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Abstract
Project Code: IUG5080029
Project Title: Engineering Properties, Computer Simulations and Thermal and UV light

Effects of Wood Plastic Composite (WPC) Products

Main Researcher: Professor Dr Narongrit Sombatsompop

Email address: narongrit.som@kmutt.ac.th

Project Period: 28" September 2007 — 27" September 2009
Objectives:

1. To study the engineering properties of wood polymer composites (WPC) products with
different sizes and cross-sections for beam and floor applications.

2. To propose joining methods of WPC members for optimum engineering properties for
various WPC cross-sections.

3. To study the effects of thermal and UV ageing on the physical, structural and mechanical
properties of WPC products and to explore possibility of using Ca/Zn complex stabilizer for
replacement of the existing thermal stabilizer of V.P. Wood Co. Ltd.

4. To encourage small-medium enterprise research works in collaboration between private

sector and university.

Methodology, Result and Discussion

The content of this research project was divided into two parts, which were (Part 1) studies
on engineering properties of wood-polymer composites (WPC) with different sizes and cross—
sections as well as their joint properties, and (Part 2) effects of thermal and UV ageing on the
properties of WPC composites products.

Part 1 involved the effects of sizes and cross-sections of WPC products and loading direction
on engineering properties of wood-polymer composites (WPC), and proposed methods of joining all
the WPC parts for structural applications. This part can be described in 4 sub-parts. Part 1.1 assessed
the engineering properties of five different cross-sections which were designated as M001, M0O05,
MO009, M014 and MO15. The experimental results suggested that the MO05 gave the highest flexural
properties. Higher flexural properties were obtained when testing the WPVC composites in edge-wise
loading direction. The findings in this work suggested that low number of hollow cores with thick
flanges and webs should be used to obtain the composite with higher flexural properties. The WPVC
composite with low density was observed to exhibit lower flexural strength. The rate of loading had a
marginal effect on the flexural properties of the composites. Part 1.2 studied the methods of joining

WPC products. In this part, four different joining configurations were proposed, these including I-
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Beam, II-Beam, Rectangular Beam and Square Beam and three joining methods were used, these
being screw, screw-adhesive and adhesives. The results suggested that joining the WPC members with
adhesives gave the most satisfaction in terms of ultimate strength capacity and cost savings. Part 1.3
involved upgrading and improving the ready-to-use computer program by adding the engineering
properties of a wider range of single and jointed WPC members obtained in Parts 1.1 and 1.2 into the
existing program obtained in our previous projects with the V.P. Wood Co. Ltd. Part 1.4 studied the
effect of Ca/Zn complex stabilizer on the thermal stability of WPC by varying the Ca/Zn stabilizer of
2.5, 5.0 and 7.5 parts per hundred PVC in order to replace the toxic-metal based thermal stabilizer.
The results suggested that Ca/Zn complex stabilizer gave the same stabilizing effect and mechanical
properties of the WPC products as compared with the metal based stabilizer that was being used by the
V.P. Wood Co. Ltd.

Part 2 investigated the effects of thermal and UV ageing on the properties of WPC composites
products and this part was considered by two separate parts. Part 2.1 aimed to improve the thermal
stability of PVC using zinc stearate, lead stearate and zeolite by varying their loadings from 2.4-4.8
phr PVC, and assess thermal stabilities in terms of yellowness index, polyene content, %weight loss,
decomposition temperature (T,) before and after thermal ageing. It was found that the additions of Zn
and Pb stearates into PVC and wood/PVC composite could improve the thermal stability of the PVC.
At low test temperature, the additions of Zn and Pb stearates could improve the thermal stabilities of
PVC by retarding the upzipped reaction and by reducing the conjugated double bonds in PVC, Pb
stearate being the most suitable for thermally stabilizing the PVC. Around the T, range, the addition of
Zn stearate reduced the T, value of PVC whereas that of Pb stearate had no effect on the change in T,
value. Zeolite loading could shift the T, value of the PVC from 264 to 280°C. The addition of wood
particles increased the polyene content and decreased the decomposition temperature of the PVC. The
effect of wood flour on the thermal and structural changes of PVC overruled that of thermal stabilizer
loading. Part 2.2 currently focuses on the effects of UV stabilizer type and loading as well as wood
content on mechanical and structural properties of WPC products before and after QUV ageing. This
part of work is yet to complete since the twin-screw extruder, which is the main equipment for this
work, was broken down. In addition, carrying out the work in QUA equipment is time-consuming.
However, all the problems have now been solved and we are the process of analyzing the experimental
results and preparing a manuscript for publishing in an international journal. All are expected to be
finalized by the end of December 2009.

At present, the research outputs obtained from this work were two accepted publications in

international journals with impact factors and one patent application (under consideration).
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® Sombatsompop N, Prapruit W, Chaochanchaikul K, Pulngern T & Rosarpitak V - Effect of
Cross-section Design and Testing Conditions on Flexural Properties of Wood/PVC Composite
Beams - Journal of Vinyl & Additive Technology (in press) (JIF = 0.658)

® Sombatsompop N, Taptim K, Chaochanchaikul K, Thongpin C & Rosarpitak V (2008)
Improvement of Structural and Thermal Stabilities of PVC and Wood/PVC Composites by Pb
and Zn Stearates, and Zeolite - Journal of Macromolecular Science. Part A: Pure and Applied
Chemistry, 45(7): 534-541.(JIF = 0.720)

® Reinforcing and stabilizing Methods for Wood/PVC Composite Products by Synthetic Glass
Fiber and Thermal-UV Stabilizers, Thai Patent Application, Number 0801004853, filed on
22" September 2008, owned by TRF, V.P. Wood Co. Ltd. and KMUTT.

Keywords: Wood Sawdust, Design, Composite, Engineering Properties, Weatherin
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Tassms3dedl Imsddiuly 2 d fe dwdl 1 msdnwanidaiemnssueauiosum
WPC fifimthdauazmnazaiwdasuriuandniuuazsluuumsiadasasihde uasduil - 2
msdnmuarasuagIuazanuiauiiidamaiasunlasaanifuasndodun WpC dmiuniide
Tuduit 1 Ussnaudieanide 4 dudes aail daudl 1.1 Wumsdnwaudaduiemnssuzes
Funu WPC fifisuhauasmnaasmhdauaneeiu mihdaihmsAnmniinegu 5 wihda ldud
sWauNean M001, M005, M009, MO14 waz M015 lagimsAnwkauazusnvihdauasiia
yamanagauiifidaantiinmaiuusda uamsAnmnwuh funuwhde Moos Taaunidlumssu
undageiige uarildeiifinadoauti@nmasuuseda fo S1unuzewdaInad (hallow core) AN
mnzaantaEunulunag (web) anuvunuasuisdunuluwnueu (flange) WazaMavLIUILY
astiuny MntulanmsdnmnaAdeaui 1.2 Anmunmamsdademunihdalssnauuun
e Taeldmhee M0o1 Funuwanlumsustney Tesdnsaruasmumhdausenaud 4 wuu
A8 I-Beam, II-Beam, Rectangular Beam Wdz Square Beam wasiigUuuumstiasaly 3 suuuu fe
nmstiadalagldasyinden mstacalagldnzyindssindund wazsnmsiaaalasldng wanis
nagaunuh munihdalsenau I-Beam  néadiamiissasadeniilszansangsgalos
Ansannnanddnsiumdasdunumanie ouludidil 1.3 Jumsuiuusslsunsy
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YsudgauasuSuudluldsunsudriagunlammsnann Fannmsusudglusunsudridaguvlid
‘[ﬂmﬂsm‘hL‘%agﬂﬁﬁagiﬁmmwmﬂwmﬂwawﬁ%éfﬂ wazdUszansmwlumsldanuazainynadu
TagTusunsuaninsaldnulaasaungunihdnasmuuaziufineuisngsinnuidendnag
g 1.4 Jumsfnmnaresms i siiNEdesMWMIANNIauLHn CasZn  Complex U
U3mnaee 9 wEsudisunuasiinadasnwnaanusauineuisn 3i3e $ine 1deg laari
Ms5USuUFAaIU CasZn Complex uuSanm 2.5, 5.0 waz 7.5 aruluwanddn PVC 100 & 1
MSANEINUT SLANEDETMNNINANINTDULHNA Ca/Zn Complex HUszAnSmwlnaldeenuans
WNLEDETANWNINANNTDUNINNUTEN IHJe Diia “lﬁ"ag' TasNsaNNNFNUAMNLEDISTMNWN
ANNTAU UATENUANINNS
o v a v ] d' d! < = =] 4 cl'cl 1 a'
Smsuniieludiun 2 salumsdnwneveuatgiuazanusauniidansidauulas
guifaaNanN 9 WPC ahansawuamidasaantlu 2 drudes leaiseazdaanall d1un 2.1
L"'fJumsﬂ%'U‘lJ'gqmsLﬁauam‘wwmm%’auwaﬁaqwauﬁsﬁua:m%Lﬁaah&” Tosgluniaalading
Usutldauziiouaz S amatastNNLED g SMWNINANNI Y TagaSLNNIEDESAMNNNANNSDUN
H1IMSANE Usenauae aLiewsnuasdansd (zine stearate), dLieLsn2a9nzn (lead stearate)
P~ g . o [y a a a =~ v & '
wardlalat (zeolite) wazin15USUWREUUSIUFISIANNLEDETNWNINANINT DU AUA 2.4 WD
4.8 phr wazyhmsUsztiurannmMsIamsildsuulasduazaaniianuiydsy (CIE yellowness
index) ABULALMIUNLNAIBANNSDY, AOLHWBRDU (polyene index), tUasiiudvaaiming
éjiUuLﬁEIlﬂ (%weight loss) wazauudinIsaazad (T,) NANAMIANEIAEY WU mslEadeLsn
2p9FINTH LLa:ataﬂLsmlam:ﬁ'aL?Jum'ﬁLﬁuLaﬁﬂsmwmqmm%auﬁdauﬁaﬂumaﬂ%’uﬂ@q
@dasmunieanusaurasiznilunsdiyesiiz uaziaguaniizuaswaidaslad Taaansiin
= 4 3 a IS DA 1 1 a aaa . 1 A Y a
wigsmwanusauns 2 wila ddrudalumsvinemsiedfnden unzip lumaldaasiidlvine
laghasadamalvitiowussg LuuABUN® (conjugated double bond) Tuaeldiidlaanas naves
MIANNINNETEITMNINANNTDUNTG DU TMTTNLMIUINIZT WU MILANTHLTNYRY
fanzdinar Iiaamgiimsaanaaivesiidivinlivaaas lusazimsiduadaisnaaanznlaill
o v = L A a d‘ | = = g o Vv =N
uaih Iigampimssasdesiidiionsidsuudas drumadndlalaiinaivauuging
danaauaaWIziaNgRuan 264 Uy 280°C MINMIANTINHBYBIETEIMNNINANNS DY
uazgamgiimasanae wuh afiasnaasaznaiiusmsiiuedssmwmeenasouniuszansmn
WzaNNURBINNNEe diunazesmMsinmddasasluiid wu wmddssddumitenilvnid
amssaraaiiiasnnanusauladezy  Husumiseludun 2.2 msUsulamsdasann
iasnnuasgIreigguaniiduasnatiaasld meanddes lanmsAnnnazasriiouazU3unm
PANAN SN ETAIWINIUANET waznaasUTinamiday maldannemstaseluiaiase
A2 QUV  WazdNzwINaaNmNsIsNTIe wasinmsUssilunannduuanena mMenmemn
Vv = a v [ n%’u o a ] 4 < dl' dl' v o =
wazlassasmated midaslusuiidediiiunmsliuaigsa (1aante3a98nIaLUUINAENTUAY

anldiluesasiananlumsifedigadamenasnds uananil JunsumstnsEnNITMIBLEE

U
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® Sombatsompop N, Prapruit W, Chaochanchaikul K, Pulngern T & Rosarpitak V - Effect of
Cross-section Design and Testing Conditions on Flexural Properties of Wood/PVC Composite
Beams - Journal of Vinyl & Additive Technology (in press) (JIF = 0.658) §918az108004
@NEITUUY 1

® Sombatsompop N, Taptim K, Chaochanchaikul K, Thongpin C & Rosarpitak V (2008)
Improvement of Structural and Thermal Stabilities of PVC and Wood/PVC Composites by Pb
and Zn Stearates, and Zeolite - Journal of Macromolecular Science. Part A: Pure and Applied

Chemistry, 45(7): 534-541.(JIF = 0.720) 4918821080091an1UUY 2
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dufl 1 MsAnmaniamdmINssNYBIREAN AT WPC Hinthaauazatnausudadausiuane
nuwazzluuuMsEaaauaIninGe
1.1 madnmnaniadndmnssudmiunaosus WPC fifisuhauazmnesasmidaci
nideludnilBumsinmnaniimsuusdaasdunumuiaanauiiuasuedidanlsl
(WPVC) fifimadnndideslilulfinagidahmstusiiunudeeiasdaiawuundemvuaug
Tuszaulsanu T@m‘hmiﬁnmmvzlmgﬂ’iwwﬁ'ﬁﬂﬁﬂdaauﬁami%’mmﬁﬂ Tasmsthaunueui
fmnamhaafiuanaeiy 11 5 whde msan wazAnwrazessnzmsnagay lag
MMSANNNAVIRANINMILALSNINTZIN, KAZBNVIUNA, DUIUTBINGN, ANUWRUILUY, ANNHU

