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4036897 ENAT/M : MAJOR : APPROPRIATE TECHNOLOGY FOR RESOURCE
DEVELOPMENT ; M.Sc. (APPROPRIATE TECHNOLOGY FOR
RESOURCE DEVELOPMENT)

KEY WORDS : WATER HYACHINTH / PARTICLEBOARD

NISAKORN CHAROENDEE: THE PRODUCTION OF PARTICLEBOARD BY
WATER HYACHINTH. THESIS ADVISORS: GRITSANARUCK THEERARAJ M.Sc.,
CHUMPORN YUVAREE M.Sc., SUJIRA KHOJNTMATE M.Sc., 139 P., ISBN 974-665-667-8

The purpose of this research is to study the possibility of producing a particleboard by
using the water hyachinth as the raw material and to study the properties of the particleboard
produced from the water hyachinth and the physical and mechanical properties of particleboard.
This method gives added value for the water weed and decrease it’s prevalence. The researcher will
use a bonding substance which is Urea-Formaldehyde glue 10% and Phenal-Formaldehyde glue 5%
and the desired density of the particleboard will be around 700 kg/m3 to 800 kg/ms. Futhermore a
non-leak substance is also used in the production. Such a substance is paraffin emulsion at 1% and
2% respectively. There are 8 types of particleboard. These boards are tested to certify that their
qualities conform to Thai industrial standards (TIS 876-2532) of physical quality and mechanical
quality.

The results of the experiment show that the water hyachinth can very well be used to
produce particleboard. The boards obtained consist of the necessary physical properties and
mechanical properties and are very close to the standards required (TIS 876-2532). From the
statistical analysis of the water hyachinth particleboard, using the average standard Z-score
technique, the one that is made from the water hyachinth, in mixture with the Urea-Formaldehyde
glue, having the density of 800 kg/m3 with 1% of Paraffin emulsion, gives the highest Z-score.
Hence this type of particleboard has the best quality.

Problems and recommendations indicated from this study are that the glue should be
scattered or distributed thoroughly all over the raw material so that the formation of clumps of the
water hyachinth can be prevented. If a well distributed glue spray can be assured, then this will help
the researcher to be able to place the water hyachinth that is to be compacted with in the

particleboard and correct the non-complete density of the particleboard.
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oy vio ludhuvuRedudbisinsoelo nSonisanus unzasdflezilueudmdraiiy
uwupeIull  ualmatianae q amwmmm‘lﬁmanmameummmm'hl‘hui’lu
wesiines Tde mmmnwm'lé'ﬂmmuusm Fonfitenllunsenudevey de nsdn
iml(tapes) Aannw 195 (umber strips) mwugﬂxmn;ﬂmn('r-molding) wsaﬂ'lsmzs'm;ﬂ
#13 (V-grooving)

2.3.7.2 M3AnURAINT (Surface Finishing)

ﬁ'mt’i'wamﬁu?;u‘lﬂﬁ'mfwuﬂﬂw‘nmmmu1ﬁﬂa‘31;ﬁuammmnuawae
anuven uasanu Wiaduaneveusiy o wegnmmmmw1un‘hrﬁ1mnm o 14v1na
am'luaamﬁﬂﬁﬂamnmuummunuw'luamwm‘fu AfeSounh Funsumsanusios
Voung mmmnuawmmmwuvmmmmé’mmsﬂwni‘lummuanmqnmmnum 1 M
mntmemouuimhezdesnsimiiSount nsanuasiIni laensaa ludiiey

sy e UaadeWinediiofodeiw Ao msihluediiedd

mamudlafamiuasndivewruiu1ise mshsﬂumaewmmﬁamsHmmnuwm
unu'hmwnﬁasmnmummmﬁuuummmﬂwmm%vﬁﬂmmuw'lnamnﬂm'mﬁuqao
whunlinrwaugades aﬂﬁﬂumwumTunmswamumnammmunuwwzu1‘11J‘Iamu=m
msnfeuilasnduduiuiay

wid fSniReuon 13 s (Lumber) uaz1dvhmsdsuantzuda szgm‘h
lilianszarumse ma‘lmmh'n'lé'mmwuwmunu‘m‘luan uazveunafiivey
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asuee M3Usuan1Ie (conditioning) nivnAnveuiiudsfiduihufivindocild wWold
shonamildaauey liyndunniifassnufufanuaugadiu - msdaRa(sanding) fov
asihdrowidiisitoussldifansnAsuuamnannn S Iiudiuda
Slununveu(border) a1t 18FAnuev 'l (lumber band) uaziRAiiusoUAD (telegraphing)
susumThussuriidiiosae i 1oy (border) 5 Tiemnsaaudeunieiineenléne
seAnegiunHuanea 1l ms¥aRminnlfuanmeSaiiunmsilfnilei daemnion
A lisa unzsvorveaey 13

anflhinfudhazay (water-base adhesives) TaounAunnpiSe-ves
fadled szgnldlumsdzndhdrouiiiiles shlunmmaiieeiinalisy iieguuiiamh
RanTsneeiadeezihlMifauN (elegraphing) it nrAdled uazazAuTuilomh
msanuAifBin (high-gloss finishes) mstuuAAleses0Iv @B (cross band
veneer) sev s SauazusAioflenth srvanilestuilgnivesmsifanuisosae
(telegraphing) 18 st 119924509 (cross band veneer) Tnotn@sziinammuniuasliguam
inhneduin uasszniinioudmnsumndouves i uims it
1589 (cross band veneer) AealZend ety e liEnyassuRefute 2 wh
aﬁa‘lﬁ'iﬂsaa%"mmmiu%u'lﬁé‘mﬁammanqaﬁ Tassadheveariuuy 5 $u lumsndou

wlasnrmdudimiveatesouda

} ] 30t 305
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Sosufsimansemudennuniaussazanunamnave sl

AILTIMTY (strength) HAZAMUAIYUIA (dimensional stability) soaruFuliEn
ﬁ'lm)mtmﬁ'ﬁaummiui‘?uqﬂﬁwﬁ%"lﬁsﬁuﬁaﬂszﬁwﬁmwiumsNﬁw.i'l # 12 fivala Wiwamsa
amidesnts FemmuaBneuniswaanie’l

i]%ﬁ"oﬁdmansznmiamsnﬂﬁuuuﬂmqmﬂuﬁﬁnmu&iu??u'lﬁé’ﬂ 18un

1. wiinvealsl (species of wood) Tuiiuwiiala 1y Wluuey Bunhe wioldi
fousuludondsd : Iidesoundeltidouss : Wudlemfeliindr : nuswendu
52N 2 viewnnd 2 wiiald Tassadeviues (fiber structure) ANUHUIwEl (density
of woods) A MNEY (hardness) A3 A1 TLOA (compressibility)

2. jimsuazvuAueelifingAY (form and size of raw wood) Tuiludnuaie vy
i iviou (togs) TnlsY (stabs) 1wnldl Tdlwen 10@wSy Tdiszuus (edgings, scantings, end
trims) Fu'ld (chips) 5ﬂ‘lj (planer shavigngs) Wou'ldl (excelsior) m;rlgﬂﬂ {sawdust) wvmae 1
1 (veneer wastes or scraps) 1 WiTmaevnmsilenliun (peeter cores)

3. liAanlden e asnulfenoen (wood with bark or debarked wood)

4. S Wil uAiduYaqilvidulefn TumagTae (non-wood lignoceliulose
materials) 154 18 (flax shives) ¥11808 (bagasse) UaERYNAMIMSINYATEY 9

5. aiauazvnAvess s (type and size of particles) 13U Sl Ennmsdasy
Waldnmnsiliuandeadiuday o (disintegrated) FultA1¥ s uanSery (ground
particles) T1 lon 1HuABoA (shreds fines) UATHY (dust) AAMAESS Tt (slendemness
ration) 1093 uasuAiRvearlan

6. 33M30%U1s] (method of particles drying) ¥4 quuqii szeenmlu  n1vey
aiudhgafimdeegluiuld

7. M3souLAzUEn3S) (particle screening and seperating) ARSUAAINTIATLIW
mum‘lu;ﬂnﬁuiﬁaﬂamﬁ (particle size distribution expressed by frequency curves)

8. ¥iiauazilSuauedalszaiu (type and amount of binding agents) W 1Y
Sevlosionles wienmuuearled Vo lad zhuﬂ?mmﬁ'nuqmsﬂu Fagnnimindionn
aeiminduReus uenondnlszanidedesirilidims 13RS al§ism (catatysts) ms
11 (extenders) @13gA (fillers) uazesRUUAIDY 7 19U s fnirwater repellents) o3
‘Fosmns (fangicides , insecticides) 1511128 WA (fire retardants)
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Szl

9. SEmsneuusunion1snsenoiuls (particles spreading) UazInseerdeves
WAL (structure of particleboard) 131 Fudn (uni-layer) Y (multilayer) uHus
aAnY (graded board) M35 0ai 290935118 (particle orientation)

10. msz‘?iumm?;wm%u'lﬁﬁaumsé’mﬁa‘lﬁaﬁﬂ steam shock (moistening of
particles prior to pressing) ﬂﬂﬂ%ﬂ%ﬂﬁ!lﬁﬂ%ﬂijﬁﬁWﬂﬁmﬁ5ﬁ (final moisture content of
board) 918U amdumdoasmsaandunuduneluudy  (averrage and moisture
gradient) HagAMONT S UAN1IZYBIMHY (conditioning)

1. anmzmsudeiavesnmuazfuneumssa s quvqll usda szl
mydasou

12. A INYHIVBIURY

13, USnems1ousiuFu A (sand content of particleboard) Fuflunaidolums
anlszininmnisutsgifanniesdnsdie 4

14. RINMWYBIRIMIN (surface quality) 19U AMAZIDEA AUMEIL msiluntu
sazgRENiA luNIIANIZAINNG 10

15, M5B (priming) MIAABUNTIYYI DUAANGS

16. M3MMlsaM (laminating) M51zwiAI0 U (veneering) Msrlevoanuss
A (overlaying)
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2.4.1 RNV AABINITIUINAIYIYM (Standard Requirements)

W IATFIUNARSUTGATIMNTTH (Industrial Standard) Yousazilszme In1s

fmusnidnuarsIonsan q Andeansiugaiuanasiuduifisssgega-diga fesoey

9 2
Suldvowdazsions uaznrsnadeuaumumuvs sy IidmNe 15 lusuuninss

g ~ 9y o 3 A 9 4 ﬂ 1’ % ) Ly o '
ahwialdnuneusnoms aaiumsliduiluiuanisssnenig ] MUITUGUINPUSAN

q Tunasgugasmnssumanae q uras 39 18agahilumsion o Tu dsasi 3

s; oany U o ) g 3/ a2 s
MNINNn 3 Qmmmmnwnmuazqmimnﬂw4nmleasmuw'luaauunaa’luumsm

(Platen-Pressed Particleboard)
e NAUNARIHUA
uauiina AUV Uaang
fi 3-6 | HU60919 | 1AU 199950
I :’ 9 T a
1 | msgadunh Sevas linu
- 2 92l 40 40 40
- 249039 80 80 80
¥ i
2 | mswesdalondtii Seoas Ly 8.0 12.0 12.0
3 ANMUMULTIAA NS [uiieen 18.0 13.8 12.5
4 | vopdadangu mnzwiaaia hitesnh 2,000 | 2,000 1,850
' 4
5 | anmduussfesdenInAuRIvI wnswiaaa
Tuttesnan 0.80 0.34 0.2
6 | anwdamiuuesRavih i ludtesnn - 1,100 1,100
-~ 4' =y . a w %) 1
7 | anwdamilenvewnzyinded iy Tuesnd - 360 250

. - v
i : nasgundasuaigaemns suuiudu 15aes) wen.876-2532
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Usznpudaztlszme  Tinasguwdasusiiuvesaues  udiuiedenisld
fmuaguamvssraasusiaud hnlsemeau - Wimnzaudentsldsz Temineandesiu
=) b o ¥ Y 3 o aw P
amueSgdviunzfausssuanuilusguentsznsundn  uailegiiulugalamadanin
Gusrumsdued maudedumensfmensnasdeasiudumelunsaslszmands b
1w e A a o o -3 -~ = 3 ﬂ ¥ s
foassdususamadu q lulan quamvswaadusiigeiulsgnrdusnvuniludeso
o o ‘3
sealunsfafumeamsdmuden  mlduaolszmaldwnoudmuanasguquamau
A @ o’) = ? n’ -4 L o
megelszaandunsdidae dnfufilsenoumsgaamns sundausindu 1idaluilegiuied

SudemnusvesBeaveunasguveslsmaduiidiiy q 13dwe

o 1t a e d ] Ao o 3
fosveunAIgwmansamvesilssmans q fidwe dun

ASI American national Standards Institute avigomsm
AS Australian Standard 20AIAIIGH0
ASTM American Society for Testing and Materials ANIFOIITM
BS British Standard LETTY

CAN Canadian Standard AMuIA

(o Commercial Standard dmigonsm
CSA Canadian Standards Association AU

CTB Centre Technique du Bois A erar

DIN Deutshes Institute fur Normung 195U

EN Europaische Norm glsy

ISO International standard Organization WATFIUTING
JAS Japanese Agricultural Standard ity

nS Japanese Industrial Standard i

NF Norm Francaise tﬁ" AL 1q

NS Norway Standard uesd
PHILSA Philippine Standads Association Aautud
SIS Atandardisering Skommissionen I Sverige aau

TIS (uen.) Thai Industrial standard ny
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2.5 mdufingves

255351 GUIARTY tnzAm (2540 : 66 ~68) Whn1s3TuiSes “quauiRveauriy
e 15m unzusini isafinananIilimy 4 vile Tty Waeies e uazld
Aunoath wun

EnumsiBoufevqueoniAveuriusenelithwauasusiumenssi uinduld
saonldvihiiu WaunGonawdnuseia (2158 MPa) tnzuegdadangu (3273 Mpa) difl
gadmiuuuduIisann Waziden uas Whieds Waundonamudunsin (36.47 uaz 37.68
Mpa) HinzuDARTBAEYY (4953 Uag 4864 Mpa) Ailndifueiy unsfiqega dalidumsath usd
efiamumniuiio 18 ndReiu Wezdos udandulddundodnusida (33.98 Mpa)
iazBRABANGY (4183 MPa) fn

smdon s nimiweuruin lisann Wit Swndldim
infefidiga 0.19 Mpa) zhumiu?;u'lﬁé'ﬁmn‘li‘iﬂmqﬁmﬁaﬁ"a 3 iin Widundoilnddostu
Taoi 1z AR unBonamd s seiinianthgaiiga vy 0.64 Mpa

whialisaAann iy fumeuandunhigiige @usdviiae)
Indfesiununennaudunnlfuess dnududulisaon Wazouay 1sumuih s
fammunsafiuandeiuesiuiiuldde Taouduvinlidunosh Tawmmnuasnnands
usih deuiign

dunsnBoufieuiurnduldamnnsd wuh wuduldsamensdilim
ammause wazanunsnng AdeiusuuliSannTilmg ondy dusdornudnuss
fadamnAamhdagendi it

