE L TV, K71 0T A TIIHIEMEI O BN ICILE S 1
D& AGEBFRERTIC, PRRETBMEEI R T VT Y AN ERET D XD ITHAIAL, 2RI RIE S v, B
RO B HBBICB W CEERKE TH DL Z L2 VWY,

AL Rzt ©(12.1.2.16), (12.1.2.170 %02 LTk Y, Kt ,, Tl 5f#% Newton Raphson i4(C
BAHET oLk aeE 2, X0121216), (12.1.217 % Taylor R L. Him &N %

Ad =d¥ D —d®)  mro gsokEERS Ak, = h&Y — S C B A SRR AT 5, = 2T,
FHEREO TR TNEIWEAT v 78, B ERAT(K) TSI AT v TRNOA 2 L— 3 vk
FLTW5, 0=1+r1L7x012.1.3.1). (12.1.3.2)2(12.1.2.16), (12.1.2.1DITHN\% & -

(k+1)

F| - FM(dy”, hyi’) =0, (12.1.3.3)
(k+1) .
G| " -G™(dy hi”)=0 (12.1.3.4)

wICR(11.1.83.32BTF BN HRY b Ad & Ah O—ROIEE T Taylor BT % & -

(k) int| (%)
e L aFlnt aFlnt
Eint ~ Fint kn+1 Adm—l _ kn+l Ahn+1’ (12.1.3.5)
R ] oh)

L7 %, ECHIAE 2 THE LUV 3 IHIT assembly operator A DRI Th 5 Z L ICEET I @ chain
rule Z  HNTELFDO X 912725 -
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int|(K)

’ k k
—kMAdnJrl — KJ.BT 80 (dkr(wg.) asﬁﬂk-?l. dV Adml ,
adr(wi e=lye aer(wi 8dr(1+)1
ne T_e (k)
= A| [BC*vaBdv | Ad,.,, (12.1.3.6)
e=1| ve
K
= KSH—)l Adn+1 .
e (K)
aFlnt
“! Ah =K Ak (12.1.8.7)
ah(k)l n+l v n+1 st
n+
_ r(k)
::TﬁﬂZL&®¢®C”ﬁ={%%%}iJﬂHJ&Q%NQWmemmn&T%<%Q\%ﬂK%ﬁL
8n+l

7z Consistent MR T > VY L TH Y | —RTOHFAEIRE, —&I21EX(12.1.1.2) D (Continuum)
MRER T v L C® L —E L,

FARI22(12.1.8.4) % Taylor EEH L. #%5r oEeHHI 2 F ViU,

int|(K) oG ()
int (k+1) ~ int Q) n+l n+l
G L ~G L TAdm—l _Tﬁhm—l’ (12.1.3.8)
n " adnJrl athrl
Ly BEe B ORI BEZSHEL, v N 2 RAFTRTH L
B int(k) int(k) ]|
aF|n-¢-l _ aF|n-¢-l int(k) ext
k k —
adrgH?L ahlgw?l. Adn+1 — F|n+l F|n+l (12 1.3 9)
oG int(k) oG int(k) Ah - G int(k) G ext s
|n+l |n+1 n+1 |n+l - |n+l
k k
| odiy  ond

L%, UL ED FRA2.1.83.9 138 (b - d & h oIEHEEr A, & (12.1.8.3) 2= (12.1.3.4)
%Zf# < Newton Raphson {EIZHEA L TWDH 2 ENGnnD,
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13.1.4. Trial elastic state &35 %8144/ 5E

BRI [, ] OB 4y HOBME I M B RAE IR 2 2. Wit oo {e,, 0! ,(p,), }BEEMTH D &7

BT 5, 4. Gz bn7-e®ic% LT trial elastic state (TR A TE 2 b5 -

n+l

Ae®) =W —-g,,

n+l - n+l
rtrial .__ 7 (k)
o, =0, +C4e ,

(P = (Pe)n -
EREOFAT IS, AT AL S . BT IR A 11
==,
ars =3 ISTE L
Strial — Urtrial —ltr((f’trial)l
3 )

n+l n+l n+l

LEREINS,
AR E L, Bk Kuhn-Tucker 541230

n+1

TiTHi, T Z T Drucker Prager H¥H:ET /L DGEIT

o ~ _
frel || ST || - g Pt — \[2 (0, + HEP),

Toh V., Cam Clay HWIEMEET L OBHAEIT

ftrial :q:]ril +Mp

n+1

trial |n ( pmall ) ’

n+1 (pC )n

ThD,

284

wa [£0 = elastic step  Ag =0,
>0 = plastic step 4¢ > 0.

(12.1.4.1)

(12.1.4.2)

(12.1.4.3)

(12.1.4.4)

(12.1.4.5)



(12.1.1.7 )

11K

13.1.5. #1¥ FAKEIDERTE

ZKEEN . HBRKE p,, . BIBUK OB AR R p,, . (LEKEH z OBICIE, LT OGRS 5,
h:Bﬂ+z

/4

Vw
AR DSE | N EKRT 5 LM I DXL S IZ0D, ZORKEN—ETHD L) Z &1, (12.1.1.6)

DEN—AINE IRS HFIIIHNADRE RN ENS ZLERLTND,

£ /KEE
L L 7K AT I, £ o ER b L 0 fafni

& 7KEE
X1 faFiiznimE N2 KEE

W OHIRIIHERE E TREML TWD Z LI/ THY . (MHOHTFKE, T72bb, I 2 TifafnfEk

JKFEIKER
EARBARIBEIDEE L W D b DEB X RITIER B,
ERGL LI2bOT, 2 e ALk T I3 OO HIERE X b,
_______ SN WS S N . v
+ = |
+ i
& /KEE £ /KEE
WRET HHETH

JKEIKEE

M2 FfafnthiED/KE, E/KEE, £/KEE
ROHEMIIBEZDONDDIE, M2 DX IITAKEE—EL T D82, MEKECAEZ
Do LML ZOHETIEH TARMEPENG S, RERAENBAEL TLEY, £ 2 bEHE S L2 AR

=
ZZTH 3 DISRAIHIKIEDREE BB TIT> T, 37205 REIFIFE CHIBKEZ B uld4 5720, {7

TNCRE @B 52 27 PORER D - 7=,
EKFEZ T KN E CONLEKIET—EIZL, 2/KIE—EZEBL T\,
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£IKEE

+
I &EIKEE
X3 AfafihBEmKIE, fIEKEE, £/KEE

JKIE/KEE
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13.2. ERS173Y

2Tt t AERR A R B BT I 1T AT Z L LT, 4CST EH#HERLS or 9fiST A Y NTA Y v
JBERRENRAESN, —AFEFEL L TUI6HET A Y NT AN v 7 BRE ML END, b7 A Y
NI ARN) IV ERREOFKRBEZRDANVGINABEIET U7 7 AKX rocking 72 EOHMUELTEE— K&
SHBITH Y, BALT 2 ROAIREE TIBL L, BIBAKEIZ 1 RA—F—%2DR<THLRVNEVDRTH
55, K707 MIBWTIEMICE L QX8 HEiaUAFEESR S LT 6 Hia - ARESR, BBEAKTEICHE
LCIT48imNmapERE LI3ESA =AREZZ VTN,

13.21. 48 A B S USHT AMBAHM T AV /INSAN v ER

7 XA

T
L

XA

0 X 0 X
B4 48 REEESR 5 8 Hi RN ES

4ITRT RO RMEBOHRERZE A, A TOHREVHBO T, KEFFHTHICIER 1, 2. 3, 4 DHi
REZEMNT D, ZOEZRDORIFERATRISIND,
2—1IRTEORMTEDOHERERELE 2, A TOHRLV DT, KEFHHFMIZIEKR 1, 2, 3, 4

@Eﬁlﬁ%%%{#cj—éo :@g$®ﬁ2%liﬁfﬁf?§@%éﬂéo (SX 1)

(2x1) (2x8) X;

X N 0 N 0 N 0 N 0 2
1i_' 2 3 4 le (12.2.1.1)
x,] |0 N, 0 N, 0 N, 0 N,I|x

coox (i=12) WEEmEKTHhY . X (=12, j=1234) EFHABETHL, 11X, Y HaE
KL, JIEEHAFSTHD, £ NIRRT THY |
1

N, =2 @-8-m), N, =5 @+Ea-n)

1 1 (12.2.1.2)
N, =Z(1+§)(1+ m), N, =Z(l—§)(1+ ).
DI E . nOBETHD, £ nIEfiahrEL, 2,3,4TCL, -1, (1, -1, (1, 1), (-1, 1) OEFEAEZ &5 JET

JEAE D,

WIZK 4 17T IR AT AT ESRAEZ A TOESIVED T, IERIESEE 21, 2.3, 4L, $7-4
SOOI FIZK 5 OXHRAIEIZS, 6, 7, SOFEFEFRFOF MR E LD, ZOSHLNEROLGEDERIINE
WA T
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N, =3 (- M1-E-n), Ny =7 A+ OE-n)(-1+& 1)

N = @ Q@1 +n), N =7 A=+ )(-1-E+n),

1 1 (12.2.1.3)
Ny =5 @-E)-n), No=>@+OA-1"),
N, =2 Q=& m), Ny =5 A=)

E.omiFEiAAE L, 2, 3, 47T (-1, -1, (1, -1, (1, 1), (-1, 1) OBEEEMEA &0, Fiz, PRI
fiEs5, 6, 7, 87T (0, -1), (1, 0), (0, 1), (-1, 0) DEME[EE L 5 RFTERETH S,

UEXY, ABImTAYRTARN) w7 EREBHATA VT AN v 7 BROBRIZ, EHHHKD
JEORTRELTE S .

