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Physical model test study on synergistic action of lining-rock for deep tunnel
under complex geological conditions

Ren Mingyang' Zhang Qiangyong' Chen Shangyuan' Yin Xiangjie' Li Fan' Xiang Wen*  Yu Guangyuan'
(1. Geotechnical and Structural Engineering Research Center, Shandong University, Jinan 250061, China;
2. School of Qilu Transportation, Shandong University, Jinan 250002, China)

Abstract: The synergistic action of surrounding rock and support is the core issue in the support design of
underground engineering, which is closely related to the success or failure of underground engineering
construction. In order to reveal the synergistic mechanism of rock and support in deep tunnels, the true 3D
geo-mechanical model test for the synergistic action of lining and rock mass under complex geological conditions
was conducted for the Xianglushan tunnel in the Central Yunnan Water Diversion Project, so that the whole
process of tunnel excavation and support is truly reproduced. The model test results indicate that: (1) The stress
release processes of surrounding rock around the tunnel are different for different geological conditions. The
stress release rate of surrounding rock in hard rock is slow at first and then tends to be quicker, but in soft rock, it
is quick at first and then tends to be slower; (2) the distribution patterns of the contact pressure between the lining
and the surrounding rock are different for different geological conditions. For hard rock, the maximum contact
pressure is located at the spandrel, but in soft rock the maximum contact pressure is located at the vault; (3)
During the process of tunnel construction, the synergistic action of lining-rock includes two types of stress

release mechanisms, three construction stages and four load bearing states; (4) For different geological
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conditions, the load bearing ratio of the surrounding rock and lining is different after the construction of tunnel

lining. For hard rock, the surrounding rock may bear about 85% of the total excavation load, and the lining may

take about 15% of the total excavation load; for soft rock, the surrounding rock may bear about 25% of the total

excavation load, and the lining may take about 75% of the total excavation load. The model test results can

provide important test references for the development of the construction scheme and the optimization of support

design in deep tunnel under complicated geological conditions.

Keywords: deep tunnel; rock-support synergistic action; true three dimensional geo-mechanical model test;

stress release mechanism; contact pressure
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Table 1 Physical and mechanical parameters of protolith
Ak HE (m) FE (KN/m’) ZB#EE (GPa) BIMPUEIMRSE (MPa) FRiSRE(MPa) FE S (MPa) WEEESM (°) ANK
KA 1000 26.50 25.3 4.5 11.4 54.5 0.28
b B 1000 25.50 6.8 1.3 4 33 0.3
*k2 EEHEUMBYENZSHITUE
Table 2 Measured physical and mechanical parameters of similar materials for surrounding rock
MRS A (KN/m’)  ZJEEE (MPa)  SAENBURBRIE (MPa) HUPISRIE (MPa) FES (MPa) WEEHEM (°) YA
WA RRLRE R 26.2 ~ 26.8 228.6~285.2 0.61~0.69 0.042~0.047 0.11~0.16 51.8~55.4  0.26~0.28
Wb Be AR R 24.8~25.6 53.4~69.3 0.15~0.21 0.011~0.018 0.031~0.044 33~39 0.27~0.30
*3 BEEEMUMBEILFE
Table 3 Mix proportion scheme of similar materials for surrounding rock
FEABL 1 425531 MEELLI:B:S TR TR (%) Jegsw R R EE S (%)
TR AR R 1:05:0.5 8 5.5
R I3 Y6 5 A B A4 1:0.67: 0.55 2.5 5.5
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Table 4 Mechanical parameters of lining materials

W WPERLE (MPa) PUEMREE (MPa) HiHi#E (MPa)
JRRY 30000 32 2.2
(i 300~380 0.3~0.42 0.02~0.028
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Fig.3 True 3D geo-mechanical model test system
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Fig.4 Fabrication of lining segment
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Table 5 Displacement varying rates at excavation time
and support time

00 08 e PrEfL B TEGE  FEEZ ezl
At 0.27 0.74
1 k=) AR 0.27 0.78
HETH 0.28 0.86
At 0.56 0.92
3 L/€2) fHtA 0.56 0.90
HETH 0.34 0.87
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Fig.10 Distribution of rock radial displacement
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Table 6 Stress release rates of surrounding rock at

excavation time and support time

A I B T iR A WEME  JFFEmZ Szl
A L 0.30 0.81
1 T 25 Bt HHtE 0.28 0.79
HETR 0.29 0.86
i HEIE 0.72 0.97
3 oam B FHtH 0.78 0.97
HETR 0.77 0.96
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Fig.12 Distribution of rock stress
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Table 7 Strain values of inner and outer sides of linings at four monitoring sections
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Fig.13 Internal force distribution of lining at monitoring
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construction step
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Fig.16 Distribution of contact pressure (unit: MPa)
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Fig.17 Schematic diagram of synergistic action of
lining-rock
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Table 8 Load bearing ratio of surrounding rock and lining during tunnel construction
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