Summmiunhnansumanmmnveussylisa

gy Wisafinannn Wihiiudgasdndunsgaiiusa (compression ratio) 1
fu —29% (o) vesnrmmn Ay uaaeidu I luwiudu16ai hildgniusa
melusyritmsdadou useﬁuﬁnﬁm'funi‘luLﬁmn15nﬁﬁ'u‘lﬁ'?;uﬂ1§ﬂﬁsﬁaﬁmwﬂmmweé
S Taodnmidudasudaludnyazuss mechanical bonding Himiulifinsinzdad
IndFafuszninauhinAinn A3und intimate interparticle contact s EaTinan 185
ATsanAssIMIIisE e IR UTuR hinin Amfudadiuvesmmmin
ﬁ'mﬂﬁi‘;u'lﬁ donaumunnivmaethunaevoasy Y 91.69% uazdadnuvesnumin

d o 3 Q’I ¥ T A ﬂ’l = ’ LA
winfidganidu lddenrumunniugeganvuiluesusiu vy 8029%
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1AINg 193 A emsuazamitoiingides s 40

wiin Wisainanen Wi myfimde 3 vila defouiius Tevesnsgaiiusann
fu 30 - 35% duurildsdnnTdwesmsimedaiia tazlinnmuandnvesnumun
wiuszriedu ldsusuin ﬁmi'luﬁ'ﬁdmmmmmwmmim‘hqﬂﬁi'?u'lﬁdammnmmiuqq
qaﬁﬁfuﬁwmmiu MY 60 - 67%

dnnmilsziiugunmvsutulidanuunantinasgu
a (4 Yad Vet v A 9 o 9/
wamstsziiuguamaunasinasgm uaasldiuiiifowsusulisannld
} 4 » b 4
whituviniu  Ahifunusismusveanasgusiaduaigaamnssuuiudu ldas
¥ b 4
anuvuniuthunan (uon. 876-2532) Tugaimuliaduussisdedan infaviduukusy
Tioavnlihwiimte Aolliazien TWaunessh woslduzds Tquamvewsdugeni

¢ o ' Y o9 dad
st mua laomwznkuon Wuzdiguamitngs
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UNN 3

FBAUNUATIVY

a o g dy Y o o Q’II ar dy
‘lumsawmm Qnmzmmsui‘lumumau MU
3.1 MTNUNUMTNADNDY
Qdd‘ " ) Qy S} o %
32 ﬂi511')51’!&‘"111$ﬂﬂ1uﬂ15NﬁﬁlllNu‘lfu"lllﬁ)ﬂ%'lﬂwﬂﬂﬁ‘]ﬂ'l

ey 1 Qy Y as o/
33 MINATDUAUTUUAYBIINU ﬂfuklll’élﬂ%'lﬂwﬂﬁﬂ“]f’n

3.1 MINUWNUMINATDY
aw g ¥ a -y 3w o 3
Tums3tenseil linamwunsnaassmssaauiuiu 1dsanndnausn Taeldnn
¢ o L4 ¢ & o
giu-voiiiaflen 10% (urea-formaldehyde) waz nWuea-Wesiadlsd 5% (phenol-
formaldehyde) 1Hlumhsirenta uazl¥aumuuniu 700 Alansudegnuiadums tag 800
flansudegninanines Tneldasdudivaomsmaniludiadu 1 % uaz 2% Tavnaumy
(4
MINADDUIVVGUANYIN (Completely Randomizd Design : CRD) 5 51 Inosvuagauls
o &
il
v Qy v a4 a Qs g o
A duriugulisainaannfudaausn naunmeie-esiianles 10%
ANUMUNUY 700 ATansunagnuAfuAT ttas T THUBTaTY 1%
1] Q’l 9 o A o Y o ~ o A 4
B (s lisafindannfudnausn naunnase-vesianled 10%
v = @ 4 av W
ANUNUUMY 700 A TanFurpgmNARNAT tass U Aty 2%
] ny Yo A a Y as =2 Lo =t 4
c dhavhugulfiSaindanndrudnausn nauneide-ediiadlod 10%
1 a @ 4 Aav o
AWMUWMY 800 A lansudagmnefiuas uazwisudiaty 1%
v A Yo 4 a Y o ~ o ay o
D iluuruduliiSaiindannduinauyn saunngde-esiadled 10%
AMUNUMUU 800 A 1ansuABYNLIAAIIAS HaZWITINUBITATY 2%
¥ ]
E unsudulisainaannfudnauem waunnituea-vesiiadlad 5o
ANNMUMEY 700 AlanSudBgMNARLAS LAazWIS WA 1% ,/
v Qy v A - a; @ o
F ilusiudu lisannansndudnausn saumatluea-vestiadlad sv%
ANUMU Y 700 AlansudegmNARAT LAz HUBTaTY 2%
k4 ]
G Wuniugu lsainanninfudnausn naunmiluea-Wedian lad 5%

] = LY L4 aov @
AU UULIUU 800 ﬂTﬁﬂillﬁi)Qﬂ‘]J'lﬁﬂtllﬂi az W HudNAYY 1%
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] g Yo & a Y =Y o o d
H dhuriugulisafinananduinauen naunnilusa-esiad lea 5%

ANUMUILLY 800 AlanSudegninAfiuas oy wis BT 2%

I d y ¥ 9 ) 4
wldusiuduiaredu 40 wiv udniwwudulddain 1évimualynanougu

auiAmuimsuaendninusininasgugammMnsuimuall

3.2 maitlunndawiusulidanndnaurn
3.2.1 manioninghy
Widnavsndaeuamedn lmnuaaliudwdaiiwsuludounuuma
’ k4
quvigll 80 - 85 °C Wuna 48 1w udathldudeslviinasuinaissana 1102 whlildn
A o v a o A A L o a o P °cd
wSesdudesdnasmile WelWldsudnausn wdnhlloufigungll 100°C dhunm 24
$ | ; a o v d
$2Tue Windenaudu 3 - 5 % wiwdr ldgumadndmhagsiniudeuiiznaun ud

i lisadou

322 aamzan q Amualunshusiviulita

-3 ] n’ Yo Y o ow A
mswammuw‘luaﬁmnnnnum1 ﬁmuﬂﬁm'az‘lumswmmmsNn 4

v ¥
a1 4 agdannzan q Admuelunsniauiuiu1isa

BHAYRITAIE %%a A,B,C,D,E, F,G
1. AMUVUMLUTDIAY 700 NN QLY. ; 800 NN/ ALY,
2. AT UIVDINY 10 U,
3. YUIAVDIUAU 30 @3, X 30 .
4. amduvesinauIniourauAT 3-5%
5. IsinvesnmgSe-osinn 1ad wio 10%
ausa-esliadled 5%
6. USinumsiudiadu 1.0%; 2.0%
7. AMNBUVOIRNALT MW 10-15%
8. quugiilunsdaiou 140-150°C;150—180°C
9. usesrulunissadou 35 NN,/ A3,
10. szoznalunisdaeu 7w ; 8 UM
11. Borax | 0.5-1%
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3.23 nnmuaznanaauRE SR nAnAYY N

hinaurnieumion3uds Tuwaunmge-vestadlad 10 % nienm
Huoa-Wesiiodled 5% wazeasmisusiadulunSemaunnawannzidmuall Taold
wiomunruuuia e memaudaoussfuaudszina 6 - 8 Alansuregnuirtisuinms
nsrunnenifazessnnrauiuinauy et eatinavenaznsz el ine

ThinausIiRauId ez ns i minvemsA R dmiunsHAauiYy 1
wiinTsslunSesesundudimaonning 30 au. x 30 e, Taowowwlselhinszanely
inSesed el uaueFiszAosnesnauqun TselWidnamgaveuriulissdufrfunaoats
wiy edouda ¥enaWirusivesiniutu deldsusnausnilseBoanmianusi
UHUIAS BNOA (mat-forming)

shuruessusa llesevherusessanuauma (Cul plate) Funioufowih
Audy yums 1 4 nazlivamanmn 10 Tadims (stopper) 1 arsvumdiausiv sinddalu
nseedadeu Taoldanmzmssanuiinmunld Seiwduiisaldeensnniossaloundn
fumeBluannzussommies 1 fland MesiumsvasnedonilidadhFunagey
faauiiRvosiuds 1
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dumsrlumandnmiusulisnoninausn

o
Mty

v

o 4 a ° o
fudnauseundiiiquingil 80-8s °C dhuna 48 $2Tus

v

»
a o A oo
adnaurnvlvwm 1 172 udniThlidweSesdvden

v

ar o O A - A
thinausMitdudesuda lilidussewenuinaus niomsessou

FBdutiumsisarsaa

»

- P a P-4
mwunnum‘muuﬁmqquu 100 °c siluaan 24 vy, Windsnrwdu 3-5%

nmpiSe-viesiiod lad 10 %
o

i 4
a w o
thiudnaurnneuusiaudwaunn

'

»
TsosudnausnTundsunSounrusua 30 1. X 30 v,

!

L3 o A or
thurueSousadundessadon

.

E d
hudusulisanndnaurnBluanizussometes 1 flant

4

- :
thurudu lisanndnaurrmaneuguania

nemeamuRsquITninizing

»' ]

»
nffoufioufuuriuinlisaanunasgu 1ens76-2532

Ad ﬂ’l o ? 4’ o o
usugiin 3 Junsulunsndauiuulisanndnausm

MW BN

i

mMiuesa-Hesiiadled 5 %
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3.3 nnageupuaaiAvewwuiulisanndnauyn
9 v > Yy 9
Wukudu 15aNinaa1dM 8 ¥iin S9IuRIFY 40 LAY YUIA 30 B, x 30 WW.UIEA
2 - 2 9 oo w2 2 .
vounisdmag 2 udns v 4 a1 udiailuTuneaeul v avessunaaeugmsy

unzpudnyusmuitmualuasgugAT NG S) WON. 876-2532
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uni 4
-}
HAMIANY

y ¥

b 4
Tums3foaseill Fidehnsnansswdauiuiulisannfnauyn Taouenihy s

»
] < o A = @ o
A dhusuliSanndnnndonurmaunigSe-vedianles 10%
ATIVRUMUY 700 NNJAL.Y. BaSHISTHUBTATY 1 %
v (]
B i lidafinanondnaurnmaunngSe-eiion las 10%
ANUHURIY 700 NN/AV.Y. BasWIsIRUBTaY 2 %
} v
c Wi lisanndnnninausnnaunmgSe-estonlas 10%
AMUMUIUY 800 NN/ALLY. HasWIsTRUBTadY 1%
i 4 .
D ithuriuu liSafinanvindnausnmaungSe-osian 1ad 10%
AN MUY 800 AN/AVY. MASHISTHUDNaT Y 2 %
F
1] = L4 d - QF U
E thursnzu 1f8afindnnndnausnmauniiusa-resiadled 5%
AMMURUWUY 700 N/ALY. UaSWISTHUDTaTY 1%
L d I3
F ifhuwriudiu 1iSafinaanninausmauniiuea-vessanlas 5%
AMUUUUY 700 NN/BL.Y. HaSWISTRUSTaTY 2 %
I 4 »
G Whuriudu I88afinaanndnauswaunituea-osTasles 5%
ANUYULLY 800 AN/ALLY. HMasWIsTRUBTaTY 1%
¥
1 o o 4 - 4 4
H dhurhutn Wsanndannfinauynrauniiuea-esiadlas 5%

ANUMURYY 800 AA/AUY. HASWITHUDTaTY 2 %

nnnswdnwiisu iiEai 8 viia fivonlfiamsmaismusandadt auzou
mans wnminedunuasmand devhmssaususulfsek 8 sila Wi wihmsyiy
anmuiudy fsannAnauah 8 v TaoieBludesqumgiivndthiom 7 fu
SohmsnarouiEL ITSainaRTNANAUYN  Anmenne N MATELIRATI RS
JMQATIMNGTY ON.876-2532 e \AHamaney &sil
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4.1 wamsfinu
b4 ]
wanTmageuLHUAL IiATINGRT INAnALI NI LURMuRuaNTRveImsHATEY

MUWIATIIUGATIVINTTY WDN.876-2532

] ' 4
AIWN 5 ANUNUIVOIUAY AU WUY (Density) uazAMuFY (Moisture Content)

Uszam AMUHUIIUY Ui Aunay Aunay Aunde
A15UAAR Fifmun arwmniy | Ao | svwvniy | asiudu
(nnava) | Sfatu (%) (1) T H (%)
(PA./ a1.3.)

ngiSe-viesian lag 700 1% 0.994 710 10.180
ngiSe-vlefianlan 700 2% 0.976 710 7.900
nagSu-vesianlad 800 1% 0.970 810 10.930
nmagSu-esion lad 800 2% 09% 786 8.850
nmHuea-viesian lad 700 1% 0.984 716 7.710
Anuea-vlesiiad lon 700 2% 099 720 8.460
nfuea-vlesiian laa 800 1% 1.012 800 8.160
maRusa-Wesian laga 800 2% 1.022 802 9.430

fn: @190 WE-HI2 W 105-106

} 4 »
nnmakdnusudulioans 8 ¥iia wud Hanurur arunuILY uas
z 1 : =\ H - ¥ Q’ (%] d -~
Adu veaurue 8 siia Wi ldmunasiidmua B3 lunsiususulSsafingann

¥
HNALTIMY 8 Fila
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1 1 4 3 1
M31fi 6 M3QATINGY (Water Absorption : WA) tazn1swosdaiiiousiiy

(Thickness swelling : TS)

HanIfiny1/ 48

15 flunde Aundo % MIHBIM
tazian AMIMUMY | aemsie | % msgaim% % msgaimf‘l ilousnia

M30AAA (P/aV.L.) Siiadu (%) @ $u9) (24 2T (2452 Tw)
nngiSe-esliad lad 700 1% 71.338 104.940 25.770
anyiSe-veitiadlad 700 2% 74.616 107.330 30.720
nagisu-vediian lad 800 1% 54.940 81.830 20.810
angiSe-Weilad lad 800 2% 81.738 100.706 31970
aauea-veilaalen 700 1% 157.99 184.600 77.164
aafuea-Hesiian laa 700 2% 77.880 112.350 28.456
aavluea-viosiian 1aa 800 1% 88.550 112.040 43.596
nafluea-vesian lan 800 2% 69.870 105.870 27.920

N : M1519 W13-W20 W 107-108

L 4 » »
nnnInaTeuRuIaNiAvewLFY lidaTinaanndnauyInls 8 wila  ludw

3 & ' < &
msgaduiuiionammlal 2 ¥3Tus uaz 24 $T9 (Water Absorption 2 br. and 24 hr.)

