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The objective of this research was to analyze the effects of plastic types (polystyrene, polypropylene, and
polylactic acid) and woven bamboo patterns (weave pattern and marble pattern) on the mechanical and physical
properties of sandwich composites made from plastic and woven bamboo plates, subjected to natural weathering for 6
months. In manufacturing the sandwich composites, the sample panels were compressed using a compression molding
machine. From the results of experiment, analysis of variance (ANOVA) indicated that the plastic types significantly
(p<0.05) affected modulus of rupture, tensile strength, shear strength, and puncture force, while with the same plastic
type and woven bamboo pattern the 2-sample t-test revealed that the sandwich composites showed a significant
decrease in mechanical properties (p<0.05). Further, after being subjected to natural weathering for 6 months, the sandwich
composites made from polypropylene showed the highest mechanical properties (7.22-16.1 MPa) and those made from
polylactic acid exhibited the lowest mechanical properties (2.1-9.1 MPa). The sandwich composites made from plastic and
bamboo plates with a weave pattern had significantly higher mechanical properties than those with a marble pattern, both
before and after exposure to natural weathering. Finally, considering physical changes, it was revealed that the sandwich
composites made from plastic and woven bamboo plates exhibited less surface roughness and fewer cracks than 100%

pure plastic after exposure to natural weathering.
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Figure 1 Weaving bamboo plates (a) weave pattern and

(b) marble pattern.
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Table 1 Experimental design of sandwich composites between

plastics and weaving bamboo plates.

Sample code PS PP PLA Pattern

PS N -
PP \/ -

PLA N ;

PSW \/ Weave
PPW \/ Weave
PLW \/ Weave
PSM \/ Marble
PPM \/ Marble
PLM N Marble

Figure 2 Sandwich composites between plastics and

weaving bamboo plates (a) weave pattern and

(b) marble pattern.
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Figure 3 Experimental set-up for sandwich composites
between plastics and weaving bamboo plates under natural

weathering test.
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Table 2 Optical microscopy images of the sandwich composite surfaces at different weathering stages.

Code Un-weathered

PS

PP

PLA

Weathered for 2 months

Weathered for 4 months Weathered for 6 months
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Table 2 (Continuous)
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Code

PSW

PPW

PLW

PSM

PPM

PLM

sandwich composites.

Un-weathered

Weathered for 2 months

Table 3 Results of the statistical analysis on the effects of plastic types and exposure time on the mechanical properties of the

Weathered for 4 months

Weathered for 6 months

Code Modulus of rupture (MPa) Tensile strength (MPa) Shear strength (MPa) Puncture force (N)
oM 6M % Loss oM 6M % Loss oM 6M % Loss oM 6M % Loss

PS 38.7°% 15828 592 1332~ 456 ®B 657 24337 688 720 - - -
PP 492°A 191°8 612 235°4 7228 @94 355°4 130°B 634 - - -
PLA 728°A 94°F 871 46.7°A 25°B 946 494°A 6028 879 - - -
p-value  0.000*  0.000* - 0.000*  0.032* - 0.000*  0.009* - 8 - -
PSW 30.13A 123 %®B 591 5402 890°% 835 64727 153238 764 1322~ 4228 682
PPW 382°% 15028 607 748°% 1216°% 837 71.0°% 16.123% 773 176°% 4628 739
PLW 67.1°A 91°B 864 100.5°* 3.51°B 065 87.7°A 7.0°% 920 18.3°A 3428 814
p-value 0.000*  0.001* - 0.000*  0.002* - 0.000*  0.006* - 0.0287* 0.102 -
PSM 2053~ 7738 739 483°"% 599°8 876 55337 14328 741 1223~ 3728 697
PPM 324°% 126°% 61.1 69.6 °4 7.223B 896 63.1°% 144°8 772 13.3%A 4328 @77
PLM 49.4°"~ 74°B 850 99.8°A 210°8 979 825°A 57°B 931 151°A 2928 808
p-value 0.000*  0.006* - 0.000* 0.011* - 0.000*  0.002* - 0.0351* 0.163 -