K:Z:Mmﬁ (12.2.1.4)
J

CITNIF4AHEREROKR 4 T, SEIRERDOIES L35, LI > T8HIRERZDLE DN (11.21.3) O N,
D5H. Ngo Ngo Noo Ng ZBRETITAHRO N, £ 50T, LT 8HIRERDOLEDOHPIIRS,
WICERN OB ZTARBIE N, . #AZd) AT, kO LS ITFKET S -

m:ZWpﬂ (12.2.1.5)
J

DX DICEFENOEN A RTINS E | BEORERTEEN, LR CHEEHT28FEEZT A Y
RT AR v 7L NS,
OTHOBEREIIRA D L 9127225 -

le}=[Bld} (12.2.1.6)
ZOOTHRY ML 2RTHEICB W TR ERT D L,
ou, - -
~ 0
X, — 0
én én au, % 5
—(|u
Eyy _ €9y _ gxz _ 0 ox, { 1}’ (12.2.1.7)
€33 €33 ) 0 o WM
Y12 2&1, 5 5X3a 0 0
Ay Ay X, 0%
X, OX | - -

E72b, (8.6.1.5) OEAFBERHWS &
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d;
N, g N, e
& 0%, OX, d;
ON, 2
b2 (_| O x, 0 A 323 (12.2.1.8)
=l o 0 0 A%
22) |ON, oN, N, . [|d;
X, 0% OX, 1|d;
M
[B]~ 12 =

L7225, ZO[B]w b U 7 AE{ERT B AICIE, THIRBIE N, O X . X, BT BTN, /X . N, /X, %
HETLBEN DD, NILE. nOBKTHY . £7X. X, b, nOBKTHD M BKRAMKY o,
ON; _ ON,; dx 0N, 0%,
0E X, 0F  ox, OF

(12.2.1.9)
ON; _ON; ox 8N X,
on  ox 877 x, on
ShE~ MY I ARRT S L
N [n ou][N) [oN,
aé: — af ag 8X1 _ 8)(1
ON [T ox %, |]ON; =(J N, (12.2.1.10)
on on  on ]| ox, X,
kiﬁéo LK@%E@@i Ni7f)§§\ n@%;&(&)é:kﬁ:ggﬁ&:;}z&b%néo ifl\ ::“C‘\
XK SN, B oN,
a = a 1| a = 8 2,;
: 81 5 : 81 5 ; (12.2.1.11)

0%, , oX, ,
—_—= —X.’ —_— = —X it
on Z:‘ on ' on zl on "’

ThHhorZ b, v~ V7 ZA[I]bRPFTEEIC L > THIcER SN D, [J]~ FU 27 ZiF Jacobi D~ kY 7 A
ELTHBNTVD, &Ko THERHEMIZ

Ny (e
X | 1) O&
o, [ [J] o, (12.2.1.12)
X, on
E[B]l~ MU 7 ADB D ZRODHZENTE D,
ISR~ b U 7 A [C] & T
Oy &1
Taz| _ [C] bul (12.2.1.13)
O33 E33
Oy, V12

ERTLENTE,
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dx,dx, =det[J]d&dz, (12.2.1.14)
LV BRAE HWVAUR, W~ Y 7 20X

K, = [[BI'[C][Bldxdx,,
b (12.2.1.15)

= [ [ 1B nTICIB(E. ndet]]dédy
CERIZENTE S,
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13.2.2. S REKVHREZABT A V/IGANVIER

XA

Ap23

H:M,

_Ap3l

_ 2T A28

0 'xl _ Apl2
P18

X6 6HIR=AMER

B 6 IR &9 RMEED=ABEREZEZ, ETOHEALVIRD T, KEFHIAICEKXRT, 2. 3. &
HESE L T4, 5, 6 DELEESEMITD, ZOEZORKEEKIIN 6 (R X5 mREEEL ., L,
L, Z N TIRATRELS NS -

N, =L(2L -1), N,=4L,L,,
N, =L,(2L,-1), N,=4L,L, (12.2.2.1)
N; =L3(2L;-1), Ng=4LL,.

£ 3HR ZATREREOL AT

N,=L, N,=L,, N;=L,, (12.2.2.2)
L b,
ZZTthL+L+L=12RAL, & neMnT:
L =¢,
L, =mn, (12.2.2.3)
Ly=1-&-n,

D& D IR EREREAT O & BIENCR T DA RESR L FERICHIE~ ) 7 ZOERIERZ ORI TE
%o BIRIITARBEEL D R FTHEAE T DRI

oN; _oN; oN,

oF A, ol (12.2.2.4)
oN; _oN; N, o
on oL, oL,

DEHITEHREIND,
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13.3. @RAIS1T35Y

13.3.1. Bt EETIL

(1) EEERETILOERTVYIL

o
o PR
(Elastoplastic material)
SRR B
(Nonlinear elastic material) A =
(7)_ ..................
i
RS
(Linear elastic material)
C
> BEOTH i
0 £ L &
20FH
7 BEMR 8 FEIBIEIK

RS E D 1 FIMEEEZ R THOTHY I ) — OFT AR TRIND, RFEZR B M E),
PE2EE) R B E DD, EBEOWE O%ENE T T LT D20, PR, AR NI HVSR TR
0, MR BEIBMEIR D288 2 1 IR TR RIS R LTZH DMK 7, X 8 TH D,

(A (Elastic material) ORHEIL, X TITRT LIS, S EED E ST BRIZERIZETERIORREIZR S (i)
O T HBRTUVIEFURIZERD) EWHZETHD, O T AR A, RERAF O W s S OV AT A fTH
g AR LS T BUEDIS N Lo TREY | A HO T TS 2 RIEH —EIZR> TBNTH O A1
ZAb L7200, Hooke ODIERNIHE Vit 7] EONT B D BIRABIE 728 D AR I 3R (Linear elastic material) | &
LIS 2 FERRTE M K (Nonlinear elastic material) EIESS,

PRI MR ORE R

Ojj = Cijk|5k| ) (12.3.1.1)

TREND, 22T Cypy IFAPEDOHFIMERE KT L THY, TADEHk (Lame’s constants) A\ p & T
Cijg = 40,04 + (835 +6,05) . (12.3.1.2)

LREND, ZNERA2.3. 1. DI T D&, IR I AR TR RO IHcb F 2N TES:
Oy = Aey Oy +2uE ;. (12.3.1.3)

TADEREYVTRE ., K7V v ORRIT

E:,u(3/1+2,u) e A

, V=— (12.3.1.4)
A+u 2(A+ u)
DErcHEzbn, ZhE0A23.1DICHWTERTEET &
(1-v)E v E
O, =—|&, +—(&,, + & , O,y=—— s (12.3.1.5a,b)
11 (1+V)(l—2v)[ 11 l—v( 22t &33)] 12 21+v) 712 a
1-v)E 1% E
Opy=—" —|& +— (&3, + & , Opyg=—— s (12.3.1.5¢,d)
22 (l+v)(1—2v)[ 22 1—V( 53+ &1)] 23 21+ v) V23 c
__(=vE [£4, + —— (&1, + )], E (12.3.1.5¢,0)
-V

78T -2l T
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Llpd. ZZTEEOTAOEAIE, A(12.3.1.5a), (12.3.1.5¢), (12.3.1.5e)~&;; =0 2RAL, v VU2
ARTRTHZEITED

Ou l=vi v 0 0 ey
1- 0 0
on(__E |V v 20 (19316
Oy @+v)A-2v)| v v 0 0 Ea3
o, 0 0 0 (@-2v)/2||yy,

LAY RN EROTRRED[C]~ b 2 A TH B,
2) BHEAEETILOASIE

W, HEIHE IR AT 56, RHO-OICHBEIN TV S HERER L, EEEERR L —
HEMEREBR TH D Z ENZEND T, ZHOHDRMRNONRT A —F T+ 5 kel ~%, YR, EHE M
MEDEE 22512 20D /RT A =X TEITIEIDITTHLNG, T OWEITIENR Y 5 FE 722 T RH A A
T FAFIEE LTV D,

O BRI

— il EAERBRI I AW A B L TV D Ted EEOIG) — O T HBHR & 1T 0 B s 5z Wk
Rl e UTHRR B AT D Hik L | FIRMRE A D HIEIC K0 BRI OEE A R 523, —fRIZIZE 2
Huwoind, 72720, —ilERERBRIIIEHEACRE T 2 O T E IZBIS s+ 2 R ch v . FH
BTN RE T D PR CHE T 2 MR & 5, AWM ESR G = E/ 2L+ v) IZARZ LICERZR TH 5
DT, MBKEDFEDOFEICRH L LT HENNIHRT HE L RSN T HHEE TR TH L, £o, &
JEINCH T D IEFEARIRIETORT Y v 205 THDH, LEDZ Enn, ROBBRBKLT 5,

E=E,1+v)/15 (12.3.1.7)
— 057, JEERBRD O 5 5N 5 BRERRE M, 2 O CHIEREEZHET 5 2 L bARETH D, FH 0T 4
WA E Lz e, E & m 3R OBMRDB RN T 5,

_@+n@a-2v) 1
o @1-v)  m

E (12.3.1.8)

v

L. M bEROZ ERNRBIENKEL, EDIEN LD m, 2L PETH D, HRAEBIC X
o m, DEHD/NEWEGEITIE HIH B E Py (282 m, ZHDIUT K0 BRI RE WGEII3E L
M A B E L TRE LRI IR 5720,

Kt Lo BUEEERERO e - p thfRO M OEFEMOME X 0 RBERRE M, 2k, Zom, &R
TRV D WM E) 2 FET 25 AN S, MR . SEARTIST) Py IR
be, BLOET YV U v inb,

