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oumeulunivewsinily thensaniindnldandusnsidnvaravndusasiifosnauis (Ory Rubben)
Uszanas 30 % wruasseglu dnhhensiladludunssuiunsdumies (Centrifuge) aunsets
hensiifiumaensuiadiududu 60 % a1 denadu (Concentrated  Latex) nsiRuans
worlufloasluazgassnuanmvosihensduliiulflduiu dendudumiasgndseongnain
iaUszma dauimdeazgninluliiduingdvlugnavinssugeiiesnauazgaenseunsis Wus udiile
thiheaeiinialdundunsafielfeynaiesdusiudvresudusndaami anduiiaendli
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AoIn1INane1winnsn STR20 Fuduinsanfidudevuguazddidy fenaldeuuniotenady
Tagau Wusiu drunszurunisudnenuisreudnsazgieindesondoiniosdnsiiisnuniassioad

NsMIUANAMAINBENaNLAND AsTusImeIwegenInesruTUA Ty

19555UTRTTen AT fe cis-1,4-polyisoprene nafe i isoprene (CsHy) Tnedi n fid
Faust 15,000 -20,000 iesandrutsznevvesenssssudulslasansuouiilifita fatuensdsazans
Ielusvinazanedlifidn wWu wudu waewu Wudu TnellensssunailasedamsinEes
Yosluianawuuadugiu (Amorphous) waluuianzluianaveesaunsadnsemaeudinduy
sudvuiigamgidvideidegndn fufsamsaiandn (Crystallize) 1 maAandnidosangamndion
(Low Temperature Crystallization) agilfenaudanniu withgumniaetu snsfazdouawuas
nduganmmdu luvngiinisifandnidesannisBad (Strain Induced Crystallization) ¥inlvienadl
audRdanad TuResasiliaunumusensadie (Tensile Strength) ArunumIusen1sanuin (Tear
Resistance) kagAUMUNIUABN1SUAE (Abrasion Resistance) g¢ (nizginaluladens, 2556)
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g1955suAlautRnBenludIun1sNURBLsIRY (Tensile Strength) willdlalfnansiaSuuss
wardmnudaneugannduningnagldlunisuinndnduiuiile Wy galesns geenseunde 1939
w09 1usiu

8195550 ANaNUAGINaTn (Dynamic Properties) i flaudiangu (Elasticity) a9 luvaued
fmnuseunielu (Heat Build-up) MAnuaugltanusi waglandinsiwieafiniuy (Tack) 916 Januny
dufumananenssaussnn ensdaniasdu wislinauivevduaszilunisndnessoaus Dusu

8195354 VIANAMUAUNIUABNTTANVIA (Tear Resistance) ge NIgaUMIALaQUUNLg
FBNRUNZEMSUNSHANS19NT2LUIEN50U INS1EIUNTHNETUIIUDDNINNLU L USENINNTLUIUNITHAR
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Sesruliinuninnssaunrudonisvesdlily samdaiauintsudnduninsusiodudulans
fatimisnunadgldaiuayuliimsldossumilussmadionniu Wnelidnafunisudnens
fifidnenw Wanwantusien asaaiuieduuimamsldoddinniulaefidmmediuns
Tgenelulssmadufosay 20 Mnduifnslifiesfonas 11 vomandniavan wioUseaa 3.2
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1. p1veunvuy Wundedunndyasinisdesnasanvestsenalul 2552 dyadinis
49900 68,726.08 AU MIALA AB308UR AolATBITU ADININTLIULUA AOTNINTUIU UATADTNDUY
Mensuenuazensly Sudseezluasasud Jadndurisnddunguiivsinunisldenssssuridu

Y a A

moAuneuievay 50 laglduszunn Uay 158,883 s

2. gdanare195aved WuNanA g N1lTe195 35U IR WINLN U UN AN g8 A TT Ty
v & & v | ) 29 v & Aa o W v a A =~ a
guamMNIINAMEUERRE19 druensinvaafldnaluludiiausedriuldenssssualunisndntelag
90,561 fiu MI508ay 28.22

3. gaflosnsmenisunng \undnsiasifitiyadidsoonsesanenseunvug U 2553 Tyad
nsdoan 2,274.9 duum qeilesnsindnluuszmealne Uszneudne qellensaalsa wazqailesindn
dmsuingivessssuraildlunisadngeiiosns Wudensdu dusiunsldenssssunitas
57.120 s siowfou Anludeaz17.80 vasSinanisidensiamun
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5. anewiuddes Welunmsdndsswominadniieg fvuiaded 23 9 llauds 1.5
LR wﬁmﬁmeﬁmamjm‘ﬁﬁmiﬁwLsﬁwmﬂﬂdwmidaaaﬂ lnglud 2549 fiyarinisdeesn 1,057 d1uum
wazudn 1,620 ruum lumsuananenuldendavuszana 1,318 du Wusnaunusuaiudu 1,3,5
WAZENUYY STR XL, 20

6. LARAUTNDIN Wundn A nndnanu1enetu U 2549 TUSununisidenasssuvn@ 364
fiu dnlugnanieldnelulsemea Glssnundn 12 159

7. @ansisunsasy aunsalkazdenisiieunisasu lnsanignieaunswnng awldian
Ingawazdnd1anaalsema Taudaniun1sujuiRnumiiouvesdses 879n151a18750

ilUldudndonisaou nstnujiRnuliiduegruguiulagianendndagiindnainesesd wu
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8. NARAUNTLYIUIUNDAS1ILALIAINTTU

- 919799AEEN1U (Elastomeric Bearings for Bridges) M3oLNUE19TDIADATNIY
(Rubber Bridge Bearigs) wUsmuriinvesensiildudndu 2 Uszan fie erssesnedsniy aineas
duAs129 Polychloroprene, (CR) or Neoprene Lag¥ina1ng19555u91@ (Natural Rubber, NR) Foita
2 Uszan SauuuuEuEndIu (Plain) LLazLLwﬁﬁi’a@La%mm (Laminated) dwsunisidenidens

muUszanvilanaziuulnTuIuegfun1sMVUALATIIUYBIHDBNWUULAL/M3BYBIRN AN

- uHue1ei TN (Water Stop) mtinwiloudziiuvesanunsunin Tdtesiunis

Y = o a P 9 v e o = = ' v ' ) Y} ' a
YY8FHI U130 NARIVBIABUNTH WBlUl AT urTar1ule Tuauneas19iiby 1Y ABUNSA AU
ANy 81A155UldAY A1edn Wudu s1uTsuneasanlasasedesdutatuiinannal Wi

wieAYn vathinuds asyinetn rassdstn Waunazie tWudu

- gnaffusumrsefunszunn (Rubber of Rubber Bumper) THiduiasasdoatunisiden

WIDNNINTTUNNTDNTO WIRTOIReAWiEUIN TTingRunanlanIe s ssuvIRLaseeduasIEn

- 819AUsEERDABUNSA (Rubber Hose for Joint of Rubber Sealant) fianwazilu
viegnsuunainiiznainasnaIuen) Iensesnafua1weIneuNInUDIATHIY N30T08ARTENIN
ATUATNIUAUABNDYDIATNIUNBUNITUEBALNUEADY TRQAUNTTHENTI91NY1NETTUYRLAZE

AUATIZI LAINTINITANAUA LA LT Y1IFUNATIEN
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- usugnysrafuih (Rubber Water Confine) 1lunndnusiensiiannsoldons
sssuvIAysesasy ieifudniivuiafuiifuildld wu fudunse fAugnds Taedanduide
Anerenaniuazmaluladuiassmealne TiiamunTuundadd 2529 wazaunsaimunldniiawang
dun WAudnihdmnsuinensns Wauluauunedriuasiaodn 14lusmuvauseniu devhdaide
voslssnugramnssuiliannsosnfuiild lnemluingiuililunmsyassiniuthannsolddu
Y9EITUVR UIDYNAUATIEN %T0 NaaRn wiserlulAGoueng

- g9 (Rubber Dam) #3ailoussdiulngnanIneaduas1vRuwigHEnln
ruiudeudululanalditnsindoutuuenvasdhesnseensduasizi wazaigluldens
sysumpusmulululaddesldsuanudiurevangldedielsinutdagiudilidesduniaulaves

Y a
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wanuardlsszueindesiutinviiudunds snstedsldnelAntnduniiie Jeefunzneunsae
nnngnauntireld uenanilushefieguinainuiiharannsadestudniugnddunluiiui
waﬂgﬂuazﬁuﬁagjmﬁa%ﬂ ﬁgqmamqs‘]’wuwmﬁiamiﬁmﬂiau%aﬂﬁﬂLﬁﬂé’ﬁﬂdﬁmuﬂiz@igmaﬁﬁﬁ
Viewan anduideinenmansuavimalulaurisszmelng lAnwgnsndaunureenalaenis

THen9555uPNENEN9FLATIEY EPEM warnnassdnmanieeadlal 2537

- UKW (Rubber Floor Mat) dulvgjudnainenssssuwd ldyiuvseniusiu
YUDIA5E5997U FAinau awuduldlananunsukasiunaindes Wadaatunisau wazanldean

AAFINNISIAY AIDAIIATEUNN

9. M3lumnsmanesusngdmsuiiioue Jaglunisauuanvuddinnudfgyuay
s (Y A < [ [ Y dl'
finsvenemiun leglamzauuiailuladendnvesnisanuiauiazauuuddnazussaulymiluses
a o = < ! a U wa P 1 1% =
Winnsdsademeiinitung nsusulseandivesenawgnegivldlunumalnaduazdegliauud
o1gn1sldugnuudy Ingldeamswaneusnegludnsesas 5 ildenwzassiinuudain
FuiAUeaUAILAZEANEULINTY AITUAUUTITINEINUZADUNANTUEIINITIVSTAIURDILTINAT
NUNUNINTU wazlinsiindesdeteaniinisidenausnesund Yrgandrlganglunisdeussy

Urgeshvnaziunsiiuuinanisldensnelulssmeldunniuie (hsuduasugnanvngsy, 2556)

druusznovvesenssssufilulalasasueuiilifidn Anluenssssuridsazasladbudi
avanefiludvy Wy wudu wenwu Wudu leenaluensssumaiilassadansdnsessiveduana
wuUadugu (amorphous) wiluuisanizluanaveseainisadnsessinaudialussdeudn

gaumgiivsellogndn Jeenunsaiangn (crystallize) anisiiandniiosaingaumgiisn agvilens
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WIanu wadeamfiasduensfazeeuamuaznaudanimiy luvaeiinisifiandnesainnisinda

Y

yilvensflandfidnai dufessazdanumusionssis mnunuden1sdnuin uazaufuNnse
N13UAQET SNYULLAUBNDEIVBISTIUYIAAD ANEANEU (elasticity) 81955TUVIRLAINEANEUES
doussmeueniunszyimuely s1efaznduiugsuisuazvunnidu (ielndifes) egnasana on
sssunAdadiansARdndunsumioafiniy (tack) SaduausRdfyresnmannansudiidesende
n1sUsENaU (assemble) Fudusine Whdeiu Wy sresasud Wudu oglsinig ersiumudn
afitadrialunislden iesmnilausiidanas wasdnuusnisneniwarlsiafiostusgfunis
Lﬂ?{auLLUmLLUaaqmmﬁmm namfesazseuBuLasmilsnmussusilodou udezuiuunude
guvnden dewginslisslonianesdndufesinsnanesivanaiadine Wy duedu we
WL wazanIisennee WuAU MaI9INNSUAKEN 81INEANNIREIIABNN1IA (rubber compound)
flFaggninlutusulundfusineldauounarainudu nszuiunisiidoniifanluidy

(vulcanization) (Weus9, 1.1.1)
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B9AENTANASIANUSTTN 1
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USinas 0.15% sevimiintiens

wosadled fdnwasdufine wisdldnuluguvesieazatstn Fondt esundu Wudu
38-00% szwirsmaiivansadsugiidunsanesinld fafu deuldnufenilfidunatsdae
TRguasusiun vsolaReudaln ngldoududu 1% Adanuaansolunsiatswuediseled

Toieudalii wisuleglusuasazaroidudu 3-5% dmdndeviuins Tasldluthens
0.02-0.08% Taetimiin (Feufuidesausia) wugildld7 0.05% dethntnines Ineduuwsnli
neaatlulufesesiuthen wardfivdelildadudsusniosan uaslinseuldouiudetu

Tuiouansueiun Senvasfunaden fgviidusigous awnsaantSuansaiiintuly
thensaald aunsafiuinemiiensanldlussezinarasdun 1-2 dalus SlFUTugtuanfusne
Wty

vowsnd fdnwaslundun fgviidurngous annsavaredeuvaiiaeld uavanuse
Fusnethendagldvilesdiddy

Urg19anIIanntusd

wrgnaniianlud vuneds Wrgrstundiunssuinisiinliluianaveseiuiniussiall
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LGU@NIEJ\‘] (ﬂ'ﬁﬁ]aﬂ'ﬂ)usﬂ) UL‘L!@\TN']"U']ﬂﬂ']iiﬁﬂ'l']ui@uuaga'ﬁLF"INN‘WL‘VFN'W?{N u’]ﬂ?ﬂWi'ﬂaﬂqiu"?ﬁﬂﬂﬂﬁ
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Inglsddaslinnusousn damsianludersagyihuisenduiiusdu vilandaduanladinnudangu

nunu wazldmdeafia

ABUNIANIALUA (Light Weight Concrete)

apuninuatunduiagneadrsfidnisihunld wazidaduidenlutagiuinged
auaudAlunistestuauioulfuinninfanieadievinduiiiun lnoffagLesildrunay
11310 N518 YuTraud Yuun th GUdu warnangiiiiey nansufuLdduiid dyigan
fo Wesernmdngiugnsuldseiiios(Disconnecting Voids) #flegluiiioTanuszun
$ovay75 vilvaounIadthuiniu Fanavesarnuuiasdielisendalaseadnednitanis
fiinesornimnariu fuduauiufuaiiwdoudndaiuamandfianzvesnsuninuiaiun

ABUNIRAIALUIENAIEYTEIAN MInUaLiganIsuanvekiasysenunuliialy
wandtalae udlesainasunInuialuildingAvuagnssuiunisnaniisiafuayyihlad
AuandAvesneunInulaluILanaiy Gensuninuatuilagialunuiniunszuiunis
wdald 2 szuvu il

1. szuuinliisunszuaunisaulauinigliadnudugs (Non - Autoclaved System)

Feazulsdasaanlaandu 2 Useunn A

[ '
v

Uszinil 1 19 ¥anuindnuveuwnu 1 Bdee A vudey wiadalily vilineuniadiumvdniiiun

1 o

= ] a v Ao A v a v X @ a 1 v
VU LLG]"U%@J@']Egﬂ']ﬂfﬁ\i']u‘VIaULa@Naﬂ']Wl@Ls’J LLaS‘Vi']ﬂLﬂ@lW‘l‘Wll a'ﬁlfﬁa']u@']‘ﬂLUUW‘HW@Q@EJ@'W]U

Y

Uszunii 2 Tdansiadl (Circular Lightweight Concrete) Livalviiionauniay uaznisliudasi Aounin
Ussamilagiimswadamnnndy ibiduauuaninlade laresudauss

Aounsafilinunszuuniseulatnneldauduasidulngilondndaeiinesdd dudyuiiuud
AnsaInAeunsafinunszuIunseulaunelimuiugedsiiondaduendundndun

2. szuvaulauinglinauiugs (Autoclaved System)
Fauwvanuingaunldlunmswdnleadu 2 Ussian fe

Uszianil 1 Lime Base Wunisudnlagldyuuaduingiv dsarvauaunintaein unduingdu
wanlunsuanyilinnmmeunsailla lAssasiaue In15gadutiuinnii

UszLamil 2 Cement Base Tdudisuduosnuaus Usziam 1 10uingiundnlunsudn wandvag
3130 918 BUTU Yuan i waznaozgiiflen ludndrufimunzan JaazvinlihiAnnesornavuin
Snnsranefiegvadinaueluionounin uddnhlUunlilddiiedignsuiunisdn uasdng
nszvauauledifidendt “Autoclave”  n1eldigumgiinnudugs  Wussuuiuenainastagly



AoUNSA RN nlauasgIvalaNenas Suaelviinnisnnndn (Calcum Silicate) Tuiliapaunsn
MrimaunIalANLdwnse nuUNIY nINsRaRlUSTUUdNAINN (lenergygury, 2015)

AMENURARBUNIANIALUN

Usendandaeu Aeunsnudatuiaiunsadesiuninuoulannindguens 4-8 w1 3s¥igan
n15818mAIINTauIINA18uenge1n1sbalueg19f YaeUsendarldineannvuinves
wsesUiueInIananas wazananbifinlateFeuay 30

UMTINLUY ABUNTANIALUNTUNIMINIUINTIBFUDEY 2-3 W11 kaglUINIIMBUNTA 4-5 Wi YT
Uszndneineasne 1as9as1901m1s haztandy waa1msdinsdninundaunsaviitf

[

gy peunsnudalulguiy widnaslivunlngnindgutingy watiuminiu asaan
Aonsvuds wazamnsadauss la 1z uazilvieszuu nasnuaiunsaneaigliazain samsa nin
dgvInauUNINYLnBY

a

Jasiuli mounsmuaiulnauandamduauiu vinlamulllads 4 42lus flaamnd 1,100 °C

Y

annsanullafnitudsnnesisdgutindu

Jastudes niladgurauiaunsadudsssuniuainaisusnlauinniinisdguegyuszana
20%

Liglansie reundnnanlifdiunanvosasiiy Ssannsavduivviedudalsdegnunly
wliiAnafurdoansiidusunsesioqunm (e, 2550)

AMENUALTINAYaIABUNIA (Mechanical Properties of Concrete)

N1893UK399a (Compressive Strength) MAITULTITATDIADUNTA RUIBDY AIUATUNIUY
sovtheussdaniindulagliiinseswanin uazn1sianany lnemdsdavesreuniniuediulade 3

U515 WA Ma9U99uasANS ANSIUDILIRTIUNEIU hazkIIDAMTEITENINNUDSANSTUNIATIY
e

ANA95ULI9A (Tensile Strength) mounsadniduiangusng Ae IMdssuusadnganazingdy
SunsaRemUsEaNSeay 5 D9308arl5 YoINNAdSULTION AAISULTIAY UuNede AN ATUNIU
lunsSuussisvesaaunsa fauwdlunsAuiaesnuuulasasenaunsaasuwan asunsnayldlasu
usaafim uinmsuamhdsieiastaslunsmuaunsuanimussaeunInanuaNTE LA LU
gamall n1suada waziivssleviognunnlunuasunindanse Wudu

A1EN1N15UIAN5BY (Thermal Conductivity) Fadun1sindnsinisluavesanusoui
e HutaTan o iuaneiuseninaiuinvesian lnessdAanieiuniueiinuesian
d1danaunsatinuieulad Aesldt k  Aige insenanUseanilin “dadanuieu”
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Mgt lave witTanlaanunsainanuseulates wselen k 1 Januseianilazisundt “auiu
Auseu” Taudilunistestunisaiemainuseulas daudafisnianldlunisiurislussuunieg
welvusendansldndanu (audns, 2558)

ansInN15nULEee (Sound Transmission Class) LJuaiivsuanfanisandeaainaiunilal
FaP1UNTIVDITEUUNTINTONAIAT T989A1 STC 1IN WARIINTZUUTUAILITANWLESILAR 1 RJaAd]
AN STC 50 znuLdsslannINgandian STC 40

auUAn19n18a1n (Physical Properties of Concrete)

AYNMMUIMUY (Dry Bulk Density) §ns1diuseninauiavestunngaunasaulugause
i

[

USunsuestiunegou Tunisidenldasunsaulraiundmiuneniandl d@ulvgazidenuanduning

AU UUTIUSUIAS L UANTNWIAIE1 2y AU MINU a9l ATIE5 1900184

AIN1IAANAULA (Water Absorption) {JudnsndiusenineUsunulIadnineuninaIuse
anduldsiedminuesneuninluaninuia nmsidenldanunsunindmsunentdinisiienaouniniiil

'
o o

8151N139ATUUIA INT1eMNdSnsIN13RATatge WenaunInuiaulAsuANTUIINAEUEN A

¥
U =)

o § v a Y ! v I ] o a o & a
VI’]lMﬂ@uﬂSﬁ]@]ﬂ%‘Uﬂ’)’]N‘UUl’)m'}ﬂ ﬁ\iwaiﬁﬂ'l']mLLGU\TLLiﬂsU@QNu\Ta@u@EJaQ n1sgANANINLUAsULUAY

Y

Tounntu

msliwdanulniidmivermsiiinguszasdiiieliuasadne nsudvenia uaggunsal
§1ureauazaIndeg nslindanumnigalulsemanieuensltiiensinuuaiely
91A13 SeldfinstaurTannoatiserasdiefinantinuduauiuninudeuliuniulaenis
U¥uasutagidudrunanluneuninuiaiun (Lightweight  Concrete) tluidndufiunans
(Cenosphere) &aflmnumunuiy 908 ¢/cm’ a@unsaanAn1siiAudou (Thermal Conductivity)
upfllandRlgnane AM&WIUNIULTISA (Compressive Strength) LaZWLIINIUNIUAITAY (Flexural
Tensile Strength) 7IH1UNIMT§IU HANTTVIAADULAZIUSBUTIBURUT UGG (Cement Paste) uag
AoUNIM NUIMIBEIRBUNIAINALIgRsTIRTIgaTiANMsthAISauARAT 54% uag 80% MAIN1TUL
28 fu & LTS aLALLIIFUNIUNTAY WA 69.4 way 7.3 MPa Fadurainainnisan