%yumu, FEEZTIUNTIVNTUIBIAY, BNTINTLAUTINTEI NNEENMITNAY WU JUsHMNde
YDIMANAUTEIU WPVC ANa0eanneasuifnssuusede suau WPVC fifsiuuradas
NaN (hollow core) melumhdnuasmuiiias u,azmmwmwaqwﬁqﬁmmmuiuumﬁq (web)
wazanumnasrisaunumuluwuey (flange) Hilenumunninavlidunumuy WPVCe
fauiamsiuussdaiiiugedu dmiunazasiiamansliussnssin wuh mslvusenssindu
Fualunuas (edge-wise) :ﬁwaﬁﬂﬁ%mmﬁauﬁ’@ms%’mmé’@ﬁ@jﬂﬂimitﬁms%’uLmluuau
(flat-wise) FUNU WPVC ﬁﬁmmwmuﬁw‘ingnﬁqLﬂmwu:hﬁ@hmm%umu@iaﬂﬁﬁ’ma@iw ms
Wasuwlasdanmsliusinssilidesdaadaauifnssuusdavasiaauaninniin ssazgu
mssasiurasmuiulifinadeaniimsuusidadiosandiuseneszezgumMssaumuLez
ANNWINYBIEUNUNAEaY (L/D) AN 10 ua 16 dwmdumsliusinssinlufismaunnus:
wnuay musey maselusdud 1.1 dlasumsaauiuliafnwlunsens Journal of Vinyl &
Additive Technology (JIF = 0.658) Tufia3aq “Effect of Cross-section Design and Testing
Conditions on Flexural Properties of Wood/PVC Composite Beams” lagiisngazidannatandns

wHu 1

1.2 madnmantidmamnssnasmumhdalsznauiildnnmsiadadeaunsalfiowuuda

maseludiilammsinmaniamdmnssnrasmumhdalsznaulagniuanianms
SULSIRALBTUSIEHBY lawn Modulus of Elasticity, Modulus of Rapture (@ Shear Modulus 289
Funuaunihdalsenay %qﬂszﬂaumﬂ"i’aqwauﬁ%%uazmﬁlﬁaﬂlﬁ (WPVC) #iflansdu
100:100 Taeiwiin Taeldmhde M0o1 Usznaufulwlamuminga I-Section, I-Section WAt
mhdadmasuuuua g dauaadlumssii 1 TaasUuuumsiade 3 sUuuy wuud 1 Sadelas
msldazyinden wuuil 2 Badalasmsldnzindmdiniunm wazuuud 3 Gadadian waz
NNNAFAUTNUAMITUUNAAUBTUTNUDDU DNBINNINTFIU ASTM D198(1998)az ASTM
D 790(1999)
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LUUAN ) MUUsENBURINGNAN ] USLNauaeg MURINA® I-Section, I1-Section WALHIING
Fvdsuuuuee g duaaslumsied 1 Tesmuualviisuuuunsiioda 3 sUuuy wud 1 Sade
Toamslfazyinden uuudl 2 Badalaamsldazyindensiniunm wasuuud 3 Badadann &
mMsfadamgasyinderasiimsianann 9 seez 30 BUAWNAT dIUMIEAGDMENI GILTUNS

TaenNISMNNINBAALUINITE AN AUAZEILWUNN AT UNSTARIFUNULND LB UNUEAR A LA 6

4
=

892U

M519N 1 wihaaeudsznaud lFlumsan

Dimension
Specimen Code Cross Section (mm. x
mm.)
l_m}__l l_lL_l 103
(T (T iE {0
L L1 . I/
. O I -
whealsznau nis n Ll
(e (e e
I-Beam 103 X 173
270 MOO1 3 #u
L. . dessleamsly | .
tinaalaansly L tnaalaansls
B azUndeIunU
aryinaen M
M
!
min (i [
v o IID ]_1‘1 & = l'I_D ]_]|l 3 3 l'l_[ E_]‘] 3 =
whenlsznau LG nin CHED |
& 4 (1] o
[I-Beam (] (e (] 103 X 173
270 MOO1 4 ¥
L . deseleamsly .
tnaalaansly L tnaalaanmsls
n aLyindenINny
aryinaen 1)
M

o P-4 wa
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M50 1 wiheaeulsenaud lFlumsane (da)

Dimension
Specimen Code Cross Section (mm. x
mm. )
- o ) I
whanUssnau L] Nl L
Square Beam =& = =& UL 105 X 103
970 M0O1 3 &u
L . desslaamsly | y
dnnaloansly Y. tinaaloansly
B arUndeIIuNUY
asdinden 117
17
I__L03_. I__Lm_. 103
LI A LLL L 5 LI 4
O & O I
. T = Ll IO 9 9 Ll I 9 9
mhaaUsznay nEn L L L) L |
wh 2 %
Rectangular Beam AL LY A UL A EEEE 103 X 173
270 MOO1 4 au
L ., deaelaamsly | )
dnnaloamsly L. dnnaloamsly
3 arUindenInnu
arUingen 17
17

NINAFIULINAA

dmsulumanasaumsduuseda Tunmudseillansnuanuainsalumsiuusdalos
Wisuifisussniiaquannaadndaiiaes i dsandunaudmduudiisyuuurasmida
Usenaudieiu dmiuiinis wasiadesieildlunisnaseu 81989muunsgiu ASTM
D198(1998) Fuilumasprumsnadauiiiamantidvatlaseadinly waziiandniasamsiians
Auresigguanadn sesmlumslviusanssiduiaguan diiumsdademuaasgIu ASTM D
790(1999) %ﬂLﬂummgmmimaauwmaﬁﬂ gannamliheduy whdamudsznauiildlums
nasaviisunsawszmnamhee duaaslumsei 1 Sundunuiilihmamessunsdaudas
WUU @8 3 BuNY TEEEmMsTNINIBIUNMINg ssezing warsaniiilumsna uaasly 31]1‘7; 1

MM 2
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MINT 2 STETUBZDNTINILADDUNYDIVINAYDIN TNAFDULNA

WA daulumsnagau YaaWaNWAFRNLITTEY
aANAFU PVC:SD (100:100)
" ‘} . vez a (LNO9) 0.92
- szez L (1u9) 2.77
(i o .
a5 lumsna (uu./ani) 81.93
Bt wel
EERER 8z a (LK) 0.92
JHH, 8§ szer L (109) 2.77
OO .. .
a3 lumsna (uu./ani) 81.93
sz8z a (LNeS) 0.55
-
% 81z L (LN919) 1.65
I (% < =
a5 lUNsne (NN./1N) 48.78
| sz8z a (LNeY) 0.92
O 094 seee L (W019) 2.77
i (% < =
85N luNsne (IN./1N) 81.93

A
Y

sUi 1 JULUUMINATRUANTAMITULIOAUUY 4 39 (Four point bending)
sUfl 2 waensiinaaunsalmInadauusGauLuY 4 Ierasmumhaalsenay M3

FENUKANITNAFDULNGA Usenaume AmNagaddaadn wazAmnanasmsuaniin logldaanis
7 1 waz 2 Tumsana e

o P-4 wa
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i :
waviagminaaUsznau

sUl 2 MIAANIMINATDULTIAAUUY 4 30

=14 (3La-4a?) anmsi 1
12A1
Mc <
Sr = dunm 2

P = thyinnseyngedanadn (1aw)

a= 5zﬂzmﬂgmim%’uﬁqéwLmﬁqﬁtmnszﬁw Favhfu L/3 (adwns)
L = szazanuend Ny (1adlues)

I = luudduuesidasauunuasingeiguan (Tadunsiasd)

A = szgzmsTiwasey o duntisfiusansei (Fasmas)

M = luudaagage (Fhauiiadwas)

¢ = szEEINUAUAzIUYBIUARDRY (NadunT)

o < wa
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wa ) o Y o ety S v @ = ' % P
Naﬂ’]ﬁ'ﬂﬂa'ﬂuauu(ﬂﬂ’]ﬁ'ﬁULL?Q@I@?]E]Q?fuﬁ’]u’]aﬂwaﬁ\lwasﬁuagﬂLaaﬂ (100:100) nheamulsznau Iﬂﬂﬂ’l’iﬂﬂgﬂuuum\i | ﬂQLLaﬂ\iiumqijﬂﬂ 3

37 3 wamsnedsuLNaarasihaalsznaunigasuanilu PVC:SD (100:100)

]
=1

Specimen Inertia of ~ Deflection at Max. Modulus of Modulus of
Max. load
Section Characteristics x- axis (I) Max. load ™) bending rupture elasticity
B N
(mm.") x107 (m) (N-m) (MPa) (MPa)
I - Beam gaanzyinaen 6.73 3,709 1,715 9.5(0.12) 1,850(62.60)
o | %sﬁ”wngl,nﬁml,n,aznn 15,675,807 6.94 9,388 4,596 25.4(1.24) 3,444(132.18)
H 1
gaean 8.73 9,983 4,616 25.5(0.85) 3,476 (34.23)
II - Beam ﬂﬂmﬂngmam 6.70 6,184 2,859 14.4(0.08) 2,815(46.37)
el Biaansnzyindeuasn 17,225,696 6.43 9,468 4,377 22.0(0.55) 3,437(48.64)
gaaen 8.04 11,174 5,166 25.9(0.70) 3,453 (77.76)
Rectangular ﬁﬂﬁaﬂngmﬁm 7.64 6,180 2,857 14.3(0.24) 2,145(163.24)
Beam - o -
. ﬂﬂmﬂmgmamuazm’; 17,225,696 5.97 8,931 4,129 20.7(2.10) 3,403(25.40)
HH1 o o
===l ganIBNN 8.41 11,661 5,391 27.1(0.48) 3,487(58.54)
Square Beam 8@@3&1@13@%83 4.39 7,766 2,140 23.7(0.40) 3,417(145.26)
%é’aﬂmgtﬂﬁamaxﬂn 4,649,667 3.48 6,775 1,868 20.7(38.17) 3,755(89.14)
ganan 5.03 8,959 2,470 27.4(1.33) 3,827(31.61)

The values in parentheses indicate standard deviation (SD).
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M3NT 3 LFINAMINATOUFNTAMTSULSG eI uningalsznaumbaaaie g an
msnaseunuh mifiadamuisznauiifilszanmmanniiga de mafiadienn seseunie ms
Sadeazindmnindunm wasmaiiadeazyinds sumdy FomnsoRnsanldnnauians
SuusedarasmumhdaUsznauzeudasuuy Fawmaiihlimsamumhdatsznaudisnnd
Uszaninmnde nazdludmvszanumunmihaalsznaulidanuildemudsznavainsasuuss
Ténn lusaiimsBamulsznaulasiionindeiiiudio asdumisidalagasn)indeiiiuged
souwezasiaguan dwwarlianumansalumsduusaipsiige fmnsofinsanldnndiue
adamsuaniinuaziuagaadanann uasnnmanadaunud mhdadsenaus 4 uuy fauda
msduussdalndidesiy mududnvasmaidivesiaguihdadsznay msivafiieduasie

a a

v 1 e 2 g a Ao = [ ~ 2] A a & Y1 a
VINURINUINYDNTUNU T UUITNIUNTUULITIAN muamiugﬂ‘n 3 ‘ZfﬂlﬂJﬂWQ']?m’]ﬂﬂlﬂ'J’]Lﬂu

1
% I

YaandanunzwnzinmsineaintaanaumsIue

bl

() (d)
51l 3 mAAtArastununadauLsdaTaguhdalssnaunthdada
(a) I - Beam (¢) Rectangular Beam
(b) II - Beam (d) Square Beam

o < wa
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MINAFaULIIR DY

mMnadauusuiauldismsaauuy 5 3@ (Five point bending) dalwifamsitannuse
doumelumuilasnmsaa %uqmﬁiﬁ"lumsmmaauﬁgﬂ‘mqLLazwmwﬁwéf@tﬁuLoﬁ'mﬁuﬁums
nagauusisadeuaaslilumsed 1 Sidunuildinmesauussdaundazmida de 3
Funu szazmsnapusasiumanauasinaldssylilugud 4(a) wesiingazdsazadumis

FING ANNENIAN UazdnTNSILUMING AIuaasluaIsen 4

M3NT 4 S2EZUAZENTINILAFDUNYDIINAVDIN TNAFDULNLRDU

e Reulamsnadau NN WAFANLITTEDY
Yagnaday PVC:SD (100:100)
I v8e a (LA3) 0.87
- szez L (1u9) 1.73
(i o .
aasNIIlUNSNe (NN./UN) 8.00
IR wele
EERER szee a (LN§9) 0.87
JH L 9 5 seee L (1N99) 1.73
l_l_l_l_:_' v < =
805152 lUMsne (NN./1H) 8.00
8z a (LK) 0.52
L
% szez L (LNe19) 1.03
—1 Y] < =
a3 lumsna (uu./ani) 4.76
A 8z a (LK) 0.87
0 oH s seele L (LN95) 1.73
g [ < =
805157 uMsne (NN./1N) 8.00

gﬂﬁ 4(b) Wyt MNLEMIN LA AANNY DI DY (Shear force diagram) o

GIUVUNGN 9 B9 UIHENTULTGAUWUY 5 90 IFUMTNAFBULUUTMUILAALTIADUADDR
, o 11P '
ANNENTNAUUALUNYBILTURBUTFA T ALY e UM INENURIMINATIUILUEAA

Mae5uusaiiay (Shear strength) Fednnalalogldaunisn 3

o P-4 wa
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Vo o
T=—— dumsh 3
Ib
tp) T = WINAUSNRDY (HIAU/MINNIINGT)
Q = TunudsauunuazsiuYaINUNNNYBUBINIAADNLUING BINISYIVUILLS

ROU (NaINATAAIFIN)
V= Ltiqtﬁaugqq@ﬁnszﬁwiamu (H0u)
I = luudduuesidasauunuastinaaiglan (Fadunsiasd)
b= mmn’fﬁmmgﬂé’f@ehu“?l'ﬁi”mmsmwﬂmumﬁau (Hadums)

= < v ] a & L4 P P [
E‘LI‘YI 4(a) Lﬂumaﬂwmsmmqﬂﬂsmmsmaammmau IG]El‘V]ﬁzElzﬂ']S’J'Ng’]uiaQiUﬂ’ﬁ

AONTLELYVNIYNAL a WALSEESWHINASTIZYNIINNY a/2

A
A
Yy

Iy

\

Y

5P e
16 16
_ue el
16 16
P
a/’2

sUi 4 sUuuuMINAFaUMITULTURDY
(a) 358EMIINFIUINFUMING UBZITHEHING
(b) 2MNOUBLAANNUNLRDUNNTEIGDAIY

RA
a

RB
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3Ui 5 Msfiacimsnadauusaiauuuuau 5 I9rNdgmhaalsznau

o < wa
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mamﬁmaauauumm'ﬁmmmauwawmm’mﬂ AGENT

MM 5 HamMIMeFaULsEauasmhdaUsznaunisl figasuanilu PVC:SD (100:100)

22
MTuadiane (100:100) wihaamulsznaulagdaguuuuen fauaadlumanei 5

Specimen Inertia of Deflection at Max. applied Max. shear Shear

Section Characteristics x- axis (I) Max. load load force strength

(mm.") (mm) (kN) (kN) (MPa)
I — Beam gaanzyinaen 1.15 17.1 5.88(0.50) 4.47(0.38)
L‘;Ji ] gaanzyindeiuaznn 15,675,807 0.97 24.9 8.57(0.70) 6.52(0.53)
gANILNI 0.98 36.1 12.39(0.07) 9.43(0.06)
I - Beam gamanzinden 1.14 31.5 10.84(1.02) 4.40(0.42)
BT fiaansnzyindeuasn 17,225,696 1.08 45.7 15.69(0.12) 6.37(0.05)
o famenn 1.13 44.9 15.42(0.29) 6.26(0.12)
Rectangular gnaasinden 1.35 26.8 9.21(0.34) 3.74(0.14)

