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Abstract: [Objective] To investigate the out-of-plane compressive performance of laminated bamboo grid sandwich panels under
different loading conditions, and to provide both theoretical foundations and experimental support for their lightweight applications in
modern green prefabricated buildings. [Method] This study focused on flat-pressed laminated bamboo grid sandwich panels fabricated
from Phyllostachys edulis sourced from Taojiang County, Hunan Province. Two core configurations were designed: axial parallel-to-
grain and axial perpendicular-to-grain. A total of 18 specimens were prepared (3 parallel specimens for each of the 2 core types under
3 loading conditions). Out-of-plane compression tests were conducted under concentrated, linear, and planar loads to systematically
investigate their failure mechanism and mechanical properties. [Result] The laminated bamboo grid sandwich panels exhibited
significantly distinct failure modes under different loading conditions. Under concentrated load, failure primarily manifested as localized
face-sheet fracture; under linear load, face-sheet fracture dominated; while under planar load, the predominant failure modes were web
buckling and fracture. Axial parallel-to-grain core specimens demonstrated superior mechanical performance across all three loading
conditions compared to axial perpendicular-to-grain specimens, with compressive strength increasing by 33.3%, 130.3% and 178.0%,
compressive modulus increasing by 36.4%, 16.6%, and 25.2%, and energy absorption capacity increasing by 14.3%, 72.5% and 186.6%,
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respectively. As shown in the results, the load-displacement curves exhibited typical nonlinear characteristics, with axial parallel-to-grain

specimens showing higher stiffness but lower ductility, while axial perpendicular-to-grain specimens displayed the opposite behavior.

[ Conclusion] The failure modes of specimens showed significant differences under different loading conditions (concentrated load,

linear load, planar load). Meanwhile, the core type significantly affected the out-of-plane compressive performance of specimens,

specifically showing that axial parallel-to-grain core specimens exhibited notably higher compressive strength, compressive modulus and

energy absorption capacity than axial perpendicular-to-grain core specimens.

Keywords: laminated bamboo; grid sandwich panels; out-of-plane compression; failure modes; energy absorption
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Fig.2 Schematic diagram of fabrication process for laminated bamboo grid sandwich panels
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Fig. 3 Fabrication process flow of laminated bamboo grid sandwich panels
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Table 1 Geometric dimensions of out-of-plane compression laminated bamboo grid sandwich panel specimens
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1 BSP-SC 300 300 64 8 48 A I SL Rt E 3
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Fig. 4 Laminated bamboo grid sandwich panels with different core types (Unit: mm)
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Fig. 5 Out-of-plane compression loading device diagram (Unit: mm)
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Fig. 6 Failure mode of laminated bamboo grid sandwich panels under out-of-plane compression

22 faEk - BERER

K 7 09 6 LA [T 132 e i 2% - A2A% il 2k
NEM D2 MO AR RAE 3 Fih i 8 T T 32
JEPEREZE T, R AT - RS 2 e 2 00
IrR 3 AL, SRR AT BN T K

WP 7 B, 2 BRI AR R - S22 it 2k
P PR R AR ME R, SE BT T AR AR
PEARTE B VR B B R AR e . 12X
SIS B P AR B B - AL R R R
TR, RUIM AL T 3 PE AR B B i

[6] ST A R B L B T (T A M R, L 2k
AR B KT Bl A BSOS, X BB TAT
LM IS5 17 B I PUSERE. B LA+
HMOR, ZE R I AR LA, RN
TR Beo ERBEBYBE, A P BRI 4A 7 2R TR R
o AR it 55 R T . ERE R AR, Rl
MRS A AN EAT B v (R R B BE 7, HF R ir
MABARXT R . A BOA RN )5, 2 Mk fFr K
BRI T, RO FREABIR Y B, B
A P O IR, e 2% 5 T A T 2R A AR

2.



