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Instability failure modes and construction mechanics of large-section
multi-arch tunnels in fly ash deposits
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Abstract: At present, there is no precedent of using the undermining method to construct large-section multi-arch tunnels in fly
ash deposits in China, which brings great challenges to the design and construction of the tunnels. Based on the Yanpingba
tunnel project, the laboratory similar model tests are carried out to explore the evolution laws of collapse arch and mechanical
behaviors of excavation of the double-arch tunnel in fly ash stratum. The results show that the excavation of the multi-arch arch
tunnels in the fly ash deposits is highly susceptible to instability, and the failure process is characterized by suddenness,
intensity, symmetry and synchronicity. The height of the collapsed arch is about 0.4 times the excavation span of the tunnels.
The bearing capacity of the fly ash deposits is seriously insufficient by using the single-side drift method, and the settlements of
the left and right vaults are 16.86 cm and 14.91 cm according to the similarity relationship. It is necessary to implement
grouting reinforcement for the stratum. The bearing effect of the partition wall can effectively reduce the displacement of the
stratum, the shape of stratum settlement is ‘bimodal’, and the first-excavated tunnel is more affected by excavation than the
following one. During the process of conversion from single-tunnel pressure arch to double-tunnel one, the partition wall is
easily deflected to the side of the first-excavated tunnel under the action of bias pressure, so it is suggested to add supports to

the partition wall in the first-excavated of the existing tunnel.
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Fig. 1 Geological profile of tunnel

ARG ) 2 R AR 2 TR A AN [FRE, BTz
FEERML S . ZRERMEREE . M TSR R, BRGE R A A
Gt B ACE NG EEE TCVE 2 JR EK,  TXUE
i iE B A R REEREN R, A E] Hh
TEIE MV, ) 2 T TR Ak k%
b1 Hp,

BT 4280 T2 3 kO O PR T R, it
T AR SR AR AN i 1 1) 205 P TE Wi h S5t
To xR EEEREt:, BN ERTRS
RAWIF, Fraldi 5B*4E4E Hoek-Brown IR HAEN],
RIS v S, Jd sk SR R S HERR IR T A RE
TESPHPRES; KERED, HEEL e aRsEUR H
FEWRLE, WA T R R AR, 153 T B
IRIBSZ 7757 RARIRAERA BN X - e F7 =i 85 B RS
R RS B 7N T R KT T P B S R 7 HE AR A AR
X BRI T EIBHTIR R TG B AR T ROk
BRI, HETHREIEMR S LR TR . BEERRE
PR S B T AR PRSP . R LkIE, BRER bk
SR, PR IS EE RS 7 AT IR uEN O,

KT IEHE R ITE B 7T 7 1, 2R AR T
HEAEBEL T IRIE e, s 7 BRI fr 81T 5
AR Li FUYBHE 18 7K E SHE RS T ) B AL IS
TR R RS, R IEE 2500 71 HE TR AN
P A8 NA 2 TR R o 75 PR T 2 R R b R A F A
S AR IS BT 5 NI AR AL, R TT T A
BCHERRUAR T B e 7L R i S5 AR e L s TR S5l
BT RN I SR ARG B ER, BRI T HEM
PR T A SR AL s 4% 1E B S 07R F AR AR A gk
AT HERR AR R T L JEC N A7 2 e I o AL B IR
PRV A S 2 . 7 EREF R E H, B RN T
B — PR TE SR VA P S A R I O LR, g
ZF AR AR 55 1 2 R A R AR B T —
SEFREERIR R (FEHR A2, Ry A HER A b SR FH I
P25 B R TE TRRAE [ e e, R T I 4 R
FSCHE RN S A A AT BT 7T, TR A HEAR A4

HDEZBEpAE S RADEIE SR 7N ERIDA I iy & 98 X AV NS PN )
T34 BEREIE (it T ) AT St U

ARSI R IR 55 Z e s KB IAN /2
TREHFURE, R N B TE R T2 106
7R TR IR HERR AR SR SR AR AR 2 S S 7%
LA, o T E N EE S HTE T2 T S0 XUE S
BEIE R UIRE . A ARG G502 IR, 1R
T ORI T XU Bk B T 2 O J5E A AR AR (14 it T 70 2
TN RSO TSRS 1 B AR HER 1A 12
KW IE BB IE R A 1, 0 ABAREIE TR A iit &
Jit T 2AT B

1 TiEHR

R PFINREE Oy B R T S FFIHCTT R MR AR TT R
B TR, BRSSO 6 AT PR, N
TREGAREE IR, BEIE R XUE BT S5 . BERIER
BB T, BOHEIKE 445 m, 1558 13.75 m, #
#55.0 my e RN SRITZRIBL 350 m?, &
KIBERZ) 26.7 mo WA 1 fiow, HARTPBOR R X%
FRJF R ) R KRR X, o R 2 T2 B DUOB K |
MBS s mREitoAE, AVEHE
fo

W 1 R, BRI B R bR B B R,
ALY, EAREREE, FUBRECR, A BT % A
FE/NGERE R o M RO 2 R LU R 2%, RARYE ),
HA MR EL 1.8%, RS ELN 41.0%. Bk
BN 52.9%. RS RN 73%, BIERE 235, X
RHPBRIR Sk A — e A sl (HIBORIEIR
TR L FLBR B AN N B B2 S —fiok A R ORHIAS
A, By ERZHEARTEWR, 8K, TR
%

R1MEREEM RS
Table 1 Physical properties and parameters of fly ash

FAREE/(KN-m™) FKE% LB VEARE W%

13.6~14.9 20.9~92.6 1.58~2.52 13.0~32.9 0.14~2.38
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Table 2 Material parameters of prototype soil and model soil
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Table 4 Material parameters of initial support and partition wall
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Table 5 Material parameters of steel frame
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JFE A 210 3570 50
122b 4t 28
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it 13.8 0.47 0.38 1.09 19.7
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Fig. 2 Model box and layout of measuring points
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Fig. 5 Damage characteristics of soil during intense instability
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Fig. 15 Distribution of steel arch stress
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