HE

BEERERT AR —PRE, BRERTETORIEINER, RAMELKBE ¥
PREEEAHABN) BT KABRERABKBRNEE GRES RUFSERN T EEHEZ
—: AN, BTHEEEKIZFERRIER, BT RBRAFEHRNHESFRYMKRER
RZAEREREE LR HRE, RABFHRANAEZ . AXGFEEHBRNSHERER., KER/
SHRERER, RAKERAFESTTARBREE. ARFIERSGRIERRIFRSHA
REBRFSEANBERLNER. LEXETAAFNRRLEUTIATE:

1. GETR AR R R BB AKX R RS RN R LRF TR, EHER-ERENE
WABXREAFXHEEMNELEMXR, @RT LAMNSZESELHR, HTTHEARSR
BERBMRE T REREOEFTREXRLFHNRTTHE,

2. REFE TGS IMBRHTISY, BYTHERIHRIIES TN =ERERE, 2305
BINFAERALEK. ARBEL. R KA FREE R R R —RESRT AR T KA U
AT T BERRETA . 17 T ER SRR BERRTFEAEW, W0 T B R [ aEs a4
BABUKE RS, BT HRIIMEN L ABARKE H LIRS,

3. EFFIERSNEFRI, BUT ZSNREMTRY, S350 T RA—FIFERH 6 ERE
FTARRRSNAERR—FIERHFE T A REESBEMRTEN LS, B THFERESBER
REEmrE.

4. BITTRIWE ST KBREEERHMBRTEHERIN. 4 3%EBA—FIERH
BB FREAEE RS ERIAEFFER ST RBAR AR RFRERMRI AR,

BAGEMTHERNEER, &MHBKEXNEERZNER, REEETHEHREM
RARFIEHREH T RKBRESEANBERGNER. B THXEWEROZAAE, H4
JEHRIEE EXREE R L R TR R e R K .

XA B FIENR BERE BRAME RESs HERE



Abstract

With the further development of urbanization process in China, the status of subway traffic in cities is
increasingly important. But in the water-rich region (especially some cities in south China), the
groundwater seepage problem and the train load are the two big influencing factors. In this paper, with the
theory background of saturated seepage principle, fluid-structure interaction theory and vibration theory,
the impacts of tunnel surrounding environment are analyzed using numerical simulation method with
different seepage and train load conditions. Research efforts have been carried on in the aspects as follows:

1. In this paper, the elastic and elastic-plastic constitutive relations are introduced in the theory part. At
the same time, the Mohr-Coulomb elastic-plastic model is chosen, the soil consolidation and seepage
relation is intoduced, and the basic equation of fluid-structure interaction is derived based on the
fluid-structure interaction theory.

2. Using the Nanjing metro geological parameters, a three-dimensional mathematical model of
analysis on ground subsidence was built, and {some researches on numerical simulation) were done
considering four different conditions respectively, which include different seepage positions, different k/k,,
different tunnel depth under the same groundwater level and different groundwater level with the same
tunnel depth. The influence of ground subsidence induced by factors above and the change trend of
ultra-pore pressure with the time passed by were analyzed. In addition, the laws of surface subsidence and
ultra-pore pressure change were gained.

3. A two-dimensional numerical model was built based on the vibration theory. Considering the two
different load conditions, the law of surface subsidence influenced by train load was gained.

4, Considering the surface subsidence law under the synergistic effect of groundwater seepage and
train load with different amplitude-frequency, effect analysis of the surface subsidence was done.

In this paper, influences of different factors (such as the different groundwater seepage conditions,
single train load and coupling analysis of train load with groundwater seepage) on surface subsidence after
the subway putting into operation were analyzed. These results may be helpful for the underground
engineering.

Keywords: seepage; train load; tunnel; surface-subsidence;  fluid-structure-interaction;

numerical-simulation
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ERESR. £82-6F, MAHTFRMNEFRES, K AB XERDIZE.

REEXER, £RRYE LM —mit, NRETFIFMt:

dg _de}

dp  de?

MR A 5 (P, 0,v,) it F &M B K (py,0,%,) WABRSUATE pq FELBEHEM
FRRAHRE, O

231

4 _pMunPe—g (232)
p p

11



REKFRLEMNRT

q
s Stk A e p- ol L B
"1 I T SN |
q,def -

PeTvNR ds
def

de!

