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Analysis on Surrounding Rock Pressure during Construction of Shallow

Buried Bias Loess Tunnel with Small Clear Distance
Cao Xiaoping',Zhang Yunpeng”,Wei Zhikai',Li Tao',Liang Qingguo'
(1. School of Civil Engineering, Lanzhou Jiaotong University, Lanzhou 730070, P. R. China;
2. CSCEC International , Beijing 100020, P. R. China)

Abstract: In order to solve the problem of good connection of line bridge tunnel and road planning under
special terrain, a variety of special forms of tunnels have emerged. As a new type of tunnel structure, small
spacing tunnel can adapt to complex terrain, and thus it has been widely used in recent years. Taking an expressway
as the research background, by establishing the calculation model of surrounding rock pressure of the left and
right tunnels of shallow unsymmetrical pressure small clear distance tunnel, the calculation formula and
applicable conditions of surrounding rock pressure during tunnel construction are derived according to relevant codes,
and the sensitivity of tunnel parameters to surrounding rock pressure is studied too. The results show that; (1) The
vertical pressure will increase and the lateral pressure and horizontal pressure will decrease when the back tunnel is
excavated. (2) The lateral pressure coefficient of the surrounding rock outside the double tunnel is affected by
the calculated friction angle of the surrounding rock, the friction Angle on both sides of the middle rock pillar and the
bias slope Angle, while the lateral pressure coefficient of the surrounding rock inside the double tunnel is also affected
by the buried depth and the net distance of the tunnel. (3) The vertical pressure distribution of tunnel vault is affected
by the buried depth, bias angle and lateral pressure coefficient, but it is mostly affectedlt by the buried depth

of tunnel. (4) The horizontal pressure of tunnel surrounding rock is affected by the lateral pressure coefficient

7% B #:2023-02-11 ( £ 2578)

ERB N B/ (1971—) 5 HORETE A W1, B, BN L TR S B FIRIE T AR,
E-mail ; caoxp@ mail. lzjtu. en

BIREE K AME(1995—) , B Bt shisf A it EEM s - TR BT,
E-mail ; zhang_yunpeng@ chinaconstruction. com

BESTH . FR AR HIX R4 (52168070,52068044 ,51968041 ) ; H il A FHE 1141 %8 B ( 18YF1GAO055)



2023 4E55 5 1

/N A R i /DN AR B B T o e R T ) A 1423

of tunnel and the buried depth of tunnel, but the buried depth of tunnel plays a major role, the greater the

buried depth, the greater the horizontal pressure of tunnel.

Keywords: tunnel engineering; small clear distance bias tunnel; surrounding rock pressure; shallow buried
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Fig. 1 Schematic diagram of load calculation of shallow buried bias tunnel with small clear distance
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Fig.2 Schematic diagram of lateral pressure distribution

of surrounding rock excavated by antecedent tunnel
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Fig.3 Schematic diagram of lateral pressure distribution of
surrounding rock after tunnel excavation
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BRI 7 R, AP 508 B, B, MR /NHETT T

RGP
H,
Bs—— (26)
tanf3, +tana
1 tang, BUEFCAS (26) 715 .
H
B, < .
J( tan’@_+1) (tang, —tana)
tang + +tana
tang —tand
(27)
[ B AT A5 .
H6
Bs—F—— (28)
tanfB; +tana
B tanBy BUAICAT(28) A7
H
B,< :
(tan’@ +1) (tang, +tana)
tang + +tana

tang,—tanf
(29)

P A RUAT e i 2 5 (30) , AE T LA B
AR

H
B,HJ $ 4 +
(tan’@, +1) (tang, +tanar)
tang + +tana
tang —tanf
H6
2 - (30)
(tan"@, +1) (tang —tana)
tang + +tana
tang, —tanf

it E AP, B, AT LLEC 0. 4 ~0.5 f%
ViR
/\’2
)\2
FEZEXF AT IR L5 T 0 43 A 1 s ) A 264 IR
PR 1 g 2R 50k /), 7K e /0N i A
HETOE B R AR K, TR IE AR I, 32 J A X
B HLZE A TR B AR /N, FF 42 3 1 AH LA
Bl (A REAE 52 7 N4 2%, BT DA T R e R i

iR

=1, 0] IS A, =, RS TR 8



1428 b N R TR R

F19%

SR T R P R
2 BB HH

SR NS S OR T VEVANE S el STERE E=g i
WALLOb-A TP e liiiha = KT OB S 1o/A: W)
FEAS R) i A B AS TR B AS ] 05 0 T % G
FEIZ S5 B 0 88 1) e 3 FKSE T