ANRUILUUTIOIEIUNFNADUNTH (Yunpeng et al., 2015)

uennidaiinaaeanmsfiunsaziounas (Solar Reflectance) wasniislnsmslénisindoy
Tnlauanlafin (Photocatalytic Coating) wiefinmsduiaruuadiuresirasaduian 9 F3lus wud
MeAdeuanInTIsLinduUszAvsnisasfiounasnn 0.41 1y 0.78 FedwmaliuTainuenuioud
aganvuriTananas n1sUTudiunaunsunIANIaUIYITanNITIIANNTEU 33%  UavauuIRD
aeluanas 3.7 osm leldmaedeulnlauaniladin Freannisthanudeu 54% wazoumgiin
meluanas 4.3 asen mnlivaesissnfuaansanniniaiuieulddis 69% wazgangifaniely

Y



"
anas 8 83r1 MINawazdianneasUssyndlidsanunsatigannisidndanunielueinsla
(Yunpeng et al., 2017)

F5ednf way uil (2551) Inaninislddvssdzinalumsfauiuinnssmdneunin
maLmLﬁaLﬂuamuﬁ’umm%fauﬁm%’ummﬂé’ﬂ%’daumamaf;’aaﬁwqiumimaauﬁaﬁ WILNAY,
s, n5e, 11 uay gu%muﬁﬂa%mauﬁﬂizmmﬁ 1 Iein1TNAdoUAIUANE il nnaaeu
N35uMAs, nMsvedeuAINIsIANSauk), nsnaaeugamginigluriosdiaes, Wes@udnisge
Futh, mavaaeunmsasuulasniuen nmsfinu nudh Sasdrunaniuansaufiaaesion
fegrnniunaukazidvuesfianunsatluldusslond Tnsiusnsgiuvesnmmadeusiieg
B 30:15:35 (YUTUA: M58 L10WNaY) wag 20:15:65 (YuBuud: N31e: 1ey1udes) 31nn159
nadou WIBuLieusznIne Asun3InUanIINEIuNaU waz ABUNIAUaBNIINLEIYIUTEE WU
pounInUSonINIimUessuhsdaldiniiaeuninufonainidunay wasiUesiduinisgeaduniy
vosnaunimuienaniddesiivedfidudnagaiuihiiosniineuninufenaindiunay n1sveaausn
N1511AUTBUIINNTUINGIANAAT WUTT LHUAIBEITBLA LN UTAI TN TUHUAIBE19INLAN

1% = Y & 1 14 [ d' [ 14 a 1 [%
B1UDBDY %QLLE’!@QI‘VTL‘VM’N LmLmauL‘Uuamuwﬁiums{]mﬂumwmaummwmaa&J

TutlagduiladAndunidnsidrulmiqiaunsaimuineuninuauilauaudinng Wy
Tneladin1sAnewneInuNISUIU181955 U RAAN I NI SRRILNIABUNT A LBV LNATRA MUNISNALLN
gslumaunInagunuizay Ineuienedndudesiinisuanwauludeumailtiod e neIan 1Nl
819 FeaglvraunIananlnenaludndlu P/C = 0.05 0.10 0.15 0.20 wag 0.25 AUARU dIUNEL
ABUNSALY Biuud: nse: Au u 1: 2 4 Teeshvdn wddnismaianuainsawmla (Workability)
NUUIMADIUUUNINTFINFUNUIAN 15x15x15 @3l WagguaIu 15x15x75 93, dmsunien
ANA95ULTIOR (Compressive Strength) Way AaISULITIAR (Flexural Strength) muanau Tneagil

1 ‘&/ (v} 1 v ‘:{I Y] 1 9°J U = vV YV =
ANSUNTU 7 TU Az UNLIASLUBINAT 3, 7, 14 way 28 MU NUIUNYTNAUNUADUNS A LARDITINTS
=2 a a r-:ll a [ 1 go/ Ly a 3 r-:l'r-:l a
HavaTanusFevlan liiuseludndiu 4% tnstminvesdiuud waznsifianswenlullosmad
wasluthenslalainlimdwenauninanad daumNLaIuNTOmanuINARUNIA NN 89Sy URY
WUUEIUTImINe YagninunInunAtazliA1nsaudi 7 gy, daluduiidenuinaouninnautiens
a o v U o U L2 = v ‘ﬂl a 9OJ ‘QI g o U
AT ULSIORanaIUsEIIM 60% laanidsdnaziinurlduanadilaUSunaune1wiude d1nsu
AFIFULTIAANUIN anasuszanns 10% taslunsaza P/C Miuduiloszeziianlunisunwiraiiudy
14 wag 28 Tu 9 P/C = 0.15 wag 0.20 MAULIINAYRIABUNINALEULINNIIABUNTAUNR (7]
0179 HATAMY, 2548) NUINABUNTAAINAITIULUNZAIUIUIATIES199A IS ULSIDAUIN WD
Wiz AUNUYaLLTNMs alEAUNUABUNIAUARNd S UNenTI lUdB IS ULTIORLNN Fetlyymfiny
JuAlaTin1sAnEINITHAIUIARUNSAUARN T aNTRA1UN1sTUASaznIsiduauiuiuausaulae
= dy YV 1 96’ a 1 %} U 1 = 6 1 a 1 1 %)
81991151 Tumsfinuilalddndiuvening19sssund wiriu 0.075 dasduyduuddeiiudu wiriu
1: 4 dasredmdisieyudiuug Wit 0.4 Iaetmin (WifauTinaniluingnssssund) lngaznaaey
MAAMUNUILLY AT N15RATuL MEaSuusadn MAeTuLTIin MINAWAY uazAduUseans

n5UNAINNSBUTRIMBUATAUADN NSNENUNNNEITUYNRIUABUNSAUADNILFINARDAIIUNUILLY



12

YOIABUNTA ngABUNInUGNTIHUSIANL8195 550 IANINAZTANNNUILILAT wagABUNTAUGNT
fUsuuessssumAvesvselifiuienssssurfaenaziiaunuwiuiiasiulaindunad

o w

wlsHNRUAY ASegarn1gATueny 28 Tu Winfu 4.80 AiMdedauasindenniiony 28 Tu

o,

WU 96 NN/M3 . wag 52 Nn./m3n. suARy dauAdulssAvsnsthaufeutiudiasdin
Wiy 0.139 fa/Auns-sriaaiu doRnsanlnesmudauansinhesssumfaunsoiunldidy
Saouamdild Tnovaelineuninudeniinruanunsolunisiuidadaldgetu gadutviias uaed
autAnisduauiutesiunudeuiidlndidssiudguaiun (ygyds uazane, 2551) Tn1sesu1ens
Rafvesaundananthenslii thesiilinanazegluguvesarsuriuasy (Emulsion) Tnsaynia
voslnAiwes (Polymen) azuiuasseglutienaa Sudonautheradriuaeuninug axdufizen
Andu 2 dau Ao 1) UFASelensu (Hydration) 9nTiuusnaniuiuay 2) UfAsensnedadu
fldu (Film) fAnanoymevedindefinguiaiu (Coalesce) Famsnefvestuiiduaiion e
Featuruasunin deagvihwihiduiagussarundesmidn Binden seninananuthdeiudy

ABUANSH (Ohama, 1987)

[

] a do a a a o
‘t’;l’N‘W’]i’]LUUW%LﬂiUﬁﬂﬁmﬂ’mﬁUﬂJaﬂiﬂﬁl NﬁNﬁ@EJNWWi'WJ’eNIVIEJﬂ@LUu 1 Iu 3 UDINANANN?

Ton uaglutnafisiaeransane ersdunain vilitanasy fusenounts neasns wasmiiseu
fiAetesidimnuaulafiazifingaenmna smemsiumannaniasinionniluuauiuiag
Ju wumnihesssaminussgndldtununeunin Gensssmumituiinuanifedion
willouiuBLuudnay (cement paste) wagliaudavguiazivie n1sde1ansuUssendldi
muiumqamniiuw,ﬂuaﬂmqLaaﬂwuﬂ,umiquuaﬂmaqmquﬁ Ohama  (1987) 3sld
yhnsnvuieitunisdesiveseeunindifinisuaureniiens nuinhesildlunisanazeglusy
Y93ATWVIUARY (Emulsion) Ingaziiouninvedndiues (Polymer) wyiuasaglud1uveUamal
Faflenamirenstunouninuds aufinUfisen 2 daudrefufe 1. UAATe lewasdu (Hydration) 4
Annnaviuiitemesdundiud wee 20§ nsdedudulidy (Fitm) finaneyniavesin
Aesinganstu (Coalesce) Fansdemvesduiidudiouadoududofiortuiunounin tnetu
flduazvimihidutanuszanuvdemidn (Binder) seuiranasiundseiuduaeunda (1mdl 2)
souldinisfnwniniesssuefulitamaueounin enimadafivanzauvonisnau
g19lunounin lagaziiarsanauaiunsamle (workability) A1A1899m (compressive  strength)
wazAasa (flexural strencth) wesreuninfinautinensludndau P/C = 0.05 0.10 0.15 0.20
uay 0.25 wagiidhmadiunanvesdiud: nae: fiu by 10 2: 4 Tedwidn uazaginsadudy
nan 7 Sunasuuwidluennafiong 3 7 14 uag 28 Tu annsAinwmuitnseautiendliid iy
pounInagyildenn Taimaiuarsanussisinrialifivsey fevar 4 ledhwudnvesyudund Tu
Fruamuannsawldnuineuninasdinsguiuuueuimun dudunsiuusadarasaouningg
anasseyar 60 LLaullLL‘Ll’JI‘L!ﬂJaﬂa\‘iLN@NU?@JWNUWUNL‘W@WU dmfuidsiuuseianudl anaassana
Sovay 10 luusazan P/C vty wiidoszornanvuuidluanmadutudu 14 uay 28 Yufl P/C
- 0.15 uay 0.20 aglviAmsiuusafnvesnounIngsninaeundaly @Evsde wazamy, 2548) B9
aonndastumsinuiithensnmdafunedwessssurfumanludnidniesas 0.5 - 1.5 w09
dwednBiuud nuhmaduihesssusiluasuniniosas 0.9 v wiinGiuud wldeuranes
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miumavﬂ,ﬂamammaummmwua ferarmanansalunsihaulddmunasgiuues s
Frunuusinafigeiian Taefidaruiumuusinnasiidanas Wesnsdiunauesienasssued
1nNIMsetReNINsaar 0.9 (Shaji et al,, 2017)

othdlsAnunisliauaouniniifinissauveshensdslimngfualasaiefidesiuusedn
17N U Ut o uAsuNIaUAend v udenslidesuusedaunn losann
pounIANANENTSuliauTRfidesutsens FeldvinsAnunsliihenmnsuiieusuuseuds
Frunssunssdauazaufuauiuuauieuresaeuninmaluiuuinesenia-avlen Tu
mmﬂmmﬂmmwmumammﬂwmum nagunaziden wiku 1: 1 Tagtmiln USuimng
ogfidsuniiudesay 0.3 vasdunavionun Snsrdauthreyudiuug wiiu 050 Tagtwmin (L
ﬂumwuﬂéuaau'ﬂumsmW'ﬁ']) JinaurnuagBuduiniuiesay 5 lnetmiinvesyuBiuug 39
nawssaieensiuagldanswenldemandududosas 15 Tudndudesar 3 vesmiinens
wildansanuseisinedalifivszluuinaiosar 4 veniminyudiuud lnsagiinisine,
Snandrusrensoyudiaud wihiu 0 0.10 0.15 uay 0.20 Tnothmdnyufins lngagimn
yadUATATIVILILLY Adesh Aidsin An1sgedut warAduussAnsnininaudou wud
L:uama:umsmwwﬂumummnameamwmumsmwwmaﬂummum Wiy 0.10 agliiAnng
pandutnadednn Ammdauaridaingenn sl ssavEmsthaaudeuiin
TndiAsafuaeundmnaiuinly WUseay, 2550) uazdaldimsAnunsfaunauti@nisneninma
navesneunInudeniinandietiiens Tnglddnndusnsmseyudiuudvintu 0.025 0.050 uag
0.075 Tngtimiin Snsrdrmuyudunsidofiudu vty 1: 4 Sasdruisoyudiung wirtu 0.40 ()
saiinashluthensns) uasldasanussisineiinlifivszafesas 4 vosimiineran Gy
Snsnduiinnganvesenamnadeyudiuudviniu 0.075 uasfleny 28 Yu wfinsgadininfesas
4.80 ANANSITALAEAIRIAR WU 96 way 52 AlanTudan s Iugufiluns auaiau waglvian
duuszansnmstharadouiifandunn wiidu 0.139 faddeiuns-ssaiaaiu Weinrsanlagsauudn
wuingemnaannsoialfdutaguanduld fehelireuninuieniaruanusalunisiuig
daldasiu gaduiitiosas uasflandininduauiutesiuarufeudidlndifeafudginaiviuas
Aoundnudeninly (Uszys wazaniy, 2551)

Tuthgiuldinsinunsliiosfaaludiionamuauifvesrouninufoniaunanaind?
0 Ineld8nsauyuiiun: iwewarafndie: fusu: 1 wihtu 1: 0.5 4: 1.6 Snsraautiensian
ludseyudiansd 1du 0.00, 0.05, 0.10 0.15 0.20 0.25 0.30 0.35 0.40 uay 0.45 Ineriniin
warldansanussisindinlifivszqiosas 4 venimiingtauts anmsAnwnuidnsdauiensta
mludsoyuBiudinzaniidiiiu 0.15 Jeiineundnudenileny 14 fu azfinrumuiutiy iy
1,169.59 ndusiognuiafisufiuns mnisgadutinfesas 9.33 wagiinouninufondoiguinfu 28 fu
wflenfdsdn wih fu 25.74 Alanfusionaeufiuing Aduuszansnisinauieu wiidu 0.1527
T96/ L Un5-09ALARIU LLazmé’wizﬁwémi@Jm%’uLﬁmﬁ 2,000 15509 1Au 0.38 FuilowSeuiou
futannenilslulneily wuirrouninueniaunaraindtionauhenstanlud daudafianiy
poun3nudeniialulunn q fu Tasvediantf@ndiAesiudginaiun vonanitenstanluddse
antlamnisgadanivilvireuniniawwataindionrudeyuaiuvienssiiialulad (Khamput
and Suweero, 2014)



14

msfinwaeuninudenduianneasauseanianedmsuniitenns dinswdnaindiuna
YoIFUA 518 Fudos 1 uavuazasiiuUssvindesduasziuiie F98nsnsintiens
fuariuegiuingusrasivaanislian lunsuiuusaudilnglddunanlushmdiuiosas 0.5-1.5
vesmndmud nuimsisdensssumiluneunindesar 0.9 sssimiindund Tdwranmes
n15UASA (compaction  factor) In&Asafunsunisimluazinauaiuisalunisiiaule
(workablility) Afin1uA1m1nsg I uaglviAiauiunuRensIng (compressive — strength) ﬁ'sjjﬂ’qm
Tngariidanasmndnsdiunauveniesssumdunniuasosnindosas 0.9 uasiautiviean
ANANAU LY mi@mﬁuﬁw Ns1Ada wagn15ud1ANseu (Shaji et. al,, 2017)

Tunsfnviiieamiminuestagneatentaunansd dnsldusslevdanusewaraingiy
#2e Tnemsiiunenssssuriluneundaudeniildrunaues EVA (ethylene vinyl acetate ) wuin
dndaugegaiiannsonauldlaeniuannasgiulunisfuusined 25 ksc fe hwinuawesenade
dmdndaudidu 1:0.15 Foilfanumuuiy (density) anasann 1,250 kg/m’ u 1,175 ke/m’
M9pAFIin (water absorption) anasaniesaz13 u 9.5 FwandnisvafafiiAnannisgaudedd
WSONSUARILUULIAS (drying shrinkage) anasaniewag 0.018 1Ju 0.016 wazanAn1siiANsoU
(thermal conductivity) anas97n 0.22 1 0.16 W/m K nsuauthenasssumisisusulgaaud
YoIRBUNIAUSENTITEUNELTDS EVA (Khamput and Suweero, 2014)



uni 3
N15AUUIIUIY

YBULUANISANYILALAITNATIUIUAU

1) msthenstu 60% undudunanluniswieudisgnsnouninuientiaiun
2)  ldnsdnhenstusieyudiaug (P/C) wihiu 0, 0.03, 0.05 kaz0.07 lagumin
Yudlaug

3)  msvedevauTRvesiegsusesndu 2 diu dufivilsiie nMIvedeuALLTNNYE
YesaudAn1anIeaIn laua Aunuiwiy (Density)  wazdnsIN159ATuLN (Water
Absorption) @ufidesfie MsvadevautRTIng taun AMIRITULIISR (Compressive

Strength) NMSAWERINTEUNA LazAINITUIAIIUSOU (Thermal Conductivity)

gAIN1TN3ENAIRE19ADUNIALADNNIALUT
1) Snmduyuduuddenseasdenindu 1:1 Tnedmidn
2) Usinamsesgiiilniiudosas 0.3 vesdrunausisun
3) ShsrdisoyuBiuudiviiu 0.50 Tngduiin (gaarunw)
1) Usnasjurnuiifudosay 5 Tnsmdnvesyuiane
5) Uhnaduduiiutesar 5 Tastutinvosudissd

(%

ﬂ'ril,ﬁaﬂé’mflahmf’]mqst’fwiagu%muﬁ (P/C) winfiu 0, 0.03, 0.05, 0.07 Tneniveingisd)
sqﬂmsmaaqﬁ 1: YAAIUAY 1 50 mt
qumimamﬁ 2 - 1henadiu 3.00 ml + 11 75 ml
ﬁqﬂmimaaqﬁ 3 : d1g198 5.00 ml+ 11 75 ml

YANTNARDY 4 1 1U19TU 7.00 ml + 11 75 ml

33N UNADE19ABUNTAUADNUIALUN

1) waudn Y8199 Ae38uI91NN15R998NEUDNAMNAINUSUIUANIAUA

2) wanyuBuud morglien Yurnuasdudy naulidniuaudnsidunmnun udimn

nauldaslunslonauwsoulitedu

3) Wandsswandunan 30 il Ases) @unsenwssuliluvsuansnunadunions

DY) AUNUA
(% [ a 4 P (% a A < a =
4) sumnusivedesowanliegNsauadan wunsesnauduian 30 und

Y Y

5) wnneidunanly 15 ui uwandaeseana Wunan 1 wid thdunanlumaslunuy

Baamseuly
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6) NIONEIUNANAIUURNNITLINNONYBENTONFIUNANAIUUNUN Wioue) Auldlindndiuneay
T wieliladguaunibivanin

N1sUNA79819AUNTAUADNUIALUN

1) dlefegunouninudeniainGuinnsudsiimelsanumdninnisvde vinisoon
wuuvde Yiudiedeeenin Weumneausafituiosng

2) ihlvualngldnsioouledhanudugadu e 2 9l

3) iflensuimuninhdusogsesninanuiieay udwinisunselngldgaanaminds
AauynUNgslitndn wetestunmssemevesniluiedgnaiu

a) \dleasuimuauda Aeunisvadey 1 Fuasdaing LLé"gﬁw%uﬁ';asmagmaLmaaﬂm
MaluanmeInaunf

5) Fuegedgulalunle lvihnsvegeusisly

A1sNAFaUANURR29819ABUNSAUABNNIALUN

NINABUAMALTANINEAIN
1) NINAFBUMANUNUIMUUTDIADUNIAUGDNNIAUIRNULIATFIU 1oN. 1505-2541

2) NMINAFBUSNIINIAANFLUIVOIADUNTAVADNIIALUINNNINT U Hen. 1505-2541

MsNAdeUANANUALTING
1) NMSVAADUMAISAVDIRDUNIAVADNLIALUIRNNNLINTFIY Wan. 1505-25641
2) MINAABUNIAINITUIANNS B UVBIRBUNTAVADNLIALUNLAEIAAIAINLS DU DIABUNTA
= A o &
vdenuaunnunluanuanyng 1 u. 1Wunan 3 .

=

3) MsnaaeumdnsInsiudes tngldin3es sound level meter Tun1sinseduidesgegn
pnNsEnUatraunsauaanialagldwan 3 vuie Touwn 3.7 NSy, 5.6 N3y, 10.9 n3u AN
ANE19nY Yasgluszessing 60 cm

[

nansALiuauIseiiiuan

apundnvdeninalniuagieaieildfumnuioudusgranndmivauieains lne
oundnudeninaiuianfifdunamaneyseinninlvdauaudifiasiunndaanfagsindug
gnavnsudunilslufiviiianudfsoirsugiavesusamalnsusdanansimulunisifisgaias
Usnanislideuiadnsdanaialfifnninidosdunndaunfundefudidofiegldudndu

geaunssuestulssmalmAulauniu Fdimsiuunandarineuninudenulaiuibidauaudily
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miLﬁuauauﬁumm%fauLLaz@m%’UL?ml,ﬁwﬁu Iﬂasl%’ﬁ/wmﬁuﬁLﬁui’a@maﬁiimma UITHUUY
panilu 2 du duusnAe N1SNAdRUANINEENYRIENURANI9A1EAN LaLA ANBUILLY
(Density) uazdnsnsgadiuni (Water Absorption) duflaesiomsvaaeuautfidana 1dud Mds
FUILS99A (Compressive  Strength) 8nsIn1sAwdeInszunn (STC Rating) wazn1suiANSoU

(Thermal Conductivity) fnan1snageudiaseluil

NaNITLASUNADDEIIADUNTAUADNUIALUN

AN 1 FUNUFIDYABUNTAUADNLIALUN

NANSNAFOUA2DE19DFUAUN
NANIINAFRUANTANIINILAIN

NANITNATIUAIURUILUY
nsAwINAUUIKILGIUSesTuanmuisanans
AU ILUULTIUTUIN I UAN WIS =
snavesiunnaeundieulugeuls) + Uiinmsvasiumageu(cm’)



A15197 1 NANISNAADUAIAINUAU LY

YANT USNathens | 17avestunagound ey U1n5U09TY ATTUAUILLUY
NAABY (ml) Tudau () nAdou (cm’) (g/cm’)

1 0.00 217.0 5x5x%x5 1.74
216.4 1.73
222.7 1.78
Aade 1.75
2 3.00 197.7 5x5x%x5 1.58
185.8 1.49
192.8 1.54
Aade 1.54
3 5.00 199.5 5x5x5 1.60
204.4 1.64
196.5 1.56
Aade 1.60
4 7.00 201.3 5x5x%x5 1.61
207.0 1.66
190.3 1.52
Aade 1.60

7 1 fip yaAuAx 11 50 ml
PIYNNIFT 2.00 mL + 11 75 ml

PAN 3 AD UIL19NI5T 5.00 ml + 11 75 ml

3

oY

oY

1

PAN 4 A9 YI819NWI51 7.00 ml + 11 75 ml

q

1 a d‘ dl o U
. ﬂ’)’]ﬂJ‘Vi‘U’]LL‘L!‘L!QSiJﬂ’]iJ’]ﬂV]?jﬂiu‘Q(ﬂﬂ’ﬁﬂﬂa@QVl 1>3=4>2 guany




HANISNAFIUINTINISAANAUUN

NSANUIUSAIINTAANTUUIINGRS

8nIINIAANGULN = UIAVDITUNAADUNALL

M13199 2 HANTNABUATINTAANGTULN

%11 (g)

19

- 11AYDITUNAADUADULIYU(Q)

YANTNARD Uinanhen 18TTUNAADY | 1IAVEITUNAEEY é’mwmsamﬂﬁwfﬂ

(mU) AU ViUt (9

1 0.00 2194 248.9 29.5
220.6 249.4 28.8

214.1 242.9 28.8

Aade 29.0

2 3.00 200.8 240.9 40.1
195.6 234.1 38.5

194.1 234.0 39.9

Aady 39.5

3 5.00 193.7 235.3 41.6
202.4 242.9 40.5

200.3 241.1 40.8

Aade 41.0

4 7.00 193.9 230.0 36.1
198.9 241.1 42.2

200.0 242.2 42.2

Aady 41.2

RUBLG YAT)

9

YAN

q

YAN

q

YA

. PATINTAANANLNALIAN

D.

