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Abstract: The I-Optimal experimental design was used to study the effect of factors (speed, feed rate,
and depth of cut) and optimal condition on the surface roughness of wood-plastic composites (WPCs).
Mixture ratios were high-density polyethylene (HDPE) with 60 percent by weight (wt%) and rubberwood
sawdust (RWS) with 40 wt%. The WPC samples were prepared from the extrusion and compression
molding machine. The experimental results were evaluated using analysis of variance (ANOVA) and
optimized using response surface methodology (RSM). The results displayed that all of the factors
significantly (p<0.05) affected on surface roughness of WPCs. The increased speed from 220 to 720
rpm resulted in a decrease for surface roughness values. In addition, it found that the increased feed
rate and depth of cut resulted in increase for surface roughness values. The optimal condition for side
and face milling of WPCs for all of the conditions was 720 rpm speed, 200 mm/min feed, and 3 mm

depth of cut, respectively.

Keywords: |-Optimal design; High-density polyethylene; Rubberwood sawdust; Surface roughness;

Response surface methodology
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Run Speed Feed Depth Ra (um)
Rate of Cut Side Milling Face Milling
(rpm) (mm/min) (mm) End Mill 12 End Mill 16 End Mill 12 End Mill 16
1 220 200 3 2.933 3.111 4.096 5.261
2 480 400 7 3.041 2.928 4.058 5.119
3 480 300 3 2.689 2.813 3.827 4.863
4 480 200 3 2.642 2.619 3.863 4818
5 720 200 5 2.471 2.874 3.212 4.912
6 220 300 5 3.308 3.268 4.413 5.763
7 220 200 5 3.009 3.171 4.194 5.641
8 720 300 3 2.637 2.882 3.391 5.129
9 480 400 3 3.014 2.857 4.023 4.932
10 720 400 7 2.921 3.153 3.853 5.324
11 220 300 3 3.001 3.182 4.327 5.389
12 720 400 5 2.879 3.096 3.628 5.268
13 220 400 3 3.043 3.248 4.332 5.421
14 480 300 7 2.981 2.912 4.013 5.012
15 480 300 5 2.846 2.883 3.968 4.923
16 480 200 7 2.843 2.746 3.967 4.947
17 220 400 5 3.282 3.291 4.578 5.681
18 480 200 5 2.724 2.682 3.954 4.877
19 720 300 5 2.659 2.986 3.512 5.188
20 720 300 7 2.762 3.057 3.566 5.243
21 720 200 7 2.548 2.953 3.341 5.051
22 720 400 3 2.832 2.946 3.821 5.209
23 220 200 7 2.849 3.294 4.287 5.814
24 220 400 7 3.386 3.341 4.641 5.817
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Predicted-Square (Pred-R?) da1tn1ny 0.8719
W50 87.19% Gefd1launinen R® uay Adj-R?
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INNHANIIATIVFBUAWLWHINEVDIVDYA
WU m”ayjaﬁmmLLaJuﬂﬁLLasz%aﬁ'a §1U1ID
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FdasafvinnIsanEn inadiadAu3I AR
wie'ly Taudwuafiszaubdam 0.05
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Design-Expert WEAIAIA1II 5 WL A1A1W
A RERET R O ST LUUSI80INLANIZRY 6D
3duuud1aey 2F aznlaan R IBTHEREDE
Fanuatu a1 P<0.0001 [17, 19] aq‘ﬂvlﬂ”a'w
Ta9pnandsznavals al1u31ay aadan
wazszozUaudn ﬁﬁﬂﬁWMi@ﬁﬂﬂmumEms:ﬁa
aglineday lassyanwalniuiisey A1)
waz AQ2) WuauasldsavaInIiangRauns
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TINVBIN1INAREY WU TI38390I2139
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ANYIVIHI SWTNINAdIBIN909 WPCs
lagld End Mill 2319 12 Uaz 16 N3, ANEAL