DN ACHEST SERPL STy W T e B ST
% B=12.38 m, = H=10. 15 m, 5N V4 HE A,
ZREH y=18.47 kN/m’, WIEEHE M ¢ =25° . Mg
CHEY A bR AR R A FE TS R rp T
DIAEERRITVER TR @, =45°, 113
Tl FEFEE AR ] LI (0. 5~0.7) o, , W1 ) 1 BE 2 £
6=27°,

2.1 ARRERETESEES

&l 8—10 AN [l i = £ BE T 1Y Bl 1 ) &%
B K Bl HE T 1 R g ATl 1) Fe 7 i A2 4k
HhZk ., 7w & A R AR fb o B P O R v 0 R
T (AT ) HIE 00 5 b T A B S R R AN AR 22 A TR v
FEARREANAS | B ORUE IR R B PR 9.5 m, B4
RSN 9 m 7R AL B P ORFEANE

0.50

o }q
F
045} o1, /
A— A, /
0.40 i,
g /
W 035F .
R
# 0.301
= o
0.25 "
t-\;/.
0.20F ey .
3
3
015 1 1 1 1 1 1
) 0 10 20 30 40 50
RERBE/(°)

B8 ARREERETMENRY

Fig. 8 Lateral pressure coefficient with different bias angles

M 8 n] LAZE H , Bt e s 52 A4 5 A s g
ES @ WIBr 315 DNIER: ilib e EEwit) - i0h DNIT]
WK, MR o TCRREGE TR S ¢, BT,
Ay ATRAEE T G RR K, 24 i i ) JBE DR T3 5 B 45 A
i EIRARTCEIHE M Ao Bl Tty
JE B 8 A B R 3001 1 3R A =03 sk g il
i3 BRBORZE 2 OROR TR SRS R oA T ARIE
M7 28 A, BOMERR R, ] RE ik G T 3R 4 A

A A B H230 . BEE I e A R A3 KA,
Ay Ay BTN, HARL R RS S, A TERRE T2
R EE RS K, A A TR A EOR RS, A >
N A>A,, T IR A, KF A, M
Ay, 32 DR Ry /N 8 % 2 A T AR LR 3 (845
MR B0/, 2 B A >4, X 5 B
KAHTRY L R —F,

ssol = q
—o— ¢,
001 —A— (3
s: ool e axn
= 300
Za00f
B osol N
*\g
200f
g ) \
150F VN\V
of Y
sof -
| ) N " i 50
RIEAREEC)

B9 ARBEERETHMEREN

Fig.9 Vertical pressure of vault with different bias angles

L9 /] LLE i, BE A i A R R38R, g,
4y g5 BTG K g, BN, X I RN 78 fi R A
JER G R Hy (Hy H #REEE R, H, 32 Wi
/o FER H AR BRI 40° B, BRI Y TR AR 3
KABR g, q, TFIRI/N, 3% 5 L PRIE BAFREE.
DO M T RN, AR AN A BE B, PR L
U A B o B ECE R T LA THR A o, B
233 U 7 FR R A R T o A ) A R
AR T q,>q,>q,>q, , P T 5 % )09 32
FOERRIEIIR

NE 10 (a) AT LIRS BEE i Hs fA BE 3G 0, 22
I8 P A0 7K S R 3 R AE S i hn, e rh 22K
W& D F A1 2 3G A Al s R AR 5200 e ) R4
SO, HG A AR A [ s ) R A, — B
IR AN e g 28 B8 B O 1 # RE 1 1S R AE
WIS EZE IR Bl 2 i F AR BE A9 38 R A3 K, Bk
RIAIK LT GG A TR

M 10(b) TT LAF t B8R A I 2200 Fifi 25 O 1=
A TS o R O AE 2 ) 2 AR o i L A
JE RS KB W), B ML AL R K- R )
PRAFAAZ AR A 0 Bt s s A 38 1 3 R, MR S
et A B AR AE D8N | BT LAKSE 77 6 25 i s
(R HG IPRR )N



