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Excavation Methods and Numerical Analysis of Shallow Buried Tunnels

YU lJijiang, ZHU Fangcai, WANG Qinfu, FENG Zujun, TAN Yuanhui
( School of Civil Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to speed up the recovery of municipal road traffic, to effectively control the variable cross-
section excavation steps and excavation angles, a method of reverse excavation in shallow buried tunnels with CRD
variable cross-section has thus been proposed. A numerical model of FLAC’” variable cross-section excavation is
established, and a comparison has been made between the effects of excavation brought about with different angles
and excavation steps on the settlement and horizontal convergence of the vaults, followed by a comparative analysis of
the field monitoring results and numerical simulation results. The experimental results show that it is easier to control
the settlement and horizontal convergence with 30 degrees the excavation angle where, combined with the engineering
construction factors, the recommended excavation distance will be 0.5 m. Both the settlement value and the horizontal
convergence value have experienced a growth-stationary phase, with the results of field monitoring and numerical
simulation basically identical in relevant data.
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Fig. 1 A lay-out drawing of the subway entrances and exits

1.1.2 Wl &4 F

WA TR 2 B K 15.30 m, A vfE BT 32 W i
6.900 m x 7.741 m, T )220 4.50~5.28 m. N
TRIFAZ LRSI W, 43 ATHE T A b A
BT, 3 Ab WS S FE R —rim |, 3k 5 A Wy
1, [A1FECH 3 mo WS B 2 FIE 3 Fos .

PTG 3
AR

| 2000

8 000

_o KT 2 O

\\\\\~‘/////

1750 | 1750 | 1750 | 1750
T 7000 ’
H: EAPEdE A mm, T
B2 T bE S ANk U S s e B

Fig. 2 A lay-out drawing of monitoring points of vault

2000 | 2000 | 2000

subsidence and horizontal convergence

/300030003 0003 0003 000 3 000 3 000

EEEEEEE
PR

8

B3 iRENSHER

Fig. 3 Surface monitoring points



34 (71 N DR A N S S 14

2017 4F

HETGUIC R UL I W 55 G 5 43 5l R P4~1, P4-2,
P4-3, P4-4, P4-5; KIS I A5 45 031 oA M4
1, M4-1.2, M4-2, M4-2.2, M4-3, M4-3.2, M4-4, M4~
4.2, M4-5, M4-5.2; Hb3& s WEI B 11 4t 5 430 h Ad—
1, A4-2, A4-3, Ad-4, A4-5,

1.2 RIBEEIZ CRD EHMAE

ZASER . BRI BRI T3 pR G, okt
TPACTEEfR, DI AR e T T vl %%
TEFRUEWTIR R S 6.900 m x 7.741 m, W iAi AR 53.413
m’, B T 2 R B A 4.500~5.280 m, iz BE
Wk T8 J T v SR T T TV, 8 X R LS
P20 T Ty Heak e SR 38 SR B BE VL (cross
diaphragm, CRD) FFZ T3k " DI ATE N . #AT
INTAE S KA | ISR R S
PURZR, WTDMRIE RS TR AE ARV RTE N .

1.3 TEHEASEANHE

2 M T Ao 1 3 G 5 I i A R T
2R 1AL, G TR, WA 5.000 mx
4.150 m FYEETEIR T, WEAZBORUETHZIBIECA 6.900 m x
7.741 m, TEFFAZEIE IOk — K EE 2 23T
THZZ, SRR E WA KB, I T
AR A Tk PR S AT NI, A R
BT RWE, Zead I A eI e W i A Br ik
EHKH 5.000 m, BPFRJERIFHZ—H (0500 m)
TR Y WA 2 0.200 m. WiASBt 1585, 5
S Ta] [ AR R AR By S, R AR Be i K 2
PRAEWTTET, THZRBEINE 4 FR.

B PRI
WA A TP ~ ﬂﬁ%*m

T AL R TN

B4 TEHEAEZTIEE

Fig. 4 A diagram of variable section excavation
1.4 #EmEih AR E TR AREEE

— PR T M R T A T, = A b TR
FEEC (R T2 O Mo ) 42 BROE 56 DU 2 1) it
T B W Z Ty o JXRE, i T B T AR TR M
HETBAR 2w 17N D 0 R D N 2 210
ARG, DR SR ) s R .
A2 TR N IR IHZ, A RSl 2

BRI W2 BRI T, sReIR A A
575 N1 I IR /=BT i s D SR8

ZE TR, ST AR A T - AR . SSER
SURIFAZ W IR 0 22 5, % IR eI - A%
Sl PR 1 3 R AT TR, BV 25306 ) sl PN 3T
BRI HT 5.000 m, BEIFZ—AMR, DG, Wiy K,
HEIFShRERTE, TF2 5882 5 IR B R B i A
B, R AR By K s E, RIARAR
P25 BEIEJS 10.000 m, HEKIHE R CRD JF4%
TR RS . BN . AR A
WS SRR IBE - 20 I S IR R o ARHBAR A TR Y
TR A2 1)l PN IR AR A R 2 Tk

2 HiERE

2.1 EEIEST

TR AR R E , L IHE S R )
FRE FUIRE ARG 5Em & — BT ) = 4 [n] 5
IR Ry AR BB ABE A0 22 AN [ 42 FE R OF 42 28
HIED Q01 SNy (M B B E D OE 22 by 51V & S & Ep=A T
Wt B . BRI K . SRR TR,
AMEFE L THEBIR G — R AR fEWT I . TR
(7% J%) Bl -+ 44 IR . Mohr-Coulomb #EN, Hog A1 kHER:
MR AN M R KB IAIER, I HZIHE
M FIKALZ by MBS R AR L Bk, il
S A HB R, PR 2 RO ) RS
THER HE R AN 1.

