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Study on Classification and Failure Mode of Surrounding Rock

in the Entrance Section of Xiangjiawan Tunnel

XU Fanxian' DAI Hongming" MA Liuchuang' WANG Feng'

(1. China Railway Tunnel Stock Co. ,Ltd. ,Zhengzhou 450000, China;

2. China State Railway Group Co. ,Ltd. , Beijing 100000, China)

Abstract; In order to systematically analyze the stability of surrounding rock in Xiangjiawan tunnel of Zhengzhou-
Wanzhou high-speed railway, on the basis of geological information of surrounding rock recorded parameter measured
during tunnel, the BQ method as specified in Code for Design of Railway Tunnel is applied to implement sub-level
classification for surrounding rock of the tunnel entrance section. And the failure mode of the surrounding rock is
simulated numerically by a finite element software-Geostudio. The results show that the rock masses at the vault may
collapse induced by tensile stress concentration. In the actual construction process, the partial collapses of the
surrounding rock at the vault is consistent with the numerical simulation results, which verifies the rationality of the
results. Based on the above analyses, considering the attitude of stratum and the characteristics of the structural planes,
the support measures suggestions for the surrounding rock are proposed. This study has important practical guiding
significance for the safety construction of similar tunnels.

Key words: high-speed railway; tunnel; surrounding rock; classification; failure mode; support measures

FEE—NZ I ER,69% M E LA R . R I ERIE & HE A W74 g, BRI i 1 anx (4 1T
IR o Bl T ] R AR B e B R R A R PR A POk B 2 2%, o gl TR 50 R it T

%5 B #7:2019-03-06

PEETE A ARFLIR(1980-) 33, I AR

EEW A {EK A AP2EEETHEIESIH (41402266) 5 19145 380 J TR H (2015A1-3-01) 5 [8 5K 5 G F R 11 (2018 YFC1505404)

Sz AR ALK, A ], S 1] 4. 5 R ) BRI 0 S RIS [ )] R R R ,2019,10(6) <15 - 20.
XU Fanxian, DAI Hongming, MA Liuchuang, et al. Study on Classification and Failure Mode of Surrounding Rock in the Entrance Section of
Xiangjiawan Tunnel [J]. High Speed Railway Technology, 2019, 10(6) : 15 -20.



%5 6 1]

R FLRK , 45 « 1) 0 g T8 0k 11 B B 02 S R SO 5

2019 4E 12

ISR AR AR o SR RIS B IE 28 B AKX 55 ik i
JEIE, R T 7 A PR 2 25 A R, R
A3 TR A, TR 22 X0 TN 5% B 22 4 4 0B
R T % T 355 B 9 A8 T AL S5 R DGR I, R
W R AR 7 1 ot 22 e o, B R KB TR B | R
PTG AR SHETO025 37 P 8% 2 B 2K T B IR 1Y
BGRA e . Tormiss R B A TE AR 40 o)
ERTEATHEIR PRI R | EE AR L 9T DDA S A A
PRI AR R R R A B K i SR TR 6 A2t
GRS NHEAT T Rl B R AR R R o 1 R IR
2 )G RIS, U4 T LA i R A 2
Ay EN L T AR S AE A X A 5 % T T A
(W4 R B A B B 2 4 R L wg
N FRERNRES 09 1 e B 15 T o i ik iE
B A B MR R HL IR b, TR AT 45 N 2R 4 4 I
BT F A B LB A T R

