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Comparative Analysis of Different Shallow
Buried Excavation Methods for Large Section
Loess Subway Tunnel

REN lJianxi, CHEN Xu, CAO Xitailang

Abstract In order to determine the reasonable excavation
method of subway tunnel with large section of loess, an inter-
val project on Xi’an metro Line 5 is taken as the background,
FLAC3D software is used to simulate and calculate the metro
tunnel construction process under different excavation methods,
including the center diaphragm ( CD) method, cross dia-
phragm (CRD) method and double wall pilot tunnel method.
According to the numerical simulation results and the measured
data, the performance of double wall pilot tunnel method in
surface subsidence control, arch settlement control and plastic
zone distribution is the best, the CRD method is better and the
CD method is the worst. Considering the factors such as safety
and economy, the CRD method is regarded as a reasonable one
in the construction of large section subway tunnel.

Key words loess area; tunnel; construction method; surface
deformation; numerical simulation

Author’s address College of Architecture and Civil Engi-
neering, Xi' an University of Science and Technology,

710054, Xi'an, China

* BEVH A BT 54 T H (2019SF-264 )
- 120 -

VU2 8 M X T S AR A7 AR, TE HB 8k X ]
B 2 b 4 4% B o 4 R R B 4L, H
I, 59253 b A B e 1 7k R BALER B B vk
B RED (CD %) 28 g BE VL (CRD %) AU BE
SHUEREE . Bk X ] it T Rk 0 R BT 45 A TR
R SCHB BT 45 4 JR BB R 855 | IXC i) 4L 3% K% IXC ] B T
RGP IR RTRI I T 07 vk 5 R 0 Hh 3% & Bl A AR B
IRIE T P IX (] %l 4% T T T S
SCHER (3 ] A5 i FRIS A B BRI 96 X EL RIS TR
(vl it T 75 ¥k 6 K W 1 2 %l e i as R . SOk
[ 4] %5 10 FH B A0 K B0 Wi I 8 80 1 o EE o3 B T
B 2 R 4 T T 325 it % M 2k o G L S AR T B R
M), SCHRES i B gl s o T S S5 M i
Z 1A e R TR B I 2 T X L AR TR A Y
R

H AT, %45 it T 77 9% 76 B b b X T IvT % 1
f3E P PERIF R AR 22107 (B X T 4% 06 T 07 ¥ 7 K
TR 2 - M K G P A R AR ST A AR SC AT
bR 42 DX ) TR R 55t , ok H FLAC3D 447
BT KB 1 5 1 2k B 1 #E CD 74 . CRD 3 Ul
BE P YTIE SEN [R F 92 07 1T 1 M 3 B B AR P
M, A B T 2k A S SR AL BRI S
1 IRE=S
1.1 IR

PO Ak 5 SR FEIX A 47261 1 188.60 m, [X
) A28 2 18 F10 b 2448 | SR PV MR G2 I A Tl 1o
BEEHETRH IR 16. 90 ~26.00 m, 542 W 1A fie K 25
FE9.00 m, fr K EEN 9. 22 m, e KIFHZ W1 IH
Bk 66.73 m*, 2 X 7]k A W T 547 X[, LA A
[ZSEl AT EUINE N
1.2 IRBRKIHFEEME

ZIX ]2 R O S 2%, DL B IR R



4503

9220
7 650

5

oy
Sof

70JE R EE L LRYE
300{45? 7500 411501‘3 0

RF Bf:mm 9 000
B 1 DX [a] % W

ZRIAE R L o R B (MR KA
Z )P EG RIE(H R KA Z ) o TR b Py
THKFRE K BIETR N 18.8 ~36.7 m Z [A], 2 H
IRZ R B e e R e DX (R B A 45
BELEAE AR A T 1T 7K A BRI, 5 X T it T n B4
ZH R K KR
1.3 BEXIPAFR

Wg I SC A S5 K R 2 A Nk, e IR T2
K HPHERR 150°y5 Bl A A2 0 42 mm K28 3.0
m FREEFE 0.3 m HAmEFE 0.5 m 1y HT R/
S WIS R ¢ 22 mm H9 5 A7 BT Y
0. 75 m A AP AR AN AL s AR S A 4L
[B] 285 ¢ 8 mm@ 150 mm x 150 mm F) 5UZ 89757 M 5
K FH 120 T 5740 Ay I B S 43 5 AN HE AR K i B S 4%
IRV SE NS, BB WS R S 300 mm () C25 H
SRIREE L .

