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Study on Surface Settlement Control Method of Multi Arch Tunnel under Urban Main Road
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Abstract: In order to meet the needs of the further development of urban traffic, a large number of underground roads are built under
the original urban trunk roads. How to control the surface settlement caused by tunnel excavation is very important. Taking the double
arch tunnel under the main road of an urban underground road as the object, a three-dimensional numerical model is established and
calculated. Through analysis, the optimal excavation spacing of each part of the tunnel is obtained: the excavation of the main tunnel
can be carried out after the excavation of the middle pilot tunnel is about 40 m; After the left side of the left main tunnel is excavated
for about 16m, the excavation of the right side of the right main tunnel can be carried out, and the excavation of the right side of the
left main tunnel can be carried out after the excavation of this part is 16m; The excavation on the left side of the right main tunnel can
be carried out after the excavation on the right side of the left main tunnel is about 12m. Due to the superposition of the influence of
the excavation of the left and right main tunnels, the maximum surface settlement will occur above the middle pilot tunnel. The
advance large pipe shed can reduce the surface settlement and vault settlement by about 40%, which has a good reinforcement effect.
Whether it is vault settlement, surface subsidence or tunnel lining stress, it is within the safe range, which shows that the designed
excavation and support method is feasible.

Keywords: tunnel engineering; multi arch tunnel; under the city road; numerical calculation; surface subsidence

515

N T G H 2 B AT S0 B, KR b T G B
AWrEE . R TS TE I 52 BT RIS . AR AL
Wit AR BT T3 MR S0 o A, X LERETE I H A T
WETIE T, RERHIFZAG T masE. K,
AR P S TE T 42 51 A R A S A R DU B 2 R L 2
Both— B TR A FIGEME S M B
T O BB T TS 2 P T o R S T T e R, AEREAT
A 10 K it 8 5 SR P R K AR - SR A IR B AR AR Dl
BT R A% B b AR e 7RI Rl % 3 T Bk
T8 T 5 PO SR AT HEAT T 430 SR HR0E T
13 117 PR SR 3 B Bk 5% 28 1 L B Tt 0 P it o ) T
FERIRE, BEAT 1SR4 R4 7 AR R ) Ak B4 s X1 ]

40

o b T T S S R R 1 B R AT
TONTLLE, FREA TR T % ATHOE ™ DLtk
ZEufi N o e A ST IE I O R, SR /2 G X%
TRE RS HEAT 1 PPt ISR R AR R RS £ i 15 i 5
WS FURIR G ™ A28 T v MR T8 S 7 3 T 3 2 b R
A FE A BN B TR PEE A R AR F WIS U R G4y
AT BT S I X 9k T T B R ) ) it B AT T DXHE T
SR T AR KR 5

b HATWHSeRE, DA 2 T 5EE. B
TR LU [ T2 55 5 TR BE A T 42 6 R TR ) 52
Wi o T X6} T AL 8 T HO AT FUAR NS B0 o EE SRS PR HL 23 A1 A
P o D SE00 R, AR T T E AR B
TR BRI, UOESBEIE thAF EEE R il T FE R a0

Copyright © 2022 by authors and Viser Technology Pte. Ltd.



AR - 20225553 52
Smart City Application.2022, 5(2)

@" VISER

SR, 5 HARRRE FORAR L, XU HERE 1 EFF P2 R
K N 3 A0S TR I B A A o DRI, St 98 i e DX ) 7 4
RUEEHERSIE , WA RIS 24 1) S R T2 715, B2
PR RN 2 A B O B

1 TIEHER

N HZEE R TR oA SR U R A SRR R
I GUAT DL FE R T GuK v 2 R 5 DU A R F AR
PELJNA . M, AR, TR AE, WItEsE, )
VIR, WEE P, TIRRERMNL. & 20~30%00 4, P
FkifRE 15~75mm, BEAFEONIKE, B L, BEE
7, RUBR. B RIS : KEBE, WK,
FEBM T AR, RSN, TWHERE, KRR
WRE, B, FaTanln, samm, SORmPeR, b
BEHEAR. FERIHT R IT IS KEBE, KA., FE
HRG LA D2, Ve g, TUERIIE, O RARIR.
TR BEHOIR . R e B . MR I Hh i R b R 451
FUAIPIEL ., TR, e e A RN V .
N TSI E T2 G R R Y%, EROARE T o
108 HIRAEM, K 30 m, SPEEAMEENFEE 30 cm.