W B 25 R 2 R B A R B T 4R IR
W, LT A R PR, ks A
AT 0 T Bk B bl B i R R T A . A
1946 4, JE [ 2238 KPR UL B s 1 (E R R A
(RN 73 k™ o 1958 4F Lauffer $2 ) 735 F Fl /444
SE I E] R 20 2 05 110 0 1960 4F: Deere % A AR T
JEF 5 R A4S AR RQD (94 407 1. 1973 4
Bienianwskiff ) T 7 B R (1) 15T T 24 0 9% (RMR
W) VLR IR T AR SRR A0 9 M T K %
ZREZE" 1974 4F Barton 42 H T 4 B S AR 2>
Pk(Q k). 1973 4E gk T BRAERT A M RL A |
FGE MR T 2 5 TR T A0 A 1 2
BRI | S HOIR 25 IR A IR A 4 DR 2 11 i B o0 i
(G4, 2k U o A0 Ak A e 1 T 9 T 488 1 T < LA 2
T AR R O R R s 1995 AFEAKFIFREE
A E N AMIFFE R, i E WA T GB 50218 - 94( T 74
R GAREY T BQ 0 A SR R AT %
R5% o IR L4 R T A 2H 8 L AL IR S, KUk
FRBE AR M K45 2O 18 4R, 9F B TR
v {2 R TG 5 A Bt T 7 B L A4 S, AN H 3
T B A S T EL A5 43 i e A S
Mo Jak, ZBARASEMBIETET BQ %, 5 A
TB 10003—2016 &k b5 B ML)

I ER B IR E B ] BQ VA A R 4o
6 NEH , MRHE KWL PR TREZORHE N, T Ho 5
AR R 22 278 SR di L PR EE AN &, LA i 22
TENI M RFRRE BN B A, I E BQ 45 1E R AU

(EAFHE —EBORIVE , 1 WU T MR F 2
I, R T A Tk R MR o R L DL A T A
O3S, S AT BT AR Sl g it T T R A
ARSCLIRE () = T3 (CON ) i o B 1) 125 g A Ay #F 72
X5 ARG A ARG TR (30277 RS i & R
F 2R BQ VA X R T8 BE 171 B FLE 43 AT TR A
W34, HAEH Geostudio A FROGHAF 734 T B 1EIFHZ
1A A e e ME AN IR AR S, DA $2 ) [ o S i
Kz 4508

1 mFREREHAESDR

1.1 BRHEX T8 3 R L8Rk

ST v TR 5% 1) R VS B 3 7 T AL A8 L B T 2%
B R PRBESE N, BRiE 2K 4 663,24 m,5E (7] 240°, e K
HIVRZY 1025 m, J& TR R IL SRR 1A . bR 1B T
PACER AHEIE (5 0 ) | BEIE R4 8 5 12,23 m, B5 )
14.70 m, Bk CHR5E Btk AT T Wi 142, 220k A
EFERIE.

R4k X RIS R IR R, a0 ik b 1L b 55
DX PNl A v e I, AR AR A K, i e L A 1 24
1 606 m , A5 K FAVD T 2%, b i 24 148 m, HBTE 5
ZEY 1458 m, W YPNE, B AL r IR D). M
AT R R S = A, DL R P
Ly 75 P 3 7 S8 9ICRT < A YT Fp R 97 X3 AR P 1 ) 1
A AL

W3 9 11 B o D2K 581 + 810 ~ D2K 582 + 110,
WRAHENER R TRY B (S, Ir) TUE b7,
TUE, RSk, JZ R 3, Ye e 45 , 4 4K, &5 KAk
ST, LB KA 1 e S K W 4 T 4 4 W0,
W~ AR ZE R RIS , TR ~ JRJZAR, TR, 2R
1~3m, HTAZEMIEHFEHE( ~6 m) A O
6 m ZJa AR 55 XA, 5 2 T R B A R R
(JUAND2) 225 BRO) R, A AR B i, e 3 45 22, T
FAWEN N HHCAE . T1 B4R 80° ~ 100° £60° ~
750,02 AR 345° ~ 5° £55° ~70°, B4 B2
“X"IE, W HLEEE 0.2 ~ 0.4 m, [T HRE KA T, BB
Ko EIGRT D 5 e [ 25 AR 1 A O B R R O B
TR & B FUBORI 25 F TR AE . AR S5 T S V)R &R
HFEHE R, R 1T A 1 iR, J1-LJ1-)2 1 J1-C
3 HASK VIR W A FT R J1-)2 S8 N+
T P 3 7, J1-02 J1-C T L-C 3 4038 R VBT )
HAA T gy J1-C A8 2 VT 1A N 37, o LAk,
J1-J2 J1-C 1 J2-C 3 582 V) EDE L S A ] BBV