4 3 ay o A a ar 3 a A -~ : & v @ 1]
wun uiudu lidaindasnAnausnii 8 aiia Irnsgeduiiuionawuly 2 43T T

1] % - 1 n 1 g’ A L u'.v
HS ATZIU WON, 876 - 2532 Mifmua T hiAy 40% diumsgaFuniuiterawiulyl 24 4

1 a o A ' 2 o
Tus 1AsgIL uBA.876-2532 fvua 1A lifiu 80% uazludwniswosdudiousih 24 $2lus

¥ ] 4
wun uiudu WioanndnenRnauyIms 8 wiia HaTliknnasgiu ¥on.876-2532 dmua

f 4
= \ 1] o [ A = 4 aF )
Whithu 12 % douwiudulisaindanndpaurraunngSe-esiadlad avmmuuniu

aw & J 4 ' 3 vt w
800 AR/AVL.Y. TN HUDILATY 1% miaﬂﬁ?nmwanmmu'lﬂ 2 ¥lue  Tswinu

A 1] O'l 1 ¥ [ L L 3 ) 0’ ﬂ"
54.940% waziidorairu 11 24 2 Tue Haumidy 81.830% daunmsnesdudionanii 24 4219

fiaumiiu 20.810% Indifivefuannasgu ven. 876-2532 nhiga
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MINN 7 ATWAIITIRA (Modulus of rigidity : MOR)

4 A o o
maonaTuladfmuzaumenswaumsnons) / 4

dsznm ANUHUULLY 5 ARy
#15tann (PP/a.L) MINTAY | AnuduIsa
Biiadh (%) (nNZWIAG)

magiie-vlesiian los 700 1% 6.762
ngiSe-vesiadlan 700 2% 6.966
magiSe-esiian as 800 1% 6.788
magSe-estanlad 800 2% 5.688
nmnuea-vlesiadlen 700 1% 4.451
ninuea-vestian laa 700 2% 5.958
Anvuea-vesiod loa 800 1% 6.287
AAuea-estian led 800 2% 6.632

=4n,

U : A5 N W21-M28 Wl 109-112

VNMINATOLARTNIARIMAIMA NS INA (Modulus of rigidity : MOR) WU

i 4 v 14 »
wiudu lidafinaasndnauainie 8 wia a1 Tidu won.876-2532 dmuals sedeeiinnls)

4 ?
tioend1 13.8 wagwiaATm dnuwiuiu Widafiniasndnausinaungso-Wosiod lad

¥ Aw & Y & ]
ATWRUWUY 700 NN/ALLN. LazwIsTHUB YU 2% JA Uiy 6.966 wnswiaa1a F9l9a

A w P
1ﬂ5!ﬂ3§ﬂ1|ﬂ11nﬂ5§1u UBN.876-2532 lnﬂﬂfIﬁ
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NN 8 AweRdabangu (Modulus of Elastic : MOE)

lszian mmmuuin | Y5 Aundo
a15nAA (PA/aL.L.) M5 | vegantangu
slas %) | (wnzwiaena)
aagiFu-vlediianled 700 1% 645.719
nagFe-Wesiian len 700 2% 776.411
ngiSe-vesliad lad 800 1% 797.602
angiSe-veslian lan 800 2% 664.010
auea-vesiad laa 700 1% 605.393
nafuea-Woiian lan 700 2% 742747
afuea-wesind lad 800 1% 790.661
natiuea-vesadlad 800 2% 966.542

AU : 1519 W29-W36 1 113-116

nnnIAdeuguaulAATINDAAatangY (Modulus of Elastic : MOE) WU
whisuliSainannnAnauyaite 8 wiia Serhinm AT 1DN.876-2532 Aifmua’ls T
Yoondh 2,000 wewiania s isainaannRnauT MmN Tiea-He s TR ad
ATV 800 NA/ALLINAS oW UBTAT 2 % Hewhiy 966.542 wnzmianRTa

T lndifiosiudwinsg i wen.876-2532 wndige
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] »
M50 9 ANUAUNIIAIARININAURIMT (Tension perpendicular to surface)

Aunay
sziam avuuniy | Bwnees | smduusdsdenn
asiada (aua) | wmsiusiad flufanth
(%) (upEWIEAIa)
ngSu-rlesiionlan 700 1% 0.139
nmgSu-rlesiion lan 700 2% 0.119
nyise-esiaalan 800 1% 0.191
ngiSe-esiiad lad 800 2% 0.085
nfuea-Wesian lad 700 1% 0.073
auea-veslinn lan 700 2% 0.072
ailuen-veslian lad 800 1% 0.090
maluea-esiian lad 800 2% 0.067
a1 : 01599 WIT-R44 M1 117-120
AMMmAsBLALEITRA A AR niLEn (Tension

perpendicular to surface) w1 ki 1SaTinaRTINERAYYI1HA 8 ¥l Te i 1as
g won.g76-2532 Avmuall hidesnd 034 wazwiama drurusuldsainaann
Anaur AN o-ieiTod lad Ay 800 nn/av.es uazwITHUBTaRY 1 %
Sy 0.191 wnzwiaata dsldaindifssfunnnnsyu wen.876-2532 nnfiga
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AN 10 ANMUTANUUYBIAIYII (Surface Soundness)

tszian ANURUILU Wsnams Aunde
Mstada TGRS wsusTatu | aruiauiuvesimdh
(%) (Hadn)
Ango-vesianled 700 1% 633.958
agSe-vesian len 700 2% 724.263
agiRe-eiiadles 800 1% 940.886
amgEo-HesiaRled 800 2% 575.343
auea-vesadlen 700 1% 595.719
mafluea-veiiadled 700 2% 584.928
afuen-Hesion lea 800 1% 1012.852
nluea-flestian lad 800 2% 533.937

Fa1: A1 WAS-HS2 MITH 121-124

vnnnATeuRuaiAd A IBAmiuYeIAINT (Surface Soundness) WU uru 1
SaRRARIINANALTITG 8 ¥iIA SnmBaminvesRamh iy wen.876-2532 firmuals
Tidesndn 1,100 AU sy ISafnaannAnauI WAL HLea-Hosiad 1
ATIMLEINY 800 DN/OLY. HaswsueTadu 1% TananiBeuivvesiamiwidu

A \J =] or \J 1
1012.852 wnzwiaaa dsliar Indifivsfuinnasgiu ¥en.876-2532 wnfiga
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P 4 . .
AT NN 11 mmﬁﬁmﬁmmamsﬂmﬁm (Resistance to axial withdrawal of word screws)

szian AUARULIUY 5w Aundy
Mstaan (n/an.L.) wisudiasu | asnidamiisives
(%) aziindes (adu)
ngiSe-vesianlad 700 1% 321.647
nagSu-Hesiian laa 700 2% 262.636
nngiSe-esiadlaa 800 1% 409.901
ngiSe-Wosiind lad 800 2% 238.296
Amusa-vesian lan 700 1% 181.999
niluea-restian laq 700 2% 184.135
aniluea-vlestianlad 800 1% 252314
Antusa-esinn laa 800 2% 222.260

a1 : AN519 H53-H60 M 125-128

ynasnareuRuauiad I Bamilovemeindey  (Resistance 1o axial
withdrawal of word screws) wu'imriué'u‘lﬁé’ﬂﬁnﬁﬂmﬂﬁnﬂmmmmnngn‘%’u-ﬂas"ﬁ'aﬁ'laé’
AMUMILY 800 NR/aL.Y. WSTLBTA%Y 1 % SanruSamilensyinden Resistance to
axial withdrawal of word screws) 1) 409.920 Tia@u Fehu wen.876-2532 Aifmualideq

TsiTosna1 360 12du
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MIei 12 Msmannasguvesruiu e
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szian AMUNUIMUY USainuans AMIATYIU
mMsonAn (nH/aw.a.) wisudash (Z-score)
(%)

aagiSu-vesiiadled 700 1% -0.030
ngiFu-resilan lad 700 2% 0.108
pgRy-esian lea 800 1% 0.454
anpiSe-Wesiiad laa 800 2% -0.440
atuea-Weiian lan 700 1% 0.162
amuea-vefiiaflas 700 2% -0.425
afluea-vlesian lad 800 1% 0.287
nituea-Wesion lan 800 2% -0.128

a1 : 41579 62 WY 130

¥ L Q’ - A = o 1 :
ImsN esnuh  wiuduldsanndanadnausniiminzaiige  aiseedly

¥ ¢=’ [ Ld 4 % ' o Q'l =
v lisadszion ¢ mselirunasginniiga sty 0454 Wufle Midenisnaa

» 3
windu Wsannfnauam wdesldngSe-vesiiod ladiumsiouda uazdesdinnumin

wiu 800 AlanSudegnuiadiuas dauensiudy AowmsHualatu 1 %
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4.2 efnananmsfiomn

. oa = o d
fuunawguaniading 148l

ke . o v &
4.1.1. M3QATINI (Water Absorption : WA) uazn1snesdalionsii
(Thickness swelling : TS)
Usod 1 Q’ o é = Q Q’I o
ynmsnaneuguauinvewkuiy lidahnaanndnauranis 8 siia 1u
14 » 3
AMunsgaFini1 2 2Tue wae 24 $2Tue (Water Absorption 2 hr. and 24 hr) WU Ui
A’ 9 ar o -} Lo A oy P~ : 9 ] ] Q’ 9 ar o a
Fulisanndnausmaunngie-ediiod lealinsgadminiesniumuiu lidafindain
v »
AnaurnHaunIWuea - Wesladled daudumsnesdauilondnii(Thickness swelling : TS)
’ v A we o - do can Ja o A t o ]
wuh wiudulisasndnaurnmaunigiSe-esianled insnesdauliouginioondiumiv
-4 ’ b d
sulidanndnnnfnausnaunioiluon- WeSilaRlen  Mdssmsndaudiuiulidann
1 v ¥
fnausniih i Fuiinsgaduninaznswesdansldnngs - Wediadled Wums
iouda InsnsulSunanmge - Wefiiod led uazmrsinailianmanumila @ladu)

2 N
Tuntu vieldnmilszinnsu 1u n'leTi lwenua

4.1.2 ANNATUUSIAR (Modulus of rigidity : MOR)

VINMINATBURUAUTARTUAIINATUNSIAA (Modulus of rigidity : MOR)
nUN uviu?;u'lﬁﬁﬂ'?iNaunngfs'u-ﬂas'ﬁaﬁ'laﬁ' TAMAATUNIIRA (Modulus of rigidity :
MOR) Anh usidu 8afinaneninausniinaun1ifluea-vostadled Taomwizusiudu
WisafinanonAnaurnaungie - Wesiiadled AnuvuIniu 700 /AL Kae
msTuSTas 2% 1RAnuANTIRA (Modulus of rigidity : MOR) 1nfiqa fie 6.966
wozwEnn Ay 6’1&'&:minﬁnuﬁu?;u'lﬁﬁ’ﬁﬁﬁqmﬁuﬁ'ﬁﬁmmmﬁmuﬁﬁa ((Modulus
of rigidity : MOR) g4 szfeuiuSinminmyie - Hosiod led WP ATULAIY 700
anJauy. wazwsMudTadu 2%

4.1.3 Avegdntavgu (Modulus of Elastic : MOE)
VNAINATBURBIANITARUNEgATTAYGU Modulus of Elastic : MOE)
W wuiuliseafinannnfanusmaun1ifiuen - Wediindled aumuniv 800 nn.
ava. wisudiady 2%  IddmegdaBangu (Modulus of Elastic : MOE) wnfiqa fio
066542 wnzwiEmn  Aaiy deanmnaausnuSaTilgumTRA e FaBaNgY
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. g A =4 dor I’4 J '
(Modulus of rigidity : MOR) g4 szdeuiiunmifuea - Wesiliadlan 1nniu anuvuuniv

800 NN/AL.Y. HATWITTAUDNATY 2%

1 4
4.1.4 AWAUUIIANAIRINAUAYYI (Tension perpendicular to surface)
¥
nnMsnarsugmMiAR A NAIINS iR R INAURIMT (Tension
»
i ¥ ~ r A = 4 o
perpendicular to surface) W11 gy WiseinanninausnraungSo-esiadled 14
k4 E 4
¥ .Y o \J [ Y [ é
fAUATULS SRR nAURIMI (Tension perpendicular to surface) An1 ukudulidad
= 1Y) L] o al o ] a’ Yo & a o
nannIARnAUY NN IYea — vefiafled  Tasmwizududulidaiintaninfnauen
werungiFo-Wasindled Aaumuuniu 800 nnJ/av.y. wisTHUDIA%Y 1 % (UF 800,1%) i
| 4

AR LI AR ININA VRN (Tension perpendicular to surface) GIgAIIAY 0.191 N
@ z a \ A’ Yo PP ey = : o £
wigaa daiy MdesmandaududuliSaniguauladmarud s sfedennduiom
& 2 o o &
(Tension perpendicular to surface) ga¥u szdpumuiSinanngSe - Wedliofles undu

HOZAUYILLILL 700- 800 NA/BU.Y. WS THUBNATY 1%

4.1.5 AMUBANENYBIAIYIN (Surface Soundness)
VINMSNATBUANENIARIUANBANNUYBIAINT (Surface Soundness) WU
s EaTnaan NI 8 wia TMABAmiuYesianT(Surface Soundness)
TikunuafinasggammAssy uon.876-2532  adwualilideond 1,1008i0u uall
Wi I Safinannnfnausreuniuea-wesian lesnuviiniy - 800 nJ/an..
wsudadi 1% Hiimlnddueiusil uen.s76-2532 nnfiqa

4.1.6 AMTAUUYBINTYYINAEI (Resistance to axial withdrawal of word screws)

Qe A =] ’ ¥ n’
vnnnadeuguauiAd U NBamilsIveInzInde) wuh ueiuduls
[ 4 4 - o L4 \J A
Sanannnfpaurmaunmgie - vestadlen  Mewndamiivavewsyinden

(Resistance to axial withdrawal of word serews)in wusu 1iSnfindannAnAuIHIY 012
Shion - vosiinaled TaommezusiusuiSafinaannfnauraunTagie - osiiadled
AUV 800 nJaLY. WisTuDTadu 1%  SewanBamilonsindes gaganh
1 409.901 iy dnfudrdesmskanuiuiuifsantqumiAg I idamilsnsyinde
(Resistance to axial withdrawal of word screws) qa%u sedpufindSinunngde - eitind
Yo Wnniu uazaamv LM 700 — 800 nN/aw.y. WisTRUBTad 1%
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uni 5

aqnauazdeiorveuus

5.1 agwan1sdvn

inﬂmsmamnﬁmwiu?;u'lﬂé'ﬁmnﬁ’nﬂmmffe 8 ¥iin Ao

A liSafinaanindnausmann g o-Hesiiad lad 10%
AMUMUIIY 700 PR/A1L, WisTHUBTaY 1%

B kU iSafinannninausHaun g s-vlesiodled 10%
ALY 700 PR/ALY. WisTRUBTaTY 2%

¢ wiviliSafinannninausHaun S -vosiodlsd 10%
AUV 800 ARJaL.Y. WisTRUBTFY 1%

D i WiSaTinann A maunIg-vesiiaR lad 10%
AMUMIIIY 800 pR/AV.L. WisTHuBTaY 2%

E whisu [isafinananfnausmaunifluea-esiiad lad 5%
AWMLY 700 ARJALLY. WisTETatY 1%

Fuduiuisafinannninauynaus fluea-desiod las 5%
AMuMLYY 700 AnJan. wisAudTady 2 %

G s ISafnaannfnaus waNnITua-eslinn las 5%
AT 800 nR/aV.. WisTRuBTadu 1%

Husiudu safnaannfnauswauniiuea-edind lad 5%

AMUNUMLY 800 AN/AL.Y. WITHUBNATY 2%
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i safinaanninaueniidimue  Thlfuanmaewilinaaey
AuautA AT IUGATIMNTTY NON.876-2532 &ail