3(1+e,)(1—2v)
= o p

E, (12.3.1.9)

WZE o TRODFELH D,
WELOHRE, @E 7Ly vy —A—FOWEMEE, Z V508, MEMBAZ2WEAIT N EL#ET S
ZEBZ,

@ K7y
BRSNS BRT Y R EENET S 2 LV, F ik ERE K, & K, =v/QA-v) DB
BTnbh s, Kol Ky EERBRALRD BN, v=U3RELZFHTIHANE, IS Oiffig
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FrfgRs v =03HE4R LT D,

@ BEARIREK

BRI E 1L, EHFOKOEKREEZTRT DO TH D, ER/NIWIETEKREE LE, ERREWVITEKE
FHELS,

JERE TR OB ARREL L T OBRDME H I DAY, — R E OB DB AKRE D N & < e D, FRIT,
SATIEHEN L W REWVISH, TRbLIEMHEBREICAD &, BIMI/NEL 2570, m, & RBEOBRG
WETH D, £l2. ZO XL TH L@ KRS E AW T TR L BB ITEEOZ & TEL
5~10 5 L7 iuTe b o™ 80 9 B, S 512, KEFMOBAMEIIKFHOZ LY
b 10 BFREREES> THIELTWDHI L H 5,

BRI A R D IFIEIE, EEEE T D H ik, BREICHEE S 2 FER S D, BRI B % LTI
N

BEARGRE (cm/sec)
10°° 1078 107 10° 10° 10* 102 102 10* 10° 10%"

B RELEREK | FEITE ;) Ealiva ST
Ly
TDEHE L R, VL, - IL | RO P AR S
F—HLTESL
B A E | HHREEKAE EIKBLBKEAER FEIRTR Z KL 7K EL
ERYp: IKELER &
R 2| EERBRMDE 7L BT EMITREL
HET D C RN SETE
Ak

LLEDINT ML AR D5 22 3D D/NTA—ZTRILT DT THLOND, & 72 LR LB THY |
IS SRR EF TIRESN T DL DD, HEIET 5 LR AN RTA=ZRET =2 FITRTS,

294



—BE R Eq,

(—BAEREER)

BEISN 0, -0,

(Z8hEHESER)

(TER
ANIRSA=H

EIERECE

11)
i B E=(3~4)-7N (kqf /om®) " mt E,=180c, (kgf /cm?)
(IZEEAHER) 12)
= ® E,=28N (kgf /om?) #+ E,=28N (kgf /em?)”
C, IEHIkE AR
EREEANHHA
B: v =0.25~0.35 » R7YUH:v
#51: v =0.35~0.49
A K 11)
v=—121
1+ K,
11) "
"= J15N +15 Ko =1-sing’
NfE #'=VISN+15 WEERA ¢ | AP
(R E AR GEHK S MERRB)
MR IR m,
(BEEERR) N
I(:mv'cv'}/w
> EKEMHK

E&EHE:Cv

(BEEZHR)

EEREER: v,

4

B, AETERWNES, LREOHEEREMHES.

BERBRTELNALGWNESE, FEOELETHIGATIND

(L OREZEHER)

HiEESELTDH W
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13.3.2. Drucker Prageri# 88 E7 )L
(1) Drucker Prager 32 1E 7 )L DFFKEEEL

% % Drucker Prager BT T /L ORI LI 9 31 U = 7 RIOEMER & 0E L, BERiN
HIZET 5, = DR;D Drucker Prager BT T /L ORERBEEIILL T THE X 6D,

fISI-Bp- \f(dy +He?)=0, (12.3.2.1)

I TCSIHRAEST). PRSI THY |
S=o0+pl, (12.3.2.2)
p:—%(0'1+02 +0,), (12.3.2.3)

Thd, oo TRERIET. HIZE - bR, eP Iy BEOT AR TH 2,

pim (0,=0,=0,)
IS=y5:8y

Oy

9  Drucker Prager S¥MEE T L O RRIREIEL

Z @ Drucker Prager (%, X9 ® X 5 TS HZEM TIIFKER (0, =0, =0, D) ZH.O0ENIF >
ML ed, ZONRTA=2 L o FECLOREICERELIDH Y, HEORMHEELZE2DZ LITLDY
Mohr-Coulomb . C | ¢ &F‘;&J@H FHZ LN TED W 10, ZOHEILLD E 0, <0, =0, DFHFT (=
il £ AR T OISR ARICHR ) . PEIRELIZSGE.

26 'sin ¢ _ 6CCos ¢

= , = —, 12.3.2.4
b 3-sing o 3-sing ( )

ThV, 0,=0,>0;DFMHT (ZHEIFERBR COISIIRBICHY) TC, ¢ &2IE LSS
=M o _ bccosg (12.3.2.5)

3+sing = " 3+sing’
TR b D,
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Mises,
ol Drucker-Prager

Tresca
Mohr-
Coulomb
7} 7
e \\\s
oy o,

\%
10 7 <FEELTO Drucker Prager E7)L &
Mohr—Coulomb & T JL D [&{KBRTE

(2) Drucker Prager M ETILORMREE

Q

Tvt— ~

M1l ELAHE

1SR T 2 WoL RIS W TSRS o 0, T, BBERTHY | o,(=(o, +0,)/2) AT
THDHETDHE, Mohr OIS ZHWTRK « /h Sz ciEon 5,

R FISAT
o, +0 o, —0O ?
o =L | X g (12.3.2.6)
2 2
THY, F/NEIEE
o, t+t0 o, —0O ?
0, = X2 L - [ X2 yj +7,,° (12.3.2.7)

Thd, B, ZITTNTOISHITGEY NIETH D LET D, TR0 5, WS HMEMNE & 25 R
ERDERNERNOHPHMEIIREL 2D Z LITHEERLETH D,
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ST T] ks

o, — 0O

1 27,
o, = —tanl( £ ] , £ a,=a + z , (12.3.2.8)
2 2
X y

THBHEDT, 2Dy, 0, B ZNZb D EDEEE DA :

o, = +—= Y cos260+17,, sin 260, (12.3.2.9)
v 2 2 X

_o,+0, O0,-0C

WAL, BRFIEC—KTHHFERRFEIENRET D, 22 TOIE. HHHEDERNY ML L X
DAETH D,

SIS 0, = (0, +0,) [ 23— E T, HEHAMIC L VREE L B2 5. ZOW, RFZeRIRAT
HEzxbinbd.

F_ D, +(o,—03)/2 _ 2ccosg + (o, +o,)sin ¢
) (0,—03)/2 0,03

(12.3.2.10)
ZZICCIIME T IINEEEA TH D, £ Dy, K 12 1R T X S AT — L O L AR & OB
EEZEL, WA THEALND -

O, +0 . O, —O.
Dyin =CCOS¢+1T3sm ¢—1T3, (12.3.2.11)

BB, T TEIGHIERNIEL > TWADTHEENLETH D,
T A

12 Drucker Prager ETILDREAEZEEDHE
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(3) Scalar consistency parameter MDRE
W SID XD TR NEERr BB &
r=-—HeP", (12.3.2.12)

ET D5 e BRBEH(12.8.2. D)%

2
f=lIS II—ﬂp—\E(Gy—r)ZO, (12.3.2.13)
L%, THREVFTANT

of o|| S|l oS ap) ( B J
766'7(asaaﬁaa "3

&7 BN

of 2
&=y—= [, (12.3.2.15)
Yor \3”
LB, Zopnfl & s RO fEET L.,
e’ =’ +Ay|n —ﬁl
n+l — ©n V| Moy 3 , (12.3.2.16)
b =p 2
=€ + §A7, (12.3.2.17)

ThHz b5, £7- (11.8.2.16) X v . WEKREOT T
tr(ey,) =tr(el)+pAy, (12.3.2.18)

L%,
T ZCRATHIEIREZ B X D LIS,

ot — C(SM —sp), (12.3.2.19)

n+1 n

tFxRxnb, 22 TCIEA (11.3.1.2) TRINDIMMERET YV ThD, ERXIVRELIICET 5
TSI

Siral = 2/1(en+1 —eP ) (12.3.2.20)
LD, ik,

S,..= 2ﬂ(en+1 —e§+1), (12.3.2.21)
DFEZED . TSR, 2T D&

I1Shis 19l Sy 142224 (12.3.2.22)
IRALBEMRB TS,

RSN BT BTS00
pli = _ltre,, —tre?), (12.3.2.23)

Ly, The
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erl:—/c(trsn trsml)
DEEED L
Pt = Po — KB4 ,
DORERPELIND,
X (12.3.2.22), (12.3.2.25) &, Bt T/ T X & RREAHL

2
g:= fn+1 =|| Sn+1 ” _ﬁ Pra— \/;(G + HefH'l) 0,

ZHNDZ &LV,

(12.3.2.24)

(12.3.2.25)

(12.3.2.26)

g_||Stn'+'§"||—2yA7—ﬂp;Tf'—Kﬂ2Ay—\/§(a +Hen+1) 0, (12.3.2.27

LD EHITEITRRARBISL
ri ri ri 2
fnt+lé1I ” S:H—il ” _ﬁ prt1+f| \/;( y +H

Z{CAN$ 5 &, Scalar consistency parameter :

fntilal
Ay = L 5
2+ KB° +§H

(12.3.2.28)

(12.3.2.29)

DHITRE D, —RIIZIX. Z D Scalar consistency parameter IZBHICIIRE 53, o 287 L o0

DOINKEFFE DN MIE L 72 503, Z D Drucker Prager W¥AM:ET /L DG4, IWRFHEIZLER W,

(4) Consistent BEMERT > V)L (RREEMEBILE)

