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Field tests on stress characteristics of support structures of unequal-span
ten-lane four-arch tunnel during whole construction process

YANG Junsheng', TANG Chong', BAI Shu'- %, XIE Yipeng', LI Yuzhe', YANG Lei’

(1. School of Civil Engineering, Central South University, Changsha 410075, China; 2. Hunan Provincial Communications Planning, Survey and

Design Institute Co., Ltd., Changsha 410200, China; 3. China Railway 25th Bureau Group Co., Ltd., Guangzhou 542814, China)

Abstract: The excavation of multi-arch tunnels with large chambers and spans leads to frequent load transfers and complex
stress characteristics on the support structures, and the field tests allow for a more accurate study on the stress distribution
characteristics of this kind of support structures. Based on the Guanyinyan unequal span four-arch tunnel project in Changsha,
the strain gauges are used to monitor the stress characteristics in typical sections during the whole construction process of the
steel arches and secondary linings. The test results reveal that the main advance tunnel experiences greater pressure of the
surrounding rock compared with the subsequent tunnels. The excavation of the right main tunnel and the left and right auxiliary
tunnels occurs later, resulting in fewer disturbances and smaller internal forces of the support structures. The overall distribution
of internal forces of the steel arches is asymmetrical, with higher forces at the right side. The maximum axial pressure of 402.71
kN and the maximum bending moment of 7.97 kN-m are observed at the right foot of the left main tunnel. The secondary
linings exhibit low asymmetry, only with the left main tunnel showing significant asymmetrical distribution. The internal force
disturbances in the support structures of the left main tunnel are primarily influenced by the excavation of the subsequent
adjacent tunnels. During the excavation and support stages of the subsequent right main tunnel and left auxiliary tunnel, most
positions in the left main tunnel experiences the internal force increment exceeding half of the total increment. In summary, the

construction plan of “first main and then auxiliary, left main

first” is found to be reasonable, and the support structures meet ESTHE: WHEE-ClzsTRETE (201915
the specification requirements. The research findings can YWHSHEA: 2023-07-31

@S/ (E-mail: ypxie2020@csu.edu.cn)
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provide references for the design and construction of multi-arch tunnels under complex conditions.

Key words: four-arch tunnel; support structure; field test; stress characteristic; safety evaluation
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Fig. 4 Diagram of construction sequences for Guanyinyan tunnel
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Fig. 6 Profile of test section and layout of strain gauges
K2R I T 32 B4 D IETR IR
SCIP AR IS5 AR, WIS HEAE N
JIAN ZRASBIRE 30 FEHTSCHA BEHL P 3 Gk 0 A B
IMZX-212A RURNGAN AR BEAT 32 F5 M, F23 55—
SRR 5, BB T RN AV 9 21 Al R

JERHEAEA L 7 He ZIRATHIR A IMZX-215A Y
NP AR T EAT 52 T M5, 32 T AR T 5 A 152 9 2o
NS DRF T Rt 57 350 T PR % 2 3 A AT N A R
W 6 s I EIRANAT 230 A el AR A A Iz A8
T EXFRATE D,

3 WMIXWKRZNmMERS T
3.1 HIIMHER NI
KO+418 JHRIT T 22 47 £ IR A0 SO 4
IS TP 79 O, S0 BRI A AL S L3
Wro PLUR R NIE, SRR, HEAEE bR
RAHEMIE T A, ML A% 5092 2 FoR, 4
TR EF 5SS, HORTESEA TS TR
R2 BABTHRRS

Table 2 Number of typical construction nodes
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Fig. 7 Time-history curves of stress of steel arches of left main

tunnel
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Fig. 9 Stress-time curves of steel arches of left auxiliary tunnel
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