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Comparative Study on Mechanical Properties and Dimensional Stability
of Staypak and Wood-Polymer Composites from Populus alba X P.
glandulosa wood!

Sang Bum Pak? - Won Yung Ahn®

Summary

One of the techniques for altering the properties of wood that has received considerable attention
in the last twenty years is the formation of a wood-polymer composite (WPC) by irradiation and heat-
catalyst polymerization of a monomer incorporated into the wood matrix. Wood-polymer composites
are the new products having the superior mechanical and physical properties and the combinated
characteristics of wood and plastic.

The purpose of this experiment was to obtain the basic data for the improvement of wooden
materials by manufacturing WPC and Staypak. The species examined was Hyunsasi-Namoo (Populus
alba x P. glandulosa) which had not been utilized yet.

Methylmethacrylate {(MMA) as monomer, benzoyl peroxide (BPO) as initiator and methyl alcohol
as bulking agent were used.

The monomer containing BPO was impregnated into wood pieces by the dipping and the vacuum
process for 2 hours. After impregnation, the treated samples were polymerized on the hot press with
pressure and heat-catalyst methods.

The results obtained were summarized as follows:

1. The monomer loading into wood by the dipping process was 12,13 percent and 29.99 percent by
the vacuum.

The polymer loading into wood by the dipping process was 6.79 percent and 15.44 percent by the

vacuum.

2. Comparing with Staypak, antishrink efficiency (ASE) of WPC was 12.5 to 13.6 percent on the
radial direction and 14.70 to 18.63 percent on the tangential. Antiswelling efficiency (AE) was
14.40 to 17.22 percent on the radial direction and 17.18 to 42.18 to 42.14 percent on the tangen-
tial. Reduction in water absorptivity (RWA) was 8.19 to 15.5 percent. As a whole, the vacuum
process was better than the dipping.
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3. The specific gravity of control, Staypak and WPC were 0.44, 0.66 and 0.61 to 0.62, respectively.

4. In the bending strength test, the strength in case that the load direction is on the radial surface was
greater than that which the load direction is on the tangential.

5. Increasing rate of stress at proportional limit in compression perpendicular to grain was 72.26
percent in case of WPC by the dipping process, 78.93 percent by the vacuum and 99.09 percent in

case of Staypak.

Key word, Populus alba X P. glandulosa, mechanical properiies, dimensional stability, Staypak,

Wood-Polymer Composites, MMA, BPO, methyl alcohol, impregnation, dipping, vacuum
process, polymerization, pressure, heat-catalyst.
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Table 1, Characteristics of sample trees

Species Populus alba X P. glandulosa
Age 17-20 years

Location E‘;ﬁ;’;ﬁ i_bfiw aseang-koon,
Number 3

DEBH, 20-24 (om)

Height 19~20(cm}

M.c 95.3 ()

$p.Gr P 0.43-0.46

Cing i 1040

a) M.C, ;Based on oven dry weight,

b) Sp.Gr,;Based on green volume

1.2, g

BHEME H#& SHINYO PURE CHEMICALS
CO., LTD# methylmethacrylate {MMA ) &
WwE HEAstE e
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1.3, Wildy HEH wBRA
BraRe 2 Y A4 T Hapel pE
&9 m%{ A7 BEke] ZR(2)9F Arol i B
o (D mel el & RERAS REGHY o

o

i
um
Stem om
........ S S—
om
0.5m
B ———————————

Fig.l Division ot tree by
position in tree,

Table 2, Preparation of specimens

Specimen Size(T xRxL(em) }*
&Egisturc content 2xgx2
Specific gravity 2R
Static bending 2XIXLB
Compression parallel to

2X2 x4

4X2x2

grain

Comgressim perperdicular to
grai

Unit:cem

Fig.2 Selection method of specimens.

AlB i AlB

A:Specimens for M.C. and Sp.Gr.
B:Specimens for ASE and AE

Fig.3 Specimen for M.C.,Sp.Cr.
and ASE(AE ) after bending test,

REERE WPC2 Staypak @ F#8 k%)
HES LS fiET] B RABRNS YRE KB
ol Bk EkolA @R el kg ohel
W BERRE AR vdE a®sld g%
o #L-E Bhubstgch

BT BB FJ2)s 2,

* Note) T Length alang tangential direction
in cross section,
R ; Length alang radial direction in
cross section,.

L ; Length along longitudinal direction

1.4, sebmey HH BN

BMEFHER #A < 2= He fEHRe B
% G, Bl 1A A8 @B E R2kR
& B gishda, AR frEce g2
(A, (@, (Bl stz 4 Sl 59 SRS BOEELE
Hyshgd ek

2. R H&*

1. fessrel mEy %

2.1.1. #k#E

iz ol &M EACES WIESs] Sskd &(2)
o} ol WA HEsld S4 FAE HEe &,
mEoE T s ol BE BT ICER B
ek EEe Sdes] FAE gEstgdch gk
g (1) i, srEssch

&kl = W%W’ 5 LO( eerrrreneees ()

P

W, ¢ BRI E B (weight({g) of specimen
before drying)

W, i #F B E (weight{g) of specimen after

drying)

Staypak 3t WPC®| F@fgkee] wEe
Huol Ss ®E 250, M RE em/ow i
el @ 2R3 sEel T Ak, @
103202 wmstd HEY Ha% &, X0 )Oil
ek, BAEE Eretsic)