6 4]

R UK L 55 - 1) GV BR E HE 11 B B 0 SRR A5

2019 4E 12 A

J1-02 S22 N T B 7

:
R

S

S

1 BEs ORFTRE( LR

x1 BEHORSEHEIVIXER

i | AESEE AR | M) | M | dA ok | ) |
C-J1 14° 31°

¢ el 32 42 C-12 287° | 35°
5 — 00° | 68° J1-12 35° 55°
JI-L 150° | 51°

2 53 2 355° | 62° 2-L 330° | 60°
L E R 60° | 90° L-C 330° | 42°

1.2 EFEREHOREESR
BQ ¥ T 2R 5 41 10 R B 9 K, o R g B
VAR SRR R  HB R TS Rt T K A& EAE PR 4
bR, BRI (L) Brzs o
BQ =100 +3R_ +250K, (1)
AR —— A B AN AR 5 L 5
K, — 5 R e e R 4
LA AT Rt T DR AN T R R E B
LSRN R K, AR BQ (BN BEAT I8 IE 18 16
[BQI#%3(2) 57
[BQ] =BQ -100[ K, +K, +K;) (2)
AP K ——H N KRB I R 5
K, —— 28 T AR R i 1E R A
K,—— WU R, J7 S RAE IE R R 3 A R A
ARGE,
ERGON Fi B EE . BQ LR BLAE

(a) FETE A 2T 4R
2 EREBREWREBEREHTTE

(1) SRJATAHE S S 19 2 A EEITEM 4R, Hofh PRl %
VERIBIE R E , HEM S T PATHE M5 & Tk
o, FESZBRR T b R0 AR HLIIE ; (2) HoAk 2 ™38
PEPESR 35 P, [R5 RMR 25 05 1 A0 56 v B
T HE I (1) 2% 10 T 17 18 3o — I
{H, FHEPHTLEMBIE, W EHET " R, &
X D T RS/ ISR (<80 m? ) | (IR BQ 5 52 B L
PR B, 2 W 1 1 AR T 120 m® B, 3 BQ 3k
5 (4 B 25 2% LU BT S 0 1B o 6 4005 5 (2) R B AR
T PR MG 1E 2R 5 K, BTG L 58, X TR IR 2856
FOREE 5 (3) WIHAHL J1 16 IF R0 K, W %18
SRR EE X P R R PR IR, L TRT B X M
IR MR Ay 2 R, BUE WA S . SehR
TR B REAR F TR, TS SN TR AR
(EF A FRIE . 0, SRS A AR RR T , 7T 2% 18 4% 4 T {1 )
I A 0T B AR SE RS0, OIG F 6 553 495 440 T 5% W0 165 1
B K, 5 2 SR B IE S, (A6 6 L RS S
BIE RS K, 2,

1 F1I BQ 1 X % 3 3 11 % B 4 3 B A7 A A I
OYR L EERNFE 2 FTR . i A A M R Bl TR
JE R, FIZEHENE 2B K, S K SR 1R TR
IR T . % R Tt F b A A K B
U AR HE K, BRO. L, Pk i i 2 2,
IR A o g 85T 60°, fHiff B N 420, Y)ZTH
SE 1) SR AR BEAASI , B R 7 6] 02 %) B R
PEF=A R, 2% RSR 31 A RMR =" 4 454 i
{5t )5 it e s e, G 2 R MR K B R
PG, K, ATIRE/IME., ASSC K, B0.2, [0 5K I B 8
Bkl DX A % T 3 B 0 K SR ) 4,95 MPa, 7P T
TRl 6 T R B - 24 4932, 8 MPa, R /o, N
6. 63, B, A Ky B0 5, piFe 2 AT, 1 SR ok
Bt D2K 581 +810. 00 ~ D2K 581 + 834. 60,D2K 581 +
841. 00 ~ D2K 581 +963. 00,D2K 581 +973. 00 ~ D2K 582 +
013.00 %5 X Bt Bl & & IV, 2%, D2K 581 + 834.60 ~
D2K 581 +841.00, D2K 581 +963. 00 ~D2K 581 +973. 00 [#

