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Abstract: Based on the stress-strain results of triaxial test,
the strength parameters of cohesive soil were obtained. A
Drucker-Prager (D-P) criterion-based simulation method for
Mohr-Coulomb (M-C) cohesive soil is then established
according to the Drucker-Prager condition equivalence. The
‘Gap Constraint Method’ is applied to simulate the influence
of the supporting time on the soil mechanical behavior. The
influence of stratum parameters and construction
characteristics on stratum mechanical behavior and support
reaction force of shield tunnel in cohesive soil is finally
discussed by using the proposed numerical calculation
methods. It can be found that he radius of plastic zone and
support reaction force of surrounding rock have a linear
relationship with the cohesion, the internal friction angle and
the tunnel diameter. The radius of the plastic zone and the
supporting reaction decreased significantly with the increase
of cohesion and internal friction angle, and the influence of
the internal friction angle is more distinct. When the tunnel
diameter increases from 6 m to 14 m, the radius of plastic
zone increases by about 210 %, and the support reaction
increases by about 230 %. The lateral pressure coefficient will
significantly affect the shape, the range, and the distribution
of the plastic zone after excavation. The plastic zone
gradually increases and the support reaction force gradually
decreases with the extension of support time. When the
released displacement exceeds by 40 % of the total
displacement, both the increase and the decrease tend to
mitigate. Taking the engineering practice in this paper as an
example, when the stratum moisture content is controlled
between 8 % and 15 %, the stratum convergence is about 20 %
of the total displacement, the stratum self-supporting ability
can be fully exerted to reduce the support reaction.

SEAXNRE

5



o5 4 1

i J%, 55 LT D—P S SF RN B ME L BRI TTHZ 2 12417 8 FRIT B 507

Key words: tunnel; cohesive soil; plastic zone; supporting

reaction force; Drucker-Prager condition equivalence

BEIE TR A AR SR S RRE A AR
AR T B 2R R, AR R A T S S
AT b 2 Rk 1 45 R R e M 5 52 A S 52
TERIIRA P2 2 1T 2 090 Hrh AN
D5V D ARG A LSO A2 2 it FHME
PR T R BRI ) ) A Y A B TR

A FR¥ICE (FEM) H Clough ' 1960 4F 1E A #2
LD, fE TR RSO A KEMN . 7ERE T
FE4IE Atkinson A1 Cairncross™ #¢-F Hu i FH A5 FI2 #.70
tr e G 7 STEN ) SVAED =Y (VU BB PSR X
Davis 5 "G, 1983 4ET , FEM 94 H # Clough
AT A Y e A B T Y AR AT T A0
IR R 2 R R E R A , 78 B ETEIN R
SN S RE ST YR S Varos G UK I E 23S I
SL A MAEAE 5 TR B 2T AR [l B
AHBRICHFARFE. Lyamin £ Sloan ', Yamamoto 45
R M-C AEZMEARAE A58 1 50 A AR A R 1 T2
F AT, FE AR S ) 2 A BRIT R AR
FHERAR SR VEAAE , S T (0 A BRI B imiiiok
L2 4 FRBOT R TE AR E P

Tt — 2D R, T 5 2 () = 4R o ik
BRI YE RV EAC e DL T S A
FROCHE (NS-FEM) % TR 7 Uit i A B
JLIE (SNS-FEM) 8537 ) 31 e J7 % A I8 HT S 3L
[ 7 A FROCEE B AUTE R B TR 722 A b i
HA7

2 BETREIE AT DA I, A AR S L
AT AL Y Bk 3 7 27 A8 BRITo3 BT 7 12 B 3 A
H R X T VR MR R B X e, AR R 2 A AT 4w
AR TR o PR R T A TH 3 3 7 ol A
14, 326 D 7 B ) S AS R ASEADL R S 6] o I 2SS AR
ARECA BT I 45 AL IR TR 1) £ B AR A A
BRAZE . BEE DL AN BRI £, %
FHM-C . D-P Z5 5B AR B 38 TF4% 01 2747 N AT
o B R B 2 |, (R AR M A5 3 % Tt e 7 D 326 FH 1) 4
X BB RS AUL 45 SR 0 A S A EE 2, (R TE R
IR 2 AR DR

25 IR, T ARBURET AT SE r R v 4 g 1
S T b2 32 T RS2 R A 9T 40 S
T =i AR UK AT T AR UK A i B2 S0 S

1T e AR . R, -2 At - ) e i ofie
U e B ABTASEAEN 5 i %of b = il 45 2R I AR
BIFFEE B J IR DU SR ] B B T VA A T
i, 2T TR BB T i, il B 5L
Brihe H SR (R T RS R 280
Lt TEHECOHZIAE SAPIHIL) X #0252 1 i,
DUSIER I BRI, X R IE 1 )= BRI S5 F s
Lot TR BRIt 55 2% .