D.

D.

I ~

AD YAAIUAN U1 50 ml

oe o

N

A8 UNHNNNITN

v
A o

A8 UIYINNII

4

A o

A8 UIYWNII

v
A o

[

3.00 ml + 11 75 ml

[

5.00 ml + 11 75 ml

1

7.00 ml + 11 75 ml

MEAtUYANIINAGBIN 1<2<3<4 AU




NANISNAFAUANUNLTING

NANISNAFAUNIAISUKSTION

mwf/'i Farce M Curve for Product Sawinaay S0x60
7 T e
s 36000, g-==--- s R i T G i S Ao e Laslsas
nede 32000 r r/ ¥adl 1 : YAAIUAN U1 50 ml '
umay - gelol B i i T wei2: te19mn31 3.00 ml + 11 75 mt
T 24000 {------ henenee bl e
w3999 fno00 F------ ------------ e S °qm'7i 3 : 1418199151 5.00 ml + 11 75 ml
L ABO0D b 9 T T R
12000 Joeentoef A A N
000 | A\ SeTRES e o pis -4
4000 1----4 b E R °qm'7i 4 : o1 7.00 ml+ 1 75 ml :
l"r.. I 1 1 1 1 1 1 :
|:| } ' 1 1 ' 1 !

ooo 07 1680 225 300 375 460 BZR GO0 GBYR FARO
Extension mm

usegnvzdAnfigaluyansvaaesil 1>2>3>4 auany
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AN5199 3 HANISNAFDUNITUIAINUSDUY (AIUUL)
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‘lgﬂﬂqﬁ‘lﬂﬂaa\i
. 1 2 3 il
R LILTYETR)
1 49.0, 48.5, 48.0 | 49.0, 48.0, 48.0 | 49.0, 48.0, 485 | 49.0, 48.0, 48.5
Al 48.5 48.3 48.5 48.5
2 56.0, 55.5, 56.0 | 55.0,55.0,55.5 | 56.0, 55.5, 56.5 | 56.5, 55.5, 57.0
ALY 55.8 55.2 56 56.3
3 56.0, 54.0, 54.0 | 56.0, 54.0, 55.0 | 56.5, 54.0, 555 | 56.0, 56.0, 56.5
Al 54.7 55 55.3 56.2
a15197l 4 wanisnedeun1siiANSeu (Fuaa)
‘lgﬂﬂqﬁ‘lﬂﬂaa\i
. 1 2 3 il
RITELILTYETR)
1 47.0, 46.0, 46.5 | 47.0, 44.5, 450 | 455, 44.0, 455 | 455, 44.0, 45.0
Al 46.5 45.5 45 44.8
2 48.5, 47.5, 47.0 | 47.5, 47.0, 46.5 | 47.5, 47.0, 46.5 | 47.5, 46.5, 47.0
ARAY a7.7 a7 a7 a7
3 50.0, 49.0, 48.5 | 49.5, 48.5, 48.0 | 49.5, 48.5, 485 | 49.0, 48.5, 48.0
AaAY 49.2 48.7 48.8 48.5




v
MNLLL

2@ (hr)

AN 3 HANNSNAFBUNISUIAINNS DY

22

B yanduau 11 50 ml
11879151 3.00 ml + 11 75 ml
118791151 5.00 ml + 11 75 ml

. v 4

1418790151 7.00 ml + 11 75 ml

AN 5 nan1snadauni1sunAnusaulugl 2 37l
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LEE e

adi 6 nanisnageunmsihaudoulunan 3 $alus
wen ¥ad 1, 5, 9 Ao gaauAx 1 50 ml
°qm7i 2.6, 10 AD 11819151 3.00 ml + 11 75 ml
i3, 7, 11 fo 1gramz 5.00 ml + 1 75 m
qu'?i 4,8 12 Ao 1he1aws1 7.00 ml + 11 75 ml

! o b4 a0 PN a o w
. mmsmmmsau%ummﬂwqmiuﬁqmmsma@w 4>3>2>1 pnuannuy



NANISNAFAUNISNULEE

AN5199 5 WANSNAFBUNNSAULELY (AUUL)
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?!ﬂﬂ']ﬁ/lﬂaa\‘]
. U 1 2 3 4
DRV DILHIVERIC
3.7 717, 74.9, 75.6 | 74.0, 74.2, 73.4 | 72.7, 75.2, 745 | 73.5, 73.7, 73.0
Aade 74.1 73.9 74.1 73.4
5.6 81.6, 78.3, 79.7 | 718.2, 77.9, 79.6 | 77.7, 80.1, 77.2 | 74.3, 777, 71.3
ALl 79.9 78.6 78.3 76.4
10.9 84.5, 84.4, 850 | 84.4, 83.0, 83.2 | 828, 83.9, 83.7 | 79.2, 81.2, 80.3
Aade 84.6 83.5 83.5 80.3
A15797 6 nanIIVAEeUNSAUEES (Fuans)
?!ﬂﬂ'lﬁ/lﬂaa\‘]
S 1 2 3 4
UINNUNLKAEAN
3.7 94.8, 94.2, 91.3 | 93.1, 84.5, 91.9 | 94.7, 95.8, 957 | 85.5, 87.0, 90.0
ARAY 93.4 89.8 95.4 87.5
5.6 100.0, 97.5, 94.1 | 95.9, 90.8, 956 | 98.9,99.0, 97.3 | 953, 95.8, 96.2
Al 97.2 94.1 98.4 95.8
10.9 101.8, 99.6, 98.2 | 101.5, 92.7, 97.1 | 99.0, 100.4, 98.4 | 98.1, 97.0, 98.1
Al 99.1 97.1 99.3 97.8
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120 A
1 L Fuang RUGAN

100 ATUAN (3
- 3 YAnuAY 11 50 ml
< 9 AUV
E 80 ” ANUUU

AUVU y g
© 1187190131 3.00 ml + 11 75 ml
&
EE 60 - 5 K
!g’ 118190151 5.00 ml + U1 75 ml
o)
w40 -
2 11819W191 7.00 ml + 1 75 ml
39
w20 -
0
37, 65.6 10.9
WIUnan (g)

AT 7 NANSVAABUNIAULESS

v a ~ a
o V’n']lla']llWiﬂiuﬂqsﬂULaUﬁﬂqﬂW?j@IUﬁWﬂ']ﬁ/lﬂa@\ﬁ/] 4>2>3>1

= Y v
NANIIANEYIVUAU

mathenstunnailunsunsnudenuiau lnglddnsdiunanyuduwudiensieaziden
Wiy 1:1 Taethmiin Vsinamsezglidien wihtudesas 0.3 vesdunauionun USnaurnuay
uduiiutenas 5 Tnehutnvesufiuud Samdmuthensnsreyuliuug (P/C) whitu 0, 0.03,
0.05, 0.07 Taenimein Lﬁ'aﬁwmmaammauﬁ’ammLLéﬁ wuUSinashensmnafvenzaluusias

va a o

AnsauUR deadl

msmaauqmamﬁ’amqmamw

' 1%
ISP ] 1 o

1. anuvukuuariaA1unanluyanisneassd 1 Ae Liiieramsududiuna

4 3

1%
1 o

2. Sasnsgandutasiiamigatuganisnaassd 1 fe lifithesmsndudiunay
NsNAEBUAMANURLTING

1. Mdssuussdnvesdguiaiunasiaunnfigatuganisnaasd 1 fs Wiflihersmnsnidu
GRAWLAGRY

2. M3thanuseulsliaunigalugnn1svaasei 4 Ao YANITNAABINTTNIIEILUIE19NIT
Aoyudud (P/C) Wiy 0.07 lagumin

3. MIfudeRsdAnianluynnmeassn 4 As YAN15NAABINNENTIAIUEILNNITIHE
Yudiaud (P/0) wiriiu 0.07 tagtmiin
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INNINAFBUTIAUNT 5 W5TR0T LA AUrLILLY §R5IN1sRaTdut MaITuLsdn

gnsIMIiudsanaznsiiauiousrlinanunndaiuliueg fiuusagnisiiwesminisvaaeu ag

MINAdUMURLIRILLEYMATTULsSRzdisunnfigadometnslifiinansmsnludiunay

' ' 1%

o A 1 o

gnsmsganduihvzdiddfigadiefmegslifiingnsmnsidudiunay mstharufounasnisiu

\desazilamnigaileldnsdiuiiensdusieyudiuud (P/C) wiriu 0.07 laguwiln adnnsiag

denlddnmdinvenienstududiunanlunisiaaunsnudeniiaiunivusgiuingldnudeanis
WinUsgananmussmeuninuasninaiuludnle
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ada o 1

STUBUITINY — AIUNLY

mu%’aﬁlﬂumiﬁﬂmauﬁ’ﬁ%aﬁgmaLmﬁﬁmimaué’aawaﬁma%ﬁsimwa Felumsfinuniag
Fonldwedwessssuvid Ao tensfusssund wasvhnisinviilemsnndufivnzauvesnsifu
ihensdusssund samfenisdennssuislunsudedguann Weldnsieudussuy Sdldats
wnInsiTeiituan

s o
LWUININNTIIY
msanwideyaiieifunediuesssunfng
LBONTUAYDINDALUDSSSSUBIR aulfnudaneu LLazﬂ’J’IQJ(;]”meLLi\iﬁﬂq&
SIUNINITATUNITRAVIA TUNISANYINT
! ! BNl tUNN9TUETTUBR
\esnnsniSlumssandsadeandivesdy
= aak a a .
\dennsaaislumsnindguaaiun e | 31000 UNHILG F9LERNITANSHARKULTNOIDINA-
auleln
I\/l PINASANYIONITIEIUYDIUN VU ITUIRAD
NARBFINALUNTIINSHALYD Y Yudiuud (P/C) Nlvinslnavesdiuudinas
118199U5ITUYR WU P/C Winiu 0 0.10 0.2 waz 0.30 Tag
! ! wmnyuBud Fudwadanunsinalauni
b |
VAEEUALT RN ATHLAS #1N1SNAARUANUANIINEA INLALFUTR
= L INAVDIVUINUFIDE1INNUIBY Center in
ANUAINAVDIDFUIALUN
“ Building Innovation & Technology

-

Usgilluuarasurnansnaaeuauunnig
MEANLAEFNURLTINAYBIBTUIAUN




1. NSAIVUADATIHIUNEN
MINENRALTUIUTUNIUMBEN FAosmmuALInTgINTeEnTd@uRaultlunsHanLas sy

Funuluusiaeynnaass Ann199 7 Fag98adnsndunanililunsuinuasiu

NUIIgveIUTEYU (2550)

A5199 7 dndruvesdrunaulunIsNARTUIIUAI981

28

SUTUIUAIDYI199IN

YUY Jud | nshe | W/Cx N9} Yuw 1980139 P/C
f9819 | wud | a (ne Ndloy | Gevavlay ERAR IS
(o | @oa | Y7I) | (perndn | dwidn Laifiuseq
i) (ae duwen | YU (Govazlng
Yain) Vian) Yo
Yugud)
YANAADY 1
1 1 0.60 3 5 4 -
(¥aAIuAL)
YANAAD 2
1 1 0.60 3 5 4 0.10
(HA 0.1)
YANAADY 3
1 1 0.60 3 5 4 0.20
(HA 0.2)
YANAADY 4
1 1 0.60 3 5 4 0.10
(1A 0.1)
YANAADY 5
1 1 0.60 3 5 4 0.20
(1A 0.2)
YANASDY 6
1 1 0.60 3 5 4 0.30
(1A 0.3)

W/C* A USunadsiueaeun waztien99usssusnd tnelusiuusunuuesansanusamani
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Wearnmsinuadnadiunaunllundnwasdugudunuiieg1a ilvaunsadiuin

USinaasdiunauudazyiiniinedldlunisianuasiugudnauiieg dannsne 8

M1319% 8 USinawesdiunauusazyilanldlunsnauuasduguiduauiiegig

Z

Tunudege | Yudwud | ne W/C | Wiozg | Yuv1d | BUdu | ssaeuse | P/C
(n5u) azden | (addws) | Adeu | (ASw) (n5u) R ($addnsg)
(n3u) (n3w) ({agans)
TANAAD 1 2,600 2,600 1,560 | 213.7 130 130 104 0
(gAIUAN)
YANAFDI 2
: 2,600 2,600 1,300 | 213.7 130 130 104 260
(HA 0.1)
YANAFDY 3
: 2,600 2,600 1,040 | 213.7 130 130 104 520
(HA 0.2)
YANAFDI 4
: 2,600 2,600 1,300 | 213.7 130 130 104 260
(1A 0.1)
YANAADY 5
K 2,600 2,600 1,040 | 213.7 130 130 104 520
(1A 0.2)
YANAZDY 6
: 2,600 2,600 780 | 213.7 130 130 104 780

(1A 0.3)
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2. BnawdsuTuauiiegng

1. vhenuavennlinisuasdenauliuia udldiiussn asanuseisin wagtenans
manLUinesidvualifenszusnms

2. Fedrumaniiduvoands Wun Yudumd nieaziBen nevgliflon Yuun uazdudu Tdds
wednlunmUTinaddmualy udegniedliidiu

3. mamdunaniiiuveudadudmauifdunanveanategaelu uazvinnisagniin
Ty

4. wehunaniiirfuaslunuuvaeiindenly Tnewlidiunauiiniugsiiszes 2 Tu 3 ves
ArugalUUvide iodlefiufilidmiunisvenesvesdunudogng

Tnefigdulumsndsuiunuiiedns amnsogldannind 3 fuentuneuneuuazndslunis
WaTUN A Lﬁaﬁugﬂﬁ?}/mmﬁaasm

Y58 + A15aALSIAIHD e
+ HNN5)

YUTUR + V1978 + W9
o e A N ' =
azaflillo + Yuam + 297t dumdureian
U
‘ pau i
waslianiy |
wauauldluiuuvas

AN 8 TURBUTUNISIASEUFITUINUAIDENS
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3. NNSUNTUINUAIDES

1 iflefusegnsrouninaunduinmsudefineUssinumdannmangetugy wdwhnis
Unussiant Ingldiduaindnlniseuses

2 yhnsneauuunas thiusedseonuuduToumneasiatusoadliGouses

3 Wlutslaglindonulovnarudugs figumgfl 135 ssrmwaidoa iuan 2 4alu

4 \fonsuimuninituieseenuianuiiau wdvhnmstusde Tneldgananaindsaga
wngdlidndn iletestunmsssmevesiluionouninuiaiu

5 \leAsufvuauda founsmedey 1 Ju awdatinguudaiduiiogenouninunaiu
ponumsluanimenaund uazihtuiiedsrouninaiildlunaaeusiely

4. MINAFDUANUATDITUIUAIDE1IADUNIAUIALUN

4.1 MmagauaNUANINIBAN
- MINARBUANLTLULY TN TNAdEUATIML LTSRS svesusufags
fildnuazidunssdunaoy au1m 5x5x5 WURKIAT AUNIASEIL NBN.2601-2556 ANMNTAMUINAIN
aunns
P =m/nv
fo P Ao mvwmnuiuidstiinesluanimwis 1y nfusegnuiaieufiuns
m  fe wavesiunasoundsoulugeu (uilandy
v o Ysinmsvesivaaey ugnuiariung
- MIVPABUEMIINISRANA LI ITEIT UL agviinsaaeUTuUFDE IR E YL
Hunssdunasn 1unn 5x5x5 lWURLIAT ALANSEIL 180.2601-2556 anansafuInanieasnis

AANAULY

nsaanauin = [(W, - Wy)/W, 1¥100
o W, Ae wnavestunadauLilawie 1unsy
W, Ao savesiunageuilailen Wunsu
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4.2 nSNAFUaNURALTING

- NSNPABUANE ISRV IRBUNIANIALUN FEINTNAdRUTUIIUR e e TTiEn vz unss
Awden 1 1.5%1.5 7 fewedes Micro-Computer Universal Testing Machine #1311%1951U
uan. 1505-2541 wazusn. 2601-2556

- NNSNAABUMEITAYDIABUNSALIALUY AETINNTNR@BUT LU eI ENwau Uy
uIntus 812 @1 deedes Micro-Computer Universal Testing Machine

- NMINAFBUMENIINTAATULAES *Uszunn 1 (Normal Portland  Cement) iuyu@iuug
Uasmuaudsssunn mngfuanunsaiisaeuninieg luilidesnsquand@fimwiiuby 1wy au
@ iy ouu a.d.a. 1Wudy wildmansfuanuiidesdudaiuindedan F9asviinismedouduay
fegeiidnuus Iuniuinauifvuiaduriiuguinatsuuin 3 uaz 10 Loufluns foedes
NAAOUNNTAATULAE

- NSNPADUMANELYSEANENSYIAINEEUYDIABUNSANIALUT  9EVINITNAABUTUINY
Frog197iddnvazifuuiy twn 20%20 WwuRwns fein3samaaaunisiinuden AUNINTFIY
ASTM C 518
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= ada v 1 dy
ITLUYUITIAVY — SdIUNU
NATetidunisidinenstulunisimuineunInulaunldrunanvaaaiass Tulassand

wazuuuddussdusenaunan lnglainuadsuaniendudu 0 7.5 waz 15 %lagusuns e

vitduan 28 Aundr Feahdunusiegrsluneaavuandinienienin enn AuRUILUY Lasns

AANAUNT wazaudRdna laud Massunsadn Massunsanm Lagdnsn1siudes wWetdinans

NadsuLIUTBUTIBUA U N AN Y INaTDIN T SHELENB Tl UdRE U9

LUINIINISIRY

nnIeNTanlunITNaNIagn9

0}

111189 U UNANN UL UL
Walsaay 15

U

NEALAIDEN

U

Tauhestuashulusoeng
ABUNIHUIALUN

U

1P unldRUNIUIALAY

SUNTIRN9)
Y

Y

Uusagraduial 28 Yu

U

Psnegldinmaudiigena
LAZAIEAIN

11 fly ash snuenduenamzAdugn
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Wiashwnanmuenstul) lalnde

ABUNIAUNR NAUTIUA : N8 WU
1:2 leedSu1ns  ABUNIANIALUN
Yuduud: iauiiunais: lulas@dni

Wiy 1 - 0.42 - 0.088 Tnetimiin

NauUNe9lUABUNIALIALMN 0 7.5 way 15

%lperntnyuTiuug

Msfunssdnazligunsedndensna
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Ao WWuuiunanaudusiugudnans 3 uay
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1. MMAaRedndUNITHEY
- lummeaestudu In1sUsugnaiusne Weansivauasanuminzauvesdiunas lag

ALNAADUN AN VUL WAARNNDUNALNLEANUNVUIADZS FINAUN LT UNITNAADIT AD

drunauvasnauninutaunfilsifidunauvasinenedy

1. Snmdmyuliuudiodnassselulasiinivindu 1 : 0.42 : 0.088 Tasthmiinyufine

2. Shsrdruivieyudiandvinfu 0.56 Tnsmdnyudiuud

3. U3 SP wihitudasag 0.56 Tnstmiinuosyufiuug

4. Vinuansanusshsiaihiudosay 4 Tnethwiinvesyufius
dunsuvasraunIauaufifidiunauvasinensdu 7.5 wlnsdminyudisud

1. Snsduyuiunsidadnasssolulasdanuviniu 1 : 0.42 : 0.088 Tngrutn

2. Shsrduyududdethsethensdusinty 1 0.56 : 0.075 Tngtwiinyufismsd

3. U3 SP wihitudasar 0.56 Tnsthniinuesyufiuug

4. Vinuansanusshsianhiudosay 4 Tasthwiinvesyufians
dunsuvasraunImuaufifidiunauvasinensdu 15 wlastwidnyudiuud

1. Snsduyuiunsidednasssiolulasdanuyiniu 1 : 0.42 : 0.088 Tngniutn

2. Snmaduyuliuuddethrethensduniiu 1 :0.56 : 0.15 Tasthwiinyudiuus

3. U SP whitudesaz 0.56 Tngthuiinuesudiuud

4. Ysnaiansanusaisraviiusesay 4 lngtminvesyudiuue



a P ¢ v a aa Y v o
AINN 9 ‘UUUGULQJ‘NW IO TUNRUNAN iﬂﬂs‘zjam LLa%Nﬁﬁﬂ,‘VIL‘UWﬂu

- wauyuBwud wawiiunads llasidnn agninddadiulinma mudesdiundmun

(mwi?i 9)

