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Tab.1 Geometric parameters of basic configurations

FAA RS NN

“ffl Angle “ffi Angle
Basic Length Length %T/( on)g ¢ %%/( on)g ¢
configuration [,/mm L,/mm
N IE
NI 1.6 — 120 0.15.30
Hexagon
PMIE 0.15.30.
Concave 29 145 60 45.90

2 HEBEIREIR
Tab.2 Model and abbreviation

Era 3 gﬁ fie fte
J“;’::Z 1) Angle L7 A Angle (RS
i . 0/(°%) Abbreviations 6/(°) Abbreviations
configuration
0 LBX-1C-0 15 LBX-1C-15
IEAILY 30 LBX-1C-30 0/15 LBX-2C-0-15
Hexagon
15/-15 LBX-2C-15-15 0/30 LBX-2C-0-30
0 NAX-1C-0 15 NAX-1C-15
30 NAX-1C-30 45 NAX-1C-45
., 90 NAX-1C-90 0/15 NAX-2C-0-15
NI
Concave 15/-15  NAX-2C-15-15  0/30  NAX-2C-0-30
30/-30 NAX-2C-30-30 0/45 NAX-2C-0-45
45/-45 NAX-2C-45-45 0/90 NAX-2C-0-90
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Fig.2 Single layer model

2 XBMNKLEFRTHE

2.1 MK

K FH 3D AT EHLIE il 22 EA TASS U 4, T B B Oy
30 mm/s, W 3 Az o dl ot = a5 il )2 & 2L 4s
F LB LA, 525025 B N ] 4 7R (DL NAX-1C-0
SR, IO i T O RE SRS AL AT I L, ik
A 1 mm/min, AN 5 iR .

B3 A&
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Fig. 4 Three-point bending loading device
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Tab.3 PLA material parameters

- LN (5 /A A 3 Y1 SR 2N d Y
28 Densit Modulus of  Poisson Plastic Plastic
Parameter J(ole >3/) elasticity ratio strain stress
PRECT g/ MPa © e R/ MPa
0 40.689 1
LiEd 0.006 45.218 6
1.25 2200 0.3
Value 0.0133  46.7917
0.0199 46.959 9
6 K&kl s
Fig. 6 Mesh division
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Tab.4 Experimental results and simulation results of hexagonal shape model

A TR AE R Prreas iR LAY FTHGHER Prreas R
Model Experimental result Simulation result Model Experimental result Simulation result
S Mises
(CF-39:75% )
+4.696 x 10
+4.305 x 10
+3914 x 1
+3.522x 10
LBX-1C-0 Srisi
Eea :
TR0 ey @
+3.928 x 10°
+1.610x 10¢
LBX-1C-15
LBX-1C- a5 bepiaidt
30 i
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Tab.5 Experimental results and simulation results of inner concave shape model

TR
Model

Experimental result

PrEs;

Simulation result

TR
Model

Experimental result

RS

Simulation result

S, Mises
CPI975% )

NAX-1C-0

NAX-1C-30

S Mises
CF:75% )

NAX-1C-90

S, Mises.
(CF#9:75% )

NAX-2C-0-15
(0°HfiJz)
(0° paving)

NAX-2C-15-15
(15°4f)2)
(15° paving)

+1.565 x 10°
i
NAX-2C-0-30
(0°HH)2)
(0° paving)

S Mises
CF5:75% )

NAX-2C-30-30
(30°H#)2)
(30° paving)

NAX-2C-0-45
(0°HH)2)
(0° paving)

+4220 % 10

NAX-1C-15

NAX-1C-45

NAX-2C-0-15
(15°4)2)
(15° paving)

NAX-2C-15-15
(-15°HH2)
(=15° paving)

NAX-2C-0-30
(3074 )2)
(30° paving)

NAX-2C-30-30
(-30°%# )
(=30° paving)

NAX-2C-0-45
(45°46)2)
(45° paving)

S Mises
(CF#4:75% )