46 3%

A2 S A s AN e O

227

V752 A A% W &SR FE B2 R Af 3 28 A 8 AN
T 2% 3 b 00N BT A 52 A 2K - A& il 262 #
R EEPMERTHT, W ER M &K
% He /1 (BSP-SC U AH fif 2 27 40 kN, BSP-HC &
30 kND , HAEIA I AT AR o =, IEiREE A
TRIFSELF, 2 B 47 2R 0 4 o 08 2 D T T
BRI JE SR . FEZR 8k T T, A I &
JK V- ) 7 % BE 71 (BSP-SL U4 {5 fiif %% £ 230 kN,
BSP-HL £) 100 kN) , il ¥ 485 5K DA THI A 7 24 0 iR
BRWT 3R 3, 150 B 20 1 A 45 23 A7 A5 T A e oy 3 2
SR, TAETH L LN, RN T Es
(1) A& % e /) (BSP-SP U {f fif % £ 500 kN, BSP-
HP %) 180 kN) , AHEIABEA = ZER WA IR il F1
NEAR 2L, 2RI 5] e dk o A A Bh T IR R S5 A 1)
BkfaE e, sAh, HIRSCS AR e TR T
BN BN TR R AR R, AE P AR
B2 M, Bl R SO PR AR U R B R A

FESENE, (HAFAE ST B
23 EHEEESESHEEE

N2 THT VAl 7 8 J R s Ml ST 28 A A T A1 1 28
TEF T Ik RE, ARG LA 2R - A% il 2k ik 5k

OV 2 98 58 5 T A A B, 16 i 45 P %6 Al S
AT A 52 s BN A 47 280 K% il 1] A2 TR R 2 s
4w o, a0 5.

(D

X PARFGHEIAE (KN 5 4 RIEIRZ
JERAE A (mm®)
Rt E E, %A (2) 115
APh

* 7 AR
A AP R 8 - 0 88 M 28 1 4 1 B far 20 &
(KND 5 Ah NXTNT AP R4 & (mm) ;
h RNFEEHURERE (mm)

1 £ BME A% M & S8 BRI TR 4 5 B S T 4
BUFHSERME S fix. MBS ATLIEH, ik
FRU IS HCR B 1R B A B .
76 3 PPk U0 R, il g T SCE AR 1 3 R B
2 v T H 40 0 R R AR A R . 5 el ) B S R R
PERAEE,  Fb e SO AR A R 48 50 B oy e T T
33.3%. 130.3% 1 178.0%, JE4#E & 54Tt T
36.4%- 16.6% F1 25.2%.

(2)

300 600
a0l 250 500+
200} 400t
Z 30 Z Z
3 2 150 2 300t
Q Q Q
= 20} = =
= #2100 #X 200
i i i
10 50 1001
0 1 1 1 0 1 L 1 I 0 1 1 1 1
0 2 4 6 8 0 2 4 6 8 10 0 2 4 6 8 10

fr# Displacement /mm

(a) HEH 1%, Concentrated load

BSP-HC —— BSP-SC BSP-HL

fr# Displacement /mm

(b) #A#X Linear load

fr# Displacement /mm

(¢c) T %, Planar load

—— BSP-SL BSP-HP —— BSP-SP

El7 ARG TRERM M RERE SN Z EGTEH - (i

Fig. 7 Out-of-plane compressive load-displacement curves of laminated bamboo grid sandwich panels under different

loading conditions
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Table 2 Test results of compressive strength and compressive modulus for laminated bamboo grid sandwich panel

RIS T Z IR A JERE B WARTE P AR AP RIUHE AL E4EZ o,  RARRIRE,
Test group Specimen Compression Thickness/  Failure load / Load Deformation ~ Compressive ~ Compressive
No. number area /mm’ mm kN increment /kN increment /mm strength /MPa modulus /MPa

1 BSP-SC 6358.5 64 39.972 38.536 4.502 6.29 86.20

2 BSP-SL 27 000 64 230.043 226.156 5.568 8.52 96.30

3 BSP-SP 90 000 64 500.420 476.887 6.496 5.56 52.20

4 BSP-HC 6358.5 64 30.030 29.738 4.734 4.72 63.20

5 BSP-HL 27 000 64 99.937 80.424 2.307 3.70 82.60

6 BSP-HP 90 000 64 179.663 148.252 2.528 2.00 41.70
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Fig. 8 Out-of-plane compression strength and modulus of laminated bamboo grid sandwich panels
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