Note: M: Month; Means within each column of each formulation at 0 M and 6 M with the same superscripts a-c indicate no significant

difference (X = 0.05) according to ANOVA. Different superscripts A-B of each property and code indicate a significant difference

(O = 0.05) between mechanical properties of the composites before and after 6 months of natural weathering. Percentage loss was

calculated after 6 months of natural weathering.
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Figure 4 Deterioration in modulus of rupture of the sandwich composites between plastics and weaving bamboo plates under natural

weathering.
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Figure 5 Deterioration in tensile strength of the sandwich composites between plastics and weaving bamboo plates under natural

weathering.
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Figure 6 Deterioration in shear strength of the sandwich composites between plastics and weaving bamboo plates under natural weathering.
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Figure 7 Deterioration in puncture force of the sandwich composites between plastics and weaving bamboo plates under natural weathering.



Recent Science and Technology 17(3) 259829 (2025)

3.6 nmﬁawamwﬂlum\m”mmumiﬁqu

A 7 weasnnudwudsludrussdunmunisia
'ﬂ:qmaﬁaqL%aﬂi:ﬂauLLsnu%i:anwmaaﬂLLa:LLNuVLuWLcJ
gufifnansznuananoianasdn EﬂLLUUEI'J@Ia’IEJLLNuvL&IWLN
8% LATEAINUIARBNTTINTNG lasuaadliiAinin naway
moldanIniiafausTINING fa@lLﬁaﬂﬁ:ﬂamLsnu%ﬁwam
Monaadnwaialain ﬁﬂ"]Ltiqﬁmmun'ﬁﬁumq@%wﬁq@
(13.2 N uaz 12.2 N gsuussdoudwldliauasanuas
CRHEU R IORHERET) LL@:'J”@@;L%aﬂs:nammu%ﬁwﬁmﬁw
WARANWARLANANLDT A ﬁﬂ"lLLiaﬁwumumsﬁumqgaﬁq@
(18.3 N uaz 15.1 N) Fanamsnanasitianusenasoanuns
NAFAUWIIA (Saengwong-ngam et al., 2020; Spiridon et al.,
2016) agalsAanu wasagmldannuaadeussinmdidu

a v

JLUZIAN 6 LAaU NAUWLIN 's"’a@lv‘ﬁaﬂsznauLLsﬁu%ﬁma@mﬂ

WANFANWORLANANLDTA ﬁﬂ'wLLiaﬁmmunﬁﬁuﬂ:qﬁayﬁm

9
v

(34 Nuax 29N) Lm:'s”a@;L%aﬂi:ﬂammuﬁfnﬁwﬁmmzJ
WARANWAR IWNTHAY ﬁﬂ"]LLid@Tﬂuwmmiﬁumﬁgmﬂﬁq@ (4.6
N uas 4.3 N thasanwanadnafiewsd lwsmandenaaiings
naadlna (Melt Flow Index; MFI) 1¥inAl 5.0-6.0 A34/10 w1l
Fefldrfitenflassoufsuiunasdnoiianodslaiuuas
waduandnuada swalilquantfianizeas fa danuuds
WAZIARED NUMUGaMINANTak LaTNUMUGaMINTZUNN LAa
FJanuzaununsHianfadmaidszinnussaimed
%aNﬁmﬁwﬁmmﬁﬁmsﬁmmu@iam‘sﬁumaﬂﬁﬁ lagians
dowa1ﬁi’aqL%aﬂs:ﬂammu%ﬁwﬁﬂﬁamwmaﬁﬂwaﬁiwsﬁﬁu
ﬁﬂ'wLLiaﬁmmumiﬁwmqmﬂﬁq@ wananih WUI831189)
L%aﬂi:ﬂammu%ﬁmLLinmmumsﬁam:Qa@maﬁh\mm%
Lﬁaa%imulﬁamwLLmﬁauﬁmmaLflmzs_l:nm 2-4 Ao
wasnmiudunliuanssednsth 9 Lﬁaayjmzﬂﬁamwumﬁaw
sysumdmnduduszoziom 6 Wen Sesenadasiunuise
4849 Srivabut et al. (2021) N&1231 LWTI9T2HZIAN 2-4 LHan
'J“ﬁ@ll,%aﬂszﬂauLLfnu%ﬁmuﬂszﬂamaafIﬁ LIS VRIEES gl
G ﬁﬁalﬁﬁ@ﬂg’jﬁ%mmsamﬂé'aazhoi'mﬁaﬁnﬂmsa%i
meldannuadounessTumd aoin lugieszozisudn
aufla 4 1ieu vasnsagmuldanizuiadansymwma laod
Tasuiioados fe aonnd AN WaZAEN1IZ AU 9 FIna L
@hLm@Tﬁumumsﬁumqmaﬁaqlﬁaﬂiznaummas.imam%a
wonannit lunwd 7 593 1WiAudasdn TaQLBLznauuTwIY
senananadnuazuawld e wansan Jausadiunuwms
ﬁumngﬂiﬁa@y%aﬂi:ﬂauLLﬁﬁu%i:%iwawawaﬁnLLa:LLN'uVLaT
VLchuamgmt,ﬁ"a wadriaw,l,awé'aagzmmlﬁamwumﬁau
1338 tnqraIfinanataatsvasntTa unHs Ll lH
Fauinlifldauansauin Tmssaesvasnmsaulufianis

