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Abstract: This study investigated the efficacy of radial yield support as an active measure to mitigate stress and
deformation in deep soft rock tunnels experiencing large deformation. Traditional support methods have shown
limited success in addressing this challenge. Leveraging a three-dimensional geomechanical model, this study

proposes an active support system centered around radial yield pressure. This system releases stress in the
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surrounding rock before resisting deformation, thereby improving the mechanical properties of the tunnel and

effectively controlling displacement and deformation during excavation. Through analysis using the three-

dimensional geomechanical model, this study evaluated the control effect of radial yield support on surrounding

rock deformation and support bearing capacity, focusing on a typical large deformation section of a highway

tunnel. The results demonstrate a significant reduction in relative deformation of the surrounding rock compared to

conventional support methods, with a reduction of 75.8% in tensile strain and 67.6% in compressive strain as

evidenced by bolt deformation. Additionally, the contact pressure between the surrounding rock and primary

support is reduced by 80%, indicating the effective control of radial yield support on plastic zone development and

stress release in the surrounding rock. These findings offer valuable insights for the application of similar

technologies in controlling surrounding rock in deep soft rock tunnels.

Keywords: three-dimensional geological model test; soft rock tunnel; deformation characteristics; radial yield

pressure; support measures
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Fig. 1 True triaxial high in-situ stress underground engineering
simulation test apparatus
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Table 2 Measured physical and mechanical parameters of
analogue materials of surrounding rock
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Table 3 Mechanical parameters of similar material

AR R AP BihiR AT e B A%
£ /MPa /MPa R JE/MPa 1%
HFF 716.87 17.34 — 6.50
L 70 000.00 126.00 — —
553 1 2 400.00 — — 13.38
W) 28.10 — 0.951 —

TE: — RN ESHORAE T

B3 #HAxn
Fig.3 Initial support

I Y WL RE R R AT A 0T AR AR A G 1Y
AR | 0 TR TR R 4 b e 2 A 3 e A e S 0 L
FE4E 45, R 1 3 mm JE Y EVA LR i R IR BE £
T2 A AR RE o O 3 ok o A R ) R 4 SR,
SE LR Z AU M AL 5 5 A 25008 DL 3% 4, 72w ik 2
FHAIA AL DL 4,
1.5 M JoT ) 2 A Ay
1.5.1  FERLRI &

Hb 5 g 2 A A SELAR I, SRy TR R ) R, SR
R, 828 50 mm, &2 JESE, B,

ik

B4 RELLER SRR

Fig. 4 Radial lamination of similar material
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prototype of radial yielding layer
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Fig.7 Procedure of tunnel excavation
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Fig. 8 Excavation support process
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