A 10 dunaNvaRal NUsENaunIY @13 AN 11 @rUnNAULAINALNY
AALIIFA 18197y a1§L§P LLau‘N’]‘Uiu‘U’] y YDA
- UNEIUNANLAIAN0) LA dTAALTIANAT W1819UU @19 Super plasticizer LavinUsyim

Tdn U Aid uNaLLS (N9 10 way At 11)
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{rd ) " ol

AN 13 Freg19naun3aflglun1snagau (0) NAEBUMaIDn (Vwaz(n) NAABUSAIINY
0N kay (9) NeADUNIAING



2. Yaregsluuuliinuaaniinimun
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3. NTNATIUADLIIADUNIA

- MSVIAFRUNIRIDN

thieg1euIn 1.5 x 1.5 x 1.5 1 fiinsmbunm 28 Yu smeasadiaies
NAAOUAIINAINTA bUNTT USSR ImaLﬂ‘%aqmaauﬁazﬁaamuauLLsaﬂmawuﬁaaﬂNé’w
Sanitahiane nasusiogaunn uaztuiinusegeganindldlumedlanfilumieveauss
(Kef)

2NN 16 NSNAFBUNEIOA

- NSYIREBUNIANRA

1F98199UI9 8 x 12 x 1.5 #1 Ain1sULduan 28 YU 1A ILASDINAFaU
AMUAILITAIUNNTTUMAINA LAELASDINAFDUILDDNLIINAUINAIDENS IUNIIFIDL19ILLAA

seuduarduiinusasaninalatuniedanuN)

dl o v
AN 17 NTNAFBUNIRINA

- SVAEBUINTINITOULEE

UdregnrnansuIaduNIuaudnatt 3 waz 10 wuRwns 1insumdunan 28
TunmageuduAIomageuNSRAdULdsY  Lagdieg 1 aniiiduruaAugnaN 3 [uRLAS
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dmiunaaeuidesgs medniidudugudnatsdmiunaasuidewi lngiasomaaaulz
UaouAudszausIeiIuiieg tazazdnisiunnatluniay NRC wiseaduysza@nsnisan
BEN

AN 18 NSVAABUBATINNTAU
- MIVAABUBATINTAANGULY

v

GER
Pfegauutiiazamduial 24 9lue wasTunnuIInN o ULSLAL A LT 1

NIAWIUENTINISAANGTULNAINERNT

o y inavestuneaeundutih () — wnavestunpasurouwtth (g)
PMI1NTAANAUNT (%) = ( - — x 100
N wavesTunaaounouwdin (g)

AA 19 NMINAFBUNTAANAULY
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ANSNAADUAINUNUINLY

1dnag1erkunsuuungn 28 Yunseseg1eiwisatinuds intadirinuas
USUNNSURITUFBE1 LB F1NSUMIAUNUILUUYDIRIDEN4
NSANUIUAPUIUIMUUTIUTIRTTUENMUIINERS

Wavesunadeundteulugay (g)

AMUAUILUWTIUTUATTUAN WL = = < 3
Usumsvestunaaeu(cm?3)

- MsNAERUMANENUSEENSN1TUNAINUS U
o q” Y 1 d'd (v < 1 a ¥ d'
YINNISNAABUTUIIUAIDY NN N WULLUULEY VUIA 20%20 LGURLUAT AI8LATDY
NAFBUNITUIANTOU MINNINTFIU ASTM C 518
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NANISNAADILAZIITUNANITNARD

LT IR PO AR T

Funusegnsiidunanvesyudiong e sl segglidlon Yuwn Budu arsanuss
F9fin waztenen audnsdnditmuanumsed 1 fadutunuiegdluudazganismanes
KumsUndevsioaulethaudugsiigumgd 135 ssrneadea ilunan 2 alus wazduded
gaumniviesngluganatainds aullengasu 28 Ju

AW 20 FuauFogs (n) YANPaDd 1 YAMIuRN (V) Yanaass 2 HA 0.1 (A) Yanaass 3 HA
0.2
() gnnaes 4 1A 0.1 (3) Yannase 5 1A 0.2 (2) Yaneaod 6 1A 0.3
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NANSNAFDUANUANINIBATI

1. ASNAFIUAINNULUY
mﬁmaa‘ummwmmLLﬁumaQ%quuﬁaaﬂﬂﬂmaqLwiazsqmmimaaqﬁaw%umu 28 u lng
n3inUTinsuazinarestunuiiedviteulugoudl guvndl 105:5 esanealdea Wuan 24
Falu
naRINNTNAdey wuiraavuiuiuldianas deshmadiuresuTunanensdudoyudiane
ity Kan1anadi 3 FsaenndosfiunanisAneueausea (2550) AeArAumruILLLaz LU SNNAURY
Samdnunisimienduluiunuiedsiifiniu esnfiengrosdunudfiumintu viling
Lﬁmﬁﬁ%mLﬁaa%ﬁanqmmﬁiulﬁamaqégmaLmLﬁumﬂﬁ'ﬁm'1ﬂﬂ']'ﬁﬁ']ﬂﬁﬁ%mﬁuaaﬁwﬁaﬁuﬁw'N
TJufiunergiifioy dsmalviarunuinduresdgiauianainiudasdiuniafmiiensiude
Yuudiiiuiy

2. MINAFBUSATINTRANELL
msnageUSmTIMIgANAuLTestuiogwesazganIInaesTiongTuI 28 Tu Tng
nsthiusuogaiikiunseulugoud gumgll 105+5 ssrwaiioa iuaan 24 Falus Tudlu
avoralvvianunan 24 $3lus waann1svnaey wuihdnsntsgeduinduualiiiianas fmeed
4
Fosnsdruvestiinahensdusoyuliuudiuiu Wesdinisadousiufidy (fitm) Afarammuiuy
neluifiovesnounin vienuan EVA flAna1nn1svinufAsensendtniensdufuyubiuud
(Khamput and Suweero, 2014) LLazﬁgmaLmﬁmau51’:1sJﬁwsmW%*?aﬂwlusﬁﬂﬂﬁmﬂ’ﬁ@mﬂﬁufwﬁﬁw
nivdgaiinaudietiensiu esniermitanludiiaainnisiiufisenvesiiensdy
gy Sudumadenluanavesienshetusslariaud ilvihenad Tamludilasaiamdig
Py Fudni, 1.0.0) dwalidguamaiifuies é’méfnﬁmm'ﬁ@mﬂﬁuﬁﬁﬁﬁﬁmﬂiﬂ%gma
wiliudnethensdu wanidleioufisuddnnnisgandutifudginaufiienenufieinain
wuidginaiuniinaudaetnenamitaaludi p/C iy 03 Tedasinisgadun iissdoas
18.67 Getfernidgunanniluiiffesazmnaduthegsening 20-80 (nqua1, 2557) ANATSATY
nsgandutiniia dnlidguaiuniinaudstihermianludifunadonnisifldlunutoats
Useinniannentsennns
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FUUFDENS dwiinves USUNASU09BUNY | AANATILILLY AUNRUILUY
v & 3 a
FUU (g) (cm3) Fuu (g/cm’) L1288 (g/cm3)
63 53 1,188.68
YANAADI 1 103173
(Sqmmmm) 1198 1000 1,198.00 ) .
2455 3465 708.51
67 53 1,264.15
YANAADY 2
! 1651 1000 1,651.00 1,305 58
(HA 0.1)
4013 3578 1,121.58
52 51 1,019.61
YANAFDY 3 | 970,07
(HA 0.2) 1672 1000 1,672.00 276,
4173 3691 1,130.59
76 54 1,407.41
YANAFDI 4
! 1686 1000 1,686.00 1,434.69
(1A 0.1)
4017 3318 1,210.67
75 54 1,388.89
YANAFDI 5
! 1679 1000 1,679.00 1,416.34
(1A 0.2)
4017 3401 1,181.12
71 52 1,365.38
YANARDY 6
K 1615 1000 1,615.00 1,403.90
(1A 0.3)
4056 3294 1,231.33




M1519% 10 HANINAAOUSRTINTAANAULIVRITUNUAIBEN TNy 28 Tu

FusUFE19 Swtinfeu | vvtinnds Zawazns | Laaedosasnns
wth wth aAnAut aaANaULN
(n5%) (n5%)

YANAGHDY 1 133 177 33.08

3557
(yRPIUAL) 1,198 1,654 38.06
186 230 23.66

ﬁﬂ%ﬂaaﬂ 2 30.21
(HA 0.1) 1,651 2,258 36.77
164 209 27.44

GQWVWIaaQ 3 27.54
(HA 0.2) 1,672 2,134 27.63
166 201 21.08

YANAAD 4 23.95
(1A 0.1) 1,686 2,138 26.81
178 209 17.42

GQWVWIaaQ 5 21.60
(1A 0.2) 1,679 2,112 25.79
149 174 16.78

YANAADY 6 18.67
(1A 0.3) 1,615 1,947 20.56
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1. NSNAFIUNIAIDA

45

NINAEBUNIEIR (Compressive Strength) suaa%%mal,mﬁﬁmiwammﬁﬂ8'1&%’uLLauﬁ'1Em

wWiTaaludsnednsidiuves P/C fifavualy msunwmmumwlmmmmq mmﬂsm Micro-
Computer Unlversal Testlng Machlne mﬂmimaaumaaamawumumama 1/18’18 28 U WU
dlosnsdiuveninenstufindy axlfdnsfuidesavesduanuiiniu (nnd 5) Sadaudaiu
ATeves AMsTE uazAy (2548) TindinnsnaLensssTUT RSN is Ty Adsdunsedn
vosnaunda feriluunluiiezanasden uiszsozailunmsuuiiinduasdielvmeunininisiu

MAIDngeUY

wiwanldazuanaeiunuddedy wanduaudfvedguaunid dmsulunisiae

Wonlddguaiufinaumetnensduduiandmsunends edguiaiunfinauiieinersduiulian

Mssunssdaiige Jsdwmaliniliornsiinuudussiigiumulusie (Nqeg, 2557)

ﬂqWﬁ
21

2. NSNAFIUNIAINA

5.000

4.500

4.000

3.500

3.000

(MPa)

ar

2.500

ANR95ULSIDR

2.000

°

1.500

1.000

0.500

0.000

1.075

YARIUAY

4.621

2312
1.673

0.785

0.429

HA 0.1 HA 0.2 1A 0.1 1A 0.2 1A 0.3

‘L!ﬂﬂ"l'i‘v’lﬂﬂaU

n1sveaauingaesin (Flexural Strength) ¥098u3aLUIENTTNANYDIUNE9TULAL ISATRTCE

A ludal89ns1dIu89 P/C

Vlﬂ']‘lﬂ‘L!ﬂ‘l”J L‘I/IEJ‘Uﬂ‘U‘Uﬂﬂ’JUﬂiJ‘VIllJiJLG\QJ‘U']EJ’N ﬂ’JﬁlLﬂ‘%@ﬁ Micro-



46

Computer Universal Testing Machine maa]'1ﬂmiﬂﬂmmsmaawumumaEm 1/18’18 28 U WU

ns¥uussdinvestuauiegeiiimanauvesiensduiunliufuty (rwd 6) esanihiteglu
lovesdguiaiuenvazssmely awhlieymeavesdesnadumihminldadu Tnamstneiafudy
Y a s P & a av a & A Yo o s

Fuilay (film) Nudeusedu @nsde uazamg, 2548) Bnvananiimageuiladuiusiunanisnaaeu
WIIRAYBIABUNIANIALUMUULYAGAT NINUINALUATANITUANS1IVRIABUNTARUTHUAUNUIEYDY

UIRUNADUNTA (BUNNT LagANY, 2552)

0.700
0.651
0.600 0.576
0.500
=
o
2
c 0.400 0.369
aye
=
s 0315
i~ 0.287
€ 0300
L]
3G
&7
=
0.200
0.100
0.000
0.000
YARIUAN HA 0.1 HA 0.2 1A 0.1 1A 0.2 1A 0.3
YANSNAADY m
=
NN
22

HANINAHDUASINAUDITUNUIDEN T0ne 28 Tu

3. NMIMAFIUBATINIAATULHES

NINAFBUENITINIQATULHEY (Sound  Absorption) ¥84851aLUNTIHNSHANYRIUNE19TY
wazteenIiaanludiiednidiuves P/C Inmuald gudugemuauiladiiuuiens mewnies
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NAFOUNIANTULAEY HAAINSVARRUTUMUMIBETINY 28 Tu ladnTIn1seaduidsveTuy
MU 7 wazlilainAgnsINTsgaduldesuesiieg1eiiniug 250 500 1000 war 2000 Hz 31
ANAAFUUIEANENIIaAEEIURITUNUAIBE1 N9y 28 Fu (1151991 5) NuTgRRIUANTILL
MsANIgU denduuseansnisgaduides feseag 40.71 Wealllsumnisgaduideaiuyanaaes
aue nuIdnsrdiuvesyTunadigeduseyudiuuduindu alvAinisgaduideaianas win
v a v & o aw e | v A
AoIN1sLiNAIN1IYAdULdES Be9ila1wideved Khamput and Suweero (2014) Nfnw1AIN1sYATUIESS
YoIABUNIAUGRNHEY EVA Nfn1sifutnensianilud naann1sAnyimuinnisimuinisgaduides
Argn1siiuUIiaieansiaaludluuau agilvnistanduvemedwesiunsnegluiile

= < = o S oA | 1% v o aX oA = = Y
ADUNINUABNTINANAIELAY EVA 11819 lazuiuilay sxhelinsaaduideiy WellSeuiieuiu
msldnsuduiangaduides

AN 23 HANTNAABUBNIINIAATULAIVRITUUMBEN MDY 28 Tu

800m

[ ] “qmﬁ: 1: gaAIUAY

Il %07 2: HA 0.1

M il 3: HA 0.2

. YA 4: 1A 0.1
W vii 5: 1A 0.2

600m -

SAC

400m

i SR

—

200m -

0 50 1k 15 2k 25k 3k 35 4k 45k 5k 55 6K
=
Ama (H2)

‘:l ! U a 12( =) Q’I o 1 lﬂl U
A13199 11 ANAUUTEENENITANLFYIVDITUIIUAIDYNY 27g 28 19U

FusUFIE19 SAC (Hz) NRC %NRC
250 500 1000 2000




YANARD 1

(YPAIUAN) 0.09 0.56 0.60 0.38 0.4071 40.71
YANARD 2

(HA 0.1) 0.28 0.73 0.18 0.21 0.3525 35.25
YANAADI 3

(HA 0.2) 0.13 0.34 0.42 0.38 0.3162 31.62
YANARDY 4

(1A 0.1) 0.14 0.33 0.16 0.24 0.2178 21.78
YANAADI 5

(1A 0.2) 0.09 0.11 0.14 0.45 0.1966 19.66
YANAADI 6

(1A 0.3) 0.09 0.11 0.18 0.14 0.1263 12.63

3. n1snAgaunIAFuUsEaNSN1sUNAuSaU
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M1519% 12 nanmegeugasnand niuniienas: Ardudszansnisiaiusey (Thermal

Conductivity)
AnduUsansnsiaudeu (Thermal Conductivity) : K value (W/m.K)

TR | agwmnFueu | eumgiveaeul | gumgiiaaeu? K-Value Tonegeu
dmiuntseInns (m) (°C) (°C) (W/m.K) ASTM C518
0.0250+0.0005 20.000 50.000 0.0428+0.005 ASTM C518
0.0250+0.0005 20.000 50.000 0.0726+0.005 ASTM C518
HA 0.0250+0.0005 20.000 50.000 0.0503+0.005 ASTM C518
PV 0.0250+0.0005 20.000 50.000 0.0769+0.005 ASTM C518
PV 0.0250+0.0005 20.000 50.000 0.0567+0.005 ASTM C518
PV 0.0250+0.0005 20.000 50.000 0.0518+0.005 ASTM C518
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NaWazaAUITIENE — dIUNIY
NINAFBUANUANINIPAINYDIABUNIAUIALUN

AUNRULLUY

(v d' Y] 1 1 1 < (v P2 = = LY} 1 = a Y} 1 d'd
PAIINVIAIBYINIUNITUNLTULIAN 28 TULAD F9LANFHI9819ADUNIAUNAKATAIDE 19N
AU UL NEAULN T NRaE I US LIRS WaMANAINUWILLY T9lANANISNAFBUAIN

De

A15199 13 ANAUVULUY

USunaningns ., , ,
v . . YIMUNVBITUNY | USUIASUDITUIIU AMURUILUY
A9819Y U9 g »
(elaguuin ) (cm3) Fuau (g/cm3)
Fuuus)
105.5 57.8 1.82
ABUNIAUNR 0.00
4,709.0 2454.2 1.92
Aol 1.87
87 56.7 1.53
ABUNIANIALUN 1 0.00
3,983.0 2,5623.3 1.57
Aade 1.55
87 58.6 1.49
ABUNIANIALUN 2 7.50
4,073.0 2,505.4 1.63
Aaae 1.56
85.3 58.3 1.46
ABUNIANIALUN 3 15.0
3,771 2,459.5 1.53
Aol 1.50

MNMTMAgEUNUIIF g TiTAIAILILLTRsianfe AounImINaLUN3 < ADUNTALNG
W11 < ABUASALIALUNZ < ABUN3AUNR mwd iy wanddifiuinnisifiuuSunasnensdy duwals
AMUMLNLLLYBIIBE19anas SnidruRaNTiLAnsuYBIReUNSIInAURTins I daesuazly
1A58anT wnunskinsiglureunsaund Wunavinlimegafinuvuinduanas
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PfegianaunsaUnftasAaunInulalURldRdIULNe 9T uaNAN9TY IN1un1sULLTuNEN

28 Yu wFaindnluvreiwie ndeantudailiwsluiivseundunan 24 $alue wazvinnisda

UWEINVERIUNMTUAN LNBMIABRTINSAANG UL Belanan1snadey Asil

A1519% 14 nsIN1IRANaULY

VS UIAVDIFU UIAVDIIU . -
. . 3 L . .z | dMTINIRANEU
A19819 elnetwmgn | MMFRUNBULYUN | NAEBUNAIMYUN y
U1 (%)
Fruud) (9 (9
ABUNTAUNG 0.00 1948.0 2134.0 9.55
ABUNSANIALUNL 0.00 1566.0 1708.0 9.07
ADUNIAUIALUNZ 7.50 1656.0 1805.0 9.00
ADUNIAUIALUNS 15.0 1561.0 1720.0 10.18

INNINAGRUNUIFIRETTAINTRANT UL TR TIdARAD ABUNTANIALUNZ < ABUNIALIA

W11 < ARUNTAUNR < ABUNTALIALUN3 AUaIsU Landlimdiuinnsiiutng19tutulinasnadnsInig

AnNduLIvaIRauUNse uinesrmddsnisidluusunanmaigan wesnnmnldunifuluazdaali

a ~ a a a1 A
ﬂ@‘UﬂﬁmllfJaLUWNﬂiSﬁVIﬁﬂ?WVLQJWWHVlﬂ'Ji
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N1NADUANURALTIINAVDIADUNIAUIALUN

ASSULLSIDN

o w 1 a a = Ao 1 - v J [y Aa 1 I
1NIADENABUNIAUNGLALABUNIALIALUINUAAFIUUIYNVULANAINY NUNITULLTULIAN

¥

28 YU UMAFDUNTTULTION BIlANANITNAADUAIN

25
o 20
[aW
=
=~ 15
NS
4
2 10
3
oC 5
0 a = a
L. | PRUNSANIALLN | ABUNIANIALU | ABUNIANIALUN
ADUNIHUNA
1 2 3
B AM&TULTIOn 13.13 19.69 2291 15.75
NN 24 AMBISUKTIDAVDIABUNIAUIAULAEABUNTAUNR
NUBLYR

ADUNSAIIALNL AB ABuNSAIaUTlTduNaLve Ity
ADUNIAIIALUI2 AB ABUNIALIANTAIUNANYDIUEITU 7.5 slpetviinyudiuud

= & = Aa 5 v H Y] a s
ADUNINUIALUIZ AD ADUNINUIALUINUAIUNANYDIUNYNUU 15 %I@EJU']VIUﬂ‘L{Jju%LQJUW

Ad o v o v PN

INNIINAADUNUIFI0E19NTMFITURSIBANINTIAAAD ADUNTANIALUIZ > ABUNTANIA
WL > ADUNTIANALUN3 > AaunInUnd suddu uandliifiuinnisldthensduiudumanansn
\ingaandAnisfuusssavesnouninmiaiuld winsldluusmaivaizanidesainazyilid
UszansamitldAminfinns inszavdenaliludavinensinuvesyudiuudidquandiduian
wenulunisvinaeunda uazasiiiuldireunimnaidefisuiuasuniaunind fdnsunsdnd
genin iumasnandiunauiuansaiulagluneunimnaiuniinisléidnass lulasdan ununsld

a & 1 [ a a
NIUMUUAIUNAL AN L UABUNIAUNR
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o w ! = a = Aa
11F179819ADUNINUNALAZABUNIAUIRLUINY

o

28 U UNAABUNNTIULITINA BelPNan1snadaumail

[
o

ANFIUUIYNVULANA

v J

v aa [
1N NUNTULLYULIAN
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5
4.5
—_ 4
©
% 3.5
S 3
Ny 2.5
74
[ 2
35 1.5
& 1
°c
0.5
0 a a a
- - ABUNINUIALUN ABDUNINUIALUN ABDUNINUIALUN
ABUNIAUNG
1 2 3
B 895 ULsnn 4.424 2.557 2.131 3.073

a o v w o = = a
AINA 25 NMAITULTIAAYBIADUNINUIALULAEZABUNTAUNG

NUELAR)