WWEINY TAMVUUL LAAAT899199 1IN TRIUTDY RINALH

'a”aql,%qﬂi:ﬂauLLmuﬁﬂﬁi:Wi’mwmaam,l,a:l,muvlﬁlsiammU
% ﬁ@husaﬁmmumiﬁumgganiﬁ'@@ﬁaﬂ‘s:ﬂauu,snu%
i:mwowmaﬁﬂLLa:LLNu"lstlcimumﬁgmLﬁa (Noivangklung,
1990; Sikka et al., 2015)

4. a3l

L]

HAIINMITANEINANTENUTRANAEAN (Wa R laTn
WORIWIRAY uasNadLANANULETA) uazadInaua Ll a1
(MUF% UAzADaNLT) AaFNLANIINALAZNIINEATNY B
's”a@y,%aihznauLLsnu%i:ijwmaﬁﬂLLazLLNu"laT'Lsimumzfl,@i”
FNINLINRaUTITNT AT wIzez118 6 LAaw wWudl Tia
wang@ndnansznuad19dned1an (p<0.05) daf1A21u
UIIUTIAa A1aNULDILIIR AranuLdInTIdian LazAIlLTs
ﬁwumumsﬁ'm:q wasizfianaradnuazurwldliauais
WWeans JagLiilsznauswizdandaniinaanadadnad
wndATy (p<0.05) navagnisldaniwwiadousssumaidu
sruzaan 6 1ieu tiiasann ﬂﬁﬁ?mﬁﬁw’f%mnﬁm‘”ﬂ
FNWUIARBN L% gnnd AWTEU 1Ian UAZANNTH FINA
11)?'?&@;L°‘Eaﬂi:nauLLsﬁu"}’ﬁﬁmw‘ﬁumuamu"ﬁmanaﬁa@m
Iﬂﬁi’ﬁ@t%aﬂi:ﬂauLl,snu%‘ﬁ'wﬁmﬁ”auwmaaﬂwaaiwsﬁﬁu
ﬁauﬁ'ﬁmaﬂaqoﬁqﬂ saammLﬂ%i’ﬁ@L%@ﬂs:ﬂaULLsnu%mﬁNam
MuNAFANNARR AT Lm:i’ﬁ@;L%aﬂi:namvﬁuf‘mﬁwﬁmﬁau
WAIRANWARLANANLATA ﬁauﬁ'@mmaﬁaﬂﬁqﬂ wananit
Vlzaﬁaml,amé'aayjmﬂﬁamwLLma”anﬁssaJma THOLE
dsznavuouissznitenaadnuazuiuwlad e uaroain
fau@n9naganinizqisdsznau i Tizninawaaanuas
unnlillrimumognuitatainlade lasan masemasu
wufnadosuiamnaadradiodey (0<0.05) Taousiwlalld
uarsauinisiasosldldluianiadoiny dauuin
AN uaziagasinganmesmutesnit WalSeuieuiy
LLNu"lﬂNmumﬂgmLﬁ’a UazWL A8 ’S'ﬁQL%aﬂi:ﬂamLfnu%
Tendananaanuazuau Ll e udarnnuudanssfonazan
ANUUTIUTILABUFINIIWANFEN 100% athainldsanarian
uwaznasagnoldmnmuuiadousIna TagiflaRansmins
Wasuudssmemenin ugeslwidiuin 'Jmaql,%dﬂizﬂammu%
sewhanma@nuazusinlailiaudanuagrszuazsasuani