REZIL,,, COMMEOP e —eP  ZFELIENTRAD L) IckSh 5

o' =xftr(e)) —tr(e?)J1 - xB4y1+ S —

n+l n+l n+l

Thie,, CREST D EICEY,

o6'®)

Io4 {3

n+l n+l

. on
- 2#[%1 ® Z(M)J— 2uby —"42,

oe

8n+l n+1l

Ern, 22 TEB231D0MHE e, TRMDTHZ LITED,

8(A7/) _ Kﬂ1+ 2:Llﬁn+1
Oe,, 2u+xf’+2iH’

PREHIL, Tk,
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2uA

el —K(1®1)—Kﬂ[l®M]+2y(l —%1@)1)

(12.3.2.30)

(12.3.2.31)

(12.3.2.32)



aﬁ n+l _ 2:”
Oeq IISE

n+1

3

II(I_11®1_ﬁ"H®ﬁM} (12.3.2.33)

DR Z (11.3.2.31) IZARAT L Z L2k b kA D Consistent HBIEHERLT > Y NV E215G5 -

_ 2
cep‘n§1=z{1— K )(1@1)+2ﬂ9{1—1(1®1)}
A 3 (12.3.2.34)
-2 (10 8)+ (RO D]-240 (R @),
ZIT,
2 2
A=2u+kf +§H, (12.3.2.35)
—1— Zfif/, (12.3.2.36)
1Sna |l
— 2u
0 =—-(1-0), (12.3.2.37)
A
Thd,
INE~NIAFRT L0 IV j}. v NIA[L] 2 EFE T S:
1 1 00O
1 0100
i}= , L]= : (12.3.2.38)
{i} 1 [L] 00 10
0 0 00 2
ES I VRN | W ¢
1 000
[L]™ = oL (12.3.2.39)
|00 1 0 o
000 %
LD, INBIEARR, TUYNATHDLIES, OTHERT ML Z &2k, 38 Ed D &R fH
B~ )7 ATHD, HFIZITFEEIEINFRAD L H1TRkDD -
’ 1 ’ ! ’ !
p ——gtro —= (07, + 05, +033),
of!
:_1{1 110 sz , (12.3.2.40)
3 Oy
lof
1 .;
=—§{J} {c}

FlBERAES A QiE~ ) 7 A[L] 2V TRO L 2 ICHE SN D ¢
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3 3
q= \/;Sij Sij - \/;(8112 + S222 + 8332 + 28122)’

S11
3 S
:\/;{Sll Szz S33 812} Sz )
2S,,
10 0 0](S,
3 01 0 0[S
= E{Sn Szz S33 S12} 0010 Szz’
000 2|[s,
3 et
= E{s} [LI{S}. (12.3.2.41)
WIZHNLAR AN )T MIVEEFRT D -
ﬁl
tr tr A
A= Sr::l :\/gst”:l: 2 (12.3.2.42)
I1Shall N2 dy, [N
I’A]4

b EAVWTR(12.8.2.34) TR &7z Consistent HIAMAER T Y AV ND 5 >D~ N 7 AZB AT 5 -

1 0 0O
01 00
I=[L]"= 00 1 0l (12.3.2.43)
000 1
1 0 0O
01 00
a1 ={jH{j¥ = 00 1 ol (12.3.2.44)
0 00O
_ﬁl ﬁ2 ﬁ3 ﬁ4
n A, A, A
aen)={}} = * 7 1 (12.3.2.45)
A, A, A, A,
0 0 0 0
A, A, A0
A, A, A, O
n D) ={H{j}y=|> 2 > | (12.3.2.46)
(n®1)={nH j} A A B 0
', A, f, 0
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(h®n) ={AHn} =

>>

3

A,

= D
N =

jn Y%
=

>
=

=

>
>
N

>
>
N

=
>
N}

>
>
N

IS EHAWTR(12.8.2.34) TR 117~ Consistent BEAMAERR T VY L Ed~ N 7 ZAFKRTH L

g

L%,

(5) Drucker Prager BE#MHETILOANIE

wj) I\)D) =3 o NJ) NJ) N:i)
> D
N N

>
N

>
N

>
N

0
1
0
0

0
1
0

o wj) w3> wj)
> D D
~ =~ =~

+2u60

_2up
A

=Y 5> > >
~ © N =

>> >> o> >>
B B S N

1
0
0

0

[

o O +— O

= D> >
w N -

o - O

> D D
E=y w N -

r,ilﬁ3 ﬁ1ﬁ4

Tl el | 5 50.47)
n3n3 n3n4

AA, A,n,

0] 1 00O

o 110 1 0 ©

0| 310 010

1 000

A, 0

h, 0 (12.3.2.48)
A, 0

A, 0

Drucker Prager H¥MEE 7 /L O ATMEIZES L CiE, BIEEE T VO ATEEITMZ T, SEEIR 0D %
L BRI o, BEREH B E L 725, 24513 Drucker Prager SEMINET 7 /L OREIRBIE -

f =||SI|—,3|0—\E(ay +HE?)=0,

DHDORETH %,

(12.3.2.1 )

Z 5 @ Drucker Prager B¥AMEE T /L O AJMEICKT T HUE 7 02— %2 L FIZRT,

— Bl E TR Sq,

(—EhEHRERER)

#MELN o, -0,
(ZEE R

N{&E

(IREE AR
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£ RWARTHEMEREL, —ElERERURC = fh il e & o
HHRARDP DL 5E LRV GER I D, —HEMEAREZIT 725
&y WADIGT) - OFHa MW TEMDIG ) — 0T a2 #i<, £

MOT e, (%) 1

& = 4|I_|_H x100, (12.8.2.49)

a
0

22, AH JEHERE (em). H, c JERERTOMEEEE S (em) TH
D, Eio. JEMEIG 0 (KN/m?2) %/k‘tfﬁitt'ﬁfé

:%x[l—l—j (12.3.2.50)
Exp &y
X 13 —EhEMEGER
ZZT. P EMOTAEN e, (%) ORICHEIEICMZ S ERE S (N Ay« JERERTO MR O W i
(cm2) Th D, HIEMREE, MN/m2) KX THINT 2,
Q.
=L/10, (12.3.2.51)
E5o

ZZITL &y 0=0,/2 DL EDOEMOTH (%), o, : —HEMRS (kN/m2) Tho,

oo | | SRR E T o A b RBRICHIEIE ) — O 2 A
®Pa)  |Eo | Eso & MESNDWHKED FCOMMEREABLT S5, hbo
17 BT LB BIELREE, B 5 RTHBIBNRE SIS, OF A

LAYMCE > TRESERD Z J: E%#Jéﬁfhé
ERED & O IR DPE NI T B SR RABRAE R 2 5 Z &
PE LWV, ZRNNERIGEIC ;‘EN{ﬁZP%?&E?‘é ARNCTES

.III’ "" 03 -
D LTI DL T D HEERZM S Z L1225,
i o, =40kPa

f.////——-———___ AR O FERR GBI G O B 2 B>\ T, Ak
/ 0, =20kPa (1999) 1ORIEFITHARRT —ZWEEIT-> TVWDHDTHME

Nz, ZIZITREEBEEDSE, FZL0HERLTHEET S,

€50 & (@9

ik ()

O BERE

14 Z=BhEHERER

B HEANAZERT © SREAEE Y R FHEYE - R

Ey=(3~4)E)

E,=TN

Ey=(3~4)“IN = 25N

Dol B, MBOBARH (keflem?)
TP AR R E 5 ETARE (keflem?)
N - EAREE AR O N i

@ BAEEHE  WEORER OB Lo - R

) M

IZXFLCoFeR72 L ChitE oo 2)
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® AAEEHE  ERERTE - R
E, = 28N
iz, By - MEOZETEARE (kgflem?)
N : EEEEAGERO N H

@ ﬁ%ﬁ%ﬁﬁ u E' ﬂi T%Lff@uxﬁ‘ﬁﬁ
E, :28N

iz, Ey - MO EBAE (kgflem?)
N EREEAGERO N fE

® HARBE A UL ISR RS
ERT —F o 7 LA RROHKE R DR AEE N,
EHESR ShER : E, =14N
WEZSNER 0 E;=28N
ZZiT By - MO ZEEARE (kgflem?)
N : EEHARBRO N H

©® AAERHS ERLT $k3%i’éﬁﬁxf%1?af+ (WBFn 61 4F 11 H)
55 AR 2N D 5 WIDTECHYE TE Th - 7o 36, E7ITRGE I 2 WIDESCWE LRE A E L CTFE

THHACIE, NEEZAO TR D Eso%#%mﬁ“é
E,, =6N +10
i, By OB (kgf/em?)
N : FEEEARBRO N i
7p, WENH S TNENESATWARWESIE, Eyz ETORMELEOREZRA LTS L,

Sk CREPE )
O BEREHANHITERT « SRERIEY EHEFHRE - [

BRBIETORZLE L TE, KtEEHERIZISWN TS E; =25N O[3 38 b b,

@ AARWEEWHS - BB O OB EOFEUE - [FIfFET
E, =210c,
E., =180c,
Tzl E o oERSREL (kgfiem?)
(Ua“%a LoUL 0.2~0.5%ICxHET 5 LB 2 HivD,)
E., : #fRE (kgf/em?)

C, : HHKEAMIRS (kgflcm?)

::K\ E0 D AR O ZETEARE (kgflem?)
N : EHEE GO N f#
@ EHEHEREA S ISR R R
E, :28N
Zic, By o #gE o RAAE (keflem?)
N EREEAGERO N fE

(Y

305



® BAHEES | AgULHE SR R
gLk E, =50c,
fRIMERE 1 ¢ E, = 400c,

Zziz, E, : HEOZTHRE (kgflom?)