&

pde

2-5 g-p-v ZEHEFRELL B 2-6 JE Rt M R 2 e

4 Mwnl_M=0 (2.33)

p P
BRIEAEFERBLSERBERFARSXBFNEANHERLERT. AFREEEER
— B RAE LB AR £ =B .

1} dv? =0 (2.34)

XV B R SUAE T L, DARAE-RENEERSRERME L, RERDSHAR
FRE—AHEAR, E—EFE—FFAERESBARBLLE, TRETAH:

v,=v+nlnp (2.35)
REMFRESE L, MHE

v,=I'-Alnp (2.36)

q,=Mp, (237
A (233, KX (235), R (236) MR (237), WRBINFFHREERTHE:

q=%(l"+/l-n-v-)lln p) (2.38)

FEERNHZEN, SFERYEREERNE 27 fir. BREBRABRLE. BREE TR
F(EERA TR, AMBREEERE TR,

12



Fo8 tTHAH. BLBERARRSER

B 2-7 SIBHERKERE
=\ Bh—NEBXRR
1. BHEEHER
SRR BRIAELREA T ANERRTEHMER, NEXRBA XARER, B

2
Ky

9, = .»%J

HH, K AREAREEER:
G ABMHTIEE,
EHARRR T, LELFHRTERRY:

dv= —nd—p (2400

p

de, =
239

CEA%:3 ) vk

de, = dp (241
vp

FrEl, gzt ARERERY

k=2 (2.42)
RERE RS AHXR, ﬁn
6 - (243)
K 2(+0)
gk (239). & (242) X (243), F:
. =33;’3+;2)de (2.44)

# (241 FIR 247 HHAKHET, tHLTEBEUNRNIHXERER. HTFHAK
#, de,=dp=0, WEEHBER (247 BE.

2. HWIBHERHE

%+ R IRAERFURTABIN, LARRFEBEEDE. Y+ ANREEMIIRE

13



RAAZEFLEM BT

FEr, EMBESHT, LHEEREBHENE, FEMTEARR.
(). EFRKEHHRT

WHARNEMBRTY:
de? =_ﬂ=_j'_"[[M_.‘!.Jdp+dq|-l (2.45)
v Mwp p 1
BT ML 21 51 B ) B 2 i M B (R B R B AR RN
del = dv de} (2.46)
M-4
P
FR
de? =’1"‘(dp+ LI (2.47)
Mvp L M-2
P
R ledny A 3 ) o)
des =" (248
wp
@). THKEH
EFRHAKEHT, LAGHT%E, 6.
v=v,=N-Alnp, (249
BT AEBRFAE, BRIES, BEAENRHENBEEERNEYEZNHE, .
de; +def =0 (2.50)

B (247 A (248), B\

de? =T (251)

KZ

A (2500 Fk (2.51) RAHAKESFT, LEFBRRUELTE.

=, BIESHTHRA

Burland (1968 ) B T 2IHVEL IR BRELE S s - RB R X < 5IEH BL R T R NEHAFR,
ST R RN IR (R 2-8).

B IER SRR A R RRIALN:

dej’='l—n( 2:7“1”2#13) 252
v \M“+n7° p

det =" ap (2.53)

d£”=ﬁ'-n( 27 2mdn +d—”) (254



B tTHhEH. AESRRFARSEDR

5LMERIE, bR RAZINNEE, —RER: BERNSIFRESIM T EN
TE, M. BEEMSIFEM AR TRFS TELR .
SRR pq FH L BREBR A E KR, BIE)E K EEL 8 R 08 R e iR .

R SRR
P—YPo q\|_,2 (2.55)
[ @ j+[ﬁj P

7 Ar,

\ *2s ap, '

v o ——

Bl 2-8 B ERE A2
AH, a. o yHLHBE, DERRME.

2.2 BEES
22.1 HEESETBEATL

THELVIR-ERT HENEERAAETL — BHTIRAFANSEIEREKKLHE,
KEMEX LHEREABRMABRILA, RWEENBENE, FAREEMRBERHOHELH
GHRPT, ZRITESGERBRENERTERMBE, HTEKKERETT, LHERK
BREENRREAT, HIER—EBRK, MFEIR, Wigihsk, REAE., HEHEEST
W5 RARFAMNMBRIIE XA HROER, —BOBEXRENARAREE, EREXEHRER
B, SEHERELP-HEEAE. RUMASHERMEERE, SEBMALEREARS
SIR—MERKITH RE.

