OF2r&BEE I OPREOXFNET 5 — BT

BERE T#H 'O OBZHE
BEKRY I%F B\ 3

1 Famz
BA~OTHERCHE T, O THE ( strain softening ) THREDOHB» L/ HHBOFTFHFHEMICOVT
. FRBLEVARKALR TRV, ZORAHBISEN RIS 58, REWE. BEFOHBREL LR D
o%EEE@&%%%%&Ltv<0b@ﬁ%¥ﬁﬁﬁﬁgwiék‘ﬁﬂﬁﬁ~f%hﬁﬁ%ﬁﬁﬁﬁ#&%k&

LIHA4REVCBEEOHBOBREBREOEHIEDL S ThH b,

D BHEOHMKCRER S THMHE»LRWABBICHETRIC, 59 2 BA5, BEHBIC2 59 7 RL L HBENRS
Ve @ BAWERETLOWE TR, BFEROTR ~ v ROBEHABHEEN, IhhmBEF~EATLHH CHE
(BAFE) KETA, @ HBFCAUIEERILE= - vREOCABEKESAS, @ BRFEEOHK. »
HVCRIRERFA S IR L. BUABROH E I, PP HREY

BEHTHok b0, RECHLLEROBENL R K [T77°777 /:;:Eﬁﬂﬂﬁmt;
HOPAHRATHIC LA T HERERET. (01~ 09y

MR OB BRI, MR D FE S NBIERE L 2 flow
DR D, FOEREEE L TIHBHNLES L VDT REKI
ET B LR ERELLR D, -

EXR. OB HBOTRE L DD b, Bk DT K softening

residual _|
DEMEYERL CERBEEICL VBREBRE KDL LDTH D, F stress
MR OVTIEIRROXFENER ( Terzaghib DI, S
Maslow 5 ORBEMREE NEH. Ladanyi DX FHENER ) & HBm STRAIN
L, B1 #BHBOEN-OTHEERD

7oA

non-linear

2 WBEHEORER LUEBRFER
HEHBOEN -0 TH2EREERNCRTLE 1 ICRT 3
BHEOs 1 FCKRITE D,
E1RBRZOTRORFICERVERT S O THB K "
BIHEAE A EBVBATHD. H2lBEL (H, BERDO S
LZHBETHLO, B3I XHBRE L —» HFEEXTLTrL, OF \&ﬁe
ADEFCAEE VG NETHEUBEETREBICGEL THroH M «>7b
BRBEETS, W bPBOTRKILTHE A 7 Th b, /%f oS

B\ tH BB TRE 1D [ S HERT HABELD B 7 &
CIIERE R B B EBBTIRE I DAL S RERT D, Lo E;;C
L. B30BRE L OHBTH, EOLBEIHERMELL 5
C 21 LEMT B b DRD B, R2 s#bsoREDRORT

AEXTIIHEED 2 VLB RIOEHE®IBRED (FHE (a—b ;¥ —7 BETOBRE

#r

—

ng':ZLO-:;

03

EH) CEEFIC, H1DOVThLDEA 7ORLE LD L &)



Lo £

‘ /2 B=30cm, 87 Nodes
WEHE I - 2 —e VHEHEBR ISR, R BEDD

Rigid plate 146 Elements
11/ "

IEERE E TSRV AINHFEREINDHFEN L <
MW rZEZONH5DT, 5BV IENMTIIGriffith D
HEMBLYDLDL L, Lodio CHRBEF CRAL
L BEMBIBIEGriffith ORBEEL 2 5, I
VFAKRNETHDBEDOENETREIRBRE TS D

o RENM CHAREREORAIE 2 CAT L) KHEEN >

B e, ABEBBOXATMEL AL EICEET5 L
. | |
L,

4B

EHHEI. B1EOTREERTSHD . 25 CHEE
HKHEREND, @E&ékm%V/ﬁE%Tm%
h‘b@%@#@bfiﬁ%fﬁab# REEXHBCTLHE ]
B L ORAMGEH TORKBHEINS BT, EF
&mof&-%ﬁmﬁ@mﬁﬁﬁﬁ?o

% D 1o b A AT Tl Duncan & Chang (19704%(; %
BEHMMABEBIE, T/ b Kondoner O R i #8525 & A
BYE - s o HEOMARICLD L DORRAL 3B

VN X THEBE AV L CH T HERBEERS M3 FEmEeTL, BRHR 146
LU 7YY YHIRRTEL T,

R¢ (1=sind) (01 —0s) ¢ Average Load (kg/cm?)
2C cos¢+203siné 1 5 10 15 204,
— 3

| B=30cm
_t C=1kglem?