2023 455 5 /N 5 B /)N B - R T T ok R L ) A A 1429
O . e BERARIE H, H, BT, A, A, BEE LRI
400} —o ZEMUHLI [ VAN e ==L [l /\% =N

g _ M, SRS R,
350 v— AUHEE / r
0.26 -
§ 300+ / " = = = = = ® = ® ® ®m
;_31 250 0.24 | !
E *
E ol Az
?-200 §60.22 | —1,
* 150 E
100} CINIRS S i SO
V% 0 . . A .
=0 1 | I | 0.18 - ° g T
0 10 20 30 40 50 . e,
i F #8 BE/() 0.16 1 -
( a ) Eﬁ 1 n 1 i 1 n 1 i 1
801 5 10 15 20 25
; 4 n B /m
701 ’
* . R B 11 AEERTUEARE
5‘ 60 "f'JH B S Fig. 11  Lateral pressure coefficients with different
¥ ®
?ﬁs v o buried depths
=50t v .
3 — S ) 7
T —=— I $2£ - g |
IS D
v I £ v | P -
308 o Zfsh ~ o 400 T
20 1 I I 1 1 § /I’/./ ‘/'/‘/’ — v
0 10 20 30 40 50 £ 300 - e v
o EE£8 BE1(°) i S 2 v
(b) #1 o 2 d
Ll B -
B0 AEREERETREKENEES oo -
Fig. 10 Tunnel horizontal lateral pressure with different 100 v v
bias angles 0 N
5 10 15 20 25
B /m

2.2 FAEEBERTEHAEEHS

Bl 11—13 A1 5 | ke e LA 0 3R 8
DA e B BE TS 11 77 A1 K S0 i) g A4 28 Ak i
2k, TERETE IR RAR Akl AR P AR O P A B RAR
JE R 1/3, BV A B 18. 430, DL R B AR5 AN
R 9 m, BT BRI AR AR, 20 A TR RN —
R P v SR A A2 i v A A T 2] 9 T
HIEE R B8 AL i A (3) RIS H
REIE A1l R A S E RIS T LT
S3 BT REE B KRR R 31. 28 m,

B 1L o] DLE Y B SR 38, A, D
Ay BEE SR AT A AL, I ) R B A = rh
ATV R A, AT A, PR M BRIE A E o«
DI BT A B ¢, , HBUEHRI SO A,
A, DRFEAE , 520 A, A, WIHEA B, B, H,
H,, TR S A B, B, RS T LRI
) T2 PR 2 o T A T 380 b (%) MR, 24 0 A

E12 ARERTHIEREN
Fig. 12 Vertical pressure of vault with different buried depth

WP 12 wha] LA H il 48008 0 389, 3 Tt e
L S AR, A A 5 AR 5 e 41 T A
LT 0 A3 B PR A I R 77 2R 8, R A A B
HHRGIG AL, A, (A, BB HLEHE s/, H
JE MBETIE B A - 2, STt 1) 7 %2 2]
1 ) 2 BOBAG RS AR I | S R T B ) Y
BEE QISP Pt SiEBLItY S

KPR S RN ) R Ok e
TR PR35 Ay A, A5 AT K TR )
5 A A, A, N 13 TT LU HY B ZK - )
i F3 R T BRI 1) s 7, 2 DR SRR A B
THUR e AR 1) 7K s g R Bl TR A 38 R
738 K, 2 PO T T 28 B R /N AS [a) i 34 5 %
A,



