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Analysis of deformation and failure mechanism 'of shallow buried bias loess tunnel
induced by fracture dominant infiltration-under rainfall environment

TANG Kunjie, QIU Junling*, LAI¥inxing, JIA Ding, CUI Guanhua, HU Haoran
(School of Highway, Chang’an’ University, Xi’an, Shaanxi 710064, China)

Abstract: The change of water environment is the main factor inducing loess tunnel disasters, and the existence of dominant
channels plays an important role in the infiltration of water into the surrounding rock. Taking the Pianqiao Tunnel as the
engineering background, based on on-site research, the' evolution process, infiltration characteristics of dominant channels, and
tunnel structural response laws during rainfall were explored through physical model experiments and numerical simulations,
further revealing the deformation andxfailuresmechanism of loess tunnels induced by crack dominant infiltration. The results
indicate that the development of'démindnt'channels are the result of the coupling effect of the formation of "new" cracks and the
extension and expansion of "'0}d" cracks. Under the influence of dominant channels, the infiltration mode gradually changes from
steady-state infiltration<o fissure centrolled dominant infiltration, changing the migration path of surrounding rock water while
accelerating water infiltration into deep surrounding rock. As the depth of the crack increases, the range of influence of dominant
infiltration becomes Jargeryand the infiltration front gradually changes from "curved" shape to "funnel-shaped" shape. The local
temporary saturation /zome formed at the end of the crack intensifies the deformation of the surrounding rock, resulting in a
significant asymmetry in the stress distribution of the tunnel, with the tunnel structure under the dominant channels being most
affected. When a through crack appears, the settlement of the vault caused by dominant infiltration reaches 56.3 mm, and the
structural stress increases by 140 kPa compared to uniform infiltration.
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Fig.1 Geographical location and geological profile of the tunnel
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Fig.2 Hydrometeorological conditions and tunnel deformation

failure characteristics in the study area
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Fig.3 Schematic map of loess dominant infiltration
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Table 1 Similarity ratios of physical parameters
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Fig.4 Preparation of Similar Loess Materials
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Table 2 The physical and mechanical parameters of the tunnel

surrounding rock and prepared loess similar materials
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Fig.5 Preparation of tunnel lining similar materials
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Fig6. Configuration of the rainfall physicalimodel experiment
system and layout of/monitoring sensors

BIHT, s8R B RGN LIRUK ) A% s 1 2
Kby e MR AZ B I SE . EIRGe I R, KeAH
AR EERE 10 eon ERETRAUFT b, SR )5 A P AR I e
B2 RS LA ACH i AN U T
HARNL B, FELEAR AL E B AL AT . BRLAE P A A
MEHBERFERUE, FHE 24 h, A RYILR-F
fiT. XA, CRTA RIS IATAG TR, JTaG RN
BB RIS R R 06 B AR P AR DL LG T 5 SR B
BT RER S R 0 HT
2.4 IR
2.4.1 RiAERERIKE

AR BRI 22 AR AE A ] 7 Brs o B AI391K
7> FEIRIEE T A TS, RIEE A G .
B 5 dJa, RIEEIAREABURLL, HERRIEE

BIKREIEMR . d AR S 5, 2 TR
BEMERE Jy ORIV R, (AR I BT R 58 BE LY
N R R BRI B IE AR R — R A AN
HUINBIR . JEAh, Bl R AORRS:, FEB TR TR
FIT E A N AR B SR AN i R AR L34, A8
BERT 9 dJa, ASURAMIL T BRI SImEE.
IR, ARSENBRREMN T “tER” , 5kHE
R ABUR AN B N ERS, SRR RS, it
RS J2 38 BB i TR . R, L3 IE R AR
RN ENERACHIIRE, SREERNTR AR, FEB LR AT
H B XEE T, MR R EAWE YK
FIZ W SRR B B R BN R EEE, Rk
R HIETE . RFEIERSHT “IH” REILFEA
EEATHER ., £BHRMEMT, R AR
PR, FEUKEEEARE LR, HEBEREEIR
IR, fEMZERA, RNV ZREE, &
KIEELFIE Teme

% 10 20 30 40 50 ’0
7 RIDERE S EFE

Fig7. Spatiotemporal distribution characteristics of the wetting

front
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Fig8. The variation curves of volume water content at different
depths of the surrounding rock.
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Fig9. Curve of tunnel lining contact pressure changing with time
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and distribution of tunnel lining bending moment
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Table 3 Physical and mechanical parameters of soil layers
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Table 4 Unsaturated hydraulic parameters of soil layers
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Fig.13 Numerical simulation two-dimensional model
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Table 5 Simulation of working conditions
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with time
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Fig.19 Curve of surface pore water pressure of monitoring points

changing with time in different working conditions
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Fig.21 Curve of tunnel arch settlement changing with time
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Fig.23 Deformation and failure evolution process of shallow

buried bias loess tunnel induced by fracture dominant infiltration
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