Beam o v -

. ﬂmmﬂmﬂul,ﬂamuazma 17,225,696 1.08 43.4 14.90(0.56) 6.05(0.23)
H 4 gaeann 1.09 46.8 16.09(1.74) 6.53(0.71)
Square Beam ﬂﬂmﬂmsgmam 1.23 54.9 18.87(0.34) 8.36(0.15)
gamgasindeiuasnn 4,649,667 1.04 62.6 21.5 (1.03) 9.52(0.46)
gaeann 1.06 63.3 21.8(0.87) 9.63(0.39)

The values in parentheses indicate standard deviation (SD).
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@15199 5 LMK INAFaUFNTANMISULSEaurasmumhaaUsznauLUUAIN 9 30
msnagaunud Mmsiademulsznauiiiilszansmmwinniiga de msfiadienn sesaanie ms
gameazyndenTINAUNI wasMITAMENYINGEd MUSUBULHEINUAUMBINTIULTNGA
milwnzmsiamulsznaulesfiosyindeniludieilieiialasasyindeniugeiisauua
sasiaauaniduastidanlsl uasiliiuisuusniauanas Juhliemunhdadssnausuuseld
Tiufudl Tasdnsanldnnmdsiuusadau uaznnmanagovaziuldhmumhdadsznay
Square Beam #itszansmuwlumssunsanniign 50909n#e 1-Beam, mudiey oeslsiou e
ﬁmsmwmnm’qLﬁmmumm.gm DadNAUUTINARU I NALUWLIL I-Beam Wa Square Beam Naai
msfuusadouiidlndidssiu dummaiivhliaumhdasznauuuy Rectangular Beam uat I1-
Beam #iMassunsauiiouiasy Ao ?aqwauﬁ%%uazﬁﬁ'aﬂlﬁ' (100:100) INE3INTONUADLTIDA LA
mldenunihdalsznauiauseidaummnsi(local shear failure) Feanansaiasanlaanmsdiva
spsiaguindaUsenay uaasdiui 6

(©) (d)
51l 6 meitvedununesauusdouiaguihdaUsznaumhdac |
(a) I - Beam (¢) Rectangular Beam
(b) 1II - Beam (d) Square Beam

NIMINaFBUANTANISULNAAULasIsIRBNIaIMUINaaUsEnauFULUU6IN 9 Wud
AMUMNANUTENBU 4 WUU FaNUHNITFULNOANG LNBLAENNY dIUFNTANITIULTIEADY AU

WhAAUsENBULUU I-Beam WAt Square Beam d141505UWS4LA1INNI II-Beam W Rectangular

o < wa
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Beam wazynisannaunulumsnda munihaausenay I-beam JANNWINEENNINN
dumuisznavanniige Neasdaenmaunulumsndaugadlumsei 6

P v a ' Y @ P ' a <
#1997 6 adunulunmsudadawaszasmumnaalsznaumingaee g nigaswanduy
VPVC:SD (100:100)

I (VIN/LNGT)
Section
Characteristics WPC N mzﬂJLﬂaﬂ’J L‘Vigﬂ U
daaenzy
. 720 - 5.2 - 725.2
N8N
I — Beam pra—
" #aaEnzY
et - 720 5.6 5.2 - 730.8
i) (NALILBZNN
H#0018n? 720 5.6 - - 725.6
gaeaasy
- 960 - 10.4 - 970.4
(NN
IT — Beam pra—
. gnmenzy
(=enEy . 960 8.4 10.4 - 978.8
A 1 (NALILBZN
#0aen? 960 8.4 - - 968.4
gneanzy
B 960 - 10.4 - 970.4
Rectangular LNaEn
Beam g(ﬂé”flﬂmzﬂ“
e . 960 8.4 10.4 - 978.8
s=eEy (NAYILBZNI
08N 960 8.4 - - 968.4
gaeanzy
- 720 - 10.4 - 730.4
Square LNaEN
Beam %é’aﬂmﬂv
. 720 5.6 10.4 - 736.0
e (NAYILBZNI
A
#naen? 720 5.6 - - 725.6

o P-4 wa
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nnmsnadautudunuhmsBamulsznaudisnnivssanimwanniigauazemumniheo
Usznay I-Beam HuszAnsmwlumsiuusanniiga duly adnmenuiululalumsiasuuss
mManazdse lainsanmantamamnssuuasmumhdalsznauriisnda laud aumbda
Usenau I-Beam L&@33L1aN, I-Beam M005 wae I-Beam tinlaun loaiinsinaa I-Beam a5
wdn 2 sUuuy wuudl 1 Sadeesyindmdindunn wazuuud 2 BadeBolthiniunn du 1-
Beam MO005 @z I-Beam entilunsinsamuusznaudian aeudadlumsei 7 wazihan
NAFDUFNUANTIUUSIO® wazusadaududenunu msnadauluride 1.2 szazns8

FIUTBISUMSINA SeEeiIng wazdaTislumsnadudenunumumiaausznau I-Beam

v %
nmsudsznauaununnldsznau
MUVTNAAUIZNDU I-Beam LESNIVAN

]
o o v !

iFununhaa Mool Mniaauaniiduasaeiidenld Afdasdu 100:100 a3
Usznaulifumumihaa 1-Beam Mntinihminndesng 18 x 190 x 2 Tedwes daadld
Tudesnanassnanzasdunuuunazasasmulsznay laafiihuinslidamsmoududy
seniniaquanuazminissulaaminasimhifuussdsiiveudmasmhdaussnavaasisu
ussdauazmanEdNduuUanihmhiswiuTaguanlumssuusesa inlieumhdadsznavil
UssAnsmwlumiuusdaanniu msdnmilshmsiaderunulagldsluuumsiioda 2 suuuy
wuuil 1 Balasazyindensindunm wazuuudl 2 GalasBoliniunm Taadumismsiansy
\n3e uaz Bolt Uy duiiumsfiodann 1 sses 30 wuAiwes dumsdadienm dudiumslesms
mAMespauIMIBadauassumiimamaiiiumstafiunuielunuiedoldagau

MUNINAAUsENBY I-Beam M0O05

ihZunumhda Mool uaz M005 MniaauauRituaztidonly fifidnsdu 100:100 an
fmsUsznaumumhdausznauminga 1-Beam Meiilusaisfimulssnauiuusdaazifoussi

NAIUB NIV AAUALUTD AN UUUAININNA  MSFsUNN I¥BUNIU M005  FaNUIaLeS

anumnInnnvihge Mool iuFunudiuuuuassssmumhaalsznavazumsiiiniui
TumsSuusedauaziudilumsiuussa mlveulsznaumansaduussleunniu msiadaazin
mstialasnnlagyhaslagmMsmMnNAsaaLIMSHARBLALMUMINTIMANALMSTARIEUNY
Ttlenunenuiitalvsunuiiofasulaasi

MuUnNeaUsenay I-Beam tinlewn

v
k4 o o v 1

iFuuniine Mool ndaguaniiduazuadiassliuaziduloudiniidnsidiu

. a

100:100:10 3nvhmsUsznaumumhaalsznauningg I-Beam Wililiasnindagidnlauiiag
= o 1 v W 1 o v v L% %] v 1:?} = 1] -]

Feonuamnsolusuusalundazminaaannnm Mlvniheedsznausunselarny Msiaaaiang
fialaaldnnleamMsmMnMeaaauuINSHE e aLaM LU NININIIALINMSANNITUNULND LABLNIU

H06ale e
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P Y put =
15191 7 iheamulsznaudn lElumsdnen

Dimension
Specimen Code Cross Section
(mm. x mm.)
‘ 103 | | 103 |
OO | O+
%
wiaaUsenau _ E| E E| E
.« H 1]
I-Beam L&3NLKAN O] = EnEE 103 X 173
270 MOO1 3 Fu
gadalogmsldBoltsiniu  dadalagmsldasyinden
ap! FINAUANM
o | |
waedsznau OO 4
I-Beam D o o
| g 9
MO005 [ ] 103 X 173
270 MOO1 1 Fu LI A
270 MOO5 2 FU
finsalaamslanm
Y o (mEEE
wianldsznau ]
I-Beam D =
- . ] 103 X 173
inleawnd 0 =
290 MOO1 3 U
finaaleanslind

o P-4 wa
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HAMINAFDUANTANMITULNANYTUNUTANaNNITUAULE0E (100:100) nidamulsznaulasdaguuuuei g aasmuningalsznau I-Beam
Hauandlumsehn 8

M3 N7 8 namsneaauLNaaranihaalsznaunignsuanilu PVC:SD (100:100)

Specimen Inertia . Modulus of Modulus of
Deflection at Max.
, o of Max. load ) rupture elasticity
Section Characteristics Max. load bending
x- axis (L) s N)
\ x10 " (m) (N-m) (MPa) (MPa)
(mm.")
I - Beam - o -
- ﬂ@@aﬂngtﬂaﬂaLLaznwa 5.37 14,033 6,488 7.1(1.87) 1,216(70.95)
LFINLYAN
e 78,975,248
il = v
g 17 4008 Bolt LLazNI? 5.39 12,423 5,744 6.3(0.91) 899(147.80)
I - Beam
MO005 - w
. g0aILNIN 26,817,519 9.13 16,553 7,653 25.5(0.75) 3,142(40.03)
I-Beam LGN
laum L.
= gOOIYNIN 15,675,807 5.50 8,356 3,863 21.3(0.24) 3,876(90.79)

=

i
E

famai L

H

The values in parentheses indicate standard deviation (SD).
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@15199 8 LFANHANINAFDUTNTHMITULSIFA2IUNINGaUsENaumiIGe 1-Beam
LU ) INMINadaUNUT Munihdaisznay I-Beam Afaniamsiuusidaldinniiga do
I - Beam M005 589893178 I-Beam ¥ lewA? wae I-Beam t&@3NMAN MNaI0U denalsHo
eRmsannnadesuumnesgu 8871 1 - Beam M005 uas I-Beam tislauss anansasuuse
falalndideady Tasmansaasineuaiitieaulasadl

H
o

" msnadgaumuninenlsenau I-Beam W@SNMan WU Msiesaunantiualumssuusana

v v 4
=1

% szazusudiasas udidefnsandlugdanduiidnanas mililesnn anwlududle
WWeniuzasian wanesuuazidguanlaiiamshausiniuy

" msnedaumunidalszney I-Beam M005 Wuh mansoduusidaldd waziafiarson
dalugdateianlndidesstumunihdatsznau I-Beam Tums1ed 3 udmstsznauenu
WhaaUsznay [-Beam M005 Hanuaansalumssuussladnheanunihaasznau I-
Beam Maiitilasnnimhdalumadunsidaesussdamnnh

" manegaumuninaalsenau I-Beam dnlawda wuin msldmbhaaasudulawdianin
Humhdaussnaulidumadamsiumdanniin niduagiunssunumstuguilis

]
a va o

dmsuansuzTIvazesiaaninaalssnay MmNTANHATUILAAUSHMRIAUENYDY

Funu FdluusnansuwLseng é’quaﬂﬂugﬂﬁ 7

Y R
(d)

3UN 7 MIIAradunuNadauLNaaIanNaaUsENay I-Beam WUUGN )

(2) I - Beam ld@3umandiamisazyinden () 1 - Beam L@3umandinmiaasyinden
wazn N wazAN
(b) I - Beam M005 §a@28n17 (d) 1- Beam tinlaun aman

o < wa
Nenuatuanysal IUG5080029 A.05. WNAGNG anUGauaw



29

KaNINeFRUANTANMITULTUR DU BUNUTFgHENNITWasTE@aY (100:100) wihdamulsenavlasdagduuuda g vasaumihaalssnau I-
Beam A4ULEA4LUAI519N 9

37 9 wamsneaauwsEsuraamhaalsznaunigasuanily PVC:SD (100:100)

Specimen Inertia of Deflection at Max. applied Max. shear Shear
Section Characteristics x- axis (1) Max. load load force strength
(mm.") (mm) (kN) (kN) (MPa)
I - Beam - »
o . gamanzlindeuasnm 1.56 37.4 12.86(0.86) 9.26(0.62)
LINLVAN
e 78,975,248
| = v
L % T gaa8 Bolt LLazNIN 1.66 39.6 13.60(0.26) 9.80(0.19)
I - Beam
MO005 - W
. gANIYNI 26,817,519 1.20 42.0 14.45(0.03) 10.63(0.02)
I-Beam L@l
Wi o .
-y HOAINM 15,675,807 0.84 28.0 9.64(1.20) 7.31(0.92)
i
0 =

The values in parentheses indicate standard deviation (SD).
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MSIN 9 WEMNHANSNAFAUFNUANISTULSIURDUDIMUKINIAAUSLABULUU T-Beam
WUUGAN 9 INNSNAFaUNU euniaalsznau I-Beam fiflantidmssuussiiaulasnniige
A8 I — Beam MO005 589893178 I-Beam AN 181N was I-Beam L@3NLVAN MINSIOU F00AS DN

H £ 4
a VUaa a =

AUMTNAFBULNAA dMSudnsaemMIvarasiagmhaalsznay MIITANNATUILAAUTOMIT

MUY UNY FuuS NS ULSIea ﬁ'\maﬂﬂugﬂﬁ 8

sU 8 MTITArauNUNATa UL MNANUSENBY [-Beam UWUUGN )

(2) - Beam t@3umandiamenzyinden  (c) 1 - Beam Le3uandnaiansyinden
WaTn? UaznMm
(b) 1- Beam M005 80817 (d) I - Beam tdinlaun daaann

PNNMSNAFDUFNUAMITULTIAALITUSIRDUVDIMUBINAAUTENBU [-Beam  WUUGAIN

wud msusenaveunminaadsenaulviswelvatu denavlderuninaadsenay &

aNNaaIalumMssuuseleannauy

o = wa
Nenuatuanysal IUG5080029 A.05. WNAGNG anUGauaw
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1.3 msUSulpalusunsupaniiuaasdisagidmsumsasnuuulaseasng

a v ;.:%ld' 4 [ [ [ a < o g v

MAeilnggasiumsUsulsauazlsuunlsunsunaniuaasdmsumssanuuulaseain

f15931 Neaddelammaveainlilulasimsitessesi 4 aldasnuuulassasiiuuazeuss
o a ¢, Aty a aal £ A4 v o v
Jaquanwadines (Widuazwadwsandu) uazlidesll TagrinsuszaianadlaTusunsu
Microsoft excel $1uu 4 Tusunsu laun

o lUsunsueenuuunuLuugded (Floor simple span loading)

o Tusunsueenuuunuwuuaatiias (Floor continuous span loading)

o lUsunsuaanuuumuLuuzied (Beam simple span loading)

o TUsunsueanuuumuuuuaaLilay (Beam continuous span loading)

