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Influence of Excavation Methods on the Stability of Mountain Tunnel

SUN Zhongcheng
( China Railway Nineteenth Bureau Group Fifth Engineering Co. , Lid., Dalian, Liaoning 116100, China)

Abstract: By taking the construction of a small clear distance mountain tunnel as an example, the numerical models of
three — step seven — step method, single — side — wall guide method and double — side — wall guide method are established
by means of finite element numerical simulation. The displacement, stress and plastic zone are analyzed and introduced,
and the following conclusions are drawn: when the three — step seven — step method is adopted, the arch bottom heave
and the settlement of the arch top are the largest, followed by the three — step seven — step method. The single — sided —
wall method is the smallest one, and the double — sided — wall method is the smallest one. When the double — sided —
wall method is adopted, the principal stress at the vault top is the largest, followed by the single — sided — wall method,
and the smallest is the three — step seven — step method. When the three — step seven — step method is adopted, the
stress release of surrounding rock is larger, the surrounding rock becomes loose, and the surrounding rock at the arch foot
is prone to stress concentration and rock burst. The plastic zone of surrounding rock is the smallest when using the double
— sided — wall method, followed by the single — sided — wall method, and the largest is the three — step and seven — step
method. Finally, the comparison shows that the stability of the tunnel is the best when the double — sided tunnel method
is used, and the worst is when the three — step seven — step method is used.

Keywords: mountain tunnel; excavation method; stability; numerical simulation

UTARR , B 20 B TR BRI HERE  F IR DR SE T 55, X LA 8 T Bt I8 XA [
BT TE R, NS RRE R B R AR MBS R R A IR A OF AT A, 538 T
26T J7 2, ARG Ty AR AEAE 22 -0 X ORI A 2 Sk B 4 ) R LR
THE TR M T XA 25 VRARMBEEETE,  w, X% B R g i 2 X AR )
AT FEA DG T 0N B E A E R e A 2 iRy 30 R R RE I8 B4R LR AS ) B R B0 BE
B WAk, B A VAT T AIOGRRSE, BN, 2E TR IR R AT T i, BRI A
FAAT MBS R 0B S RINBE TR O SRIIBET-BOY CRD 355 BF & Wik e iiE

e B #7:2018-11-03 f&%% B H1:2018-12-04
TEE R MR (1976—) , 5 i RN, TR A, TR, EZEMNF THEEH TIE, E-mail: sunhyx@126. com




84 PRI RS ES I

$17

FHEFR R IETT T X8 A T 2 Bk 3B AN [
it T 7 20T BEA AR de k| DASE RS G 2 A ), ok
AR ICBUER, T B il T =/t
NPRE BTk U BE S B vk =it T 3 ) B (AR
R I LRSI  FVE M X 5 T HEAT T B 4,
DU A S GE T ARG TR S
1 TFEESL

BNl STE O MNE el STE N 0 I p S S CIPANE S (= I8
BRI e A5 2R A KA IR 466 m FT 387 m, 2 A kit 11
B WA ZK1 + 620—ZK2 + 086 il YKI + 680—
YK2+ 007, %t FREIEAGL, MR =aH L2
2 CERLRE ST OBUEE S bR AE 3 Rt Tk,
WE 1R, TR AT =R ik & B, R
BT Bt A 7% Ee A3 b7 o

AT ERN
Lo/ e\

(a) =B kb ik

7

(o) XU e 40 7%k

B1 BEAZETEE

2 Bfrisdhs

2.1 #HEESIRSHIRE

W 2 firzs , o = FOR R TF2 05 T 1 Bs 18 5
RUPE R FH MIDAS/GTS FEASIEA 14347 o Bk i A5 50
ST R ITAZ 52 WY [ A TR R D 1 e K
12.6 m, B RE R 7.4 m, Ti— BT TR 520

