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Stability Analysis of Orthogonal Underpass Slope and Soft Interlayer
Surrounding Rock of Highway Tunnels

CHEN Jiazheng', LI Zhong'?* , HAN Yang'”
(1. School of Civil Engineering, Shijiazhuang Tiedao University, Shijiazhuang, Hebei 050043, China;
2. Key Laboratory of Roads and Railway Engineering Safety Control of Ministry of Education,
Shijiazhuang Tiedao University, Shijiazhuang, Hebei 050043, China)

Abstract; In order to analyze the problems of lining deformation, cracking, and even tunnel collapse
caused by the presence of weak interlayers in the surrounding rock of highway tunnels in mountainous
areas under the orthogonal system, based on the theory of tensile shear strength reduction method and
FLAC3D finite difference software, this paper takes the planned expansion of a certain tunnel slope as
the engineering background, and studies the changes in the stability and safety coefficient of the tunnel
slope surrounding rock with different slope slopes and tunnel burial depths. The results indicate that as
the slope gradient continues to increase, the maximum shear strain value and distribution range of the
surrounding rock gradually increase, the plastic zone range continues to increase, and the safety factor
of the surrounding rock stability continues to decrease. As the depth of the tunnel increases, the maxi-
mum shear strain value of the surrounding rock first increases, then decreases, and finally increases.
However, the ranges of the shear strain and plastic zone continues to increase, and the safety factor of
the surrounding rock stability shows a first decrease and then increase. When there is no weak inter-
layer, the maximum safety factor is calculated. When there is a weak interlayer, the safety factor cal-
culated using the asynchronous reduction method is higher than that using the synchronous reduction

method.
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Key words: tensile shear strength reduction method ; slope gradient; tunnel buried depth; stability of

surrounding rock ; safety factor

UTARSR , WEE ] R S A T P A, R
DN BRBEIEAE L0 s X A, H R T 1L 0 3t X 3 JE
WA 2 HLs2 2 PR BB e Tod A b, 18
TESIESS R 2 3, i A B T - 300 3 45 A 8 ) —
LSS G IR N B B R SN )
b8 - R SR ZR T B A RS 1 R Rl 2 4
il T AR R g DR D

HRTY Ik, B AR 2 L Ko X s 1
i ST RHOCRE ST . T AR CTORER A BROT R
BEYTIE , K b A o B 2 M0 R T A0 BE 4 A
AW, 7 R E R A R R OF BoR Bk
SR Bl I, AR AR AR R R e vk
ANTRY 2035 A BE 320 39 i B A D0 o i A
PERYFE | IR K @ 5 IR JEE I8 X 25 N R AT
BURMEI T . BT 6551 X+ bR AS T
116 L B IR A BEAT 23 A, 45 R A
iR J3E 5 b 0L 6 455 B 3R T L PN R AR R BT 5
I3 G ) AL B 5 I B8 Y IE A R, R 4R
VORI — Fh B B T R B S B0 E I AT DR
J7 5 RV R R TR AL R BTAE 5 X 98
RS TUE AL - STo AR (S S
W, BF 5 135 A R | AR 5 AR R A TR B 1
T 8 M S | I X AN [R] S 90 1 i S B RO
(14 322 30 [0 5 A S8R AT A, LA I 50l 5
EHA R

MR BETEHR T, H AT AR 1 A 5L
PRI TR O 8, HCTREEIESS T
IS B = ) TR AR E PERT S A [ i
BT REIE -1 35 (1 4 4 R BOR R Z2 R HI 2T hE
i JRE A [] A 3 ik, a8 A B LA A RE B BT
PR (EL, 07522 42 AR KU O, DR LA o 22 10 3
A BRI BT 538 38 ] 20 47 sk BRI , F 5 B 3 1E 52
TG B R R B AR E T, AR TR
RS HEEME.