21.2. 16 &
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REHE = .YY?. .............................. 3
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W, i &Y 2kEE
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2.2, BEme] R

AHRE H—3h3 53] HRBE BFEA
717l Bgted BHEA o] FL G ETEH
BHRERY 504 FHmstyga, EeBmmE
benzoyl peroxide { BPO) & HE®MERSY 0

%A X dsawskg el

5

2.3, BBmAHS] BiE

BRGEAHE REY dole SH 3om, Z8om,
el 40 em®] FEH-E BE 150 ~ 160 CH B4
olell 4 50ke oAl EESE fuste] 2emFoE B
M B 2040 A7 o AR BEN
B OREKE #EAA B ®ES 20CHTE
S-S RS BEY B REEATE B
A ErEElsich AEEARE S WPCE| Sl 2
Hig)eh e BEEHES FRSIYE L

2.4, KM - BT AR B

7 3om, % Bom, Zo| 40eme] FHFE25x
i2 x40em Z71el FEtel YR MESRE A
re 2BERIE BEEET ® HEAES A e
FE B MEHES sohdn BRXEL #H
sl 0,01 §747 FEY b BEMRE 44 B

A Switch
B: Pressure gauge
C: Plate
i' I D: Specimen

E: Steel piece

L

Fig.4 Schematic drawing of hot press.

BHe BHE BLT o8 BiRd TIoEE 140
~150C, NS0k cAZ 050 KRS 2om
o B RbECHE 404H BRAE SHAE &R
A# BRS @ECE R 9 o BEDH
WPCE ol 4 brasshe Heisy, #EE R
of ¥uEE syt

Ea Rl K BE# AT BH OB
BEEE ety Bt Y69 o] RERE
ahe] Ml HMEHE EAstgth

BERE FRY #8E 21Y6) 2] EHzE
BT WAt HE S 2512 X 40(em) 2] 2
BRI Y2 B BHEZ S @1 S5 BE
Shel 20 M #EEAZlZ 3aF Dol 4 5 HH
o AA AAs AR EKEe] FYFEE HEE
885 Ay

f=)

Vacuum( emHg ,
EEE
S o

A4 i i 1. i 1 A
40 80 120 16D
Time (min. ,
Fig.5 Treating cycles used for treating

specimens.

c
e A iMonomer tank
B: Cork
C: Pressure gauge
[ o I D; Treating vessel
A E: Vacuum chamber
¢ ) FiAir-vacuwn pump
£

Fig.6 Schematic drawing ot vacuum chamber .
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2.5, HRAG tEHE
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# el A4 Shimadzu it# Autograph Is -
0TS @A fiastd el & mERRE &
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Table 3, Condition of strength test

Max, load Load speed Chart speed

Test . - B
(ton) {mm/min} (mm minj
Statle gng 0.5 5 30
Compression 2 1 30

1

2.5.1. ABE &

e e A KW, RE), K6 (K &
%GR (MOR; modulus of rupturel, [t
BIBREHES) ( Sy i stress at proportional limit),
BHEAAE (MOE ; modulus of elasticity) %8 &
#alol vk FEH M KT BES HEY BY
Z YT o] R HE, BHRAEOE BT W
Bhg ek,

i(Ve L) P Hor.)
R T
T R

Fig.7 Specimens for static bending,

MOR (kg ch ) = 3P-1 ./ 2b-h2 ool (4
Spl (kg ch ) = 3Pyl /2b-h? -orees (5
MOE (k8 ot ) = Py~ 13/ 4Dyybohd - (6

P B K& (maximum load)

Ppi; it PUBREEATE (load at proportional
limit )

Dpi; He IR B 8% ( displacement at
proportional limit)

1 ;282 Ao] (length of span)

b ;88 (width)

h 54 ( thickness)

2.5.2. BREEmE ABR
@8] g Akl A AT, K@, Q)
off ] 454 pipsEE ( MC S maximum cru-
shing strength), HPIREE T, BiEREES 518
shal i, gl mEEmREe] e R0, XA
o s frg HEIEEE DI B AREE kekd

=
P P
P Load
CiCross section
T ||R R Radial section

T Tangential section

Fig.8 Specimen for Fig.9 Specimen tor

compression

parallel to grain.

MC S;#¥ME (maxmum crushing strength)
A BEISE (area of cross section)

iggprel ade] (length of specimen)

2.6, Haify s Awe] MW

0,019 7H=| BEgt & WES FTAEE ftaeg
cf,
o ) Wr - We ;
HEst gAEl s — —— x 100
We
Wy kxHEisre] EE (weight of treated
sample )

We i &2l E# (weight of control)

2.7, KM - A BEHe] Bk s

2.7.1, BAY &8E (poiymer loading PL)

Wy WPC2 2% & (oven dry weight
of WPC)
Wei #¥8 2% FE (oven dry weight
of Control )

2.7.2. BLBEERE (antiswelling efficiency;
AE)

compression per-

pendicuiar to grain.
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URE B 296k HA S BE 60T E B B 2 RARES BEstd BABASELS HE
RE R A 6 85M BT o8 BE 103120 &k
ol A 42 BeRi BERtR, RS Aol E WwEsta 25