9
Z

(b) ZE T 5 P 3T 170 5% 2



%5 6 1] TRILMR , 45 - i) ZE5 BRI 2 11 B FEL 0 G S R e 2019 412 J

®2 BE#HOKRESBQESR

FFIR LR SR R R./MPa K| BQ K [ K | K (BQ] | WA | A
D2K 581 +810.00 | D2K 581 +834.60 | 30.4 ~33.6 0.8 ~0.88 390.8 ~408.7 0.1 0.2 0.5 310.8 ~328.7 v, v
D2K 581 +834.60 | D2K 581 +841.00 31.6 0.8 384.8 0.1 0.2 0.5 304.8 v, v
D2K 581 +841.00 | D2K 581 +873.00 | 31.2 ~33.4 0.8 ~0.83 390.2 ~393.5 0.1 0.2 0.5 310.2 ~313.5 v, v
D2K 581 +873.00 | D2K 581 +963.00 | 30.4 ~38.2 0.8 ~0.88 390.8 ~417.1 0.1 0.2 0.5 310.8 ~337.1 v, v
D2K 581 +963.00 | D2K 581 +973.00 31.6 0.8 384.8 0.1 0.2 0.5 304.8 v, v
D2K 581 +973.00 | D2K 582 +013.00 | 31.2 ~33.4 0.8 ~0.83 390.2 ~393.5 0.1 0.2 0.5 310.2 ~313.5 v, v

ol TV, %%, i, D2K 581 + 810.00 ~ D2K 581 +
873.00 [FIA b M 4 bR V m T 1 4, i

FEG it B Fla 7 R — 2

2 [EFRERIEFZEERL

2.1 REE

ISR A BRI 4 GeoStudio fSIGMA/ W

B, KA TCH R FNTCIB K ST, 0 R R i 11 Bt

LA T2 5 1 0 T AR AR o AR R 1) b BT 4544 LA

YLt SvAHP R SRy &I

FRAE % JE 150 mo fy 35 OR, A5 2] % N g

3.6 MPa, b= (3) HH5AF B KB ) H1. 5 MPa,

S5 T8 ) W ) B M [ 43 £ (3.6 x 0.33 = 1.2 MPa) &5
KPR 3 1 T3 (R % F3 0.3 MPa™) 22 Fil, [] i 1
DUHETH B A 850 AL b 3 i 1 g L AR A S

WA P2 280N 3 R,

o =Kx><0'1+a'x=1#lf7><yh+a'x (3)
K eo, ——FA RS W Y T 5

oy 7K W] T

y— LA R E

h——% B

K, — 71 5245

p—IAMA L 5

o, ——RIHE N T

=3 BRERSHNMENESHEE
- RERPTY ik

2| L KAl | RIR# ; S
| BB | sy | BB | Py AR LL | i
B WE |/ (kg/m?) P ﬁf(o) /CPa
Syl | B Jerb A |5 Rk | 2 400 150 50 0.25 | 22.5

2.2 HEERELHM

WETEARAZHT, BBl 32 31 1B o AR [ 500 g Fk
SR I TV L I T AR AR g A 2 ), S TTAL Y
[0 /30 3. 8 MPa, Y [a] )48 0. 14% . BRIEITHZ)S,
FEL 5 A 10 g A A R 2L, X g 1 g A 46 R AL A e B
T NP 3 R Y 1) A A TR o s

BN S8, HW g i IR AR O 7, B Z HDIRES ,
Bl 4 Fron o SR Rt i X e A3 ok E) 0. 18%
W s Fros, LT Y 1) A8 3 K2 0.5% , W&l 6
J7R o