1. ﬂ’l‘igﬂ@lﬁi’l (Water Absorption: WA) Tauldinamaney 2 $2Tus uaz 24
$2Tus nogmanesiaddousi (Thickness swelling : TS)
ANUAUUTIAR (Modulus of rigidity : MOR)
weRAatangu (Modulus of Elastic : MOE)
ARSI SRR INFUR NI (Tension perpendicular to surface)

ATNDANUUYDIAMYN (Surface Soundness)

N T i

=] . .
ﬂ'nuﬁﬂmummmma,jmﬁm (Resistance to axial withdrawal of word screws)

apna’ldfed  uiuiuldSaiinansndnausrmaunngSe-vesiadled A
Wiy 800 ARJAVY. uazwIsuTady 1% sxlddRiige mnmsvaneudn %msge
Gt (Water Absorption :WA) fierim 2 $3Tua wag 24 $alas fidwiiy 54.940 % uaz
8183 % U %ATWOIRISIBUFI (Thickness swelling : TS) UAWMAL 20.810 UAZAINITY
Fruussasdaninfuiianh (Tension perpendicular to surface) AUV 0.191 WAzWIAA
uasmABAmMiismeYnGe) (Resistance to axial withdrawal of word screws) TAWMINY
409.901 i1 ﬁwmiu%u"lﬁ'ﬁ'aﬁnﬁnmnﬁnmmmmmﬂngfs'ﬂ-ﬁa{ﬁn'ﬂ“laé AUAU WY
700 HNJAV.Y. WIS 2% g auAdIAIMAIUSIAR (Modulus of rigidity
MOR) TauWMiiy 6.966 wpzwWIAAE unewduFuisafinaannfanur e
Hodiiadled Armmunni 800 ARaw.a. wisTiuBTasu 2% I wogdadandu (Modulus
of Elasitic : MOE) NAuMNU 966.542 tunzwiaa1m A A TinaRInAnALYIHEY
anituea-vosiiadled armmuiu 800 Ansau.. WisTHuBTady 1% WamnuSaumiu
wosRM1 (Surface Soundness) AWMU 1012.852 12Au

wnnsnaaes Annisulundail wudh wiudulisaiinaanninauynfimngey
fign aasezhuriudu idSanmnmgise-ediolas ammmnniugoo nn/au.y. wazs
wisusasu 1%

5.2 deiruenne
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52 YolaHeluL
b4 »
521 domusuuzdmsunuiteasedl
¥ E 4 1)
TudumsunsHUARUTURNA LT IRIIzRun I NI s NouaRIDe
Qy o : & [ o o 1 : o Y & 1 L
FuRnausnnanuaetiostunmssuduiudoussrindudnausnduma  Fozdwald
b 4 v »

s TseFusnauyiuiemSoudalinnuge liatinawe

522 YewmusuusdmSun ANy URUAY
z i A QU o 1) Q’ o s
1. lunsfowmseell  Aeadumskdausiudulisanndnauyinisesld
=) & o - 4 A o A y ) J A
ampso-eiindlen Wumsidenda uazmuammuuniulinniu e
[ v 1 A yye o P o )
domaldurudulisanld Sanuudwusannndil Mefiiiesninlaseads
yosdnmusninsBosda liidhusaition e igaeuiadwn il
1ioo
H ' 4 o o
2. Tupsdlssnugaamnssuvuiadsunlsezlaaiesiienvivado laanwe
2 2 2, g : .
FJuppUMIHANNT Juntuns IssTuRnALTIIREUN LA ANDIAT DL
d o
flezdn
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51811591999

o @ o o 4’ a o @& o v 3 .& ¥
1. Tasamssussauazlszndusiug. Ses Anssudwednaurnluguindmszouiiend
9y
Hyvwmsiidmszominde asumuguuaiiv. nsznsadneenaas malulad
nazduINaN. 2540.
=3 a d¢ A < < 9 o/ a ' Y
2. gA3e YoRAAINA, 37, 109IUNITIsen ANy IMsudulsdinavsansdauiuduleldly
IMINYATATIN. 2544,
r A s a < I sld' s a ] d aa [] ay 9/
3. 135534 guInAYe. ma TuTainm IdiNeanugaamnssunmandauruthsadina @rindu 1
[ at o i o Y 1 = w =Y U 9
a) unznsTuATHaN. nguRmuRamnassy 1S daudtouaziannwdanat g,
dninaudrmsth s assuthld, 2541
4. RATCHANEE KANCHANOMAL. WATER HYACHINTH ABSTRACTS. APPLIED
SCIENTIFIC RESEARCH CORPORATION OF THAILAND BANGKOK. 1974.
5. 81120 Ay, A.as. urwduleldsaviianurumiulunais (MDF). auziumans
YNINRBINYASAEAS. 2530.
6. U5 1Ne3ANIZY, A.AT. NIUATMTTARA 1. MAdsnuRIaMa AuzIuman
I IMEeINYAIAAT. 2531,
aw A a v a d 4’1’ 9 a a o ' 4 a L]
7.35% Husu. avianidndueuile 19, Madvundaiual anzIUATaS, UN1INGIRE
INUATANIAS. 2533
o
8. AsgrundatusigaamnssunAuTY dasiiadasy : armmvumiuthunais wen.
876-2532. NTTNINYATMNIIN. uul.
9 Ed v
9. TasensIegulfiams msmvuguinaurnluguiindmszen nazviduninaiui
a ¥ = @ A A o =S v
Inga. thomalulagnsineasaniiviseInesmansuazma lu lasuvalssing
Tne (am.). 2542.
10. 25533% gudadAde. 1o ldlse Towl Idazmnfounfiegamunssunsndauduihiad
ifa. eAEISITINSIOUR 5.421, nquiiaiugadmns sy Il dauddouaziauwda
!
wathlsl, dnindansthld nsnth1d. 2537,
11. 235533 guinade. edshlinansenudeaimuiussazarunsvuaveuruihsag
iRavesa. s3I r NSl 5.422, nquiangaamnassu 1l dauidonez

wanwaarath'ld, dnindvnisth'ld asuthlsd. 253s.
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12. 735350 QUinATE nazugs Aunes. KensznLvesszaLlSnunmndriudenuanlf
yourriuihadnavesaon lnsziumm. eaasdrnms wuh 5.426 nquiiau
gammnssuihld dadfonaziauwdanathld dnindannisihld asudhd.
wnl,

t s aw w Ad a o wa L ) M Yo
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¥ iluoa-wostan laa 5% YosiminfnaUY1 = 3181.5x0.05 = 159.08 ASW/ 5 LHY

9
1% NH,CI 1% vouriminAnauyn

]

3181.5x0.01 = 31.82 N3/ 5 unY
1) s

dwisiudasy 1% venimindnauyn = 3181.5x0.01 = 31.82 AW/ 5 UHU
v t 4

Tewrsmuddadu 2% vsnimininauyn = 3181.5x0.02= 63.63 AW/ 5 KU
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4. winsulisainannnfnaurnaunuoa-Hostad lad Anuv 800 NRLAY.AL.
vhvinusuuISSAAY 0.8 NEU/AL.TY. x 30 1. x 30 BUX]1 =720 NTWAHY
X g iminuiainaue
X + 5%X = 720 ASUMAY
X = 685.71 NSU/UAY

9
s ldimindnauan 685.71 NTUMHY

]
]

@ 14
AUTY 1% VoIV UARNALIYFI

685.71 x 0.01 6.86 N3U

N A
sz 1ddnau¥ + anudu 1%

685.71 + 6.86 692.57 NTUAINY

]
I

]

] £ 4 )
RINITOANDL 5 AU DLUUFIANAVT N = 692.57x 5 3462.85 NN/ 5 uHu

A @
WD error 5% = 3462.85x0.05 173.14 054

-4 Yy 9
s1iy 19finaYTIMeAY = 3462.85 + 173.14 3635.99 NI/ S UHY

i

9
¥ 1Ausa-Wostian 1am 5% veahmindnaLeat = 3462.85x0.05= 181.80 AT/ 5 LAY

¥ NH,CT 1% vonimnininauan =3462.85x0.01= 36.36 NI/ 5 UKY
3 ¥
1w Mudiadu 1% venimiindnausn =3462.85x0.01= 36.36 N3/ 5 UKY

v »
T Audiasu 2% venihmindnausn =3462.85x0.02= 72.73 AW/ 5 KUY
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[ 9
AN w2 USuadnausruisnldvavum

MANUIN /98

Uszinmaisoada AMURUUUY Pwnams | dSnadnausuis
wisTiudTady (")

nngSe-Wosiadlen 700 1% 3,036.86
angiSe-wesiian e 700 2% 3,036.86
ngise-vesiian lad 800 1% 3,470.78
agiSo-esiiaa led 800 2% 3,470.78
ailuea-esiad lad 700 1% 3,181.50
aluea-vlesiiad lan 700 2% 3,181.50
nauea-vesiiaf lad 800 1% 3,635.99
amiluea-reiianlad 800 2% 3,635.99
P} 26,650.26
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6. WSuamnid

o a9 9O
M3 N W3 S ldianus

Usznnaisana AUMUNIIY WBwawas | Badnausuds
w3 udlady (M5W)
=) A=) 4
AngSo-esiiod lad 700 1% 303.686
AgiSo-Wesiiad las 700 2% 303.686
anpiSo-Woslian lad 800 1% 347.078
nngiFo-viesliad las 800 2% 347.078
3 1,301.528

" o, b
AN W4 dSanmnldienua

Uszinnastann AN WIUY Wwams | PSnadnausius
wisTusas (n51)
aWusa-Wesiad lan 700 1% 159.08
ailuea-vesiad lad 700 2% 159.08
amuea-Wefiad lad 800 1% 181.80
amluea-Wesiaf lan 800 2% 181.80
Eie) ] 681.76
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3. Tahi1aealn 1 11 3 @ues addition 8y 4 Thlilides 4

4. {@eNs hardener unzyhAiMAesn 1 1 3 udathuideo 9 swidhudeioaiu

o H ] é 1]
5. inmanwey lauds Tl laluasesunts
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24
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A 4 .
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201.06
134908 = 156.67
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nald .8 wm
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4 A . o
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P
1. ANURUIVBIUHY ANUNU MUY (density) HBZADINBYU (Moisture Content)

P v ] 4 &
AT NN H-5 ANTBYUTVBAHU AVIVAUNIUY (density) HASAINYY (Moisture Content) ‘Uaﬁllﬂuw.lﬁé'ﬂ

findavndnausmaaunigo-eiiionTad arumuuniu 700 nnseua. winuslonu 1 %

FA— usiy amunhe anwom | arwvwn | dnas e R ANUMUTVDIUHY AT
# (@) (o) (@w.) (eu.a.) ®Tw) ®3y) /A niuan.. %
pifovioiiodled | 1008 | 1008 | 09% | 10059 | 7252 65.34 0.720 720 10.980
MmN 2 10.07 1008 | 0960 | 97.51 7125 64.14 0.730 730 11.080
700 ANJ/AL.Y.
3 10.08 1006 | 1060 | 10749 | 7623 68.76 0.710 710 10.860
#mzmu
Sttt 1% 4 1020 10.15 | 0970 | 10042 | 70.90 64.92 0.700 700 9210
5 10.17 10.15 | 0990 | 10219 | 7253 66.67 0.710 710 8.790
e 0.994 0.710 710 | 10.180
a v T N - . S W as
A5 197 H-6 ANUVRUIVBIHY ATTUHU MUY (density) HaZA1UFY (Moisture Content) wvaaruTulien
fndnnfnausnnaungSo-vesiian 1aa Anmmunniu 700 ansau.y. winiuslai 2%
?;umaa‘u ll&hl ﬂ')'ﬂ.lﬂg“ AN ATIVNUHY 1ﬁu‘m li’mﬁﬂﬂﬁ i"ﬂliﬂu?“ mmnwamiu ﬂm“:ﬂ
] (@) (o) () (au.an) i) i) nTaN.aY [T TRT %
glorediiodlsd | 997 997 | 0970 | 9642 | 71300 65.95 0.730 730 8.11
it '/ et 2 9.99 997 | 0980 | 9761 | 71370 66.09 0.730 730 799
700 AN/ALLY.
3 9.98 999 | 0950 | 9471 | 67.900 63.02 0.710 710 7.74
AN
S 2% 4 9.99 999 | 0970 | 9681 | 67.920 62.93 0.700 700 793
5 9.96 996 | 1.010 | 10019 | 70300 6524 0.700 700 1.5
wie 0976 0.710 710 7.90
A L) 1) L} ‘:’ @
13199 B-7 ANBHUTTBWIRY ANBHUNIUY (density) HASAMNNAU (Moisture Content) vouruiulida
A - o L 1 -~ ﬂ'!
fransinfnausnnaunpSe-vedtad lad anumuuniu 800 nnsau.y. wistiudiati 1 %
Sunagey uny amund fawen | avamwn | dfsines dwvinan | siminh AUVITBUNY -
# @) (an) () (aun) ®3n) ©3u) niau.a AFwa. %
gio-vodfodlsd | 9.93 993 | 0980 | 963 | 77810 | 7022 0810 810 10.80
Rty 2 9.92 993 | o980 | 9654 | 76210 | 6897 0.790 790 10.49
$00 AN./AUL.
3 9.93 994 | 0970 | 96.73 | 78430 70.94 0810 810 10.56
AN
Siad 1% 4 9.91 990 | 1000 | 98.11 | 79.680 71.10 0810 810 12.07
5 10.13 1020 | 0960 | 99.19 | 82250 7428 0830 830 10.73
e 0978 0810 810 1093
[] 4
#1597 -8 ATIIVINTBAAY AMUHUUNIY (density) HASATINAU (Moisture Content) v8susuFu liioa
fraanndnaus s mgSe-eiion 1ad anumuuniu 800 nnsauy. msRudlatu 2 %
Sunasey iy amunta arem | sowwn | WBuas dwinae | dmiaote MIHUITBUINY ey
# (@) (aw) @) | (eusw) 3u) @) Moo | afweuy. %
gidoviediiodlsd | 1012 | 1001 | 0970 | 9924 | 7100 71.17 0.780 780 8.19
MmUY 2 10.10 1010 | 1020 | 10405 | 85.69 7826 0.820 820 9.49
800 NN/,
3 10.11 1008 | 1.030 | 10497 | 8107 74.74 0.770 770 8.47
TIMIIMN
Sttadu 2% 4 10.12 10.10 | 098 | 100.17 | 7638 70.45 0.760 760 8.42
5 10.13 10.13 | 0980 | 9954 | 80.00 72.91 0.800 800 972
il 0.990 0.786 786 8.85