1 =8t KR ES BRI K E

PR O 52 IR B AR T X ], e AR
Wbt 2 LAZEPE £ Chy B ) S 3o dlad B4
A+ il w R =R e (18 DA A £
AR R R AN 2 s

E1 tHH&EER =M%

Fig. 1 Soil specimens preparation and triaxial tests
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Tab. 1 Soil strength parameters

e FKE Ki%J1/kPa PR/
1 8% 25.3 22.54
2 15% 26.4 21.70
3 20% 30.3 18.68
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Fig. 2 Relationship of stress-strain of cohesive soil at different moisture contents
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Fig. 3 Yield of each criterion in deviator plane

XiF T M-C I, I WA 20 B s

%(al — ag)zccosgofé(m +0,)sing (1)
A o KRS 50, 08/ NERL ) 50 AT

@ HINEEEEA .
e 5 AT A AT AR 32 087 0 g i e B
BRIV STHY R ZR

sin(ﬁg+§7r)

0, 2 Onm
o |=— I, sind, +1 0, 2
03 @ Om

sin(ﬁg — in)

B SRS Rl 1 I SV A I A K | VAN oo N = Y )

N ITIEEES 5 0, 0 = A IEN 3418
BORAMDAS:

1.
f:§smg011+
1 . . (3)
c050551n6551n¢@)
( V3
ccosp=0

A N IRV R 1O R R — AR R
TESV- 1 3 A ()85 D-P N AT LR A
f=al,+ I, —k (4
a2 58 LRI o A I E B 2



o5 4 1

o Fl o A R H R a5 kAT GERR N D-P 45
() A

sin @

f= I, +
ﬁ(ﬁcosﬁg—sinﬁﬁsingp)
(5
T — «/§C'cosg0
V3 cosf,— sind, sin g
AT
y— sing
@(«/@cosé’g—sinﬁﬁ singn)
(6
5 \/§CCOS§0

N V3 cosf, — sind, sin @
2 E Rk T R 4l B PRSI, D-P ER S M-C
HEN A DLEL IR, 0.=00, %t D-P 254 o 2 H

__sing
T3 7
k=ccosg

ANSY'S N8 {9 D-P #E ] 9 i i i 2 M-C it e
HENZS AR S R R AME B (DP L), 4 1 HY 6,=30°,
Wia kN

2sing
«/§<3 - singp)

6ccos @
V3 (3—sing)

ISR S AR D-P 2 5 M-C DL
I 555, RIEGR(8) o 530 (7) A, T IR T
BT D-P AR SRS SR 5 SR A

(8
b=

. ( 3V3 a )
gpzarcsm 7
2,
TV3a (9
«/§<3*singp)k
C:
6cose

TR LA A R A A i FEM AR
P KN 15 Wiy =4k e . g (2 %
N ER TR B RS R LS
TR, K& PR ES RIS RS O S
Fon. WK D-P &SRS B E B
SR I AR R I LA T R AT (1 4) . A
I B BT B A 45 R, 7E I AR
5 Yo LAR AWM 77 B 5 =R a5 5L, 20 YR AR
TR RER 2 T 200 %,

il I, 55 BT D—P AR B L RRE T2 )2 14T A IROC i 509
1600 .~ BE400 kPa RE300 kPa —— 5200 kPa
—— R®100kPa *DP 400kPa  DP_300 kPa
#DP 200kPa  *DP_100kPa  oMC_400 kPa
1200} ©MC 300kPa ©MC 200kPa  oMC_100 kPa
< o ®
A
<
/tl.)% 800 F
S
400

E4 D-PEGEMHETMBELERSIKIITEE
Fig. 4 Comparison of results before and after
equivalent conversion of D-P condition and

experiments
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