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Abstract: The excavation impact analysis of geo-environmental effects caused by shield tunnel in saturated soil has been a hot
issue in the researches of tunnel and underground structure engineering. However, the current researches give little
investigations on the impacts of saturated soil as well as the interface drainage process between tunnel liner and surrounding
soils. Particularly the long-term deformation influences and the liner stress are not investigated. Considering the two conditions
of no drainage or full drainage at the ground-liner interface, a method for soil displacements and liner stresses affected by
tunneling is proposed based on the oval deformation mode. It is observed that the oval deformation mode yields significant
impacts on both the short-term and long-term ground displacements. The soil deformation curves are in good agreement with
the measured values. It can be concluded that when calculating the stress of liner, the axial force and bending moment of liner
are strictly symmetrical to axis 90°/270 © or tunnel vertical axes. The type of axial force is somewhat “8”- shaped circumference,
with the above circle obviously larger than the below one. The type of bending movement is also “8”-shaped, with the below
circle a little larger than the above one. The soil and interface _
drainage conditions significantly affect the value of internal ESWE: ERXARRSEEETH (51008188): Liff A%} 34 1
force of liner. The internal force of liner under long-term and H (15ZR1429400); M5 T Byite 5 MU B30 57" [ 50 ALt S 52 00
g (SKLGP2015K015); [ -+ Bt il g 1 b J ok 5 iy v T e S

L ) ) ] . EA (2015k005)
that under the long-term condition without drainage, is quite WFSEER: 2015 - 07 - 09

full drainage conditions in saturated soil, which is larger than
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different compared to that under the short-term condition without interface drainage. The analysis results may provide a

theoretical basis for correct prediction of the shallow shield excavation deformation in saturated soils.
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Fig. 1 Mechanical model of shallow tunnel



59 1 SRR, S AT ot R T SR T HE K P I A R 4 B 45T 1597
KA HE R GHMA TR T, & Park!™ AL&MHER
1] BC-4 =iz H 2)& 2 A BRI B AR T 2, d’U; N av; __cd —VQ)MS ’ (10)
BRI At -5 A o T ) 1 B 8 B TR 22 48— N AR ) 1) de*  de E "
SJWCHE SHRRACAR T 2 Al 5 ek R A S A i A dvy s +£(ﬂ+ d*ue . Usj _C(-v?) rots
FAEAT RN U do " F46* do® 7 E ’
(11)

ground __ g yliner
Us uler|

- _%u0(5+3sin9 ~3c0s’6) . (2)

r=r,

A UE RO 5O R AR AR g
NFEE AR uo NG RS PRI 1R 2

2 (AR AERE SR AT R AR
2.1 FREAHKEH TR R AN 805G H
SN RRE

Y PR R L R S 42 SR AR T[] R A D P Y B
AT, BIACRIX — i RN A E EK R A R AR K% 7
YRR B 38 i 150 4 J2 38 1 5 e R30S PR 288 o

e A A - AN R KR /R I B

Timoshenko 5P\ Airy B HJeR ¥t &, 4T
Z I L — AR, FE QNI 1 BT ARBR &R OR, ISR Aliry
INVAREAOS)

1y 1 .
®=qa,Inr+by’ +c, Inr+dy’0 +a, 9+5a1r0sm0+
r ’ 1
(b7’ +a'r" +b'rinr)cosd —Eclré’cose +(dr +

r—1 ' . - o =
¢ r +d rinr)sinf + E (ar" +byr" +a r" +b'r"?)
n=2

S n n+2 I —n [, .
cosnf+y (c,r" +d, "+, r" +d r"?)sinnd

3)
A ays bys cyr RRFPER R, RILFFMRS.
TR 1 s sz Jafa B, S M F2 AR T 58
VAR L6 Z00055 /2 VT TR AT W T R AL S 5% A
5 PRI BETE 1) Y H TS T P2 TN 3 S SRS H R R
Wiy, FIC NBEIERT R SR AR 2 [N g R
KA, REILFFAMWT (BFEX 2):