1430 MR A5 TR 2R 5519 4
200 g BLITSE
200 L —o— ZEUIHLR e
L —A— G o 0.25-
180 v A P -
s L
@160— 0.20fY vV vV X—5§ " >%—3F T VvV
R x I\ ey
{140 = -
= r W& | P Sa
=120 R 0.15 £ N
Lol Mo .
2100} v = “
[ v 0.10f ——d e
80| v A y, e, ™
r vy A ¢ —A—A,
60 - /‘ . . . . 0.05- v,
> 10 ﬂ%slm 20 2 0 5I IIO 1I5 2I0 2I5
(a) M i /m
120 - . B 14 AESETMENRY
I Fig. 14  Lateral pressure coefficient with different
& 100 net distances
S L
ﬂﬁé sor 4000 .,
g | 2 / *—q; g
B 60F o7 P —a— ZEfUIHERE 350} A g, —
2 ) S o . e
4 A A B o -
awp " v A g3000 .
pd E — - ® t
n °
20 I I I 1 1 m 250 P
5 10 15 20 25 i . ® '
B /m 2004 —4—2" 4 4 4 4o 4o 4 A 444
(b) AR #
- N 150+
B 13 REER TREA MG ES S
Fig. 13 Horizontal lateral pressure of tunnel with 1000 g 1'0 1'5 2'0 2'5

different buried depths

2.3 AE&SETEEEN

l 14—16 AN [RNGHIEE T (1) Bl e ) 2R 804
) K B HE T2 1 He g AT 1) e 77 1) 22 4k
MLk, 72 R% T e AR A ol A% DR O e A AR
Wi BE R 173, R £f B2 A 18. 432, DL K %G 3R
AR RIEMIBEEHE TR R A R 9.5 m, A
WA R AR NS H TN R IE, A
3 (30) HAT DGR 38 F T S e K R, AR
Pl S B T8 AH 26 2 800mT DLAS S e BB 20006 /N T
13. 4 m B A TG T LR THEAR

MK 14 HraT LIE T HelA8 22 4570 2Z [4]
PR RS, B T 37 O AR BE IF AT el 28, Bir L A
A, AR, R LLEINEE A, R A, B R
BRI, IR R O m I, A Bl I Y 1
KT, PRI E) 13 m I, A, Bl R i
KM/, A 3 28 Ak it 4 K3 T i iR/ T
13.4 m B 45K T 13,4 m B, A, A, FOEUEA
FEANMZR BT/ | B i34 BB A2 A5 3 R AH B3 3 4 1

%l /m
B 15 AEEETHRERREH

Fig. 15 Vertical pressure of vault with different clearance

MIE 15 af LAE H Ze LT B R T ¢, .9,
e =R L EN RN TBE:S: R NI SR Lk PV TE N = AW
G gy FEARDRSFAAL ;RO AETHE A [R] X
L 3 M o A 42 ) 3 L0 g B RS LA
B A1 Jv 52 O s 3 JEE AN | 25 B 2 1 B PR 384K
ZeiRl BRI B IO, A IR ERRAE PR AT LA Y
S HE T 1715 ) R/ N 22 R R R BRI TR

MNIE 16 (a) AT LA |, Ze 1 2e 7K S g B8
I ) S T I TR R A, A KO0 s g i A
REVIE OB T A8, BRI B I K, (H )2
A I s 3 28 802 i/, i LK S 1 g T

M 16 (b) AT LA H Al A ) B 7 -l )
Ji 3 RS EANN  g ZRBA A2 f, AKF R
TR ZeM LA T ) SRR 284k, HK K-
M 1A A RS RN [ ) 28 A Pds— B B



2023 4E55 5 44

/N A R i /DN AR B B T o e R T ) A 1431

VR R A, ZE A ) s 7 e R R i) o

160 - .
140} U : .
1200, o
g e
Z100| == —— s
E v a4 ’ A A A
'_E, 80 v e A—h
g 6o =l ZEMIHLIEE
* 1 o ZHH
/ A MR
20LY v A HE
0 5 10 15 20 25
% /m
(a) &£
o LA LA
801 R A ZEQUHERY
/*""' A v G
70+ K N o BB
§< 60 | &—o/ Q,»'"’QJ g oo \i\ *——o o
_‘3 A @ N \\A
H:l solL \
E v 1 v v v v v v “k‘v \x\\ v v
5400 NN
30}/ o A
20+
0 5 10 15 20 25
% /m
(b) A

B 16 AE#%ETKEMEES
Fig. 16 Horizontal lateral pressure with different

clear distances

3 3t

(1) X Fe A Sl AT At 3 5 Bl s 0 i3t A
3, ATLAAR G a7 B2 X e i i Fil A T
153 i A S AT IR A ) 2 ),
VG DAL VAN R G e VTE - WA A Kl N