X-JE N

© | E<-50000~0kPa
| E0~50 000 kPa
/| 350 000~100 000 kPa
= | =100 000~150 000 kPa
=1 150 000~200 000 kPa
| ©3200000~250 000 kPa
e B 1 250 000~300 000 kPa
- N - [J 300 000~350 000 kPa
! A = 1| 3350 000~400 000 kPa
‘ A | 1 >400 000 kPa

3 AERXEEAEHE

V-5 Ay
<-200 000~0 kPa
~200 000 kPa

w | =N

i L) i | E 200 000~400 000 kPa
7 v || &3 400 000~600 000 kPa
{4 g, ! 1| O 600 000~800 000 kPa
o | B =800 000 kPa

4 FERYRENZHE

e/ Ty AR

Y <-0.028~-0.016
-0.016~-0.014
-0.014~-0.012
-0.012~-0.01
-0.01~-0.008
-0.008~-0.006
-0.006~-0.004
-0.004~-0.002
-0.002~0
~0.002
.002~0.004
.004~0.006
.006~0.008
.008~0.02
=0.01

0
0.
0.
0.
0.

4 OO000000CO0COOO0OE

K
NI

BS5 FEE X AEERE

kG X RS IRE] 2 ~4 em, ANIEN 7 FoR At
WY AR A ] S em, T Y [ RS KK F TS ~
80 cm, U 8 Fr/i , PiHH 2 v W S VE R, 4 TR
AHE B SRR R o B B S B o A e, B
SRS T MR A S, A B TR B B B 42
BEREREA A SR AT



% 6 1]

R UK L 55 - 1) GV BR E HE 11 B B 0 SRR A5

2019 4E 12 A

Y-

[ <-0.005~0
[ 0~0.005

Y| [E0.005~0.01
[ 0.01~0.015
[ 0.015~0.02
| | £E0.02~0.025
| [30.025~0.03
4 [10.03~0.035
[J0.035~0.04
[ 0.04~0.045
O =0.045

Bo6 FEZRYRNEZRE

=% X-fiFs
| @ =-0.12~-0.1 m
~ | E-0.1~-0.08 m
~| 3-0.08~-0.06 m
| @-0.06~-0.04 m
31-0.04~-0.02 m
[3-0.02~-0 m
[J0~0.02 m

P SN [10.02~0.04 m
I | 030.04-0.06m

7 s [30.06~0.08 m

[10.08~0.1 m
/= =0.1

7 FERX BB E

1 r-hiE/m

| E =-0.85~-0.8
£ -0.85~-0.75
0 -0.75~-0.7
O -0.7--0.65
1 -0.65~-0.6

| & -0.6--0.55

| B -0.55~-0.5
O -0.5~-0.45
O -0.45~-0.4
1 -0.4~-0.35
[ -0.35~-0.3

| O -0.3~-0.25
[ -0.25~-0.2
1 -0.2~-0.25
O -0.15~-0.1
1 -0.1~-0.05
0 =0.01

B8 FERYRULBZE

F IR AR AN A AR S Nk 4 B, B 0 4
Y fi) AR R T TR R, (L Y 1) 62 8% /) T HE T

IR RS , D5 I 20358 o PR AE R i REAS B A7 BRI AL BE
[l AN 2 BB

R4 FERENALS, HEREBEBR
W | X-nze | Vo | oY | KRB T-NE
1 0 0.005 0 0 -0.757
2 0.007 0.024 0.039 0.000 3 -0.601
3 0.002 0.020 -0.036 0.008 -0.233
4 0 0.005 0 0 0.05
5 0.002 0.020 0.036 -0.0003 | -0.233
6 0.007 0.024 0.039 -0.008 -0.601

P BB B2 I BRI O, BETIUAL % A= B I i i
AN, B AREOR . BEE VTR IR, DU Bla )=
YT, H AR A AV T, (R TR 55
I o P IAS SOBE USSR 5 B B S PRI T2
JEBETUR R R (W3R 5 ) BN —2K.