Toasagwaalusunsudnsagiuaaalalugui o

¥
A Y o

Tusunsuiildusadlugud o diidahdaildduiumssanuuumuviaiuamswhda Mool i
Wumihdanarawuu 3 go9 Fallunguuasiagildinsnasaumantddneiainssuly
waslfiamaudaohiiy  swmgiilusunsusanuuudiBagUiiauniuninsaldldamsmhdad
fauauianedanssuud asnniaquanszuiawanadinuaslitios (Wood-polymer
composites)  LHuTagiigusniamAmnssuulsiasumumnausssuuuuaamihda :1nms
nadauiithuan Saquaniiidunsusiodoiu uifuussluiamudmfuniefismnanidadi
uaneafiy aglanamsnagauameaifidnaiiuandeiy vannnilfwuhaguandssnniidy
anisotropic material FBARINNATNATDUUINGABaIEUNAFAUTUUIIUDY Flat-wise UAILLIN
Edge-wise  Renfiuaneneiy Fuandannisalunulasaialssandu g wu win aounie
vi3alal fatiu aadden dessslnssivlumsaanuuuiana gaanuuudasinsaniiamemsiunss
raslassaiinass worldanantifuasialiaanadasfuiiamemssuihuinussmn ninmsiian
wansswinwmadnuastidesldifuiaaifiaaaniimeimnssuulsasumugiaussana
209MNE9 daiunsiiazeanuuulassainiiimihdale 1 szdsshmsnagouiamantiana
Amnssuiidasmsdauays nndaddadanani Mldlusunsudidagudmiumseanuuuiiiio
Tutlagiudenaanunainnarsuaziianuindudaiinisusulgaussandmwmsldnula

ATBUARNVINANMIUNIDNUNNNUTENYIINYNUIENEN DETIVING
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PROJECT PAGE
CLIEMT : DESIGMED BY :
JOB MO DATE : 10/11/2006 REVIEVWED BY :

INPUT DAT,
WoL = 100 kgirm? Product Code = | VP-PE:SD{100:100) M.001(35x%102 mm) | Help
W= 293 ng’m2
WiglF = 17 korm® Palymer Type = |\-'P—POIyethylene, PE ﬂ
W = 510 kgIm2
P = 10 kg Mix Ratio = | 100 - - e -
(Plaatic : Yood) "
Member Size = | 352102 mm * m
wp, = Dead Load L . 4L e
Wiy = Live Load Member Span = 050 m ‘ffl"i-::wﬁbmﬁhi;?ge
wigp e = SelfYWeight
w = Total Uniform Load () Maximum Length Permitted } )
393 kg/sq-
P = PointLoad (@ Maximum Live Load Permitted, Wz, gisq-m

DESIGN SUMMARY

L = 0.4 m Click to Analysis Part
WL = 510 kq,"mz
Pu = 10 kg 1. Check Bending Stress: M/S < Fh
19 ksc < 43 ksc OK
i
V=(§—d]wnb+Pm = 218 kg
2. Check Shear Stress: 1.5 WA < Fv
P’y BRI 0K
Y gt - i)k = 288 kgm 2 ksc < 2Mksc
8 4 I
. . R G G
_ SW;;E’E PzzLB C o e 3. Check Live Load Deflection Control: =500
BT U3ART  4BE] ' 0.14 cm = Oldcm 0K
5w bt 3 L
_ T ULDE+IEY Pl _ 0 b =
‘ﬁ(m+m) = W+ T 0.16 Cm 4. Check Long-term Deflection Control: &¢npzny 340

0.16 cm < 0.21 em oK

5UN 9 TUsunsueanuuuiudded (1ae)

o & a o g X < [ ' P2 a v

aany Tunwideassll asiumsnaundaiiiasainldsunsuaanuuuidnliainnse
2ANUUUAITDUAINIFANFINNNVNAUIENINGADY 9 UBNWILDAIN MO0 12U WINAAN NN
nauaznutaulaindy wazmumhaalsznau adnlsnan azdasdniiumsluidad
1.1 uaz 1.2 AeMInadaumaniannazenidaaninaniiu g nay teihantizanldginagau

vy a =i aa =t ' v o @ 4 o
wanwnaalulusunsy 5UN 10 wanadsmsSengiusnmihdazeslaguassluuuzaaimin
U3INN WIBNNEazdeadN g aungldnuiivuaasslulusunsn zasldsunsundiagdn ms
3ang lalasmsadniiguniidaanu Click to Enlarge Tudupasgiudayaluzuil 10 & asiy
sumanlumsnannlusunsueanuuudall grudeyanseuinauiazdeanniuinelirsauagy
wihaalunanszduuumaigesnuuudasens uasidrande alanarniigldanulisunsy
v a = v v oM Yo o v Mo v ] ' 0%
aaemsiiinn3eandaya wzassannsoi lanuiidrenszuiumsiligudau viadhadamsldnu
nanlogagy Tudruwasmananlsunsudzadmiumssanuuumuuasiy aziumswenn
Wlhsunsuldonulanumbhaaaiuuasiuivarnnaisdy waziianssuiunslunsiinae
v VY 1 4

Fudayalihedamsldnu
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CROSSECTION MOO1 (FLOOR DESIGN) E’

PROPERTIES DESIGN

(s proc a2 (riiraaen s | KMUTT-PE:500100:100) 1.001(35x102 )
CLIENT DESIGHED BY
0B N0 DATE 1102006 REVIEWED BY Pobmer Type [ s Boysthyiens, BE Meaber Sz = [“amvicem
INPUT DATA . ) MRao = [T Menber Span = [g7  m
(Flastic : Savdast) Lot (widkh : Length) -
WoL = 30 kgim? Product Code = [KMUTT-PE:SD(100:100) M01(35x102 mm)
W= T gt Cross section
Wsgp = 17 ki Palymer Type =
Wi = 34 kgim® le—— 102 .00 mm
Py = 1 ky MixRatio = [t [ - “ iR
(Restic : Woor) ' T a
Mermber Size = [ 35xio2nm 2 . X H
wy, = Dead Load Ahum A=
wy = Live Load Member Span = 07 m Ciickto Enlarge
wiger = Selfight
Wi = Total Uniform Load ® Maximum Span Length Permitted } | L4.00 mm «-l - 5.00 mm
Py, = PointLoad O Mimu Live Load Permited, W, T
Area = 1412.30 sq-mm Weight = 1765 .4 g/m
Span length
Paint Load= 10 kg  UnifmLoad 394 kgfsgm
|
A AN
L
AV
0.7m | 0.7 m !

5UN 10 Yudmiuidengiusnmhaaiaguazneazideanildnuinue

msUSudsaldsunsumaniiamas

NaNNMINaFaUaNTANNNa2aeTaanihaaeN 9 wasmunihaalsznaulusada 1.1
woz 1.2 udh ldhdayaildldaslulusunsudrsagd Tasanihdayemmasauantidmanaly
viada 1.1 Tdlulusunsama 4 Tusunsn drudayamenadavantamenaluvida 1.2 Fuflums
nagauantiinenazesmumidalsznaviiinaslulusunsussnuuumunuuginden uas
Tusunsuaanuuumuuuudaiiios whily Wasnnh mahwhaaussnaufienumanzanlums
hllFdueuinnni é’aatin‘[ﬁunsum‘saanLLUUﬁVuLLa‘zmuﬁﬁmiﬂ%'uﬂéqLLa”a LLamﬂugﬂﬁ
11-18
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PROJECT :

PAGE:

CUENT :

DESIGMED BY :

JOB MO

DATE : 8/29/2009

Wood - Plastic Design

INPUT DATA

Wi, = 0 kgfm?
W= 1 keyfm?

Wiggp = 17 kgym?
W = 18 kg
Pu = 0 ko
wp, = Dead Load

wy, = Live Load

wigg p = Self Weight

Total Uniform Load
P, = Paint Load

Product Code =

VP-PVC:SD(100:100) MLOO1{35x103 mm) | Help

Polyrmer Type =

Mix Ratio = 100:100
(Plastic : WWood)

Member Size = 35 %103 mm
tember Span = 100 m
£ Maximum Length Permitted }

@ Maximum Live Load Permitted,  Wpp

98 kg/si™

“Ciick to Eniarge

DESIGN SUMMARY

L = 1 m
W = 18 kgyfm?
Py o= 0 ky
- Wy, b L L Pul
3 4
L
V= E_d wyb+ P, =
Sw,bl' P, L
prpmt——e——k =
384 E] 4881
A = SW[M+H)M" P it o
[Le2e50 3R4E] 43E7

1. Check Bending Stress: M/S < Fb

2 kst < 55 ksc OK
0.23 kg-m
2. Check Shear Stress: 2.78 VIA< Fv
088 kg 0 ksc < 10 ksc OK
L
3. Check Live Load Deflection Control: £ = 3850
oo em 0.00 em < 02Bom oK
0.00 cm 4. Check Long-term D eflection Control: A[m+ﬁ] = 240
0.00 cm < 0.42 cm OK

Click to Analysis Part

sui 11 TUsunsuaanULUUNUTNLAEN

Image1

]
U PR & e e

Click to Enlarge

2

(= -

Ao PR e Wiy = T

Click to Enlarge

¥
o —
[

Image3

B TR P s M

Click to Enlarge

Imaged

IDO0000L00000

b (e P g

Click to Enlarge

Y

SEEENNE e

e R R

Click to Enlarge

o0 -

[ —

Click to Enlarge

sui 12 YINOaNLeNMINNA N L TUSULATN DN LUUN UL ML
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PROJECT . PAGE ©
CLIENT : DESIGNED BY
JOB NO DATE . 5/292009 REVIEWED BY

Wp = i} kaim? Product Code = WF-PWC:SD[100:100) MO0 25103 mm) Help
Wy o= 1 kgim?
WeELr = 17 kgin® Pokmer Type = Vp-palyviryl chlori C %
W = 18 kgim?
Pu = 0 kg Mix Ratio 2 100100 - - wam
(Plastic : W ood)
Member Ske = 25102 o El El El
wy = Dead Load e o b
wi, = Live Load Member Span = 100 'm ‘Biickto Eniarge
wie = Selfiteight
v, = Total Uniform Load {IMaximum Span Length Permitted } =
Py = Point Load i Maximum Live Load Permitted, Wz

DESIGN SUMMARY

L = 1 m Click to Analysis Part
W = 18 kgim?
Pu = o kg 1. Check Bending Stress Control: M'S < Fh
1 kao b S5 kso OK
2
M:—M’be' SBRE g fegm
8 ¢4 2. Check Shear Stress Control: .78 VIA < Fy
Sw, bL
= 4 o P = 203 kg Oksc < 10ksc 0K
< L
w B P I 3. Check Live Load Deflection Controk ... = 350
e e o gm
w=Tesmr TETET = ofdcm s 023em oK
W, ! p o3 r
(T )
Ay = ﬁ+ 6‘7"51 = oo oom 4. Check Long-term Deflection Control:  “ypvery = 55

0.00 cm ES 042 cm 0K

sui 13 TUsunsuaanULUUNUG DL

Image1

Image2 Image3

O E500

Clickto Enlarge

Aemie PR e Wiy = T

Click to Enlarge

Image4

T B ]

Click to Enlarge

OOOOOOO0O000 -+~ (800

_ [|

A TR P s T

Click to Enlarge

[N ————

Click to Enlarge

ERNEEEN

oo -

[ —

Click to Enlarge

d‘ v W ::4' Y o A' = d%’ 1 d:
sUi 14 mhdanlahmsiiadnaalulusunsueanuuuiiuaaiiia
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Wy, = Dead Load

wi = Liveload

Vs = SelfWWeight

Wy = Total Uniform Load
Py = Point Load

PAGE
CESIGNED BY
DATE: 82972009 REVIEWED BY
I e B EAM SIVPLE: SPAN EOADING
INPUT DATA
Wy, = 0 kg Product Code = | wP-PVC:SD(00:100) MOD1(35<103 mm) | Help
W = 1 kgfm Q
Wegr = 1 kg/m Falyrer Type =
W = ] kg
P. = 0 kg Mix Ratio = P Click’tu'er‘llarge

(Flastic : Waad)

Member Size = = 300
Member Span = 0.79 00 -

m

Method of Joining

@ Maximum Span Lengh Permitted

423 m
2 Maximum Live Load Permitted,  Wpp

106800 aren

DESIGN SUMMARY
L = 079 il
Wery 2 kgfm
Pu 0 ky

_ g L L Bk
[} 4

V= [%— d]w_“ + P,

A

_Sw, L BD
“t 334F]  48ET
W )L‘ BRI
+

Aty =

3B4E] 48EI ~

Click to AnalysisPart

1. Check Bending Stress: M/S < Fb

Tksc <  S5ksc OK
0.16 kg-m
2. Check Shear Stress: 191 WA < Fv
oK
059 g Oksc <« 10ksc
A, = -
3. Check Live Load Deflection Control: T
S0 em 00em £ 022cm oK
A et
000 em 4. Check Long-term Deflection Control: (o143 = g
000cm = 033cm OK

gﬂﬁ 15 TUsunsuaanNuUUAUANLAED

Image1
Click4o Enlarge

300 |-|—|:

500 n'r'u,: ]
a=R

Imaged
Clickto-Enlarge
oo |

[l
O] 173.00 mm,
ooo

Image2
Click taEnlarge
500 M D [

144,00 mm.
500 e, 1]
CONSTANT

L

Clickto-Enlarge
oog) |
m|{[m
0|0 r73.00 mm
i

oag) |
Image7

Click to Enlarge

105,00 mm.

Image3

Clickte Enlarge
300 mmg

80,00 mim.
5,00 mmy

Image6
Click:te-Enlarge
[ ]

173,00 men.

] [w[m[m]
O[ooo

(=]

sui 16 vihaanlamstindnaslulusunsuaanuuuaunNLee
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$PROJECT : PAGE :
CLUENT DESIGNED BY
REVIEWED BY .

JOB NO :

DATE : 8/28/2009
S BEAM  CONTINUO S SPAN TOADING:

INPUT DATA
WoL = 0 kgl
Wy = 1 ka/m
Wspr = 1 kg
Wp = 2 kg/m
Pu = 0 kg

W = Dead Load

W, Live Load

(s
wgp e = SelfWeight
wi = Total Uniform Load

Py = Point Load

Product Code =
Polymer Type =
Mix Ratio =
(Plastic: Wl ood)

Member Size =

Mernber Span =

Method of Joining :

2 Maximum Span Length Permitted } o

& Maxirnum Live Load Permitted, Wi pp

03,00 v

kgim

DESIGN SUMMARY

[ 1 m
W = 2 kg/m
Pu = 1} ky
p-Pul p -
e, v 12 RS

8 64

AN W

=T 1RsEr GTEL
Wl | Pl
18580 67EI

A(Dhll):

1. Check Bending Stress: M'S <Fb

1 kst < 54 kst OK
250 kg
2. Check Shear Stress: 1.91 VA< Fv
035 - O kst < 10 kse OK
A, 2
3. Check Live Load Deflection Control: T
U 000cm = 0.2om oK
i < 4
0.00 ] 4. Check Long-term Deflection Control:  “omii) = 34y

0.00cm = 0.42cm OK

Clickto Analyss Part

Ui 17 TUsunsuaanUuuM U aLiing

Image1

Click4o Enlarge
300 l-v-!:
'IIZI'._<-I.I e,
500 mmt ]
:; a=R

Imaged

Clickto-Enlarge
oo |
[l
O] 173.00 mm,
L

[ m

Image2
Click 4n.Enlarge
5100 mm D r

00 e,
CONSTANT D

Image5
Clickto-Enlarge

aod

0o
0|0 r73.00 mm
L

[oag) |
Image7

Click to Enlarge

a

O

Tl W) mm.