1 HUR BT R E T IRAIRIE

1.1 A REIERS IR %

FEH I = A T, A R M IR R
BYUIMIR , 76 52 Rt A 11 52 B B 3R, (H 2475 i
VAL R B S VPN Sy NE T APAR < BU = o 2 ]
PR EEEE, W R RE SR, PR AR A R B

YT SKRPIBIRRAE , 7E 32 He B T 5 98 R T e
SN | SZALI I R o B P e HOE IR
H AR 22 % FH Y ik B2 3 ik, AU M-C e i
HEN R ZE R T ¢ RIS o P10k, Y o, =
0,=0,0,=—c, B, 1TSS o,
o, = 2 (1)
tanep + m
K, e—F R I1,Paso—WEEM, (°) 50 —5 1
TR BT R EE | Pa,
Vbt 5y o B b N BERE AR @ HEAT AT, U A
o',

tang

tang’ = 2
ang’ = (2)
2
o', = ‘ (3)
tang + v/ F* + tan’@
P _0'7'[ _ tang + VF? + tan’e (4)

t g, tangp + m
Kf, o — 4T I0UG B A R b RE S B b o
Pa;o'—TUn BN BESE A, (°) 3 F—HL BT 5 BE 3T
TR 0B SR AT R X I SRl 5 B
FefE
i 2 (4) AT FEPUSY 9 BEFR AR ¢ @ PTIR FE
PR o JER[EI SR BN 2 o =45°R)
FERELRE, 2 F=10, F, =4. 58, U0 24470 5 i i
YT R JFR A 1/10 i, BBl T 7 98 B2 A /b Oy Jit
KA 174,58, PRIHCAE ORI 5iR B 7 975 v i vy
ST A T ARA R R BT R AR, R BOTH A R % 4
FHUIR K, AN F T Ay B T it 0 S A BT R
Z%,
1M 24 25 AR R F =5l 32 J7 B, A B ok B
o

C

F
0-”1 - ¢ - — - O_Hl (5)
tang tang
F

H1EC(5) AT, FEHT Y 98 BE AR B ¢ o PT it 72
e, SRR o IRASAS SZ AT R K
Pros i e BUESE 2R ), R X 20 o, i v i
AR, T S 05 1 2 4 R AU R A BRI A
AT AR E G TA SR H S %



76 Wodb TR R ol (A R OB 2 R

2023 4F

1.2 $HsT5R B RS4RI

1T PR BT SR B B, — B PR
JER) 1710, TiAE M-C e AR vHE DU T F9 56 B 3 i 325
TE B PR GTRL SR BE AT & S PR i 00, P g 8
BEITRLSR BE AR bR T X M-C et AR o 0] A7 v A 4
W, 1717 35 P R BT 1 M-CJeE R DO 482 15 ) i
Yrogiak: , FROHGPTHL 5 o BE R A 3k |, il id %07
BT R AR RE LRSS 2 4 MRS S K 5k JE i
RN

A AR R A A, o AR5 4
TUA I JBE FIAT 5T 5 32, PR b 7 8% 88 3 sl P 74 T
PLANGT B 558 JBE 48 B[R] I ) 25 AT 408

c¢'=— (6)

F
tang
tang’ = 7
ang’ = — (7)
T
T=— 8
. (8)

Kb, o —IrJR EER 11, Pa; o' —HTI8U5 1A P BE
A, (°) s T—HHR BE | Pay T'—HT 0805 P HLIR
B, Pa,

1.3 BEBREMES ISR
1301 [RI R Ry o A 44 4i

Pl fe A B o 70 1 - S B 7 161 25 e e 1k 1
R PRI 98 T B, 30 2 o g 7 BUE AR A 7F
BB TE 42 )5 , A A Hom KBy N AR it < 1A i
Hz BT A M AT o i, B A9 40 531
JE DU LS 2 P v B 2 55 10 1 A8 9 K/ 35 10
BRI, W) e L 32 B VTR IR 11 JRUIS: e
K, HET A AR E PR 22 | R == I a] LUE
il e 2 52 2 35 VIR i Ao
1.3.2 AP R4

FRLA PR P X2 A AR e PR B AT iR bR 2
—  H A Y RN K R s O I W L S A it
— R R E AR B SRR IR R A A AR
SR I Y LA R ROk, PR TR AN AT gk
B3 B FEL 5 I T SR v 24 B N ) O AR BBy
SRS B T ] PRl 2 R X, RT3 — 0 1
AR B B TE TF 75 A5 1 AR, 1B B %
WA AR RS TSRS AR N R A, B
IR FHIBPE X R/ INRFI W IR B LA FR e Pk, — i
T, FEE R B R, TR il R v A i M X
N A LA 5 B /N TR R v = A g S X
R, IR FE RS T TF 425 2 i v 98 1 X AR 1 7 —

