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Abstract: The surrounding rock of roadways often contains complex joint fractures, holes of different sizes, and
other internal structural characteristics, which seriously affect their stability. Indoor physical model tests are one
of the main ways to study the stability of engineering rock masses. However, traditional methods struggle to
produce physical models with exactly the same structures and properties, and the mechanical properties and
internal structures of physical models differ considerably from those of in-situ rock masses, which greatly limits
the scientific nature of physical model tests in reflecting the actual engineering roadway. In recent years, the rapid
development of 3D printing technology has effectively made up for the shortcomings of traditional methods. At
the level of material research and development, sand-powder 3D printing coal-rock-like materials with high
similarity to natural coal-rock in mechanical behavior are successfully prepared by systematically regulating
printing matrix, particle gradation, binder saturation, and glass fiber content. This progress lays a material
foundation for the production of physical models. At the level of mechanism research, based on mechanical tests
on anchorage bodies using such coal-rock materials, the anchorage mechanisms of supporting elements such as
bolts have been systematically revealed. These tests verify the feasibility of using these materials to simulate the
anchorage in natural rock masses and provide a theoretical basis for the design of supporting structure. Finally, at
the level of physical model tests, researches have employed the sand-powder 3D printing technology with the
layered printing process to construct physical models of anchored roadways under the conditions of both intact
surrounding rock and fractured surrounding rock. The influence of cracks on the deformation and failure law of
roadway is quantitatively analyzed with the aid of the biaxial loading system and the digital speckle technique
(DIC). The failure modes revealed by the tests are highly consistent with the field observation results.
Collectively, these studies confirm that the sand-powder 3D printing technology can achieve high-precision
reconstruction with respect to material properties, internal structure, and mechanical response, effectively
overcoming the shortcomings of traditional model tests and showing good application prospects and scientificity
in physical simulation research of rock mass engineering.
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Fig. 6 Stress-strain curves of specimens with varying glass
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Fig. 9 Comparison of stress-strain relationship between coal-

like rock materials and natural coal rock

#07Y 3D 4T EIH AR REAS LA UL ICHR 3 B e
JEE FEART 35 MPa AU HCA 2 S8 sim I (e
LA BB R o AR, A REAE 712
SEJE I VCHL, B8 B R A AR R R R AIE
JEELHE 5 AR A R AR o

SR, XF F iR o B (A0 B Ak 40 58 5 >50 MPa),
EINIEE (BPERE >S5 GPa) 1A A (ANF-SeE0s vs |
TR, BUARPRY 3D $TER RS BRI Jo ik S iR
S BRI AL, LA PP AR i R (58 45 )
“evERE EIR A THETE.

ZE b, R BFIT @ X RP R 3D 4T BN A b
R %, FEACSCBE T X 58 B2 AR T 35 MPa A5
R AR B B B AL, AN SR L REAS
o, OB RN SN AR il £k 5 AR =
FHARL, e BT G R R 2% | st | S A AR
4 BRI BE, #2750 724 R AT Oy b e B L
(38 I o SR, %R H R E B 00 1 R,
XoF T R SR BE>50 MPa., SRR E>5 GPa [
SEE L W BE RS (B TUA L KR L, A
KRR S E AR Rt — 2 %

4 B 3D FTEN LR At BRI A A

4.1 SHEK BEXTSIREE B K 1 4 M AR5 0m

=5 AR AT 5 B T S 3 45 ) g 1 280 S5 AL
A Bk 2R e AR R K T
WOIEBLLL S A1, PSR 2T Yl o SR SR Sl AT AL
BB, 8 i 2 KBTS BB AR ZR 1E T, B AT X

023011-8



P FTIMEE: KA 5 E B TR Vol. 8, No. 2(2026): 023011

R E B R B IN ERON . 45 AR IR AN
T T EA R AR BrhsR I, ST
it B EE AT Y 11 20 P IR SR P 2 T
Mt VE I B4, PN 22 B AT, X — &
ZH B IR A A R AT T BB A R4 AN B
RIGWITY . AR, A ORI 290, “RY%T
RN VL T A A% ML, 427 {0 ML IG5 T s [ 4R 114
F1PERE; R RS SR MU R TR & R B
A1, S NASEL 0°F1 90°JZ bR vEEE, LA 45 S84/
T B AR BEATASTABL B AT, S0 X S 1 A 7 ot S ke 1
A, NITAR B INEEAT | SR el . e
3 AR, 1S XA A T AR R A A . 25 R
FEH, )2 BHORA [ B3, B T 4 XU I o s 151
BN, Hbr ok B A 3] T B E R T, DL EARSE
T, T KIRA AR RS AHERN S s A
RS RE R T4 A8 A I 5T, SR, A5 5807
A AR A AL R T T 7 B ) B30 2B, X 5 R AR

PR A R R A R AR B R 225, 55
A1, 38 3 SR G T AR A Al T A R 194 7 -z
7 {28 AT e BR[) ZHRRE B 1254 T R AT I 25 Sk
R, X RIUE G BB, X2
TR LS R A HERTE . A WL, £ 48 AR
I BABRLERY | PRUE IR — B 5 ] Sy T
FETE R BR

HSCEE RIS 3D FTENSEBES MR B tE 52
PR B 5 v S B R SR A AR R A —
bk, EAEASIEAT A SHEINEAS LRI AR
PE, SORAURAD TGRS L, SR kG L 7T
O BRI 8 T AR B A o R AL T BRARURE R Ik it . S
Fott, 25 SR SRR AR A 75~120 pm ) GS19
FERPBI T EN R SFR 650 mm=50 mm 1 B 485 77 41
FIEE 100% (4 FAE AR T BRI A 10 B,
TR0 JIT P e 1 790 3 ) A 4 i TR A 7 e, e 1 4 12
PEH M4 35 R IR L) | IR R A

AR [ U

l

il X R S )

Lo KRl R SEHORRE S R e R RE
Fl 10 R 5638 B A 5

Fig. 10 Test specimens and the anchorage form
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Table 3 Uniaxial compression test results of specimens

. . . 68
with variably anchored speclmens' !

L Jnag R VE(ERRIE  DR(ENAE SRR
Al EIE . -1
/(mm-min ') /MPa 1% /GPa
SRR 0.3 10.16 1.66 5.08
A 0.3 11.99 1.80 5.28
AR 0.3 13.38 1.87 6.13
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Fig. 16 Sand-powder 3D printing roadway model™"”
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Table 4 Bearing capacity of roadway model
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Fig. 18 Strain cloud diagram of complete roadway model and fractured roadway model™"
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