TR 345 ~ 5 A5 % AR, S BRI « Bl (K-F
J7 1)) B 180 m, y il (B3 5l £ J7 1) ) HX 20 m, 2 %l
(B 5 1)) B 90 m, HE&IE FHOHEIRZ) 19 mo A BR
TEVRE TR SR VAT 50 377 19 76 I = 9 AR 58 S VR 05 )
S, B A D0 R T B S AT A B,
H B R S AR SR FHBE R - P AR R
FIRIFIRAT RS BT, 3 1 3% 2 200 A A
(R BT~ HE AR FH ISR R B8 = AR AT 1 12 28K,
Horp e e84 L2 RO By iR + B 1
Fzm A ST AR ) S Wi 3 B

(o) XU BE S vk

2 BEHERREE

T

B3 BEHTZIPE



55 2 1) PN < TP 2R 1L R M R B 5 85
F 1 EEMWE SR
EAIDiE et 1900 0.097 0.042 0.35 15 30
it 2650 5.560 1.850 0.32 25 60
Hos 2590 46.700 28.000 0.25 30 200
TUA 1900 5.120 1.670 0.30 15 30
*2 BHRBEIMEFNHESH Ao B T ) 2 TR 45 o 5 SR e 4, X 5 it T it
Fhk /(fff;) IR e B Wﬁﬁﬁf"
WS TR B 1 2400 25.10 0.21 0.25 b o
Tizas 7900 200.00 0.26 — \E ol =
2ol
2.2 FHERIS ARKHRFES = |
U 2 B, = I L R SRR H R U vl
3624 1.3 532 AN 3 586 4%, K T IR , (EREIE Tl
T L X 25 Ay %8 4 70 25 Bk T B A 4 R B A . b 0 —L
O, T AT VBT NI (5 , B L 54 R Ky e
PR E D R TR IR R, AR TF IR A, (a):“‘"ﬁ‘:
I

S TGV, R (LA M IR LTS
SRIG AT 3 0 THZ T BOE WD 5o BB 3R R 2 2
m, 3% 10 IESMEHETE M, K BRI N 8 IHZES

3 B R

3.1 ot

WA 4 PR, O e b TE HETOHE 7 RS B R R 2R
XPFHERORE, I 4(a) T AL R =6 B L2k
IS G e et e K, LU L BE 0, e/ ) I
XUBE 50k, = e KA AKIK N 18,02 mm,
11.13 mm 1 8.96 mm, X} FHEGOR P, (&l 4(b) Al
R =B B 2P I HE R R, HUOE
MRESHT, fe/NE & SN EE S50, = e R
YN = 22.31 mm., — 15.52 mm I - 12.74 mm,

WNE S B, A B HETOUHE IS 7 B B R
XTFHERRVE, I 5(a) il AL R =6 B L2k
IS G A e e K, LR LI BE S0 | Foe/ ) I
WUNEE 307 3k 5 26 W PR — 3, = F R %
KA 12.75 mm 10.38 mm £ 8.71 mm, X} FHETH
ik, BB S (b) AN, AR R = 6 L2k
At O T A A K, SR A UM B S g vk 4t T 39
/DN, ZE RN BMKIKHA - 16,62 mm, - 12.16
mm Fl - 9.58 mm, FHXT T A2 G R U, A7 % 1A 1Y A2
TEARIN, 3% 55 47 % 18 BT A A5 B L 30l IR A O
25 AT AU RS T T 2% S, >R FHOBUI BE 470 7%

K3 K4 K5 K6 K7 K8

HET5 B 7] 47 #/mm
oo

(b) $LTit

4 EREBTRBRAMARE

3.2 MASH

WIE 6 7 , Ay 22 b 3 HE 0B S e K 3= g ) s
PR . XFFHETOR 3, B & 6 (a) AT A1, SR OB
RE ST BB T e R 32 0 ) de R, Lk 2 BN B
ik BN =AM, —E RAR R R FN
J14y BIFEEALE - 0.65 MPa, — 0.57 MPa #l - 0. 18
MPa, HETGFE A N 778K /), 156 W % 3 42 DL S Bl
NI RETACK , BB RA T . X T HERRUE,
H & 6(h) AT AT, R = & B 25 7 B I S5 K 3
J1iR, LRI BN BE STk | B/ N U BE S 450
By, ZHERRKEN 0 IFETE - 5.28 MPa. - 3.86
MPa FI — 3.52 MPa, #5532 255 AR, 240 )
IS, 10 B4 B s BN, F7 B v, 25 5 B b
a5 BRI, AN IR R FE 0 7 TH 5 T SR
FH UM B S 470725 B R T8 1) A MR RIOR Bl SR =