(2) 5 PRAR i s A 2 R A0 B 8 PR A A8
AT BT, Bl i 1 A B2 A 384 im0 1 ) 228 A, 1B
WK A, A A, BTN, 2 30 S L 3 1
KIS/ T Bl TR A, BB U A R i
THE, WA ER A A, BIR/N RS HEH 57K
IR o, AT o, AR, 24 H Bk
B TE Y v B e BRI B DL R A A BRERANE
OB E SRS DU T 28, A, BEE I
REGHE Rl )N | kA B e B A 1 DL, I
JIZHL N, A, BEE A SR S el v

FEAT 10 m B, A, A, IABIRK,

(3) SEma LT B 43 A R KN R A TR
EN RS A3 5p AN or R ] e
TRANE DA S RS AR (17 0 T o728 Bk 3 1) s s £
| b SR L AR BV AN BLIRPS by N 9
Q1> g5 TR g, N, 25 G T HE R 15 10
T AE gy gy g5 oqu FREE I, TE DRI T 2 0] % i 41
TR i F 7 B2 AR B 50T 18 R IR =z [ 1) e B
T BRI K A T SR AN S YE L g, g, 1Y
K,q5q4 N,

4 Zw

(1) % Le e sl Fir At sl 5 Bl T i) a3 4
3, ARG i TS A7 B T2 X A7 1 Y R T
I3 R, A AT A 3 2R BN 7K F-
Fe 3/ BETTE B 7R R

(2) SIMI B (318 Ze A A A 3 A ) ) s g
RO GE AT B A AP EE S AR B
5KV T PR S A 5%, AL 22 T A AT A i 22
) A s 3 28 55040 5 B A R R LA R XU A K

(3) R ML TIE: T 1 1 70415 1) N R AT - i s A
JE R 0 A R BT B ) 23 A Y
RN F O, O T 1 O, AN
(7] i [ A JEE ML 5 | RS 4 728 A A T Bl B T
BRIE AR B2 [ e K SF T 8 PR O s
FBOMBRIE I, Horh B i R 2SR

(4) BB AR 7 9 RNz Bl AR gl
RGN I Ty 2 ) R EE SRR 1 2R K
A3 K, BT 7P s AR BEHE

22 3Lk ( References )

(1] ZEM87, T, S, 45, G AR X R EHE R 18 A TR
TR EMF[T]. AL TR, 2016,38(9) :
1625-1629. (Li Pengfei, Wang Fan, Nie Xiong, et
al.  Methods for calculating rock pressure of
symmetrical multi-arch deep tunnels [ J]. Chinese
Journal of Geotechnical Engineering, 2016, 38 (9) :
1625-1629. (in Chinese) )

(2] ZEAHEL (GUEE, FLIE A5, RS /IN ) PR R A Tl 1
it T B v e 5 AR SRS (). v N B2
2021,34 (4) :220-230. (Ji Xiangchen, Fu Hongxian,



1432

T TR

i1 $19 &

(3]

(4]

(5]

(8]

Kong Heng, et al. Study on micro-vibration drilling and
blasting of large span tunnel using small spacing and
vibration characteristics of intermediate rock wall [ J].
China Journal of Highway and Transport,2021,34(4) .
220-230. (in Chinese) )

T, MR, Tk, S5 3 IR/INGHE BRI LA R 3
BT[] R EBRIE BEoE, 2020, 41(3): 68-
75. ( Wang Hao, Yang Xinan, Wang Bin, et al.
rock pressure
[ J]. China
Railway Science,2020,41(3) ; 68-75. (in Chinese) )
2K IKRIVST, i, 55, TR 3 AL/ IR R T8 L
NIk R TR ALI]. T E S E R,
2020,41 (2): 81-90. (Li Ran, Zhang Dingli,
Qian,
pressure of deeply buried closely spaced triple tunnels
[ J]. China
Railway Science, 2020,41(2) :81-90. (in Chinese) )
RN, B AW, TS0 RN IR T A )

Calculation method for surrounding

of closely spaced triple tunnels

Fang

et al. Calculation method for surrounding rock

and its engineering application

WESENANI]. a0 dieS TSR, 2010,
29( 44 2) :4139-4145. ( Gong Jianwu, Xia Caichu, Lei