£ '

#auNINWANFAN 100% vsé'aayjmylﬁamwumﬁamsmma

AINY 'S“a@y;"ﬁaﬂizﬂauLLfﬁu%sijwwmaﬁnLLa:LLNuVLsT'LNmu
® A

Saflanudulyldlumeinlddsyndlinwduiagioashs

’Jvﬁ@ﬂﬂid §31901019 LLa:fﬁ@l@]ﬂLL@id%ﬂﬂﬂ?ﬂ’]i

5. naanssNilszne

nuidedldiunuaduayuainnasnuaaiy
INBEIRAT 198 WATWIANTIN (NE2.) WAZURIINBIAE



Recent Science and Technology 17(3) 259829 (2025)

waluladnowsaaaiits Usrdrdoudszunm 2565 nuldga
lasans “nmawamwianssvan bildivaifinyadi iy
Atk ianianmildln Jniaaga”

6. LONA1IDN9DY

Cheewawuttipong, W., Homkhiew, C. and Rawangwong, S.
2022. A comparative study on the effect of oil palm
fiber contents and types on properties of rubberwood
sawdust-polypropylene composites. Rajamangala
University of Technology Srivijaya Research Journal
14(1): 31-46. (in Thai)

Gramlich, W.M., Gardner, D.J. and Neivandt, D.J. 2006.
Surface treatments of wood-plastic composites
(WPCs) to improve adhesion. Journal of Adhesion
Science and Technology 20(16): 1873-1887.

Guo, G., Finkenstadt, V.L. and Nimmagadda, Y. 2019.
Mechanical properties and water absorption behavior
of injection-molded wood fiber/carbon fiber high-
density polyethylene hybrid composites. Advanced
Composites and Hybrid Materials 2: 690-700.

Hao, X., Yi, X., Sun, L., Tu, D., Wang, Q. and Ou, R. 2019.
Mechanical properties, creep resistance, and
dimensional stability of core/shell structured wood
flour/polyethylene composites with highly filled core
layer. Construction and Building Materials 226:
879-887.

Hao, X., Zhou, H., Xie, Y., Mu, H. and Wang, Q. 2018.
Sandwich-structured wood flour/HDPE composite
panels: Reinforcement using a linear low-density
polyethylene core layer. Construction and Building
Materials 164: 489-496.

Homkhiew, C., Ratanawilai, T. and Thongruang, W. 2014. The
optimal formulation of recycled polypropylene/rubberwood
flour composites from experiments with mixture
design. Composites Part B: Engineering 56: 350-357.

Homkhiew, C., Rawangwong, S. and Boonchouytan, W. 2021.
Effects of ground rubber tire and natural rubber
contents on mechanical properties of thermoplastic
elastomer. Rajamangala University of Technology
Srivijaya Research Journal 13(3): 553-567. (in Thai)

Homkhiew, C., Srivabut, C., Rawangwong, S. and Boonchouytan,
W. 2022. Performance of wood-plastic composites

manufactured from post-consumer plastics and wood

waste under coastal weathering in Thailand. Fibers
and Polymers 23(9): 2679-2693.

Huang, Y., Ji, Y. and Yu, W. 2019. Development of bamboo
scrimber: a literature review. Journal of Wood Science
65(25): 1-10.

Jaturonlux, N. and Ratanawilai, T. 2023. The study of
thickness ratio and bamboo fiber and recycled-
polypropylene core layer on acoustic and mechanical
properties of sandwich composites. Rajamangala
University of Technology Srivijaya Research Journal
15(2): 477-493. (in Thai)

Muhammad, A., Rahman, Md.R., Hamdan, S. and Sanaullah,
K. 2019. Recent developments in bamboo fiber-
based composites: a review. Polymer Bulletin 76:
2655-2682.