- We - W

TS @kl 7HM Bl TEAH 2 8 %, RWA = ~°—W-L x 100

T e T )

£ Fsstych Wri WPCE E&#L (change in weight

of WPC)
. Le - Lg 4
AE@) = -—~L x 100 We i Staypak®] E-B¥/L (change in
C

weight of Staypak)
Lr: WPCe] zl o] #1k (change in length

of WPC) 2,8, Sample grouping
L¢s Staypak$] o] #4{L (change in Sample groping & Fe} 7l 714 D -
length of Staypak) WPC=E Kol MMA BEES 280 BEAA

#® BEMEoR SuEY WPCE UEbe, V-WPC
£ R Ke] 28 et o, 0E -
B kel ke WY WPCE Wt
Staypak & FHWHBE K= YT I KE Nl
el Bl A BiEY AL FoRdle, M =
#E Control B8 FFa ok

2E HEFE HEasels] A9 glase B
Fistel S EAHTE& stglo, 2 mEMS L&s)
1 #is) L.s.DgsE-e Ershoch =8 &5 F
S RE SR, PEEER MY HMBERS g

2.7.3. UM E (antishrink efficiency;
ASE)

HoE FEE 2YQs o) 2x2x2 (m) R
FE& Uilsted 25 08 BBAke] TEM  BES
o] E44HR 3 % Rige) Aol s Al &
B 60 Ce et e BREdA 6E &
B vhE BE 103 204 420H EiR,
BrE A Aol ks WES BlEstd og el K
#, at#std et

Le - Lq hisl skl EiSEal MPRRE Kehge
ASE@) = —— X 100
Le
Lr; WPCe] o] iy HER Y B
Les Staypak 2| #e] sy
- 1. HR%o| kA TA
2.7.4, Bk A% ( reduction in water FOE HER gAC oA AFEKRE 2
absorptivity; RWA) 2] 3hsl & =8 BERS] FAES vebd AdoR
SHL BAE 50 KBk TAM HE 77 2@ mAsH

Table 4. Sample grouping and number of test pieces

S$p.Gr, M.C. Static bending Compression
Type Hori zontal Vertical Parfallel to Perpen‘:hcular
gram to grain
D-wPC 6 6 6 6 6 6
V-WpC 6 6 6 6 6 6
Staypak 6 6 6 6 6 6
Control 6 6 6 6 6 6

Total 24 24 24 24 24 24
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Table 13, Reduction  in water absorptivity BE Hedsle #gehan sasska 9ok (197450
of WPC migol k3 WPCHilA e £T o8 #ime
Unic: % vheh 3t e,
Rep .
Type 1 2 3 4 5 6  Mean Tangential

Y=2.,3051 X+ 3.4957

D-WPC| 857 852 787 814 781 82 819
V-WPCi 1723 1658 1405 16.05 13.45 1571 15.51

r=0,92

2
2

L.SD, 0.05 =1.631
L.S.D, 0.01 = 2,579

6. BoF ARRI} HUKRE. RAEERE U
RAKPEIIC] MR
BAF AREI FlmeEste] AT RE
a7 fdske HBGREE HET R, REHw
Ao AR BESA Bt BRI

Antiswelling elficiency (%)
g
1

2
T
.

Ax r=0.632 EHEME A, old A H 5 4 5 15 % %
BAL Y=0,94788 X + 6,3213 | gich ol A& Polymer loading(%)
e Jeld 28 (10) 3 ek Fig.11 Relation between AE and polymer
F, gAMLY HlERE F8Ec] B loading,
ol Het AF TElE &EslE AL ¢ sl BAT SBEY FBEERERSY KRS ook
= gkl MMFABE EESHUTE  PETReA &
- sMaEEERES) shAl b R R K] REsA ¢
of —gEgt HESE vhebdA] ghgko s, BRI
o A r=0.928 mES wAME dua, oA
S Y=0.94788 X+ 6.3213 e et )
= r=0.63 off oigr [iSHE BPEET BE Y =2.3051X +
g 3.4957 ] 5ok
- : 28 (1) o) ol % MEMMKE vebuisich
bl Tangential ~
~ S -
ol >
JUppY: S = Y=0.67112 X+ 4.5
g 2L r=0.94 P
- I
24 : -
- . —% ﬁr "/
% g ’
[
Polymer loading (%) e
Fig.10 Relation between ASE and polymer = '
loading . § st
fEHEAA THL BWEAS wola $E 3
AL HEAR Eme] BErc WPCS gss m & § s % 2 3
A ¥ mAel B AT 4wk Polymer loading(%)
—HHoE B BE Eakd M gyt Fig.1? Relation between RWA and polymer

WPCH AL B4F SBEC woll+ 5 Mk loading.
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LEFEA AL HBRELY BEEme Sk
fiEo]l ¥ A€ Jeple AL 2 (197D &
o BiFel Aot o] REEYch: WY W1
#o| dhebe W& —fehe, EEA A Ko
REHA e e WPCH Mgl melz 50
kg 2 ohe] Bl KA WPCE Ede] J5Ee
B@EY Bl % SA2 EEsds 4mel
QA Wl Foll REFERES 10% Yo BHT B
BEoRE Fig 4R/ dobn 4 AR