The Journal of Industrial Technology (2022) volume 18, issue 3

http://ojs.kmutnb.ac.th/index.php/joindtech



-

UNAMNITY

1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

A1319N 4 NamﬁmiﬁzﬁgﬂLLuU?{imaam‘m@naﬂmdaﬁﬁ

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2022.12.016

Side Milling Face Milling

Sources

End Mill 12 End Mill 16 End Mill 12 End Mill 16
Std. Dev. 0.669 0.0395 0.0849 0.1051
MEAN 2.90 3.01 4.09 5.23
R? 0.9347 (93.47%)  0.9522 (95.22%)  0.9251 (92.51%)  0.9187 (91.87%)
Adj-R? 0.9116 (91.16%)  0.9424 (94.24%)  0.9030 (90.30%)  0.8900 (89.00%)
Pred-R? 0.8719 (87.19%)  0.9241 (92.41%)  0.8738 (87.38%)  0.8364 (83.64%)
CV.% 3.57 4.31 3.19 4.01

%ONAINT INNITAIATIERFNNTDAD D8 L 1LLG
821/998089N13NAR09 AaWINIILATIE RN T W
Urlomilunsszynansznuauinsvesdiiolan

= ' Qs a Q€ = 3 L2 1
NINBUAIFNLTeaNTV09199Y 2R ladn @0
o a a5 = o A
sulszantuasanuiisevlunisaa (A) ddun
A A a o 4 @ a a5 v
ngalaisunuddudss@nivesaaniou (B)
wazszpzlaudn (C) aydlddn anuiivauluns
o ' ' A A
m@ﬁmani:wﬂ@ﬂmmammwmgm:m %9
15l o usNNITUULY Coded Equation ‘L&

GIgNMIN (1) uaz (2)

3.4nansianaulsdsinuazannisnig
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NINANINKNVDI WPCs
mMyeNeRaNNLUIUIRLREENMININANBE
‘ﬁmmmummmwmﬁ;m:ﬁaz%m%’umiﬁ'@ﬁmﬁﬁﬂ
289 WPCs L&aIaIa15197 5 larinue szau
wudAnf 0.05 (P<0.05) wuin ANV
EULLUUT{]”]QQG“?{L%NWZQN Ao pAIISTMERERE
2F ﬂﬁinﬁagﬂLLUUﬁi']aaafEuﬁmﬁTUmﬂ”ty
fia P<0.0001 [17, 19] &3uld4n Jadunandua

Ra (End Mill 12 mm) = 2.91 + 0.2296A( 1)
- 0. 0148B( 2)
0.0870C(1) + 0.0096C(2) + 0.0185A(1)B(1)

0.0126A( 2)

- 0.1437B( 1)

0. 0107A( 2) B( 1)
0. 0615A( 2) B( 2)
0.0007A( 2) C( 1)
0.0196A( 2) C( 2)

0.0370B

(
(
(
0.0004B(2)C(2)

Ra (End Mill 16 mm)
0.1022B(1) +
+ 0.0089C(2) + 0.0450A(1)B(1)

0.1992A(2)
0.0778C(1)
0.0317A(2)B(1
0.0250A(2)B(2
0.0239A(2)C(1
0.0011A(2)C(2
0.0006B(2)C(1
)

)
)
)
)
)
0.0039B(2)C(2)

2) C( 1)

+

+

0.0552A( 1) B( 2)
0.0648A( 1) C( 1)
+ 0.0152A( 1) C( 2)
0.0474B( 1) C( 1)
0.0281B( 1) C( 2)

+

+

+

(1)

3.01 + 0.2378A(1) -

0.0013A(1)B(2)
0.0106A(1)C(1)
0.0128A(1)C(2)
0.0011B(1)C(1)
0.0094B(1)C(2)

0.0244B(2)

2)
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(C) AnnatnadiviudnAzy (P<0.05) daFANNYIYIE
A1 #MwsumInadunitvas WPCs lasld End
Mill 2371@ 12 ¥, 1589970 End Mill 2910 12 3.
ﬁmmmm:amﬁq@ﬁm%‘umiﬁ’@ WPCs @ atiu
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gaaau (B) daualhdranyTyIzAaddq
Wasuudas wananit Jasusruseninennuii
J0U (A) kazaandan (B) uaztaausiuIzning
ANNL5230Y (A) uazszeztlaudn (C) Anaot19l
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FNMEMINARBIFIRILNMINAG WALV WPCs
anIwdaBTINTERINaa T an (B) LasIzaziin
an (C) Anaatnvldlisudnan (P>0.05) dasnaa