Tlosnn=0 )
Uploetnia =0 (5)
Gfround . — Gr]iner . , (6)
7'_jground . — 7'_r]iner v — 0 , (7)
o, |Hw =—y,y=—y,(h—rsin@) , (8)
Orlroen = kGy ° (9)

Horp oo, o gy g AR R R ) R 5
o™, T AR AR R AR A R T uo NIE RS
PERASEIR ARy, NEMRPRERE; b NBETESIR;
ke 9 R HG uo NG RS BRI A2 2
¥ Fligge 42 th A WAL A8 - LAk R 51 NIL

Lb U, U RN E AR AR B

PR ENTARTRERIE: v TR CRF

G BRI R 4 EL AN b, A AT R PR
Co Er,(1-v})

EA(-V) (12
_ER(1-v})
CEL(1-v?) (13)

Kb BRI IR v NATINARA L 4, N
SEARAS TR AR AN 1, BRI RAS R AR [ L
AR .

WRZ B BO 2 S SR R

1 '
o, = a_g - E}/bh(l +k)+ {% vk +3)=2¢cr> +cr™ +dr” } .
r
. 1 ! !
sinf + {5 v h(l—k)—6a, r™* —4b, 17 }cos 20 +

[_%Vb”(l—k)—lzc;r_s—10d3'r'3}sin30 , o (14)

1 1 ' '
o, = —%—Eybh(l +k)+ {Z;/br@k +1)+2¢ 77 +d,r! }

sin@ + {—%ybh(l —k)+ 6a2'r'4}cos 20 + {% yor(1—k)+

12¢/r°5 + 2d3'r'3Jsin39 : (15)

T= {% yor(l—k)+2¢/ 77> —d/r }cos@ -
E yoh(1—k)+6a, r™ +2b) 17 }sin 20 -

[%Vb”(l—k)—lzc;r's—6d3'r'3}cos39 . (16)

B Le e B L [ 8 X N SIS N2 N I | YA |
BN ) ey, NEARIFERE, h ABRIEIR, & Ak
METRE ayr ¢ o, ~HfFEFE.

FEVEAN L JE B T Rgm Tol T, YO EARIERA
b, ATEREIARFRAE, EPv=0.5. M5 E67 58
fiEdn R

i :1+—V{—a—°+[c{r'2 +%cl Inr]sin6 +

[2a, 77 +2b, 7" ]c0s 20 +[3c, 7™ +3d, r*]sin 39} , (17)

_1+v

' 1
U, _T{_[cl P _Ecl (1+Inr)]cosO +



1598 H O+ T OB % M

2016 4F

2a;r4sn129-{3c;r4-+d;r4]cos39} . (18)

Hir U, U alhtizmfsife. mhi. EN
TR E, v Oy BRI L, y
FEEH &

B (2. 4 ~ (13) AN (14) ~ (18),
RIGEFrEFEEWT:
61:lme+MU—WXH%+EKHJU%6+3WW—3w§0h

ays Cp> CI" j‘j

‘4 (C+F)(1+v)+(1-v*)CF
(19a)
G = _7/br02 ’ (19b)
dz—%@—kb@f : (19¢)
d=0 , (194d)
1-v)F 1-
g = - LAZVERSIAA=0) o g
4 (1-V)F+6
2(1-v)F + 3]y, h(1—k
p o LROF 3-8 o
4 (1-V)F +6
;1 (A=-v)F+12 ]
=— 7 T, -k , 19
G ]2(L40F+24n( ) (19¢)
;1 (1-v)F +38 .
d=——— T2y (1-k 19h
3 8(L40F+24”‘ " (19h)

HIF AR B 5 R A% 3 AT s, FA i A
71 - MR ERWKR, FahiaE LARMARIN /. ArF
HMEAE LA, BIAAS B 25 SR A SR T A
N, AFEEAKEAE T2 S A KA N 7
R R .
Fliigge W&t (M WIFFAZ I AL 77 - P9 156 R
LBV
dr dM
LT

M
7’6T+W:I’E)Gr o (21)