86 IR 5 RS TSR CRVE
CURE S TE SRFFLBUDMSE S0 25 0 T2 B X B, S
S SO, BRI RR I = B L,
1ot S TR 5, R = BB E AR B AR
) 1) IS 8 5 W 3 A LR L7 P
= ALK 75 . NS S S L4
s fr USRI = 2 LB 2 B R
1:: 4t
o
’ K1 £2 K3 S?T”ES K6 K7 K8
a) B .

K1 K2 K3 K4 K5 K6 K7 K8

PTG 7] A7 F/mm

(b) Tt
B 5 BARERTEELR
FE8
K1 K2 K3 K4 K5 K6 K7 K8 K9KI0OKI1KI12K13
00— 71T
0.2+
£-04r
§-0A6~
=
B -0.8F
= - = Hkh-Lik
27 —e— L B b ik
14k —A— U] BE 7 vk
-1.6¢
(a) HLTH
A%
K1 K2 K3 K4 K5 K6 K7 K8 K9KI10K11K12K13
o———r—r——T——T——T—T—T—T—T—1
Sk - = H Lk
£ —o— L BE 3 i vk
= 2f —h— XU BE S i
R
2 3h
g
= 4
= |
6L .
(b) HL)i
Eo AREHETMKERENSN
3.3 EMERSMH

Bl 2R DR I T B 0 22 4 5 5 1 — L 2
R, I D] AR B [ 2 1 RS AR, 2t
FIWTBRE LR . N 7 FR o =R R IJTZ
T H AR E N X B X = mTH,

(b) ] BE 5 Bii i

() XU Bk i 3%
B7 BREZEEXZE

4 8

DAL /N B R 1 152 R 481, >R FH AT PR T S (A
PLT-Be o mldsr 7 =& B0k B eE bk L
MPRE S0 = Rt T 5 2 B AL, 3 LRSS N
FIFNEBVEIX J5 AT 153 Hr 48, 6 T 501, 15 3
[ T

(1) PIMERIE R = 6 Br-C v i L R i
L TR R et e K, LU B BE S0, e/ N i
XU B S B0y, A T2 B G R U, A B T 1) A8 T 4%
N3 5 A B T A A7 T A A IR A O

(2) R AU BE T b ik s 4 00 g K =6 N7 de
K HYOR M BE S H0, /D2 = B LAk
LIS Fe I F2 10 1 R/ AR 2, D6 2R FH = 6 B
LA I R TF 42 DA L B ) B TBCROR , LA A2
RN, B A B 1 BN 15 2 5 R
EREIER

(F#% 129 W)



2

AR, 45 < ST U BEH T RGN 1 SRS WA AR Iy R 5T 129

N L E B 0 KV KR B K SR T
SURIX T2 B0 TS, AT/ TR
SCH G G 6K, 0 R L5 R B A R
0. T LU FIRERERE ) AR TR I
WA

S 3Rk :

(1] okHazr, dd  me. KAERPRENIE (1], KR,
2005,36(11) : 1307-1313.

(2] B E, o, B B4 TR E A A5 4 B R R
TEWFSELER LT K AR Bk R ,2017,37(5) 1 1-8.

(3] XUBRF, T 1R . BGRB8 Al e ok 7% S P 1531
MBI R KR SR K G, 2013(21) :49-50.

(4] Ao, 0t e 2Rt 55 2 DX R 2 Y R U R o
BHSET] KRR 53T, 2019(5) : 10-16.

(5] 2B fd. BRSPS o ) R I T ()] TR
% 5%41,2016(8) :38-40,44..

(6] XM, E . pg b IR X T 30 ol vl o =52 Je e 1
N FWEFE [T, B K AL IR S5 KRR, 2013, 11(21) < 49-
50.

(7] # 5,2 E . BRI 2R AR R T] I A e s
BEPUEMIT]. BEKALIE S KRB, 2010,8(3)
25-28.