TANPEE N NCESEBEIE, AXUF D458, RS N
31.86 m, FEEN 10.95 m. BEANPEIE N E T Kk
U, TV T PR PR B9 M R A B RS 2 24, 12 me 556 SEBR
Bl 100, 5 24 o B T T2 60 an P 1 o (9 5 54
UOHAT: B s b SO, 1T H i@ it
T, ZJE 5 FREATH RS, fr s B R AR e
JE FFR RS . R BN S 43 FEHEAT — A WP Bt A

10.95m

31.86 m

1 BERS RFZIF

2 ZHIEITEEER

R F % T Py Ao B % b 2 AREAE , e 4 3 7 = U A
P 1 . SUERER g, BRIER SO AT DL R A
MR A SR BT, A T T BRI AR R, AR
FI A2 AT D R 3 R RS T T S BE B R 4 15 BRI
HAA (4 40m), BEIE 7B 80m, il 5tk H i .
A E M A RBE T EE R WK 2 B, BEASLEH
497664 i A, 479760 NEATT,

(b) BEiEmEAY
B2 Z#HETREER

(a) BERHEA

Copyright © 2022 by authors and Viser Technology Pte. Ltd.

HI T B BEIE AL T-H LIRS, B ATaR M A5 R E
BN e TR, OV E RIS, NS A
SNV 5 T 57 320 2R 18] 58 A A% O3 2% o LA A ORER
M-C B, BRIE SCH . AR SR S R R HEAT 4L, B
TEEAAT BT A ISP IR beam B ICHEATHEALL . T2 -
SCAP R AR 45— E T SRR A TR e TR R A
gig TR SR, ARSIk 1-2
B

x1 HEHESH

HEF FAPERTR | RIRD) | EEERA | L
ke (kN/cm®) (MPa) (MPa) (°) ke
Kbkt e
21.0 11 0. 02 18.5 0.45
[ikA)
%%E?ft”l 22.5 900% 0.15 24 0. 42
w
ﬁpﬁﬁft”l 26.3 2200 0.21 32.5 0. 40
w
C25 Rk 2.5 28 0.167
C30 JREEE] 2.5 30 0.167

R2 WITRNERIFHESH

i Wk | Pibi i
g AL
(g/m3) (GPa) (kPa)
HiAT BT 2.85 210 0.20 1000
W IT 2.45 186 0.24 100
3 BEFIZHMRMAIZEIEES
R SRR RS (m)
0 10 20 30 40 50
0.00 L L L L L
-0.50
€
E
fo
g
=

Bl 3 SRR ELERROHTULREE L 2k
JE L@ FFHEHE (m)
0 4 8 12 16 20 24

800 \;\\4
-400 - ;

-450

ATEAA (mm)
3

500 - '
B4 LERCEBHFIZEAMERROMTBUTMKET L%

41




C ¥ VISER

BIRET L - 2022 55 2
Smart City Application.2022, 5(2)

FE EWOTFFZEEE (m)
0 4 8 12 16 20 24
-4.00 L L + . .
_ 450 -
£
E
sm -5.00
B\é
)
-550 4
-6.00 - H
B 5 AFROEIBHFEZEAMERROHRTUTRET 4%