NP TR M 5 5N AE B AE A I BEE N [ BT K
PRI R o, NATWIBIN. T, o AR 1A B
VAl

(200, 21 518 %M4 (1) YLk LARR
NI (14) BRSZ,  SRAFATAY A dh 77 R0 25 55 53 1 i 4
T
_ 1 [Euy(5+3sin6 =3cos* ) 2y, L+ K)(L+V)I(C + F)

1Ty (20)

T

4 (C+F)(1+v)+(1-v)CF
1_
3 1=k 7y,€0826 +—————— (1= k)r; sin36,
2(1-V)F +6 (1-v)F +24
(22)
— _EMQQ cos 20 +
2(1-v)F+6
L -brsin3 . (23)

(1-v)F +24

0’

FR A AT AR A A RS K R AR R B B

DL R4 (2D (4) ~ (9) NFREAl, 181w N
J135 RO 530 FL 1 Ak 51 N FE K A H 1910 7 2%
14

ul,,, =y, (h,—rsin@) (24a)

ﬁ+ﬂ%wa0 (24b)

X oy NIFFZIAL KA AR AR D5 w ALK
J1, oy, NMTRKERE, h, N KA S5 2k
FHE,

2k 1T 15 BN FEIK R AE F (MR ZE BRI 8 ff
W

1—=v)CF S| o
o= UVICE G h 1 B Ghg, (25)
C+F+(1-v)CF re 20 r
1—V)CF S| o
o) =- (1-v)C ywhwr%+—ywrlsm9 » (26)
C+F+(1-v)CF rr 2 r
TZO ’ (27)
1. .
u:—zywrls1n0+yw(hw—rsm0) ) (28)
r
2
r=1+v - (1=v)CF . wri—lywrozlnrsine )
E | C+F+(1-v)CF ro 2
(29)

1
U, :%{_% W;ﬂoz(lJrlnr)cosé’} ° (30)

B S A We s i b Y e e IR B2 N TS RS R A A B TS|
IBES. U, U, 3R ERAE . A,

M (25) ~ (30) AR, b Aimat+
RS IR AT A 25 BRI uo T %A REL,
R AR SR A A AR AR, TR R
KIERIFT B (n=k (19)) BB 5870k, FIZ
IKEMBEATLES.

FHEDEE 0 (200, 1) 544 (7) Fisk (25)
Bear, RPRT1R 22K EMER T, IR 1) 42

Ao RY) AR ZE 2K B 3 R S
C+F
T=—ciF+a—wcrn - G
M=0 . (32)

s (17). (18) F1xk (29). (30) F ¥y f
Inr T00, BRI A 3 IR BE A 1R A7 7% 7 = i PR 25 1) 38 5
iy, MX5U,|,., >0 M TREERAR. KK
i park $2 19 FH-U, BUR Uy (8 F B T B 1N,

5 e K B B R AR B AR AR AR R R ARAR 1A AR
AR 53 &, BRI FHAHK THT, BEALR
AT E RN F RIA

)

U,=U,sin0-U,cos0 =1+—V{——sin9+
E r



9 1

SR, S R T 2 S A ) S T HE K R S R RESE T 12 R 2

1599

{c,’r'2 — lcI (cos> @ +Inrcos 20)} +
2

2[a;r'3 +br! ]cos 20sin@ - 2a,r~ sin20 cos O +
3 [cgr"‘ +dir” ] sin360sin 0 +
(1-v)CF
C+F+(1-v)CF

[303'1"4 +dir? ]cos 30cosO —

2

y.h, Csin® _%ywrj In7sin® 0 +%ywr02 (1+In7)cos’ 9},
B

(33)

. 1
U,=U,cosO—-U,sin0 =—2V {__ao cosO +
r

1 .
[20{1"2 —56 }cos Osin0 +

2[a;r'3 +byr! ]cos 20 cos6 —2ar > sin20sin 6 +
3 [cgr"‘ +dir” ] sin36cos O + [3c3'r‘4 +dir? ]cos 30sin 6 —

1-v)CF ; 1 .
d=v)C: ywhwrlcose+—ywrozsm20 . (34)
C+F+(1-v)CF r 4

BIE G B RKUUREAL, RIEH 2 TR RO
U, R In T30, ZEE P2 T AR I8/N T In 00X 18 i)
Wik U, M, B2 x >h i, BRI E R/ .
RIZAE IE 7 & A T T2 A TR TR, i X izt
B2 IR A — e W ZE .

