Tk H5H wodr TR K F MR (A R B R Vol.42 No.5

2025 4F 10 H Journal of Hebei University of Engineering ( Natural Science Edition) Oct. 2025
XEHS :1673-9469(2025)05-0079-07 DOI:10. 3969/j. issn. 1673-9469. 2025. 05. 010
LS A A =T i SRV V1NN Z3Y AN 7 23
I T 2 [ S P B 7~ 8 O A AR BB 5
S e’ I A R0 AR A EL

(1. INAR R SRR i A PR A ], 1148 $FFF 250101
2. INARBHE R R TRESEFERE, LR &5 266590)

BE. ARABERLBZT A FHRAIES K8 3R E R E G TAE, KRR
SR IE SN T ETREARL, A ATEZE L TRAEE S L@ AR MAER, R
Jo , RSB R IIE B R A SRR IR BT WA R oA B SRR REALE 2R W%
BBHATHAC, B E R E @I AR5 A S AR, FE T a5 B 2 AR @ 3] 13669 5L &1L
PG A RAIRE B RACHAE UG | R A B BOU A PRC3D 3 5 R B R 3ak 2L 8 gAY |
FRATRKERFT WA FZHAY EREAVNFERAME R ML R, 5 6~8 m KEAR
Yo ,8~10 m RAEFR A ZUEEIG KA Y o W BB A T4 4% TAEE | B A IR B0 38 A diy w4308,
DN R AR E MR E B E T A FRRSAK S A AT T HIE, G, AT AT KB P
SHRBR B ERT N FAKABR , R AL T EMERE B 2 RIRK T o M E AR
BB BREXNSBRARERRAT A FABKGRIR, SR T AR A FAKTHRETHERL
5 Wom 2 R AT A AT B R A, X 5 F 5 X3 ay 8 AL A 09 BRI A 5 A R Tl
BB BRI TR I,

KGR 4BSLIRAR = R M & 3L B gk 9K, PFC3D 2 AKE I, 3T 4n h Sk ft

RE S ES . U45 SCERFRIAAD: A

Study on Distribution of Shear Mechanical Properties of
Fractured Surrounding Rock Masses Within Tunnel
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Abstract; To investigate the variation in shear mechanical properties of fractured surrounding rock at
different depths from the tunnel sidewall, combining field tests and numerical simulations. First, a sur-
face fracture network model of the surrounding rock was established using the window method. Then,
drilling cameras were used to obtain images of crack distribution at different depths from the tunnel side-
wall, and the crack network parameters at different depth positions were optimized. The surrounding
rock was divided into 5 regions from the surface to the interior, and the diameter and bulk density varia-
tion patterns of the dominant fracture network from the surface to the interior of the fractured surrounding
rock were obtained ; Subsequently, discrete element numerical calculation software was used to establish
models of fractured rock masses in different regions, and direct shear tests were conducted to obtain
shear mechanical parameters. The results showed that both cohesion and internal friction angle of the
rock mass generally increase with depth. Compared with the 6 to 8 m region, the cohesion in the 8 to 10 m

region continued to increase, while the internal friction began to stabilize and slightly decreased with
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depth. And verify the distribution law of shear mechanical performance parameters of surrounding rock

through dual hole acoustic wave testing method; Finally, based on the study of shear mechanical para-

meters of rock mass at different depths in direct shear tests, numerical simulation methods were used to

construct tunnel models with different numbers of surrounding rock areas. The surrounding rock was di-

vided into regions representing different shear mechanical parameters according to depth, and the de-

formation of the tunnel under different mechanical parameters was compared and analyzed with the on-

site monitoring results. The results showed that the settlement value of the arch crown and the horizontal

convergence value of the arch foot of tunnel model, which divided more regions, were more in line with

the actual situation on site.

Key words: borehole imaging technology; three-dimensional fracture network; biaxial acoustic wave

testing; PFC3D numerical simulation; shear mechanical properties
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Tab. 1 Fracture characteristics of the exposed

surface of the tunnel
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I 0.25 0.46 47
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Fig. 1 Distribution of cracks within boreholes
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Tab. 2 Information of fracture characteristics
N A AP EARYIE/m A ABURBE R/ (5 - m™)
TREEVE B/ m
I I I I 11}
0~2 0. 460 0. 690 0.610 47 40 44
2~4 0.451 0. 676 0. 598 40 34 37
4~6 0. 400 0. 600 0.531 14 12 13
6~8 0.382 0.573 0. 506 8
8~10 0.373 0. 559 0. 494 6 5
B %
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Fig. 2 Distribution patterns of cracks in different regions
NN 2) HR 8 b TR IR AT 58 B A MR AR T 2
.=— X &2 . S Ny s
g ’ SR H IR B N PIRESTN A A B %38

Ao A, I RS 4/m’ s g, AEIRIE
XD IR REE, 5% ¢ AHERIEIF 0~2 m
X3RN OSBRI, 555 A, o 0~2 m X 144
B S/m’

RIEAR (1) (2), THER BA [F] X BN A2
B35 AR AR BE N3 2 i, S4B Bt IR AR 1k
e 2 fis

2 GREEEERET

J T IRARAS R IR A B A R S22 S8, A
SCR A PFC3D SR S 2 mx2 mx2 m #
FrRIRE 4R [ X 8k P A B AR T R
[URRN 2 NP SR O BB DR B TR YA DT 5] B 5
WO AR 10 mm , FEAE BUORL 78 162 4>, 4nf&l 3
Fis .

HeAnii 1] B2 7

| HR, |

2

T BBy L 7

B3 =4ee R R A
Fig. 3 Three-dimensional numerical calculation

model of rock mass
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Tab. 3 Complete calibration results of rock parameters

4 PPER i/ GPa AN PiPREE/MPa BURIREE/MPa B I1/MPa INEEBES/(°)
A 4.29 0. 260 2. 60 12.21 3.36 39.20
(T EIVRIEN 4.35 0.262 2.55 12. 14 3.65 39. 80
X RZE/ % 1.40 0.770 -1.92 -0.57 8.63 1.53
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Tab. 5 Shear strength parameters of samples at
different depths

RV F/m I/ MPa P/ (©)
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2~4 1.055 22.4
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Tab. 6 Mechanical strength of rock mass
RRIERIAY A BRIERA B
iR, WEEHEA/ s RS, WNEEM/
MPa (°) MPa (°)
W 1.038 14. 13

X I

# 1,038 14.13 i 1.383 20. 38
a1 2.533 32.57
Bt 2.822 32.10
K 3.360 39.20 Kyt 3.074 31.37
KA 3.360 39.20
x 7 ZIEMSENE
Tab.7 Values for support structures
SR+ HEFT
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