Table 9, Antishrink efficiency of

Table 11, Antiswelling efficiency of
WPC ( radial )
Unit: %

ep

1 2 3 4 5 6 Mean

Type

D-WPC|2507 1851 7.37 1037 98 1521 1440

V-WPC 2950 2001 7.23 1452 1295 1008 1722
L.S.D, 0.05 = 9.526
L.SD, 6.01 = 15,06

Table 12, Antiswelling efficiency of

WPC { radial ) WPC (tangential)
Unit: % Unit: %
R Rep
P 1 2 3 4 5 6 Mem 1 2 3 4 5 6 Mean
Type Type

D-WPCl2016 1806 8.29 1325 4.84 1025 1248
V-WPC|2823 1317 8.87 1508 5.65 1048 1358

D-WPC 21,90 2047 1786 10.71 1321 1892 17.8
V-WPCi53.23 4580 4405 3825 2976 2976 40.14

L.SD, 0.05 = 9,891
L.SD, 0,01 = 15,64

Table 10, Antishrink efficiency of
WPC ( tangential )
Unit : %

Rep
1 2 3

4 5 6 Mean

Type
D-WPC 2333 2003 1072 1533 6,67 1214 W70
V-WPC [3467 1920 10.00 1793 6.00 23.97 863
L.SD. .05 = 13.30
L.SD, 0.01 =21.03

H

4. M ¥ & =
Bt 3 WPC} EZEEEES] e W-

PCH HiERES fiEdt e £ A1) 3 2o
fEHEAAE D-WPCrH14.40 %, V-WPC
7b17.22 %ol g MG AT MR, miE
FEHRL #e HEM RES A gtk

ol AHAAA BEed 978 BHEraE
WPCRLER meidl =2 BN KT o) o
5 227 el Foleta 4 2l

EREEl 2 HEREE D-WPCel e 3
o] 17.18 %, V-WPCel 48 #o] 40.14 % &
#(12) Y HEIF BE, 1% K4y &
HEdol BEs i

LSD, 06,05 =11.24
L.SD. 0,01 =17.78

L.SDyg=1778%% ) BEMY £ 22,06 %
b 223 REM T Awd Z&S gl

sEpmel A2 HEERe] s ¥ Eas
WPCHiges ML s £ BHE mskyr)
of Foll Staypake]l sl =& HUEBEZE 2z
Sehd BTl A = Rir#EE] WPC1Lsle] 9
71wl gel MPES 47 Eelade gEE st
o <A BESR Yt Aoz 4 Asr

5. Bk @y E
WPCe k@i £ fledt #5: %(13)
3 Froh SEOMT BR, 1 % KEAdAH BESY F
ol BEw ach e Riffe] KYE WPCs
HZEEE 3 WPCHY ERE hugEstr)
Hated LS DEES 173l & &, D-WPCx
Staypak ol 8 8 8.2 % BAKRASBE
e, BEER 43 WPCx olxrh &
15.5 %8 BkELEE Jehig s EEE iy
#Ey 7.322 %R L.SDyo= 2,579 %t 27
o ol 1 % k¥l A ZES AEie]l BRES
of #W BAE W BRABOENE 10% A
Lo BAF SREC] wE S, 10 % Bk
BoEe] mEHREE ¢ 5 Uk
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Table 5 Impregnation characteristics of MMA

Unit : %

Rep
i 2 3 4 5 6 Mean

Type
DIPPTI o8 1350 975 1450 1226 1339 1213
VacuTlag0 262 A% M2 3206 3158 20w

L.SD, 0.05=3.7%
L.S.D, §,01=5.941

AN 6.4 %AE, HERE BAAE
1544 %8 BHF BBEL vehhdsh ot &
AR EEEY 4 dubse] Easd e U
k’*lpk
24 wmE LEs) M —ust WPC
% :&sﬁﬂ W kAL B B s mEs
S
SEMFT RRE BEH 2o 1% KEAA
WES A 3lor BB FHMEE 9,055

Table 6, ANOVA of table 5 % %A LS Dy 6.920 Brh 2uR ikl
S.V. DF. $8  MS ¥ Ayl 27 el s v
ltzgplica* 5 64 82 1296 Table 7, Polymerization characteristics
ions ' o
Treatm- 1 956.9 966.9 149.3** of MMA
ents . . : .
Unit: %
Error 5 32,04 6,409 Rep
~_ |1 2 3 4 5 & Mean
Total 11 -1,063.76 Type
“*: significant at 1% level D-WPC 705 685 578 664 575 620 63%

BEE el E Je] BEE B ARL BE
& (dipping) off 3 2 BEf 7781 & wi
12.13 %8 EASES ebhl o, BERE (va-
cuum) Hell & oMol T HEASHE 2o Ty
29.99 %ol #3tek D D.Nicholas(1973) 1) %2
I Rg o7 BEEel HRe Keld ¥ Bl A4
BE] st EEEBE 4 AR K
H"‘l B—gt i zle] BEYCE WGk
Gl Yle BEEEL EEEEHEEA BT

/ﬁaTB‘JC’J_ HEEE BEetr]l AEkd sEsre s
o B F RO gol 1% KA HEe W
el e o b AUk

webd EElE Hh#gEskyl Bt L.SD,

=g EHEstd 2 BEREE AT

BEED BHEBREE KA K s AR E
7t 17.86 %24 L SDM, = 5,941 %Xl 22
2 1% k¥4 = BRES hebiel gl
of ER7 UL o UL B BT HEA
muoh EHZ (K3 BREEEC BRF eg o
T Atk