imns wigA N1ANUIN / 106

- » ’ . & . T
AITHA A9 ANUVUIYOINNY ANUNUNIUY (density) 102A1TUTU (Moisture Content) ﬂﬂﬁllﬂu‘]ﬂl‘uaﬂ

frannnfnaurrnaunuoa-vesian leannuvuuniy 700 anseu.u.msHudiorui%

FA— iy anunin e | smwvn | Wuwes dwiinaa | shwiints ANUNUITBIAY sTwdu
f (@) (@) (@) (auam.) (") in) nFuan. Ty nfu/a.y. %
Ruoa-oiledled | 10.09 1008 | 0980 | 9967 | 73.83 68.59 0.740 740 7.64
ATTUNUTIYY
2 10.11 1011 | 0980 | 10017 | 73.08 67.72 0.720 720 791
700 AR/AUY.
Ay 3 10.12 1010 | 09% | 101.19 | 71.46 66.59 0.700 700 131
Silodu 1% 4 10.11 1012 | 099 | 10129 | 7324 68.00 0.720 720 7.70
5 10.11 1013 | 0980 | 10037 | 7097 65.73 0.700 700 7.97
1o 0.984 0.716 716 7.7
‘S' 13 . 3 L} n’ ar
AN K-10  ANVAUIVBIAU AUVU UL (density) HAZANUFY (Moisture Content) veariutu 15l
A -y o L4 2 1] LN J &
frannnRnaurRauARuea-HeTan lenniumiuiiy 700 an/au.y.ms1iudiadu2%
F— v anndn | sawen | eawvwn | WSunes dwvinae | simsiads ANUNUIBIURY -,
# @w) @) @) | (eume) i) wiw) nfwevan | adwewa. %
Huon-refiledled | 10.08 1010 | 10020 | 10384 | 7294 61.79 0.700 700 7.59
ATIMHUIY
2 10.10 1011 | 0990 | 10108 | 73.50 67.56 0.720 720 8.79
700 ANJaLL.
iy 3 10.10 1011 | 0990 | 101.08 | 73.40 67.11 0.720 720 937
it 2% 4 10.12 1009 | 0980 | 10007 | 73.55 68.33 0.730 730 7.64
5 10.11 1010 | 0990 | 101.08 | 7297 67.00 0.720 720 8.91
1990 0.994 0.720 720 8.46
3 9 1] z 1] > o
A13197 B-11  ATIURUIVOSHAY AWMU (density) 18$A1UFU (Moisture Content) wouwudulioa
d « o &
findavindnaurnwaunuea-esiiad lsnnTmuniu 800 nn/au.u.maHuBTasu1%
FA— usiu amuntn swem | sowwn | Snas Anvinga | dwimeh ATVUITBUHY oo 9
s () () &) (au.an.) i) 3n) I/ nTNALY. %
Ruon-refiladled | 1041 | 1000 | 1060 | 10824 | 8771 80.80 0810 810 8.55
ANBUUNIY
2 10.09 1011 | 0990 | 10099 | 8120 7597 0.800 800 8.88
800 ANJALY.
—- 3 10.10 1010 | 0980 | 99.97 80.42 74.91 0.800 800 7.36
fifodu 1% 4 10.11 1007 | 0980 | 9977 | 7845 73.15 0.790 790 725
5 10.03 9.98 1.050 | 105.10 | 84.78 76.53 0.800 800 10.78
1o 1012 0.300 800 8.16
H 1] 1) J L) Q’ o
A13190 A-12  AUWNVDIIAY AUV NIY (density) HAZAIWAFY (Moisture Content) vsautu1ien
J -y L * - o 0‘!
fnanvINAnALTHENA T TUsa-He31ian leaanuvuuniL 800 AA/OL.L. MNTUBTaTH2%
F A — wiy awnhe | anuem | eawmn | Binas dwiinage | dmvinnts ATIMUITESUNY -
# @) () - () (anan) ®i) ®i) ATan.s nf/auy, %
Ruoarefifadled | 1000 | 1041 | 1020 | 10415 | 8600 79.41 0820 820 829
ANuMUmLY
2 10.08 1010 | 1030 | 10486 | 8335 76.98 0.790 790 827
800 NNV,
Ay 3 10.12 1000 | 1030 | 10524 | 8433 75.90 0.800 800 11.10
Biladu 2% 4 10.10 10.10. | 1050 | 107.11 83.95 76.95 0.780 780 9.09
5 10.10 1011 | 0980 | 10007 | 8248 74.71 0.820 820 10.40
130 1.022 0802 802 9.43
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2. M3gATINI(Water Absorption :WA) HaZnIINBTUIBUYII (Thickness swelling : TS)

o i ) . 3 v S a
13197 K-13 MIGATINTHWater Absorption :WA) HOSATINBIAULONTI (Thickness swelling : TS)-voutrutulisa

d o o s aw &
“ﬂaﬂﬁ‘lnﬁﬂﬂuﬁf’nﬂﬂuﬂ’r’gﬁ!ﬂ'ﬂﬂ;uaa‘lBﬁlﬁ'nu"'l«n"uu 700 ﬂﬂjﬁu.ﬂ.ﬂ'ﬁ"ﬁuauaml%

Funado wie | mmmn | dmiiedewns | mmmnd | siwindug simiiniiug % msqwimﬁ % N1INBIAI
# (@n.) (n3y) 242l 2 §2Tu 24 $aTue 234 2430, dious 24 w21,
giovofiliodlsd | 097 7178 125 126.00 148.10 | 75540 | 10632 28.87
klatidis 2 0.97 7392 121 120.36 15093 | 62.820 | 104.18 24.74
700 AN/AV.Y.
3 0.96 70.00 124 123.46 14670 | 76370 | 109.57 29.16
nIMY
St 1% 4 095 68.78 1.17 119.61 14263 | 73900 | 107.37 23.16
5 0.96 72.00 1.18 121.00 14203 | 68.060 | 9726 292
wao | 71338 | 10494 | 2577
I3 » » ) 4
MINA #-14  A15gAFUIII(Water Absorption :WA) HAENSNBIAUTONTI (Thickness swelling : TS)-voausuFU ida
4 o o o ’ aw o
findaninfnaurnamunmgRe-deiiad ladaammuuniu 700 nnsau.umiRudiedus
Funagey wht | mowvw | dwiedewss | sanvwdl | simindiug Aoy % nﬁqnﬁmﬁ % D1INOIWAL
# (@) ("3) 24218 2421 24 $2lus 29m. | 20mn | deud2e vy,
giodefindled | 097 7133 122 12256 14711 | 11820 | 10624 2577
it/ inkle 2 097 7097 124 126.42 14717 | 78.130 | 107.37 27.84
700 fiN/R1.3.
3 0.96 7.76 126 123.49 155.40 | 72.090 | 116.56 3125
AL
St 2% 4 0.96 7189 128 125.11 157.41 74.030 | 118.96 3333
5 0.96 71.51 130 126.58 15905 | 77010 | 87.54 35.42
E
1nae 74616 | 10733 30.72
b 4 v v
A15190 W-15  MsgATIniI(Water Absorption :WA) HOZAIINOIRIBUFT (Thickness swelling : TS)-vBaurAudu 1isa
AnSavindnausnmaunmgie-dedilas ladrmmmunniu 800 anjou.umsifudinduis
Funagen wh | s | dhwindewus | sownnd | sl Amiinfiug % ngadnh % MINB
i @) D) 260l | 29l 2 sl | zen | 2emn | dlewd2ava,
giorledmodled | | 0.99 7872 120 123.72 14246 | 57.160 | 80.970 21210
ATy 2 0.97 75.65 120 124.73 14382 | 64.880 | 90.110 23.710
800 NA./AL.Y.
3 098 71.08 1.18 121.44 14021 57.550 | 81.900 21.030
iy
STt 1% 4 0.99 81.02 1.18 121.55 14287 | 50.020 | 76340 19.190
5 095 79.46 113 11532 14291 | 45.130 | 79.850 18.950
54940 | 81.830 20810
t o A 3 . . v S »
MsNT H-16  N13gATINII(Water Absorption :WA) 182MI5NENAUBITI (Thickness swelling : TS)-vouruulion
findnemAnauynaaunngie-esiion lesnmmuuniv 800 nnJauamsuBiadeg
Funndou whi | s | dmiindouns | mwwni | shwiinfiud it % msaaﬁmﬂ % MINBIA?
# ) (i) 26 | 24Dm 24 Falue | zem 280, dlous 24 5.2,
giodediiodlsd | 099 79.98 1.43 155.32 16783 | 9420 | 109.840 44.440
MY 2 1.01 80.95 120 126.11 153.75 5587 | 89930 18.810
800 NR/AVY.
3 1.01 78.95 138 152.74 162.98 93.46 | 106.430 36.630
e
St 2% 4 1.00 8027 139 154.70 165.19 9274 | 105.790 39.000
5 1.00 74.79 121 128.95 14325 742 | 91540 21.000
1wdo 81738 | 100.706 3197
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P e o A W 7 . . ' X o
AT 17 MagaSniI(Water Absorption :WA) HBZMRBIA BN (Thickness swelling : TS)-vorudu 11ign

A -y o iy o X ;
faaasmAnAUYHaUNITUDa-iodHad 18RRI 700 ANJaY. NN TRUDNTUI%

Funadou win | eawmn | dmiiadewns | et | shwiinilug dmsindius % nsgaduih % NIINOIAN
E ) ) 24200 | 24T 24 dlue | 29 [ 2emn | geud2ewa
Fusnatoioled | 0.98 72.82 1.72 183.25 19847 | 15165 | 17255 75.51
ALY
2 0.98 70.79 1.77 181.71 202.19 156.69 185.62 80.61
700 fRJSaUL.
WY 3 0.98 68.79 1.81 184.88 202.57 168.76 194.46 84.69
aloduin | 4 0.99 72.49 173 179.02 198.57 146.96 | 173.93 74.75
5 0.98 67.76 1.66 180.19 200.87 165.92 196.44 70.26
1nde 15799 | 18460 |  77.164

P o o A , . . v oa Y
ATNN H-18 ﬂ17gﬂ§uﬁ1(Waier Absorption :WA) HaZMIADIANUBUFU (Thickness swelling : TS)'ﬁlﬂﬂllﬂﬂw.lﬁaﬁ

FHARINARAUERENNTIRUBA-HB T iTaR 1aAn MUY 700 AN/ALL.Y WIS IHUBTaT 2%

Funageu win | s | smdiedewss | moumuii | dmdnilus miiniug % nsgadush % NTSWOIAT
i (an) n3y) 242l 2§2Tus 24 2l 290, 2471 dlous 24 w.u.
Tuea-rofifofled | 1.02 74.06 123 124.68 15351 | 6835 | 10728 2059
AT TN
2 095 | M7 122 127.80 16072 | 7324 | 8695 28.42
700 AL/AUVL.
— 3 095 71.42 127 129.62 16356 | 8149 | 12901 33.68
B2 % 4 099 70.51 131 138.75 15601 | 9678 | 12126 32.99
5 094 73.61 1.19 124.93 15934 | 69.53 | 11623 26.60
iwan 7788 | 112.146 28.456

A o o A A I’ U A’ o
A1 19 MsgATuIIAWater Absorption :WA) HAZmISHBAIIIONSIIN (Thickness swelling : TS)-voausiiuhisn

A = o o i) = &
NHDA mnﬂnnmnmaunnﬁuaa—ﬂas"uaﬁ'laﬁmwnmuuu 800 AN/AL.N.MIMUBLATUI%

Funagen win | somn | Swindewus | eommunit | dwdeited | shorinflu % nmagadnh % NINDIFI
i @) @5 297l | 29w 2 dlue | 29n | 20mn | dieus2awa.
Fuoniefifedled | 1.06 83.08 1.49 159.10 175.61 9150 | 11137 4057
e anhn
2 098 81.14 1.44 156.07 176.72 9235 | 117.80 46.94
800 AN/AVN. :
f—— 3 0.97 78.79 1.41 148.45 177.17 8841 | 9838 4536
ifadi 1% 4 0.99 79.79 1.58 171.89 18617 | 115.43 | 13332 59.60
5 098 83.00 123 128.70 165.43 5506 | 9931 25.51
1o 8855 | 112.04 43596

P 2 o A x4 . . ) & o
AN R-20  A1SATINII(Water Absorption :WA) UBSAINBIANDUTII (Thickness swelling : TS)-vouAuTulisa
A - - or a9 - 1) = W ;
finaanAnaurRTNNAuoa-fefiind lednimmunniu 800 nn/auu W MuBNaN2%

Funasroy whi | mowwun | dwindewns | mowmndl | dmdies | doindiug % arigaduh % NISADIAI
# (an) ("3) 24970 247 e 24 $alm 29, 2438, o 24 3.
Ruon-oflclad | | 1.02 7922 133 141.66 16347 | 7882 | 10635 3039
ANLVUTINY !
2 1.03 81.39 127 134.80 16423 6562 | 101.78 2330
800 ANJALLL.
] 3 1.03 83.50 1.32 135.97 167.73 62.64 | 100.87 28.16
Sifadu 2% 4 1.03 79.12 © 137 146.30 165.50 8491 | 109.18 33.01
5 0.97 77.78 121 122.38 164.86 5734 | 11197 24.74
' imilo 6987 | 10587 27.92
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3. ANWNULIINA (Modulus of rigidity : MOR)

A o 1 ﬂ, o J -~ o
AN A-21 MATWAUIEIRA (Modulus of rigidity : MOR) weausu¥uliisa nndasndnauyn
e o-ves TR lednumunniu 700 anJauumsudladu 1%

§,‘Hﬂﬂﬁ01l llFi‘N ﬂ'nmf’hmmﬁa (mn:mamn) lﬂ?;ﬂ

ﬁ Fesi 1 Fretdi 2
giio-vlosiiod lad 1 6.440 6.890 6.665
AMHUMUY 2 6.720 8.750 7735
700 AN/, 3 5.930 7.490 6.710
WY 4 7.607 4.612 6.110
Sliadu 1% 5 6.750 6421 6.586
190 6.762

P > & o 4 a o
WA A22 AT TMNEIAR (Modulus of rigidity : MOR) vesnsiuduliish findavindnausn
narunmgiFo-wediaR ladnnumuuniu 700 nnJouu i iRuliodng.