3 HiLREW

(1) AR el B g 1) K 12 gl o 11 B [ o i
SR W E A e, e R E . RS
T IR T5 18] B9 56 2%, LA SR T3 RIS, 45 BRI
BIEREL K, A1 K, (8] BQ 545 i B8k 1 BEEA 9
BRIV, FTV, 2%, Ja dR b B L s BT A7 il 55 2
RFE—%H.

(2) il A AL T A RSB0 20 A, J1-L L J1-]2
FIL-C 3 AL IRIE M A al e I1-02 522k
NEET R A B J1-J2 J1-C FIL-C 3 AL VI
T BAA Al BENT J1-C SSZ N T T3 N 35 9%
J1-J2 J1-C 1 J2-C 3 HAZRUIEIE U SR w] BETT
J1-J2 222 IR T EA 7

RS BEFZREEEERBEIFER

b iy 2y e IR AR AL IR HEIEAR IR ERY m? YA/ m’ IR
! D2K 582 +289.5 W2 Bt A7 6 4.2 TR TG
2 D2K 582 +333.0 R HETH =fir 10 6 P
3 D2K 582 +365.0 RN R T e HETH SEATPUHIE 9 5.4 IR
4 D2K 582 +374.0 R R HETH SEATPUHIE 5 3 IR
5 D2K 582 +392.0 WEZ0 HETH 52 6 1.8 SR T
6 D2K 582 +411.5 R ER PETG K- 7 10 SR

(3) il i A FROCEAE BT, 1) S BE 18 T 42
S | EHETIRL N ) 4 v R0 JEe R B ) 4 v, Bt TR IR
X T A WA, THE S EE AT
I, T 5 17 2R 4% B i e 11 BIUKC R (2R EE DI 1Y
HATE A EATTHZEAT XU A AR AR E , B
P BLSE

(4)XFF IV, MV, BZECAREEIZ, I T

FEHT AN, 3065 B2 T2 A S U T, 5 3
PRI IR R GTHAT , I T A5 B AL R B 2545 Bl
PR o

SE

(1] F2A8E, BB, XIWE, 5. b F TRBEERE S IM]. db
ot R Tk A, 1983.



%5 6 1]

R FLRK , 45 « 1) 0 g T8 0k 11 B B 02 S R SO 5

2019 4E 12

(2]

(3]

[4]

(5]

(6]

[7]

(8]

[9]

[10]

YU Xuefu,ZHENG Yingren, LIU Huaiheng, et al. Stability Analysis
of Surrounding Rock Mass in Underground Engineering [ M ].
Beijing: Coal Industry Press, 1983.

ek, e, XIE2E. AIE A 55 45 KA KA S IR X 3P
SwE ] A i 5 IR R, 2005, 24(18) « 3373 -
3379.

JIANG Jinquan, QU Hua, LIU Chuanxiao. Research on Failure of
Soft Structure and Singularity of Failure Zone of Roadway Surrounding
Rock [J]. Chinese Journal of Rock Mechanics and Engineering,
2005, 24(18) : 3373 -3379.

REE, WEEE, TIAL, &5 RN % #f A R B sh &R
WSREELT]. a2 5 TR, 2011, 30(5) « 871 - 883.
XIANG Tianbing, FENG Xiating, JIANG Quan, et al. Failure Mode
Dynamic Recognition and Control for Surrounding Rock of Large-scale
Cavern Group [ J]. Chinese Journal of Rock Mechanics and
Engineering, 2011, 30(5) : 871 —883.

EAE, B, K, & 2RBEIHESBOMEUIET]. A
+ fi2, 2010, 31(8) : 2479 —2483.

WANG Mingnian, CHEN Weitao, ZHANG Lei, et al. Study of
Failure Modes of Soil Surrounding Rock in Excavation [ J]. Rock and
Soil Mechanics, 2010, 31(8) : 2479 -2483.

B, REME, AT T, AR J7355 50 BEE W g R i 5 5
SPHTLI]. Rl 5 TRAER, 2015, 12(6) : 1412 - 1419.
HUANG Feng, ZHU Hehua, XU Qianwei. The Test and Analysis of
Progressive Failure for Soft-weak Surrounding Rock Mass Tunnel in
Different Ground Stress Fields [ J]. Journal of Railway Science and
Engineering, 2015, 12(6) : 1412 —1419.