-~ q‘i jg

2. A# - BAF AWM WaRM
BES EaHE B KO} o] Riftel

V-WPC 2329 1649 1216

1464 1176 1431 1544
L.SD, 0.05=4 382
L.5D. 0.01=6 929

Table 8, ANOVA of table 7

SV DF 5 Ms F
Replica- 5 46,93 9.386
Treatm- I 246.1  246.1 823"
Error 5 43,58 R.71%
Total 11 336,61

o

D significant at 1 % level

3. MK E
il g WPCol [HAERE 3 WPC

o EFma EHmEA Y FlEEs  BiE
g gk #9), £(10) 3 Fch

bt A% Staypakol #stel £&HE
e D-WPCr 12.48%, V-WPC}13.58
%, EEHEdAE £4 14.70%, 18.8 %%
ebigiel L SDHEHR, HE SoyfMde &
el RBES A ¢t
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BT FREIN BARSES HMARE0.U
2 &Ee KRR ek

ol B8 EREHNS Y=067T112X+ 4,52
BT FREC] SUH FF BRAKBLEE #m
e HRE vt

¥ 2o AT ERET RkEsHE]
BE dehdglich

7. HAE HR

7.1, BEAB (MOR)

HEHEHNZ 4T BHEART £ (14), & U6
3 el

ol &4 #MIHWe EEWEEL Bty B3ld &
BN mEE,E 5, BUD HA e utel
zrol fmggel Lzl MEAES] 22 HER(vertical)
o4l 1% KA HEH] gioeng mm
Mol ERE #sts] Bitd LSDiEe: K
mash o et

EIEERECE P £ Staypakal Feixz &
BEES ebd B2EEEY K WPC(V-WPC)
she| EHEE 1002k oh S2A L S.D, 05=76.09

kg oh¥icl 27 sl Fell 5% KA Bk
ol $l&¢ &F7k o, D-WPCs V-WPC
Abeldl e FHM HEMC] REsx dol gmEE
Zel e W 0% YEY BHF aREY =
2AE BEAEY TR E®#E v3x s
o 4 4l

FWe Hmzt FEY FEY) BE Y BER
B (horizontal ) o= #® (16) 9 HESH &£
R 5% Kol HEeee]l #sE= gleh Staypak
3 V-WPCole] & 50, Tkgrod24 LSD,
=T3.17k3 oBX o} 2 FER7 A7) o Fofl HEH
Mol & #HEfee] sgs= ebakrh

Table 15, ANOVA of table 14

SV, DF, $.8. MS F
Replic- 2,032 .

ations 5 x10 4,0()4
fream™ 5 5619 28730 0%
irror 5,738 4 g
Error 15 210 3,895

? 91 16,389
Total 23 Lo

Ak

¢ significant at 1 % level

Table 14, Modulus of rupture in bending strength (vertical)

Unit: kg ch

\\*\\ Rep 1 2 4 5 6 Mean
Type T

D-WPC 728.50 714 .98 594 .65 636,36< 571.07 641.09 647.8

V-WPC 624 75 548 61 760 .85 721 46 623 20 655 .78 655 .8

Staypak | 749.25 690,08 823,49 813,95 695,62 763 .60 756.0

Control 670.12 602 .02 531 .86 612.38 577 .38 541,90 589.3

L.5D. 0,05 =176.09
L.SD. 0,01 = 105.2

Table 16, Modulus of rupture in bending strength(horizontal)

Unit: kg9 / oA
\\ Rep 1 2 3 4 5 6 Mean
Type T
"D-WPC 744,06 732.06  666.84  739.65 610.24 718,04  701.8
V-WPC 651.45  790.35  701.23  664.20  712.25 724.14  707.3
Staypak 759.86  649.49  864.05  810.70  705.69  758.16 758 .0
Control 688.77  671.05  604.36 651 .77  630.71  612.38  643.2

L.SD, 0.05 = 73,17
L.SD, 0.01 =101.2
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Table 17. ANOVA of table 16

SV DF. SS. MS. F
Replications 5  7.242 1,448
Treatments 3 39,730 13,240 3.744*
Error 15 53,060 3,537
Total 23

100,032

* : significant at

£ a7

5% level

HEEEE FeithdS o fpRes  BRE
e 2 FEel EASR WES g«

SEME7E MR Figd B304 BEE W

B8 We] BmEEL ¥ BE bk ok &9
Fo| K3 WM WwEY HHA g
TEol 4 i o] R LHEE Skl EAY

B B-evt wmEMs 2obe B —EEEh

F(18) ol A ot #e] lEe] 7+
spEsr shakael D-WPCS V-WPCHel= 4
i ER7F Bes @ik

Ft Staypak®|

Table 18, EM.C, and Sp .Gr of test

pleces

Type E.M.,C, Sp.Gr
D-WPC 10,1 G.61
V-WPC 10.6 0.62
Staypak 11.2 0.66
Control 17.0 0.43

