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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

I 57 P 78 S s ] T 0 At B, ) RS T 3 T
PEAT BT S B O T 5% [ A RS R E DY R
WX, Tz or A DL | B AR A 2 o AR
JEE, T X M R A 5 AR L B ARk, A N
YERE, BlA B9 3 2 R Uk A B35 8 A, S8
TE i T A P B A . KRR AR, J& T LR
JEPUECE RS R [, 58 TR A i L )
W& 3 1V 3 o0 A R ik S A8 R B B TR R

FUR, B X B s B B R AR T2 ) % AF 5 32 22
R HTERIE 7 A B e B R ADL S LR A 3K
B 4RO A LT BUEA R I, B
Gy M 0 A i L RIS, 6F T e I TR B R
b I ) 2 R 56 A BIF 5 TR L T g g
T3 93 A FEAE B A8 HLAE HA A R B 0 S 00 Bl T2
SEUVBIETE AR 32 TR T SlAT NS B A2 R L Y
SN, A5 AR A B T B e TS R A FROR BRE T 5
Zhang S5 BFSE T R R B2 A R A AZ T BOR AL,
P T ARAR T 42 22 8] B AR E AR T, (0B 2% 08 SR 2
K s il e A2 T B2 0 o BAT BIF 598 0 SR Y T A 7Y
IR R G, AFE TR I 1 S R85

N T v MR BUAT A5 G852 A WIE A ) £ R0 4 bR
A8 FSZAPRICR I AN BIAEL R R B, AR G S A DR R ik
R BT L R SO PR R BE I8 A iR I S 52 T
NS AW S T K [ R A AT B2 N IR WA S s e
(LW I I W K IR WA= R ORE 74 3 o L E G L B A
IR S N E IR AW A =S UNZ R 1220 L SR oS3
RIRBE L2, il ad He [ By i 1) A8 SE B S A R Y
G ORAP o AR ) LE R SR IR IR TR BE A T AR ) ik
AR AR i Lk R B A SR B R EBE T, REAT 2000 B
AR RN A o R OG T AR I SRR SR IR
TR BE T 1IHEFE R 2 Jm) BT BE 20 1) HE AL  F

B, il ok WA O 58 AT DU B, xR PO
B G 2 A v Y LR T S AR R S R 2 R AR T
SCAP I AP TS B8 TR e B T A ) 1k
JZ SRS

A SCLLV 9 [ B G Dy TAR T 5, AT IR O
PR A 1) T TSP R AR AE S 09 = 4 3 J5T g 2 A R 3
6y, 38 ok s 4 1 5 AR T (9 A 1 AL TR R R, A
i 5 S B e PR VR B R AR DU RC A AR ) bR )= o R
RS A b, SE o B e TR AT R G B T
SO RS TR IR A B Y [ A AR R R AR, SR IE R
SCAP B AR 1) L s S B Y R AR TR AR AT 3] 52
ALk g

1 HWRAFRERXBT R

1.1 BT

IS ARALL T G2 oA AR V 2 B, % G HE VR AE 300 m,
BRI S5 45 K Sk R B BT L 9 A 0 R e S T B
I SO o 82 =y K K L N Y (1 B WA Sl = 2
IEH SZP B e ml b, X L mE SR EE R R A
IR EE L
1.2 BRI R4

F i = 2 R A AR 0 e, IR AT = 4 N )
Y i A, R E AR LR R
M R HBRARG . =4 NE R G M A sh BE R 5 &
ge, i 1R . ROVERZGRST K 2 450 mm, 58
1220 mm, = 2 060 mm, H: P15 & T 1 HEZR, B 1k
MR A AR T ) 25 AH 8 U, BRI A B B R R
£ 1750 mm, F& 520 mm. & 1360 mm. —4EMZE RS
AL 14 200 57 R B, SEEAEAY | R L i A
=4z, A RERGHEZHNBRERS ., &
24 B B A 3K R G N e ) S



- 148 - 7K SC Ml J5T T b 5

\ e
(b) HdiRAd
E1 EZ-HeEAM T TEENKEEE
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
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Table 4 Mechanical parameters of similar material and
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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