W T2 B SE M RO T 1 B4 F . SRR FITT
IARGER R, BRI RN EUE T 25 SR 52 A
U S DX Sk bk 42 R 3~5 ffe B e,
HRAFERS BE AN T R RE UG /2 o 7E FLAC™ — 4
THERAIT 4 xOz VIR REE RIRERTIAL, y Sl )
HREE A T2 5 ), BT EA R TR ST 5.0 m x
4.0 m, ZEEIAY R5ERUEWIE R ST 7.0 mx 8.0 m,
B TE P45 B 24.0 m, BERIEHEIRIE 5.0 m 108, BEiE
TFEL24.0 m, BIRIRSFRER 55.0 m x 15.0 m x 37.0 m,
B 1) (x 7 ) B 55.0 m, Zh1a (y 51 ) B 15.0 m,
Bemn) (z 710 ) BU37.0 mo BU(E AT R A AR 8
SyRIan L E S ME 6. BEERT 5.0 m AR, 5
10.0 m SR CRD iLJF4Z, BEABIRILA 52 665 ~HL
JG, 58 693 N, MR y Oy 1 4K 30 Oy, A
ANHIE 0.5 m, RIPEFRIER R 0.5 m,

M ZSE PRI oL, 293 BE ey, e
TR B HE bR, BARTHEBRI T RS
mE 1 R,



553 4 RYRVT, 4

R, FERMERI RN NS
B WESFHIRBE R B VR R R, SR
(N K B S ey K R E R T D N BTV
BN 43.7 GPa, JHMALL R 0.28, FEEE A 23 kKN/m',
SR P B 2R A U7 4 R (b BTSSRI A .
R AP T BT 2 AR B NG A A 1 s A
S, ORI I P AR R R AN A S IR I ]
YERIRIZERE . AR m TR NS48 R AT SO B,
SR 45.0 GPa, FEERIAIFI N 1.38x 107° m’. %
JEINE ARV e, HRSRAREA 1 )12%5
B, FS LS MESEUnER 2 k.

FLACID 3.00

Som 42571 Masel Perssactve
034,00 e 2 13 2906

Ranca Camaubeg Groue Inc
Wrnespais N USA

B 5 HEEDIEE =Y%M E

Fig. 5 3D mesh of the numerical model
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Fig. 6 A sketch of the computational model

x1 TESBH

Table 1  Soil parameters
AT ESR WA dan PP MPa JARSEL EEJE/ (KNem™) BRIy kPa NEEEESM/ (°) JRE /m
1 Fedr -t 5 0.2 20.0 12 10.0 3
2 SITADTE I 3 0.2 18.0 21 112 2
3 WA+ 13 0.2 19.9 40 22.0 2
4 4iiwb 28 0.2 19.7 0 35.0 1
5 G4 2 40 0.2 20.6 0 40.0 1
6 WA+ 20 0.2 19.9 40 20.5 3
7 AL IR D 2 100 0.2 20.7 35 25.0 8
8 i XAE TR BRI 2000 0.2 235 110 34.4 15
#x2 EBEERIIPHRSE
Table 2 Parameters of surrounding rocks and supporting materials
moH T /(KNem™) WL /GPa MEL/N=4 KT /GPa B YJELE /GPa
A (HL) 20.00 0.005 0.20 2770 x 10™ 2.080x 107
Fla (itle)izt 1) 18.00 0.003 0.20 1.670 x 10~ 1.250x 107
WIS 23.00 43.700 0.28 33.1 17.100
RI/NGAE 12.79 45.000 0.30 375 17.308
HLFERH I 39.67 128.400 0.30 107.0 49380
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0.3, 0.4, 0.5 m, fFasMm—FraERimTes (BRI
R RE TR /N DB TR B2 — Uk M2 30 A HUR R i )
T, MRS T IIZMAE o BT 90°, MBLHIZES
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Fig. 8 Displacement nephogram of

surrounding rocks during excavation
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Table 3 Displacements of surrounding rocks at

different excavation angles

z
T
BT mm B /mm
1 22.56 4.52
2 22.81 4.29
3 23.17 3.76
4 25.30 5.24
5 29.16 7.39
6 37.61 7.94
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% e
FHAZAHE /m .
Fe KHPETTR% /mm F KK /mm
0.25 19.03 2.61
0.50 22.81 4.29
0.75 26.05 421
1.00 26.62 4.52
1.25 29.54 6.68
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Fig. 10 Comparison of vault subsidence in P4-2
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