C, : HHKEAMIRE (kgflem?)

® mEEERAESK R —20 LT —20 8 L5%GF - i T—
Esop=50~250q,
E., =250q, (FL&FLCui7el atkh
T2, By - BIRREMEAREL (kgf/em?)
q, : —HhEMERS (kgf/em?2)

SCHk (g R i)
O CDM#F%ES  REhe i L~v==7 /v
WG L OW I EH TN 10~16%LL T Thivd, IR Ey 3L T O®HICH 5,
Es5op=400~600q,
ZZi, By - BIRRBEEAR R (kgf/em?)
q, : —HhEMERS  (kgf/em?2)

@D J M LIEMIES  Hiffiv== T L
BIAREL Egy IIMERIR DOFEPHIC 5 D, Z O TIEITZER T A2 HAR 215 VAT 7o | S RARIZZERN TR
T20DT, COMIIEICHA_NTERBRE NS D b s,
Esp=50~200q,
T, By - BIRREMEAREL (kef/em?)
q, : —EiEMERS  (kgf/em?2)

RPY: v

A Ko
T1K,
. 13)
K, =1-sing’
= VBN 415" MNEBEEIZA: ¢ > BIETERECK,
= +
(GEHEK = BHE MR ER)

NiE

N \@sin¢ 18) B

(REEAHER) _ ~ Ny =
& ¢=(0.6~1.0)-N 3 sing
HMEN:c 3c-cosg o> BREA:0
Y 3-sing

WICHEICHET 58T A—4 B o, DIREIEITONTTH DA, EARMICITHE 1 C . B L OWEER
g LVRDD, ZOKFEENTEBEAIZONTH LMDV 7Y 732 VT R % FEh
LCIRETDHZENEARE DD, EHICBOTUITFHCEMN 2T 54, EEEARRIC L 2 NER &)
DM A HEER S B2 0GERE . b adk (1999) WITHEMART — 2 BINEINTNDL DO TEHR
SN, T TEHBEDLE, KONEZIVHT 5,
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O SEREHIFVITCAT « ShESEY SR Y - R
- WYE O N R EE A
06
$=1.85 N +26
o, +0.7
ZZZ. ¢ WELEOWEHEESMA (deg.)
o, : WEFHERFO YHEOF D) LRE (kgflem?)
72720, 0.5 (kgflem?) #H/hET 5,
N EEEEAGUR O NAH

©@ HAWE WS : B ORI O Lo HAE - [FfFE
< WV O N EREE A
100N
70+ p,,
2T, ¢ WELONEEESM (deg.)
P, : EEHEEAGRERE A4 HIE L72Rr O A2 L4k 0 . (KN/m?2)
7272, 0.5 (kgflem?) ##&Hx/NET 5,
N AR AGER O NAH

¢ =25+3.2

REET (MEECH 1) OFERIC K D RN
C/p=0.28~0.30
ZZiT. ¢, KA (kN/m?2)
p : E&EET (kN/m?)

@ AAERWE  EEERGTE - R
- B L OB EEE A

¢ =min(15++/15N , 45|

2T, ¢ WHETOWNEEEM (deg.)
N EEEARBRONE, 72720, N>5
< REPE L DREHE T
C=(0.6~1.0)N
T2 ¢, KA (tf/m?2)
N - R AGER O NE

IRTEEMETEE m,

13)

I(:mV.CV.}/W

> BKEHK

B, AETELGIMES, LREOHEXEMSD.

EZHRE:Cv

H>0 DB, OV AHEIL
ELRECH H=0 O, 28K
H<0 DB, VT AHEIE

= V= NS P #ET c
EEAEESR 7, ;:ﬁﬂﬁgf;;zfggm;:ﬁn & FEOEETHLLNATLS

(L DEEREFR
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13.3.3. Cam Clay BHBHETIL

(1) Continuum BEHEERT VIV (EEDOGREBEBETE)
Cam—clay ORREEEIILL FO X 91252615,

f(p,q, pc):q+MpIn(;’)=O (12.3.3.1)

S CEEE ) p=—3tr(0) oY . i 0=3 S|, S =o' - (o)1 <o 5.
BNOE DS Y & 2 SN THH LR LTS, K, OFAEIIIEY ETHY . FHIES,
RO 281 LED ¥ ORI ERZ EE LT 5, MIZRRSAL, p, ZETESE N THS,
MefRBAZ f o p. . p, TOMBERDD L

of
— =M[1+In(2)],
op = MIL+ iG]
ﬂ =1, (12.3.3.2)
aq
a _ P
ap, P,
TH D,
BERNR 2R ET D L OFHREET Y VIR TE 2 bR
&=y af, : (12.3.3.3)
oo

ZITyIREMRE (v AT UV RT A=) ThD,

of o op ot aq _ 1fat),  [3fdF 4, (12.3.3.4)
oo' opoo’ oqoo’ 3\ 0op
T, zzcn=5/|S||Tth 2.
Eet Tl Ul

P
= & (12.3.3.5)
&=1p®

ThH2bh, DIZFA LA — 5 Th Y, A ZJEMRER. « ZIFHER. e 2[R E 35L&
_ Aok (12.3.3.6)
M(l+e)
THExbND,
TR E DS R T VL E O T AR TR S 2 & i (12.3.8.8), fE{EH1(12.3.8.5), >0

DELD consistency 14

A (&+i & =0, (12.3.3.7)

6(0-7pc)=aa_l. ap

c

WD Z &L
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&K=|C- do" 0o’ 8, (12.3.3.8)

NELND, 22 CCIEMHERMKRT > VL THY, Cam Clay €7 VDOGA

C=KI®1 + 2G(I-11®1), (12.3.3.9)

rEEND, “o TR K = (L+€) p/ic. G =3K@L—2v)/2(L+v) Th., v IFET VL Tha,
£(12.3.3. 2 DMIEA AL . #FF 52 12 L0 (Continuum) HUIMEHE R T L CP #1852 L1 CES:

C® =2GI +¢,(1®1) +C, (A ®1+1®7) +C, (7 ®1). (12.3.3.10)
T
K ~] 2=
c, =—{BM[1+ |n(pi)]+3e}——e ,
y D ¢ 3
K —~
C, = —V6GM[1+In( )],
l C
c,=——G?, (12.3.3.11)
X
2 = KM?[1+ In(2)?
p ~
+BM[1+ In()]1+3G,
Thd,
X(12.3.2.25) 7 H(12.8.2.29)D~ U 7 2% HW T, 4 X 4 ® Continuum #E#HAINE~ &Y 7 2 & ER
5
1000 1000 A, A, A, A,
-0 1 0O 0100 n, A, A, A
[C*]=2G +C, N
0 010 0 010 n n, n; A,
000 3 0000 0 0 0 0] (12.3.3.12
A, A, A 0O an, AR, AR, AR,
ve, sz fiz sz 8%3 fizrjl rjzr:lz szrjs rierL
A, A, N, AR, AR, AR, AA,
A, A, A, 0| |AA AA, AA AN,
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(2) Return mapping algorithm : closest point projection method (F2fi#{%: Return mapping)

H(12.1.4.3) DAFBRFFHIEICB VT, 1 ] DBAT v TR T » 7 Th 5 L S B, BICH
BT AT S 2GR T VTV XL THOIRIT 24T 5 & —MRICKE > 728 D E B ER B _EIZ 220 o TR
RIFHE LIS 25 & BT VENSH 5, %A Return mapping algorithms & /25, Borja 5% 78 return
mapping algorithm & L TEIE Cam-clay &7 /WZ%f L CTHEZE L TV % closest point projection % Cam
Clay E7 Vst LCEA T 5.

T A(12.3.3.3), BE(ERI(12.3.3.6) DA BRIFRIF /I CED, A b

Ag® :Ayaaf,, (12.3.3.13)
()
f
Ag! = Ayg—p, (12.3.3.14)
<P
(Pe)nia = (Po)n eXp(AMVD) , (12.3.3.15)
Return mapping i~ /J tensor kXD X 5 12FK7 -
0% =g —Cue”. (12.3.3.16)
Z 0ol OV EE LD &
p=p%) = pa — KAgP, (12.3.3.17)
fRZEER 71
q:=q%) =q" —3BAe® | (12.3.3.18)

s, ZoTqnitt= 28T Ae? =JZllAe" ||, Ae’ =AeP+iAsl1Th %, (12.3.3.17),
(12.3.3.18), (12.3.3.15)12(12.3.3.2). (12.3.3.2)0OZEZCAT B & ¢

p=pl — Ay RM[L+In(2)], (12.3.3.19)

q=0q" —3BAy (12.3.3.20)
Ay

P, == (P.)t =(pc)n(p_Pc) D exp(A—g), (12.3.3.21)

LD AV AT —41(12.3.3.D)0 f =0LbbEDE P Q. P, Ay (BT DI R Lo TC
WDZENG DD,
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(3) Scalar consistency parameter MRE

(12.3.3.19), (12.3.3.20), (12.3.3.21)ND/XT A —% Ay ¥ consistency K (12.3.3.1) Zifi7= 9~ & 5 12
ESNRITTR 60, ZOR Ay 1325 7 —B% f (2 Newton Raphson {4325 Z L I2X VRS
ZERTEDLN, TOBOMMEE LT p=pra. g=0drs . P =(P).. Ay=0%HW2,

f DAy 2L DR /1%, chain rule Z W% &
of op 8f6q+6f apc,
op o(Ay) oq0(Ay) op, (Ay)

