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Abstract: Complex structure and fracture development in surrounding rock of coal mine greatly affect the
roadway stability. It is of great theoretical and engineering siginificance to study the deformation and failure

characteristics of roadway in fractured surrounding rock. Based on the engineering background of 12 upper 302
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auxiliary haulage roadway in a coal mine, western China, well-integrated and fractured surrounding rock roadway
physcial models were prepared with sand 3D printing technology. Through the combination of biaxial loading
tests and digital speckle technology (DIC), the influence of surrounding rock fractures on the deformation and
failure law of roadway and the failure zoning characteristics of fractured surrounding rock were explored. The
results show that the layered printing of different coal rock strength can be realized by using silica sand with
particle size of 0.070~0.140 mm and 0.100~0.200 mm and changing different matrix ratios, which meets the
strength ratio relationship of each coal rock. For the well-integrated surrounding rock roadway model, cracks first
appear at the shoulder angle of the roadway, and then the two sides breaks and the roof sinks, mainly shear
failure. In comparison, the failure of fractured surrounding rock roadway mainly evolves along the prefabricated
cracks, and the damage of the two sides is more obvious with broken blocks. This reproduces the deformation and
failure characteristics of the actual engineering roadway to a certain extent. Through the field measurement of
fracture parameters, the fracture parameters can be implemented into the physical model of the roadway through
the sand-mold 3D printing technology.

Key words: fractured surrounding rock; sand-powder 3D printing; physical simulation of roadway; DIC; failure
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Fig. 12 Evolutionary nephograms of horizontal and vertical displacements in intact surrounding rock roadway model under stepwise

loading
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Fig. 20 Flow chart for analyzing deformation and destruction mechanisms of roadways in fractured surrounding rock via sand mold

3D printing

Xt A B AT S 2R R R — 1 0L, R TAR
HR ]RGS B 26 0 2 R R BB 4 L 4] 22
AT, DU S RSl S R G4 R

(4) 1 73 B e R L A R R BT L R T Y
AN TE IR AE TR, L B500T Bl 1) 8 R P R AL
Mo dm 44 27 AR AR R, EL e BRER i 7= A A 2t
B o i W B A . AR AT TR R A T
IS AL, X RBP4 & R R F LTI
Wi PR 2R R BEAT AL BT, AR A i — 2B 5T B
BRI AL A3 TAVRAE A 2 o0 A R
FATE IR AR B0 o

5 & it

(1) AN 7] 35 J5 T B Xop A A6 (18 5 3 D AR TE R AIE 1
A B F 5, Hrh e Rif2 R 0.070~0.140 mm, K
ZEFIR B3 91 60%., 80% FI1 100% I, Xt 17 Bk
BUESRE S 3 A 13.85, 16.35 1 20.20 MPa; fE:PHL
24 0.100~0.200 mm, K525 51 BE A 100% s, X0
PN R SR EE R 12.00 MPa, 25443 )2 4T BN L 58
JE, ST R AR T AT A R R L A5
K Z A PR A 43 2 ] 45

(2) 52 Pl A B R 5 BB A A e o
PR o, P IR ELTOURR R T, DABT VISR N £ .
45T B T AR (1) BB A = U T S4B Ak,
TR ] J R e, —E B B
TSR TR AT R AL, 7R 5 1% 8
RIS g R R S

(3) 454 DIC HEEM 45 B v] AL, 24 s
{14 L T AR AR L 5 ] s T 5 8 1) A 3 S i
o ARGE LG T B, A RS AR T B B K H ARSI

/N B A5 B 44 R IX 5K, X 5 N 4 e B
MBI IG5, Bl b f B T 24P B A A 1 A
TEREIRRHE

(4) LT I SRR S 4L, FETRb AL 3D TR
FAR DDA B S5 AT B Y B R I A 3K
RS R TR v 5 38 LA AR TR IR O, (45 %
DA S T A AR R 06 4 AR — 25 U A B, XD
R 3D FTENHEARAE 5 N Y B RNR G () 0k — 5 &
PR TS S 30

S Z 3k (References):

(1] AxHsfd, 22T, 2R, % 2BUE T Aot s TR
FRIES IR (], BBk, 2021, 46(11): 3408-3418.
YU Weijian, LI Ke, LU Qinghe, et al. Engineering charac-
teristics and deformation control of roadways in fractured

Journal of China Coal Society, 2021,
46(11): 3408—3418.