O
(| |m| 105,00 mm.
0

Image3

Clickte Enlarge
300 mmg

80,00 mim.
5,00 mmy

Imageb
Click:te-Enlarge
[ ]

173,00 men.

] [w[m[m]
O[ooo

(=]

sui 18 mhaanlammsiindnaslulusunsuaanuuumueatilas
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drudsznavzaslisunsy

Tusunsumseanuuuiuuazey lautseaniy 2 dunan laun druwasmsiloudaya
& v A v oy ' = & v = %
(avduigldnu wiadiu INPUT DATA drunigaaiiunsagunazasmspanuuumndayaiely
UauasluTudiuusn wiadiu DESIGN SUMMARY lagsgazidaaliusunsulundazdruuaasla
a1l
INPUT DATA #a suzaslsunsuilvglilandayandniiudamseanuuuasly wiu iwidnd
N3ENABAIY ANNENTNAIY WIBUNIUFBNUUIANIIAAULaBHATIGNEN (Wood-plastic

. Py v o 2 P PRI 1
composite) Nnaamsldnu lagnaazidaavadayandesdowaslulusunsuil asil

w09 MWinuIITNNAMINLULLRNSENgENENaNnTEINGafm laNa NNapnLUL
MtinYeIaganuaIEI WY uazthwinuia (Wall load) (Uueu

w, A8 minussnaswuukkEnsEnadiENavInihminnidsumnamwmM sy

LL
iy hnunauwazihvinwasies

[ v
° Y [ =

2

W p 0B WININ289780 Wood-plastic NBanUUY

<~ g/ d ] e' z
Wy 09 HaTINYDNNNUNUUULHNTENLENUTNBNNNG (W, W, UDE Wy 1)
P, @e iwminussnnuuuye leanssyindiunie 9 lo uuenigeeu (Span)

Product Code fa dhufiudassvisuasiaguaniidanlumssanuuuldnu Fazuanludu
NBANE) DATFEIUKTN LaAUINIHN

Polymer Type A %ﬁmmwmaaﬂﬁi&ﬂud’mmaﬂui’aq Wood-plastic

Mix Ratio 7D 8098 IUNENTEHINNANIANGaTLADE (Plastic: wood)

Member Size fa mnawhanzasianiidasmslfnu

Member Span A8 JLHLUNITENINIATAITU

Method of Joining (uduitliidansuuuumsiiadamumhdatsznau faansadanle
ilafimsidon Member Size savmumhdausznau Taadsuuvumsiadeliidon 2 35 ldud ms
#aenzynde (Screw Joint) wazM3EAMENTI (Adhesive-Bonded Joint)

Maximum Span Length Permitted (UU&31289MIUENINEMIAIUIMITLELANINENITN
990 (Maximum Span Length) iiefuthwiinussyniidmualasfienunieiudaasaansou
imiinanuihminussnaiglsteumadisunsuldagelasadeiiulumudauls msfuuseda
msfuusudounazmslieild fufuedasiialumstioudayauazdreliglilusunsumnumh
szazanNETNAUYIaiy Tunsanlumsaanuuy Taslidaimaaasduemasazanuei

(Span)
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Maximum Live Load Permitted \{ueuaasmsuanssamssinumetinwinussmnas
gegavasiuuazeuiianamnaeglussazanuendimu (Span)  Aitmuamuiiglitloudias
Tusunsuldaghaisaadedulumudouls msduussda msfuusadaunaznmslaed Failu
wiasiiafidaelumstlioudayaussdeligldlusunsunnuianhminusanasgsgaiiasldaanuuy
Talaglidasmaaasduanhminusmn

Click to Enlarge 0 Undwiuidangusnmhdaiaquasnassidaaunsdoyaiislfnu
UG
DESIGN SUMMARY 8 dhuzesmsudaduasasmssanuuumudayaidiasduiiglstioudnluan
it 1 Teslusunsuazuanligeenuuunsud iadmuaanueniing (Member span) fidaams
Usznnwad@n (Polymer type) Waz2inauaaninge (Member size) muvidaiul’ muvdaiuiy
7 azaansaiuihminusamnee g lavdala Teslusunsuasuaniwamanmagaumusudui
Ratuasulsuiisuiumiiiagiuld wasuaamsanaseumudaulasasmsaanuuuiitimug
BluTdsunsuns 4 dusau faildnanlidadu

Click to Analysis Part @ Undwsulveanuuugieasidaamsdinaininzinases
Tusunsy fnsasdealuduiasduduifldlisunsudaslausiaiudousgld
winawme Tusunsuazinumiusdagge usudaugege wazammsusumizanlilossalula
ialdanasaufumianniminussynmeuan

mslFuTusunsaiasdu
FumaumIaanuuy

Tusunsuastmualigld anansoudlaldiawzludunas INPUT DATA whiiu TosiGudu
msldnulusunsu &ail

1. ﬂauﬁﬂﬁﬂﬂﬁﬂU3inﬂﬂﬂﬁ (Wp,) ﬁwwﬁfﬂmmﬂ% (w,,) was ﬁwwﬁmmmgﬂ ®,)
HENMIDINUUY TUBBN Wy, w,, Uaz P, MNEIaU

2. Lﬁaﬂﬁﬁmi’aqﬁs’l’mﬂﬁaaﬂwu Tua®9 Polymer type

3. (dansandunsigsznianaadndatiiass (Plastic: Wood) luzias Mix ratio

4. \Fonwnaiaaiinasmsluges Member size

5. {louszazanuemZ e uLaziy (Span) fivasmsaanuuy luges Member span

6.  amagimmisanuuuirnumudauly muilusunsudmualiviala Tasdunaly
dauwae DESIGN SUMMARY  ghshumudeulalusunsuasiudh ok anue mnTusunsa
waaafh NO OK Zuan uaashmssanuuulaiumudenlailusunsuimualy
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H FROJECT : FPAGE
H DESIGMED BY
d REWIEWED BY
vt s - FEOOR  EONTNUOT S AN EOADIE,
Product Code = | VP-PVC:SD(100:100) M.001(35x102 mm) | Help

@EIEmerType = WP-Polyvinyl chloride, PYC w >

< ix Ratin = [ionmm -] > - L
(Plaztic 5 T

wp, = DeadlLoad a- - " b —
wi, = Live Load g Ciickta Eniarge
Wepr = Selfweight 9
wep, = Total Uniform Load ) Mazirmum Span Length Permitted } .
/-
Py = Point Load ® Maximum Live Load Permitted, W, 217 kafeq-m

DESIGN SUMMARY
L

= 1 m Click to Analysis Part ‘
W = 485 kgim? 6
P = 10 ket 1. Check Bending Stress Control: M/S < Fb
55 ksc = 100 ksc
Swo bl
= % + Pz =  71.84 kg
2. Check Shear Stress Control: 1.5 V/A <Fv
weh Ll 135, 8 ksc = 41 ksc
Ao WL 1350 - 827 kgm
] 64
. - A L
wubf Puf 3. Check Live Load Deflection Control: = =360
Lo = u = paEoem D28cm = 0.28cm
1858f o7ET .
w L p
Ay presny = M*— - 0.42 cm 4. Check Long-term Deflection Control: ¢ nz.zzy =

185587 67 Bl

0.42cm = D.4zcm

5UN 19 dusaumsldnulysunsu

Nn3Ui 19 uaasunaumsldnuzadlisunsy vinawenunngluglazuanstunauns
1A lUsunINNFDAAR AN U AUAUNDUTNG U

MiGanguinamhaarandgiitdanaanuuy
Hlduannsngiusnninaazesiaqguasanmeyaiusanngzingalan wianny
Neazdaacn gmnigldnulamuuesslulusunsy Tesdaniisuiddaanu Click to Enlarge 69

51l 20

CROSS SECTION I-BEAM (BEAM DESIGH) EJ

PROPERTY DESIGN

Product code = ‘w-pvc:so(mnum)laeam

Palymer type = YP-Polyvirmyl chloride, PYC Membersize = [ 103173 mm

FAGE

DESIGHED BY Mix ratio = 100:100 Memberspan = [ m
DATE 8207000 REVIEWED BY (Plastic : Sawdast) (Width : Length)
o o lkom e S E L Cross Section
o 1 kgim
Vesy = WVALUE!  kgim Polymer Type = 103 mm.
wno= HVALUEL  kgim |
Py = 1] kg Mix< R atio
[ aoog
MemberSze =
= DeadLoad
= liwe Load Membar Span = D
e ® SelWeight ) D
W, = Toml Lhitm Load 'Tiﬂhﬂd ofJoining 17309 mm.
B = Point Load ¥ Suaw Joint

" Ameiw Bonded Joint D

gummimn Yemusr o (EEE]

HALUE Area = 4236.90 sg-mm Weight = 5296,20 g/m
Span length
Point Losd = 0 kg Unfform Load = 2 kgim
M
Vi L 4
I ]
05 m
% 1 'm I 1m [

5UN 20 Yudmiuidengiusmhaaiaguazneazidsanyldnuinue
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=~ = 3
mstdanlilsunsuuansseazidannisniuim
v = ° a P - P . .
{ldnuamnsagneazidaamsmmaienzvinaveslisunsy loatdandl Click to analysis part
v ' & Y o = v v o P ' & v a
wazdassnuzumaumstlousianiu fvamnsadgle aesuil 21 Tudiifldmansanaau
L4 ] d‘ £ dd‘ 4 =y L4 ] 4 v L4 1 £
swatumnnaasmsuazlunsanglfnudnsiau flinuamnsodhgsvariulalasdasnay
aaumunlusunsuaslilvgndas Tusunsuisaslvisvaruungldou

DESIGN SUMMARY y
(= 1 m Click to Analysis Part Open Analysis E]
Wi = 267 key/m®
Py = ] ] 1. Check Bending Stress:
2B kse < d5kse oK Password
L
V:[E—d]wnb+Pu = 12B8 kg
2. Check Shear Stress: 2.78 V/A < Fv Edit Passward
2
a2 ke B = 340 kgm 2 ksc < Dkse oK R
[ 4 I
3 3. Check Live Load Deflection Control: £z £ — Ok Cancel
- Swy bl Pl T 0et om 260
384EI ABE! 0.64 cm < 0.25cm NO OK
5% gy L 3 i
(DE+LIY Pl ! L
A(D“u) & 3’8;7[:‘14- 4?&, = 107 cm 4. Check Long-term Deflection Control: A(my,) s 740
107 em 4 0.42 cm NO OK

5UN 21 Judengneasdaamsminaiensinazaslysunsy

msuldsusvacun lFdah ludrusaazidannis@1uiae (Analysis part)
madsusianiny lgldnwdaniilu Edit password asUsIng#iNeN Create a new password
Svsuldeusviaruaumn aegun 22 fldnuasdasdausiarudnlugas Type your password

wazllousvanuluailudes Type a new password uazdugusvaruludes Type a new password

again to confirm

Open Analysis [5_(| Create a New Password @
‘ Type your passward:
Password | |
Edit Password >

Type 3 new password:

Forget passward |

QK | Cancel
Type a new password again to confirm:

CreatePasswmd| Cancel |

sUh 22 Judanuldsusviarinlumsidgneazdsamsdinainnzvinazadlisunsy
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MInTRgakuladusai Ui lFlahdungazdannisan

v v P YR v o o a v
mahgavasnunsaiansvaru Tgldnudaniy Forgot password  asUs1nniieN Forgot
password i lFnuazaasiloudaauligndasludes Answer udalusunsaazlisvianinuluges Your

password is éﬁgﬂﬁ 23

Forget Password @

What is ¥P-wWood's product 7
Password | |

Answer;

Open Analysis

(<)

Edit Passward
Your password s ;
Forget password
Ok, Cancel Edit Question & Answer

(0] 4 ‘ Close

sUi 23 Judandmiungsviarhunsaliausianu

mMslasumonuazAinaui lFdmsunsdiansnacing

madsumonuasdmaaunlddmiunsaiansianiu lvglsaannly Edit question & answer Ay

ﬂiﬁﬂ{]%ﬁlwhﬁ Create a new question and answer vj’lﬁmummsmﬂﬁﬂuﬁwmu‘luﬁaq Type your
. 2 o a ' a ° v v ° a

question FaziidmudnUnnged Tumswasudeau §ldzdasilaudmaaudningas Type your

answer warllaumaauluilutos Type a new answer uazdugumnaulnaludes Type a new

answer again to confirm éﬁgﬂﬁ 24
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!

