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Problems and countermeasures in the study of fracture propagation
laws of rock mass under induction

HE Rongxing, ZHANG Zhiyuan, ZHANG Xingyu, ZHANG Yawen
(School of Resources and Civil Engineering, Northeastern University, Shenyang 110819, China)

Abstract: The instability observed in most underground engineering projects is typically attributed to
the expansion and penetration of fractures in the rock mass due to long-term “induction” effects, which
alter the inherent strength characteristics of the rock mass. Consequently, the study of the spatiotemporal
evolution patterns of fractures in rock masses is deemed crucial for elucidating the mechanisms and
essence of rock instability and failure phenomena. In this paper, the current research status on the
expansion of fractures in rock masses is introduced from three aspects: physical experiments, numerical
simulations, and mechanical theory. Moreover, the issues present in current fracture propagation
research are analyzed in conjunction with the evolution process of underground engineering and its
requirements. To address these issues and better align with engineering requirements, a novel research
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approach has been proposed: methods involving similar materials, 3D printing, and acoustic emission
are proposed. The composition and mixing ratio range of similar materials suitable for acoustic emission
monitoring are determined through compression experiments on small samples, and then 3D printing
techniques are employed to fabricate specimens with intersecting fractures for tensile and shear tests.
Creep experiments are conducted to investigate the propagation patterns of fractures and their associated
failure precursors through acoustic emission. Additionally, the changes in rock mass strength over time
due to creep are analyzed. On this basis, a large-scale similar material model of fractured rock masses is
established to investigate predictive models for excavation-induced changes in fracture parameters over
time. Furthermore, the relationship between the initiation time of rock mass collapse, fracture
parameters, and excavation space is explored. The evolution mechanism of fractured rock mass collapse
is aimed to be revealed, along with the prediction of the timing and extent of collapse. The theoretical
support provided by these findings is intended to contribute to the long-term stability and collapse

control of underground engineering projects.
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emission

0 3l F

Hu R SR XS R R A AR W R AZ
b AR, KRBT R AR T K T AR I | i % FR =8
XAEHL T TR, M F TREAAERY “Be ERT,
HH H5 W) A R RS B LA AT | T B B A5 R
LR . 25 X A R RS | vhi e | ol O S K
F,ORAX O AR E 1L A A E
Bz —, & 1800 T ENAME G RS KRR
B K ERBIGEL . SR TERAZE, KRB R
B E M S R MERRAE . BB EAE T, AR TR
25 RUSH #0002 e HRCA IR 5 A5 0 5 B S 80 AT T 19,

fracture propagation;

evolution law; 3D printing; acoustic

HA R, SR K AR MR 5 A F 48 R A ] R
AL B M 455, BB AR TT 25 M)
f 5T MR IR, 2B A S 2 W R T Y 2B, BE T
RAY T SUBRIR, A T R BRSO T AR
4932 T3 AR Z5 T BEHRAE, e 5 B S M T e 851
FH T TR R KA RGBT 5 KK AL . I,
W58 5 PR BB i A I 2 3 A ML A, 0o ik — 20 4 7
A FUHL R A TR AR B Y LR AR S, 4 Bh
HAO N R R B X, WO R AR
TR TR E M S RO, R F Bl
HERIE

F1 BRI LUREREARESHR
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