Lien, zzcof Jop. of Joq. of Jop, 173(12.3.832)THZ bR TV 5, £7-7(12.3.3.19), (12.3.3.20),
(12.3.32D %Mo L, RBEICHELS Z &1 kY

(12.3.3.22)

f'(ay) =

op =— RM DL+ In("%)] (12.3.3.23)
o(Ay)  D+RMAy/p+Ay’ o
L I , (12.3.3.24)
o(Ay)

P P[L+ G, )] (12.3.3.25)

o(Ay)  D+RMAy/p+Ay’

LB, TIT, EEp. p,iE(12.3.3.19), (12.3.3.20) LEE LTS 70, B F(Ay®) ik

EbRR, ZFITP L pIEKIERICEL
R(12.3.3.2002 &L, HEKiLTDHE

k

P, =[(p.),p ° exp(Ay())]f’*A[;‘“ , (12.3.3.26)

&7, ZhaRA2.331DIRAT L2 LICL W IRKEHED ¢
g(p) = pe + Ay ® I%Mﬁym[ln(pc)n ~@A+Inp)]-p=0, (12.3.3.27

n+1

ZoHxofE p=p* iz, Newton Raphson W& H\\5Z Lic kY, KEMICKDOND, gD plck?
fwisr 9" i

g'(p)=—1+Ay“ KM (12.3.3.28)

D+A;/(k) p

’C“&)éo
ZOP.Q. P, Ay ZRDDH2ED Newton Raphson (DT /LAY X LEM 15 1277,
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ek =0, Ay =0.
O = f(ay®) o,

2.1 gk j=0, p = p'al
22 g¥ =g(pW) oirsi.

2.31if | g(” |< Oto1 > g0t0 2.6 ; else,

g(J')
g'(p?)

25 <« j+1, goto2.2.

9.4 piD = pi _

26 £0 = f(Ay%, p®,q®, p&y %

FH L, return.

if | f® |< fm,exit ; else,
(k+1) (k) f
A =Ay" -
4 4 f'(AyY)

k<« k+1, goto 2.

15 f=0. g=0&9 5 p. . p.. Ay ZEKRHB
Newton Raphson algorithm.
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(4) Consistent BIBMHERT > V)L (RREEBHEHE)
OFHT v sy el —e, # 28 LS ABIIRRD L 5 ek s

oy =4tr(of)) 1+ 8% [[A=—p1+ @ qA. (12.3.3.29)

n+l n+1

Consistent H¥BVERER T > v uid, R(12.1.4.1) OEEMRFEERSICI VRO IS BN :

w oo’
Cfra=—t-=-10_— + ® . (12.3.3.30)
1 B Eogy
r(k) r(k) 1(k)
::Tagnp*—l :_1’ a;—r]fl:‘\/gq‘l’ a(;a+l _\/gﬁ%ﬁﬁl/\f:o
n

#(12.3.3.30) N D& ik sy B3 (12.8.3.19), (12.3.32D)Z AV CERMICEDL Z LN TES, P D Sfﬁ)l iz

ANVAY e

op G(Ay)
1+
oe™) “ATE oe™

(12.3.3.31)

n+1 n+l

Ly, Z

(Y
A

a, =—Rp(D+Ay)/a,
a, =—KMDp[1+In()]/a, (12.3.3.32)

a=Dp+Ay(p+KMD) ,

Thb, i P DEGITE BB
op, o(Ay)
=a,1+a \ (12.3.3.33)
ol
/N
a,=-KpAy/a, ( |
12.3.3.34
a, = p,p[L+In(;)]/a,
Th b, q0)£n+1 I A5y
o(A
(k) \/_@ -3¢ ((k];)’ (12.3.3.35)

oe, oe,

n+l n+l

L7 b, WIT consistency EREZF T Z LI XD a(A]/)/asr(]t)l AEAILNTES, T hbb
f=f(Ar(e)) % en i Lifes

of _of op afanraf&pc

=0, 12.3.3.36)
88n+1 8p asgljrl aq agn+1 apc asgjrl (
122(12.3.4.3), (12.3.4.5). (12.3.4.NERATHZ L2k
o(A
( 7) =b1l+bn, (12.3.3.37)
o™

n+1
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b, = M{a, 2 —a,[L+In(2)]}b |,
b, =—/6G/b , (12.3.3.38)
b=-M{a, & -a,[1+In(2)}-3G ,

TH D,
#(12.3.3.37)%(12.3.3.31), (12.3.3.33), (12.3.3.35)I2fk AT 5 Z LTk » CThOBEREREED -
op ~
=a1+a,(b1+b,n) ,
el
=(a, +a,b)1+ab,n .
N J6Gi—35(b,1+b;h) |
og, 4 (12.3.3.39)
= -3Gh,1+G(/6 —30,)A .
op .
—<=a,1+4a,(b1+b,n) ,
aeﬁhﬁ 3 4\M1 2
=(a; +a,b)1+a,b,n .
f o e comms
oh 2G .
pRON Tl (I-31®1 -n®n). (12.3.3.40)

n+l n+l

L #(12.3.83.39) DEI%E A (12.83.3.30)I2f8 AT 5 Z & 12 L 0 tkF D Consistent HEBMHAERK T~ VY L2155 .

Co =2Gd —(a, +ab, +2G&)(1®1
1 f[ ( l oM T3 65)( ) (12.3.3.41)

—a,b,(1®7)—/6Gh, (A® 1)+ G(2—+/6b, - 25) (A ® 1),
Soe. E= 2SS HISY, I/ ISIE | T b 5. Ay >0 &5 & CPd i & (12:33.10 0
(Continuum) BIPHRERT > L CP iz —81 5,
X (12.3.3.41) @ Consistent SRIPERERT > Y V1%, % O Continuum HEBMAERL T VY V&2 5
Ba LRy, #(12.3.3.1). (12.3.3.2)% Newton Raphson /£ TiE DIZEE L TEBY ., LA ->T2RIN
WRAEPRGEL TV 5,

ZZT2WIDOBPE T~ MU 7 2FKR LT- Consistent BEMRER T o VL 2 LA FITRT

[C*]=2G¢

o O o

00
10
01
00

o O O -

A3 A4
0o 0 o o (12.3.3.42)

N =

0 A, AR, AR, AN,
~ A, A, A, 0| = A.A AR, AA AR
~J6Gh, ﬁz 2 . +G(2—+/6b, —2¢) ﬁ2ﬁ1 ﬁzﬁz ﬁ2ﬁ3 ﬁ2ﬁ4.
3" 32 3'73 374
0 A, A0, A0, A,A,
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(5) Cam Clay BEBHETILOAHME

ITAE, #RG5 HUE D JE 8 TE ot AT kb3 2 AT I J:<ﬁﬁb‘%ﬂ/bé%5‘°/l/<‘: L T Roscoe (1 2 22 —)
5® Cam Clay £ /L19 20 2D o0 B0 « KEET /L2223 SnbhiFbhb, 20 Cam Clay 5%
BREIZERET D A0, REEERR. ERIEK= mrﬁa%«maﬁ)ﬁu%émaﬁwzgemé
Ll —RICIN D ORBFERND TR THEOLNDIZ LT THY , ME2OHETIOEREAHETZS
%ﬁﬁw%Aﬂgwo::fﬁ\Lﬁ@ﬁ%;@igﬂﬁfw&%%ﬁféﬁ%kt%m\:m&mﬁbé
TET =2 NTA=ZEWET D HETONTHIRND,

® Mt A B L ORI A

WEF&%%®9bgp%ﬁ@ﬁ&ﬁ@ﬁ%ckimﬂ%ﬁ@@%cib znznA=0434C_
Kk =0434C, 555k 5, B-log p DIABIIRA 2B A, ©=0.12 ~0.22 MHBRSHENRE L,

@ BRISHHEMBIOE A v g 520 —125 D

RS H M 12 CU o oA as e ko M =(Q/ p) gy & LTk HRS,
Fro, AA LA E 25D LRFUSHEM L ORICIZROBRANE Y SEH, Lizn->T DM X
WHRETE 5,

A-K

= m (12.3.3.43)
0

EEJ 72 BAROR L TIIMOfEIL 1.2~14 BEZERD Z B2V, Elo, LONHEERA ¢ L ME OH
WZIIRAD L9 2BER B 5,

sing' =M _ (12.3.3.44)

6+M

@ WIHHER
Lo € 1X, BRI OBEE, LOWBEHERE, GKENLRDDZENTE S,

@ FEHUEBEIRICH T L R

EHE @ﬁ B 5 #EHERR KM 2N o AT IS ) L REA IS HORE LTEA BN S,
PHIRIE (BRI OIRIE) 1251 2 b2 S 2 OIEATDIE ) THAE AR ORI Y, & T AN 2%
S LI R THBRASICIRETE S, — . ATABEIIE, BIED L - Al 2 - TE Ol 525
FEFTRE 725720, LR TIONRT A—=2OREIZEH LTI OREXDH 0 | i b d i) Cfif §
72 D% Jaky O BHR -

KN =1-sin ¢’ (12.3.3.45)

Thod, 0L 2Y 1THRE LB RT T L O FEHOT A=Y 3 > OREERUT SO TR
CUHAEFEL TND
KWQZZZ—mesm¢'
°  2-k/A+sing’’

(12.3.3.46)
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® R7Vok
BNENRARORT Y v OFIZIEBERE EEIC 3T 2§k TERE K0 O H AU K - TRIE
T D,

KéNC)
- (NC)
1+ K,

!