= & = AW 1 - v
ADUNINUIALUTL AD ﬂ'e]‘Nﬂsmll'JaLU']VIINNE‘T'JUN?‘QJT@QU']EJ'NTU

= = = Aa 5 v - o a ¢
ADUNINUIALUIZ AD ABUNINUIALUINUAIUNAUYDIUIYNYU 7.5 %IWEJU']WUﬂIJ“u‘ULNUG]

ADUNIANIALUIS AR ABUNIANIALUIMdIUNANYRI1819TY 15 Ylasuminyudiuud

INNITNAGDUNUINFIRYNNLMSITULIWIALINTgARD ABUNIAUNG > ABUNIANIALUIL >

ABUNIALIALUN3 > ABUNTALNALUIZ ALY LandlmiuInnsiiNUSuIang 19 uaEalieInIg
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0 Absorption Coefficient (Avg12, Combined - C)
Avg123 combined with Avg12
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A1519% 16 nansvegeuanINaudmsuTanyiu: A

Conductivity)

[
[y

o

1UsEANSNIsUIAINNSaU (Thermal

Aduuszansnsthanufou (Thermal Conductivity) : K value (W/m.K)

Vi AT guunivegeul | gumuivadey K-Value Tveasy
(m) (°0) 2(°0) (W/m.K) ASTM C518

control 0.0254+0.0010 20.000 50.000 0.1626+0.005 ASTM C518

HA 0% 0.0258+0.0005 20.000 50.000 0.1638+0.005 ASTM C518

HA 7.5% 0.0281+0.0005 20.000 50.000 0.1389+0.005 ASTM C518

HA 15% 0.0266+0.0005 20.000 50.000 0.1289+0.005 ASTM C518

HA 20% 0.0257+0.0010 20.000 50.000 0.1474+0.005 ASTM C518
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o (%
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SIAUSEUNY 34.50 U



58

¥

a Y 1 a o ¢ = ° v 44
AINN 27 ﬁ?@ﬂqﬂmaﬁﬂm%ﬂQUﬂﬁmﬂJjaLUqaqwinaﬂﬂuwu

Usunaunistguneng

®  ARUNIAUABNLIAUILUULALDINIAF NS UNAMTUNTID1ANS

[%
o Y

(gnanauthenendanlud 300 Tnsvwiinvesyufiuud)
AOUNTN 1 gnuirrfiams Suhwiin 1032 Alandy (ANuMUILAY 1,032 ¢/cm)
Usnanjudaudiidedld 510 Alandy @wud : dndnisun = 1: 2.02)
Usinauthenawdtaanlud 30% laedwiinvesyufiand Aadu 153 Alandu

¥
[y

e AaunNImInAaldMTUNER TRy

(gnsnamienstunenlinilegs 7.5%)

= I3 P @ af 9 | 3
ABUNTA 1 anuiAnwng duwilin 1680 Alansu (AUVWILLY 1.680 g/cm’)
USinaugiuudisedld 1120 Alansy @wud : dmtinvianue = 1: 1.51)

Usunauhenduwenlandegs 7.5% lneumitinvesyudiuud Andu 84 Alansu

ANEINsa luNTSwYaTUTIURaNA

PenAR AU IIINTITe TN auTRIUAMUTURUIUNUINAINER S UILAN F9RaT AN
AENUIEANEN1SUIAINSBU (Thermal Conductivity) Al

NANAUNTINN BT LU DIMAA
NT9ABUNSMLIALUN : 0.1300 (W/m.K) bag WumaunIs : 1.7300 (W/m.K)

GLNVRLE



59

[

H11991A15 (HA20%) : 0.0503 (W/m.K) wae Fanuiuaaunsa (HA15%) : 0.1357 (W/m.K)
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Uszanafesay 4 Mlunswanndndusidun Tagemzsdndusineuninmnai uidmiugnamnssuusudy
duvesaliugnamnssuildduduiuingfiundnussnaiesay 90 Amdeidunszany asiafiuazduy
usBUduusiasugiafissiinasnismuauisdinvesnmuazUiinanisdeen  luusasTuszne

IneiinnsdsoendusuRuUsyann 4.5 - 5.2 auiu/d) warUszan 2,400 - 2,500 auum/Ad Useinagasig
v Wun guu Bulaiids suade Boawn Wiy inmald deane wasilaudud drundnsamialisy
duduimgaulunmsndn leun Yuand wiudduuedn rsundnnal wagyulaiawes duarinisdionn
TugUvessdninat feoludl (1]

1. YuTuddeenludmhesnsusuinaiyacuseana 6,000 - 10,000 duum/A dweenludasene
ansgesng Auny dowdns ansgeniuieliisnd dwnlus dadvd goens eeawside (Jusu

2. wiudlduuedndseenludmiheinaszmaliyaruszanas 1,000 - 2,000 dwum/Al desenlud
Ussinmuniaide AAUTud Aselud onuna fuyen uazan uenanideddude Safuaud doanuagldviu

3. Yuuaawesdeeenludmiedssemaliyaniuszana 1,200 sauum/l dweenludilseimaansy
9 MmsuLelilInd seamaldy Heauiy ansgelsni NauTud thduaud geans dwalus liviu uglu Jusiu

4. meundmnadweenludminedsemaavigomivetisnd il Thluaud eeawnsidy quu
Geauy fenlds wag dasnd
fauinasfimadeoaniislusUvasinghuuaskdnsiusiBuduusfdonsdinming  Ussimaiiiusuduldun
ansgeudn umnan dangu Guu 3ade leusa Unianuazysemanouuening idudu Ysemelvedyadn
mMsdhdUdussdnidosuszann 5-15 duum/A Tasddhandsemedsalus andgowin guu uasiu
Fudududuisianuuigvdgaielfiduingiviunsanauduiiunm  warlfludosjoinsmeaneimans
dusdnsneifldnmsliududuingiulunesdednisiud dd (1)

1. Yuguadyarinsiidilszana 40-60 amun/Ad lagdid1anussinady wnaidy lusesuaus
nald wasstSaea sy YuBwudiiiididnilng fuesgidatiung (Aluminous Cement) @dlaifinng
waslulssnalng Yuduudeindaglimdad wu eounteiinaudeorgidafiuudidondold 24 $aluudn
wilmdahiuneuninfindoseyudsuivedauaudie 3 Weu  vieladunsuninduaguingese
Yuduuddadannnilfnuldnimdenion 24 Haluaiiiy

2. wiuBuTilyarm s fissszna 10-35 SwumA Tsddhanusemedu wuandn uas
ulnilide dulnapduusiududuuesaniinuniwiim

3. Yuuanawesilyarnisiiidiseanu 50-60 a1uun/U lngdudnandsenaiu dulaiiide
andgouin guu s

nndeyaimnluesduszneundnussuruauiuduiuieunaloudainlalamsndisignsmand
(CaSO4.NH,0) ﬁﬁﬁﬂLﬂuaﬂﬁﬂizﬂauas“ﬂﬂmm%ﬂ AUIIRILUSTINa 2,32 g/cm’ (CaSO4.2H,0,
dinydrate) WazAMAMUILLY 2.96 g/cm’ (CaSO4H,0, anhydrous) avanetinuazansazanonsald f5Unan
sinoaslssaudn (orthoehombic) unawsevvum ifindu uwrafeulalawsn (Cas0..2H,0) awnsaLia
msasunladlassadslamenudounanaduneadomeiilowsn  (Cas0q.1/2H,0)  wazupalfuuLou
londa (CasO,) Tiflaaanade R-CaSO, Uay samma-CaSO, FaEunsii-3 [2]

150°C
CaS04.2H,0 ——= R-CaS04.1/2 H,0 (s) + 3/2 H,0 (v) (1)
197°C
R-CaS04.1/2 H,0 (s) =—/—/——= Y CasSOq (s) + ¥2 H,O (V) (2)

Y Cas04 (s) 225> B CaSO, (s) (3)



M9 1 uansteyausiuauuBUuduuedamn 10 uu. wag 13 . SlFmnumuiuty 800 kg/m’ AAg
mm¥eu 1.09k/kgK [3] Wazganguil 4 uassmsiSeuifisuussansnmnisiuniuaufeuvesian
Uszbamingg  wuimedwesUssamlnadnndeyadulvidssianuds  (igid  foam)  wedgimuaydl
Usgngnmiuniuanuiougnn Frfunaduhensssunnamadurosndluifiovusiuauiudud
poUNDAnITTIanMInATIuAFa M sAnwUSudadufnzaudosnniensasih i Aneaes
vianednunzulssamiy (soft foam) w3oRuds (semi-rigid foam) wonnniinsuiadududuvie
Uanawosagyilimanmsudsuuadlasiaiaduealdidosnnifnujizenlemsdundefunsuss
(curing) lunuasuniaLdosnmaiinufisenismennuou (exothermic reaction) wazauSeuiliindu
sgriamstudstanannasduinseeliheseenundfiiuaduduinianisasuldiliaanisUssan
Hudaidertutududunaeiduusuauuiuduneumodatuinessssumineuu1ad
M9 1 UanIA1ALML AYBmMLALAIL Msthaudeu AmnugaNFeuLasAMSHIYLALTeY (R-
value) U93auIUANTOUY TR [3]

Properties of building materials (at & mean temperature of 24°C)

Rvalve
Thermal Sm(lfn( (for listed
Thickness, L  Density, p  Conductivity, k Heat, ¢,  thickness, L4,
Material mm :E’m‘ Wim . K :ﬂi K K. miw
Building Boards
Asbestos-cement board 6 mm 1922 — 1.00 0.011
Gypsum of plaster board 10 mm 800 — 1.09 0.057
13 mm 800 - - 0.078
Plywood (Douglas fi) . 545 0.12 1.21 -
6 mm 545 - 1.21 0.055
10 mm 545 - 1.21 0.083
13 mm 545 - 121 0.110
20 mm 545 - 1.21 0.165
LG L R R R T3 mm 788 - 1.30 0.232
(regular density) 20 mm 288 1.30 0.359
Hardboard (high density, standard
tempered) - 1010 0.14 1.34 —
Particle board
Medium density — 800 0.14 1.30
Underlayment 16 mm 640 - 1.21 0.144
Wood subfloce 20 mm - - 1.38 0.166
Building Membrane
Vapor-permeable felt —_ - - - 0.011
Vapor-seal (2 layers of mopped
0.73 kg/m? felt) — -- - - 0.021
Flooring Materials
Carpet and fibeous pad - - - 142 0.367
Carpet and rubber pad — - - 1.38 0.217
Tile (asphait, lincleum, vinyl) - - -- 1.26 0.009

Material

S0 02 04 06 08 1 12 14 16 183 2 22 24
Y

gﬁf R-Value (m* KT)

Thermal resistance (per Scm thickness) of common building insulation materiak (Concrete block is added in the figure as a reference for
COMPArison purposes).



Tassaausiuauududuneumednessssuvieziilunandodsguil 5 uasguil 6 awuBudmihmhimia
wan  (matrix phase) Fudumadeilowesdniusiuaziounagsiihivladufuniomanszane
(dispersed phase) gasildlunmsmuinirgsgauazingadsaunsdl 4 uay 5 wayguil 7 uansanuduiug
izijhqaq@LLawiwi"f]qmaamsLauLWaﬁpLauaﬂumawé’ﬂﬁamaﬁu (matrix phase)

r

O o

0000 s)
o 00 Q

0 v
o ?0 NZaY

Particles
U7 5 luealassasenisiiaasynia (particle) adluiwaiy (matrix phase) Wen1suanianaaunedn (5]

atrix

face shee

adhesive layer—>
hon eycomb——)_g

Fabricated .~
sanchuich -

- el

€aN

U6 lumalassasimsiuasynia (particle) asluiaiy (matrix phase) ien1snanianasunedn

WUULYUIY (sandwich panel composite or structural composite)

AR Upper bound

E(u)=EpVat+E,V, @)
Aenan Lower bound

E.(l) = ot

Vebpt Vb (5)



350 —

&0

300 — 45

40
250 — Upper bound
zh
200 —
Lower bargd

Maculus of elasticity (GPa)
Madulus f elasticity (108 psi)

150

0 20 40 &0 8O 10:)'

wadu (matrix) % V/V
SUN 7 anuduiusseninsdnasgaiazAinanannsiisinasiisaslumay (matrix phase)

UIZaIATaINITINY
1. nMsfnwuruimauBudnsansidmsulddudeyasnddulasiniside
2. MINEN MIBATinuanyzlavaulLui BUTunaunadnnIglng19sITITIRARNUTIA

YOULIAYBINTIRY
NFBULWIARANNNG B IavaNAgIufInanderunauzd 338 wnulunuITefen syihusuauIugUduney

woAnfetngssuyAnouUnddiifo

1. Anwdeyaldun anuudeuss, audfmamufeuldn msiharwiou duuseavsnisveied
MenNdeu Mageduidssosunuing U IAnsAn

2. Ysudadunsifuthensroulnailifuanssiuae 0, 10, 20, 30, 40 wag 50% laetiwiin
wazilelddndniimnzauishuaidy WeswudlasUiums e lusmurnmmugnsi 4 uaz 5 fanan
U196

3. yhmstugUuasAnyinanisnudounarnisgaduidesosusuihBudufiniosld

[

189 aUnIal wAzITNINIINARDS



1. HeBUBINIANIA AALTEVBINANTY 99% anuTEnasananed Ussmalne

2. dulowfdmsufuiiowEiuuss 39U Inaue Sumediuduwua S1n Usemelne

3. thenssssumineuUnfeialddivansiiunesUsznoude 60% LA-latex, 50% Sulphur, 50% ZDEC,
50% ZMBT 99n@a1U1338879 N5eNTINenshazannsol

4. thenssssuminenUnRslaiuasiiunesUsznouse 60% LA-latex, 50% Sulphur, 50% ZDEC,
50% ZMBT, 10% NaHCO;

5. wuuRuid WUt UFUEIuIn s x 87 x g9 iU 25 x 35 x 2.5 cm

6. @15TLNITADANUN potassium soap 138 bentonite IAVIEINSNIUNS Uszinelng

7. Hurna nuTEnAeNUNaLAad
gunsal

1. Lﬂ%‘laﬁﬂﬁummwmﬂ%ﬂ (Particle size analyzer) ju Mastersizer 3000 S Long Bed, Polydisperse
2.19 shemsuasiogslidunsesBeniinu 1 nfu lnsmeinleynianszaedilusinarsweavandsly
nsvaaesifidiidunaiuiu 20 Wit dewhmsiessinageu FMUNMINAREUTLIABYANAVDINIBUTY

2. 1A5aeTPANAUVUILUILYASS  (True  density) @iy gas pycnometer (Quanta chrome,
Ultrapycnometer 1000) &195UNNSNAREUAIANMI IR INIBUSY

3. \nsesinAUsEqiiinuesTan (Zetasizer) Malvern, Ver. 7.04 Tasmsufudnanandunsa-mslutag pH

¥
a A a

2-14 figaumniivie 25°C LleAnzvinuiafiosvesuszaiuinaiuiaTan uaza isoelectric point 113y
MINAADUNIBUTY Fuv

4. \p3esionuLsAnulsndu (X-ray diffreaction) U Bruker, AXS model D8 Discover with a VANTEC-1
detector 939 5°-80° 20/min dns151TIATIES 0.02° 20 increments using Cukd A INETIARUYDS
wrasidndnaonasgudanaans (A = 0.15406 nm) ANUANENE 40 KV, nszwa 40 mA dmsunis
Ansgiingauildieuntstusunsdudy fu duloud ilergiun dlonszay thenssssuyd

5. m’%'amlL’%S%mmuaﬂ/\la%Lwﬁ"uawﬂima‘lﬁ% (Fourier Transform Infrared Spectroscopy, FTIR) §u
PerkinElmer (Spectrum One) tioTinsizsimyiladdunaniivesian dmiumsiinsesiingivildneunis
JuguneBudu fu dulouin duloesgliun dulonszas thensssumi

6. \A30sliATEvinsAUTENOUNAAS] (X-ray fluorescence, XRF) U PW 4400/AXIOS dmiuiiasigh
Uiinuesddsznoumaaivesiegndasnsnududesisudlaeiminvessauarasussneuesiagiud
Tdrounstusunsdudu fu diloutn dulsegaliun dulonszas thensssumi

7. S eMAAOUNITTULSIFALAS (Bending test) A1uN1®Ig1UNITNAGRU ASTM D790 Flexural strength
[Xhead] ¢88n31157 10 mm/min GuaqéhasmLLN'uEJ']meuﬁuﬁmﬁ'Lawfwmqm'gﬂﬂamﬂnéé’wé’mmu 0, 10,
20, 30, 40, 50 % ImﬂﬁmﬁﬂmumiﬁugﬂLLcJuL%‘EJU%’aEJLLé’a

8. inTeriinTzinsfunsssimondulowazuiuimauiifuthenssssuminesund 0, 10, 20, 30,
40, 50% agyiwtin (UTM) 1 DSS 10-T AnannasgIunIsnaday ASTM C165 Tensile properties (Round)
MEnI 57 10 mm/min

9. IABownABUNIANLTeuvDsTan Heat Flow Meter Instrument Ju HC-074 f1a3nAS§ILANg
nAdeu ASTM C518 Tugatgaumgiinisldauass 20-50°C

10. 1A30IIRABUNSYATUIABS Sound absorption §u HC-074 muanmsgIuAsvaaey ASTM C518
Tuthseuiinduides 50 18nd- 6.4 Alaidind
B/NmAaes
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1.MsAnsusuinBUsnsnn1sf1  (commercial grade) s veu e TEivadeUALdN YL
Josdu Taud 5101 miamgﬁuﬁ;ﬂ (water absorption) @uUAn1ena lakA AuLTauss (strength), NM1S3ULTINA
80 (compressive strength) msliaswautanisauseulaud nMsihanuseu msauln wagnisgadu
Ao s

2. mawieahenssssumireuumddeldduasinfuvionsumodnfuusuiBud

3. M9LTNENsITITARRNUNARITT 3 Fedndiuiiunnssiudiiae 0, 10, 20, 30, 40, 50%
Toennin adluusazansvesnianiouusiuEudy udvinistusuimeisnmamadlusuufiast (Slip casting)
Soldgmsfimnzauundiazyhnsfmdengnsfimsniduansifismesialufesluasusiuniioliunuihgud
fifimdniun snqugeniglulassaiafierasnisssueemudouldd (11, 12)

4 S zvnngouuruhBuTunuwedndetensIsumRreUnRdRduNe eI EuTR
MUALT WagN19AuToau

sagunanisnaaesiazUsifiusawdadusiuiuihdudunsunednte1ssssundiuusudud
LATANISAT (commercial grade)
3l 2 gesthseoundfdifuaduiuduiiondnuiuauiuBuduaunednthessssurinoulnd
dunauvrenngInBIU1IA

GYRTGY dndulasdmindeon | dndnlnetminugs
(nfu) (nfu)
60% LA-latex 167 100
50% Sulphur 10 5
50% ZDEC 5 2.5
50% ZMBT 5 2.5
50% ZnO 10 5
dandnsan 197 115
M99 3 gRTEIUNALTRINSLFT IS
GYRTGY Fndulasdmindeon | dndnlnetminugs
(nFu) (nFu)
ﬁﬂmqmgﬂmﬂmmdaumam 197 115
densmanung
NaHCO, 5 5
drminsa 202 120

EREIVT MswReufegamumsed 3 TiihnsnauiigisreuUnsmumsed 2 lhasaseuesdouudisan
mMsduasiiumnos NaHCO, (5 n3u) aﬂummammmﬂa

Frumindenuazimdnuis sumnsed 3 ffmedlansifiunlos NaHCO, $auau 5 nSumand m”luammsm
WAZERNTHIAY
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sUnuvIUUiIegiviiNsTugULUULIUIY

face sheet—a
adhesive layer—=»;

honeycomb—]

EUVI O 0UWUuNTI Il"UUgU JEVIFINTEIVILLUUL 0 40

forvasnndanldinadianistugusuilinauuuungudy fided

1. andgmiradesitldfisUszasd Wy mafindest ndu msannseuanuauan @1siail anmuindey
dielFusuiiinauiihnistuguiimuamu whuss engnisléouunu lidansuames wieguiniesan
ihenssssuriroundfinadlugnanstuguiuny wesyildlduimauifanumen

2. anthwiinduulitosasuarannsamuauUinuhe s ArouUndliegnelulasadtousiug
WerivasBniana mafumuanadou migaduides msiuusadinge

3. @509 iNISe8NLUUIUTN JUNTasRRuimauyilade

4. snsaifiduduloietisnsBainizuagiasuussssrinasuiinauiuduiessunaiaguin
imefuldfuntu

e §3deldethens Prevulcanized latex 1nuU3En 3 toa @i TUsdnd $1in auumiissiug$ wasanu
MAETuAn LwARRDIENY NN, ovnaaInstusULNg s T RTURALA T aNsAgYU Tnethensiide

sndlauiRsyysail

Polymer type: NR Latex

Curing agent: Sulphur type
Appearance: Milky white liquid
Viscosity at 30°C: 800-2000 cPs
(RVT No.5@ 10 rpm)

Solid content, %: 58-61

pH at 30°C: 8-9

Dry film appearance: Clear

Filterable solid on 200 mesh: 200 ppm max.
MST: Excellent

Storage stability: Good
Application: For general purpose of molding applications

WAINNIMAaeY wudthedinanidnsdadmdunniull Sudusesuusinisasgufionmgiiguinninis
Pdusewinswisutingsrenyfes ansaveaietmsianiludgeaniniienaeudnduin (51
wgnndiamlud 200 vwsiedlaniy) luvariiienssuvdneulaleIee1nlATINTITeTAT
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TgUszanas 85 uinsantansy vinliing1ensYamlugluwungiunisyinnismeass wasluniswseuknuig
Foainludnuazkrudy Nendudeundudududauruuutuiing1ananUnonas