KB FE R AETE =h, 0=mn/24b:

_ HTV{ —(ay +26))h7 + (¢l = 3d)h = 2alh™ —

max

+=y r Inhte
C+ F+(l—w)CF ™™ T

1
3cth ™ +—=c¢Inh—
2

(1-v)CF . o1 }

(35)

Zia0 (19 F (35) iralfg, HETIEZ

J& RS AR ZE AR, TR 1 BURIHG

AR AL RETE 73T 2 X AT N W 2

R PR B AT B (A TR SE K Al 7 A R 1 B
I, A2 T EANHEK B4R P9 0 R R i Rk

1[Euy(5+3sin6 - 3cos® 0) = 2y, hr, (1+ k)1 +v)](C + F) B

T:4 (C+F)1+v)+(1-v)CF
3 yh(1-k) .
2 il —kR) S B )
2(1_V)F+6r0005 9+(1—V)F+24}/b( k)r; sin360
C+F
C+F+(1-v)CF Yuhoty s (36)
:_EMI’OQCOS%M
2(1-v)F+6
1
A s
(1_V)F+67b( k)ry sin36 37)
2.2 REHUKEHTHEABRHHINAERY

i) fiB2 &5
EFHHHEK &R, A5 K IESE M B i

SRS FHAHOK FAEAERE, RS2 R RIGHHE
RT3 i LRSI S K (14) ~ (19) BLA K
(22) F1 (23),

TEAN &K RAERIBY B, 5 Ab 58 A HE K T iR
VAP SR e U A2 K IS AR (RS, )
W ERAE LA E S5 Ty, (hy, — 1y sin0) T4 E AR B
T8 JE 0 S AL FIFLBRK R 709 05 @4 #) P S FLER K
JEIET 0, 1A 4 MRS 12 S 1AL F A% ) A 7T
Ny, (h, —1sin0) .

XTI Q@, RERTAN S AN HE K A8, ff it
FEE 2.1, Xt 8@, EVaa A seasHEK &, 5
NHTD T %A

o/, =0 (382)
0!], .y =1y —1ysin0) . (38b)
o, =0 (38¢)
u r>n = 7w (hw - 7"0 Sin 9) ’ (3 8d)
ul,_, =0 (38¢)
D) 2. SR A5 3] 1t S5 A5 2 it
U =U,=0 (39)

PRIE, 3t 2 AT RS AR AN B2 A ) 5 T
IREEAF IR o

3 e EEEHIZIKEAT R Rt iR
3.1 ABEAHIKEHTHEMBRAHA HEKEA
A
BB REAZAKIEAEHM B, M2 ERE 2.1. 18
ERERAE, BEKIABER, A A 2
TR IR AR SRAE, iR AR SEbRAE, AR
TR FERIE N
U =”TV{—“—°+[c;r2 +¢,(1=v)Inr+d'(1-2v)In r]sin @ +
[2a, 77 +4(1-Vv)b, 7' 1c0s 20 +[3c, r™* +

(5—4v)d,'r?1sin30 } , (40)

U,= ”TV{-[cl'r'2 —cv—c(-v)lnr—d'(1-2v)(Inr-1)]

cos6 +[2a, 7> —2(1—2v)b, r™']sin 26 —

B¢, r — (1-4v)d, r ] cos 39} . (41)
55X B & A R AW T
a, =

1 2y, h(1+k)(1—v*)CFry + EOC + Fu,(5+3sin@ —3cos’ 0) .
4 (C+F)1+v)+(1-v*)CF o
(42a)

¢ =-nr (42b)

;1
¢ = g(k - ﬁ) "o (42¢)



+ T B % ik

2016 4F

1600 H
, 11-2v
dI:Zﬁybn)z , (42d)
L LELO R
4 (I=v)F +3(5-6v)
21-v)F +3]y,h(1 -k
 ARAF3ln-R) o e
4 (I-v)F+3(5-6v)
.1 (1=v)F +4(5-4v
o = AP (b L 20)
12 (I=v)F +8(7 - 8v)
LI U0 il SO TS VR P

T8 (I—v)F +8(7-8v)

Xy, NERTFERE, b ONBEEMER, kO

EHEE, n ABIERR. E NHARFESE, v

TARERA L. C A1 F B R4 A bE L, w]
= (12) A1 (13) #hE.