Forget Password Create a New Question and Answer E|

What is YP-Waood's product ? ‘ Type wour question:
| yihat is YP-Wood's product 7|

Answer:

Your passwaord is ;

I

Type yaur answer:

Ok Close Type & new answer:

|

Type & fiew answer again to confitm:

J

Edit Question & Answer

CraataPasswnrd‘ Cancel |

sUN 24 JudandmSuidsudmanuazimasunlddmSunsdidusiacy

msunlaldsunsuiianisaanuuulaisiuas§auly
Tumsldoulusunsueanuuu Wood-plastic  design  winefeanuuuludiuzes DESIGN
SUMMARY bLishumn@aulanaely Tvaauulasenludi INPUT DATA il

MsunlznseanuuulaeanszezmINE1I%I9 Span
msudlamseanuuulirhumuitaulalaganssazanueidie Span a4 SIS lalagasiata
3¥8¢ Span ludau INPUT DATA/Maximum length permitted FULFANAIYDITZY Span Ej%j(ﬂﬁ

sansaldnule udmlihmswdsueszes Span lugas Member span (@3Uil 25 Ussnay)

4 PROJECT: PAGE :
DESIGNED BY :
DATE : 2262007 REVIEWED BY :

INPUT DATA
Wo, = 100 ey Product Code = | KMUTT-PE:SD(100:100) M.001(35x102 mm) | Help
WL = 150 kot
WElF = 17 kyfm® Polymer Type = | kmutt-Polvethylene, PE [z]
W = 267 kgIm2

Pu = I kg Mix Ratio = | 1om:100 : I = |
(Plastic : YWood) Bl
Member Size = | 35x102 mm : :
wp, = Dead Load sRe T
wy = Live Load @ “Click to Enlarge
wizgr = SellWeinht

wr, = Total Uniform Load @PEWMEC‘ } D
P = Point Load i ive | nad Permitted, Wiz -

sui 25 mMsudlrlusunsuloemsanseazanNenIZ (Span)
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miu,ﬁ"l:zlmsaamwu‘[mmﬂsﬂuwﬁmiaq
mmfﬂmmiaaﬂLmﬂﬁmumm’f{aulwhﬂLﬂ%‘ﬂulﬂlﬁaﬂwﬁﬁi’aq Wood-plastic ~ flsnan303u
vhwinle@sulugiu INPUT DATA/Polymer type (?aqﬁ%’uﬁmﬂ'nloﬁ"mn ANNUZYBIEAAY
NINTU) ’3’8@ﬁ%’u1§mﬂ'nL%ﬂqa"wé'f‘umﬂﬁ'aﬂlﬂmnmﬂmwmaaﬂuﬁ'mﬂﬁﬁami AD
PE(100:100), PP(100:100), PVC(100:50) uaz PVC(100:100) (g31il 261/5znau)

‘| PROJECT : PAGE :
{ CLENT: DESIGHED BY
e o JOBMO: DATE : 2/26/2007 REVIEWED BY :
Wood «Plastic Des dn
INPUT DATA
WpL = 100 kaim® Product Code = | KMUTT-PE:SD(100:100) M.001(35x102mm) | Help
Wy o= 150 ng‘m2
Wisglp = 17 kagirn® Falymer Type = |Kmutt—Ponetherne, PE E]
wroo= 287 kgim® Kritt-Poluethulens PE |
PL = 0 kg Mix Ratio = | WP-Polyvethyvlene, PE . — .
Pste: oo | e pic (]|
Member Size = [ 35x%102mm [v]
wp, = Dead Load s s e
wiy = Live Load Mernber Span = 100 m ‘a“i'&"’ﬁ"i'o”']':-"r"];‘r'ge
w=gp = SeIfWeight
wr, = Total Unifarm Load (W) Maximum Length Permitted } 075 m
P, = Point Load () Maximurn Live Load Permitted, Wi ’

Ui 26 Mmsudlalusunsulasmsildeusdiaiag

msudlanmseanuuulasldsuuinaddan
msunlemssanuuuliiiuarndeulalosdsuliidansuesesian Wood-plastic  ludiu
INPUT DATA/Member size lvidiomnaluaau (3ui 27 Usznav)

4 PROJECT: PAGE
CLIENT : DESIGNED BY
JOB MO DATE : /2672007 REVIEVWED BY

WpL = 100 kgim? Product Code = | KMUTT-PE:SD(100:100) M.001(35x102 mm) | Help
Wy o= 150 kgIm2
Weplr = 17 kavm® Polymer Type = | Krnutt-Polyethylene, PE E]
Wi = 267 kgIm2
Pu = ] kg Mix Ratio = [woim [7) : o
(Pla=tic : Woodd) i
wp, = Dead Load d b AL e
wy = Live Load Member Span = 1.00 m ‘Elui'é:»ﬁnibﬁ'ﬁﬁi;?ge
wee e = SelfYeight
wr, = Total Unifarm Load (@) Maximum Length Permitted } 075 m
Py = FointLoad ) Maximum Live Load Permitted, Wyz :

suii 27 maudlalusunsulasldeupinezesiag
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msudlamsaanuuulagamiminusmnas

Yo P2 y Y o < H Y
msuflamseanuuulithumudaulalegamhninussnnasas snsarlalagasiageinmin
usInNn Tudau INPUT DATA/ Maximum weight permitted u,amv-iwmﬂmﬁ’nussnnmgaqwﬁ
aansaldnula Fluldsunsuiimvuaidsuudasmmzanihvinussmnas (w,,) wazliase
NnlnUsINNeei (wy,) 13 wannniiludieennminussnn w, . asildsuulasdalud@on
WhanaeMY (Member Size) Mtdanld (q3Uh 28 Usznav)

{ PROJECT PAGE :
CLIENT DESIGNED BY :
JOBNO: DATE : 2/26/2007 REVIEWED BY .

INPUT DAT.
W) = im® Product Code = | KMUTT-PE:SD{100:100) M.001(35x102 mim) | Help
Wselp = el Polymer Type = | Kmutt-Polyethylene, PE E]
W = 267 kgIm2
Pu = i kg Mix Ratio = [woam [+ . me :
[Plastic : YWood) i
Member Size = ,W
wip, = Dead Load d b Y R
Wi = Live Load Member Span = 1.00 m ‘ffl"i'&”ﬁbhﬁﬁi:'ﬁge

wgep = SelfYWeight
wr = Total Uniform Load um Length Permitted -
46 kg/sq-m
Py = Point Load (@ Maximum Live Load Permitted, Wz )

sui 28 msudlalusunsulasmsasuanainminussnnas (Live Load, LL)

nnmsUsulnllsunsudizagd imlilusunsudnsagudwiumseanuuuiiagly

u

¥ v
<~ =

tagtiudanuvanuaauaziivssansmumsluldnu wasasauaguvindaamuniaiiuy ins
UTENEIINNUITE NN DY
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1.4 MSANHINAYBINS LEANSINIETETMWNINANNSBY BHA Ca/Zn complex TuUSanauena 9
Wlsufeunu SINNEDEIMWNNANNITBUN MU ENLE
) (% a v v g & = I v 4 L%
dnsvnideludiiiilumsdnmanuiululasesnsld caszn complex unumsldas
WNEDETMWIIANNIBUNMIUSENLE waztia@nmmuSunawes CasZn complex Ninanzanly
o w J al =Y o dy d' Vv d' Yo d'd =
M igguanszninwedhilanaalsduazustiaanlyl tialvilaTaquannifiadasmwmaany

JaunifuadidguaniIduaznezidaslyl ludana 100:100 drulasimiin logseazidaans

Weludun 1.4 (Juassui 29

WIT + wa2Ee L

(IFetdaelsl 100 duluiniz 100 dn)

PF601 + PF608A Ca/Zn Complex
(3.6 +1.5)
| | |
5.1 phr 2.5 phr 5 phr 7.5 phr

HENY DINANAIELAIBIUUNTNANINGIF

LO3ENFUNUNATDUTNURHEO A UINELATDIBATA LUULNBENNUDUG

NAFDUTNUANINNS MIUNMLANNSDU
a dNUINITINIUMULINGDN i qmﬂgﬁ 177 OC SLuL')a'whq 9
Q dUUNINUMUNITON Q ﬂ’]stﬂﬁﬂuuﬂaqﬁ

O AEUANINWEDI

Eﬂﬁ 29 UHUMIMHUNUMSANNaEHe wazUsinadmstlasnumsidandmuneanusau
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HANINAFBUFNUANMTTULTN IV DB UMNITNANNITUALULEDE (100:100) NAMILANITLNY
LEHETMWNINANNSDULHUA Ca/Zn  complex  WSHUHBUNUANSINNLEDITMWNINANNSDUYDY
USEN

NNMINAFBUFNTRNTTULNINVBIBUNUIFANTNNITUAZYLBE (100:100) NAMILAN
AINNLFDITAMWNINANINIDULHUA Ca/Zn complex LUIBUNBUNUSSLNNLTDETAMWNINANINI DU

YBNUIEN msmzlﬁﬂmlamamsmamuaﬂﬂumsnﬁ 10

M1919N 10 HaMINAFTDULIIANYDITUNIU

Max. | Strain at Max. tensile Modulus of

Formula load Break stress elasticity

N) | (%) (MPa) (MPa)
PVC:SD (100:100) 351.7 3.2 12.3(0.3) 721(73.2)
PVC:SD (100:100)+ Ca/Zn 2.5 phr | 362.2 3.8 12.4(0.5) 698(43.8)
PVC:SD (100:100)+ Ca/Zn 5.0 phr | 367.6 2.2 12.1(0.7) 847(42.5)
PVC:SD (100:100)+ Ca/Zn 7.5 phr | 312.2 2.3 10.3(1.2) 704(64.6)

The values in parentheses indicate standard deviation (SD).

PNMINATDUNTTULINGYDITFN WPC  NAMSANESNIEIETMWNNANNTOULHR

Ca/Zn complex (USBUWEUNUASINNIEDETAMNNINANINTDUYBIUSEN WUNMSIANEISIAY

WEDETMWNNNANNSAUBTA CasZn  complex IHNAMITULTIA LHUAN@1NINNIBlaBIE SLAN

LEOSNINNINANINSBUVBIUSHNNINTN

o P-4 wa
57EN"IHQUUHNEISEM(IUG'EEOSOOZQ F.09. UNAGND FNUAFNANW



48

HANINAFRUFNTAN ITUUNAAYBIBUNMNTAKTNNIBUILYLEBE (100:100) NHMNTLANTITLNN
LEHETMWNINANNSDULHUA Ca/Zn  complex  WSHUHBUNUANSINNLEDITMWNINANNSDUYDY
USEN

NNMINATDUTNUAM ITUUNA U BUNUIINANWIBULTEDE (100:100) NAMILAN
FINNLFDITAMWNINANINIDULHUA Ca/Zn complex LUSBUNBUNUSSLNNLEDETAMWNINANINI DU

YBNUIEN mﬂasLﬁﬂ@mmwamwmamuaﬂﬂumsnﬁ 11

MSNN 11 NN SNAFBUMFISUUSINAYAITUNU

Max. Modulus of
Max. stress .

Formula load elasticity

N) (MPa) (MPa)
PVC:SD (100:100) 18.3 21.4(1.1) 1,388(172.1)
PVC:SD (100:100)+ Ca/Zn 2.5 phr 24.9 19.0(0.5) 1,346(89.8)
PVC:SD (100:100)+ Ca/Zn 5.0 phr 26.3 23.8(1.0) 1,828(138.1)
PVC:SD (100:100)+ Ca/Zn 7.5 phr 26.2 20.9(2.6) 1,526(224.9)

The values in parentheses indicate standard deviation (SD).

PNMINAFBUMITULNANYDITFN WPC  NHMTANSNTNIEDETAININANNTO UL
Ca/Zn complex USHUABUNUSSLNNLEDITAMWINANNSDULBIUIEN WUTIMSLANFITINY
L@HEIMWNNANNIBUTHEA Ca/Zn  complex FINAGBNMTFULINAAVBITAR WPC  liuaneann

NIANNINNETYINMNUNNANNTDUZBIUTENINNTD ULAEIAMUAUMITULTFBITTG WPC

namsnagaumMsilasuuladnauuazwssmsunidadisanudau vasEunufiinmsdnasiiy
W@dgsmwmeanusausiia Ca/Zn  complex  Wisuiisufuasiiisadasmwmeanuiouuas
UTHN o gounni 177 aNdLgaLzed
Nnnmsnagaumslasunlaidnauuasnsamsuniseasanndauasdunui nmsid
SRS MWINIANNSURTlA Ca/Zn complex Wisuaufumsiinaaasmwmanusau
YBIUTEN o aunN 177 BeAngaded NeazBanupIamInaassuaasluasd 12 uas 13

o P-4 wa
57EN"IHQUUHNEISEM(IUG'EEOSOOZQ F.09. UNAGND FNUAFNANW



49

20 |
P

#1597 12 @) Hue/value/chroma 2893unuiaguaniizuaszitaaslal (100:100) o nalums

BUAN ) AU NRMNYN 177 avrizalbed

Formula Hue/value/chroma at vary time in oven (min)

0 30 60 120 270

VP 7.8YR/4.1/ | 4.6YR/3.7/ | 3.TYR/3.4/7 | 4.2YR/3.3/ | 2.5YR/2.8/
Formula 2.5 2.3 2.0 1.8 0.7
Ca/Zn 7.6YR/4.7/ | 3.9YR/3.7/ | 3.4YR/3.4/7 | 3.3YR/3.1/ | T.TR/2.7/

2.5 phr 2.9 2.3 2.1 1.6 0.5
Ca/Zn 7.5YR/4.27 | 3.3YR/3.47 | 2.6YR/3.1/ | 2.TYR/3.0/ | T7.2R/2.5/
5.0 phr 2.7 2.1 1.7 1.3 0.3
Ca/Zn 8.1YR/4.5/ | 3.8YR/3.5/7 | 3.0YR/3.1/ | 3.1YR/2.9/ | 9.0R/2.6/
7.5 phr 2.7 2.2 1.7 1.1 0.5

P = s PryNpRpa P a N a v a
®15199 13 F2BUNURITNNMSHNSSINEDETMWNINANNSBY 510 CasZn complex bu
Y3mna 69 i wWisudisuiunsaimsidnansuszsnauasnigns VP o e lunsaudn g nu

UV 177 aaegaLed

Aging time (min. ) VP formula Ca/Zn 2.5 phr | Ca/sZn 5.0 phr | CasZn 7.5 phr

0

120

180

270

360

Nnnmsnagaumsilasunlsidiauuasnsamsuniseasamnuauasdunui insii
sstNEdEsMWMIANNSaunia Ca/Zn complex Wisufsufumsiinadasmumaamnudau
209U3EN o gamadl 177  avenizaies wuh Funududuiilndidesiu wazilanankuly
WUh Funuiiiimsidsssiisadssmwmaanudousiia Ca/zn complex 3uFETH a1 a1 90
it FaduEnnFunuiimsvasiinEdssmumeanudouasudEm veueni Funung
MR SRNERETMUNNANNSY %il0 CasZn complex iMsidanamwiiiasnnanudauld
Granhnsdiansiinaissmwmeanusauzesuitn udidleRnsondamildlumstiugy nsdins
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LANFISINNLFDETANNANINIOU BUA Ca/Zn complex UATNIAUMILANFITIANNLFDYTANNINANIN
SaurasuSEndahiUseansawliuanadrenu

namsnagaumMsilasuuladnauuaznsemstnidadieanuiau vasEunuiiinsenasiy
W@agsmumMeaNaSausiin Ca/Zn complex wWisuiaufumsiiisadosmwmeanuiouuas
UTEN o gaunigil 60 BaPLBaLBed
nnmsnagaumsiasunlsidiauuasnsamsuniseasanudauasdunui i
SRS MWINIANNSURTlA Ca/Zn complex Wisuaufumsiinaaasmwmanusau
YBNUTEN 4 Qi) 60 DIALBaLBHE NEazBunuBINamINaaasuaasluasNd 14 uas 15
®3197 14 ¢ Hue/value/chroma ﬂaq°§mm%’aqNauﬁ'i%uaz%lﬁaﬂlﬁ' (100:100) & Va1 lumMs