(2] R0, B, PR, &5 AR T 55 TR S T R AR AIE
5B TR T]. HEaEIR, 2014, 39(7): 1205-1211.
JIANG Lishuai, MA Nianjie, BAI Lang, et al. Deforma-

tion and failure characteristics and roof caving hidden

rock mass[J].

danger classification of roadways compound roof[J]. Jour-
nal of China Coal Society, 2014, 39(7): 1205-1211.

(3] fali. VRHsHCE TR IO BF SR S PRI, B4R
2014, 39(8): 1409—-1417.

HE Manchao. Progress and challenges of soft rock engi-
neering in depth[J]. Journal of China Coal Society, 2014,
39(8): 1409-1417.

(4] Afld, RAUK, LA, 5. ZEA B E R BIERHE
SRR PRI R4 5 % 4 TR, 2019, 36(1):
103—111.

YU Weijian, WU Genshui, AN Baifu, et al. Large defor-
mation characteristics and stability control of roadway

with fractured rock mass[J]. Journal of Mining & Safety

033512—-12



T2 % Ry 55 246 TAR2A Vol. 7, No. 3(2025): 033512

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

Engineering, 2019, 36(1): 103—111.

LI Guang, MA Fengshan, GUO lie, et al. Study on defor-
mation failure mechanism and support technology of deep
soft rock roadway[J]. Engineering Geology, 2020, 264:
105262.

FMm, SRIER, KRR, 5. BSR4 R S AR E AR
AL AT IE ). & A1 1285 TR, 2020,
39(5): 927-937.

WANG Jiong, ZHANG Zhengjun, ZHU Tianci, et al.
Model test study on deformation mechanism of roadway
supported by constant resistance and large deformation
anchor cables[J]. Chinese Journal of Rock Mechanics and
Engineering, 2020, 39(5): 927-937.

YAN Hong, LI Guichen, LI Yongqi, et al. Stress evolu-
tion characteristics of the intensively mining-induced sur-
rounding roadways within an extra-thick coal seam: a case
study from the Tashan coal mine, China[J]. Journal of
Central South University, 2023, 30(11): 3840—3854.

2, RN, FRAE, A, — iy B L A T 2 ) B A
RS 56 07 1 S FC I ). TR M 2% 4, 2021, 29(4):
1010—-1016.

LI Guang, MA Fengshan, GUO lie, et al. A model test
method on roadway excavation under jointed rock mass
and its application[J]. Journal of Engineering Geology,
2021, 29(4): 1010-1016.

CAO Juncai, ZHANG Nong, WANG Shanyong, et al.
Physical model test study on support of super pre-stressed
anchor in the mining engineering[J]. Engineering Failure
Analysis, 2020, 118: 104833.

VLR, R, 3D FTENEORTE A A B ) 22X g
FERRIR FAWFTE S D). A 15 5 TR R, 2018,
37(1): 23-37.

JIANG Quan, SONG Leibo. Application and prospect of
3D printing technology to physical modeling in rock me-
chanics[J]. Chinese Journal of Rock Mechanics and Engi-
neering, 2018, 37(1): 23-37.

SONG Leibo, JIANG Quan, SHI Yingen, et al. Feasibili-
ty investigation of 3D printing technology for geotechni-
cal physical models: study of tunnels[J]. Rock Mechanics
and Rock Engineering, 2018, 51(8): 2617-2637.

A, FEL, B2, 55 iR 3D STERPRHE A R B R
RGN FHBIFSE KR BT, A RESHR, 2024, 38(12):
77-85.

YU Chen, TIAN Wei, WANG lJie, et al. Application re-
search and prospect of sand-type 3D printing material in
rock physical model test[J]. Materials Reports, 2024,
38(12): 77-85.

XU Qing, JIANG Lishuai, MA Changqing, et al. Effect of
layer thickness on the physical and mechanical properties
of sand powder 3D printing specimens[J]. Frontiers in
Earth Science, 2021, 9: 763202.

[14]

[15]

(18]

[19]

[21]

[22]

03351213

ZHAO Yang, JIANG Lishuai, LI Chun'ang, et al. Experi-
mental investigation into the mechanical behavior of joint-
ed soft rock using sand powder 3D printing[J]. Rock Me-
chanics and Rock Engineering, 2023, 56(7): 5383—5404.
TAZE, &K, NG, % BT DIC & AF MR 3D
FTEIRLRE 52 SO PSR R REHL I AT L[], v 07,
2021, 42(2): 439-450, 461.