AN &K A R 42 3 S Ab A w0 2 K A g
RIS R K A 2 ) il 2 A

1 [Euy(5+3sin6 —3cos® 0) — 2y, hr, (1 + k)1 +V)[(C + F)

=y (C+F)1+v)+(1-v})CF

3 B-4v)y,h(1-k)
2(1-v)F+3(5-6v)
3-4y

7, cos 20+

1-k)r’sin30 , (43
(—v)F 1807 —gv) (1P sin )
M=-3 CZWINMZD o gy
2(1—V)F +3(5—6v)
3z dv y,(1- k)’ sin30 . (44)

(1-v)F+8(7-8v)
XK AR BE 5 Airy [ 77 B& 8
Ko R IEK IR S AW HIAR LA 7 22
i E G NI SR T

ur| L, =L (452)
!l +7,(h, —r,sin0)+c’ =0 ,  (45b)
| =, =0 (450)
u=y, (h, —r,sin6) (45d)

FIRAAFZEAKERRELRE, RFELy=y, .,
h=h,, k=1, A[{FEUZKEMER T DA B
[EZ (400 A1 (41), TiXS LA e i AE ARy

(1-v)CF

a, = h,ry , (46a
0= CrF)rAwycp M (46)
Q=1 (46b)
, 11-2v
Cc, =—— 7, P} 46C
Ty (169)
11-2v_
d':— 14 ’ 46d
Ty (169
a,=b,=a;=b;=0 (46¢)

BETIAF B AKBEAE T, AT AR EK 1
K A AR (31 A (32),

WP Ber ARG A A B, R FIRERIE IE
T, BRI FHAHEK A T I Z KBTI B A
ARPRFRIE s KRB B AT F1 a0 BB N, 15 3 i
ANHEAK A BTN J13R35
3.2 AEHKZHTHEMB RSHA NS

o fif 25
B RASZKEAE M B, A RER 3.1,
WFAZ K EAE I B, I NBEIE 11k 2% dn

T
uE|L, =0 (47a)
o, =0, (47b)
0|, =04, ==7, (h,—rsin®) ,  (47¢c)
o =, =00 (47d)
0", o =0 (47¢)

X g RIS T R A Bl ALK s 70 23 A
] f,  VF 2 52 BT R X — A RUEAT 7T (A STk
[27~291), Ferb Hare ™ BERE1E [ 7K F A5 41
FFHE S T R A AR FLRR A A ikt 5
u=y,(h, —rsinf)—

ln|:1+4h“’(h‘”—sin9ﬂ

! hr . (48)
ln{1+4h‘”[‘”—sin9ﬂ

ro\ 7

FIR (47). (48) M1 Airy s (3), ATR7E
A28 BB 7K AR FH 11 b J2 57 % K 30 5 00 g 250 0 5 5 4
N RPTR:

U = ”TV{—“—O +2(1=2v)byr + ¢y (1= 4v)r + (1 2v)
r

7, (h, —1,sin@)

Yoh,r +2(1=2v)cr(Inr =) +[(1-v)c, Inr + cl'r’z +

(1-2v)d, Inr]sin@ +[2a,r~ +4(1—v)br ' ]cos 26 —
(l_zv)yw(h;; ~fysin0) {rln{hrﬂ[h—w—sin@ﬂ—
T,
1n{1+4hw[w—sin9ﬂ {
N