R b Bk A AR A T AL A
2 It RitERE

2.1 IR

I SRR EVEI /N MW N STER A
R PR R TE X1 AT 30, A A R 30° ~ 65°, I
A ZRRE R, REIE R DB T X s h
FRAPR R RORIR A& T B ™ H W 5 B R L
e, Blafeti s, m T IVEES., &6 AW
e B A SR V 9, BB R B 2 4
TR, NI 2 ERR T — ., AL BT
AT FUDT A B T i B — Bl T2 S 7
R TR TO0 A0 8 25 T ol I 25 T, 300 30 7 7 e 0 1 XL
SN B UR & EIEN SR

2.2 EARREER

(1) A D45 1 [ Ak g 2 34 2597 i, 2R H
M-C SEBVEA ALY ; (2) PR E R, B W0 iR
B T30 BE A ERE Ty 5 (3) AN IEH KO il e
FSA G IR

2.3 HRBIEESL

RH FLAC™ A5 BR 2240 1, gt sr — AR 4R (A%
RS S YR R AR A A T A 3 ~ 5
T4, R 98 m, MRS [ 3 SR M T, T i A 4
AR, A 81 m, Y FFHZKE N S m, A 1 fF
TN o T T DA T RS e R RS M 11 2 6 0L 2 3 o %
JEE R SF VR, % 58 12. 84 m, 5 10.27 m, W&l 2
JiiR ., BRBIBRIETIAN, 2240 Rl e M 35t i K 724
IR HB N M 295

Zong Gro&p Slot Default

i

Fl 1 —4eiiRlR K



WRAAE A O0 R BRIE IEAC T 27 1A 5 510 e = LA e e v A 77

P2 B i R (A mm)

Fig.2 Section size of tunnel (unit;mm)

2.4 BEIEBE

MO (2N B B T RLE ) 7 45 3 N
ARG, 75 21 [l A F1 S 25 4 W B 122 S50, DL
%%10

3 ZERHMH

3.1 AEMHKERRm

FERE A - 1IF A2 R R TR, i ok
(R RN 1 S RTZK SCAR B0 | I 6 IF0RE B 1k g 3 2
FAPS e S S (EP SRS N (R D01 S EIS TR B S/l N
FORIFFE P, 2 T 20 33 B B S o A S R P 10 5 i 42
D R Y LS AR RS R RS AL, B A
ANBR AN [ 300 305 305 B 1 B 3 - 30 E A8 1A 2R 1) 32
FIRRPE , DA E FAUREE TR ek AT 1T, =
SRR ST

PRI B % AN [) 3 e e B8 ) g -3 B OE
SN F B A R e AR AL LA UEAT e AT, R
We¥e B 43 50 Sy 40° 50°,60° , 70° Ht pg A4S T
EE - LW 7 SRS IR AR PO VA= S 1 3 ]
Fi7R .
30101 KB YN AR AT

N 4 (a)—(d) AT, B 31 3% 39 BE 04 AN e
R, BB d5e K 5 D) R AR (5 AS W6 T, A 2. 468 1
WANZE 4.979 6,307 2.511 5, [AIAFHEE 3k

8100

9800

P 3 N[ 3 B2 SRR (B3 : om)
Fig. 3 Calculation models for different

slope gradients (unit; c¢m)

FERIANTR], Bl A o B U0 0 A8 v [l A o 2200, 4
T BE Ry 40° ~50° B, 7840585 I8 )22 5 1 3 i AR
EANAFAEBY PI N AR, HL 3 4055 J2 )2 7 1) AN W 4k
i 22 R A7 HE IR, % 3 A2 A HEJE Ab s 3 R
B )1 AR I AN T ) b 3R T R 30 35 33 T A e P 2R B
W, RN 60° ~ 700, PHIREE A0 S5 3k
A B 0 W DR /N A 6% A BE TR AT HE Ak
BRI L Ay B 7 7 A8 I 2% 3 1) 320 39 0% T A A 1 &
BUIE , B 1 2 Y8 (% BT 17 10 A8 2% 7 1) 1l T
BRI, Ud W B 00 3 38 88 %) AN OB 34, B
KB AR A {5338 19 3 [ AS [R] DR e A ek LA
AR A M R I K G N i A R A R
Vi G7a ak 127/ I S TI AR = i yack i o8
3.1.2  ¥AMEX St