ORI, BB SR 3 BT 42 IR 50 23 11 5 A BE
I S o 7 i e S SR G U EF A A PSS F W i
1o AT REE T2 5 $E TR ORI ARAL LA, 19 BB AL A 2538
P IVHEIRIEE . 1] 3 D AT F2 5 2o TR O B
EAR 2, MBI ar BLA Y, o G T F20R8 £ T 4t
BHETFHE™ A2 1.0 mm FOETR UL, ELBEE o SR A
Wit B ARG, T b SR 2R L
40 m I, PR TERANET R AR BN EF
SITTHZ 40m J5THR T HITTZ . B 4 9 FROF D IT
FEJE AT A IRTR OISR AR 2k . ATRAAR Y, 2/ %
T 2E EOIFZER L) 16 m 5, A7 EIEHET N UTE k2]
29 3.9 mm, HEAANFFEL BFKIZmEm, Fnr
LAy, A A M2 RZ) 16 m J5 T4 £ A
MEIFZ. FFE, iy LA A M2 R 16 m
Ja ATREAT 2 A @ 53 T2 22 FRHOF T2 5
A TR TR A £, AT LA, AR A A
MIBEEITA2E2) 12m Ja A 0 TR F RS IR PR S A A
FERAAR A, RIAT DAY AE 22 A MDFZ 120 Ja 7] DO 4R
A R L BT

4 BREFIZRYTRE REMME RS

Bl 6 it LA IT 2 R BEEAT T2 58 i B 1)
AR = B IR AE H, XPREE R IE, oA BT
T E TR R, HEEARMESE, 24 6.5 mn. MR
YURE SR B IFANE A IR RIE B 7, A2 b SR
1EEJ5, AHZADY 3.9 mme M EJR, SR A2 2
AN TR 2 RSO, 2SR BN X, R
R A B R B R YRR . — RBORVE, BEIETTHZ 51 RS
RUTBEFERIAE 20 mm 7T DASESZ 1Y, A TREF27 A4 1
MR DT IZ /N 1Z A% i -

Bl 7 Dyt LB TT 2 R BEEAT T2 58 1 B A )
MM ATz o I ARl B HY S A7 A 1R B K R B
R BSI Rt M AL, (EZ00 2. 0 MPa; FTRIHCR

o 2 5 B A TR A M B S AL, (2904 1. 42 MPas

FAB I T AW BIT RE A S B LS MU S 348 o ELAS 5 ]
(1, BIRALT A vu, (HlmiN 32835 A Bt AR TE I
I PRI R PR o0 7 AR R RIS 7 o S L7 T B
SCEEYRBR IO T LA, el BOR AL 6 it 8070

42

I SCEEIRBR IR E B/ NS I ™ A (75 i AR T o

4.3905E-03
4 0000E-03
3.0000E-03
2.0000E-03
1.0000E-03

0.0000E+00
| | -1.0000E-03
-2.0000E-03
-3.0000E-03

-4.0000E-02
-5.0000E-03
-6.0000E-03

-6.5085E-02

E6 BEAZTHEHZEEMNBERE (B m

A 1126E+04

I 0.0000E-00

-2.00D0E+D5

\ F 4 -4 0BD0F+05

-6.0000E+05

( -8.0000E+00

f| Taamoess

/ ‘ I ZDODBE 05

E— Te—— -2.0022E+06
(a) ARFERT)

1A BIE-0G

1.4000E+06

1.3000E+08 4 OOODE+05
1 2000F <06 3.0000E+05
1.1000E-08 2.0000F <05
1.0000E=08 WDUDE 05
9.UDQOE D5

A.0000E=D5 WUOUDE 05
7.0000E+05 -2 AOO0E+05
u ODIJUE 05 -3.0000E 105

1 DOOJE-

-3.106IEH0T

‘\ GODIJE Ob

(b) f/hNE
&7 ILJE?HE?EWFHWIE’]EF?JEEI (EfL: Pa)

Tk — 2 43 B R T ORI S A o) SR B P
EHER, SR E WA T BRI E AT T 250
BUASHE N beam B0, HAZSARIFIZMBERATHIZ. N
THEAS B B A R kG, FAR T 2 A1 R0 2% & A M S 1
FER—F, HEKAHRIIBEMBET NG00 k8 T
6. 3mm A1 10. 9 mmo 52 R IR B0 it 1 (6 73 Hh 2=
DUBEFIHETH N U053 A BEAIE 17 38. 1% 40. 3%.