Bt ESTIRAEE—RRAL MR RN RRGIE, ERLTERMABSRE. 23—
e H e,

S(t)=S,+5_(t)+85,() (2.56)

Rrb: S(t)——IbE7ER E £ P IR YT,
S, —Hh E (T T
S, () — A i B 2 TR
S, () —HRBIK E L TR
22.1.1 BN
T B L AR (R U B L T S E M E ST, X2 — MRS, B
AR ERr Bl Rk, BRI RKERE M AL, EaTl 2 AN LA, KaRER

15



FERFEREFABE

REFER. ¥ TFERHLE—ETHER, BRARRDS. Y-4semfir, BFEHKEEHR
WA SR ZEAT, WERHTETUREETR, S PLEM 48 (FiinE) S=%%KHE
A, MR EES R SIS S FH SRR,

BRI SR ERSWT LA (1) RELEHFEATEREEHEHE T,
#84E D’ Appolonia® % A (1971 %) SHRFEMTIRHMEIEHE; (2) Lambe ™' A (1967 £F)
PN BERE: (3) BIBHRLR (1983 ) R/REH=HAHKERHE— L HITHE, X
JUEF D, A Lambe 5 AR H BN H BB ETT LIS B ME T A MEERMER®, Bk
gEEMEKEBERRR, AR TERRLK, DX ARFAERRER, FHUETERPRHAIEEME.
22.1.2 X ETRE

FEENRERIETBAMN T &P Y, SIEEHBENE KRR D>, FHEEHRETE. KE
TEPHBREEZRIRES. BEERNERESEROENE, BELRENAER, BHRER
BEZHREE BEEBFHILBEAME (85X 0), T HLEHEFNERNERTEFAII®
#.

EHHFRETES, FESTEERHTFARR:

8.()=5.0, (257

A S —HENELEETEE;
U, — w2 P mEEmE.
2.2.1.3 KEET M4
KE G LB A E DR AR REF AT, BRI ATRE. KBAREE
RN, BFRBA, SERHZEEEX. REYERS (1994 5) PR, KESHBEL
R T b, — AT 10% (% 50 )

222 BREE S

22.2.1 KEL PR SHE

—. AfiEE

1) BE RT3

THBEEEEK, KETHARPRFEFN, ELRFENGKRFHHE. AHeRELtd
KEABRHBREEN AR, XMAREH “KREMK KR T mAKAE KRR T 7, RIBETEE
BHEEH IR, BEELAFEN, —BOBRABHE/ITNER, ALK L P KRBHE
BB E R 5.

1856 %, AP (Darcy) T HE R (Dijon) WAFMKTEN, FBidx LFENBRIARE
B TUTXRER:

Ah
=kA— (2.58)
Q As

A, Q—BHRAR, mds;

k—HBER, BERNBERYE ns;
A—BHEBHER, m2;
Ah—ACKEEE, m;

As —HHKE, m.

BREQH TR v 5RNREER A HFRE, .

Q=v-A (2.59)
3 (259) AR (2.58) &, B,

16



F-8 téhEy. BLBRRKERSER

v=k£ (2.60)
As
v=—ki’-1- 2.61)
ds

2) BBRK
BERY k RTLRMEAERBHER, EEFZARAX, DIHHELTROZKE, LHE
RE, BEREENNEHARLRES.
THHEAR, HBERRNADMARR, MELMBEREED, B LHEBEREEK,
£ 21 ik 2B RN 9.
£ 21 LHBERBNTFHE

- BERRL £+ BBERYK
ms m/d L] m's m/d
L <6X 10 <0.005 o 1X10%~6%10° 1.0~~5.0
Mgt 6X10%~1x 10 0.005~0.1 ik 6X10%~2x10* 5.0~20.0
BERL 1% 105~6x10% 0.1~0.5 By | 2x10t~6x 10 20.0~50.0
Bt 3X10%~6%10° 0.25~0.5 PIRR 6X 10%~1% 107 50.0~100.0
wa 6X10°~1%10% 0.5~1.0 L1F) 1%103~6x10? 100.0~500.0

T avE Rt EREME L T ALRAALRILRIRN, FUNLHBERREHR YW LHE
LK, WAL, BERBERD; EROERED, WAREK, HEHEEREK.