2 thERIX A RE i T h S EER M

2.1 BRAMEIAE

SF 5 R T T B - Mk X R] A A [ it T ik
TR AR B B A AR T HLAE, BT TSR A CD
2 \CRD % Jo WU BE 5 BT vk 55 = Ff A [R] 19 1 42
W
2.2 HEERRSEH

J T B SRR T A R s,
SN A A AR R A A 3 B AL 48
m, {RETE F 32 88 RO 18] B 30 my, B b 2 1 DL T 1
B 36 m, 38 0 25 A i S 1) 467 B KRS T 1 A

[ 37 A% PO 1, Dol 300 5 2% AR o T A TR B 25 2R 1Y
SO o KR 1SR A T BRI A (A 2
JioR

o e 1
s i
s RS
sf 4
P

P2 B

MR BE IR -PEAC Y, A A K i iR S 43R
SO, I SR T SE BT, Rk
PR 0 1M 10 22 4 i 45, A8 3T I BN R T
B BIRIESEOILE 1,

Fx1 BEWEHZER
- HRPEA N EIE/K BRI/ BEVES
(kKN/m*)  (kPa)  /(°)
Zuiti+ Q4 30.0 0.41 16.0 10 15.0
=i+ Q4 32.5 0.35 16.0 16 15.0
Wit Q3 40.5 0.30 16.7 21 23.5
i 4 Q3 40.5 0.30 18.1 32 23.5
i+ Q 48.5 0.30 17.5 33 23.0
418 Q2 58.0 0.30 17.5 35 23.0
W 2.50 x10* 0.17 25.0
e 5.25x10°  0.31 78.5
2.3 HEREBPHENSGE
K H] CD ¥} CRD ¥EHEATRATHE I, I A 1
I 5 b 3 W ) 5 A A IR 4 50 5 B R 0110

m 15 m K 20 m Ab A7 B [ 64 3 3% M0 S KR
M L 8 A g ) A T RO R 2 T
Mo FRAL . BARNEIN R AT EANE 3 B o

SISI,SIS 5,5,5,5 44l44I5 SIS SISISISIS

v AR M R
o D Y M

BAIm
K3 CD kM CRD it T Hsf () W i o5 4 s 2

SR FHSUIIBE S 300 AT R ALL T B30I, 2 1
- 121 -



AR AT S TP R T YA AR TR IR P 0 R i A T
R R o (0 sy 8

3 RBEERESH

N T AR R = 4k 11 SR X A R 15
M, DM R HRC 1S m A T 1 2647 X L 234
3.1 MRTBES

K4 S =FIHZ 07 T AR TR 2 &
4 ATV, A CD 2 T2 I SR 00 R & e S
i, 5K ] CRD i T 3t SR D0 Ik > 23. 3% , 3%
PR BE S 5005 i T i 3 2 TR B I /b 1716.6%
Ui BHARXT CRD J5 it T , 2R OO BE T 5835 360 F 1 3%
AR Pl SN 5 BT S

PR FEE AR FE RS /m
-50 -40 -30 -20 -10 0 10 20 30 40 50
0 ==, e Ta il

5k

10+

15F

VLBEAE/mm

—— CDE

20 —e— CRD¥:
—a— XU EE ST

25

30+

P4 Hd ] LR th 2 ) o I#]

Hi1El S Al UL, =Rl R JT 420786 T By 9k 10
UL AT S IEA ] . bR UL B =, CD
LK, CRD LR Z, RUMBE S bt ik /N BEAE T
FEHERE IR MR DU TRE . MRAZIE
TN 2D 2247 (D JkgiE AR ) , Ul WX T AR
MR DR AL I , XU BE S 370 % i 4, CRD LR Z,
CD LR A%

kv 27
0 10 20 30 40 50 60

—_
(=] w
T T T

VIBEME/mm
8 G

it 4198
oL s

KIS Rk Rl 2 xt He &

5]
W

3.2 BEEETRXLLoH
N T HUBEOAN R 05 i Y R 54 326 HCH ]
T AHETIT R B A7 40 M e =R 15 125 T Bt T
IS (E ki & F ) DU Z AN 6
- 122 -

FrzE /8
0 10 20 30 40 50

30+
—=— CDJEEA
40 —e— CDEEFA
—a— CRD¥EE
50 —— CRD¥EFA
—o— XUUEE SHIKE &
00" —«— UfIIBESHLEF

F6 Al 07 AL IO I A5 e

& 6 AT UL A [R) it T 7 1 F A HE T AR T2
FUALIEAAAI ;>R FH CD JE3-F T A2 0T, HE TR TR AR
WK AT CD 32 T, R FH CRD 35 FF 424t
T e RUTREARTE Ik /D T 3T 17. 86% 5 2% FH XU BE
Gk, g R 0y HE TIT R A& A= 7 HE T 3, TR
KA N 48.24 mm, LI F , >k H CRD LAE AT
S5 2 o) JR) L AR B AR T T
3.3 EEZURXITLESH