Zitr LIRBRE T2 58 U AR TR A2 TR, ok
PETPURE  HhZR T UUE 2 BEIE AT IR 17, #AT 2243
FEI P o L] 1 P 8 T KRS T 7E A2 i b R DT B I L TR
DU TH A BT8R

5 &%

mxu%wmﬂFL%ﬂ@ﬁ& R e e S E N
XSG, FENT B R AR, T R T RS
P T 5350 40 S5 PR 1 4% i) P DA B i K M A B s 9
PN R . 23] 7 LR R84S

AR TFEF, BOEHEREE &350 B I F2 MEE g Hh
FIRFFFZL 40 m Ja o] FF R M TFZ s 22 32300 22 P42
2y 16m J5 o] A AR o 2, HAZ o r 2
16 m Ja o F e e A M2 s 2 BIRA 24 12 m
S AT F AT AL N T

BEIE T2 58 W » A2 A TR R BE TR R S AR 4 [R) L4
K, i Hb R B R A B ITE P SR IE By . X & m T
X SR 52 20 A SR T F2 S 6 e DX 3, TR Lok e A
KR IUI% .

Copyright © 2022 by authors and Viser Technology Pte. Ltd.



AR - 20225553 52
Smart City Application.2022, 5(2)

@" VISER

Tove R BETTICRE « H0RF UOE R BEIE AT RN /g, #8
Akt 2 S VE A o SR AL T BT I T2 A S0 7 2 AT
fr. ELE RGBT LA NZT 40% B DTREANHETI
VUE, BB RN E ROR .

W PSRRI Eh1 R, T BEAE AR A ™ A 4
RIS AR T CLBU™ A BOR BB 75 o S B AR T 1 e B
IR IR N 728 8 SR A T4 1) Ao 0 Y IS R TS 3 e A
BN S K7 ARG

WU B RF: HE T H AR R CKEHTET

R i e S VR K BB A ) (U 25 A21-3-023);

BB HAETERBEEEIE (WE%S BXLBX1329) fir
BUHERF SO 2 —, 2015 FWIILEHE TREIHE (0
H %5 B2015126).

(&% k]
(INABE BRETFLEREHARNLFINER
BT G AR AR (D], R T8 3 A, 2011,
(2] Ruh. ERTEETFREAZELETEI]L X
A F 2021 (12) : 108-109.
(BIME%. ARHALTFREEFRAEEEE T HE AT
FE g H AL, 2013(7) :89-91.

Copyright © 2022 by authors and Viser Technology Pte. Ltd.

MIEME BAMELEGFERE TFRARTEL T
REFRARD]. Y. FHE T A¥,2016.

(5] R4, Tk & . A8 7k 38 W Bk k3 T 2 e 3 % i TJ0I%
AT LT]. M 5 & 4F, 2020 (8) : 264-265.

(6] 304 . T 4k 16 A BT @ B 38 T 5 90 & B3R [ o A
S48 [J]. B x#E ITE 58 4K,2014,12(1) :57-58.
(TIx 4 EH. BTER TE4EEER T FEFRI]. &
75, 2018, 58 (7) : 97-100.

(8] fE4 8. Mgk A5 RE# T % BLH 4 77 2 B ik 28 A T X
17 i BaE sl [T]. 4 45,2021,51(2) : 1741-1747.

[9JBR L&, Ao iR &, B ts B A E MR R EREE T 7 W
® OB & I +mx A I X #&# &2 & &
#,2013,23(5) : 50-51.

(10] E A, Fr# R T % BLR 3 B 1 e 4 X B
S [D]. R ¥ H A A%, 2019.

EEAN: FEE, B (19735, R IEWT, TENE
B T T, ETAEH: TO%E (1983-) &, BLH
Rk, A, TENEBRR IR L #HY; Fio&, 7,
W, TEMNEBNFIELLHF,

43