BERREHANSI I ERRERRRR. RRRW, BEE TS EFRE S R IETE)
IR RERRN, SRENARBIENL, #RBBRNEERENEIEHERERRE, 58
HE R BB EH, B

k=ALE_2P8_,8 (2.62)
n sy

~

A k—BERHK wms;
A—THREBEE, ERETLIAMM, m2;
p—REHEE, kg/m3;
8 —EHIEE, m/s2;
N—BEEHERY, kg/ms;
y— AR MR, m2s.
AR (2.62) TR, WENEH (FiEsh) MEtREK, BERY: 37 Ga83)) Ak
RED, WBBREKX.
BENHEHFERENADPX SHERNBERX. BER, BEARZSDEERERREAD, 16
BERNK.
2222 BREEEYHYHEE
1) BHREE TR
WA 2-9 FFIRMNBHRERIEM— a4, HERY =drdydz . B ETE x FHBEALTT
ERBHRRER Y, , Ty H RN BHRGEES v, 2 FRRNETKIBHHE S v, WE
Ar iR MR TE + R R

v, dydz +v dxdz +v,dxdy

17



FRAFREEMNIBT

é/// | e

v,+%¢ / -t

J

2-9 T+ ki
B a ys 2 EAH MR BB TLRIES 54

v, +%dx,v, +%a€y,vz +%vz£dz
A AL TR AL L R T A K B s

(v,+aa‘:: ydz+(vy +%dy)drdz+(vz+%dz)dzdy

LFNRRERATESER, WAEBIRERS LENILRRERE, WA EAFALTE
BIK BRI B TR K B ARG, B

v
v, dydz +v dxdz +v,dxdy = [v, + %‘;‘ )dydz + [vy + g’dy dedz + (vz + -aa—v‘-dz )dxdy
<

(2.63)
ERE@eRFEHLN TFIEA:

v, v, v
—_— =0 (2.64)
ox * dy * oz
A (2.64) HEBRIEERE
EEMRAGLEMERST, REBBHEHTE
oh oh oh
v,=-—k$,v,=-k§,vz=-k3z~ (2.65)

A, k—RETTERBERY:

h—igiEk%k, A
=Ly y
P8
p—R AP LAHAES;
p—HHEE,
§—ENIn#ERE:

y—HT AR L R E A L.
#HR (265 AR (2.64), WBRHMEEFERTELTHIER:

18



% THEH. B4SRRAERSER

o’h 3’h O’k
?+5;7+¥=0
& (2.66) BR=HTRANAE.
E-STHZBRABHBRT, R (2.66) BR:

’h ’h _
Wiy
MTFHONEARELENERT, RIBXTAER, BHNRETRRS:
oh oh oh
=k 2y =k, Zy =k
v, ==k, ™ v, k, v, 3

A, ks ko kS5 TER . p 2 HABBERE.

#BA (2.68) RARK (2.64), AHNFARKTHERT, ZHBHNESLTRNY:

*h , Fh , ok
kxdg'ﬁkyy'f'kz?:o
E_ETEHBRANERT, B9ZRRELARBRELTEY:
2 2
g h+ ' o’k

k ygy—2=

vy 0
) BEBEHER
#(x,y,2)=—kh

A, ¢ hiBRHBE HKAHRK.
R (2.69) RAETELANRK (2.65), A

_?_ﬂ =a_¢ =%
v, = o s ¥y ay Y, oz
HR (2700 KK (2.66), WBHAEETEETHERERTH:
d’°¢ 39 9
a0

23 REHRE
23.1 RERERIEE

2.66

267

(2.68)

(2.69)

(2.70)

7D

(2.72)

(2.73)

ZHRBHRNF-BRBERFRAOEAAFR(CWES . TRFZ LA, PELRREE
HELTES, EAREFRFFEEABEREBHER, KRR ERS AERFR. %
BEHE AR, ARERBETEHEERAG S LEE, KEHTERE, EXFIERLED,
BFILRHAEHRIEL, —HHESESALNEERABNHEL, BPRLAREE RINEE
. LRES0EN; F-HE. IERAIREREMILBERENRDOEAKI 6. Fit, £
WEHEAT, DAL BIAREMEE S H HFREREREN SN TES OB RE BEER

MEm, MEELANMRANDSSEREBZ RNELREER.