WANG Benxin, JIN Aibing, SUN Hao, et al. Study on
fracture mechanism of specimens with 3D printed rough
cross joints at different angles based on DIC[J]. Rock and
Soil Mechanics, 2021, 42(2): 439-450, 461.

GOMEZ J S, CHALATURNYK R J, ZAMBRANO G.
Experimental investigation of the mechanical behavior
and permeability of 3D printed sandstone analogues un-
der triaxial conditions[J]. Transport in Porous Media, 2019,
129(2): 541-557.

VOGLER D, WALSH S D, DOMBROVSKI E, et al. A
comparison of tensile failure in 3D-printed and natural
sandstone[J]. Engineering Geology, 2017, 226: 221-235.
ZHANG Zhe, JIANG Lishuai, LI Chun'ang, et al. Charac-
teristics and mechanism of time on sand powder 3D print-
ing rock analogue: a new method for fractured rock me-
chanics[J]. Geomechanics and Geophysics for Geo-Ener-
gy and Geo-Resources, 2023, 9(1): 166.

FICHE, 510, AT 8%, AF. SE TR0 3D FTEN SR A% 1 BT
HWATEBIR R E OT L[], A0 %5 TR,
2024, 43(3): 754-767.

WANG Wenhai, JIANG Lishuai, HE Xin, et al. Experi-
mental study on deformation and failure characteristic of
complex jointed rock mass based on sand-powder 3D
printing[J]. Chinese Journal of Rock Mechanics and Engi-
neering, 2024, 43(3): 754-767.

10, 2, TRIE, S5, DAL 3D STENAL )y )% 2 2
B SRR ) A R B S W S0, LR R R A2
R (ARRIFEARR), 2023, 42(5): 22-29.

JIANG Lishuai, LI Chun'ang, XU Qing, et al. Study on
the influence of sand mold 3D printing direction on me-
chanical properties of soft rock specimens with crack[J].
Journal of Shandong University of Science and Technolo-
gy (Natural Science), 2023, 42(5): 22—29.

2N, AR, TR, A RIS TR AR FA S T
WA SE(T]. 25+ 1%, 2013, 34(10): 2847~
2856.

LI Weiteng, LI Shucai, WANG Qi, et al. Model test study
of surrounding rock deformation and failure mechanism of
deep roadway with thick top coal[J]. Rock and Soil Me-
chanics, 2013, 34(10): 2847—-2856.

GB/T 35056—2018, M4 HIE AT S BARMMLS].
GB/T 35056—2018, Technical specifications for rock

bolting in coal mine roadways [S].


https://doi.org/10.1007/s11771-023-5472-8
https://doi.org/10.1007/s11771-023-5472-8
https://doi.org/10.1016/j.engfailanal.2020.104833
https://doi.org/10.1016/j.engfailanal.2020.104833
https://doi.org/10.11896/cldb.22120133
https://doi.org/10.11896/cldb.22120133
https://doi.org/10.3389/feart.2021.763202
https://doi.org/10.3389/feart.2021.763202
https://doi.org/10.1007/s00603-023-03346-8
https://doi.org/10.1007/s00603-023-03346-8
https://doi.org/10.1007/s00603-023-03346-8
https://doi.org/10.1007/s11242-018-1177-0
https://doi.org/10.1016/j.enggeo.2017.06.011
https://doi.org/10.1007/s40948-023-00707-z
https://doi.org/10.1007/s40948-023-00707-z
https://doi.org/10.1007/s40948-023-00707-z
https://doi.org/10.1007/s40948-023-00707-z
https://doi.org/10.1007/s40948-023-00707-z
https://doi.org/10.1007/s40948-023-00707-z

	1 裂隙围岩巷道工程地质特征
	2 砂型3D打印技术分层制备巷道物理模型
	2.1 砂型3D打印流程
	2.2 模型相似参数与分层参数确定
	2.3 模型加锚及分层制备

	3 双轴加载下巷道模型变形破坏特征
	3.1 双轴加载试验方案
	3.2 双轴加载行程分析
	3.3 完整围岩巷道变形演化特征
	3.4 裂隙围岩巷道变形演化特征
	3.5 裂隙对巷道变形特征影响分析

	4 讨　论
	5 结　论
	参考文献