HAN1NAADY
1. dnsfnwandnumzmenisnmeassuiinsansduielffudunuulunstuguiunuiietng
Tnsmsfinyansuarmu Sgiuililunsan esduszneulnesiu dndnsouiu fagufl 9-11 vhmstu
sUsHuBunuFogslnenmsldEudy Bonszay nautuiidiieliAnufRselewmsdu (Hydration) Tag
Snuaizdrunaufidesiidnvastumanduaass (Slurry) ﬂé’ﬂﬂﬂ%'uﬁdgﬂﬁ 10 Tnedndruszwinansduduson
Uswanas 55-60% Iaetwidn elilduduihiudouss @adifmazaeneninuuuliie madluwuuiud
Udoeliurionnn fasuil 11a wduffinenssssusireuunddedadau 0, 10, 20, 30, 40, 50 %lay
ihwiin aeelshensreuundided udundunaumesiuduivdnadmils sorunsertausutunuuis fivi
nsnoATUMLEDNIINLUURLT FagUf 11 f
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JUN 10 dnwauzaiass (slurry) Yaemsraunsduduiviineunismasiuuiam

ABNUNIATIATELLDRZIFUTRMIEIAUSENIA 5 W, @) MIMBUTUNULUUTUNATUNTOYUGANTE L1
Uanelidnd; ) dnwazikui §UdundsaInaaneanainwUURLn

¥
v S

& 1 ' a v o
wmawmmwugﬂLmuéihm]szmumu
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1. naunsdUy Wonsvane wasidndeiu aulidrsuniglunatliiu 20 nil mvemeauiildaduwuy
fsiiin1aae potassium soap 9130 wulnlufaui etiemsoeafiuifiheuasililetunuiita
GRRRaHY

2. imzuUURnTUNY ditelivemanndnnszarsednwihis uasitelrldmumuniiadianerariowy i
TIauniansng

3. anduloufauszanas 10% Taethwin WeluTanasuusssswinsesdevesiu lnensidosiveadule
Uy 3D ﬁaﬁgﬂ%umu

4. Fanhessssrirenundlaensuiaduaesnguie 1 nauTiTigmsn s ouukuingUduvdalaiiRuans
Wames fegasmsieioalumsnsd 2 Jadugasivioauasienunalussnuanuiaminsey 6 Weuves
iuseuatuil uaznguil 2 gramawdouuiuhduduifuasfiunowmunaed 2 uagasned 3 el
Iﬂ'ﬁqa%'mmaiuﬁuaq%’jufwmqﬁgwqumﬂsﬁuuazLﬁaamﬁwwﬂﬂmaaﬁﬁuﬂmﬁaasﬁq Fagdniunistuseu 6 wWou
anly

5. mMsiRNthensAonsiuanudnau 0,10, 20, 30, 40, 50 Wesurlastimiin laenssatnesreuUNe
sutuguduiimBluduneuusnivinsyaeiuiudue

6. wisunaNBUT LAzl dsumsmitududuiionn Welilaswasausutimamdenauuduse
yunu engnsldauuuieiall seaunsertstuiiauesukutunuurisain

7. nonusutuNLieg19nan NN udmnusseuliiSey aesu daguil 11 f

YUN 3 wHudEUTY vy .
FuN 2 ngnarauUInNE

wulowin 10 ¢

YUN 1 wiutlngalea |

wuuiisridmiumsey
U 12 wamstusnauoanistusUusuiiBwdiudy

e Wefimainhensreuumidadugnsmstusuuiuiunnfefiuiinn 40 way 50 wWedidudlae
hwiin wwieasoudunaduduiemiudutuiiamvesnmatugukudBudufivunsndu sl
vouHuBuUfoE ity Jdldoonuutlmidieuiulhimdnuousiusosaiadasnafiuiudulody
waglaa o Auwm ifleantwiinvesdudulidoras udasaruuduse wasifielrldduiivnedu Jues
yhmsfinvandnuazuasaRingAviuiounsldnuiofnwmaumzauesnindenldagdu
Wsia Imamiﬁﬂw’mmmmgmﬂéhaLﬂ%@ﬁ@ﬁummaqmﬂ Particle size analyzer, LA3adlns1easdUsznau
nAll (X-ray fluorescence, XRF), \A3psATIElATsas (X-ray diffraction, XRD), Lﬂ%‘laﬁmswﬁﬂszq
fifeyna (Zeta potential), 1A3osiATIEyivIAILTeU (Thermal analyzer)

nmsthusBudy furm uasthenssssund Snseiausgaiitalasnisuiuaenudunsn-msdifios
f199 Feufl 13 wawgudl 14 iefnwenudfuldiderhmstugy wuindenussaiiRauensiusnniidema

Y Y
v
[y Y

foAnuLEne sl muumimaw%ami%ugﬂLLm'uEhmeuﬁaﬁmmﬁwLﬂuﬁﬁmmﬁaLwﬁﬁﬂmiﬁﬁugmwu
wudy  (Sandwich) ievldnnsiauszanuiiauddulen  inefuldinniy  uasmndosnisifiuniny
Wisuseseminaturehonssssunineunssmsiuduleiedislilasaddunuiinnuud s wnndy

mnmﬁwﬁﬂazqﬁﬁa ¥Aveningns = pH 5.89, A1 = pH 5.20 wazrsdUdu = pH 6.0 asUlaindieg
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fihun@ne Tnedwlnaiaanudunsa-smasznn pH 5-6 LLazmﬂ%’agaﬁ’ﬂﬂﬁuaﬂmﬁmwﬁmwmaﬁai
YoseunAReanass (colloid) ¢ zeta analyzer fiswaiBundiife

vnendndlifindialugag 0 fa = 5 wansieyaeTunliufiesinziiunieinnisanazneunaneidu
fouldine udmnadndlwihddiegluiag + 10 s = 30 wanswaldireyneilenaduneifududou
(agglomerate) tosnauliliafiosvesoynia dwmuadndlniheglutae + 30 fv + 40 wuireynadl
AnuatesUunansarilenaaziinnisimeimiuvessunmalaieuiuwsinAdngluihgeseunn +40
e = 60 nanlddreunainnuatesd liiansnmeiiiulaig wazdmnnadndluihgaiundt + 61
BUNIAADAABLARINAIALIANLANYTANN

é’m%’m’mi%’aﬁlﬁﬁwﬁumammaaqLﬁuLauaﬂugmm'ﬁm’%auLLm'uEthmu ilesann AurnAeTanesiin
ﬁﬂimauﬁwazgﬁm (ALO,) WaLdan (SI0,) AtlauTRTinUsEnMswilsdensnuaudey ffunsdufuen

[
=

adlugmsnsieSeuusiuiduduazdehliusuimuanufeutazudausaiing wazntoyadinTevien
Useqiiin (Zeta potential) fananideiu wuiAurnuayBusudisuseqifsinety Sufenhnituguuuy
wsidy winuRuiuiuduiunltuvesUssiiinluudastsmierfiaenndosiu uazmnthensiiefies
HushaUszanm pH =10 asfleuszafiialndifestunn uansiinistemsBmnmeiad failutiusnues
msfnwFesnmstugd FldTnsuudndunafuiudodilowaglagadugnsmansnuiuiumay e
grnzaNYeigns  widmnududuiidedduaiinseinaaeudesauifimninainyszneunisiiansan
Frehmaiuiuem vie ilwaglaaudiasiinateausiramamenimuagnenailueeils

20 -

-20 1
-40 1

-60 1

Zeta potential (mV)

-80 7 | —m— caso4
{1 | —O— Latex

-:I.OO-----|----|----|----|----|----|----|IIII
0 2 4 6 8 10 12 14 16

pH

JUT 13 mswIeuiiieua1Usyaiiin (Zeta potential) seninanaduduiazing19sssuynf

20 -
~ J
> 0
=
S :
© 20 ]
=
c ]
8 -40 1
o



JUT 14 msiSeuiiuUseaiiiy (Zeta potential) ¥e3ingiu HaBUDU AuY1Y LaRNE19EITUIR

Volume (%)

Volume (%)

6 o o 100 <
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PINNANIINARBIVUIABUNIATBINBUTY BUNIAUNUBUTINTANISAN wazAuw Aeguil 15, 16, 17 o
wanAnsfuAauin NN BEdUsRe A1 dy, ds, deo UAE Qave Youaduduiiu  3.22, 25.90, 73.57,
32.80 Um uaeu @13U dig, dso, doo BAE daye GuaqamgmﬂLLM%%&JLﬂi@ﬂﬁﬁﬂMﬁU 21.87, 308,
1126.67, 466 lm AUEAU WaT dig, dsp, dog WAT daye VBIAUVNIWINAY 2.34, 18.23, 56.67, 24.63 Lm
pudd aseymeBudulivunadnifissvefivssaudrfuounevestuiiietususiuhBuduuazanns
Ainesiesdusznaumaniifeieioenaisdrigesisaeus (XRF) fauandlumsiedl 4 sewirensduduuas
aun1AINuNLENIANIsAIMUINEaIRUsENaUraNARLAaBELeenlYn (Ca0) 30-40% uavdanoseantys
(SO,) 35-50% Tivhlilaansusznauunaloudama (CasO,) Aurnilosdusznoundnmanifedan (Si0,)
62.7% uazorgiu (ALO,) 21.8% fidswad Vilsuruiinauiituguld muenudougedu  dwiudule
waglaaiiosduszneundnmaniifeunaidousenles (Ca0) 25.7% waydan (SI0,) 17.4% fanssaiiuadly
ansmawnisuushiudulfifterasantminvesukuinlitosas shlsunmnzaensiasaduuiugh
wau dudulouiidesrusznoundniedani (SI0,) 50.5% wazuraiduuoanles (Ca0) 35% dmsuiiuiie
PgFosnsiadunsasui e us ety

uennimedidelsvhmstieneidulsinduitinsldrueglugnamnssufiodumadenves
msldulunsiasuusausuimanuresduleliuesedad 1, Wulelivesuiad 2, wuloavaiiun, wWule
wimeitu Wisuidisuiudulefwuluuiudinaunsamsmmetndesenaisiwgestsaisust (XRF) fauans
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Tupns1edt 5 wudndulenldeglunsudinaunsanisiniissduseneumanilves@an (Si0,), a¥aiiun

(ALO,), wraLTeupanlan (Ca0) IndiAssiudulniuasulinn 1 wazvlian 2 W nfian faulunuITeiis
Wenldidulowuind 1 naslugnsnisuanuruihdudy

d' I3 a v  a o =1 1 ~ = Y] | v
H1519% 4 @Qﬂﬂigﬂ@‘U‘WqﬂLF"IQJ“U@\TJWQ@UﬂiﬁmUﬂqiﬁﬂuzﬂLLNuaqLW@']UL‘U?EJ‘ULVlEJ‘Uﬂ‘ULLNUEJ']LW@WULﬂiﬂﬂqﬁﬂq
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99AUTZNBY MeBUT AUYT wHuE NI wduley wdulaun
Composition Fitges tvt) Fibegeawt) | efulemypihuog Wulowsmbae | | wulgbunin
(% wt) (% wt) (% WEL+) Opwlyt) | Fn3ANT3A (%)
SO; 48.2 326 ppm 34.6 154 782 ppm
Ca0 36.7 0.146 26.8 25.7 35.0
SrO 843 ppm 34.6 ppm 430 ppm - 84.4 ppm
SiO, 574 ppm 62.7 0.440 17.4 50.5
MgO 284 ppm 0.186 382 ppm 1.85 0.184
Fe 05 155 ppm 0.693 145 ppm 5.30 0.681
ALO,; - 21.8 0.113 6.53 123
KO - 3.65 65.9 ppm 3.58 0.835
Na,O - 0.783 - 11.1 -
TiO, - 0.173 91.4 ppm - 0.179
Rb,O - 406 ppm - - 112 ppm
BaO - 261 ppm - - -
cl - 136 ppm - 12.1 -
MnO - 122 ppm - - 238 ppm
P,0s - 120 ppm - - -
ZrO, - 84.6 ppm - - 23.4 ppm
PbO - 65.6 ppm - - -
Zn0O - 43.2 ppm - - 0.272
Gay03 - 37.5 ppm - - -
CuO - 28.8 ppm - 1.00 96.3 ppm
Nb,Os - 28.6 ppm - § _
As,Os - 23.9 ppm - - -
NiO - 22.7 ppm - - -
Y,03 - 19.1 ppm - - -
TiO, - - - - -
BaO - - - - -
CH,O - - - - -
H,O 13.244 8.11 - - -
Total 100 100 63.067 99.96 101.29
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SO, 0.359 515 ppm 0.824 902 ppm 18.8
Ca0 30.6 31.2 0.413 335 35.0
SrO 426 ppm 0.135 - 326 ppm 616 ppm
SIO, 51.7 52.3 37.8 50.3 34.9
MgO 2.70 0.636 - 0.389 0.406
Fe, O, 0.413 0.441 894 ppm 0.838 -
ALO; 12.1 13.7 28.8 13.4 9.47
KO 936 ppm 0.105 - 0.405 -
Na,O 1.06 0.536 0.137 0.492 -
TiO, 0.760 0.871 0.100 0.447 0.761
Rb,O - - - - -
BaO - - - - -
cl 782 ppm 209 ppm - 251 ppm -
MnO - - - 129 ppm -
P,Os 354 ppm - - - -
ZrO, 191 ppm - 279 - -
PbO - - - - -
Zn0O 46.4 ppm 56.2 ppm - - -
Ga,04 - - - - -
CuO - 84.4 ppm - 153 ppm -
Nb,Os - - - - -
As,04 - - - - -
NiO - - - - -
Y,04 - - 941 ppm - -
TiO, - - - - -
BaO - - - - -
CH,O - - - - -
H,0 - - - - -
Cry,0; 263 ppm - - 675 ppm -
HfO, - - 3.81 - -
MoO; - - - 75.2 ppm -
Fe, O, - - - - 0.249
Total 100 100 100 100 100
aseit 6 aauruwiulaesan (Bulk density) vesunuingUdy

THARI0E9 AN AINY AIUNAUN ANURULUULAY I

(cm) (cm) (cm) (Bulk density, g/cmz)

P0-0-0 23.20 33.50 1.05 1.1363
PO-0-10 23.20 33.50 1.75 1.0142
P0-0-20 23.20 33.50 1.58 0.8947
P0-0-30 23.20 33.50 1.58 0.8906
P0-0-40 23.20 33.50 1.54 0.8312
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P0-0-50 23.20 33.50 1.20 0.7125
P5-0-0 23.20 33.50 1.20 1.0380
P5-10-0 23.20 33.50 1.82 0.7875
P5-20-0 23.20 33.50 1.82 0.8410
P5-30-0 23.20 33.50 1.87 0.8687
P5-40-0 23.20 33.50 2.13 0.8646
P5-50-0 23.20 33.50 3.80 1.0824
PO-10-0 23.20 33.50 1.70 1.0065
P0-20-0 23.20 33.50 2.00 0.8817
P0-30-0 23.20 33.50 2.20 0.8371
P0-40-0 23.20 33.50 2.20 0.8490
P0-50-0 23.20 33.50 - **

P10-0-30 23.20 33.50 1.62 0.6867
P20-0-30 23.20 33.50 1.77 0.7911
P30-0-30 23.20 33.50 1.53 0.8774

NUYLR)

PO-0-0 waneda $udl 1 Aeuwdufhdudy 100% - fuil 2 liduthensrenUndiomsduleuesiasuuse
10 n3al - Sudl 3 FowduthBudy 100%
P0-0-10 vaneds uil 1 AewufBUdu 100% - uit 2 diuheneeuundiemsdulelivesiasuuss
10 N3 - $uil 3 AeuruiihBud 90% naudulowwaglaa 10% taetwiin
P5-10-0 el uft 1 AoushuthEudu 95% wamdilowaglaa 5% lngtwin - 4ufl 2 Wsdhenseoudnd
10% Taermidn uasduleliiuefiaduuse 10 n3a - Suft 3 FouwruflBudu1009% Tnethnin
P5-50-0 e dufl 1 AousuihEudy 95% wamdilewaglaa 5% latwin - $ufl 2 Wudhenseoudnd
50% Tnethmin wasidulelwiuasiadunse 10 ndu - Fuit 3 Aeuruiigddu100% Tnerimn
PO-50-0 ** yunefe Fuit 1 Fowdufhdudu 1009% Taevmidn - ul 2 Warhensreutnad 50% Tnethmin
wasdulglaluasiaiuuse 10 n - $ufl 3 AowiuiBusu100% Taeutn FugUenn Feammuninn
nensadeuad 6 uansinnuuuLulnesn Bulk density) vesogauHLBUSTTRLAY LRI
g Tusdafunerlifudulowaglodlutududud 1 wee 3 leAnwmansiumdulewaglaaadudu
vosdudimumadisuiinadulowagladlutuil 1 uay 3 vesuruBUFuardsmaATvhlshinlagumes
wugUSd A ARiIARund 200 Taetivtn sxdsmaiildAesfireuriuBusuut i uazdma
semsindesuundndasilaie  sauidldnaunvlunsdasdmadsiessuznaveinsaontunueen
PNUUURTTRBesaUUINNTY wivnnifadulewaglaausyann 5-10% Taetmidn Tududl 1 uasindule
Lenaaiaaiu%uw 3 YeuuBUTLTidndY 20-30%lnethmin wuihdwaniilriminunuihdudinunas uas
aamumuaaﬂmﬂquwmw”lmw dzoan dsulSinashensmenundiinasutuil 2 vewsuidddy
LS nazdwaseraumilaesan (Bulk density) vosunuindusuiidinty Tnsamiznn
Wsnnuiuiidnau 40-500% Tagniin asvhlinistugiuiuBududeuineen Wosndeafisnsmadudy
Tuduil 3 vesmsmdunaudusuiuiui 2 fadutuveniensreulng
sorntufiseiuhmavaaeumssunsimneng mavu siien1siumuanufeunarnsgaduidies
LﬁaLﬁuﬁﬁayjaﬂizﬂ@UlUﬂﬂiU%’UQ@iﬂﬂiLm%‘amLwiuéhmeu‘lmﬁwmsmmaaumsmmaaumﬁuLmﬁﬂ (Tensile
strength) veuduleviadl 1 Adenlddmsunisasuusaunuiindudy éﬁ“ﬂﬁﬁa;ﬂauﬁmﬂumiwﬁ 7 YUINAINY
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Tnglads 10.00 + 0.005 cm. wuIndwrhgudnarslnedswidy 0.10 = 0.005 cm. Anutndulosedy
Tagtodewintu 0.0058 + 0.001 g wazAMsTuLssAslaBlRdBnAY 6,57 + 2.51 MPa lddeyauansdansns
78

asNfl 7 msdunseiavesdule (Tensile strength) TildaSunsveurubUsy

UPhIIgk AL YUIALFUHAUENANS v N5¥ULTIRa (Tensile strength)
(cm) (cm) (9) MPa
whilowm 10.00 + 0.005 0.10 = 0.005 0.0058 = 0.001 6.57 + 2.51

as19 8 mssuusesialae (Flexural strength)

f78819 AN AMUNING AIURUN Y ATTULTINA LA
(cm) (cm) (cm) (9) (Flexural strength)
(MPa)
P0O-0-0 24.1 335 1.2 1121.8 10.34 + 0.005
P0O-0-10 24.2 33.6 1.7 1324.7 10.93 + 0.005
P0-0-20° 24.1 339 2.1 1357.6 13.56 + 0.005
P0-0-30 24.2 338 1.9 1403.8 9.98 + 0.005
P0O-0-40 24.3 335 1.9 1468.9 8.03 + 0.005
P0-0-50 24.2 339 25 1432.2 3.68 + 0.005
P5-10-0 24.0 33.6 2.0 1170.6 5.72 £ 0.005
P5-20-0 ® 24.1 33.6 2.0 1245.3 7.11 + 0.005
P5-30-0 24.2 337 2.0 1318.6 5.90 + 0.005
P5-40-0 24.3 33,5 2.3 1399.8 10.85 + 0.005
P5-50-0 Fugdlalld | - - - -
P0-30-0 24.1 335 1.3 885.9 5.68 + 0.005
P10-30-0 24.0 334 1.5 865.1 6.70 + 0.005
P20-30-0 d 24.1 33.6 1.6 847.4 7.10 = 0.005
P30-30-0 24.0 338 1.8 804.3 8.64 + 0.005
‘VTZJ'WEJL‘MGJ

1%

P0-0-20 * maneda Uit 1 AeusufBudu 100% - sud 2 lilduhensreuundfiomsduleliuesiasunse
10 N3 - Huil 3 Aeuruih 80% naudulowaglaa 20%

P5-20-0 ° viunefs Fuft 1 Aeusuihdudu 100% - $udl 2 Wiuthenseeudng 20% Taedwin naufudule
TWuesiasuuse 10 NSy - $udl 3 AeunufBUsy 100%

P5-40-0 © vl Fuil 1 AeusuiiBudu 95% wanfuduloiagloa 5% - ufl 2 Wuthensnewuad 40%
nanfuduleUediEsunse 10 NSy - $ufl 3 AeusiuihdUsy 100%

P5-50-0 ° vanefla Fuil 18ousuiBUty 95% wanfudulewagloa 5% - Hufl 2 WutherseouU A 50%
navfuduleliuodiasunse 10 ndu - Juit 3 AeusufiBudu 100%