K% (Terzaghi) ABIALAR, RUTEFLMERNHEE, FBYT —EESHEY: 25

19



FEAERLERRX

th3e (Biot) 7ECER EBA T —£FEIMNFARR, BITRAITEN=EBHEER. ALl
B, REREERNARES LHZEN Biot NEEESERFRY, REBRRANEAAHMIN A
NEXRXRAFTAR (ROFHBRESANFAREN, FRMEHTEES) RELRREERR
AEMRERBBRANERN CFRHYIERIZAN HRERBAE AN .

L& (Biot) METHMELNBHRES THEHRBILBEDHESE L FRERHELXRMH
ZHRBLEHR, —RRN ‘RZEBRLER”, MHKYPEZRTERN “B=4ES5HR". X2
U AR+ B L R .

— E4HR

LR —MSk, EEFHREBES, z YixmERIE, NAUENE, W4T
RHBRA:

do, 97, L9% ]
Tyt 2482
ox h 0z
dz, do, 97,
= (2.74
&-r®4-& 0} )
o, 3& +9%

Bx 0z J

R¥, yAIMEE, NAOABES. REFRNEHEE, BNAAEENSARESZM,
BARBAPKEZRN S, EATER,

dc’. 97, ar, u |
+_..

“y+_€'... —— =

dxr dy ox
97, 30’; af au

Z-0 (2.75)
I v

97, 97, 30, du
+

ey Taa

soh, B 08 U b R RIS SR 30 B PR S O T A

A dy oz

HExtHEA {0} <[ D)€}

THAFNHARERER. LRABERE T FRREEHES, RN XA ER, MDIYH
1546 B X T B s

+€
—2v " ’] b (2.76)

T, =nyz,ra =GY,.T, =Gy,yJ

AP, GHv AR AWIKERAMRL. K DETEFA-EERTHE, BATEH
Wk, XFDYH B,

20



B_® TRk, BERRRRERSER

AHNANLALTRENRRTERME. EDEREET, LAHEN:

E =_awx’ =— %4.% ]
o d9z oy
w, dw, ow
= e—— — 2 —
E, % Ya [ax + % t (277D
ow, ow, Ow,
=i =
K L [ay x J
AP, wRTRHB. EANEFSELHFEFIAMUELE, LRRRA, ARX5—BHHEHE

FILAHERFSHR.
#RE QI RAR (2.76), BRAR (275), RBHLHrBRALREARZRTHTER S HE.
TR RS, FRENEAREAN, ZERSHBERENERE, /.

o7 O 2 B B B B
—lew,_%.%[awwztuaaﬁz] %‘_0} (2.78)
o G e e e o)

Kb, VIRHEHGHTF, V= a 832 9,

SSh, AT, WBMEEx v 2 EEMBLR RN
q =—K’a—u]
oy, ox
q’=—§_:% (2.79)
By

AFK,» K,v K,—=MFTHANBERY:

Y, —KNEE.
WEBRALHEENE, BANRETTIARNERBRNSTRTIALEARENAEZALZN, B

—I\ &, dxdydz
(Ev ox ay 0z
m%ﬁ=%+2&+ai4_

o ox ody dz
#R (279 RAUE:

21



FERFE AL

9, a’ d’u 32
9 __1fgxdu gdu, gou
a y,,[ ¥R

BrwpEtdnidE, K, =K, =K, =K, e REBRFHE, LATEN:

__a._(%q.g!.’_q.aw )+_—V2u 0 (2.80)

ot ox dy oz

KRR U BAIALBRE NFRAIERE R E. WAL A E— R LB B S B Bl I 1R) 32
16, ZRIN RV RR (278) MEEEHFER (2.80), HAABLER, ERILAEST
2. eRAFNMNETRAMIHEA, RETITROERY,w,s w,y w,, EIBEEE
Xy ZAIRE RS, BRSO RAKHT, TREXNMER.

TP EER DS, WRESFETEN:

Y

v+ G0, o]
v w"+1—2v Bxev-l.axao)J
2 G 3 au
- —_— = —_——— .81)
GV w‘+1—2v aZ.e‘,+az b (2.81
..ai+£vzu= '
at ¥, J
= oW, 9w, .9 @
AP, g = . az )%Jﬁir“i v -a 2+a > AR ERET .