7.2, [LPIRRERT
FEZ msle AEd 4856 (borizontal) 3}
B®EE (vertical) 22 vipo] HiEdt K FIKEE

e Foretd £ (19), | I Zoen, g S
gk 2 (), & (42 & BF Kabd FEel 4
Brmen fs] He ol 5% kBN HEH
ol gtk wtebd ol Ffe] HBEES BE
&7 Beted LSD&EE EHEY &8, Staypak
st i@Ee] 0,62 A V-WPC2Re| ffie 500k
oh &5 LS Dy o= 49,39k cAX el 7] ol Fof]
M TR EET el ey
BWEE Hied et V-WPCs D-WPC

2 WPIRMETETIE &% 326ks oh, 317.6kg o
L RHE TR ERT GebdA &30

e Est U E B BRIERRS £ mEEC
WPC e ##fel & 287 dglovt Ll
RER DA D~WPCel V-WPClge]

Ae

e
g

g &S GEbiE i #ErmeE MES
e Bl 1 % Aol HEike] REs=d

23

Tl HEEE mEsty] B LSD Bed
EHE A%, Staypak® V-WPCRS  x2x=
54,2 kg oA A L S Dy = 49.88kg ek vk
L7} o Fell HERl TR ERO W8S o
% sledeh

Table 20, ANOVA of table 19
SV, DF. S5 MS. F

Replications 5 2083 416.6

Treatments 3 19550 6518  4.044*
Error 15 24180 1612

Total 23 45813

*i significant at 5% level

Table 18, Stress at proportional limit in bending strength{horizontal)

Unit: kg ch
Rep
. 1 2 3 4 5 6 Mean
Type

D-WPC 337.73 373.96 273.30 334.68 271,94 314 .14 317.6
V-WPC 270 .54 338.88 309 .36 374,95 363,40 299,33 326.1
Staypak 364 .31 310 .63 406,29 404,00 383 .90 393.12 377.0
Control 312.62 264,89 345,10 282,43 291.10 306.19 300 .4

L.S.D, 0.05= 49,39
L.S.D. 0.01 =68.31
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Table 21. Stress at proportional limit in bending strength (vertical)

Unit: kg/ch

Type Rep 1 2 3 4 5 6 Mean
D-WPC 302.17  347.08  290.08 296,97  302.40  286.20  304.2
V-WPC 305.90 265,80 42337 332,98  293.04 300,27  320.2
Staypak 423.16 371,58  331.44  432.41 332,47 35554  374.4
Control 305.76 274,78  259.75  269.45  286.18  273.44  278.2

BEHM oA slol REHES 2|8 V-WPC
s D-WPC2) #1116 kg A2 4] TR T3

ERE Jehhz Egek

HES #RE fFed 2| FES mike B
mE 2Elsh A B, fEHMm 5BV B

Hraye 2Mmer ¥ e I USE o

Pl T E#AE P & ERE Rk LB
EREHe Staypak » V-WPC »D-WPC) Con-~

trol®] JEelgl ek

Table 22, ANOVA of table 21

SV DF S.S

M.S

F

Replications 5 3,859
Treatments 3 29,740

771.7

9,914 6,032**

Error 15 24,650 1,644
Total 23 58,249
**: significant at 1% level

7.3, BEERR

WEE ARF FES BhE Had Zeldg
< ) @EL BEREE #(23), £ (25 o4 2
o F () A i upel Fol LB/ Hmo 2w

BEL mi HBdvw 1% KA FEie] R
sExle] L S DHRES M &R, BERECH 7
A T BEREREY K WPCal V-WPCs
Fulae & D-WPCH® ZERt 8480k ol
2% LS Dyg= 8853 kg oddrt HT 7]
o o] E Fuyid & HatBH AEEL REs

A gtk

Table 24, ANOVA of table 23

S.v. DF. 835, M.S. F
Repli- s )
cations 0 3:078 x10° 6,185 x 10
Treat- . 7 5 "
ments 5 167 X107 5,58 x10° 1075

Error 15 7,766 x 105 5.177 x 104

Total 23 27,544 x 105

* %

: significant at 1 % level

BE Ty v Hod RS ehid g

o Ftol AL 2F FRE

B )

HinE & F Usios] BEREY BEF= V-
WPC yD-WPC) Staypak » Controle]gich

Table 23 . Modulus of elasticity in bending strength (horizontal)

Unit: &g/ o
- Rep 1 2 3 4 5 6 Mean
D-WPC  |74,173.36 92,740.70 88,845.70 68,442.12 67,894.49 87,524.14 79,940
V-WPC  [74,389.58 96,468 61 85,066.67 93,612.10 89,174.48 91,829.56 88,420
Staypak 72,750.16 71,207.79 73,960.74 81,088.76 71,915.19 80,763.28 75,280
Control 69,188.20 68,201.50 59.217.61 65,622.35 64,560.59 65,055.60 65,310

L.S,D. 0,05 = 8853
L.SD 0.01=1224

0
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Table 25, Modulus of elasticity in bending strength (vertical)
Unit : kg ch

Rep

Type - 1 2 3 4 5 6 Mean

D-WPC 99,704.92 87,979.11 73,074.66 77,608.08 66,534.78 79.500.76 80,730
V-WPC |87,495.61 59.237.76 93,447 .57 90,239.35 75,973 .41 60,047.85 82,740
Staypak 88,610,900 71,825,48 70,418.79 82,567 .00 80,184.25 73,392.84 17,830
Control ;‘66,256.08 62,498 ,86 59.986,20 60,050, 83 69,250 .54 58,380,66 62,740
L. 0.05 = 11550
L.S.D, 0.01 = 15980