P30-30-0 © wanefie dufl 1FeusuinBUY 95% nauduidulowaglaa 5% - suil 2 FanhensnewU1ad 50%

naufudulelvuosiasunse 10 ndu - Juit 3 Aeurluiihdudu 100%
m'amﬂﬁ?uﬁﬂmilﬁaﬂﬁaasmLﬁawmaaums%’uLLN@]’@I@M@@LL&JU%W'QU%M%LW%BMH@’@%MLLamﬂ,u
AN5197 8 LARINANITTULSIFATAY Flexural strength or bending strength) Immaaﬂmamwmmimmﬂ
wuldd Bevu @y fanuudause wavimiinun dievinismageunisuusisalas INTBYANTNAFBY
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ATSULSIAALAS aqﬂim‘ﬁ”@qﬁulﬁ’iﬂ fee93Ta P5-20-0, P0-0-20, P5-40-0 LJuseeeiiinaun1nuainissu
us9RAlAY (Flexural strength or bending strength) aﬁqm laAnsnagouiniu 7.11 + 0.005, 13.56 +
0.005 way 10.85 + 0.005 MPa lnen1ei3delivinisusugnsniswienuiuiinaudu P5-20-20, P5-30-20
uay P5-40-20 LilelldAn1siuussnanadiiign

dovhmmeaounstharadouvesusuihdudumumnsg e ASTM C 518 ilelsilsdoualunisusu
gnsnssuunuimulasgesivnzan  msdugasiinisimindeusmtensinunmuemiuieugs
fvuatasgamaiinsiasisinnEudu 20°C aufls 50°C Fadugampiunsgruvesanimmsldauaie
aeluemslidoyanansismssil 9 nuihegissia P5-30-0 fenshenusoureudnadnfios 0.3868
+ 0.0003 W/m.K wazaindeyanaaouizeanissunssialfanyuinmegiasia P5-20-0, P0-0-20, P5-40-0 ¢
ANNITSULTIADUTNGA ﬁqﬁuqmﬁmaﬂﬁﬂmLﬁmamﬁaqm P5-20-20, P5-30-20 wag P5-40-20 Tigeensli
Suusdldd fenmhenufeush dwiinn wasmmafiteasdidumsuiugaanieusunsivanaidiunes
yialoneuluaisusiun (NaHCO,)

A15197 9 NAYIAEDUAINITUIANSOU PIUNINTZU ASTM C518

PLERR AL (M) gaumfisums PUNYINIINTNAHDU AN5UIANNTOU
nagau (°0) Q) (W/m.K)

Taianirens 0.02761 + 0.0005 20.00 50.00 0.4110 = 0.0003
P5-0-0

Wisthena 10% 0.02978 + 0.0005 20.00 50.00 0.3928 + 0.0003
P5-10-0

Wisthena 20% 0.03152 + 0.0005 20.00 50.00 0.7981 + 0.0003
P5-20-0

{Riani1e19 30% ° | 0.03343 + 0.0005 20.00 50.00 0.3868 + 0.0003
P5-30-0

Wisthena 40% 0.03237 + 0.0005 20.00 50.00 0.5897 + 0.0003
P5-40-0

Wisthena 509% 0.03650 + 0.0005 20.00 50.00 0.7540 + 0.0003
P5-50-0

° Ao F9819 P5-30-0 Aofee19tuil 1 AswrutEUSy 95% - Yuil 2 iuinenemeuUlIn 30% lagtinn
naufuduleluasasunse 10 N5Y - Tu 3 AsuNuEBUIY 100%

Thermal conductivity (wimK)

Expanded Polystyrene (EPS) 0.031

Extruded Polystyrera [XPS) 0.027 -:*-‘-r
Polyurethane (PUR) 0.021 ﬁ
Polylsocyanurate (PER) 0.021
Polyethylene [PE} 0.045

Polynum 0.040 Jigin
Fiber glass | Glasswool 0.045

Mineral woal 0.042 mm

Light weight concrete
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UM 18 uaman1silSeuimeuammsiianuseuvesianuiasiieg Nudeya Greatwall (1988)
Co.,Ltd.
Greatwall Insulation Co.,Ltd.59 a.Unusl-anaviauuns 8.4d09 2.Unus1il 12000

nndeyanlannmnaassuieuiiguiuailanndeyadusmudulszavsnstinnuiouvesian
a A o = e ! a o oA A va 1 o a £ o Yy aAs 1 a
yindudaandluguin 18 wudwheghauduihBudunneuladAidulssansnisihanuieuiiiinindguay
pounsn  uidadlAAeutsunegdlawseuiieuiviasiiludulouaznediues  daumeidedsienis
Ysuugsgaslulauduihndanunsuiginindulaensdsasiiunesiialawedlunisuaiun (NaHCO,) 34
meITeiuszaunsainslunmsinideiseserslesnnewntini uaznmsiiansuduloiaglaaaslutuveusiy
ihuduieriesensingnsunelutuiazaninsatisanmnisiianuseulssnnmiuaraylasenu
nadeluseudaly

sonuugIdulmiitegyaieiuilavinsmageunsiulsaaliamiang nsihaudeu vinnis
nageunsanduldssieUstlevidmiunsldnumunisinnsniglueiasinenimegeuludedininug
= = = & A a o a < - 9 A o o = < o g w
Wdee 50 Hz-6.4 kHz. esnndestupdudanaiiinainmsduazitouvesing Weingduaziiou Nagyily
Annsgnsuazveefvesrdudes wazgnasiuding1d wu e1na LUy uidesaunsaiunisinuaans

Tuanuefing veanad wazvodedls wildaunsadumeinuagyainiald dagui 19

Stimulus Response

fm ol

wrufinanonIslafudss (Hudu : adudos; uae:
WA, AR Arawmas; W waadusnis e,

r 129 : aulnaduanud vasmsaauauasmslaiu; du;
JUN 19 URUNNKERAINT 537aa1sza1m)

MOMeIans Adnaansiasinalulag
MngUkansnsAsiuesdsiuy tneseiunaudssdivanyudlaiu (Audible waves) FslagUnAudannui
voudnsiivuyudlauiiufiaiud 20 f 20,000 Bind Sududeneiesuss, Aomaavonnsd wie
Feennailng TngsedunsleudsesdadlTinuaraiin fanauandistu dauandlunised 10
M9 10 Aauanssveauasidndedutisanuiiingg Aundeua 2017 SAIMATH = adsanuigaam
Judamainemans adamansuazialulag

H :: pdspuidrnauduide

Species | Approximate (Hz) Approximate (Hz)
Human 64 - 23,000 Beluga whale - da1ivl 1,000 - 123,000
Dog 67 - 45,000 Bat - évea1a 2,000 - 110,000
Cat 45 - 64,000 Elephant 16 - 12,000
Cow 23 - 35,000 Pompoise 75 - 150,000
Horse 55 - 33,500 Goldfish 20 - 3,000
Sheep 100 - 30,000 Catfish 50 - 4,000
Rabbit 360 - 42,000 Tuna 50 - 1,100
Rat 200 - 76,000 Bulfrog 100 - 3,000



https://th.wikipedia.org/wiki/%E0%B8%84%E0%B8%A5%E0%B8%B7%E0%B9%88%E0%B8%99%E0%B9%80%E0%B8%AA%E0%B8%B5%E0%B8%A2%E0%B8%87
https://th.wikipedia.org/wiki/%E0%B8%AD%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8
https://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%B9
https://th.wikipedia.org/wiki/%E0%B8%81%E0%B9%8A%E0%B8%B2%E0%B8%8B
https://th.wikipedia.org/wiki/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%80%E0%B8%AB%E0%B8%A5%E0%B8%A7
https://th.wikipedia.org/wiki/%E0%B8%82%E0%B8%AD%E0%B8%87%E0%B9%81%E0%B8%82%E0%B9%87%E0%B8%87
https://th.wikipedia.org/wiki/%E0%B8%AA%E0%B8%B8%E0%B8%8D%E0%B8%8D%E0%B8%B2%E0%B8%81%E0%B8%B2%E0%B8%A8
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mnuSeseaudsaiuioniteud (frequency) dumheTamanudiudonin B (hert?) 1¥snusde

P Hz  mudduddfailisaunsauenuegldindesine  slsduiuieeslsuarinszanumain
MansveIn T ARTuITedsusazuuuSsUlE fuaeiaflovetrus  Swsiidnvamansvssiasio
flo Fohlisannsaulaldindesdildtufosslsuazuenldindesiilddufioosls Hrmnuivendesiilady
foudnadeoglutig 20 Hz-20 kHz Tuanzgauafivesiemaans uywdoralddudosnuisinfs 12 Hz way
AAgeds 28 kHz (W3eannndn 100 dB SPL) winaudsiifudaEuasuasiiuegianniianud 15 kHz
Tugflvg) dvdusngudazianuludesiinaud 2,000-5,000 Hz 1niiga AeanansaldBudedines ialutas
AT uaﬂmﬂﬁizﬁummmmamaqmﬂé@ummLwiazﬂuﬁ]z%uaejﬁ’uamwﬁl’ﬂﬂmamLLazizwﬂizmw

Al lunslfBuy assviennalilunslétude wsrlsadueamslaBumselaaduosnisliutiuegfuuys
199 1A arudvesrdudes msUfum o1guasneSanmuessyuuiurdudssausdinruillunisladu
mAuEsITiauRluT 1-6 kHz (1-5 Alawdsnd Fuviafu 1,000-5,000 Hz) mﬂﬁqm Tugaemuasing 1
khz mstleadnsléfufivadumnn uwilugsanuiaand 5 khz msdleadnslifugeninlugg 15 kiz
dnifee Tumsilsausdisnddiidesarldbudssdiifinuddwudonva doavala wiedlddudss Aozl
Aeasailn Memzindsamvanitmudsingt 1 kHz willandlhdededurasitosnnn nsleBurdudes
Fdmnuwsanng  fadefulusvesnadadoniy vlissuuiudeadesdsuilasenseiumsdleasnisle
@uiﬁqa%u nsenszduiionaiinaiiestinsm  vieenainannsild lunsdlenseiudansm  wivleasy
nduAugsssuUninelulifui wudediulnyylive weslsadnslébuiugedy uimfissthngvintu

Y
v A 1

Y @ [y a % Ya = S 1 & a I Ly 3 [d
LAINNAUAUETEAUUNR LLG]E]’]VLWEJ‘LlLﬁEJQUUIﬂQJ}LUUL’Jﬁ’WIﬂG]@ﬂUEJ’]’JU’]U nsensEAUmsYlganoadunis

Y

0175 vibivAe eansysunaiiaelaslidiin wsizeinisiaininduidesniaaulugig 4-6 kHz snniian

Y Y

dudesditianudiniy 1.5 kHz aswnenmssazliusng wesilosnnidesnasludinussdrfuliauier
lugawhndt 1 kHz dedudddddnihememiaayenedvaudy aralllunsléBuresauantosamy
seuorgiaud 25 Diduduly anulilumsldBuagdes antosas uazasAsludmemnniiuds enalaly
nsléBuanunigalutsnuiiagen fmnud 8 kHz fuedifieny 50 U asfinseleadnisléBugatuninfui
20 db fifiszuuiuidesinund Wedwesanim araihlunsldduiazgaasenunsuiiion madanesanin
Tuduuenuarytunas  omiadeymanfaniedy  wiomsdulawnsoudleldlaemssnunield
wdnstheilensdomfedadoninms  naggnidiyiululaeass  widmensanmiAnlussuudszamy
aMsyRwseymuInfvzsnulila

Faguil 20 uansdnuMEANLLANANSYRIAALANLAEEITE IR ALANAGAT AGUAINLAM

adun My

"o

HERLEY

A


https://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%B9
https://th.wikipedia.org/wiki/%E0%B8%A3%E0%B8%B0%E0%B8%9A%E0%B8%9A%E0%B8%9B%E0%B8%A3%E0%B8%B0%E0%B8%AA%E0%B8%B2%E0%B8%97
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SUN 20 dnwaugAULANA1NYeInauANEedaLastdee) Tundeya 2017 SCIMATH & ARIAN3EAI
Wudansinenmans adiamansuazinalulad

(%

uenanilfifoyanansmnuduiusseninmenuidessfumiudweudssiidmanssnusonisle
Budmedt 11lnsamzseduauiRaud 2000 Hz TulU Aeudsreudreann esfsdusunsedenis
¥ou wuufyie waraydeomsladulusseren dafunslifangeaduidssnelueins Jududovaden
vilsfirseregendeviedildenmsanudidinanluszezendessuuUszany fadeyalumsied 12

M5 11 UARANUEITUSTEnINAANRRUTEAUANAIDLEYS MHNYDeUaYa 2017 SCIMATH & A3
anuganududanaineimans adaemansuazmalulag

ANANaNa FLAUAIIUAY

(Hz) (dB)

63 66

125 63

250 65

500 70
1000 73
2000 76
4000 81
8000 79

MIi 12 Jeyaunasiuiadeasseauanudidesidmanansiuile funvesdeya 2017 SCIMATH =
AdsrNIaRLwEaIne1mans adamansuazimalulad

unasniades sEAUAMUITUIEYS NaN155UNe
(1wa@Lua, dB)
msmelauni 10 unvaylalagu
AINTTTULNIUY 30 [euunn
Ainaudideu 50 Keu
NMINAAYEITUAN 60 Urunang
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A309pARY 75-80 2
159070, AUUATNSITATIUINIY 90 o
i3nndesamesleluves, ia3ouans 100 Suilaven nsldBuazidenssnannns
AULLUUSAAL, LASBIRAnE
faliion, N1suansnunsUsELanien 130 yiauney
Wrnszelngds 150 Wulanluy
inedloniufdatulngs, avnvun 180 WAIB3ATIL
Tngridatulngs

Nnransaassthdeg i unIeals naaeunmaIsamIgatuldes ledeyauansisnsnad
13 waygufl 21 lesmsmeawandy Noise Reduction Coefficient (NRC) o dauilazszyleida
Amannsalumsgeduidssesian Tafl NRC AeAiadeves SAC (SAC mnefvimdsnudessiigngaduly
lendmudssunssnuiuTaggeduideniy) Tasasgniail 250, 500, 1,000, 2,000 Hz wasdaiauliiogi
0.05 Tnevfalusn NRC agdaiidnunnnd 0.40 fsazfoinduiangaduides (Acoustic) Tnsiawz agidswsu
aunuazgorlirdudsmeginlulianmn  Jesduifndinudsnsdsuduamufoudenn
Foamusgnistesonatuidule fanUssiniaansadian NRC Idnnds 0.95 - 1.00 uagiumumun
vowuHuawITmefnunvesHuihBUsudmunsmeans  JaniitdsyAvsnimlunisgaduidins
Boninfaneraafnd (Acoustical Materials) Gso1aidiudminliidn videTanessduils TnsiangYaniising
fuveilyngu dmavdeRedstaquailusiundsfigniouds nneufgluuinaniuarlddudssdnauibe
fuvnaliAndesagiouiviliAnnissunuiu lideziegfianlavesiesfinu ety yuvesiionnay
Huywdurendes anmuinenafiesetanuatavdomenuiifinsasroudssanuuduindioadudomssusy
Als videludwaiidvsazviousnng auildlifiFos aunsoudlalilaensyangaduidewieTaneveaing lu
Ui warnseenuuuesiunmsytanluutazdmvesiodlisiduasiesyTanfudesiataes

'
1Y

MINN 13 HanAaeuUNSRATULEEURILHURNEUS

#9819 zﬁ“uﬂa‘xaw?;mi@meﬁu@ma (%) NRC
250 Hz. 500 Hz. 1000 Hz. 2000 Hz. Average
P0-0-0 10.07% 8.21% 15.35% 21.60% 13.81% 0.1381
P0-10-0 9.15% 8.05% 28.96% 29.33% 18.87% 0.1887
P0-20-0 10.56% 9.40% 23.91% 42.48% 21.59% 0.2159
P0-30-0 > 17.15% 15.87% 46.51% 27.60% 26.78% 0.2678
P0-40-0 12.75% 33.73% 27.78% 14.21% 22.12% 0.2212
P0-50-0 16.36% 26.46% 60.72% 53.42% 39.24% 0.3924
NHULUA

° fe LU@%L%uﬁmi@jm%Jmﬁm (the percentage of sound absorption coefficient)
b A U a Q‘ a2 IS . . . .
A duuszananisanusunanadeessunIu (Noise reduction coefficient)
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'
o

! T A Y4 .3 . ¥,
PO-20-0 = ¥i1185a $I0819TUN 1 ABLNUENEUTY 100% - YU 2 WUU1819ANUIIN 20% LRgUnntn Ne

o ]
al

Aurdulelniuasiasunss 10 NSY - YU 3 AokNuEBUTY 100%

2 = L% 1 gj d‘ = 1 a QIJ 3 QAI a gé’ L2 %7’ L% [}
P0-30-0 ~ 41899 M08 19%UN 1 ApwaUENBUTL 100% - FuR 2 Wudig19rauU1In 30% taguiutn Nauiu
dulelviuasiasuwnss 10 A5y - Tun 3 AswkutdUudy 100%

Absorption Coefficient (5P-50_5, Combined - C)
5P-50_L combined with 5P-50_5

900m S - /\

s
800m ' ¥ : /
700m - .

/W
600m

]I TA ,
NIk

400m /, / MICEAY /i \ N\ -'r j—

s00m N/ K S

200m >= . Q ‘

100m — ~
0

d = P0-0-0, Quad’™ Po-10-0, WHen = P00, Alwapi™ Po80-0; & ="Po-40%D, &8y = P0-50-0
JUN 21 duUsgdvianmisnaduideslugianinud 50 Hz-6.4 kHz.

'
o

! N A o4 . . v,
PO-20-0 VUMDY A98199UN 1 ABLEUENTUTU 100% - TUN 2 LHNU1819ANUIN 20% LA8UINLIN HNEL

(% '
v a

fuidileliliuofiaiunss 10 ndu - ufl 3 Aewsuidudu 100%
P0-30-0 * vanefis fregetudl 1 AeusiufEUdy 100% - Fufl 2 Bathensreuund 300 Tnevmidn s
furdulelaluosiatuuse 10 n¥u - $udl 3 AeunuihBudu 100%

Nndoyalumsteil 13 uazguil 21 uanmansinszinsgaduidos veausuihadslailifinbudy
lowaglaalududl 1 woe 3 udfinsusuidsudpduuimnahensneundfiduluiud 2 fuwe o, 10, 20,
30, 40, 50% lpgumiin TAenSVAEUTARUALIRALATI9ANAE 50 Hz QUi 6.4 kHz Wi urady
AT uvLspAuANAEE 250, 500, 1000, 2000 1BiMe muady TnenuinszdnBamnsgaduide
Juogiuvimuihevauundfivaduuiuinddy  fegwiifiussaviamnsgadudesdiuinnd  40%
visoAnidur NRC o Aeudlutisiidssaligilafnanzyssamydennioyfsieluie 4000-6000 Hz
Tneadeviavsnfio P0-20-0, P0-30-0, PO-40-0 kay PO-50-0 WU 2159, 26.78, 22.12, 39.24% Anuiddiu
qam"]LLNuﬂWSU%Mﬁlﬁlé’Lauﬁwmq P0-0-0 MfAedeinAy 13.81% uwivinfiansanusiazdismuiiany
sty
fheg PO-10-0 Aemaiiuthenseontnd 10% lasdntn aunsagedudeddflurisenudideaiiy

1000-2000 185n% Uszanal 30% (0.3)
freg19 PO-20-0 Aemsiiuthensrenunad 20% lastmiin asnsngedudeddfmurasmniideariy

2000-3000 85y Uz 43% (0.43)
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fheg19 PO-30-0 Aenaiiuthensaeuund 300% Tasntn annsagadudsddiluriseuiidsasity
1000 wag 3000 185n9UszaNM 47% (0.47) Uz 43% (0.43) mua1dy

fhog P0-40-0 Aemaiiuthesmontnd 40% laetntn aunsagaduidedldfmluriseudidsarinty
500 uaz 5000 WESnwUsEan 34% (0.34) Wag 45% (0.45) MUAAU

fhog P0-50-0 Aenmaiiuthensmontnd 50% lasdntn aunsagedudeddflurenudideaii
1000 Uag 2000 LEINTUTEUN 61% (0.61) Uz 53% (0.53) Aua1GU

yneaariUimanienenuEiinadlugnanasdsuusuiiineuazdiddesinsgadudedi
Uszavsnmauaninefuluusazdisndudes  emnnsziuanuds-Aesveadounnsiisiu - aenndesiu
anmanubuaseenisldon uasuunliuriedsvesmagaduidesiaginidegiuiuthilildifmhens
ponUd  dmsuuumsmsuusaiteiasyavBanmmsunuindudude  meideasifiuAuanaifine
dieliduresenspondndiisngunniuiofiussAnsamnsgadudedliady  Tesmadenldludesly
Afuaiun (NaHCOy) aslugmstnensneutndainysyaunsaifigiselfinerinisifoFeselesiioliiie
greuUMAvEINIAsUTsnTuerlesonmnty  adugnsfildnavesmsiuumena  neamdeu
Aoutnafifogns P0-20-0 uay P0-30-0 uwazUiugasidu P5-20-20, P5-30-20, P5-40-20 wamiwaitléiun
WIuiiteutudnadmils lnengluduresduduasndududulowaglas 5 uay 20% tasuwin dWelstudy
Fusidndniun wiuss fudmtihfuaranmsodietostudeddfivudontu wsvioudioummageduides
fuTanuiindusegui 22

d'm'ls@ﬂimﬁmwaﬁaﬁ!shﬂ 7 (Absorption Coefficient)

LLEIﬂﬂ']']&Iﬁ
125 250 500 1000 2000 4000
53*;71‘15 0.01 0.01 0.02 0.02 0.02 0.03
NITINAK 0.18 0.06 0.04 0.03 0.02 0.02
fulduuasa 0.29 0.10 0.05 0.04 0.07 0.09
liiaa 0.28 0.22 017 0.09 0.10 0.11
WINHU 0.02 0.06 0.14 0.37 0.60 0.65

3 -
VUNUADUNTA

ﬁayal_mﬂ ZEN ACOUSTIC
JUN 22 WEAIN1SLUSEUMEUAINISAATULEENTDIIEARN N
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a3UsgauANNinminvadlasin1sITeluyae 6 wauwsn