gﬂﬂﬁﬂﬁﬂ uriu mmﬁ'mnmﬁa (nsmiaaIn) lﬂéﬂ

i Fethait 1 il 2
giu-vediiadled 1 7.405 6.496 6.951
ATIWUUMUY 2 6.054 6.190 6.122
700 AN/AV.Y. 3 7.607 6.444 7.026
a1 4 8.694 6.990 7842
difadu 2% 5 6458 7315 6.887
190 6.966
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d . . s Lo da o
AN 23 maudunsada (Modulus of rigidity : MOR) waansusu liisa fikdanindAnauyn

srungio-ediiad ledaamumuiniu 800 nnsav.msfudladu 1%

i‘;umﬂau miu ﬂ')'lllﬁ;‘lullﬂﬁ'ﬁ (unzwiania) m%u

f Fretni 1 Fo61eH 2
gRo-vlesTianled 1 6.811 7.480 7.146
ANUAU NN 2 8.643 6.520 7.582
800 ANJALL. 3 7.833 7.645 7739
AU 4 8.351 7.682 8.017
Sadu 1% 5 0.013 6.901 3.457
1o 6.788

b 4
i) - 3 (] o J -y @
AT R-24 MIATWATINGISA (Modulus of rigidity : MOR) vasususulion findasninausm

raungSo-ieiiled leanamumuiniu 800 nnJ/av.umsmudlasu2n

Funaaey ) AYTIIATHUSIAR (WINSHIAATR) 100

i el 1 Fohsi 2
gRo-vlesiaRled 1 4m2 3071 3892
AMUAUIUY 2 9264 9.137 9201
800 AN/ALLY. 3 4853 3.981 4417
AR MY 4 5244 4322 4783
Siadu1% 5 5395 6.501 6.148
indlo 5.688
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P 3 o -1 v d a Y
AITIN #-25 ﬂ'lﬂ‘n"“"ulﬁiﬁﬁ (Modulus of rigidity : MOR) ‘Ilt)»!lmuw"ﬁi)ﬂ NHAAINHNALY

werunmuea-vedtod laanumuitiiu 700 nnsau.u s RuBlatu1%

'?;unaﬁtm UHY ANVATURTIAR (WASHINIED) mﬁu

il Fedi 1 et 2
- Huea-efiiadlad i 5.183 4347 4.765
ATURUNIIY 2 3.589 4663 4.126
700 NN/BUY. 3 3.488 4385 3.937
AW WY 4 5.432 4.473 4.953
Sladu 1% 5 4764 4183 4474
a0 4451

A v o L ﬂ’ o J o\ ar
IR H26 ATRIMATUNSITA (Modulus of rigidity : MOR) voudutu1isa indanindnausn

waunmiuoa-fednan learImmMUILY 700 nn/anuMHudTa Y%

iﬂﬂﬁﬂﬂ“ llﬁﬂ mmﬁmlmﬁn (unsMgn1a) m?w

# Frotait 1 Fnowh 2
Huoa-vesiiad lad 1 5738 5.710 5724
AIMHUBIY 2 6.595 6.430 6513
700 ANJAV.Y. 3 5319 5319 5319
AWWITTHY 4 6.030 6.421 6226
Sadu2% 5 5875 6.143 6.009
imae 5958
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J ks o 9 Q’ o d 3 ar
AR H-2T AR NI INA (Modulus of rigidity : MOR) veatru¥uhida indneindnausm

waunmupa-vedan leanumu Y 800 NRJ/AV.L. AT RUBTTUI%

“l:;ﬂﬂﬂﬁﬂll lth.l mmﬁmusm"ﬁ (mnzmama) mga

i Frotedi 1 Fretni 2
fiuen-voitianled 1 7.141 7.645 7393
AUHUWY 2 5282 4.663 4973
800 AN/AL.Y. 3 6.520 7,631 7076
AN 4 7937 6.826 7.382
Sifad 1% 5 4423 4802 4613
1o 6287

»
i} [ Jd 2 » J = »
AR §-28 AR TMIIIRA (Modulus of rigidity : MOR) veasiudulisa findanndnausn
werunITiuon-Hediian laaaumu iy 800 AN/A1.L.MITRUBIAIN2%

é‘l'ﬂﬂﬂﬂll uﬁu mm&"musaﬁ'a (mnzmama) lﬂ%ﬂ

i Fedi 1 Fr0617 2
fuoa-vesindlan 1 6.407 7570 6.989
AN NI 2 8.163 7593 7878
800 AAJ/ALY. 3 7.988 5.762 6.875
I 4 6482 5.851 6.167
ifadu 1% 5 5.000 5.508 5254
inde 6.632




o a a o a v o o 4 o -
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4. dmagé’aﬁﬂmju (Modulus of elastic : MOE)

P ’ Py (] . . 2 4 a
m31afi H29 AwegiaBangu (Modulus of elastic : MOE) voaurusuhlisa iraasindnaurn

aaunmgo-vedlad leanumuuniu 700 nason.uwiusliadu 1%

‘?;unﬁﬂau llﬁiu mmn’wusaﬁ'a (tnznIaAIa) !ﬂ:élﬂ
§ Froowd 1 Frodwdi 2

gRo-vediadled 1 630.490 628.380 629.435
AN Y 2 530.640 781.650 660.645
700 NNJAVA. 3 552.310 636.070 594.190
AIWIIY 4 759.119 572.781 665.950
Sifadu 1% 5 715.082 641.585 678.334
1930 645.719

»
' o 0 v - o 4 a P
Mﬂiﬁ A-30 ﬂmaqaﬂsﬁ“qﬂ (Modulus of elastic : MOB) ‘Uaﬁlmuw‘ﬁﬁﬂ NHINNANAVY I

neunmgRe-weslan lsanammuuniu 700 nn/eua.msAuBiafR%

"i:;ilﬂﬁﬁml llﬁhl mmﬁmuim'n (mn::mamn) m"éu
# Fretui 1 et 2

giio-viofiiad lod 1 728.935 707.418 718.177
AWMU 2 616.881 565.420 591.151
700 ARJ/ALY. 3 936.227 743.544 830.886
AHAIY 4 965.269 829.043 897.156
Sfadu2% 5 927.356 744,018 835.687
1o 776411
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4 o , i ! wye o o
MINA A-31 AregdtBangu (Modulus of elastic : MOE) veuidurulisa indasndnauam

warunnigiFe-vefiiod Tadnaumunniu 00 nnsau.u.misusTatu 1%

?:unﬁﬂau uviu ﬂ‘nw’hwmﬁa (unzwIgnIn) !ﬂgﬂ
i Fretil 1 Fediei 2

glo-resiianlan 1 643.437 733.603 688.520
ANURUMIY 2 828224 690.750 759.487
800 AN/ALLY. | 3 675.621 743.500 754.561
MY 4 750021 946218 848.160
Siiadu 1% 5 998.657 875.908 937.883
wndo 797.602

d L » \J :) ﬂ’ | V- J - o
a130 #-32 AwegdaBangu (Modulus of elastic : MOE) wssurusulisa findavindnausm
raunmgiie-ediion lsdnamumunniu 800 np/ouunRuBNa%

;;Lmﬁﬂﬂ'lj miu ﬁ’)’l“&'ﬁllﬁﬂﬁ‘ﬁ (G U2 a0y 6)] m’fm
i et 1 ool 2

gio-viosiiodled 1 516289 718383 617.336
ATIIULY 2 845.812 1051.070 948.441
800 NN/AILY. 3 515.549 818.594 667.072
AN 4 573.921 495270 534.596
Siadu 1% 5 536.419 568.794 552.607
indo 664.010
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J J o 4 ) : o = o
MINF B33 AuegAaBangy (Modulus of elastic : MOE) vyauuudulisa findavindnauan

warunMAuea-weitad Teanumuniiu 700 nn/av.u.msAudTadu1%

%ﬂﬂﬁﬂa\] llﬂ'u ﬂ’!’mﬁ'l‘lllﬁ‘ié'ﬁ (tunzniania) lﬁgﬂ
i Fodnl 1 Fethah 2

flusa-veilanled 1 641518 574.684 608.101
ATMUMIY 2 551.154 647.060 599.107
700 AN/, 3 469.855 674.441 572.148
AINTHY 4 663.195 568.755 615975
Silasu 1% 5 598.525 664.742 631.634
inde 605393

4 ’ o 2 w d a
AT #-34 Awpgaatangu (Modulus of elastic : MOE) wensutu1iish findasindnauyn
naunmituoa-vledian lednimmuuniu 700 npsenn.maRudladuzv

;;ﬂ"lﬁﬁﬂ'll mi'u ﬂ’)1ll51‘lllﬁ§ﬁﬂ unzmiaaia) m‘é‘u
i Feoni 1 Frti 2

Viuen-vesiadlen 1 743250 743.663 743.457
ANUBUUIIY 2 723.627 797.873 760.750
700 AN/AV.L. 3 699.104 668.522 683.813
AW 4 771.564 796.765 784.165
Siadu2 % 5 738.052 745.050 741.551
in@n 742,747
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5] ' o ' . 3 v & a o
a13190 W35 AeQATBANGU (Modulus of elastic : MOE) veausutulisa fndanmdnausn
waunMTusa-Hedifad lasarumuuniy 800 nnsav.umsuiasui%

‘?fyuﬂﬁﬂﬂﬂ uﬁu mmv’huuseﬁ'n (unzmIanIB) lﬂiﬂ;ll
i faeowil 1 Fvbnf 2

Huoa-wosiaalad 1 825207 907.937 866.572
AVUHUIMUY 2 723274 633.500 678.387
800 NA/AV.Y. 3 823.265 935.395 879.330
I 4 1010.974 | 880.197 945.586
Siadu 1% 5 536.462 630.400 583.431
1o 790.661

i 4
i) L) 13 » - -~ J -3 L J
AN 36 FegTaaNgU (Modulus of elastic : MOE) wesurusuliss fivansminnuamn
waunTIFUBa-Heslan 18ARITINVH Y 800 ANJAU.NNIS BN 2%

é'ﬂﬂﬂﬁi’)‘l.l miu ﬂ’)’lllﬁ’l‘llllﬂﬁ'ﬂ (unzwiang) m‘é‘n
i Frp0wA 1 Frnswil 2

Fuoa-reofiiadlad 1 878.135 1091.424 984,780
ATHWMEY 2 1043373 1190.559 1116.966
800 NA/A1LY. 3 1032.468 895.415 963.942
ABMIHY 4 1261.711 995.401 1128.556
Sladu1% 5 642.745 634.190 638.468
1nde 966.542
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5. AMNAMUUIIAIININAVAININ (Tension Perpendicular to Surface)

o 2 .- v 2wy

AN #-37 AMUF NS IAIRIRINAVAMT (Tension Perpendicular to Surface) vBsHU T 1I5A
4 - o o 1) - &
fndavndnaurnnaungiSe-ediad lednammunniv 700 nnsauumsudlasi %

Funaey win | anwnhe AT usIA amdnunssiafennduimih
# () () () (WD)

go-vesiadlen | 111 5.00 497 37.00 0.146
ATIRUMUY 12 5.00 5.00 32.00 0.126
700 ANJOUN. n 497 499 38.00 0.150
AT 2n 5.06 497 30.00 0.117
Slfasu 1 % 3/ 5.00 5.00 32.00 0.126
n 496 501 37.00 0.146
an 497 499 45.00 0.178
an 5.00 5.00 30.00 0.118
5N 5.01 497 37.00 0.146
5 5.00 5.00 35.00 0.137
im@e 0.139

J : * A’

A5 T #-38 AIMEINISAIRININITLAINYT (Tension Perpendicular to Surface) Waauy sk
4 o v o &
frsavndnaurraunmgie-Hediiad ladnanmuuniu 700 no/eu.u R iHudliane%

Funaney wiy | admeds IO UsIA s aasdemaduiimih
fl (@) (=w) ) (AZIAAR)

ghovediadled | 11 501 4.96 31.00 0.122
ATIHUBIIY 12 499 498 3550 0.140
700 ANJAV.Y, 2 501 502 35.00 0.136
IR 27 497 4.99 37.00 0.146
siadu2% £V 498 498 23.00 0.091
n 501 499 21.00 0.106
an 5.06 497 29.00 0.113
an 5.00 499 31.00 0.122
51 497 4.99 22.00 0.087
sn 4.99 5.06 32.00 0.124
inae 0.119
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J : o 1 ‘r o
AN B39 AT AR INAVAIMT (Tension Perpendicular to Surface) vouHuI iR

A - o J . - e &
findaninAnauynnaunngFo-vediai lednammunniy 800 nn/avumsRudlaiu %

Sunamey win | At A0 UsIA P T

# (@) () ) )
ghovefiiadles | 11 502 4.98 61.00 0239
ATHURIIY 12 5.03 5.06 49.00 0.189
800 AN/AL.Y. )\ 5.05 5.02 51.00 0.197
AT PRI 2R 5.06 498 55.00 0214
Sadu1% 31 5.03 501 60.00 0233
n 4.98 499 4300 0.170
an 497 5.00 49.00 0.193
an 498 498 33.00 0.130
51 497 5.01 46.00 0.181
512 5.01 499 £2.00 0.165
indle 0.191

4 2 w y £ e
TN H-40 ATWUATUNSIAIRIDINTUAIN (Tension Perpendicular to Surface) oAy 1ish
J -y ar o * = O &
findannfnaurnmaunigio-Heilad ladarumimniu 800 nasaua s Mudiiasieg

Funarey uin | mamndn AWM H33A S N
# () (a) nn) (unzmana)

gioveitadled | 11 5.06 5.02 19.00 0.073
ANUHUIIY 12 5.10 498 22.00 0.085
800 AN./AULY. n 497 498 31.00 0123
ABWITINY 27 4.96 4.99 22,00 0.087
aadu2% an 500 | a8 28.00 0.110
n 497 498 17.00 0.067
an 497 | 499 16.00 0.063
4n 5.02 501 14.00 0.055
s 497 499 28.00 0.111
512 5.01 497 19.00 0075
1o 0.085
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J U’ LA 4 ﬂ’ o
M350 B-41 AR TUNTIAIRIRINAUAINT (Tension Perpendicular to Surface) vosuAuTY 1ioa

A - o LJ - o &
'nmmmnunnu*n‘memnnﬁuea-vlm"uaﬁ'laa’n11wunm'u 700 NNV HUBTATUI%

Sunawoy wau | anunhe AW USRS anudnssasRamnduimih
ﬁ () (1) (nmn.) (unsaaa)

Fuea-vostadlad | 11 498 497 20.00 0.079
ATIRUY n 5.01 497 19.00 0.075
700 AA/AUY. 20 499 497 17.00 0.067
AWMU 21 5.00 4.97 19.60 0.075
Sifadu 1% E7 4.98 499 12.00 0.047
3n 497 498 19.00 0.075
an | 503 a97 | 2000 0.078
| a9 | ass | 2o | 0.087
s 498 498 14.00 0.055
51 497 501 2200 0.087
indo 0.073

TN R42 ATANIIAIRININTURIT (Tension Perpendicular to Surface) veduAn¥u oA
a4 a o o aw o
nrdanInnauYHIIATTuea-Hefiion leAnumuuniu 700 anJjeu.umsudiaing