U')

=R BRAROR WES T HEdE 1% Uoprr Bl A Y e BRE Hatld 1y
KM A HEEe] lTh & Falie 2EE 4 (13, el 4 =) Jeb el o)
#&HEetyl Bisled LSDRES WHT &%, 5 Ver Hor
HU AEES YA go V-WPC, D-WPC, i
Staypak, Control?| JEL S @BEfmeE 202 et . MOR SpIMORSB!
- )
W5 e, '
5 i m |7
Table 26, ANOVA of table 25 g L
S 7
S.V. DF, 5.8, M.S. F =
Replica- - 5 2 o
tioms 5 BM% x 10 1009 x 100 g
Treat- - 6 N b !
ments 5 1483 X 10° 4942 x 10° 5603 g H
Error 15 1323 x 106 82 x ¥ = / 1
- S g0l ]
Total 23 33555 x §(P « !

] ‘ i
**:significant at 1% level J*’ } i y E
el v e . B Wk
BE, B e Ty 28 got % Contral D-WPC  V-WRC  Staypak
ol A 22 WA e JEbW g b Fig.13 Modulus of rupture and stress at
LY #EE ged vd HES LB 5mo proportional limit in static bending.

2 omEe sl BRsmeR myg mBuc
AT BES mme dged FyHE EZRE
ool Kol BEY A% Staypak > V-WPC:
D~-WPC) Cmtrol & g et #HEGREA A
+ V-WPC)D-WPC ) Staypak » Control & &
22 2 o] vhebgdek olel BT BEloRd H
B2 AR BEELS V-WPCs D-WPC
el EiEo| Eelide HES AW HhERE
z o] gl ®sl ik

BEEERES] BB SlelA P13 /4Dy -bhd
& A B oo HAIREEE Dyl V-WPC oA
+ Staypak Bt} R3] 27 & Fed  e@Emoes
1ok 2E gl Jelde Feleln 4

4 00

Hor. Ver.

MOE in static bending{ x 107 kg e)
[
T

Control D-WPC V-WPC Staypak
Fig.14 Modulus of elasticity in static bending,

o
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8. BgEE Wi

8.1. BimimEE
WER SR BT BRBET Riotd B
(27) 3 o] o] & 47T £ (28)8 £ Hol

st 25 1% kel A Al #Es ok

wheldl ol B AEHE A Y8

L.SD#Ee Kisshge

#e debie

Staypak ¢] 7}zk & Fulsl gl

V-WPC2| 346 .6ky cAots] ER: 57 4k ./ oh
24 LSDyg= 3717k oAxr) o2 Hi
giel #R7 wEsie, V-WPC & D-WPCRHo|
= BBl #eEsx gor BEAKS 2y
= A #EtRKe e & 285 9y

Staypak ¢} 7ta ¥ & A& a% <~ V-
WPC2 D-WPC 9 Controle] ¥& & HE

% 27 e Ao gL
Y (5% WM SRS & RERHS RS
& oerd zel ek

Table 28, ANOVA of table 27

sV, D.F, S.8. MS, F
Replications 5 2227 4454
Treatments 3 21350 9117 19.20"*
Error 15 2 4748
Total 23 36699

**:significant at 1% level

:§ HT mcs Spl
gL
3 s
=
YA P
o
L
= 300}
o
Z
» 240}
@
i
5 -
§ BQ‘
o

1

Control D-WPC V-WPC Staypak

Fig.15 Maximum crushing strength and
Stress at proportional limit in
compression parallel to grain

Table 27, Maximum crushing strength in compression parallel to grain

Unit: kg/ch
\TTL; e \f\e\p ! 2 3 4 5 9 Mean
TD-WPC | 364.24  346.94  306.20  352.24  297.44 34518  335.4
V-WPC 33584 368.15 34226 340,64  348.03 344,74  346.6
Staypak 41522 36277 430,17 422.85  372.23  420.89  404.0
Comrol | 331 313.80 20128 317.32  315.78 304,69  312.4

8.2, WWHIREED

MR B A BT L AIRERE e mE

B oARd Rt HPIREE NS R(9), B
(31) ol viebd Za} 3tew, o] & ST KR,
MR LPIEERENS | % KA H B
wEs g A BEMS FEAE mEst] 4
8 L.S.D#E-d BT &%, 4 22 &
viebyl Staypak 3} EZEBHEE T4 247 S
HEMS EAY & 88 K WPC/E V-
WPC¢ ZRE 81.3% A L.SD,, =
46, 14 kg o r} =7) of Boll o] F Fugly F

L.S.D, 0,05 = 26.81

L.S.D, 0.01 = 37.07
B o slgeh
R AR A HET LAIBRERENS S
F& (32)8] #Eiglel fKabd 1% KEoA Hpel
HEM] EE v M Sl FRES
gstrl d# L SD&sES Eashelh

fio gmEE =harbA B HEEo]l 0,663l Staypak

£ 43 86kg /AR HE 0,623 V-WPC st
& #ERE 4, 44k8/0ATA LS Dy, = 4,333
kg /oyt 222 FEieel @EHuoA, V-
WPCs D-WPCse| F¥Es 147k b 2
A BER EAS S BE HFud g sde
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Table 29. Stress at proportional limit in compression parallel to grain

