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Model tests on characteristics and evolution of tunnel collapse in
soil-sand interbedded strata
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Abstract: As a major safety risk in the construction of tunnels in soft strata, collapse deserves special attention in the
construction of tunnels in layered strata. In order to prevent and control tunnel collapse, it is necessary to fully grasp the
characteristics and evolution law of collapse. A tunnel in the Quaternary soil-sand interbedded strata is taken as the research
object. By using model tests and digital image processing technology, the collapse characteristics and evolution laws of the
tunnel in soil-sand interbedded strata are studied for the first time. The results show that: (1) The failure of the surrounding rock
is not instantaneous, but gradual. It starts from the cracks in the surrounding rock at the foot of the arch and expands upward,
and local falling of the surrounding rock is induced. Then the surrounding rock above the vault of the arch collapses in a small
range, the crack expansion and instability occur step by step, and the surrounding rock above the vault of the arch collapses in a
large range and eventually breaks away from the stratum contineously. (2) The collapse of the surrounding rock above the vault
of the arch of the tunnel in the soil-sand interbedded stratum is characterized by "shear failure of the surrounding rock in the
stratum and bending failure of the surrounding rock in the interbedded stratum". The interbedded characteristics have a
significant influence on the collapse. The larger the ratio of span to depth and the larger the ratio of sand to soil, the more
obvious the collapse failure. (3) The main influence range of the collapse on the settlement of the surrounding rock above the
vault of the arch is 1 times the tunnel span, and the reinforcement of the surrounding rock should be strengthened in the above
area during tunnel construction. The results may provide reference for the prevention and control of the collapse in the process
of the tunnel construction in soil-sand interbedded strata.

Key words: soil-sand interbed; tunnel collapse; evolution law; interbedding property; model test; digital image processing

technology

0 gl = HEEWMA: EFXARFFREEE RARBIEGIESIH (U1934213)
. ) ':' . . . Wim B#A: 2020 - 07 - 06
W7 e RE T it T A vk R i 1) 2 A KU A *H{E/E#E (E-mail: E-mail: zhjWang@home.swijtu.edu.cn)



%6

N

RiEE, A LRI RBEE IR 7 S A A PR e 5T 1051

A AR I 2 —, XBEIEREA R . YIS
() 2 A AR it T3 e ) AT I ¥ & 77 AR R
Y, ST R R RE T . SRR N
R ME SRR S, R SR EE TN A
[B) A UAR, ACBEIE TR ORI 2 M 7 itk
M, iz 2 R IE LA AR N RGP IR D,
A 2E BN ST R AR S s B AT ST, XA A
)T S8 1% 2 BE T8 [ A i L sh & 4T 8 e A e
.

b i A E i R Sl B SR A AR, IR AR
PR Ry b, ARTEIX R, B R
H T o T 2 KT R 2 I R 1 T A T 5
JIEERETY ] B T 2 B IR I LA TR AR e e
[ Py Ah 2 2 i e B AL L = AR A IR 5 A T
BUIT A 9T o AEBEARURII IR0 57 J7 1, Lisjak
AN o o R TR 2 0 T 42 o e A T B A k4T
T IR I S B A 3 B, I T AZO0) B R e
e L R P /R e S AR (BN N (TN 40 .9 =N
A PRIE AR TE I A e, P T R BEE K
S AT AR E T TP VN A LN CE R ER ¢
BRI I 55 T BOiE 90 1 IR 2 B T A v Y,
JIEAE S AT B AR T DL R HLEE . BeAh, IRF
SR I P A ) 2 0 A = AR AU Y LG
FEGE A FABAFU 53 0] 2R Hb 23 1R g 27 e P R B i
SEVERAT THF9E. FEASD N it & g A B /)
RIS BB RE, RIT T 2 JE LU 20 A %) -4
2 B R R PR s s R i i
= WA RRAL . I 45 & 2B, o T
B R P IR T TR AR TE AR AR AR A AL 5
T 5 PV S A T AR R T T T
PUAHALMBE R EG DU S LA 5 4T iIAH B AE DL, &
IRELRZ 378 TEARRAIE 52 Jo 380 1 A2 ELA0T A S K

T R TE B0 7 REAE S BT T T, [ AR IR
T = IR . B AR I 37 06 25 9 T i
WF9E, JFBUE TSR . TP Zegar
2t U 5 e e ST o R 400 20 31 o o 3 183 7 4k
T R B SRR AR A s PR 5 e DR 25 2 AT T 4R
i Labiouse %R 5 P AFADURE AU 6 0} 220k 1 2
Hh B T A2 PR S S L BEAT T 20T o« AT AT A0t
2 ER IR 2 R R (1) AR TE A AR AR R AT T % N AH
DRI RIS S B, 5 e IR PR 5 52 2] B 2 Ak s
VEHIT P A AR o i 28 AR gt 4
PRIBRAE . FEKIE . s BRI 2R, X REE TSR
RS BEAT VPAL FF 45 A R i BE 18 35 07 B 45 i« Wang
28 CPOVER S 111 04 5% 08 2 B 595 1 )22 I 7 2 R 488 B A T
T YR M AR, IR T A A B

PE3 . Tian S UER T — il n] I R AR T I T 4
SO, N REE AR REMSAT R0 A )4 R (R R
BIUIOER, DT REIER )y . Liu PWF T # g5
JEREIE 5 (0 D PR 8 TR i SR s S A R
MG 5 XA T BEIE T2 A= 1 5 (R )i Sk
PP WP R TR T R R, T T
A5 WU 7 R (AR T A . 30 2205 o 4
R B HT I MRS T, R T
I B TE (35 T L, SR T AT RA 3 g PR A

gi BTk, AEE A [T 00 R 7
W )2 Bl RUE TT e TADIEGE. B T AR IT ST
R RIS BERIE SR 7 (0P B P00 475 e e Tl s
RIBEAT T AW B H AR T BEIE 28 L b 1R
b SRR PRI TR D i i TR 2 R e R
W0, KR R AR K R AR OR, (it
TR Sy TR RD R AR T SRR, H AT
AL T VEERT 000 S 2 B 1 e ik B s A
FIAH SRS, SXARANRI TR 12 M o2 B T P R A
Mo I S E R e e T BTk,
ASSCUATS 5 SRR BH MBS T8 O TREAKAE,  DABRIE 7 1R
VUAR R0 H R 2N %, = N EEA ) B )
SR IR A T2 A DA R 6 I 45 6 K 7 B R Ak P
BOR, BT R0 F b o B T R 7 R AU S
AL, DAL R HRE oA, D izt )2 Je 2R
bt 2 g3 By B AR AR

1 ITIEHR

AT CAH S K 1) R 304 s R T
FEHIVE TREZ —, 100% 1 V 2R VIZE Rl 4 % i BH 3k
BEE TS (B 1D, BRI R T 2 B 35 7
FRAE S A . BRI BE E 2 3 B (T R Ak
ARSI AN =5 ) ot 2c )5 AR E R e A 11 N Sy )
bR BRI 1 B 2 R ) LK, AE TR S
MR AKAERT, M2 BEE A S P A ks T A3
TIORG, it T A R AR

B 1 EE SRS PR E
Fig. 1 Yangcheng Tunnel of Haolebaoji-Ji'an Railway
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Fig. 4 Basic physical and mechanical tests on rock mass
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Table 3 Design of physical and mechanical parameters of

surrounding rock of sand
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Table 4 Design of physical and mechanical parameters of

surrounding rock of soil
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interbedding characteristics
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