272327 Tauld End mill au1@ 16 3. wanand

ar a A; =3
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0/ A dl tﬂl =) 0/ 1 a a taf
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4.09 + 0.2574A(1)

+

Ra (End Mill 12 mm) =

0.0493A(2) - 0.1389B(1) + 0.0330B(2) -
0.0989C(1) + 0.0270C(2) - 0.0007A(1)B(1) +
0.0174A(2)B(1)  +  0.0236A(1)B(2) -
0.0178A(2)B(2)  +  0.0193A(1)C(1) -
0.0559A(2)C(1) -  0.0267A(1)C(2)  +
0.0493A(2)C(2)  +  0.0122B(1)C(1) -
0.0130B(2)C(1) -  0.0137B(1)C(2)  +
0.0044B(2)C(2) 3)

Ra (End Mill 16 mm) = 5.23 + 0.3933A(1) -

0.2907A(2) - 0.1062B(1) + 0.0289B(2) -
0.1359C(1) + 0.0159C(2) + 0.0454A(1)B(1) +
0.0428A(2)B(1)  +  0.0156A(1)B(2) -
0.0420A2)B(2) -  0.1346A(1)C(1)  +
0.0628A(2)C(1)  +  0.0502A(1)C(2) -
0.0263A(2)C(2) -  0.0148B(1)c(1) -
0.0002B(2)C(1) -  0.0039B(1)C(2)  +

0.0113B(2)C(2) @)

3.5 ﬂaa‘i’aﬁﬁNamauauawaa@hmwmqmizﬁa
LAZNTHAARAINBUEDS
NANIZNUVaIRuNaN Usznauals a1nus)
50U (A) uazsailan (B) uazszuzdaudn (C) Aid
HAdaAIN1TAUAUDI Ao ANYTVIEAIVBY
WPCs LLﬁ@]GﬁdEﬂJ‘ﬁl 3 lasunalad1InsiaIey
Teasufinadaniimasasvasnisnass lagld
End mill 741@ 16 ¥8. 31NN13@n©®1 o3 Lile
ANISITeUBaINITHaLR NG wan 220 1w
480 50U/WT dma’l,ﬁmmwmgmzﬁm@mazm
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waztlaveosTauannuauan 3 1w 5 Las 7 YN,
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1 1]“1]?‘1]33&1’3 WWNBLAN e [20]

A13191 5 MyazRauulIUIn (ANOVA) VOIUUUTINDININANDLAaAIANUFVIZHIVEY WPCs

P-Value
Sources Side Milling Face Milling
End Mill 12 mm End Mill 16 mm End Mill 12 mm End Mill 16 mm

Model < 0.0001* < 0.0001* < 0.0001* < 0.0001*
A-Speed < 0.0001* <0.0001* <0.0001* <0.0001*
B-Feed < 0.0001* <0.0001* < 0.0001* 0.0017*
C-depth 0.0002* <0.0001* 0.0002* 0.0002*

AB 0.0107* 0.0074* 0.2348 0.0258*

AC 0.0209* 0.0465* 0.0482* 0.0057*

BC 0.0874 0.2012 0.7413 0.8015

WANELA: * A1 P-value %a8nin 0.05 PR TIANRG R R P AVL: alakal

One Factor
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o

3
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34|
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e |
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|

Er)

B: Feed Rate
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31U 3 wans:vmLwiazﬂaﬁ'wiaﬂ'nwu?mszﬁ’s

The Journal of Industrial Technology (2022) volume 18, issue 3

271

http://ojs.kmutnb.ac.th/index.php/joindtech




1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY
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nTAABAINDY §a (Response Surface Plot)
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ADUIWDY (Response Surface Methodology) [2, 5]
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LEAIRIATIIIN 6 laBENIIEANITENT B9
wdmaslunisnaaiudnsves WPCs lasld
End mill 216 12 W3.LAZ 16 WU, Aa ANNLTITOU
720 30U/371 8a3Tan 200 NU/UH WazIzEs®
an 3 wu. lddweinsalanayeszda iy
2.580 waz 2.730 lulasiuas wazdranuianala
(Desirability) 11170 87.86% W&z 85.42%
AIUEITY wanaINH FA 1AM UITENDY
WITNALee3wnINad1wRI eI WPCs lasld
End mill 2119 12 §N.482 16 YN. Ao ANNLSITAU
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(Desirability) t¥inNU 95.14 L8z 95.83% ANN&1GL

