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Effect of double voids behind lining on safety state of tunnel structures

ZHANG Cheng-ping, FENG Gang, ZHANG Xu, HAN Kai-hang, ZHANG Ding-li
(MOE Key Lab of Urban Underground Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: The existence of multiple-voids behind the lining leads to a more complicated stress state of the tunnel structures,
which can easily cause the structural cracking and directly affect the safety of the tunnel structures. Based on a two-lane
highway tunnel with the IV-class surrounding rock, numerical simulations and model tests are performed to study the safety
state of tunnel structures under the influence of double voids behind the lining. The results of numerical simulation indicate that
the existence of the double voids significantly changes the distribution of the internal forces in the tunnel structures, and
worsens the stress state of the structures. The increase of the range of the void leads to the decrease of the axial forces of the
whole tunnel structures, and makes the bending moments of the tunnel structures near the two voids obviously increase. The
safety factor of each cross section of the tunnel structures between two voids obviously decreases compared with that in the
situation without void. And it presents the trend that the safety factors gradually decrease with the increase of the range of the
void. The region between two voids is the key part for security evaluation and improvement of the tunnel structures. When the
double voids exist behind the lining of tunnel shoulders, it has a larger influence on the structural safety factors than the
situation that the vault and shoulder of tunnel have the voids behind the lining respectively. The effects of voids on structural
safety factors obtained by model tests agree well with the results of numerical simulation, and the failure evolution processes of the
tunnel structures affected by double voids are also acquired by model tests. The results obtained in this study may provide useful
reference for studying the failure mechanisms and safety control techniques of tunnel structures with voids behind the lining.
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Fig. 1 Photographs of voids behind tunnel lining!¥
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Table 1 Mechanical parameters of surrounding rock and lining
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Fig. 2 Structural internal forces without voids behind lining
1.3 #HIERN=RERTHEREIAE
BT R T 5 A7 AL S T AP INHEE 5 5 A7
FEASRI 2 Bl At T, 23R 15° 5 307 K 45°
(R G L CREZR3R RT A2 1), JLt 6 4xf it 55
T35, o J7 %8 13 B0 PN 8 75 J5 A7 A6 2 TRl 1 1
By XA T AR A0 S5 K P 0 R4 4 FR AR 5
R 75 4~6 0L — B 1 5 A7 A 2 T 1
FEWL, 3T 233 SRR 48 R P A2 4 R BT
AR, T BN 2.
F2 HEERAE

Table 2 Schemes of numerical simulation
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Fig. 3 Arrangement of double voids behind lining
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Fig. 5 Bending moments of lining structures with double voids behind tunnel shoulders
106479 155849 Vq ;7 \ 171176
e 273521 112025 1 B 130987
40544 -68201 90798
7577 24377 50609
- 25391 Afs . 19447 —S 10420
58350 - 63271 SRTIDATA 29769
91325 107095 ] 69958
124293 = fk\ N I 150919 i & . 11005
- 157260 NN\ 19043 - s
(a) ZIREEHI15° (b) ZRTEEA30° (c) ZFEHH45°
El 6 #ISHEERFES RN ARSEHNEE

Fig. 6 Bending moments of lining structures with double voids behind tunnel vault and shoulder

1.4 #WERNTEEATHREZEMANNSH

P4 I8 15 J 4745 25 T I R ) 5 25 AR A e
LI 4 FUE S s, #5815 5 A7 7R 2 TR I 2
FEASAL U ULEE 6 BT STLG P 2 N 4~6 vl L, 4
WIS i 23 VI (A A7 E A A5 A YL R o T f Ak N ) 538
O3AT, FEEFELH N T AR R AT B R
A 2 B LU 6 M7 N IR A R AT, R
T [ IS A7 AR TA I I B, 235 ] P A 5 4 ) 2
FEA AR I ) LS — SR, T 2 V] T Ao ) 45 4 25
FEOAEARL O i L — 2 D) s G 3 Y [ PR3 K,
PP A5 R 0y SRR B S, (R J LA Ak
PP FER I K P B4 HYE 5 G A7
IS, A o AR PN LS 15 )5 A7 AR A T I
TR, AT ) 5 2 R RS TR R, B
T 45 W) 52 Al S R0 1) 56 M 5 02 L R R 52 LU A I B
KIPVEFAEH ; 2R ECY 15° F130° W), Tk
VT TR P A T 2 A A7 55 7 A A A K 1 2 R A
LB 6), T4 B WG R 45° I, A MHEE A7 5 H
T K.

1.5 #HHIERN=REA TRESHURERESS R

(A BRBEIE BETT LG Y (JTG D70—2004) 21 532,
S s Bk T 45 KA T L A Rk A B it 5 e v w0 52
I Ao 165 K0 I AR PR AR 2 ) N s FE5 4 WD 85 440 52 B
J1 N HEATECRE,  AATTR & #2243/ 8 K, ikl
T 2 17 ¥ A VORI T 2 R B K 23K, R

K=Nyw/NZKui: o (1)

1 e9=<0.20h I Ceo AHmI 0 EH, A AT
JERE D, Wl AT W) A T 4 T s o AT R B Y
e0>0.20h I, e AT IR I F B hr R e S0 B R 24
USSR ol 28 U e A s i (1) 2 4 R 8L
K, FF5RIGHUE 24 R K weldi AT UL, RIS
i B 8 25 A A2 XU TR E F T R 2 RS

R I 2 4 RE AT DL 7 s, BE R RE
W O, RN REEB KA. 2 AP TH T
TR A AL E AR ], ST A B R R 15°
rid, B, C, D, E, {EAHLHES Fo Bik 6 M
T AT 22 4 Z b 2 30 S R AR A A LK 8 s
7 fE 8 TS HI BT 3 miAIA



490 a5 oE L OB ¥

CLOZ3 |0 H Y B AR A7 A P Bl 485 4 22 4
FRUCEAN a1y BB (R A E A 75 i 25
H 2 Ak 2z 2 R F PR SR AT 5 A7 R
I, LS R TE S5 40 22 4 AR S i A ik TR L I [ I
FAAEAS I IS DU K L s ) B AT R 5 SR
A2 S AN RS L 0 G ey 2 4 A M BTN (EL R
N

)T G A B TGk v B3 45 R A s
Hs g, AL P25 22 1] 90 B PN PR R o B g 1) s
D37t i, I A A BB TGRS R S R A
YISy, DTGP 25 T [ e R 2 ) 1) 2 4 R 5
Rt N e, RO BEE SR R B AR, A AAEAE
SHE T At AR T AN AR

(3) Bt 233 ROT BB K, 255G H A A& HAR
A7 AL PRI BB S5 AL 22 A R B DA PR )
FAAEZSTRIN , AT D 30° Iy 22 ] 1] 4 R 45 44
M/ 2R (2.14) C/hFRENEHEME (2.4),
M7 FAVE R 45° AT 45 1 2 2 R C 4RI
£ 0.53, FRIESMPRRAEREE: B A #)E S 5 A7
FEASIAI S ARG A 30° Iy 2530 17 45 440 1R 45 /S
LARRE (224) C/NTRERUEAE, 17225 v
N 45° INFTIIE R 24 R ARG A 1.03.

£
4

(2) WWPREEFEER (b) HWAPREBFEER

B 7 W=REM T REEHRERMDHNE
Fig. 7 Distribution of safety factors of tunnel structures with

double voids behind lining
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Fig. 8 Relationship between safety factors of tunnel structures and

void sizes
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Table 3 Physico-mechanical parameters of prototype materials and

model materials
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Fig. 10 Failure processes of lining structures with double voids
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