(8] TAH. =FE4E ILYE TR AT I 350 KM D= S

[9]

[11]

[12]

[13]

[14]

[17]

SHTID] . S : UK 2F, 2004 12-13.

JEUEDE R B SO R R TR SO YA TR SN
FA AN [R] . B RS B ALK R BRI 5 B, 2016
1-6.

WS R TR TN ) A BT L T 4 AT
[J]. T PaKFIKHL,2017(6) :50-53.

JosiaE e, EBRWT B W M BRI [+ 0 5% R R
T [J]. A% ,2003(6) :29-33.

R T RS, S B0 . U 2 AT AR AR = B
bRz R R R dr [T]. Jb T R 2 4k, 2018, 34
(1):13-19.

XA W20, T & NS ST B PC S T
MR TR I paT [J] . M R 14, 2016,46(5) : 18-23.
ZEPRAR , BRI, HEkAS . HDR R 72 S R A A8 o) T 42
ZHETETE (] AR R KB R 22224 (A Sh R
f&),2017,38(1) :68-74.

Hh N R ] S8 A 5 . A 3% AR BT B ALY - TG
B02—2013[S]. 4t 5 : A Rsci i hidt,2013:17-22.
TRAGHE,XB 0, 2R R PR RA H L A G ]
I Ry AL Ak 25 [ 0] g K AL I 5 K AR 2005, 3
(2):46-48.

Hp N R LA [ R AR VR R K i TR K TSt
REBEITHLIE . NB 35047—2015[S] . AL 5T E HL A7 H R
#1:,2015:52-54.

vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv
nnnnnnnnnnnnnnnnnn

(L% 86 W)

(3) SR TR BE S 535 0t T FBL 28 4 IX i
/N UG M BE ST, IR R I =G Bt
%o BUNGLRS W A3 FEB X 5 1T Al A1, 2R U B
SPHUAM BRI RS E MERCR B, R I =B Bt
LI 2% o WFTEAE R AT b/ N L 0 B8 T8 ) it 7
ES e

S22k

(1] IR, 24,3 8. BRI AR T2y A s 4
W BRI RAA[T]. Tk %1 ,2018,48(2) :110-115.

(2] SeoiOF . W R [ 2 5 0 s i BR A R (e ()]
RS #E 5 TR 2E4R,2017,15(6) :227-232.

(3] B,k FHr IR IS b 18 R 1205 SO0t 2 3 3h i
o3[ J] T 218 5 TR 2EHR, 2014, 10(6) < 1372-1379.

(4] TVEbR, B4R, MM, 55 RIS 7 20630 B B 58
B R E RIS [T] . A A 5 TR 4, 2013,
32(10) :2079-2087 .

[5] %l %3 il T 2500 R DURE R ma iz (1], 7K
FIS ST T2 ,2018,16(2) : 131-134.

(6] M/INET,Z8 £ 2 R W T T/ ft T 3ok 5 1 b 2
TERUE 4T [T At K R K o R 22244 ( B SRR

Ji) ,2017,38(6) :66-71,81.

22N GHTER IR N R T 7 1R L8 g 1A S Aa e
PERFSE D] . b5t Jb 5t 38 K2, 2014.

BB A B REE O RRIFZ T kR
TE VAT )] . I 1%, 2007,27(S2) £ 16-20.
PNy % S e S S NP S oy N ST koy =
TEVE AR PERFAE 04T [T] . A6 5 3838 K 22431, 2017, 34
(1):21-27.

XA SRR T . L B T S 4 58 B R
PESHTLI] . )1 T, 2017,43(4) : 70-72.

78l S T T s N ) & B SE RN
Wt 05 S B EAR L K LA HT [ 0] . Dalk 3, 2015,
45(2):95-100.

F/IN Bk I SR S LW R AE i 2y ke
Wk T [l A RS 3 A (0] 8 B TR 2 2 i
2015,34(6) :5-9.

FIN, W B L. CRD 5 R &Mk fE RS E
FEAE IR XS L S BB A [T] . oA B, 2011, 31
(4):192-196.

AT SRR, SR . 5426 T8 FF 42 S 4Pt T A 4k
(EBEIBESE 0] . PRI A2, 2006, 18(6) :307-309.



