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Model test study on mechanical characteristics of surrounding rock of
long-span double-arch tunnel underpassing existing subway

close-spaced construction

WENG Xiaolin', CHEN Yuxun', JIA Jinchang®, SHI Shaohua’, QIN Chengwei', HOU Lele'
(1. School of Highway, Chang’an University, Xi’an 710064, Shannxi, China; 2. Xi’an Fengdong Municipal
Engineering Construction Co. Ltd. , Xi’an 710086, Shannxi, China)

Abstract: Based on the existing subway structure that underpassing the section of metro line 5 of
Fenghe east road municipal passageway project in Xi'an as the engineering background. The
model test and finite element numerical simulation were used to study the mechanical
characteristic response process of underground double-arch tunnel. The results show that with
the excavation of long-span double-arch tunnel, the surface settlement presents three stages of

slow increase, sharp increase and tend to be stable, and the corresponding surface settlement

I F5 B #7 :2023-02-16
HE&WB HFEE AN LTI E 2021 YFB2600601,2021 YFB2600600)
EB B - H AR (1980-) . 55, T4l 4 Hefz s 1 4 | E-mail : 49768532@qq. com,



138 AEHAFE TRFIR

value is the largest at the middle partition wall, which should be strengthened monitoring and
timely control of surface deformation. The change of vertical stress in vault can also present three
stages of stress accumulation, stress release and stable state, and the pressure arch will be
formed in a certain range to bear the upper load. The amplitude of excavation disturbance of the
side wall is larger than that of the vault. The vertical stress concentration and horizontal stress
release of the side wall are mainly in the range of 0. 3 times to 0.5 times the span of single hole
excavation. Therefore, some surrounding rocks should be reinforced by grouting in time. The
test and numerical calculation results show that the stress curves of the upper and lower surfaces
of the U-groove track plate are “W-shaped” and “inverted W-shaped”, and the maximum
settlement and warping of the track plate appear at — 0. 9D to 0. 9D (D is the single tunnel
excavation span), where the maximum tension and compression stress occurs. The research
results provide a theoretical basis for the design and construction of the tunnel, and also provide a
good reference value for the construction of similar projects in the future.

Key words: tunnel engineering; long-span double-arch tunnel; underpass subway; model test;

2023 5

surrounding rock; mechanical response

0 3

T AR R L o Bt R B 7R BR G i TR B b AR E] T
K22 1 ISP T K 5 R o 4t R S8 T 2 T
IR 32 B BRI SR A LW RS R T o )
R S A5 2R 52 o PRI T R 3 B R T e T
W PER 120 o B

LA . [ P9 S0 AR 2224 3 T 58 2 14t B 18 50 031 ) BE
Gy R | B A BT LA SRR (UL 25 D7 T
JE& T RS . 78 B g T i R T A X
LR T T DA 5 R S 4 R T RS [R] O Z T R Y S
PR R 32 IR AT T T S 0F5E . B8l TR T
V¥ R IT 42 00 3o iR 52 2 00 4 s AR EAE R T IR
T & A T TR L O B XL
(SRR Ak S & e 11N VAV I G | W AP S
FUAE s i AR 3 HE B S b R ik 3 ) R A T
FE - IF 4 I T P RS B I 7 s R AR A T
i F 4L BB T 0 b T AR A5 X R T L R TR
52 5 KA T 3 A SRR A6 3@ 3 D G
U R A T R AR N AR E RS A
TR AR X FR T 42 By Be B9 4538 . 6 A 8 3K 56 Ty T . Li
S I T ROBEAL IR 56, 5 T R R L R
T ST AP G5 R 1 g 2 N o B s AR P AR SR AR AL
TR 18 7 9 X S B T AT I 5L A5 B T v B
AN TR AL B 3 0 7 Al #A s 1 TR W A5 R A 2 3K
6 o B9 555 R A AL R G R AT 2 AL B E T O kR T
Bl 8 P sl 3 s SCHR L9 T [ 10 14T X 0UE 1L % 3 T
FE AR rh A AR E PR AT T RN 5 BF 5 OF 4y

[

BT TR S A TR e AR 0 9 A P B BOAH )R
) X 2 19 7 e — A 3 Bt R 1 R AT % N R R
56 AT it T e v R A 2 A% g A R A DX A
o FERLIE AT L B BOE BT T, Yang S50 4
M T A U S B e 2 R P T Y A A A
JF56UE T 4fl S A7 A% 4 1E 8 14 5 Yoshimura 551
i A PROCAE AL TS 5 108 8 ik 3 4t Bl e T 4
Ao R v L i1 7 TR A 5 B A AR I B B B
B T M RO >R AT BROC AR REAE RY s i
PO e A H U £ R IR T B 3 I T 5 LR A RS B Y B
M T 07 58 5 W15 7 A5 R BRJC 43 17 07 i 0 i
PERRIE F2 R F 20 R AT B, 8 1 X M 3R K B
T R ) f5e /N (4 TP A2 B s Wang 8- IR 80 m 1Y
XUZE LY e BE T8 g P52 0 R M FLAC3D #f gt
SET RUHE SRR T A BUE TR A T B IR
1S 4 Iy I A A s SCRRL7 )L 18 Tx i 1k g
AN [R) T2 77 58 B BE 3 A TR) A 8 k47 23 A » 45 0t T
iR T LA B AR OR3P AR R
TE T T AR 20 BAE R S . H P DU g o H
W KB R 5 B T I R G T 57 M ok 45 Al O 4 i T
B 3 25 AL SN A 2% L [ A ) S M R IS RRE
MET I A SOIT R T WG 42 BE G T 4 T AR
AR AT T A MIDAS 4 X 10 it J= 2%
R BUZE L R BT 2 R 45 R 1 3T it T A i R
17 = G RE A ADL X L 1 56 e 0 0 40 A0 R 3 53 4
B B A N ) 28 A RN R i B R G4 B U
TR B A 2 B AR Y o R L O B A T 4R I R
WARHE , [ S 4 5 200 T AR i bt T 42 Ak R4 i £