MELT WTUE AR 27 76 X )4t
JA LR R HEJECTHS A 3 1 DX Bl 4Rk . R CRD
RIFFZET  HYE S X R R 3 m, HER A R T 4R
b SRR X R 8 m AE AT R B B S B vk
AT TR, AT HERRER A7 77 AR B K S AR Y, ¥
PEX B R 6 m, SR CD L HF#Z 6], #5 iY
SRR X R SR, HLI PR X Bk R 2 b i, HE
AL FAVE X FE A 10 m,

YUBEAE /mm

¢) CD#IHZ
7 v IXE

T CD ¥EIFHZ, K] CRD 35 sl O0U B 547
tEN I S P oy R (R U] DR B S G Ea R (R
PR foff 47 Az 1) 20 47 P Pl A, R i 4 52
AR R A R AR P ) 2B A X A 3 L 1D A
A7



4 IMIZHTIMEHES T

4.1 KBRS

T 33 CRD it T (4 b A2 JE MU, e i
BRI K41 +033 Wrimi it 47087 .l B Y
S M 0 50 22 ) A5 32 W TR Y 3R DT A HE
K8 s

BERESE 2R O BE RS /m
340 -30 20 -10_ 0 10 20 30 40

YUPE(E/mm
=

—=— FFEE W 10 mib
—— IS ZE WAL
—— JFEZE B -10 mik

25¢

B8 K41 +033 Wi Wi v s 3 [T R b 2k

R 8 JIT7RN « 78 AT 25 28 W i) v Ak ik, 40 00 1
A7 b B R A A R B R (R LR AR T, TR A 7. 23
mm, (5§ HRA G 30% 2247 5 24 TT42 2 W I i i
AbB 3 R A R AR T, B R UL 1247
mm, b7 TR 1Y 57. 38% ; ik 4 Hb R UTIEAE K
21.74 mm B IS 45 55 ST 45 AR I
4.2 #EMSLNERTEL 55T

o TR + 2488 K41 +033 ~ K41 + 063
[i) S22 R4 7 7 Pk , DL T 32 9 ity A 00 B T £ S0 £
SRR SE A XS b LR Ml 3 TR X L i £ n
K9 fim .

BEBEE 2R A BE RS /m
-50 -40-30-20-10 0 10 20 30 40 50
0

YUBEAE/mm

—=— EH
—e— K41+063 b 1] Sl {5
25t —a— K41+033 b T S

B9 HhRDIRE M Zxt L
K9 rfr, Wil T T K41 + 033 B2k FF 45 B fe ¢

UURES 21, 74 mm, B TR L BT R {4 20. 40
mm, 2 {5 1. 34 mm, 425 6.5% . X UL B fE T

ST R SR AR . BUETH A N TS,
TR R F TSR 1 R BE 25 1 A £ 155
AREEYE BT RIS A — 2 R 2

5 &ig

S X5 DT DX ) o 2 2 R
e A R T LS, P FLAC3D 4K 0 74
<22 ik X ) B 3 3 R R T 7 8 8
TR B, 45 2 L0 52 I W W A 00 75 0 DA F
st

1) KR AR T T, R CD 3 7
TR T AR A, 6 A0 B2 A o 2
LR R, TR AU S AT CRD 33477
LB 7 M ) RS I D B S [ B R
SEH T35 . L T XU B B T 2
AT TN S R, CRD 57 3 - M0 X M
M T PR £ B T

2) HHESNSE T4 R CRD 336 T 0, 5t
RHGHD U AT 22. 68 mm /T 2 W
{830 mm; BRI 4250 IR HE TR LI AT 8. 49
mm VB T ESR S0 4E S CRD 7% % 4
fm,

S 3Lk

(1] Bokcfe, BRA 1, TRRBK. V622 Hh 28 4% 1% B BCIR S Hb 2k I 3 2
WML T]. A+ F1%%, 2009, 30 (3] 2) : 399.

(2] #¥l, #ogsE. CRD B AIA Bk it T x bk ik 18 6l 2 2 %
Rysgm (], SRl 5 TR AR, 2014, 31(1); 111,

[3] MR, KW s+ RS T ki [T]. 2kl TR 2447,
2015(10) : 86.

[4] &PARM, S0, EHIAE, 4. A NEHAKBALR MK 1 05 S 42 kil
MET T BT [T]. b F 255 TR 24, 2017 (3 7
2): 726.

(5] Fafligy, imibms. SO IR BE 4 BRI AR I s th H R B S 332 14
fELT]. EARTARSR, 2015, 48 (3T 1) : 383.

(6] WemMe, B, BRALIH. ¥R 30 B 18 4 B0 A T 07 s 58
[1]. #EhEE, 2015(5) ; 47.

(7] AEE, k¥, skAn e, 4. KW % + 4k iR i CRD 1
TR R VIR A [T]. I B3l 2@ 0 58, 2015
(10); 21.

[8] BB, B AL 05 A RETE CD IR kit T 2517 R
SrBELY]. BRiEARMELETT, 2016(7) « 121.

(Wicks H 1 :2018 03 -23)

- 123 -





