Hans Journal of Civil Engineering /AR T#2, 2026, 15(9), 117-127 Hans X
Published Online September 2026 in Hans. https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2026.159229

AR AR R B REREEI X IFERZ HTR
£, PR, FHE, £FHE, FEL, FERY

R = A RN TR AR AR, L 75K
244 7 B PO BRI T B A R A H], R

Woks H . 20264F8 ) 18H; FHHEM: 20264F9H10H; KA HI: 20264F9H21H

R

DLBETR 2 2R RIS A S AR e v 8 M P B A T 35, DR FUAE J S AR A A B Ml PR R RIS R MR 6 T
FERT S R RESSTHEL R P IR SIZRTAHE, R ABAQUSH [RILH A L =4 rF gL BB AR R,
Bl T BB YT T AR, R EMAERTNSERAT T RARBH ST GRRE: (1) B
Wi AR ER “EMADN” A6, BEITSREM, 8B mh g AE, TRRITE
REWHAZUHEEZEHRR: (2) MREMAIRAERE “EMAL” BE, Hah 2 T BAlim
PLEFER], BANSRIN “WE - Brdhid - RE” BB, Bt E RV SgURE R,
(3) #EMEE, NFERZEABEWM N —NEER, IHPHREAKEM. TR T HE R
BUARETER BT LR RV AT, TARR TR S TRESE,

X 5in

B RE, AR, BECER, ABAQUSHRA

Study on Stress and Deformation
Characteristics of Advanced Support
System in Shallow-Buried Bias Tunnel
under Colluvial Deposit

Zhenye Weil, Yapeng Guo?, Yanfeng Yan!, Gaofei Shan?, Zhengyuan Lu?, Hongyan Guo?*
1cccc Third Highway Engineering Bureau Sixth Engineering (Hebei) Co., Ltd., Shijiazhuang Hebei
2China Merchants Chongging Communications Research & Design Institute Co., Ltd., Chongging

Received: August 18, 2026; accepted: September 10, 2026; published: September 21, 2026
“EHAER

XESIH: Z2l, UM, e, SRR, BIEJc, SRR, SRR RS AR AT YA R 2 AR
WHFEl). BA TR, 2026, 15(9): 117-127. DOI: 10.12677/hjce.2026.159229


https://www.hanspub.org/journal/hjce
https://doi.org/10.12677/hjce.2026.159229
https://doi.org/10.12677/hjce.2026.159229
https://www.hanspub.org/

L2 5%

Abstract

Taking the Suotongpo Tunnel, a shallow-buried bias tunnel located in a colluvial deposit on the
bank of the Yellow River, as the engineering background, this study aims to investigate the stress and
deformation characteristics of the advanced support system during dynamic excavation under com-
plex geological conditions, including loose colluvial deposit, bias pressure, and shallow overburden.
A three dimensional refined numerical model was established using the ABAQUS finite element soft-
ware to simulate the entire construction process using the single side heading method, and the
stress and deformation of the advanced pipe roofs and advanced small pipes were analyzed. The
results show that: (1) The axial force of the pipe roofs exhibits a spatial distribution of “concave left
and convex right” (i.e.,, compression on the left and tension on the right). As excavation depth increases,
the axial force gradually transitions from tension to compression, with the lower side heading ex-
cavation being the dominant controlling factor of the axial force variation. (2) The axial force of the
small pipes also exhibits a “concave left and convex right” pattern; it is governed by the construction
stage and cross section location, and its evolution follows a three stage trend of “sharp increase-
stepwise decrease-stabilization”, with strong sensitivity to upper side heading excavation. (3) In
terms of magnitude, the axial force of the small pipes is one order of magnitude smaller than that of
the pipe roofs, indicating that the support effectiveness of the small pipes is far inferior to that of
the pipe roofs. This study reveals the mechanical evolution mechanism of the advanced support
system in shallow-buried bias tunnels under colluvial deposits, which can provide a reference for
the design and construction of similar projects.
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Figure 1. The shallow-buried unsymmetrically loaded section at the exit portal of the Suotongpo Tunnel
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Figure 2. Tunnel cross-section
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Table 1. Lining parameter table
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Figure 3. 3D computational model
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Figure 4. Cloud diagram of Mises stress field distribution in surrounding rock
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Figure 5. Cloud diagram of axial force distribution for the first row of pipe racks
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Figure 6. Axial force variation curve diagram of the first row pipe shed construction process
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Figure 7. Axial force distribution cloud map of the 3™ row pipe rack
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Figure 8. Axial force variation curve diagram of the construction process for the third row pipe shed
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Figure 9. Axial force distribution cloud map of the third row of small conduits
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Figure 10. Axial force variation curve of the construction process for small conduits in the 3™ row
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Figure 11. Axial force distribution cloud map of the no. 4 row small conduits
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Figure 12. Axial force variation curve of the construction process for small conduits in the 4™ row
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