Xuewen.  Analysis  of field measurement and
theoretical calculation on rock pressure in shallow-
buried twin tunnels with small spacing [ J]. Chinese
Journal of Rock Mechanics and Engineering, 2010,
29(Supp. 2) :4139-4145. (in Chinese) )

Zy/NOR SR TRST ke, 45 RTI R E B 2 Ak
T FZEALRI M (1] . A a %S TR,
2009, 28 (1 1) 2860-2867. (Yi Xiaoming, Zhang

Dingli, Pang Tiezheng, et al. Analysis of the
mechanical mechanism of the overall subsidence of the
overlying strat on of an urban tunnel [J]. Chinese
Journal of Rock Mechanics and Engineering, 2009,
28 ( Supp. 1) :2860-2867. (in Chinese) )

T, B, Bl 4. B - BRI LS R A
FELT]. W E g E R %, 2019, 40 (4): 69-
76. ( Yu Li, Li Cheng,

Duan Ruyu, et al.

Calculation method for surrounding rock pressure of
shallow buried loess tunnel [J]. China Railway Science,
2019, 40(4) ; 69-76. (in Chinese))

JET R, BRI A TR AT ()] BRiE

%, 2014, 36(3): 94-99. (Hu Shiming. Analysis on
pressure-arch effect of surrounding rock in loess tunnel

[J]. Journal of the China Railway Society, 2014,

(9]

[10]

[11]

[12]

[13]

[14]

36(3) : 94-99. (in Chinese))
EWAE S04, DARAR A R R P R Iv 2 R
RIRHEL Ay SR EDFFE ()], A 717, 2010, 31(4):
1157-1162. ( Wang Mingnian, Guo Jun, Luo Lusen, et
al. Study of critical buried depth of large cross-section
loess tunnel for high speed railway [ J]. Rock and
Soil Mechanics, 2010, 31 (4). 1157-1162. (in
Chinese) )

FHIAE SR DARAR A R R B ORI If PR B
BRI L Rk (] P EBE RN, 2009,
30(5) : 53-58. (Wang Mingnain, Guo Jun, Luo Lusen,
et al. Calculation method for the surrounding rock
pressure of deep buried large sectional loess tunnel
of high speed railway [J]. China Railway Science,
2009, 30(5): 53-58. (in Chinese) )

IMIRT KT, Drfil, 5. PRI 2N % BE Gl R
FE Ao A A LT ], A E A B S, 2018, 31(9):
84-94. (Sun Zhenyu, Zhang Dingli, Fang Qian, et al.

Distribution  of  surrounding rock  pressure  of
shallow highway tunnels with small spacing[ J]. China
Journal of Highway and Transport, 2018, 31(9): 84-
94. (in Chinese) )

PiRE R, XIGRT o X A XU i JT N v e
EREEAE RSN [J]. ERRE R,
2013, 36 (2): 63-68. ( Zhong Zuliang, Liu
Xinrong, Liu Yuanxue, et al. Theoretical calculation
and monitoring on rock pressure of shallow-buried
Journal of

63-68. (in

bilateral bias neighborhood tunnel [ J].
Chongging University, 2013, 36 (2):
Chinese) )

rhie AR R[] A3 . 20 i B G B RLE (JTG
3370. 1-2018) [S]. 4t &x. A R 3538 # IR #t,
2018. ( Ministry of Communications of the People’s
Republic of China. Code for design of road tunnel (JTG
3370. 1-2018) [ S].
Press, 2018. (in Chinese))

ZEREVT FEBE, 5, . B A TR /N I R 3
RS RS G oe [ 1], KILRME R bl
2020, 37 (12): 133-138. ( Li Guijiang, Qu Yao,

Beijing: China Communications

Lu Guosheng, et al. Surrounding rock pressure of tunnel
with small clear distance under complex unsymmetrical
loading; calculation and parameter impacts[ J]. Journal
of Yangize River Scientific Research Institute, 2020,

37(12): 133-138. (in Chinese) )
(T4 1443 )



2023 4E55 5 1

W , 55 . 25 IR 23 S0 i BEIE THZ 5 K LA I A 0 b

1443

(18]

[19]

[20]

[21]

[22]

(23]

2019, 41 (7). 1200-

Geotechnical Engineering,
1207. (in Chinese))

Yu J, Zhang C, Huang M. Soil-pipe interaction
due to tunnelling: assessment of winkler modulus for
[J1.
Geotechnics, 2013, 50, 17-28.

underground  pipelines Computers  and
Tanahashi H. Formulas for an infinitely long Bernoulli-
Euler beam on the Pasternak model [ J]. Soils and
foundations, 2004, 44(5) . 109-118.