(12.3.3.47)

LA ED Tz AW THIR DTS5 5 LIAGERBATIC WD B RT A =2 TRES D, L, =
NS DRT A =5 Of 2 OIFEEITFM TIXR <, HFEFITHEDOmW S DN LRI TRIALDOHWE W E D
MDIRIEL TS, Fo, HIflx OLE T A =2 OPREICHLER PERBRNT b D Z L 1Tnhs,
L0 ERAEEZER LB RT A —Z OREEEN LB L 72> TL b, 29 Liz=—RITk 2 DHFIERUE
HENTWD, Tizuka & Ohta?® [ THEUEE R RER-CH VWTABR 2 IV T DD T A —% 2R | ik
FIEARER, PIEREEE A, TEBAREITK LM | ) 2 S R E T 5 IR ARE L T %, Kamei®®) 2
7 B XM Nakase et al.? 8 [JR#722 LOFE~OWIGME & ML WO BN S, B EE ST
|, DAz Lo TRET 2 HEEREL TV S,

O JEfEfEE A =0.02 +0.0045 | .
O [EEEK & =0.00084 (I, —4.6)

o M I 7 S

e, =N-1.0=0.517 +0.0191 | (12.8.3.48)
o RASH M =1.65

o #1455 o—E% D=0.000821,+0.0159
ZOWFIEIZ Lo TRED I HEERUC L DM I LB R R (S flaE) 29 %0 | &7 V£ G D i)

26),30) SRR D IS EY PV A IERIC BSRBICEAZEMEIEIN TS, RO HEUERCA 121,
ZOWMMEFEHE L OHEER (12.3.5.6) 1255 B #EHR N B H STV 5D,
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F 72, Cam Clay #¥MEET VO HEEHKRE 7 v —% LI FIZRT,

RREMEIEHm,

(BEEEHR)

EZE &R :Cv

I e
ANIRSA—%

13)

k:mv'cvi}/w

(BREETHR

[E#ETEH: Ce

> EKEEC K

)

A=0434C,"

\ 4

EfEEH: A

(BT FRER, e~logp
HRD EE R DOIES)

x =0.434C." K DREEHENMBEIE,

% Cs

(IBEFEHERER, e~logp
HE#R 0D i M R DAEZ)

REERA: ¢

(FEHEK = BhEfEFHER)

WAL e,

(LHFOBEERER
(DR EEERR

EMAHER: 7,

(DR EEERR)

> EER « £=01-1~02- 1 &FAWL%
HBEASL

_ 6sing’ " BRGHLL:M

. 14)
K, =1-sing¢’

Y

K7V v

BT ERRCK,

THEABTHRLONEVNG S, FEOEETALLATNS
BiEESELTS.Y
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BURERERVSEE

K,=0.44+0.421,x102 "

\J

BT EFRECK,

BHESC D

(L D&MHER PR R IR

35)

'=0.81-0.233log I,

MEREEIRA: ¢

25)
4=0.015+0.0071,

Y
EfEtE%: A

K, =1-si

RAL AL M

ng

Ryt v

AEEREESR M, | — 13)
(REEEHR) k=mCr, B
E#RE:Cv
B AETERGERE, LROEEXERES.
(BEEZHR)
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(6) Cam Clay BEMHETILORAREER

ERRICHAR S E T HBRTIE, TRVEIRNLIGEN L BRI D03, 30 A CRIRHkES
237, HDORERTIA LT RFTRI 2R D 2 WITBEERIERIER L, DWIZITREOREICES
EVO T RRIAE T ED Z LT LN TH D, T D KD I EEN R 2 \THEAT U TIT < BRFE 2 A TVERREE & P55,
Z OHEN T EROEATHERIE 2 K TIEIED 1 S & L TRITEER1H %,

JRPTRASIT Z N E CEBAR OY) LR ERM OB, AIRERILEE AW OB 283 D08, O
BT 16 DX ICET— VT —u UERER AN TEISN LY,

SC = Oyt —Og¢
7% o o (12.3.3.49)
_(o,+0,-2p,)sing'+2c"-cos ¢

0,0,

ZHEL, 20SC=1.0 THIUTLREMIEENL TSR, SC<1.0 OHEA T HEFZ ITET 5 (et
IR N2) BIRESN TS, LER-> T (12.3.3.49) ZHWTHEEDOSCEEE L, 200 %
NPT HAE N ORZEETEIR N 37000 | RN TE 5,

G

T A
r=C+(c—-p,)tan g’
tan ¢’
. -
0y Os o, oy >O'

16 E—J/LAZAV-BEFRXEEOH=

q CS.L q
o
/
. /4
g n
..1 X T : 7 >
Po s Po 2P0 ; p'o €p €s

17 Cam Clay ETILIZE T HIEHKAR EIEHV T AHEE.

—J. Cam Clay WMET /KT 2 RTZERIIZOBEZ 2R L, RIS EZ NN T T X 5
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WZEFRT D,
M

a=— (12.3.3.50)
n

S (=q/p) AL, {17 0L 512 p'—q ZHNTOBE 25T, Thbb, RBILE%,,
70 S CHHALIY S ¢4 OIRFRER (Critical State Line, C.S.L) Ol L. BIED p'—q BIKO
B LRD, BB, KACHIAREDSHE . EANIETT S & RARIER LCIEE Y a=10 £ /25
75, THEAL CHRA LT 5+ KA T 5V T, 4 A CHARIE, 72 B RIBA S A I BB C
DML LTVAHOT, IRAREREZ A TRABIET 22 L bbby, 20OIa<l0 L7252 LbbHY

T,

N
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13.4. }EILS14T3Y

13.4.1. TEHEEKKR) ETIV
(1) TEHEE BAxR) ODETILE

peke, LR DRE A IREEIEICH AT

A, FICRHERIC I 2 ARERBETLH NS
NTE, PERITRHERIESHTERL
SINTEL, HEOEROH SIZHBEE 2O
MEFRLEQANVTELS, MEINL0EEK
DOEIREZFN RN EOBEBICIVILHESN
T&hetEZOND, LL, BEHVWLN
LDRERTHDH L, B 2RI IIREEEIZF
Wi 2 BT, OB OH B & PEHE T
B E L7V (LD VEWRAET D)
R EOMBENRH - T=, ITHE, FHEEO S HL
EAE Y FREOBEMM LB RICEN, BRO
HWRIZZIIFEREL 25 ko2t &
0. THOEELZ VmER CHEMT S L AR
ALz, ZOB, tREDEORERED S,
HiiFE—2A v b, BAKI N ZRDDLERH
L, KV T MIBWTIE, AREHETEH
RENDEME SN L HEL TS,

SEER A OFHRE X, BRNEOIS &2 VLT,

l meL 6L
Fo P | [ A
B ——
| |
| ommE || RRE
| A
1 1
Yy
0 X
18 THOEBODEZR
(12.4.1.1)

F = [[B]'{o3dv,

TRIFE L. SHESICNET 2 ZRZ N0 EXoEE2EH T 5, TOBEME R 2 MNT, AR Q 13Kk

DIWEFTL Y BSOS ME S I0AR E LT,

Q=3 R,

(12.4.1.2)

Tk D, o, MFE—A L FMITRO - WEFT L FEOSEES L FOMBE TORE I DO

HRE LT,

M= RS,

19 FilE R A
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‘@*bé(}

- EHEREE - - #lF E-o0HE - - BARHE -
B 98 mm) AR T 1026 (kem) B AR 752 M)

é.{—x:n.m )

—]

oo

40 T
6.0 T
A} T
100 -
120 T
140 T
16.0 T
120 T
pedatu] -

220 = o
-20 40 0o 40 20 —o00 600 0o al] =400 oo 400

B20 TEBOEOEME. BIIFE—AY M, EAHHR

Fro, WRBOEBEDOTERIZ, 19 DX D IZR-oTEY, T E2EFHAZER TS 288, i HivE42 5%
iz g2 & 9MEL TV D,

El

E:T' (12.4.1.4)

T E oY R IR OME 2 kE— A FTHY, B 3B MEEO Y /R, 1
WU RT, BEMBERZOMEH 2RKE—RA L N THD,

_bh?

=— (12.4.1.5)
12

¥
INERESRNCER L=, 20 ThH D,

722 L, — IV D U MR TR ot 3 250 0 TR B X 220, RO ¥ v 7%
IR STV D HALIRE H 72 0 ORTmAALE K OWrim 2 IRE— A > FOfEIX, MEPHDICTNUNEL 2V ERE
LEEROFBMETH L LD, WEAERS X CLIEOREDIL T « BEORTICE L TX IS DOE B
BT 2 0ENH D,

— I, THAER LSS OBMIESH 720 OfEIZ LT, FTHIARLER & ClIWm 2 IReE—A v b
T 45~60%. WrifRE T 60~80%FEL L, T AL FI IR0V At A2 hOELM TR E SN 58
AN OEZEEEE L TLu,

21 SRR

R R AR (H AR TE)

X22 LBEHE XK CHFMEROMIERE
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(2) TBHE (HXRR) OANEICELT

TEHEAN X

T EehER “ 1ET0 AllF: EHEE
#RIE
|SP-T |

EAmER AN

TEDEET

ar4.0000

A
L BRE R — A2 AR 3 S 45— 60%)

(%)
L] BRI % B S 60~ B0%)
(%)

{u&E

FALD

Ll =220

23 LTEBOHEFBTANEE

TR OBEIFE THRBATRA SN TND EEATEY, 28D X IICATEE LTI

B (m)
HAAFEERE  (kN/md)
BPELREL (N/mm?)