A19199 6 WANIATIAFALNINELA a§ﬁmm:ami 2 ﬂ’)’]&l“ﬂ?ﬂix ﬁ’ﬂ%ﬂ’ﬁﬁ/@"l‘ﬁ\‘l

Speed Feed Rate Depth of Cut Prediction Desirability
END MILL

(rpm) (mm/min) (mm) (Ra) (%)
Side Milling 720 200 3 2.580 87.86
End Mill 12
Side Milling 720 200 3 2.730 85.42
End Mill 16
Face Milling 720 200 3 3.280 95.14
End Mill 12
Face Milling 720 200 3 4.860 95.83
End Mill 16
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5 3
(n) (1)
31 7 snzimunzanlunsnaduinezes WPCs: (n) lgaan End mill 2w1a 12 wal. uae
@) lEaan End mill 2u1@ 16 N4,
(n) (V)
317 8 snzimunzanluntsnaduninzas WPCs: (n) ldaan End mill 2w1a 12 w3, uae
@) laan End mill 2u1@ 16 V.
The Journal of Industrial Technology (2022) volume 18, issue 3 http://ojs.kmutnb.ac.th/index.php/joindtech

275



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

-

UNAMNITY

3.7 NIAIRVFDUNIIINLADI IHNIINA
v v % v U
ANLIIUAZNAATBAR

n13Ia3la aaum’mgnﬁam AINITALG a%‘lums

o a A

naw ama@gLmﬂszﬂauwmaﬁmm:‘lﬁﬁmm:au

'
= ' '

NYAADATIAIN &I"ll?’llizﬁ??i’l @33 ﬁ]’]&lﬂ’]i?mi']:ﬁﬂ’ld

q

aa

gaanselal lasansmanzauaswindnadlu
NMINAFIBIIIUAEAIUHINU9 WPCs 1899 N
§N1NEZNINAREY A ANNNLTITEU 720 TaU/UN
8a3Ta% 200 YN /W1 LazITEZAUAN 3 WU,

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2022.12.016

@ a o & vAa @ & o A
WEAIGIIUN 9 A9dn {IT8T9vIN1INARDILNE
Hudunanisnaasd lagnisilSouisud1annnisg
. A \ &
HIUBLAZAI1TINAINARD Immmwugﬂ
AN1INa UaLYiINIINARaIAIAN YTV
IRNA 5 T WU @11NMIHUI 8 TAIwanedn
ﬁ'ugaq@mﬂmﬁvlﬁfﬂmmm@aaaﬁamﬂmﬁu

A ' ° ' A

5% TIRNNEANNI MIwsaanuTuEiad

' A A ' o A ' '
AN a o lun1IRIA11Ta B MR N RN A B A

1 J.I“ll?‘lliz A7 LRAIAINNTINAS (ﬂ’]i’]\‘]ﬁ 7

[ v v
NAATBKRI

o Y ¥
NAATKBYII

3N 9 MIATIIRBUNITTLADS INIINAMUTIRRZNAG I WAV WPCs

AN 7 HANIATIIFOLNITNLADINIAINZENA AN Nﬂl?’lﬁ:ﬁ’ﬂuﬂ’liﬁ’@]ﬁﬁd

Speed Feed Rate Depth of Cut Prediction Observed Percentage
END MILL
(rpm) (mm/min) (mm) (Ra) (Ra) Error (%)
Side Milling
720 200 2.580 2.622 1.63
End Mill 12
Side Milling
720 200 2.730 2.864 4.91
End Mill 16
Face Milling
720 200 3.280 3.184 2.93
End Mill 12
Face Milling
720 200 4.860 4.681 3.68
End Mill 16

The Journal of Industrial Technology (2022) volume 18, issue 3

http://ojs.kmutnb.ac.th/index.php/joindtech



1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

’