BUGAN 9 AU NYVYHN 60 DIALBALBHE

Formula Hue/value/chroma at vary time in oven (min)
0 4 12 20 24
VP 7.8YR/4.1/ | 7T.8YR/4.4/ | 7.9YR/4.3/ | T.9YR/4.5/ | 8.1YR/4.4/
Formula 2.5 2.5 2.5 2.5 2.6
Ca/Zn 7.6YR/4.7/ | T.6YR/4.5/ | T.6YR/4.5/ | T.5YR/4.5/ | T.TYR/4.6/
2.5 phr 2.9 2.8 3.0 2.8 2.9
Ca/Zn 7.5YR/4.2/7 | T.6YR/4.2/ | 7.7YR/4.2/ | T.8YR/4.3/ | T.8YR/4.2/
5.0 phr 2.7 2.7 2.7 2.8 2.8
Ca/Zn 8.1YR/4.5/ | 8.0YR/4.4/ | 8.1YR/4.4/ | 7.8YR/4.4/ | 8.0YR/4.4/
7.5 phr 2.7 2.7 2.7 2.9 2.8

o P-4 wa
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15199 15 F2BUNURNITNNMSHNSSINEDETMWNINANNSBU 510 CasZn complex bu
Y3 69 i wWisudisuiunsaimsi@nasdszsnaunsnigns VP o narlunsauan g nu

QUVNN 60 BaLTALTEE

Aging time (]]_‘[‘5_ ) VP formula CasZn 2.5 phr | Ca/Zn 5.0 phr | Ca/Zn 7.5 phr

PNMINAFUM LU sULU TN UUAZHAIN TUNITNAIEANNIDUINTUNUNA N SLHY
FINUEDEIMWNNANNSDULHUA Ca/Zn complex LUIBUNBUNUFISIANNLFDETANNNANNSDU
YDIUIEN o g 60  avAnwadsd wuhdzunuEnduiidlndideiy wasilianaiuly

wuNFFuOulNasuulag
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' P = o v Ao o va a o P
diui 2 MsAnNazBILNgILazANNTaUNTdaMSUdsuLaaNTAYBIHEA NN WPC
2.1 msﬂ%’uﬂ‘gqmitﬁammwwaﬁaqmauﬁﬁ%uazﬁLﬁaﬂlﬁtﬁaqmﬂmm%'au
dmsumssluadruilitlunmsanrauasniiauazUs e SIANEDgSMNNNANNTDUN
= 1 o wUa k4 lﬁ' v = %4 A A dgl
fganmsUSulpantanmeanuson wasmsdsuulalaseaiamaniizadldguanviduasud
wasly Tuans1aiu 100:0 waz 100:50 aulaeiivitn @IStNNLEIESAMNNINANNSDUNINN
o = o~ & a A o o o . o &
WMINMSANININVNG 3 B0 AD JLA8LSNYDIFINEE (zinc  stearate), dLA8LINYBINENI (lead
= ' . = [ P a N = v & 1
stearate) wardlalad (zeolite) wazin5USUUFEUUSIN U SLANNLFDETAINNINANNSDY AILLE
2.4 uaz 4.8 phr @wmsumsUszidiunansive veangdde lemmsussliunennmsinms
wWasuuwlasduazmaniianunase (CIE yellowness index) ABULAZMITUNITNAILANNIDY, @)
aniineddu (polyene index), tUasidudvanhuiniigadaly (s%weight loss) uazgamainms
gnaa (T,) MIRaMSANEINY wuh mslaadasneesdineg wasadaisnaasaznailuasiia
Laﬁﬂsmwwwmm'ﬁyauﬁdau‘&aﬂiumsﬂ%’uﬂqqLaﬁﬂimwmqﬁmu%’auﬂaqﬁﬁ%ﬁﬂuﬂsﬁﬂmﬁﬁ%
wazddguanWIZuazidtdosld  msunsmIBaNNsauTigauvail 177 asewaidad wud ms
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Effect of Cross-Section Design and Testing Conditions
on Flexural Properties of Wood/Poly(vinyl chloride)

Composite Beams

N. Sombatsompop,’' W. Prapruit,’ K. Chaochanchaikul,! T. Pulngern,? V. Rosarpitak®
" Polymer PROcessing and Flow (P-PROF) Group, School of Energy, Environment and Materials,
King Mongkut’s University of Technology Thonburi (KMUTT), Thongkru, Bangmod, Bangkok 10140, Thailand

2 Department of Civil Engineering, Faculty of Engineering, King Mongkut’s University of Technology
Thonburi (KMUTT), Thongkru, Bangmod, Bangkok 10140, Thailand

3 V.P. Wood Co., Ltd., 25/5 Moo 4, Soi Suksawad 66, Bangmod, Thungkru, Bangkok 10140, Thailand

Highly filled wood/poly(vinyl chloride) (WPVC) compo-
sites were manufactured in five different cross-sec-
tions using an industrial-scale twin-screw extruder and
the flexural properties of such composites were eval-
uated, the effects of sample direction, span length, and
rate of loading were also taken into account. The ex-
perimental results suggested that the cross-section
design of WPVC composite products had a significant
effect on the flexural properties. Higher flexural proper-
ties were obtained when testing the WPVC composites
in edge-wise loading direction. The findings in this
work suggested that low number of hollow cores with
thick flanges and webs should be used to obtain the
composite with higher flexural properties. The WPVC
composite with low density was observed to exhibit
lower flexural strength. The rate of loading had a mar-
ginal effect on the flexural properties of the compo-
sites. The minimum length/depth ratios of the WPVC
beam to be used for steady flexural properties were 10
under edge-wise direction and 16 under flat-wise
direction. J. VINYL ADDIT. TECHNOL., 00:000-000, 2009.
© 2009 Society of Plastics Engineers

INTRODUCTION

Natural fibers such as wood, pineapple, sisal, coconut
coir, jute, palm, cotton, rice husk, and bamboo are widely
used as reinforcing materials in thermoplastics, thermo-
sets, and rubbers [1-4], as they offer low-density and
low-cost products with good mechanical properties, better
dimensional stability, recyclability, and environmental
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advantage. Wood fibers were initially used for reducing
and disposing large amounts of natural fiber waste materi-
als and for cost reduction, but now preferably used as
reinforcing materials in polymers. The production of
wood/polymer composite (WPC) articles is usually gov-
erned by conveying, forming, and consolidating processes.
Recently, WPC products have been extensively developed
and used in buildings and constructions, automotives, and
for gardening and outdoor products, although their
strength limits are still questionable.

Reinforcements of the wood members have been car-
ried out extensively, for example, laminating the wood
members with reinforced-plastic sheets [5—7] while those
of the WPC products have just been attractive to research-
ers and engineers. The reinforcements of the WPC have
been carried out by the addition of glass fiber [8—10], and
by the selection of suitable processing methods [11, 12].
Tungjitpornkull et al. [8] suggested that the mechanical
moduli and strengths of the wood/poly(vinyl chloride)
(WPVC) composites increased with increasing glass-fiber
contents. At low glass-fiber contents, the concentration of
carbonyl groups to form chemical interaction with WPVC
composites was important, whereas at high glass-fiber
loading, the final length of glass fiber after final process-
ing exhibited the dominant effect. Rizvi and Semeralul
[9] found the tensile properties of the wood/high-density
polyethylene (HDPE) composites were improved by addi-
tion of 5% glass fiber, whereas Jiang et al. [10] did not
find positive effects when adding short glass fibers into
WPVC composites. Liu et al. [11] found that higher
impact strength of kenaf fiber reinforced soy-based bio-
composites was obtained by compression molding when
compared with extrusion and injection processes due to
low voids present in the composite samples. Tungjitporn-
kul and Sombatsompop [12] suggested that the glass-fiber
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reinforced WPVC composites produced from the com-
pression molding process had better mechanical properties
than those from the extrusion process as a result of lower
shearing stress, which resulted in less thermal degradation
of poly(vinyl chloride) (PVC) and lower breakage of glass
fiber, and higher specific density. Ermolaeva et al. [13]
showed how structural optimization could be used during
material selections using a wide range of metals, alloys,
synthetic fiber/polymer, and natural fiber/polymer compo-
sites. They suggested that steel was the best choice for
the heavily loaded application whereas natural fiber/poly-
mer composites were suitable for the lightly loaded struc-
ture, unless the orientations of the fiber were taken into
account.

Improvement of WPVC composites could also be car-
ried out through coextrusion technique and additions of
nanoparticles [14—17]. Jin and Matuana [14] found that
the moisture uptake rate could be reduced together with
an increase in flexural strength of WPVC composites by
applying rigid PVC with a small amount of wood content
as cap layer onto WPVC composite extrudate. Faruk and
Matuana [15] investigated the effect of nanoclay addition
into wood/HDPE to enhance the mechanical properties,
and suggested that melt blending technique was the best
approach for incorporating the nanoclay into the HDPE
before adding the wood particles to form the final compo-
sites. The approach of melt blending technique was well
applicable in the case of WPVC composites using carbon
nanotube as reinforcing agent [16]. Matuana and Faruk
[17] improved the mechanical properties of nanoclay-
filled WPVC by using chitin as chemical coupling agent
and found that the properties of the WPVC composites
were very similar to solid wood.

Recent literature, apart from the aforementioned works
[1-13], indicate that the articles on the property develop-
ments and structure-property relationships of WPC prod-
ucts have been extensively published, but effects on
cross-section design and testing conditions (loading direc-
tions, span length, and rate of loading) on the mechanical
properties for these types of composites are very rare and
still open for discussion, most of the evidences are avail-
able for woods, metals, concretes, and synthetic fiber-rein-
forced composites [4-6, 18-21]. This work aimed to
assess the flexural properties of WPVC composites pro-
duced by an industrial-scale twin-screw extruder through
the effects of product cross-section design, span-to-depth
ratio, loading direction, and rate of loading. The measure-
ment of the flexural properties of WPVC composites
using industrial-scale test-specimens would discriminate
this work from other published works, which usually
reported the mechanical properties of such composites
with laboratory-scale specimens [2, 3, 8—12, 22-24]. In
addition, the wood flour content used in this work was
relatively high [25], enhancing the possibility of using
wood flour as reinforcing and extending (cost reducing)
fillers in PVC matrix. The ratio of the wood:PVC used
for making the composite was 1:1. The effects of cross-

2 JOURNAL OF VINYL & ADDITIVE TECHNOLOGY —2009

section design and testing conditions, which were referred
to as testing direction, span length, and rate of loading,
on flexural properties were then considered. The experi-
mental results in this work will offer some preferred char-
acteristics of the cross-section design for optimum flexural
properties of the WPVC composites.

EXPERIMENTAL

Raw Materials

Suspension PVC powder was supplied by V.P. Wood
Co., Ltd. (Bangkok, Thailand) in the form of powder and
used trade name as SIAMVIC 266RB having a K value
of 66. The PVC powder was dry-blended with various
necessary additives to give PVC compound for further
melt-blending with wood particles in making WPVC com-
posites. The details and quantities of the additives were
used as employed in previous works [8, 12] for making
PVC compounds. Wood sawdust particles used had aver-
age size of 100-300 um, supplied by V.P. Wood Co.,
Ltd. (Bangkok, Thailand). In this work, a very high con-
tent of wood particles in the PVC compounds was fixed
at 100 parts per hundred (phr) of PVC powder, and the
wood particles were chemically treated with 1.0 wt% N-
2(aminoethyl)3-aminopropyl trimethoxysilane (KBM603,
M,, = 222.4). The detailed experimental procedure on the
KBMG603 silane treatment was already given in our previ-
ous work [26].

Melt-Blending and Sample Preparation of WPVC
Composites

An industrial-scale twin-screw extruder with counter-
rotating screws was used for melt-blending PVC com-
pound and wood particles, and also for producing the test
specimens with five different cross-section configurations.
The compounding and sample-production processes were
started by drying the wood particles in an oven at a tem-
perature of 80°C for 24 h until the weight of the wood
particles was constant. Subsequently, the PVC compound
was dry-blended with dried wood particles using a high-
speed mixer for 2 min before being melt-blended in the
twin-screw extruder (KMD-90-36, KraussMaffei Technol-
ogies GmbH, Germany). The screws used had the diame-
ter and length of 90 and 3240 mm, respectively. The
blending temperature profiles of the barrel from hopper to
die zones were varied depending on the positions on the
extruder length as shown in Fig. 1. The blending tempera-
ture set on the screw zones were 180°C for Zones 1 and
2, 170°C for Zone 3, 175°C for Zone 4, and 180°C for
Zones 5 and 6. The screw rotating speed was 15 rpm.
Dies with five cross-section configurations were used to
produce WPVC extrudates (test samples), which were
then solidified by passing through a cooling system and a
size-control device for further mechanical characteriza-
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1 =Feed zone

2 = Precompression zone
3 = High compression zone
4 = Venling zone

5 = Mitering zone

6 = Mixing zane

FIG. 1.

tions. The sample codes, cross-section configurations, and
dimensions are shown in Table 1.

CHARACTERIZATIONS

Flexural Properties

Effect of Cross-Section Design and Loading Direc-
tion. The flexural properties in terms of four-point bend-
ing test for WPVC composites with five different cross-
sections were evaluated. The loading directions (edge-
wise and flat-wise) and span length for each cross-section
were also considered. The flexural properties of the
WPVC composites were determined in accordance with
ASTM-D198 (1998), focusing on modulus of elasticity
(E) and modulus of rupture (Sg) in Egs. I and 2, respec-
tively. The dimensions of the test specimens were already
given in Table 1. The rate of loading (R) used in this sec-
tion (the effects of cross-section design and loading direc-
tion) were calculated using Eq. 3 in ASTM-D790 (1999).
Figure 2 shows experimental arrangement for four-point
bending tests for WPVC-1-test specimen in edge-wise and
flat-wise directions. The experimental results reported in
this work were averaged from at least five independent
determinations.

Pa 2
E—12N(3La—4a) (D
Mc
SR:T (2)
ZL?
R=—— 3
d 3

where P is the applied load (N), a is the distance from
reaction to nearest load point (mm), L is the span length
of composite beam (mm), / is the moment of inertia of
the cross-section (mm4), A is the deflection (mm), M is
the maximum bending moment (N mm), ¢ is the distance
from neutral axis of beam to extreme outer fiber (mm), Z
is the rate of straining of outer fiber (mm/mm/min), and d
is the depth of composite beam (mm).

Effects of Span Length/Depth Ratio and Rate of Loa-

ding. In this section, a selected cross-section was used
to determine the effects of the span length/depth (L/D) ra-
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Screw zones for temperature profile setting in the twin-screw extruder.

tio and rate of loading. The former one was carried out
by varying the span/depth ratio of the selected composite
specimen and the flexural properties were measured in ac-
cordance with ASTM-D198 (1998). For the effect of rate
of loading (R), the span length was fixed and the rate of
loading was independent of the specimen thickness. In
this case, the rate of loading was varied from 10 to
250 mm/min for edge-wise loading and 5 to 65 mm/min
for flat-wise loading.