S Mises
CF#4:75%
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Model Experimental result Simulation result Model Experimental result Simulation result
S,Mises S.Mises
(SF44:75% ) (%igzj
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Tab. 6 Downforce distance and peak force of the hexagonal model’s

indenter

o Ny i

B Model Downfo—r[:ci—dﬂilsjllilce/mm Peai—}ﬁrj;/N
LBX-1C-0 8.92 5002.26
LBX-1C-15 9.84 5559.25
LBX-1C-30 11.87 5610.61
LBX-2C-0-15 30 6 095.67
LBX-2C-15-15 10.79 4542.54
LBX-2C-0-30 30 6460.73

226,87 ME 8 n A1, N 2 i mlrh | 0% 5
TR 38 A B 55 5 30° K 1R AR 2 ) RN PR F o, A
BEFRHZ0M 157, R#Ek S BT T 12.2% Al

0. 9%, BT 4 TH T 33, 1% H120. 6%, NHIEAZE
BRI LBX-2C-0-15 FH#E T 51)2 0°F1 157 B8 | 7K 25
T BHRTE T 21. 9% F19. 6% , FIWEST BIHETF T 236. 3%
F1204. 9% ; LBX-2C-15-15 F A& 28 1 A 1k 5 55 , 7R3
JIFAESTH)Z IS B RS T 18, 3%, I AR T 22
15° B B4R TF T 9. 7% ; LBX-2C-0-30 7K 2% 1 F1) 1: fi
W, R AR T EZ 07 .30°, BUZ 15°/-15° F10°/15°
Ry SR TE T 29. 2% . 15. 2% .42. 2% F1 6%, F)VEAH
BT 07,307 W R 15°/-15° B 2y Bl T+ T
236. 3% .204. 9% F1178%.,
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Fig. 7 Experimental load-displacement curve of the hexagonal model
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Fig. 8 Load-displacement curve for experimental single and double

layer comparison of the hexagonal model
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Tab.7 Downforce distance and peak force of the inner concave

shape model’s indenter

e ERER EAE JJ Peak
B Model Doxvnfo—r[:c({:lﬁiflice/mm 1t‘{:H(;lrj(‘:je/N
NAX-1C-0 4.81 3041.72
NAX-1C-15 8.02 3055.74
NAX-1C-30 17.36 4198.10
NAX-1C-45 15.25 3694.23
NAX-1C-90 30 6075.97
NAX-2C-0-15 22.40 4 841.12
NAX-2C-15-15 17.64 3092.35
NAX-2C-0-30 10.61 4 080.50
NAX-2C-30-30 8.15 3373.65
NAX-2C-0-45 15.49 4224.67
NAX-2C-45-45 30 4688.84
NAX-2C-0-90 23.26 4501.68
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{ii#% Displacement /mm
(h) WUZAEAY
(b) Double layer model
B9 AL AEEY Lo 3 -0 75 il 2%
Fig. 9 Experimental load-displacement curve of the inner concave

shape model
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Fig. 10 Load-displacement curve for experimental single and double

layer comparison of the inner concave shape model
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Fig. 12 Fitted load-displacement curve of the hexagonal double
layer model
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Study on the crack expansion law of laminated porous structure

XU Shuang' DENG Qingtian'> LI Wangfei' LI Xinbo'> SONG Xueli'>
(1. School of Sciences, Chang’an University, Xi’an 710064, China)

WEN Jinpeng’

(2. Xi’an Key Laboratory of Digital Detection Technology for Structure Damage, Chang’ an University, Xi’an 710064, China)
(3. Institute of Systems Engineering, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: Based on two basic configurations of hexagonal and inner concave shapes, by utilizing experimental test and
finite element simulation method, the crack expansion law of laminated porous structures under three-point bending was
studied, the influence of cellular element angle of laying direction on failure mode, load capacity, and deformation of the
laminated porous structures was discussed. The results indicate that the crack expansion path in the bilayer model deviates
towards the weaker layer with less crack expansion inhibition capability. The weaker side experiences greater deformation,
leading to a deviation of the model towards the stronger side. Under certain angle combinations, the bilayer model shows
significantly improved load-bearing capacity and toughness compared to the corresponding single-layer model.
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