23.2 RBEREMELHE

2321 EXBE

FHARERSHEEIHERSIUES, HHUUTRE:

QAN FEE (LB RAMPNE;

@ILBAR RS & Hook

@FANFFEEER (1R FELS;

@FLBUK F 3N Darcy & #:

OFBNAREBBER TR L, BHE¥NHFERARKA Bishopl959 EREMNAXT, HE
A A HES R, AR E S TLBRAE DS T ASE, WEERN A RBRENR S =s— u,l .
2.3.2.2 TR ERE AR B

EEREABET, HARBRSHZHFBROAE™. FRNHRE. LAETEFRE. 1Kk
BETRAAHE. LEBENEHHE, BHEFHFE. BAREFE ORI LKEHE g
B &,

() EHHARE
A ¥ S R B R A Bishop 7E 1959 R MMATF, B

s§=s~yul (2.82)

A, S HERNHKE, s HBRAKE, ] HBRUKR, y SOANES, HFXNRR W THEA
*, x=1, 3% Terzaghift i+ 12 HAOH BN I A

s=s-ul (2.83)
(2) LHFEUIHE

22



B_® okl ASBRARREREER

BB AT, TETENILE (MRERHEFRBHTERDY IR aRmTRAN
MR,

V.ds+df =0 234

Ad, df hEBREANGHEE.

3) tHBERERNLAFE
BTRAEENER, WERRARILAGTEY:

de=%(Vdu+duV) 2.85)

A, de HEBHAR Cauchy HEKR, du HHEBEANMNBRE.
@) LHEFROEHHTE
THBRNFAETET AR ARE:

ds’=D, :de (2.86)
Ref1, D, HHELHKR.

(5) BREFHRE
BREXTEXRA ML HRXH Darcy RAERM S T R:

%?.(J_paﬁtfs_’)_v.l:pwkr(sr)k‘(e).V(::g +z)]=0 (2.87)
(6> BARAEFHR
B REHE R KIFERLESER) AR FAAUTEA:
u, =W(s_,n) (2.88)
2323 T HHBAREMEATE

HR (285 RAR (286) F, WHBHAERNS SLBIKE:
, 1
ds =5D8 +(Vdu + duv)
HERRAR (280), FEBIR (282), WAHALBREN LETHHRE:
%V{D,  (Vdu+duV )|+ V- (gdu 1)+ df =0 (2.89)

B 287 ALE—TREF, WH
19(Jp,nS,) _ a(J)
J o =P =5 ot
EARPELE B RF N

p.nS,

on +pun a5
ot

r

+Sap"+pwr at

9P, _ ou,,
o S.P ot

XFEAALBE-W, REREEHOD, fﬂﬁﬂ“ﬂﬁ%%ﬁ!ﬁﬂ%:

s, Lo p ns poe

ERPELESH, BEREEHO, ﬂmﬁmg%dna-n)%, FRA:

2.8 5 s a-my2e

o T ot
ERAPELENT, TRFR:

23



FRAFERTEARL

as, oS, ou,
P P e

-1
mzt (288) wA, B W @,
9 ou

uw

» TR

w

98, _ oS, ou, HBW"(uw,n)%‘
P P, P o, &
ﬂﬂ:ﬁﬁﬁiﬁﬁﬁfﬁlﬂﬁﬁk$7ﬁﬂﬁﬂéﬁrz
aev
V-
Y ( ‘u)
FR, R (287) BRATE%:

W (u,,n) \ou,
ou ) or

#X (2.88), X (2.89), K (290) B, RART L HAHEBRESHRETEA. EHTBEHAKR
BEAMNHE, X0BFe (B3 M), u,. S ®REA.