Specific Density

The specific density of WPVC composite specimen
was determined using a specific density tester (EW

TABLE 1. Specimen code, cross-section, and dimensions for WPVC
composites used in this work.

Specimen Dimension
code Cross-section (mm)
WPVC-1 e 35 X 103
30 +-
!..n':unrumum
Area = 241230 mm? Wdght = 17654 gfm
WPVC-2 ¥ 100w | 38 X 144
=
.00 mm'Conslnnl
Area = 21360 mm? Weight = 27768 g/m
WPVC-3 o 20 X 90
| 20,00 man
300 mm el b 00 mm—T
Area = 1057.0 mm? Welght = 13740 ghm
WPVC-4 T [ 4o . 20 X 200
| D
~ B 300 mm
Area = 20218 mmt Weight = 26293 gfm
WPVC-5 I B = 20 X 250
ANEEEENEE R
T 08 [ —

Arva = 2000 mm? Weight = 1250.1 gl
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FIG. 2. An experimental arrangement for four-point bending tests for WPVC-1-test specimen in edge-wise
and flat-wise directions for WPVC composite. [Color figure can be viewed in the online issue, which is

available at www.interscience.wiley.com.]

120SG), supplied by Mirage trading Co., Ltd., Company
(Bangkok, Thailand). The test procedure followed the
ASTM D6111 (2003).

RESULTS AND DISCUSSION

Effect of Cross-Section and Loading Direction

Figure 3 shows load-displacement curves for WPVC
composites using two cross-sections (WPVC-1 and
WPVC-2) at edge-wise (Fig. 3a) and flat-wise (Fig. 3b)
loading directions and their flexural properties are listed in
Table 2. It can be seen that the load-displacement curves
and their flexural properties of these two cross-sections
were different and the results were also affected by the
loading direction. Considering the effect of cross-section, it
can be seen that the modulus of elasticity and modulus of
rupture for WPVC-2 were greater than those for WPVC-1.
The differences in modulus of elasticity measured at small

800
[ s WPVC-1
i " WPVC-2
600 2
2 [
2 400 T
S
200 +
Dd.ll:llll:lllj:llll
0 20 40 60 80
Displacement at cross head (mm)
(a)
FIG. 3.

direction and (b) flat-wise direction.
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deformation between these two cross-sections (~23%)
were more significant than those in modulus of rupture
measured at large deformation (~10%). This suggested
that the intrinsic properties of the WPVC were changed by
the cross-section design. The reason for the greater moduli
of WPVC-2 compared with those of WPVC-1 may be asso-
ciated with greater web thickness in WPVC-2 sample when
compared with those in WPVC-1. Similar behavior on the
effect of core thickness on flexural modulus was also found
with other materials such as aluminum-foam sandwich
structures [27]. Moreover, the greater modulus for WPVC-
2 member obtained in this work may also be associated
with the overall size effect when compared with the
WPVC-1. This view was also the case for construction
materials such as wood particleboards, oriented-strand and
fiber boards, and concretes [28, 29].

For the effect of loading direction, it was found that
for a given cross-section, the specimens with edge-wise
loading direction yielded higher modulus of elasticity and
modulus of rupture than those with flat-wise loading

800 T
C & WPVC-1
- = WPV(C-2
600 |
-
= 400 +
- L
< -
A =
200 4
0 Ll 1 1 : Ll L L : L L L AL : L Al L
0 20 40 60 80

Displacement at cross head (mm)
()

Load-displacement curves for WPVC composites using WPVC-1 and WPVC-2: (a) Edge-wise
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5 direction. However, after taking statistical values into
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~§ ERS B dvdging tion on modulus of rupture was less pronounced than that
=" 4 § 4 ﬁ on modulus of elasticity. Generally, the flexural properties
of more homogeneous materials like metallic and concrete
materials are unaffected by the loading directions because
of their isotropic properties [30]. WPVC composites, in
- this case, were heterogeneous and anisotropic due to
; S incompatibility between strongly hydrophilic cellulose
el TRES fibers and hydrophobic polymers, leading to low-mechani-
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S & 3 E’ %3 cal strength of the composites. Work by Sombatsompop
Tl e ed and Chaochanchaikul [26], and Choudhury [1] suggested
that introduction of chemical coupling agents could
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o matrices, and therefore enhance the mechanical properties
SEE| RBSE of the composites.
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WPVC composites for WPVC-3, WPVC-4, and WPVC-5
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observed that though the slenderness ratios for all speci-
2] w0 mens were the same, the modulus of elasticity and the
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S| 8 aRe modulus of rupture were different. WPVC-3 yielded the
< highest modulus of elasticity and the modulus of rupture,
éf whereas the lowest values were given by WPVC-5. The
B differences in the flexural properties were thought to be
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5 affected by two main reasons, number of hollow cores
2| - Z; _ and thickness of flanges and webs as previously men-
"‘i % gE NoTg tioned [27]. Comparing WPVC-3 and WPVC-4 with
= % gl \os = = WPVC-5, it was clearly seen that the number of hollow
f s 2 - cores for WPVC-5 was greater together with thinner
2 flanges and webs when compared with those for the other
o two cross-sections. With these reasons, it was likely that
= R .
° more difficult flow would have occurred when extruding
al = the WPVC-5 extrudate. If this was the case, greater shear-
% § g 2aq ing stresses during the flow for WPVC-5 extrudate would
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TABLE 3. Flexural properties for WPVC composites using WPVC-3, WPVC-4, and WPVC-5 in flat-wise direction.
Specimen Modulus
inertia of Deflection at Max. Max. Modulus of
Specimen Loading Specimen X-axis (Ix) max. load load bending of rupture elasticity
code direction span (mm) (mm*) X 1072 (m) (N) (N m) (MPa) (MPa)
WPVC-3 Flat-wise 320 53,917 1.24 2127 113 21.0 (0.37) 2097 (74)
WPVC-4 320 115,642 1.20 4387 234 20.2 (0.12) 1849 (28)
WPVC-5 320 145,260 1.19 5604 299 20.6 (0.31) 1425
(108)

The values in parentheses indicate standard deviation (SD).

results as given in Table 4. It can be seen that the density
for WPVC-5 appeared to be much lower than the other
composite specimens. This was caused by the difficulty in
flowing of the composite melt through the WPVC-5 die.
It was also thought that the composite melt in WPVC-5
cross-section was fracturing at high-shear stress to form
voids that resulted in low density and modulus. The
results in Figs. 3 and 4, and Tables 2 and 3 suggested that
different shear stresses in various parts of the WPVC
specimen account for differences in properties of various
WPVC specimens and differences of edge-wise and flat-
wise directions.

Effect of Span Length and Rate of Loading

Considering the optimum flexural properties in Tables
2 and 3, WPVC-2 composite specimen was selected for
studying the effect of span length. Tables 5 and 6 show
the flexural properties of WPVC-2 member for different
span/depth (L/D) ratios in edge-wise and flat-wise loading
directions, respectively. For both loading directions, the
flexural moduli were affected by the span length and
appeared to increase with increasing L/D ratio, this find-
ing being in line with Pang and Fancey [31]. The moduli
for the edge-wise direction approached a steady state
when the L/D ratio was about 10, whereas those for the
flat-wise direction reached a plateau when the L/D ratio
was 16. As WPVC composites in this case were heteroge-
neous and likely anisotropic, the different L/D ratios to
reach the steady moduli at the edge-wise and flat-edge
directions would be expected, this being also suggested
by L/D effect in plywood and laminate lumbers [32].
ASTM-D790 (1999) has recommended that the L/D ratio
for determination of flexural properties of reinforced plas-
tics is 16, whereas ASTM-D198(2005a) has suggested the
L/D ratio for testing lumbers is 11-15 for lumbers. It was
interesting to note that our findings on minimum L/D
ratios to be used were positioned in between these two
ASTM testing standards, these being 10 for edge-wise
direction and 16 for flat-wise direction. This was reasona-
ble because the tested specimen used in this work was a
mixture of plastic and wood. In summary, the minimum
L/D ratio that should be used for WPVC composites,

6 JOURNAL OF VINYL & ADDITIVE TECHNOLOGY —2009

regardless of loading direction, should be at least 16 for
obtaining the steady flexural properties. Lower values
may be used if the specimen was specifically tested in
edge-wise loading direction.

The WPVC-2 composite member with L/D ratio of 16
was used for investigating the sensitivity of flexural prop-
erties of WPVC composites to the rate of loading through
four-point bending test. Figure 5 shows load-displacement
curves for WPVC-2 composite specimens in edge-wise
and flat-wise directions under various rates of loadings. It
can be seen that the rate of loading had a small effect for
WPVC composite materials. However, the slope varia-
tions in load-displacement curves were observed, indicat-
ing that the flexural properties of the tested specimen
increased with increasing rate of loading. This behavior
was also found with steels, woods, and wood fasteners
[33-35].

In summary, the experimental results from this work
could be beneficial for scientists and engineers in WPC
industries to realize that the stiffness of the WPVC com-
posites was varied by the design of product cross-sections.
The experimental results obtained in this work recom-
mended that the WPVC cross-section with low number of
hollow cores with thick flanges and webs should be used
to obtain the optimum flexural strength. Besides, higher
compactness of the composites, referred to as bulk com-
posite density tended to give better flexural strength. As
the formulation of the WPVC composites used for manu-
facturing all WPVC cross-sections and the processing pa-
rameters on the screw extruder used were not adjusted,
but clearly indicated by being referred to our previous
works [8, 12], the changes in the experimental results
obtained were truly affected by the design of the cross-

TABLE 4. Bulk density results for WPVC composite beams.

Specimen code Density (g/cm®)

WPVC-1 1.39 (0.010)
WPVC-2 1.38 (0.010)
WPVC-3 1.33 (0.020)
WPVC-4 1.30 (0.030)
WPVC-5 1.14 (0.030)

The values in parentheses indicate standard deviation (SD).
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TABLE 5. Flexural properties of WPVC-2 composite specimen for different span/depth (L/D) ratios in edge-wise loading direction.
Deflection Max. Modulus of Modulus of
Sample L/D Span length at max. load X Max. bending rupture elasticity
code ratio (mm) 1072 (m) load (N) (N m) (MPa) (MPa)
WPVC-2: L1 22 320 1.71 21,900 1168 17.4 (0.45) 344 (15)
WPVC-2: L2 4.3 618 1.26 17,747 1828 27.2 (0.63) 1539 (1)
WPVC-2: L3 10.1 1450 3.00 7462 1804 26.8 (0.03) 2920 (4)
WPVC-2: L4 11.5 1654 3.87 6284 1732 25.7 (1.09) 2888 (38)
WPVC-2: LS 16.1 2314 7.62 4153 1602 23.8 (0.64) 2823 (00)
The values in parentheses indicate standard deviation (SD).

TABLE 6. Flexural properties of WPVC-2 composite specimen for different span/depth (L/D) ratios in flat-wise loading direction.

Deflection at Max. Modulus of Modulus of
Sample L/D Span max. load X Max. bending rupture elasticity
code ratio length (mm) 1072 (m) load (N) (N m) (Mpa) (MPa)
WPVC-2: L1 8.4 320 0.75 9727 519 20.0 (0.41) 1036 (22)
WPVC-2: L2 16.3 618 1.86 6295 649 25.1 (0.79) 2974 (7)
WPVC-2: L3 38.2 1450 8.57 2078 502 19.4 (0.38) 2983 (5)
WPVC-2: L4 435 1654 11.12 1938 534 20.6 (0.16) 3195 (6)
WPVC-2: L5 60.9 2314 N/A N/A N/A N/A 3106 (281)

The values in parentheses indicate standard deviation (SD). N/A, not applicable.

sections used. Therefore, any extrusion plants could use
the experimental data, even though they may have differ-
ent PVC compound formulations and processing parame-
ter settings, for obtaining a most suitable cross-section of
their WPVC products with optimum flexural properties.
Moreover, this work measured the flexural properties of
WPVC composites using industrial-scale test-specimens
and this would discriminate the findings in this work from
other existing works, which usually determined the me-
chanical properties of WPCs with laboratory-scale speci-
mens. In addition, using industrial-scale test-specimens
could also minimize a scaling-up problem when requiring
to utilize the data for industrial productions of WPVC
composites by other extrusion plants.

— WPVC-IRIA
——WPVC-2R1B
----- WPVC-2R2A
----- WPVC-2R2IB
—WPVC-2ZR3A
—WPVC-2R3B
= = WPVC-2R4A
= = = WPVC-2R5A
= = = WPVC-2R5B
Rate of Loading
Rl = 250 mm/min
R2 = 190 mm/min
R3 = 130 mm/min
R4 = 70 mmimin
R5 = 10 mmvmin
Distance between support
L = 2314 mm

Load (kg)

.58E8ss

(AN e e

[

20 40 60 80 100
Displacement at cross head (mm)

120
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FIG. 5.
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CONCLUSION

In this work, the flexural properties of WPVC compo-
sites in an industrial-scale specimen form, which were
manufactured using dies with different cross-section
designs were investigated in terms of loading direction
and span length. The experimental results suggested that
the flexural properties were greatly affected by cross-sec-
tion design due to a change in the intrinsic properties of
the WPVC during processing. The WPVC composites
with edge-wise loading direction seemed to give higher
flexural properties than those with the flat-wise direction.
The number of hollow cores, thickness of flanges, and
webs and composite density of the WPVC composites

C ——WPVC-IR1A
L —— WPVC-2RIB
L e WEVC-2R2A
S S A WPVC-2R2B
[ —— WPVC-2RIA
400 + —— WPVC-2RIB
— F - =~ WPVC-2RAA
iﬂ : - .wli\l'l"_:k_u';
= i o — =WPVC-2RSA
E 300 r = =WPVC-2R5B
| F Rate of Loading
200 £ Rl = 65 mm/min
- R2 = 50 mm/min
C R3 = 35 mm/min
L R4 = 20 mm/min
100 + RS = 5 mm/min
r Distance between support
L = 618 mm
0 Ll i i + -] I - I + + i
0 10 20 30 40 50 60
Displacement at cross head (mm)
(b)

Effect of rate of loading on load-displacement curves for WPVC-2 composite specimen: (a) Edge-wise direction and (b) flat-wise direction.
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played important roles in changes in the flexural proper-
ties when considering different designs of composite
cross-sections. The L/D ratio for the WPVC composites
was dependent on the loading direction, and the minimum
L/D ratios found in this work were 10 for edge-wise
direction and 16 for flat-wise direction. The flexural prop-
erties were slightly affected by the rate of loading.
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