Nasirzadeh, R. and Sabet, A.R. 2014. Study of foam density
variations in composite sandwich panels under high
velocity impact loading. International Journal of
Impact Engineering 63: 129-139.

Nkeuwa, W.N., Zhang, J., Semple, K.E., Chen, M., Xia, Y. and
Dai, C. 2022. Bamboo-based composites: a review
on fundamentals and processes of bamboo bonding.
Composites Part B: Engineering 235: 1-20.

Noivangklung, P. 1990. Bamboo weaving patterns. Journal
of the National Research Council of Thailand 22(2):
1-51. (in Thai)

Oliveira, L.A., Vieira, M.M., Santos, J.C., Freire, R.T.S,,
Tonatto, M.L.P., Panzera, T.H., Zamani, P. and
Scarpa, F. 2022. An investigation on the mechanical
behaviour of sandwich composite structures with
circular honeycomb bamboo core. Discover Mechanical
Engineering 1(7): 1-19.

Phuangchik, T. 2013. Is bamboo amazing plant. Thai Science
and Technology Journal 21(2): 179-185. (in Thai)

Phungchik, T., Promklai, P. and Jirakiattikul, Y. 2013. Study
on growth of some bamboo varieties. Thai Science
and Technology Journal 21(6): 533-542. (in Thai)

Promjan, J., Ratanawilai, T. and Homkhiew, C. 2022. The
property of sandwich-structure rubberwood-plastic
composites with different plastic core layer. The
Journal of KMUTNB 32(3): 700-711. (in Thai)

Ratanawilai, T. and Taneerat, K. 2018. Alternative polymeric
matrices for wood-plastic composites: Effects on

mechanical properties and resistance to natural



Recent Science and Technology 17(3) 259829 (2025)

weathering. Construction and Building Materials
172: 349-357.

Saengwong-ngam, R., Matan, N. and Matan, N. 2020.
Physical properties, mechanical properties and
antifungal activity of PLA bioplastic film containing
Michelia Alba oil on brown rice. Journal of Science
and Technology, Ubon Ratchathani University
22(1): 14-21. (in Thai)

Sangnak, P. Phetphaisit, C.W. and Seananud, P. 2021.
Influence of natural rubber/modified chitosan on
barrier, thermal and mechanical properties of PLA film
packaging. Thai Science and Technology Journal
29(1): 46-61. (in Thai)

Sikka, S., Sikka, P. and Chiarakul, T. 2015. Development of
bamboo handicraft in Isaan. Art and Architecture
Journal Naresuan University 6(1): 110-120. (in Thai)

Spiridon, I., Darie, R.N. and Kangas, H. 2016. Influence of
fiber modifications on PLA/fiber composites; Behavior
to accelerated weathering. Composites Part B:
Engineering 92: 19-27.

Srivabut, C., Ratanawilai, T. and Hiziroglu, S. 2021. Statistical
modeling and response surface optimization on
natural weathering of wood-plastic composites with
calcium carbonate filler. Journal of Material Cycles
and Waste Management 23: 1503-1517.

Sun, H., Li, H., Dauletbek, A., Lorenzo, R., Corbi, I., Corbi, O.
and Ashraf, M. 2022. Review on materials and
structures inspired by bamboo. Construction and
Building Materials 325: 1-24.

Vitale, J.P., Francucci, G., Xiong, J. and Stocchi A. 2017.
Failure mode maps of natural and synthetic fiber
reinforced composite sandwich panels. Composites
Part A: Applied Science and Manufacturing 94:
217-225.

Wang, B.J. and Young, W.B. 2022. The natural fiber
reinforced thermoplastic composite made of woven
bamboo fiber and polypropylene. Fibers and Polymers
23: 155-163.

Xu, K., Tu, D., Chen, T., Zhong, T. and Lu, J. 2016. Effects
of environmental-friendly modified rubber seed shell
on the comprehensive properties of high density
polyethylene/rubber seed shell composites. Industrial

Crops and Products 91: 132-141.



