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Abstract: During layered tunnel excavation, there is a complex three-dimensional spatial coupling relationship
among bedding planes, tunnel contours, and stress directions, resulting in significant complex evolutionary
characteristics of tunnel failure. Extrusion-based cementitious 3D printing technology offers advantages such as
rock-like properties, rapid fabrication, low variability, and low cost. In this study, circular diversion tunnel models
with different bedding orientations were fabricated using extrusion-based cementitious 3D printing. Overload
failure tests and numerical simulations were conducted to analyze the mechanical characteristics and crack
evolution mechanisms of layered circular tunnels under overload conditions. Results indicate that bedding
orientation significantly influences the mechanical performance of layered tunnels. The peak strength of
horizontal layered tunnels is higher than that of vertical ones. Bedding orientation primarily governs crack
propagation paths. In horizontal bedding, cracks predominantly penetrate the layers, whereas in vertical bedding,
cracks tend to propagate along weak bedding interfaces. For both orientations, crack initiation occurs at the tunnel
crown and invert. Furthermore, horizontal layered tunnels exhibit a tensile-shear composite failure mode with
matrix-penetrating cracks. In contrast, vertical layered tunnels show tensile failure along the bedding planes.
These findings provide theoretical guidance for the excavation and support design of layered tunnels in stratified
rock masses.
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Tab.1 Parameters of nano-silica and polypropylene fibers

gk AR HE R4t EV¢:
W (g/em3) 22 B (g/em3) 0.91
SERIFRLRIAE (nm) 20~50 PRI B (wmm) 33
FERER (m2/g) 210 K (mm) 6
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Tab.2 Mass mix proportions of 3DCP materials
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4 b 7K ATl R4
hKTE TRAE K e ide fik
0.96 0.04 0.22 0.36 0.003 0.001 0.005 0.001
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Fig.1 Overload failure test of 3D-printed layered tunnels



AN A4

1.3 RWAZEEMHBAR

D A E

WM R G RMT-150C A4 715/ Ik 24t 5 s 38 2L RA . il 2 2 BUS A O
% (DIC) Wi R, RIS AT 7R R LI 2 38 ) WHRBEAL BT . Sl g R G4 Sl 55k X m
FEREIEIR . 7R 25N B, B R ARAG L I EE S AR R, A CRURE 2 TR O [X S84k T 037 o0 HLRG
1G5 -

2) T &

B R AR R0 I BT SOR A B ], NG R 152 N0.05mmy/s. RIGTF AR, FHEFAINEARGS
EIRBE RGP A, SR SRR MWL I3 2 58 A MR 1 A I FR TR AL RRAE o Ry iSRRIV AR AT R
WEASOMT, AE THHE AR I RO . ¥ RIS M EMBINTER, NI L0 7 A RS0 A B A e
o

3) HdlEAb B

RIREE ARG, FIH GOM Correlate LMV DIC A AT R R AR 21 G AT A0 B . sdad xf B AR T AT Ja
FG TR BB RFAE A A A A4, THE IR EGRER H 1 3a ok 2 S N AR AL A o [E]IS, $REXRMT-150C
RGBT SR, THEIEHIN - R 4L
2 RS

T AN [ T390 ) 2 R B A A T B B AR A PR, RE T 4% TOLRAE I 12240, B -8 i
2R K R R (R R GUE AL, IR AIRFEA R E B MR (1) ) PR Re . R ORISR Sy e LB 1)
FALLPIKE
2.1 EREEMNFESE S

R T /KPR RN R B R BN 1 AR G B R U {E iR 5 DR AR e B AR 2E 12 S 4
SERRH . EI 5 e AR B T BRI 0 (5 B B BB RIS, K E IR (R T R H R R %
PN AR SR R s SRR R S U R B B A A R AR A s % AL AP B 0 R B AR AR R AR
14.15%0~15.55%0 2 18], Ui W = BT (1) X6f B AR S MR AL /)N

#z3 ELRAAHENESH

Tab.3 Mechanical parameters of specimens

) UG 7 P S5 U i A ST 48 5 A
s MNAE (%0) SFRIRAE (%)
(MPa) (MPa) (GPa) (GPa)

SY-1 29.14 15.55 2.11

28.38 15.28 2.05
SY-2 27.61 15.01 1.99
ZY-1 24.06 14.15 2.01

2448 14.48 1.97
7Y-2 24.89 14.81 1.92
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Fig. 4 Numerical modeling process of layered circular tunnels
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Tab.4 Micro-mechanical parameters of layered tunnel numerical models

EHPE S WU

WIORL /)N 242 (m) 0.18
WRLRLA% L Rrat 1.62
FEEZHL pb_fric 0.5
FATHE 52 pb_emod (GPa) 3
SPATRESE ML pb_krat 1.5
FATRESE BEYE A pb_fa(®) 40

J#E E (m/s) 0.05
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AT SRR pb_ten (MP2) 38
SFATRGG5KK ST pb_coh (MPa) 43

FIF T EE MR sj_kn (GPa) 1000
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FeH T B R AL sj_fric 0.6
HIF T EBH R E sj_ten (MPa) 15
JGHE T BIAGEE 7T sj_coh (MPa) 20
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Fig.6 Crack evolution process of horizontal layered tunnels
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Fig.9 Displacement field of vertical layered tunnels
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