UNAMNITY

4. sylua
wisoihidunsansnansenuvasiasoniy
naaad Ysznauaie anui317eu aanden uas
szozdaudn uaznimianizimanzanlunis
NG wIILazaBniIdadIANYIIIEH
289 WPCs lagldn1seaniuuni1snaasdnyy
lo-sanduoa (I-Optimal Experimental Design)
NI FMTIATATIS NN TNARBILAZENMT
1AD88AIENNTIATIERANNLUTUTIU (ANOVA)
wazvinn s annunzan las3EAua
AAUAWDI (RSM) NAN1INAREI WU §A1ET
WNNERNIWANIAAAUIN U URTNVa WPCs
NNEN1IZNNINAREY AD AINLTITAY 720 J0U/
w1 83T aw 200 uu./w17 wazszezaudn
3 Wy, SnIumMInaeudng lasld End mil e
12 U, WAz 16 V. VL@T@i'm'ﬁﬁ'lmsmm’mmEm:
i Ny 2.580 uaz 2.730 Wlasiuas audau
wazd@nIuNsnaa widn laals End mill 2u1a
12 Ud. LA 16 V. "l@‘f@hﬂﬁﬁﬁmmhﬂmw?m:
7 YNy 3.280 uaz 4.860 lWlATias audau
wanand ssdnsiugunaniinaseslasnis
Wisuiiguafiledannsviiug (Predicted) uas
f13979 (Observed) Alda1nniInanss wuin
Juesidudainuuand19szning 2 a1 wasnin
5% agﬂvl,ﬁd'l N92UABNITVANULLNIINARD
ms‘*ﬁugﬂ ANITNAFAL WASANTILATITHAINIFD G

YAIWILTANVUNRELAZITaD A be

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2022.12.016

5. naAnIsxlsen@
mu?ﬁ'yf:vlﬁ%'unuaﬁfum&ummuﬂszmmlﬁu
Teld dszdrduszants w.a. 2565 (ST alana
M3398): DR256508012004) LAZUAUOLAMARNTAT
ATIIAINTIUNIINR A §1VIIAINTINGARINNIT
aAmnTumaasumIngnasmalulad naias

A e = o 6 o a a v
1) ﬂﬁ%ﬂﬁ‘%umiﬂﬂ%ﬂiLLﬂzﬂq‘ﬂﬂim@]'}L%%\‘]'}%’ﬁ]EJ

6. LONA1ID19D9

[1] P.M. Smith and M.P. Wolcott, Opportunities
for wood/natural fiber-plastic composites
(WPCs) in residential and industrial
applications, Forest Products Journal, 2006,
56(3), 4-11.

[2] C. Srivabut, T. Ratanawilai and

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

[3] S. Khamtree, T. Ratanawilai and

S. Ratanawilai, The effect of alkaline-silane
treatment of rubberwood flour for water
absorption and mechanical properties of
plastic composites, Journal of Thermoplastic

Composites Material, 2020, 33(5), 599-613.

The Journal of Industrial Technology (2022) volume 18, issue 3

217

http://ojs.kmutnb.ac.th/index.php/joindtech



-

1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

UNAMNITY

4]

(5]

(6]

[7]

(8]

C. Homkhiewa, S. Rawangwong and [9]
W. Boonchouytan, Effects of ground rubber

tire and natural rubber contents on

mechanical properties of thermoplastic

elastomer, RMUTSV Research Journal,

2021, 13, 553-567 (In Thai). [10]
C. Homkhiew, T. Ratanawilai and W.

Thongruang, The optimal formulation of

recycled polypropylene/rubberwood flour

composites from experiments with mixture

design, Composites Part B-Engineering,

2014, 56, 350-357.

D. Akesson, T. Fuchs, M. Stoss, A. Root, E. [11]
Stanvall and M. Skrifvars, Recycling of wood
fiber-reinforced HDPE by multiple

reprocessing, Journal of Applied Polymer

Science, 2016, 133(35), 43877.

C. Homkhiew and T. Ratanawilai, Optimal

proportions of composites from

polypropylene and rubberwood flour after

water immersion using experimental design, [12]
KKU Research Journal, 2014, 19, 780-793.