- — win | anunhs AT UsIR TS I A —

ﬁ (1) (0.) (nn.) (unsHIaNI)
Huea-vesiadled | 501 497 15.50 0.061
AU i1/] 496 499 16.00 0.063
700 NA/ALLAL. m 498 501 28,00 0.110
NI 0 497 497 17.00 0.067
Sadu2% n 498 4.96 14.00 0.056
3n 499 | 503 25.00 0.098
an 497 496 13.00 0.052
4n 498 | 498 20.00 0.079
5N 501 497 18.00 0.071
51 496 497 15.00 0.060
19ilo 0.072
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d ) 3 o -4
A58 {43 AMUATINISAIRaRINTuAIMTL (Tension Perpendicular to Surface) vousutu1iiga

d a o o ] ae &
1|unﬂemumu‘nmﬂnmﬁuaa-ﬂus‘uaﬁ'laa'mmwumuu 800 NN/AV.N.MITHUDIRIUI%

Funamou wiy | anwnd ANON 133Aa AR

"VJI (53.) (vu.) (nn.) (unzMana)
fusa-esodlad | 11 498 5.01 17.00 0.067
ATUAWNUY 12 4.97 496 16.00 0.064
800 ANJAV.Y. 7)) 498 499 25.00 0.099
AN Y 212 5.03 5.02 24.00 0.093
ifadu 1% 3n 498 501 27.00 0.106
3n 497 504 17.00 0.067
an 498 499 29.00 0.114
an 499 5.00 27.00 0.106
5N 5.03 5.04 20.00 0077
5n 5.01 498 27.00 0.106
130 0.090

o “ - -4 o
TN 44 A IRTUUIAIAININALAINI (Tension Perpendicular to Surface) VoA Fu 1ii5a

d a o i ) 3 o
fnaasmAnauTNHTIATINea-HodilaR lednamunniu 800 An/an.u M1 THUBIIN2%

Funagou wiu | amunhe AN 139R9 audnussasdimaiuiianh
i (=30) (21) n.) (IWNSATIAT)

fuoa-vestadlan | 11 499 499 16.00 0.063
A MHIINIY 1n 5.04 497 1750 0.069
800 AN/AV.Y. 7)) 496 498 19.00 0075
HIMIRY 22 497 4.97 18.00 0.07
Siadus % n 499 501 12.00 ' 0.047
3n 5.01 497 19.00 0.075
an 498 498 21.00 ' 0.083
4n 499 5.03 16.00 0.063
5N 497 496 11.00 0.044
5n 498 498 20.00 0.079
i 0.067
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6. A NUBAUUVBINIMT (Surface Soundness)

o . - 2 o 4 a o
MINT H-45 ATMBANIUYEIAIMITY (Surface Soundness) woMmHUIN 1ISaTInEasINANAYY N
saunmgiEo-vesiion lannimmuuniu 700 npan. s MudiatuI%

Funamoy wdy | munaldas | uwsede | soBamivvesimdh is) anudamivvesimh
i (@300 ®n) (Hdwmsa) , (3aw)
gio-vedliadled | 11 1,600 60.50 037 593263
MUY 12 1,600 42.50 026 416.755
700 AN/AV.Y. el)| 1,600 82.00 0.50 804.092
ISR 0 1,600 60.50 037 593263
Sadu1% 3 1,600 142.00 0.87 1392.452
n 1,600 78.00 0.48 764,868
41 1,600 42.50 026 416.755
an 1,600 57.00 035 558942
5N 1,600 39.00 024 382434
52 1,600 42.50 026 416.755
1nde 633958

»
- J -
MINT 46 AMUBRINILYBIRIMT (Surface Soundness) vBsNHUTY WIoaHGARINANAVE N
arunmgie-viedan lednammuuniv 700 nn/au.umAudlahn%

Funaneu win | AuRaldEs | wseds | em@asiuvesiamih gis) amuBaniuvssimi
# (w3.0.) ®n) @didwasan) )
gio-veiiodlen | 11 1,600 92.50 057 907.055
AU MUY 12 1,600 85.00 0.52 833.510
700 ANJ/AN.A. 21 1,600 78.00 0.48 764.868
amsmy p17) 1,600 71.00 0.44 692226
siadu2% 3N 1,600 78.00 0.48 764.868
3R 1,600 57.00 035 558.942
an 1,600 81.00 050 804.092
an 1,600 64.00 0.39 627.584
5N 1,60 67.50 041 661.905
s 1,600 64.00 039 627.584
1o 724263
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P . a . o o d o
MW H-47 AINIBAIIUEAIVIT (Surface Soundness) vosuAuFu lidaNAGAINANALTN

paumgiTe-vio3iiad ladarmmuniin 800 nn/ouumsfudladu1%

Funamey wiu | AuRaldas | wssis | emBawiuvesdowih (is) auBamiyvssimh
i (@3.a01) ") @#dums.u.) @A)
gho-vesiindles | 111 1,600 92.50 0.57 907.055
AUVUIY 1”2 1,600 96.00 0.59 941376
800 ANJ/AU.Y. 0 1,600 67.50 041 661.905
AWMU 212 1,600 50.00 0.31 490300
Slfadu 1% 31 1,600 138.50 0.85 1358.131
n 1,600 160.00 0.98 1568.960
an 1,600 117.00 0.72 1147.302
42 1,600 92.50 0.57 907.055
5/ 1,600 39.00 024 382434
51 1,600 106.50 0.65 1044.334
1080 940.886

4 . of PN ¥
AINT H-48 ABRUNNTBIAIMT (Surface Soundness) YBAAUFU HIOATINAAYIARNALY I
raunmgiTe-ediiad Tedrrmmuuniu 800 nn/ou.umilusiadu 2%

Funamey wiu | fudalEs | weds | som@amivvesiowih 015) aMmidaiuYBIFIMIN
i (@3.0.) (") (1A wa3.1L) HAw)
glolesiindlad | 1 1,600 57.00 035 558.942
AUHUMUY 12 1,600 53.00 032 519.718
800 nA/ANY. | 21 1,600 7450 0.45 730.547
MY 27 1,600 113.00 0.69 1108.078
Sifadu2% n 1,600 60.50 037 593263
n 1,600 57.00 ‘ 035 558.942
an 1,600 67.50 041 661.905
an 1,600 78.00 ' 048 764.868
s 1,600 60.50 037 593263
51 1,600 67.50 041 661.905
1nfio 575343
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A . - 4 Q’ -~ 3 ~ o
MINN R-49 m1u'§auuwammﬁ1 (Surface Soundness) ‘ill’Nllﬂﬂw‘lﬁﬂﬂﬁﬂﬂﬂﬁ‘mﬂﬂﬂﬂﬁﬂ'l

HaunHusa-vodTod Tedrmmuniiu 700 nnsavunRuBTat %

Funagey wiy | wuAnldas | weds | aomdamiuvesimih 1) amudaniuvesdmin
i @3.303.) (nn.) @@hu/msn) (379)
Huea-vlesiiadlad | 11 1,600 50.00 031 490340
AU 122 1,600 57.00 0.35 558.942
700 AN/AV.Y. 21 1,600 53.00 032 519.718
AW AY 20 1,600 60.50 0.37 593.263
Siadu 1% 3N 1,600 74.50 045 730547
3n 1,600 67.50 0.41 661.905
4an 1,600 53.00 032 519.718
an 1,600 64.00 039 627.584
51 1,600 67.50 0.41 661.905
5n 1,600 60.50 037 593.263
1nao 595.719

4 ’ a 2 o d a o
AT #-50 AINBANIUYBIRIMTN (Surface Sounduess) vBaAUTU KISANARRSMARAYT

HaunTMAusa-Hodian 18aR2 MU NI 700 AA/AL.NNITRUBIATI2%

Funamey win | Aunidae | useds | aowBamivvesianih gis) AmdAIIuTRSHIMIN
fi (As.3m) (™n.) (iawasn.) (#29w)
Fhioa-vedtiadled | 11 1,600 53.00 0.32 519.718
AWMLY 12 1,600 61.00 0.41 657.002
700 nA/ANAL. n 1,600 53.50 033 524,121
iy 22 1,600 60.00 037 588.360
Siiau2 % 3N 1,600 49.50 030 485.397
3n 1,600 74.00 0.45 725.644
an 1,600 57.00 035 558.942
) 1600 | 63.00 039 617.778
s 1,600 67.50 0.41 661.905
" sn 1,600 52.00 032 509.912
1wan 584.928
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P ' a v 3 o d a a
MIRT =51 ANUBARIUYBIAIMT (Surface Soundness) TBaAuFU LiSaTinAaINANAYYN

naunmAusa-deivad ladnumumivu 800 anJau.u s wudindul%

Funageu wu | AuRRldEe | wsede | aomBamivvesionth gis) anudamiuyssimin
f (@301 nn) (#dwms.a.) (#1791u)
fuoa-resoalen | 1/ 1,600 142.00 0.87 1392.452
ANMHUMUY 12 1,600 53.00 0.32 519.718
800 NNJ/BL.Y. 21 1,600 56.00 034 549.136
AR 22 1,600 64.00 0.39 627.584
Sifasu 1% N 1,600 163.50 1.00 1603.281
n 1,600 99.50 0.61 975.697
an 1,600 96.00 0.59 941376
42 1,600 184.89 113 1813.031
s/ 1,600 71.00 0.43 696226
51 1,600 103.00 0.63 1010.018
1mao 1012.852
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naunmRuoe-Hosan ledaMUNIIY 800 AN/A.L I THNBNTU2Y

Funaney win | AuARlAs | ussile | mowdanivvesimih 01s) AMBANIMYBIAIMIN
i @3.0m.) () (dwmia) (@)
" fuea-desiodled | 11 1,600 56.50 035 554.039
AU TIY 12 1,600 64.00 039 627.584
800 AN/A1L.Y. 2 1,600 49.00 030 480.494
I 22 1,600 60.00 038 588.360
Siiadu2% 3N 1,600 £200 026 411.852
3R 1,600 49.00 030 480.494
an 1,600 60.50 0.37 593263
41 1,600 56.50 0.35 554.039
s 1,600 67.00 041 657.002
sn 1,600 40.00 025 392240
10D 533.937
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7. dmamﬁnmﬁnwamxﬂmﬁm (Resistance to axial withdrawal of word screws)
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A3 H-53 MIATIBAMIlEIv8AzYinfio) (Resistance to axial withdrawal of word screws)veatHuU¥Y 1idA

4o

J = o . - e ;
findanndnausnnaungio-desiiod ledarmunniu 700 nnsausmsudladu%

E— unu | ussdsdnih ussRdmdne | ussiedudne i amidamiisvemsynde

it on.) () ®n) ®n.) 7o i)
gho-vesanled | 11 36.00 29.00 40.00 35.00 343210
ATIHUMUY 12 38.00 40.00 45.00 41.00 402.046
700 HN/BV.Y., 2 37.00 31.00 45.00 37.66 369.359
AN 2n 58.00 22.00 32.00 3733 366.091
Biadu 1% 3n 36.00 32.00 24.00 30.67 30.750
3R 40.00 32,00 4200 38.00 372,628
an 30.00 20.00 27.00 25.67 251.720
an 30.00 40.00 30.00 3333 326.834
50 32.00 19.00 26.00 25.67 251.720
51 28.00 2.00 21.00 23.67 232.108
iwdlo 321.647

4 q d : )/ 2 wye
3197 #-54 ARINBAMIIEINDIALYINGD) (Resistance to axial withdrawal of word screwsyuBsitAuT iida

4 a o v > &
finanvndnausnraunnigie-riosiiod ladainmunis 700 nnJ/av.uwsudiadl 2%

Funagey wh | weddnmdh nasdsdude weitedndn | wde srutamiinvesmsinio

# "n) "n.) n) (on) ey
giovedtadled | 11 40.00 38.00 48.00 4200 411.852
ATIIMUIIEY 12 32,00 20.00 27.00 2633 258.192
700 HR/AV.Y, Y} 30.00 34.00 21.00 2833 271.804
ABMIIAY 21 40.00 25.60 20.00 28.33 271.804
Stadu2% n 2.00 2000 900 | 2033 199356
3n 30.00 19.00 2000 | 2300 225.538
an | 24.00 30.00 32.00 28.67 281.138
an 26.00 28.00 26.00 26.67 261.526
sn 32.00 10.00 18.00 20.00 196.120
5n 4200 28.00 27.00 3233 317.028
indo 262.636
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AN R-55 MnamTloIvesnsyindm (Resistance to axial withdrawal of word screwsyyadnsuFu i

4 a o LY ' aw &
findnondnausnraunmgde-iesian Tednammuuniu 800 anseumsRuaiasul%

Sunaaoy uely | wasdsdumth usidsindn | usedsdmdn o sudemimensindo
il ) (nn.) nn.) "n.) T Y]
glu-vlediindlen | 11 40.00 40.00 31.00 37.00 362.822
Lepnann 12 40.00 43.00 34.00 39.00 382.434
800 AA/ALLY. v)j| 38.00 32.00 36.00 3533 346.446
AW 21 37.00 42.00 38.00 39.00 382434
Sifadu 1% i 42.00 42.00 53.00 45.67 447.840
3R 39.00 35.00 4200 38.67 379.198
an 44.00 47.00 32.00 41.00 402.046
Y3 58.00 52.00 51.00 53.67 526288
sn 5000 |  48.00 49.00 49.00 480.494
52 40.00 48.00 31.00 39.67 389.004
indo 409.901
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MInd p-56 AnrndamiioIvesnz)inder (Resistance to axial withdrawal of word screwsyupiduFulica
A =] o <4 o = ) - W &
nnammnmummﬁunngssu—ﬂui'nan‘laﬁmwmnmu 800 NN/AV.N NI TRUBLIATU2%

Funagoii wiu | ussRdnmh wssdedmidn | usedefinudn wio amiamilnvesazindes

i (n) ®n.) ") (nn.) i
glo-wleitadlan | 11 32.00 18.00 19.00 2300 225.538
ATMHUNUY 12 26.00 17.00 19.00 20.67 202.690
800 NA/AV.AL. 2 36.0 32,00 21.00 29.67 290.944
Lar e 20 40.00 27.00 38.00 35.00 343210
e 2% N 2,00 19.00 18.00 19.67 192.884
R 34.00 2.00 21.00 25.67 251.720
an 28.00 19.00 16.00 21.00 205.926
an 26.00 15.00 20.00 20.33 199.356
sn 24.00 3800 23.00 28.33 271.804
5n 24.00 18.00 17.00 19.67 192.884
! 1nde 238296
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7 o
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win | ussdsdmmin wadduds | wssedude i andamiirvensynde
it on.) (nn.) (n.) nn.) e )]
Huoa-vlosliad 11 20.00 12.00 15.00 15.67 153.660
Yodt 12 22,00 19.00 14.00 18.33 179.744
AN U Y 2/1 20.00 14.00 19.00 17.67 173272
700 nN/aY.Y. 212 24.00 22.00 18.00 2133 209.162
AWl 3/ 18.00 - - - uondude

ﬁﬁ'a%u 1% 32 23.00 17.00 18.00 19.33 189.550
4/1 24.00 19.00 16.00 19.67 192.884
472 2400 16.00 14.00 18.00 196.508
sn 20.00 12.00 14.00 1533 150.326
512 20.00 18.00 21.00 19.67 192,884
wio 181.999

