H4TH B2 # L T B ¥ ik Vol47 No.12
2025 4 12 H Chinese Journal of Geotechnical Engineering Dec. 2025

DOI: 10.11779/CJGE20240871

R IEN S T R E R L EE A=

G fiff 53

AEAKFE LS, REAME 2, B FE 2
(L. ZRUEFRE R TR, 2B &0 230601 2. K2 RZEAEBE, BPh FU 710064 3. RUESTC @ H g H 5
KET A E KT EA TR E, 28 508 230601)

OB IR LS RS I R A, (RSN RS BRI B I BB R, RS s
DIREIMEFAER, 1R EEME . ST, AT I INEN AR FH T W 3 BR824 52 T3, A
T AN TENF BV AN TRIE IR N ERKE ™ A R G5 440 3 27 e SRR AE RIS SR AL o W FE 485 AR B AR NN 34 FH T Bk 1 Ao
WEhite) RGPS . W 285y e 3 Fhm RIS, X RIAMaE S NN T 53.2%, 79.8%~100% LA B K T
B BT DR WIS N B REE, /N T-932 kN, 254 9-233~230 kKN-m; Wik TP rh S50 2 2
INENEE R IS, /N RBH 0.34~0.42 TIHE 023 BAF; 248 o 4540 COT 2450 A 40 s gkid 72
WL Ay, RAETGEY K, RBUGEALA JME R E -

KHEIR): BERIE AR, VRIEECLRRE, JEMOINENES BOANAL: ATIZE: 2 TRHE

FESES: TU456 XEAFRIRAD: A NEHE: 1000-4548(2025)12-2571-10

EZ B WK (1993— ), B, wEAEEA, M, PR, AR+ S5EE TR PR LAE. E-mail:

qiuyanghong@ahjzu.edu.cn.

Experimental study on stress of large-section loess tunnel lining
structure under cyclic loading and unloading

HONG Qiuyang"-®, LAI Hongpeng?, ZHOU Yang?
(1. School of Civil Engineering, Anhui Jianzhu University, Hefei 230601, China; 2. School of Highways, Chang'an University, Xi'an

710064, China; 3. National Local Joint Engineering Laboratory for Building Health Monitoring and Disaster Prevention Technology, Anhui

Jianzhu University, Hefei 230601, China)

Abstract: Surface cracks have a high propensity to emerge in shallowly buried large-section loess tunnels. The lining structure
endures repeated loading and unloading actions due to periodic infiltration of seasonal rainfall or agricultural irrigation, thereby
giving rise to severe structural diseases. In light of this, this article delves into the stress law of the lining structure of
large-section loess tunnels under cyclic loading and unloading. It also analyzes the mechanical response characteristics and
failure mechanism of the lining structure under diverse load peaks and cyclic loading times. The research findings disclose that
the lining structure manifests three response modes under cyclic loading and unloading, namely elastic deformation, progressive
failure, and direct cracking. The external loads fall within the ranges of less than 53.2%, 79.8%~100%, and greater than the
loading failure value respectively. In the elastic deformation mode, the internal force value remains stable. The axial force is
within the range below -932 kN, and the bending moment spans from -233 kN-m to 230 kN-m. During the progressive failure
stage, cracks appear on its surface after multiple loading and unloading cycles. The minimum safety factor declines from 0.34~
0.42 to below 0.23. In the crack propagation mode, stress concentration occurs in the cracked portions of the structure during

loading and unloading, and the cracks expand rapidly. The internal force in the uncracked area stays stable.
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Fig.1 Schematic diagram of lining loading platform
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Table 1 Model similarity constants

Yy & FHABLOG AR
K L CL=16 16
B C =1 1
IV Co=CL 16
AR & Ce=1 1
SRIE R Cr=CiCy 16
JI N Cv=C.Ci? 1 4096
T M Cu = CoCr? 165536
LS NI EL Cer = C,C1? 165536
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Fig. 2 Background diagram of relationship between tunnel lining
pressure and rainfall infiltration
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Fig. 4 Expansion diagram of lining crack distribution!”!
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Fig. 5 Layout diagram of strain gauges and displacement gauges

on site
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Fig. 6 Pressure envelope diagram of target surrounding rock under

cyclic loading and unloading
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Fig. 7 Deformation distribution and cracking of test specimens
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Fig. 9 Failure diagram of lining specimens
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Fig. 11 Change of model internal force in working condition 2
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Fig. 12 Change of model internal force in working condition 5
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Fig. 13 Change of model internal force for working condition 6
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