M5 (a)—(d) AT, 33358 40087,
SRR TR R T8 A 0 R AR v A A, DA IR 1 A it
JA i) 320 394 B T S Arf L 28 63, DA B A HE A
55 e 2 1) 320 35 3 BV AE A B 2 BT EOE IR X
W& T8 AN R DX 32 22 A AR RR G A AL I8 3 1)
R TASE AR B 2 BT, Y B 50° ~ 70°
BF S X DA 3055 2 )22 ol o 2 4R v o A E
NN SER SR N B AR ) & AT I i = N i 3
I8, MR IE 22 HE T A A 5T 0 A A, [N Y g
TE -3 R EASAR R H 53055 I JZ AHAC T N 4
TR 1E 5 055 e )2 R A8 1 R, S Jn i
XA

=1 BaMBSHR

Tab.1 Table of material parameters of surrounding rock

up HE/ (kg - m™?)  FRPEFE/GPa MER /N4 TR S1/kPa NEEEESM/(°)  PLhisEE/kPa
AAke A 2 100 0.4 0.32 200 34 0.78
wagde)2 1 800 0.2 0.36 10 37 0.02

IR Bt 1 2 300 20. 3 — — _ _




78

oL TR R el (A R R D

2023 4F

Zone Maximum Shear
Strain Inerement

e

B RODe bk
SOOI ONODII

0.0000E+0

-9.7954E-03

Factor of Safety
Value=0.832

=,

Zone Maximum Shear
Strain Inerement

OIS
L Soonoinonoo
=
=
=
les}
T
=
S

—

JIT133E+00
Factor of Safety
Value=0.572

Zone State By Any

None

shear-n shear-p

shear-n shear-p tension-p

shear-n tension-n shear-p tension-p
shear-p

shear-p tension-p

tension-n shear-p tension-p
tension-n tension-p

tension-p

Factor of Safety
Value=0.832

Zone State By Any

None
shear-n shear-p
shear-n shear-p tension-p
shear-n tension-n shear-p tension-p
shear-p
shear-p tension-p
tension-n shear-p tension-p
tension-n tension-p
| tension-p

Factor of Safety
Value=0.572

(a) J3B3 E40°

(c) LI FE60°

Zone Maximum Shear

Strain Inerement
b

UL
)

N0,
O
SO0!

i
(it

SO
=

SODOONOINONIINS!
——

T+

S,

PN~ == BIBIINILLILD
ONOUNONIN~IONINION B

s
PN,
OO
S

NSO
)

OO,
O

Zone Maximum Shear
Strain Inerement

e
3.0
I 33
13

Factor of Safety
Value=0.481

P 4 [l S BE T L S D) A 0 2 [

Fig. 4 Cloud diagram of shear strain increment of surrounding rock under different slope gradients

(a) J3 BE40°

(c) Y BE60°
Bl 5 A ET BEBEX s R

Fig. 5 Cloud diagram of plastic zone of surrounding rock under different slope gradients

Zone State By Any

None
shear-n shear-p
shear-n shear-p tension-p

shear-n tension-n shear-p tension-p
shear-p

shear-p tension-p

tension-n shear-p tension-p
tension-n tension-p

tension-p

Factor of Safety
Value=0.69

Zone State By Any

None
shear-n shear-p
shear-n shear-p tension-p

shear-n tension-n shear-p tension-p
shear-p

shear-p tension-p

tension-n shear-p tension-p
tension-n tension-p

tension-p

Factor of Safety
Value=0.481

I .5000E+00
2500E+00
. 0%100
J000E100
2500E+0
.0000E+0!
5000E.
X E
. E
X E
5000E-
-0000E-
. E-
-+
-1 E+
-1.3826E+00
Factor of Safety
Value=0.69

(b) I RES0°

S

(d) I3 pET0°

“

(b) LB ES0°

S

(d) I3 E70°



WRAAE A O0 R BRIE IEAC T 27 1A 5 510 e = LA e e v A 79

R 2 FRBEEERE- DB ARERRERER

Tab. 2 Table of Safety factors for stability of tunnel-slope surrounding rock with different slope gradients
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Fig. 7 Cloud diagram of shear strain increment of surrounding rock under different tunnel depths
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Fig. 8 Cloud diagram of plastic zone of surrounding rock under different tunnel depths
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Tab. 3 Table of Safety factors for stability of tunnel-slope surrounding rock
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