Selvadurai A P S, Gladwell G M L. Elastic analysis of
soil-foundation interaction [ M ]. New York:
Elsevier Scientific Publishing Company, 1979.
SRAE, SKTRT. AR R T T 2 5 A A A s )
A LY]. PR 2224 (AR BESA R, 2013,
41 (8); 1172-1178. ( Zhang Huan, Zhang Zixin.
Vertical ~deflection of existing pipeline due to
shield tunnelling [ J]. Journal of Tongji University
(Natural Science), 2013, 41(8): 1172-1178. (in
Chinese) )

JeBsk. SrEHAERATR I M]. Jbat. ARZE N
o #t, 1981.
foundation beam [ M ].
Press, 1981. (in Chinese) )

BRI BE A S A R

( Long Yuqiu. Calculation of elastic

Beijing: Public Education

[24]

[25]

[26]

(27]

Za D], Jbat, Jb 5T 32 i K 2%, 2018. ( Che

Jingke. Theoretical analysis and finite difference
solution on pipeline deformation due to traversing
excavation [ D]. Beijing: Beijing Jiaotong University,
2018. (iin Chinese) )

Lin C, Huang M, Nadim F, et al. Tunnelling-induced
response of buried pipelines and their effects on ground
settlements [ J ].
Technology, 2020, 96. 103193. 1-103193. 17.

e BBk, A, . Z5 ) I—L R
FECHE 4 10 [M]. dbnt. & 580 ik, 2018, (Long

Yuqiu, Bao Shihua, Yuan Si. Structural mechanics II —

Tunnelling and Underground Space

adavanced course (4th edition) [ M]. Beijing: Higher
Education Press, 2018. (in Chinese) )
Ma S, Shao Y, Liu Y, et al. Responses of pipeline to

side-by-side twin tunnelling at different depths:

3D centrifuge tests and numerical modelling [ J ].
Tunnelling and Underground Space Technology, 2017,
66: 157-173.

Franza A, Dejong M J.

Elastoplastic solutions to

predict tunnelling-induced load redistribution and

deformation of surface structures [ J]. Journal of
Geotechnical and Geoenvironmental Engineering, 2019,

145(4) . 1-14.

(E#%E 1432 1)

[15]

[16]

T RVE, R AR, k], 45, YRR He /N i PR L
JeFip i S E AR (1], T = S TR,
2018, 14(3): 761-769. ( Teng Junyang, Tang Jianxin,
Zhang Chuang, et al. Distribution and control of
surrounding rock pressure of shallow buried tunnel
under the condition of terrain bias [ J]. Chinese Journal
of Underground Space and Engineering,2018,14 (3) .
761-769. (in Chinese) )

EPREIR R L R i /N g 3 T g
BRI, He R 28 )5 TR S 4R, 2007,3(3) : 430-
433. (Shu Zhile, Liu Baoxian, Li Yue. Surrounding
rock pressure analysis of neighbourhood tunnel under
Chinese

unsymmetrical pressure [ J ]. Journal  of

Underground Space and Engineering, 2007, 3 (3):

[17]

[18]

[19]

430-433. (in Chinese) )
Barton N, Lien R, Lunde J. Engineering classification
of rock masses for the design of tunnel support[J].
Rock Mechanics and Rock Engineering, 1974, 6(4) .
189-236.

Bieniawski Z T. Engineering rock mass classification
[M]. Znc: John Wiley & Sons, 1989.

rhde N R RN [ A2 5 . 2N I R R T4 U (JTG
D70-2010) [S]. dbmt: A R A A A,
2010. ( Ministry of Communications of the People’s
Republic  of China.
highway tunnel (JTG D70-2010) [ S].

Guidelines  for design  of
Beijing: China

Communications Press, 2010. (in Chinese) )