* .’ [ J
A15197 W-58 AATIIBAMIIEIVBINZYiNdo? (Resistance to axial withdrawal of word screws)vRaHAY M TSR

4 a o ay &
nuammﬁ'nﬁmnmaunnﬁuoa#lm'naﬁ'laﬁﬁnwumﬁu 700 ARJAY.N. T THUDTBN2%

Funnsoy wh | weddnmih | weiidndn | weildndi | wde mmidamiiswesasyinde

i n) (n.) (n.) n) fiafi

Huea-dediad | 11 16.00 - - - uondwdin
lod 11/] 30.00 21.00 19.00 2333 228.774
ATIMUMYY ) 3200 13.00 15.00 21.67 212.496
700 N/AV.Y, n 20.00 12.00 16.00 16.00 156.896
AW n 22.00 10.00 10.00 14.00 137.284
a2 % n 36.00 2,00 16.00 24.67 241.914
an 30.00 18.00 14.00 20.67 202.690
an 22,00 12.00 18.00 17.33 169.938
sn 26.00 12.00 16.00 18.00 176.508
5 16.00 12.00 12.00 1333 130.714
1niio 184.135
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fuea-vefiion | 1 36.00 15.00 18.00 23.00 225538
led 1] 36.00 20.00 18.00 24.67 241.914
AR MUY )} 34.00 20.00 15.00 23.00 225.538
800 NA/AV.Y. 20 40,00 20,00 27.00 29.00 284.374
AW 31 30.00 23.00 17.00 2333 228.774
Slfadu 1% n 40.00 21.00 24.00 28.33 277.804
m 38.00 20.00 27.00 28.33 277.804
4n 40,00 23.00 18.00 27.00 264.762
s/ 16.00 13.00 - - uondudng
52 18.00 - - 3 nondmde
1o 253314
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Funadey wiv | uasdsdmmih ussAdndy | wsdsdudn i amdamilsesnsinios
# (n.) ) (n.) ®n.) iy
Wuea-wediied | 1 34.00 18.00 23.00 25.00 245250
189.1’ 12 37.00 20.00 22.00 2633 258.192
ANUMUUNIY 2 19.00 - - - uondide
800 NN/, 212 2500 18.00 16.00 19.67 192.884
L arac e n 16.00 15.00 - - uondudn
Siladu2% 3 2,00 - - - uondmdhe
n 36.00 18.00 21.00 25.00 245.150
4/2 26.00 20.00 21.00 2233 218.968
5N 24.00 19.00 12.00 1833 179.744
5 28.00 18.00 20.00 22.00 21/5.732
inie 222260
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9. ANIAIGIU (Z-SCORE)

d L) 1 Q’ o J - o
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giv-veidodlsd 700 1% 0425 | 0290 | 0559 | 0687 | 0904 | 091 | -0367 | 0825 0.030
yievesiiodled 700 2% | 0320 | 0211 | 0283 | 0933 | 0244 | 0326 | 0.33 0.044 0.108
evlediindled 300 1% 0950 | -1.055 | -0836 | 0.718 | 0430 | 2.000 | 1333 1.991 0454
ylo-viediindlad 800 2% 0092 | 0430 | 0213 | 0607 | 0743 | 0465 | 0692 | 027 0.440
Fuea-redifad led 700 1% 2350 | 2346 | 2305 | 2008 | -1258 | 0744 | -0579 | 1022 0.162
Fuea-rediedled 700 2% 0216 | 0.045 | 0409 | -0282 | 0052 | 0767 | 0639 | -0.993 0425
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EXECUTIVE SUMMARY

4036897 ENAT/M : MAJOR : APPROPRIATE TECHNOLOGY FOR RESOURCE
DEVELOPMENT ; M.Sc.(APPROPRIATE TECHNOLGY FOR
RESOURCE DEVELOPMENT)

KEY WORDS : WATER HYACHINTH / PARTICLEBOARD

NISAKORN CHAROENDEE : THE PRODUCTION OF PARTICLEBOARD BY WATER

HYACHINTH . THESIS ADVISIORS : GRITSANARUCK THEERARAJ M.Sc. ,CUMPORN

YUVAREE M.Sc. ,SUJIRA KHOJIMATE M.Sc.

ABSTRACT

The purpose of this research is to study the possibility of producing a particleboard by
using the water hyachinth as the raw material and to study the properties of the particleboard
produced from the water hyachinth and the physical and mechanical properties of particleboard.
This method gives added value for the water weed and decrease it’s prevalence. The researcher
will use a bonding substance which is Urea-Formaldehyde glue 10% and Phenal-Formaldehyde
glue 5% and the desired density of the particleboard will be around 700 kg/m® to 800 kg/m’ .
Futhermore a non-leak substance is also used in the production. Such a substance paraffin
emulsion at 1% and 2% respectively. There are 8 type of particleboard. These boards are tested to
certify that their qualities conform to Thai industrial standards (TIS 876-2532) of physical quality
and mechanical quality.

The results of the experiment show that the water hyachinth can very well be use to
produce particleboard. The boards obtained consist of the necessary physical properties and
mechanical properties and are very close to the standards required (TIS 876-2532). From the
statistical analysis of the water hyachinth particleboard, using the average standard Z-score
technique, the one that is made from the watc'r hyachinth, in mixture with the Urea-Formaldehyde
glue, having the density of 800 kg/m3 with 1% of paraffin emulsion, gives the highest Z-score.
Hence this type of particleboard has the best quality.

Problems and recommendations indicated from this study are that the glue should be
scattered or distributed thoroughly all over the raw material so that the formation of clumps of the
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water hyachinth can be prevented. If a well distributed glue spray can be assured, then this will
help the researcher to be able to place the water hyachinth that is to be compacted with in the

particleboard and correct the non-complete density of the particleboard.

Introduction

Water hyachinth is a type of water weed that causes a considerable amount of problems in
many ways. During the last decade the water hyachinth has spread throughout more than 50
countries that are situated in the hot climate zone around the globe. Since the water hyachinth is a
water weed that has a really high and rapid growth rate, its biological mass can increase at about
20 grams of dry mass per square meter every day and the maximum growth rate can reach up to
1.50% per day in the stable water condition. The resuit of this rapid multiplication of the water
hyachinth in water resources or rivers is that it will bring about many negative effects
economically, socially as well as environmentally. In order to decrease the costs involved in
terminating the water hyachinth, it may be useful to try to create and convert the hyachinth into a
valuable product. Nowadays the demand for a particleboard which is made from wood is growing
;apidly so the production of the particleboard using other alternative raw materials that contain
natural fibers such as bagasse and rice hay is becoming more popular. Since the water hyachinth
contains the required natural fibers for producing the particleboard, the researcher is then
interested in studying the possibility of using the water hyachinth as the raw material for
constructing the particleboard.

The researcher will use a bonding substance which is Urea — Formaldehyde glue 10% and
Phenol — Formaldehyde glue 5% which are popularly used in the particleboard industries to
produce the particleboard from the water hyachinth. The desired density of the particleboard will
be around 700 kg/m’ to 800 kg/m *, because the fibers of the water hyachinth are rather light, this
is why a high density board is required. Further more a non-leak substance is also used in the
production, such a substance is Paraffin emulsion at 1% and 2% respectively. The planning of
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Objectives of the research
1. To study the possibility of producing a particleboard by using the water hyachinth as the
raw material.

2. Tostudy the properties of the particleboard produced from the water hyachinth.

Hypothesis of the Research

1. Water hyachinth can bring to be the raw material to produce particleboard

Methods used in the research

In this research, bonding substances such as Urea-Formaldehyde glue 10% and Phenol-
Formaldehyde glue 5% are used. These types of glue are popularly used in the particleboard
industries. The density of the particleboard are assigned to be at 700 kg/m”3 and 800 kg/m"3
respectively. Since the water hyachinth has a very light texture or fibers therefore the density of
the boards used has to be rather high. As well as the components mentioned above, A non-leak
substance such as Paraffinemulsion1% and 2% is also used. The planning of the experiment is
done using “ Completely Randomized Design “ which is shown as follows;

A. Particleboard that are made from the water hyachinth in mixture with the Urea-
Formaldehyde glue 10%. The density is 700 kg. /m’ and contain 1 % of Paraffin
emulsion. ‘

B. Particleboard that are made from the water hyachinth in mixture with the Urea-
Formaldehyde glue 10%. The density is 700 kg. /m’ and contain 2 % of Paraffin
emulsion

C. Particleboard that are made from the water hyachinth in mixture with the Urea-
Formaldehyde glue 10%. The density is 800 kg. /m’ and contain 1 % of Paraffin
emulsion

D. Particleboa:d that are made from the water hyachinth in mixture with the Urea-
Formaldehyde glue 10%. The density is 800 kg. /m’ and contain 2 % of Paraffin

emulsion
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E. Particleboard that are made from the water hyachinth in mixture with the
Phenol-Formaldehyde glue 5%. The density is 700 kg. /m’ and contain 1 % of
Paraffin emulsion.

F. Particleboard that are made from the water hyachinth in mixture with the
Phenol-Formaldehyde glue 5%. The density is 700 kg. /m’ and contain 2 % of
Paraffin emulsion

G. Particleboard that are made from the water hyachinth in mixture with the
Phenol-Formaldehyde glue 5%. The density is 800 kg. /m’ and contain 1 % of
Paraffin emulsion

H. Particleboard that are made from the water hyachinth in mixture with the
Phenol-Formaldehyde glue 5%. The density is 800 kg. /m’ and contain 2 % of
Paraffin emulsion.

Altogether 40 water hyachinth particleboard are produced. These boards are then
tested, both the physical and dynamic properties of the boards are examined thoroughly to certify
that they meet the standard quality ( TIS 876-2532 ). The particleboard’ propertics analysis is
carried out in the laboratory of department of forest products, the faculty of forestry, Kasetsart

university.



fifng 193gyA EXECUTIVE SUMMARY /136

Flowchart showing the steps involved in producing the particleboard

from the water hyachinth.

Dried water hyachinth

.

Stems of the water hyachinth are dried at the temperature of 80-85 ¢® for 48 hours

!

The water hyachinth is cut to obtain a dimension of 1 inch then put into a fine cutting machine

before finally using a separating machine to separate individual pieces of the water hyachinth.

Urea-Formaldehyde glue 10%

v
< Prepare the glue.

*

Phenol-Formaldehyde glue 5%

Y
The already dried water hyachinth is mixed with the glue.

4

The water hyachinth that has been cut into small pieces are placed into an already
prepared box or mould of the size 30cm x 30cm.

:

The mould that has been prepared is placed into a hot compacting machine.

l

The particleboard that has been made from the water hyachinth is placed into a controlled condition
Which exhibits a room temperature for 1 week.

4

The particleboard that has been produced is tested for its physical and dynamic properties

.

Carry out 8 comparison between the standard of the particleboard produced
and the actual standard required by TIS 876-2532. !
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Results of the research
From the experiment, 8 types of particleboard made from the water hyachinth were
produced. Altogether 40 particleboard were manufactured. These boards were then tested for their
physical properties which were shape, size, length, width, thickness, and density. These properties
of the particleboard proved to have agreed with those of the specified standards.
As for the dynamic properties of the particleboard, which were
1. Water absorption and thickness swelling.
Modulus of rigidity.
Modulus of elasticity.

2
3
4, Tension perpendicular to surface.
5. Surface soundness.

6

_ Resistance to axial withdrawal of word screws.

From the experiment conducted, for the property of water absorption and thickness
swelling, it has been found that the particleboard that were made form the water hyachinth in
mixture with Urea-Formaldehyde glue with density of 800 keg/m’ and Paraffinemulsion1% had the
percentage of absorption after 24 hours equaled to 81.830 % which was closed to these of the
standard of TIS 876-2532 which state to be 80% and had the percentage of thickness swelling
equaled to 20.810% which was closed to these of the standard of TIS 876-2532 which state to be
12%

For the property of modulus of the rigidity of the particleboard, it was found that
the particleboard that were made from the water hyachinth in the mixture with Urea -
Formaldehyde glue with the density of 700 kg./m3 and Paraffinemulsion2% had the value of the
modulus of the rigidity being 6.966 Mpa. which was of course closed to those of the TIS 876 —
2532 standard which required no lesser than 13.8 Mpa.

Ir; the finding the value of the modulus of the elasticity, it was prove that a value of
966.542 Mpa. was obtained for the particleboard that were made form the water hyachinth in
mixture with Phenol — Formaldehyde glue with the density of 800 kg/ m™3 as well as
Paraffinemulsion2% . The value of the modulus of elasticity achieved in this case was similar to
those of the TIS 876 —2532 standard which was no lesser than 2000 Mpa.
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When finding the “tension perpendicular to surface” of the particleboard
produced, it was found that the particleboard that were constructed from the water hyachinth in
mixture with Urea-Formaldehyde glue with the density of 800 I(g/m3 and Paraffinemulsion1% had
the mentioned value being 0.191 Mpa which was closed to the TIS 876-2532 standard, such a
standard stated that the value obtained should not be less than 0.34 Mpa.

For the part concerning the surface soundness, it was found that the particleboard
that were produced from the water hyachinth in mixture with Phenol-Formaldehyde glue with the
density of 800 kg/m3 and Paraffinemulsion1% had the surface soundness value of 1012.825 N.
which was closed to those of the TIS 876-2532 standard value which was no lesser than 1100'N.

When finding the value of the resistance to axial withdrawal of word screws for the
particleboard produced. It showed that for the particleboard which were made from the water
hyachinth in mixture with Urea-Formaldehyde glue with the density of 800 kg/m * and
Paraffinemulsion1%, the value of the resistance to axial withdrawal of word screws obtained for
this type of particleboard was 409.901 N. which was more than those of the required TIS 876-
2532 standard which had the value of 360 N.

Conclusion and suggestions

After conducting the experiment which involved producing 8 different kinds of
particleboard from the water hyachinth, the results obtained showed that the dynamic properties
varied between each type of the particleboard. An analysis using the average standard Z-score was
then utilized to see which kind of the water hyachinth particleboard was the best. It was found that
the particleboard that was produced from the water hyachinth in mixture with Urea-Formaldehyde
glue with the density of 800 kg/m3 and Paraffinemulsion1% was the best type.

Suggestions for the research

When spraying the glue onto the water hyachinth, the glue spray should be scattered or
distributed thoroughly all over the raw material so that ﬁle formation of clumps of the glue and the
water hyachinth can be prevented. If a well distributed glue spray can be assured then this will
help the researcher to be able to place the water hyachinth that is to be compacted with in the

Particleboard and correct the non-complete density of the particleboard.
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Suggestions for a further study i% a s ”c\\"é\

1.

If a further study on this subject is to be conducted then Urea-Formaldehyde glue should
be used as the bonding substance. Also the density of the particleboard should be
increased so that the strength of the boards could be improved. This idea or theory can
cause the increase of the strength since naturally the water hyachinth’s arrangement or
layout is formed randomly and not in a proper order so this causes the strength to be low.
The equipment used in the factory should be rather modern and have sufficient new
technologies to be able to handle the manufacturing processes especially for the part that
involves the spraying of the glue.