AFTARM, tAEREREZ, RANNEERTEEEERATHERIE R T EMER. TE
YR30 75 1 Drucker-Prager #4002 & R W14 28 F) Durcker 2R HERT RN, BALEER
HEFREAGEFEH, A FEITERE, HFFAREMH: CamClay BHE (RISHHER), BRH
FATEREHEBHERES, BE2EBE, TUSELHEREHNERITEK (B8R
Mohr-Coulomb #EZE T IR AABRBHE, EHTHR LKL, BT Cam-Clay R £
HEEEERY, EREVNAZEFTEES, ANBTFHSRAXAIREATAREARAKRE
B, MAATFX S H TR, ARI0E A B0 b i SR R (LA 28 Bt
R85 M B2 i) Mohr-Coutomb 8 8 & A &, #4307 M HL L 444 % Mohr-Coulomb 38
B AT,

EH T KB R R LR &R, NERTEEARBRAEHELTEN, Fr
ZHMARREMEABE LN RN T KBRS RAENER. X8, RIBEZSEBREM
BEAHEEER, DREBSEH. FXBTHRERGHRENAERESEETEANAIT,
RTEREHBETEIRETERXFSHESEEIKE, SE=FXTHT KBHNEER
AR R 3T S S S B E R BUR A T R X .

d
S,E(V-u)+n[srﬂ+

w w

—V-[k,(S,)k,(e).V[ Y +zJ] (2.90)

24 /NG

FENMT HAHEHXR, BEESHNELARRLURRERSNRBRERGRE.

1, T ERHXAREENMBT R AR S HEH AR, BEFUENP BN BTRHA
PEA et AR TR AV P 2 51N B T Drucker-Prager #% (1952). Mohr-Coulomb
B Cam-Clay ##!,

2, BEEL—Y, LHELRENERER G RIN OB ELTME. X HSENKE
SURGT T A8 MBREREG S RINB T KEL PR ENBHNERMY HE;

3. MEME— NN BTHEBESNRERANRETHERSHWEF SR, HoTEELF
FE R e 4Tt



E-F HF KB BEE R bR R S R E

EZE HTKERMEERLRTER WO BEEY S

3158

ERARX, HHRRERTEE W, HRBEENE, dTHEARTRMNEK B8
T RBRL, HEMFRALBKENHEEEKMERF. XAEEAEREHRKIA2Y, &
F FLAC3D AT 584, A FEIE TR0 T 7K Uit B 18 R it R L B A S M il AT B AR A S A

3.2 Fla AR A HT IR

3.2.1 THEHRIF R ST

RTEHLHRMEFEEN, ESFUETEEYMNHEME, WETEER., By =85HEiT
BHA xx yxz=110x50x(40+ k) CEf7: m) (RE 3-1), BERKE RAIEERA&ED (0E 3-2),
HEBS R H Smx4m, WHERLH 4m..

B 3-1 HiEH =48R

25



FEAFHEE{RY

B 3-2 HfE v HOR R P
P )7 SR ok A 0 b 53 R N S BRIy K (R 31 3-2).

322 MR HHTE

WA FHERERRS2AR (B y. 2 HFARBAR), UAMUESMETELTHT

Fifid, HUEEREREHERE TR, 1ERRIZERNERDRPTIA A KL ST
iR S E AL R, ALK LI AL B RS BT A HE KL AR,
EXMEAAEAD RACEE: HEEKBAAEALR, TEEWHRIEEKEROARERETD
#r.

323 SRS HAIEE

+ 44K F Mohr-Columb 3 ¥PE A HER, +HSHERABRBSEEERKBASH (L& 3-D.
B+t IR R AR, MHBRERAEER, HPHMEEE E=310Pa, B
H=0.25. FiRHEAEEH & mEERER (B FLAC3D H# fl_iso #A!), SHENLE 3-1.

% 3-1 AR EBE R SRR

AKE ¥/% 326 39.1 29.0 36.7
wEE pl(glem®) 181 1.82 191 1.87
BKE % 375 3717 335 36.9
+®E y/(kNIm?) 18.4 183 18.9 184
LK e 1.04 1.055 0.92 1.03
wiries I, 10-24 14.8 13.6 1425
w1, 1.07 1.13 1.04 0.98
%A% a,_,/ MPa 0.54 0.572 031 0.40
wawa E/MPa 3.77 3812 6.19 5.08
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B AT RBA YR TR 1 B E S 2 i

Bees®EH c/kPa 134 10.8 18.6 293
EkpEEn @/ 20,6 15.6 35 134
Rtk u 0.34 0.31 035 0.33
iﬁfﬁi 6128 531 115
K _x107" /(cm/s5)
x ql_?ﬁ”“ 16.1 29.0 1.53
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