1
2
3.
4. XRryri
)
6

TR A

(—)
Wi —IRE— A b

(ecm®*/m)

(ecm*/m)
. [BEME 1 m2%4 Y ]
NUETH D, TONREARFETIILULTORIZEZ D3,

(BEMR 1 m4 V) ]

=1 UBHEIR

F¥A =02 BN AFE R & W i 27K e
(mm) BERR 1m0 F—AUR BEIR 1m0

(kg / m2) BEDE 1m0 (cm3/ m)

(cm4/ m)

SP—1I 100 120 8740 874
SP—1I 125 150 16800 1340
SP—1I 130 150 17400 1340
SP—1IV 170 190 38600 2270
SP—T1A 85 88.8 4500 529
SP—1IA 120 108 10600 880
S P—IIA 150 146 22800 1520
S P—IVA 185 185 41600 2250
SP—VL 200 210 63000 3150
S P—VIL 225 240 86000 3820
SP—IOIW 130 103 13000 1000
S P—IIW 180 136 32400 1800
SP—IVW 210 177 56700 2700
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13.4.2. SATXREAAINLETIL

CHTHFRELIL

.

W

r

’V\

xt

wmLfE

WE

—mle cmn o e olems o e e en o En o e o =mn o jmmle mm o - o)

28 BEITHERCATHFRZAIEER

TREITIE. B2 DLV FT AL A NV ERGGHAE LIZFSET 20T - G RBIB 1k ORFEHS
WD 720I, Bk - R MTA D, (BUE, BENTOVET HFAZ A NVBFEITTE20,)

v P NZ 3 <

X 25 BHEZHR (bar element) TOCAHTEREAILDETILEE

ZITIRVATHRALA N —IRTOEE 72 EFE (bar element) OEfECTET AALZITH, HBERIC/E
T 57 P (=—P,) &, 2 MOZEEA(=U —U,) iiE

P =-P,= EAU (12.4.1.6)
L

OEERH S5, ZZTEAZYAT XX Z A L oWERIPE kN/m), LiZPA7x22 /4 rES (m) Th

E)o
I AREFREOWNIICHEAAT BRI, xH&T 5 2 SiAaMolitE~ ~ U 7 212

{Pl}:ﬁ[l _Hul} (12.4.1.7)
P, L|-1 1|u,
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13.5. ERX D EHN(CRERBEHT)
13.5.1. EERER (EHEOR)
RELFI DR BIEH BT, TR OEATIZRB W T HERZERITI KRR & D7D > TWTEAREIZE 2 <,

LEERo TENHRDOEHNIZE LR TEIWERELET, ZoL SHERFAIL, —RICKRATRDS
NEJ,

a% (S o n+ pw)tdiv(ew-V) =0 (12.5.1.1)

[V
(¥
o

" Sr: fRE

n ;IR
ow o [HBRKDERE
A% : [REBRK DI T DR FV T, Z DS E(Vx, Vy, Vz)

BRI, TUYARGEHNTROLIICEIMNDZ L HHY £7,

0 0
g(Sr'n' Ow )T E(,OW'VI'): 0,i = 1,23 or xyz (12.5.1.2)

0 0 0 0
5(5}'”' Ow )+ a(/ow'Vx)+ 5(/0\47'1/}')4’5 (/OW'VZ) =0 (12513)
B, MHEEKE) ZRDBIAZ, 0 =Sr -n ORRNS, ENE—HEZ 0 TRLTILLHY ET,

13.5.2. BB AKX (FIL>—AI)

FAN — A BRI N DT S 2L 2 — OIERINZAE 5 ERUE LRy, EBGRAILTFTO LS RIETEAS
NEJ,

V = -kgrad H (12.5.2.1)
DU
OH
Fro, EABER T
_ew oW o
I/)» kx ax ) I/y y ay ) I/z z aZ (12523)

k=(ky ky, k) @ BREREL
H . JKEH

Z AL EIFRREIC & AU B KRBT ER T 28, REFREETIIMBKE @ (BE or ¥27a2) b
L IXBRTEG KR 0 O E 720 £9, REFIREOFE AR & (Rfafn@E k) 3k cEbahE

Ny

k= ko + k (12.5.2.4)
hallhall el

ke BAFIRHEDFE KGR EL

ke @ HEAKBREO Sk = 1, K1251 OLIC kK Dy bLIE 0 DK THLEEZ D,
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° 12.5.1 G /KBE D FoR

13.5.3. Afl—FRAMNERBEXHI M HERX

BEAFA & EIH RS, e A0 RN E N ET,
7= e z21F. £012.10.2) LX(12.10.5) LW kEBELNET,

oH oH 0
o (ﬂw ’kffa_x,-) = Srnpw) (12.5.3.1)

L. EROEDERD L HICEBRLET,

2 _ 2 29
&(Sr'n'pw)f Y (Sr'n-pw)é,t

DI KREIIEMMEC o= cons) LAUEL, 0=, - n [TEET D L RAXDBEDET

el OH\ _ 24
o ( § 6xj) = (C+as) y (12.5.3.3)

ZZlZ.
C = 00y : HWKSER, K12.5.2 (TR T @0 ik OKEEIRR) OBROEE TEESN5,

Ss = noy . IR, ZAREERLRVRARTH D LA TLX0 &5,
@ D RAUFNEEEE I 0, fAFIMEIETCIX 1 &AM

0

¢ (K0) ¢

° 12.5.2 K454 g
o
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°
S b,

H= y+x;, x; = {[E/KHE (12.5.3.4)
#,(12.5.3.3) IZRAT U,

0 0 2

o (War v+ x9) ~Crasy (125.3.5)

RET,

X(12.5.3.5) 2Mafn— AafifEik s — K & Lo BT ©2 < RO A IE KA @ (2SN 7= FEo—
<4, EXicknT, X(12.5.36) LvEosns,

oH _0¢
ot o (12.5.3.6)
DR EFHIADIIRAEHET,
o (,.0H oH
™ (klj @) =(C+aS) o (12.5.3.7)

X(12.5.3.7) 13, K H (ZHESWIZ AR — REEFRER O XA T, EREEE TRRT 52 61E,
RITHED &L SR TEDENET,

0 oH ) oH OH
= <1cx 6x> t (ky % ) =(C+aS) (12.5.3.8)

AK7a 7T 5Tk, AREZETICLYR(12.5.3.8 T\ ET, 2B, X(12.5.3.8) ZMEER, LE
DR MEB LOBERSM IR LB T,

MMEH
fEFT O HFERICB T 22K H b LIENKE ¢ BNEZbND,

EHR&EH
L SR T O—# I BTk H b LIFEIKE @ BMEESHD,
2. 7Y OESy I2 TR ¢ PBESh S,

ULEDZMED b £10(12.5.3.8) 2Mif< &, 2K H OOMNRED £,

=T, X(12.5.3.8) ZHBREFRMNTT 5 FIEICIE, Galerkin {EICH DS EAL EEEEN, b L ATENE
WD ET, WTNICERZOMRIIRANTRIN DL FRAICEEL £,

0
HMPI S 3= (@) (1253.9)

329



: : &C\
(A] . FENTREIR A AR ERICHEI L7 & &0, FEREHERT 2 H R OEAEE & B KR k, by T
R SN D REMITHNEZ, 2ERIZOVWTCERAAGDLDEZLO
[P] D WK ORE C LEEISOMEEMOBRE L b KD BRI E, 2EFBIZOVWTERAEDE
/N2
{HY 0 BESOEKE (b LIIESKE 2EELTHH7 kL

Ly o
(@ : HAWEEEELT DI P

K(12.5.3.9) ZHERICE L CTESE L, BREMERST 5 LU 2L O ESRO b ES, =
AU RED DRIBESPRA SN TR Y. Th 60—k D LY TT,

hRESR:

( [HH% +j[1)]t+%] (H Y+
B o | _
[ An“ﬂﬁé% [hh+%ﬁjﬂﬂl+2mnﬁé¥) (12.5.3.10)

®EESR:

[ [h]H% +ALE[P]H%J (H} t+
1
_( ZE[Pbﬁ%J{H%4%Q%¢% (1253.11)

IS, FHEIRFEE, < hY v ARV LAINY RABRTHES D REFEZ AR L TWET, ok, %
BFETIE, FREBATHIR L O EEOFHE S D R EREZIE, (¢ +46 )T, BEOIHERERTLIZ LR
TEBR S DA HAR R IR ORE 2 H3 5 7= i, sy &Rk, ':Pﬂ%)ﬁ(ﬁ-#) ETLHEERS> T E
TO
A7 7T ML, 5%iBESR(12.53.11) ([ZHEDNT, MU AL T8 Off (2KEH {H} ) %R
TWET,

EWMEE R G, FEFMITORME L CTMERD 2L BAMRETT, LML, ZHE—BRICREHE &
R0 ET, KT T AE, R(12.5.3.9) ORMMOEEZEE LTRXEHWTEFRBEZGETWET,

[a{H} = {@} (12.5.3.12)
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13.5.4. FREAMBE 1T

fafn — RENFRETMNT 217 2 e, —RITREFRRE IR T D TR ERHE, 2% 0 [¢ —0 BHR ( K
SRR ). BEY T~k (B LLIE 0k ) E?H-H DE L7220 F7, RBWNSTA TV 2 T
1Z. [Van-Genuchten 5 /WIZ X B ARfafniz@hett ) ki [ ¢ —0BfR) 13k e 720 £9,

1
S, = (W) 1-1n (12.5.4.1)
Z Z T,
Se o AR
an o MEHTHEEAE L7275
T,
Fo, S BRATERINET,
0 —6
Se == 0, (12.5.4.2)
ZZ T,
O, - BIFAREE KSR MPEHTIRAE)
O, : H/PFAKE MEHRLT)
T,

AL DOB KRR L (IZHOW TR, k&2 £,

b

k= 7 = S5, 12[1-(1-8, vm)m] 2 (12.5.4.3)
ZZ T,

ke o FEXPE KRS

ks AaFnids KR EL
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