Koo, EER, 24, 5%. TERMBAHTRERIIM]. b5t i
JB R AL, 2009.
ZHANG Zhuoyuan, WANG Shitian,

WANG Lansheng, et al.

Principles of Engineering Geology Analysis [ M]. Beijing: Geological
Publishing House, 2009.

ks, TAF. PEERRIEE S DRI KRRl ]. ¥R
TR2E4R, 2005, 22(S1) : 392 -397.

HE Faliang, WANG Shichun. Research and Development on the
Method of Rockmasses Classification in Railway Tunnel [ J]. Journal
of Railway Engineering Society, 2005, 22(S1) ; 392 —397.

Terzaghi K. Rock Defects and Loads on Tunnel Supports [ J]. Rock
Tunneling with Steel Supports. 1946 ;15 —18.

Lauffer H. Gebirgsklassifizierung fur den Stollenbau [ J]. Geologie
and Bauwesen, 1958, 24(1) . 46 —53.

D. U. Deere, D. W. Deere. The Rock Quality Designation (RQD)
Index in Practice, Rock Classification System for Engineering Purpose

[C]// Symposium on Rock Classification Systems for Engineering

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Purposes, USA, 1988.

Nick Barton, R Lien, J Lunde. Engineering Classification of Rock
Masses for the Design of Tunnel Support [ J]. Rock Mechanics,
1974, 6(4) . 189 -236.

Nick Barton. Some New Q-value Correlations to Assist in Site
Characterisation and Tunnel Design [ J]. International Journal of
Rock Mechanics and Mining Sciences, 2002, 39(2) . 185 -216.
GB/T 50218 -2014 T FEEADSFAFRHELS].

GB/T 50218 -2014 Standard for Engineering Classification of Rock
Masses[ S].

TB 10003 —2016 4k I k%8 351 HyE [ S].

TB 10003 -2016 Code for Design of Railway Tunnel[ S].

IOMR, BT, AR A PR BRI Y BQ BLALLT]. BT
BT REAR (ARFIERD) , 2015, 42(6) @ 658 —664.

NIU Wenlin, LI Tianbin. Optimization of BQ Method Used in Rock
Mass Quality Evaluation of Rockburst Tunnel [ J]. Journal of
Chengdu University of Technology ( Science & Technology Edition) ,
2015, 42(6) : 658 —664.

R, EUAE, XIRN. ST ROMAL R BIE A 5 A A 7 )
MAEBEIET]. BB S TR, 2018, 15(1) : 45 -51.

WU Shengzhi, WANG Mingnian, LIU Dagang. Rocky Surrounding
Sub-classification Based on Fuzzy Mathematics and Probability Method
[J]. Journal of Railway Science and Engineering, 2018, 15(1):
45 -51.

EAEW. BRERIBLLMn R B & RO ETE ], gkl
TR, 2016, 33(2) ; 54 -58.

WANG Chunlei. Research on the Method of Surrounding Rock
Classification in Large Cross-section Tunnel for Passenger Dedicated
Railway Line [J]. Journal of Railway Engineering Society, 2016,
33(2): 54 -58.

WICKHA GE, HENRY R. Tiedemann. Ground Support Prediction
Model ( RSR Concept) [ J]. Ground Support Prediction Model,
1974.

Wickham. Handbook on Meehanieal Pro Perties of Rocks [ J].
Publication Trans Teeh, 1978, 3(5) :32 -37.

UG, HOKHE, RARE, S R O R ) BOs BE i T
FSCARRMITELI]. & 01%, 2011, 32(S2) : 496 -501.

LI Hongbo, DAI Yonghao, SONG Jihong, et al. Construction
Monitoring for Xiakou Soft Rock Tunnel under High Geostress and Its
Supporting Measures [ J]. Rock and Soil Mechanics, 2011, 32(S2) .
496 -501.

(¥ Ris %)