0 0
2h, sin@n(r* +4h2 —4h,rsin0) +

rcosd
4 ey . (49
h, costS’atan(zhW —rsin@J}} (49)
_1+v

U, = T{ 4e,(1=v)r0 —[~(1-v)e, Inr —ve, +clr +
(1-2v)d/(1-1Inr)]cos O +[2a,r™ —

0

21— 2v)br " Jsin 26 + 4h_ sin O atan| ————
v 2h, —rsinf

(-2v)y, (h, —r,sinf)

In {1 + 4h‘”£h‘” —sin Qﬂ
I"O I"O

210 +

{ 2h, cos@In(r* +



el SR, S R T 2 S A ) S T HE K R S R RESE T 12 R 2 1601

4h_rcos@ r*sin 260 3-4v 2 .
4t — 4 ing)— e P B N 1—k)r, sin360 +
h, —4h,rsin6) ratan( ah? j ratan(4hv2v +”200529]}} (1-v)F +8(7-8v) Vs( Mo
(50) a, a, 4b
o —+2b,+c,+2¢c,Inr, |r, +| 2—+——=|cos20 ,
5 IR R 455 S R AL R S ) W 7
a, = ufi . (52)
" [C+F +(-v)CFJR +[(C+F)(1-2v)—(1-v)CFJr? _ _ _
[ (1-v)CF]h, +I( X )—(1=v)CF]r; v 3 B4y h(-k) 0320+ 3—4v .
2(1-v)F +3(5-6v) (1-v)F +8(7-8v)

{ -[(C+F)1-2v)-(A-v)CF][c,(1+2Inh,)+y h, +

’

c o d
h—l—2%+h—l:|+co{ [3—4v+2(1-2v)Inr, +

w

na—@@mnw+(2%+§@}mﬂ9 o (53)
H P B LR AR, R RO 2 IE

a Dk, A RIHEK AP I KU (0 2L A
m‘”mﬁ}W+”‘“ﬂmw“”WF+ VR B AR R A A S A SR A T et
WP F1 6 K IR

w

2

A-2v)y h (C+F) } , (51a)
1 g 4 KRB THZ R iR InE

m=~i%+%+kwmw{mm+§_z%+fﬂ, Lee S50UER H HITAIBR S 40 g KA S48 1 54

W W FIFRIGLES : Loganathan %1%\ ih T W 24 ¢ 1y

w w

51b . . e s "
W OO Spmps. Aot T LAUASH, 4 w2, 4
S :_2(1—\/) = th ’ (51¢) T P [ R Sk A
In {1 + rzw } B-1: R BB Z I 52 M ds, A% ISR L
, ’ frs (B Park™ehi g BC-1).
Q=T (S1d) B-2: BE% 4 S AR U4, (IR 2% AV AL 1) Jt
¢ = l(k _ Lj v (51e) AT (B Park!™ 1) BC-4).
8\ 1-v SRR LR B AR DU SRR S R R
g =1Z o e 16 1o FABSHREDA: HAIRL Y =0.2 (KIMT),
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Table 1 Parameters of tunnels (Loganathan et all'™, Bobet!'”)
[SESEEZ hWim  rgym  EJ/MPa  p/(kKN'm?) KA hy/m 8B g/mm 0K /) 2% k + i
Belfast Sewer B%il ArrayA  4.85  1.37 4 15 3.4 23 0.7 ST EY € -l m
Belfast Sewer %38 Array B 4.4 1.37 4 15 3.2 30 0.7 TV R £
Barcelona Subway F%iE 10 4 25 18 18 31 1 TR, +
Heathrow Express Trial B$i8 19 4.25 35 19 19 58 1 1B ZS +
Central Interceptor FEIE#M 6 27 3.14 5 15 25 80 0.7 ST E7 € -l m
Central Interceptor F5IE#M 5 23.5  3.14 5 15 20 100 0.7 ST E7 € -l m
Thunder Bay f&ii 10.7  1.235 10 18 9.2 164 1 VSIEAIE € i
Bangkok T 7Ki# 185 1.33 20 17 17 81 1 R B L
Regent Park [% 38 #9 4% 341 2.07 56 19 29.8 23 1.5 6 g 1

Regent Park [%i# 1645 20.1  2.07 56 19 15.8 17 1.5 1R 1
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