$=30°

Ey=(1—

G—Flog(2)
Pa

v
t = 1— d.(0,-03) 2
B (1— R (01-05)(1-sing) 5t
! 2C cos®+263sind

ZZIWRy WEWEL, B XUPERBERK

_39__

141

o

Terzaghi

N

Ladanyi

. GFAdREBREH. pa RIKGETH D,

Ej (X Janbu(1963) o ¢, W|EE 0z NE
BTELLNHH, MR EUADHBEHN TIER
ﬁifﬁiifd;v@“ﬂkﬁlfc%%t TRV,

)

o

—
e e ==

-—
(82
T

/, sof teni
|

Hoshi’?o ! hardening
80413 '9 flow

Jaropolskij
AT EEAROERYKREML OB TEL mew&ﬂga

HIril, REROEBERLEECL TREL 812
o flow (G=0)
BATRGEEFROTHOMERT TS 5, 30t
BAFFEIARERRCL A, HECH L
HBEHIITEOB) Th 5, M4 HWE-—LFHBEOBTH (MEHC=1%,
c%& 6,8 K n R G Fd HEESR 3 0 DL )

Settlement {mm
S

Ei=Eq+Kpa( 32 o onKg St

N
w
T

case 1 1,30,30,100,1800,0.5,0.8,0.3,0,6



case 2 10,30,30,2000,1100,043,0.8,0.4,0,0
Average Load (kg/cm?)
l1(_)0 : 200 300
~ v v T o .
2: 4 B =30cm : WROBMAABERIZ 2. 290 & L.
10t I 51' C =10 kg/cm?2 :: softening DEHE B2 L TitHoeg (1972) 1€ X
! { $=30° Bl BEHARH(6=0, E=—%) DLOUBE
20¢ : \ | SAXRIAbOREFYELILHOTOFDY
]
’g ! ! ' Lo
|
g 301 ' ‘ ! WA BRI T B L MBI S ( By =103
~ : ,' Terzaghi |
- [ | ' Ve =0.49 )L, FOBMR T 5 7o I BT TS
€ 40} I [ |
g | softening | DEBEALGHLEEOG N REE ) E TH
(] | i
Leot ) ! _ | 1OMET 25,
- | 1 hardening i
@ | Ladanyi |
adan
60} [ v |
| t
! ]
70 Jaropolskij 79.7K3: . )
Maslow 79.6 « flow :
gol fohne TSe- | M6 BEROEML (s IEHTR). D~
flow (G=0) : DERIE sof tening, & I flow(G=0) D4
- Casel
M5 WE-ATRROMEA (o =107, flow (G=0) softening
p=06,=30D4)
1) $=0.8%cm | I

B TBREOHEERSEBINEEOBROEO T
LIENBEABOEODTROMNR—F (1.2 L)
RishEIP3EBTH, THRhbBLERDOEDTHR, &
DEVOTALEBEHELAT v 7HDIEHBHEY
BINd, BAERTHIEH 0 } BERRNCIYH, =
MEHEAD{F; ) KE@I D,

{Fi )=//(B;iJ{0o;)dxdy

AN

/N1 ZON

A : compression failure

A : tension failure

LLEDD T LKA LUBDOI D, KD 37— 2 9) §21.19¢m I

VOBRDIGAHPHBERBICET S LS ( {low,
Et=10",24=049 ), OWHBEBBEICEL LHEITLA
WA Y e, GRBAERBOZRERL, ©
Duncan & chang @ FEBRBMERRDOLEER., OFKY
—AEBHFL I,

BFOILODBERSENINIDOBED T, BEHERER
13 0omTh B,

3 HERRIER

HEAERTBEARCMACFHHEL LT EOBRK




3) S=1.55¢m [__—'l

2,b
gvssraliil
N
] : 3
Sl Neg0s-2 ' :;}
g \ 4
.t z_ g 3
\\ 4 2 7 a
Maslow Jaropolskij
— 7
4) S=3.12¢m l = 7 %ﬁmﬁﬁwiﬁﬁ%ﬁ)( RHER T
BERERT)
k—?—i
> Ps
Crushed
zZone.
(A )X 8 Ladanyi D¥E#& \ [ 1yS