Unit = kg ch
Type Rep 1 2 3 4 5 6 Mean
D-WPC 261.62 260,20 251,32 227.92 251.28  235.93 248.0
V-WPC 222 .90 266,63 241,24 235.09 260 .03 266 .35 248 .7
Staypak 371.09 303.10 355,14 345,79 265.17 339.35 330.0
Control 251,00 251 .82  208.39 246 .28 212.09 199 .89 228 .2
LSD, 0,05 =33.37
L.SD, 0.01 =46.14
Table 31. Stress at proportional limit in compression perpendicular to grain
Unit : kg/ch
Type . Rep 1 2 3 1 5 6 Mean
D-WPC 40,22 37.71 37.52 37.89 36.63 37,71 37.95
V-WPC 36.83 44 .46 38,30 37.02 39.04 40,84 39,42
Staypak 42,44 40.28 47.99 46,42 41.90 44.12 43.86
Control 24.20 24.27 20.83 22.66 19.56 20,68 22.03
L.,s.D, 0.05 =3.,133
L.SD, 0.01 = 4.333
Table 32. ANOVA of table 31
ool & FEHel BE=A 4o BATF TBE

10 %REY ZREA = BUERY
off & E®E vz Zigich
Uk BRE Had ua BEE L PIBE
O3 SR LOIRERE DM - HERE L)
FRERESC] 200 ~ 300k oA BEEES] & L& )
el gtk =% Staypak > V-WPC)D-WPC)
Control & fEC2 SREZE viehigich

e BURR EERE N

Table 30, ANOVA of table 29

SV, DF, S,S MS, F
Replications 5 199 39.7
Treatments 3 3710 12240 16.64**
Error 15 11030 735.5
Total 23 49739

ok

: significant at 1% level

SV, D F. S.5. M.S. F
Replications 5 13.04 2.608
Treat ments 3 1633 54.3 8392
Error 15 97.28 6.48
Total 23 1743.32

**: significant at 1% level
£ [ Spl ok (x10%)
~\ Fi
g -
-

Z of
e
= L
@
£
» 2
w
>
a
o 19
St
Q.
o
3
O 9
Control  D-wpC  V-wpC Staypsk

Fig.16 Compressive strength perpendicular
to grain,
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e

8.3. KM Table 34. ANOVA of table 33

WER 3 BB KRR EEAKE BET T — -
e F+(33), £ (35) 9 oy olF AH¥Y & R 1_ ~ —

(34) o] 4&3tE 1% AMAAS ARk BE Rions 5 88711 x103 U7 x 13
sgch L.S.D. g R &R, KERC 3 Treatm= 3 105 x 105 6634 x 104 29,25%*
A BERECT 16710k /A 02 A 2 St g 15 B x10f 22 x 100
aypak 3} Fulslq] V-WPCoH ZEE 1,740 \

Total 23 24139 x 103

kg /oh ZA L.S,Dqgs=1,837 kg /chirh 27| of

T HEMOT AREL BEsR Qorch **.significant at 1% level
Table 33, Modulus of elasticity in compression parallel to grain
Unit: kg/od
Rep 1 2 3 4 5 6 Mean
Type
D-WPC 16053,93 14980 .32 12566.04 13186.81 11621.79 14051.94 13740
V-WPC | 1432959 16320.72 15266.12 13601 87 14461.72 15863.20 14970
Staypak 17238,64 14121.75 19196,87 16123.27 14731.43 18829.10 16710
Control 8468.91  9787.56 8160.42 9066.67 9544.00 8681.91 8952

=3 BEM ZEA FEE gEldt V-WPC ¢
D-WPCe| Fi £RT AEHES ez
ol, BEREY #K3le 28 BEIL %, RE
o ks WPC{Lg V-WPCS B¥fe] &3l 2%
il REE &, mEo| &s WPC/E D-WPCH
ol = MR FBE] BEARMde 9E #
RE 3ol gt

o= B fiksl MiEs Staypak, V-WPC
1 D-WPC+ Jafol wdl Aedsl EHEKB
mEs A EE o 7 Ugich EERE HEese] B

L.S.D, 0,05 = 1837
L.sD, 0.01 = 2541

HEEE HET R(35)E T F(36)8 &
Bl sl 1 % koA HEiel BEsych
Table 36 ANOVA of table 35

SV. DF.  S.s, MS. F
Replica- o o100 0 102 w38 x 10

tions
T’e:;f;' 3 2M9 X 10° 9162 x 102 2020
Error 15 6805 x 102 4837 x 10
Total 23 36447 x 102

** : significant at 1% level

Table 35, Modulus of elasticity in compression perpendicular to grain

Unit . kg ch
Type Rep 1 2 3 4 5 6 Mean
D-WPC | 2320.01 2356.71 1965.04 2108.14 2170.47 2133.16 2176
V-WPC | 2215.27 2010.87 2357.63 2232.42 221429 239624 2238
Staypak 9578.36  2044.02  2781.89  2200.79 2428.74 285697 2482
Control 1539.69 1467.10 1303.89 1560.62 1888.25 1617.81 1563

L.SD, 0.05=262,1
L.SD, 0.01 =362.4
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2 0.66 olgich
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