% 63 AAEMR,F KRB EREREE T FRARKLENR TR E ) FRHEEYXER 139
BMBEANE PiE EEEAT U o e 25 0 2 TP W0 AL LA B4R R L A

1 ITESR

VY22 T T AR T ol TR R R
b &= v m A E 0 H 2K 2 1 868 m, AR ST
PR N 2EiiE TR ek 5 54 U BB AT
TR AR 5 B W I A8 I R 5 BN R HE S 42
S5KL BRI T2 BB B 35, 14 m, = B 10, 23 m,
THERKEN 30 m, U AESERWT M9 11, 4 m, JiK
MeJERE 0. 8 m. 55 B E 0. 6 m. k89 IR Bt + &5
F . MRIEBI SR A LR I R LRI o T AN T
FEHL T2 N BB P ARR BB U R ek ge N T+
T A e by w172 R TN R 7N = e 1 B S
SRR Y i Bt it U N 7 S = N o NS A
W2 B RER LAY N AL, A R
+ SR O3 &) L Uk R AR — A 0. 25~0. 5 mm.,
Jri R I AT W R T 2 BT H 5 H Ak 25 4 A
XOCEE 1 i, BEIFIZH S U SRS 254 )5
MR U6 1) R 2 2.5 m, BN U A 0L 3 7S M 20 Bt T
X U U R A S A0 35k £ 45 e LK

Hh kS5 LUK 1

FVREH G PR (Q4lal): Hh 2 A 4 H K B t h b,
P, EERS AR R =8, BR AL, & F F £ R
5], BURLRL 2 — $0.25~0.5 mm.

FE VYR L H SRR BR (Q41al): 1 J2 25 1y Ik # € [ B,
e g;ﬂiﬁiﬁﬁiﬁﬁﬁﬁ =B}, B R 4l v, B0 5, B0k
& —#%1.0~5.0 mm.

e
[

%

1 WETHSHMEKEMBENTE
Fig. 1 Relative position of proposed project and

subway structure
2 ERNREAE

2.1 HREK R AR UM

I LUUA AL Co =50 FE ML L C, =
1 Sy At AR AL L o G At ) B e FERE A AH {01 L 9
FTARABLLE 5 00 25 S R R VAR L o RS e
WEESE M o FALILW R C. =C. = C, = 1; Hr R
RV S o BRI o BiPERR E MBI T 2 Cr=
C,=C.=Cy =50, WHEIZME$2 Bk 1 X 8] ) 3 57 )
A GORE B IR 42 R 18 B B AT AU i b b A R AR
P2 SR B RE s KR 3l A O 0T 5T - a6 400 R T o A £
by RS AR R AR DL AR D B S A R R

MRS VS AR L 0,75 = 4 ¢ 11, 5; [ Bk
iR N EEIPE I e el W o NN 1N W R ST ol = )
0.7:4.5 12,3, MY E Y. H 4R 5% 225
I B RS Hn 2R 1 TR

1 ERMERHHSH

Table 1 Prototype and model material parameters
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Fig.2 Schematic diagram of model test bench (unit:m)
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Fig.3 Test acquisition system
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Fig. 6 Earth pressure box layout at monitoring
section (unit:m)
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Fig. 7 Measuring point layout for U-groove track plate

L 270 350 200,180,180, 200, 350 270
T T T ) T

IO

=)

= 8 9 10 11 12 13 14 b
¢ g
. . . ° . . S

S

1 2 3 4 5 6 7 =S

2 000 .ln

T ° b
3 2R T R A

R 18 FF #2797 1)
B8 iRiIMENSHE (LM  mm)

Fig. 8 Measuring point layout of surface

subsidence (unit:mm)
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Fig. 9 Model test implementation process
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Fig. 10  Variation curves of surface subsidence
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Fig. 11  Stress change curve of measuring point on

left cave vault
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Fig. 12 Stress change curve of measuring point on

right cave vault
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Table 2 Numeric calculation parameters
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Fig. 17 Extraction of measuring points from finite

element model (unit:m)
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Fig. 20 Maximum principal stress cloud diagram in key

excavation steps of U-groove track plate
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