DEFHEEH,

1 Radially Elastic

— fissured zone. matrix
T4, 5CFET, WThor —xd, OTLRBE(ORGSEBHERDOM
BEFNEELZ, OTA2RILOKHFBREOHBIRNREL L. HFUHBENORE VHBRY, AWEOESR .
RAMERGE n OREERIVRBHEE2 2REIFEOFMTH 5, NP CHBHERIC L5 TerzaghiDEXH A% T
Lictt, OTRARAEHFILOIREOXFNTHEBERELCH LL ., AIERZBCIZL 2 VI LXHL»TH D,
COEDOHBTOMBUIRIROBRBRCHELDL S Z L3 H %,

BHEEOHACAEL I HBRBORBOLTRELXE 6 D D~ VR RLI, HOBEEXHFHVTHEML, E¥H0,
HBOBE TCEROBWERGC=0LEDY A% TRT, ThLOEPLOTRRMFEOHBHBT 1 TR KE
DEBRBEOEECO~OrHHREHAL L TS L aH %,

Ladanyi ( 1966()5 B, RHBORBERMEYR B oMK EELXRA*HELUTOBRTCEL L, EBRTAZD
NOKREOHBERBILTLIHOE) CRAVATEREXBN L OLBOLD, HEMEYH4 , 5CRLE, ¥
LEBERTRAEC SEBEROFAEKER L 72 Maslow,Hoshino,Jaropoloskij SOXRHR AN (K788 ) 4®4 , 51CHt
TBLTHD, UEDENERLD, OVTZKRALTIMEAOHB CREOBU Y ERL LXBNIFAELLE LD L
HHD

2% T * ISRM,3,415~ 420, 7) Széchy, K. (1963) Der Grundbau,Springer,210

DEM . & (1966) LAMRBIHSE, M 129,1~54, FH - FH (1967) E2HEDONZERY V41 . 155~
160,2) HFF « I8 « B4R (1977) E S5 EAEDOHEERY 4 . 127~132,3) FF « 1L (1978) FY v HEU v 4
y 49Duncan and Chang(1970)SMFE, SM5 , 5)Hoeg,K (1972)ASCE,SM1, 43-58 6) Ladanyi(1966) 1st.Int.Cong. %



Finite Element Analysis of Bearing Capacity and

Load-Displacement Behaviour of a Foundation on Soft Rock

Saitama University, R. Yoshinaka

Saitama University, H. Nishimaki

ABSTRACT

This paper presents a result of finite element analysis on bearing
capacity and load displacement behaviour of foundation on soft rock with
strain softening characteristics.

Stress-strain relations dealt in this study are shown in Figure 1,
that is, (1) strain softening, (2) plastic flow after peak stress and
(3) strain hardening.

Non-linear stress-strain relation before peak stress was expressed
by means of tangential deformation moduli ( Ey, )t ) proposed by Duncan
and Chang (1970), and Kulhawy et al. (1969). Strain-softening procedure
after peak stress, which satisfies Mohr-Coulomb's criterion, was conti-
nued by steps to residual stress state, as shown in Figure 2.

Conditions for calculation are:

case 1 : c=1 kg/cm2, #=¢.,=30°, h=2.2 g/cmz, plane strain
condition
Case 2 : c=10 kg/cmz, ¢=¢r=30°, n=2.2 g/cmz, plane strain

condition

Loading plant is rigid and its width is 30 cm diameter. For
comparison, theoretical bearing capacities were calculated from equations
based on the rigid plastic theory (Terzaghi), the elastic-plastic
theories (Maslow, Jalopolskij and others, shown in Figure 7), and the
cavity expansion theory (Ladanyi, shown in Figure 8).

The results of computation of load displacement curves and bearing
capacities are summerized in Figures 4 and 5, and the developement of
failure zone with increasing in displacement is shown in Figure 6.

From these results it may conclude that the effect of strain-softening
is remarkable in the estimation for bearing capacity of soft rock found-
ation, and bearing capacity obtained from rigid-plastic theory are too
high and overestimation. It seems that failure mechanism under a plate
shown by numerical analysis is reason-able judging from experimental

evidences.