(in Thai)

M.Y. Wang and H.Y. Chang, Experimental

study of surface roughness in slot end

milling AL2014-T6, International Journal of

Machine Tools and Manufacturing, 2004,

44(1), 51-57.

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2022.12.016

Z.H. Xu and Z.N. Kong, Mechanical and
thermal properties of short-coir-
fiberreinforced natural rubber/polyethylene
composites, Mechanics. Composite
Materials, 2014, 50(3), 353-358.

C. Srivabut, T. Ratanawilai and

S. Hiziroglie, Response surface optimization
and statistical analysis of composites made
from calcium carbonate filler-added recycled
polypropylene and rubberwood fiber, Journal
of Thermoplastic Composites Material, 2022,
35(3), 391-415.

E.O. Olakanmi, E.A. Ogunesan, E. Vunain,
R.A. Lafia-Araga, M. Doyoyo and

R. Meijboom, Mechanism of fiber/matrix
bond and properties of wood polymer
composites produced from alkaline-treated
daniella oliveri wood flour, Journal of
Polymer Composites, 2016, 37(9), 2657-
2672.

C. Homkhiewa, S. Rawangwong and

W. Boonchouytan, Effects of ground rubber
tire and natural rubber contents on
mechanical properties of thermoplastic
elastomer, RMUTSV Research Journal,

2021, 10, 553-567. (In Thai)

The Journal of Industrial Technology (2022) volume 18, issue 3

278

http://ojs.kmutnb.ac.th/index.php/joindtech



-

1sarsivImamaluladana1unssu (The Journal of Industrial Technology)

UNAMNITY

[13]

[14]

(18]

[16]

A. Zolfaghari, A.H. Behravesh and

P. Shahi, Comparison of mechanical
properties of wood—plastic composites
reinforced with continuous and
noncontinuous glass fibers, Journal of
Thermoplastic Composites Material, 2015,
28(6), 791-805.

H. Essabir, R. Boujmal, M.O. Bensalah,

D. Rodrigue, R. Bouhfid, and A.E.K Qaiss,
Mechanical and thermal properties of hybrid
composites: oil-palm fiber/clay reinforced
high density polyethylene, Mechanics of
Materials, 2016, 98, 36-43.

W. Cheewawuttipong, C. Homkhiew and

S. Rawangwong, A comparative study on
the effect of oil palm fiber contents and types
on properties of rubberwood sawdust-
polypropylene composites, RMUTSV
Research Journal, 2022, 14(11), 31-46.

(In Thai).

T. Ratanawilaia, P. Pitsuwan,

S. Jirasampata and C. Homkhiew, Influence
of milling factors on surface finish of wood-
plastic composites, Ladkrabang Engineering

Journal, 2015, 32(2), 43-48.

(17]

(18]

[19]

(20]

[21]

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2022.12.016

C. Srivabut, S. Rawangwong, C. Homkhiew,
and J. Rodjananugoon, Optimal condition on
surface roughness in side milling of high-
density polyethylene and rubberwood flour
composites using response surface
methodology, Ladkrabang Engineering
Journal, 2022, 39(1), 23-34.

T. Ratanawilai, P. Lekanukit and

S. Urapantamas, Effect of rubberwood and
palm oil content on the properties of wood—
polyvinyl chloride composites, Journal of
Thermoplastic Composites Material, 2014,
27(6), 719-730.

A. Ashori and S. Sheshmani, Hybrid
composites made from recycled materials:
Moisture absorption and thickness swelling
behavior, Bioresource Technology, 2010,
101(2), 4717-4720.

C. Srivabut, T. Ratanawilai, and

S. Hiziroglie, Effect of nanoclay, talcum, and
calcium carbonate as filler on properties of
composites manufactured from recycled
polypropylene and rubberwood fiber,
Construction and Building Materials, 2018,
162, 450-458.

S. Tamrakar and R.A. Lopez-Anido, Water
absorption of wood polypropylene composite
sheet piles and its influence on mechanical
properties, Construction and Building

Materials, 2011, 25(10), 3977-3988.

The Journal of Industrial Technology (2022) volume 18, issue 3

279

http://ojs.kmutnb.ac.th/index.php/joindtech