'
wa a

MningUszasdrasnmeaeskanuuinBUtuAsne AR ethe s Rrsd Ao fuaudRi
FOINITAD NITSULTIMNINAATULTIAALAY (Flexural strength or bending strength) Lﬁummmﬁaﬂﬁqqsﬁu
i nuamudou geduidssilasiFeufieutuiegiauiuiiunsamsdndldauial uasey wen.
219-2552  wiluihEudn  Teemsdenlihenssssurfrenunsiinientuesanlasnisiteuseneudae
60% LA 115 phr, 50% Sulphur 5 phr, 50% ZDEC 2.5 phr, 50% ZMBT 2.5 phr, 50% ZnO 5 phr $34
drouietaomawiniu 115 phr wuimsiisiheneenuns wasasuussodulouiimilontudulely
wriuihunsansdn saiinsdudulowaglas nelutuil 1 wostuil 3 veswsluhBuduazdamaivoustu
fusuimsenldaiae Aanuvunutiulnesin (Bulk density) dosas vilsiminunuhduduunamune
funsiesdusumianailpsmstmuadulowaglaafivmngaudniunafluiuil 1 asddedlutag
Uszanal 5-10% TastviinuasUimnandilefioangaudmiunafuluiui 3 asdidedlutisssann 20-
30% et dmsunsinieseenindfinientuesinlasimsitedaumngauniinslii
g1ansTannlud dHomnthemdtamludidadmaeutnstunnuazsidudesinsumssheanudoud
punpfigsisrannsadadlddaldmmnefunefouusuinudlulasnited  dufufuadudud 2
vowusuhiudilaanusadinievnouundlddus 5-40% tasdmin vlfdmarouiudduduiivieoy
I¢Fonusonistuusmiena mafumuanudoudl uwardinrwannsamagadudesiigiu uwidiesddonis
wily ludesesimanumnuiulaesan (Bulk density) Mfiatumnldvsmnanihersrendsluusuiihgudy
wndu TavimaiuUinanieseontndin Sududoufveumunvestuuiuhiududud 3 Thnnty
dorquvieunTatuihenenundd 2 andgmdnanmeitessiiiunsuugastiieseoulng
iy Tasmsinasfismosialufoslumiveiun (NaHCO,) adlugnsmstuzuuiuihdud uazan
mAfeildvhidoenmestudd 2557 uandasaionagamavesnmsiaaifiuiesadlugnassuminey
Undlpgmafiouiiouant@susingg anmsiuansiiurlesaessinde DNPT uwaz NaHCOswazynmg
fAfosdunstuguiiiniuasfiurenaiadouiosudifiashmvadevautinna  mamudouuas
nMsgadudssuNuinB USRS o L FL R
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Ul 22 Tasaai1anneganiauedauruensled a) s DNPT wag b) iy NaHCO, flunvestoya Tasanside
89 Nuchnapa Tangboriboon et al. (2014) Anw1N1THAAAUIUYNNDIAINYETTUTRVEA STR 5L Wi
asuiinies 2 vilado DNPT wagluideluasueiun
BNUNAASIT 2 SEB2IIAT 6 IHEUVAS
sEndneTuil 30 wgAInneu 2560 f 28 WgEAAN 2561

mngasnawieufiosausuimnulumeed 2 wer 3 idldedensegnsduiiduendid
dnvazduenales Taemadulofenluaiueiunadlugnsens Ssnusnugsamnsaltlafenluaueiun
Huastedamesld Tnsnaflafenluandvenluuinaivindunngns 3 % wag 5 % vessleieu
Fro819197idmaIuNSAN 0, 10, 20, 30, 40 WAz 50% WAIYNAITIATIEIAIANMUILILLL NFSULTIVNENE
audAvsaiuenudounasmagedudes  msBaansyvoshogausiuihivhnmstugdld  wenaninig
fAfldvinsuszneviunudrfumdnlassdhuuuildouhlunulasaianauihfowuuirunasdn
1A59AT1TAY

d' H s ¥ a a o A a ' a o a 3 a I
MI1519N 2 %ﬁmiu’]fJ'Nﬁ@ﬂJiJ'TJ@VlI‘ULG]NaQELUUﬂ%NLW@NEW]LLNUQU'JUEJU“U@J@@MW@?W]UWUqﬂﬁiiﬂﬂﬂmﬁaﬂiﬂqjﬂ

AUNANVBIUIYN9ABNUIIN

o
ATTNN

ansLail Fadrulnetminden Fadaulnetminusi

(nfu) (n3w)

60% LA-latex 167 100

50% Sulphur 10 5

50% ZDEC 5 2.5

50% ZMBT 5 2.5

50% ZnO 10 5

Yhninsau 197 115

3 gasdiunALYeINTATENeNaYiag

a1sLadl Fndilaemeinden Fndulaeminuge
(n3w) (n33)
13’1mﬂmgﬂmﬂmiwdaumauﬁﬂ 197 115
g19AaNUIRn
ansifiaves NaHCO, 5 5
Ywednsau 202 120

NUNBLYR MSW3ELFI0E19M A9 3 TvhnsraLienseRmuased 2 TaSaBeusesneundnieh
mMaduasifiuos NaHCO; (5 n5u) aﬂummmmaﬂa

Foumindenuazivdnuis aumnsed 3 Afmsdiansifiunos NaHCO, §auau 5 nSumad m”Luamﬂsm
WAYERTUIS

Frogasuiimaufisndunudselutie 6 Weundsmenisedsuwruiimauiitionsmeuunavdagaes
ogflutunanmietuiiaes Inetmunsiaiedisusiui Buduniinenamos Fxlso-x3 mnefa F Aeeianes
foam rubber, x1 Mnefs Tufl 1 vosduihdUTuTEsRLEIE e nsEaeNEL T AURB T B RiLAINY
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whussuaranimiin, x@ vneds duil 2 vewsuimendaduturessnsrenuniiiuivasiiumes
Tofenluaiveiun wag xa3 mnedsiuil 3 Aetuvudutuiegiulufamaunadssadutuiifubde
nszanwiflothuaminin sl uazandununsuan

3T 14 saegaiidinToudegnausuiine

SRAF9819 Fudt 1 Fudt 2 Fudt 3
fudufudude | srmeuundiindy | Bududiufude

NITAY ansifiuves NITAY

F5-0-10 (5 ¢ of NaHCO3) 5% 0 % 10 %
F5-10-10 (5 ¢ of NaHCO5) 5% 10% 10 %
F5-20-10 (5 ¢ of NaHCO») 5% 20% 10 %
F5-30-10 (5 ¢ of NaHCO5) 5% 30% 10 %
F5-40-10 (5 ¢ of NaHCO5) 5% 40% 10 %
F5-50-10 (5 ¢ of NaHCO») 5% 50% 10 %
F5-0-10 (3 ¢ of NaHCO») 5% 0% 10 %
F5-10-10 (3 ¢ of NaHCO») 5% 10 % 10 %
F5-20-10 (3 ¢ of NaHCO5) 5% 20 % 10 %
F5-30-10 (3 ¢ of NaHCO») 5% 30 % 10 %
F5-40-10 (3 ¢ of NaHCO») 5% 40 % 10 %
F5-50-10 (3 ¢ of NaHCO5) 5% 50 % 10 %

NNHanTAassmiBfeg Ui e ulns AN sdelufonluanueiunadugns
dhenspoutng wuimanuruuiulaemnasy (Bulk density) anasauandlumsed 14 YoNNLs
wuhuBnamadiuessialedeslumivownfiduaduthoseoundiinademaummiiuesduens
wownulu e dadunisinansiiiunes 5% azldrmiumunuiulasmasuitesnitgasiiuansifismes
3%  vewngaIMsg WU ey Andeyadanandisiulandlinsuiinisvinetslasusivadluusu
fvdumey  Swnliffeusarisandesiminuasdnnumuuiilnsnasuvesusui il
waznaiiuasfismedudadiufiuntufeeivssaninmluninianesnigluseuumdfigdy  dedoya
nandlumsnedl 15

gnINIsAUIN

] . 3 g v [ a
ANUUILUULAENATI (Bulk density, g/cm’) = Untin (n$u)/USums
(1719 x 817 x YW1, GAUIARLIURLIAT)

A1TN 15 AIRUBLILULLAERIaTI (Bulk density) U990 MU LINATY

SWARIDE1S Usunalahsuluasusiue Bulk density
U 3
(n3w) (g/cm’)
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HLHUSEUINTANIIAY - 0.5839 + 0.0603
Hhansuuudiuiunsanisan (Lifid) - 0.6997 + 0.0754
@) - 0.8504 + 0.1320
F5-0-10 (5 ¢ of NaHCO3) 5 0.6033
F5-10-10 (5 g of NaHCO5) 5 0.7879
F5-20-10 (5 g of NaHCOs) 5 0.7504
F5-30-10 (5 g of NaHCO5) 5 0.6719
F5-40-10 (5 g of NaHCOs) 5 0.6910
F5-50-10 (5 g of NaHCO5) 5 0.7036
F5-0-10 (3 ¢ of NaHCO») 3 0.7613
F5-10-10 (3 g of NaHCO») 3 0.8399
F5-20-10 (3 g of NaHCO5) 3 0.8266
F5-30-10 (3 g of NaHCOs) 3 1.0447
F5-40-10 (3 g of NaHCO5) 3 0.8485
F5-50-10 (3 g of NaHCOs) 3 0.7858
P5-0-0 0 1.0380
P5-10-0 0 0.9313
P5-20-0 0 0.8412
P5-30-0 0 0.8687
P5-40-0 0 0.8646
P5-50-0 0 1.0824

UGS %@gaﬁ’aaﬂwLLw'uihmeuﬁ"l,mﬁu@mmﬁuWeN P5-0-0, P5-10-0, P5-20-0, P5-30-0, P5-40-0, P5-
50-0 Wudeyanlevuguuwazneaeulilugag 6 Weuusn gnihunuieudisulunsed 15

NIINARBUNITTULIINADA (compressive stress) WIIAALAY (bending strength) waz N155UKIIEBARA
nzy
Y
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a) b)

NSNAFDUNIIIULIINGDA meﬁquamwwmmmmzJuaqmammm ANA: a)bAIDINAFDU
A155ULSIN9na (UTM), b) msmaauma'&”jmammg, o) wag d) NINAFBUNITFULIINADA (Compressive

strength)

Zoo
l
150
L e
E‘Uﬁ 24 a) E‘ULL‘U‘Uﬂ’]i@fﬂﬁ’)ﬁ]&hﬂﬁﬁ%%ﬂﬂ’ﬁ%ﬂ’dauLLaS b) msammmgwmmaammu NNATULND

nAdeULTITARARYY
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FMAFEUNNTIULSINASALUIYINUAZIYIEIY NNINULSIBARRAzYvBIiIeg Ui 3oulfann
lasamMAdgUeuiiguiuukudinaunsansmeaesein  (WHUSeUKTaTaUAN  LavluukyIunTouNuEh
A1) Auamsgu Nen. 219-2522 Tnensldiedosinvdaududayy dndetrausiuihiinioslsvun 25x33
maauinng hluaesuuuiensfinmuuuienuasmssamuunynmmguil 24a) ielildsetng
FUNULAEBUNTSULSINASA (Compressive stress) LaznN135ULIIAALAY (bending strength %38 flexural
strength) dm3UgUTl 24b) wansnsEaRnangindeaudosaduniuiinauilenaaouusidafnnzy Tnons
Tainliifnangemvszanm 2.5 47 neliuaeindefnuuusumunumnvesusuiiineuuddui
widovasangazlfiiuninaiidatuedomaaeuusiie (UTM) ilevilinisBaduiriameaauiinuudouss
uiruudvinsBaRntuuiuhduilyndiegnsiivhmmaaounsdnfamey



NAILATIZHNITSULSINNINAVDIUAUAD 819 WA

P13797 16 auUFAn19NaAUNITIULTINASA WIrnseLazLIITnRnnyYveIiiag LU NAY
EVGIZeBERN N53UKSINADA Max.compressive NTULIIAALAS Max. bending nsfuusBaRnnzy
(Compressive strength) stress (Bending strength) stress (Max. force, N)
(MPa) (N) (MPa) (N)
UL ULINIANTSAY 0.3110 331.333 + 113.407 6.315 £ 0.639 220.00 (L) 54.33 + 1.91
307.29 (W)
A8 UULYIUNTANISAY 5670 + 1.312 220.14 + 9.39 (W) 70.20 + 1.80
393.12 + 9.57 (L)

F5-0-10 (5 g of NaHCO,) 0.334 75.5124 - -

F5-10-10 (5 g of NaHCO:s) 1.863 372.6586 - - 68.35 + 3.04

F5-20-10 (5 g of NaHCO3) 1.953 432.4801 - - 105.98 = 22.21

F5-30-10 (5 g of NaHCO.) 1.020 284.2974 - - 171.30 + 68.92

F5-40-10 (5 g of NaHCOs) 0.868 232.4213 - -

F5-50-10 (5 g of NaHCO.) 0.711 193.1941 - -

F5-0-10 (3 g of NaHCO.) - - 0.567 122.00 -

F5-10-10 (3 g of NaHCO.) - - 0.456 88.00 -

F5-20-10 (3 g of NaHCO,) - - 0.858 149.00 -

F5-30-10 (3 g of NaHCO:5) - - 0.795 88.00 -

F5-40-10 (3 g of NaHCOs) - - 0.397 95.00 -

F5-50-10 (3 g of NaHCOs) - - Crack Crack -

P0O-0-0 (0 g of NaHCO,) - - 10.340 + 0.005 346.00 73.03 £ 25.96

P0O-0-10 (0 g of NaHCOs) - 10.930 + 0.005 366.00 73.03 £ 25.96

P5-10-0 (0 g of NaHCOs) - 5.720 + 0.005 190.00 80.90 x 47.31

P5-20-10 (0 g of NaHCOs) 0.829 + 0.227 (W) 100.75 + 21.87 (W) 7.110 £ 0.005 237.00 95.80 + 16.68




0.825 + 0.166 (L)

92.24 + 22.30 (L)

P5-30-10 (0 g of NaHCOs) 1.073 + 0.544 (W) 122.44 + 46.63 (W) 5.900 + 0.005 197.00 176.50 *+ 64.80
1.020 + 0.431 (L) 124.74 + 28.46 (L)

P5-40-10 (0 g of NaHCOs) - - 10.850 + 0.005 366.00 -

P0-30-10 (0 g of NaHCOs) - - 5.680 + 0.005 190.00 -

P10-30-10 (0 g of NaHCOs) - - 6.700 + 0.005 224.00 175.50 + 64.80

e - wadn liladiliunisne

dau

INNANAFDUNMTTURTININAEINTaTULAT

1. MsFuusanadavesiteg U uliaAnhesda e siiunedagianggns F5-20-10 a8lanuaansasunsangdulaginnsanaindl n155uuss

g9an (max force) AnddegaunuimallAdsansifiunes
2. MITuusainsevewiteg Ll ma N lamusaslidasiiunedaenizans F5-20-10 uag P5-20-10 Suuilduilndideeiu lluuummaiediufoas
AL UTINNE I ANTY kazdzanauleUSinaueduiniuly

3. pnuussBafangy Meograuruimmuneseulannlasinideniuiuiiesiivssansamlunisgafageanindiegsunuinlaladnings wazddngs
AWs9EARALEUELNTANITAT ABBeliUSUIaeNslukNLE WA uNNNTY mmaﬂmia‘lumiﬁmammzyjﬁ%lﬂmqﬁu TagnzUsuUe9RuUsEI 20-30%

gn5 P5-30-10, F5-30-10, P10-30-10

wiipgnslsfinny Inennsanluseaudfiniananainisiuusinadn (Compressive stress) M35UKIIAnI8 (Bending stress) wazn1stnfnnzy dnsnfuaziinng

WgauAegns F5-20-10 Uay P5-20-10
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NAILATIZHENUANIIAMNSaUVDILHUABE 198 LNAT

aNgNT 17 aUUAN19AINTOUVRIRIDE AU WAL AIULIRTFIN ASTM C518

B2 ERR NN INAFaU ANLNUT ANsANSou

() (m) (Thermal conductivity, K)
(W/m.K)

HuduSaureuan LnIAn1IAY 20-50 0.0084 + 0.0005 0.2186 + 0.0046
HNan8l UL TANISAN 20-50 0.0107 + 0.0005 0.2522 + 0.0078
F5-0-10 (3 g of NaHCO5) 20-50 0.0215 + 0.0005 0.1425 + 0.0005
F5-10-10 (3 ¢ of NaHCO») 20-50 0.0223 + 0.0005 0.1154 + 0.0005
F5-20-10 (3 ¢ of NaHCO5) 20-50 0.0212 + 0.0005 0.1177 + 0.0005
F5-30-10 (3 ¢ of NaHCO>) 20-50 0.0202 + 0.0005 0.1217 + 00005
F5-40-10 (3 ¢ of NaHCO») 20-50 0.0213 + 0.0005 0.0796 + 0.0005
F5-10-10 (5 ¢ of NaHCO5) 20-50 0.0208 + 0.0005 0.0952 + 0.0005
F5-20-10 (5 g of NaHCO5) 20-50 0.0214 £ 0.0005 0.0775 £ 0.0005
F5-30-10 (5 g of NaHCO,) 20-50 0.0217 £ 0.0005 0.0707 £ 0.0005
F5-40-10 (5 g of NaHCO3) 20-50 0.0219 £ 0.0005 0.0634 £ 0.0005
P5-0-0 (0 ¢ of NaHCO») 20-50 0.0278 + 0.0005 0.3387 + 0.0003
P5-10-0 (0 g of NaHCO5) 20-50 0.0293 + 0.0005 0.3145 + 0.0003
P5-20-0 (0 ¢ of NaHCO») 20-50 0.0315 + 0.0005 0.3343 + 0.0003
P5-30-0 (0 g of NaHCO5) 20-50 0.0332 + 0.0005 0.3077 + 0.0003
P5-40-0 (0 ¢ of NaHCO») 20-50 0.0326 + 0.0005 0.2945 + 0.0003
P5-50-0 (0 g of NaHCO5) 20-50 0.0381 + 0.0005 0.3577 + 0.0003

nsdnasiivrewialedenluasuen fduddusernsiinnudoufianameukudninmiu winuii
maiuthenesndsdaliduasiuredudeulumsveaiunadluusiudinmuardssadesonisgni
Souvoausuihmauiiisty mnearariinslieeeuundilifvansiulesUimasnnazyilisinisi
aufeuanausliifissnesionslinusserenuazaildddmgniusuiinsansidunsfaiinu
ihenmeandfiliifuasiunedadenlunsvaund  50%  dufusedrukuiinauiiiuasifumos
Todoulumsvaiunadlutheaound olituressnneuundeglusuensmes fegratu gns F5-20-
10, F5-30-10 Wwag F5-40-10 awdsnadsemsiduauiumiuiou amsthanudeuveausudineuiifisiba
ansiiuvlosnuugalaaimmninailéanusuiimaungani s
Hadvddndemmsthanusoudilathy nanfeusnumsiiinnesazdmasediutazvuavesgnguluens
Woa Mndinan (5 n¥U NaHCO,) avdwmaininnisiiution (3 n¥u NaHCO,) usfmdesdimiimunsauuiu
dievhlsituresenaeadinsdimiuudauss guieindasdsaivonisldoluszeren

YanNtUSUMaE s e wy

NALATIZIEUURNIW TV I UA2DE 9B NATY

M1397 18 auUAnspaduLdesvaiiogauEud N
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AR89 % Sound absorption coefficient and noise reduction coefficient (NRC)
250 Hz. 500 Hz. | 1000 Hz. | 2000 Hz. Avg. NRC.
FUN WS EUNIANTSAN 45.29 30.43 11.20 10.06 24.25 0.2456
ANl UULILNSANISAN 6.95 8.33 21.28 13.66 12.55 0.1255
F5-0-10 (5 g of NaHCO5) - - - - - -
F5-10-10 (5 g of NaHCO5) - - - - - -
F5-20-10 (5 g of NaHCOs) 56.02 17.26 6.39 6.02 21.42 0.2142
F5-30-10 (5 g of NaHCO5) - - - - - -
F5-40-10 (5 g of NaHCO,) - - - - - -
F5-50-10 (5 g of NaHCO,) - - - - - -
F5-0-10 (3 ¢ of NaHCO3) - - - - - -
F5-10-10 (3 g of NaHCO») - - - - - -
F5-20-10 (3 g of NaHCO5) 6.38 60.68 8.08 4.61 19.94 0.1994
F5-30-10 (3 g of NaHCO») - - - - - -
F5-40-10 (3 g of NaHCO5) - - - - - -
F5-50-10 (3 g of NaHCO5) - - - - - -
P0O-0-0 10.07 8.21 15.35 21.60 13.81 0.1381
P0-10-0 9.15 8.05 28.96 29.33 18.87 0.1887
P0-20-0 10.56 9.40 23.91 42.48 21.59 0.2159
P0-30-0 17.15 15.87 46.51 27.60 26.78 0.2678
P0-40-0 12.75 33.73 27.78 14.21 22.12 0.2212
P0-50-0 16.36 26.46 60.72 53.42 39.24 0.3924
F5-prevulcanized-10 17.72 11.92 5.93 2.79 9.59 0.0959

1A398519M1998011AVRA D¢

SEl . 10kV
STREC

RIS
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UM 25 1AS9a3N9NN99801ALUUNIARRAYIN (Cross-sectional area) YeuwsuiEUduAEUUULYIY 1NTA
AN5AN: a) MAIEIE 500 Wil way b) Madvee 5000 win

3 AL

X500 77 60yim

¥ 26 LASIAS 9N NYANIALUUNUNT (Surface area

SEl. 15kV 1 - =
STREC - STREC o LA

JUN 28 Tassasnemeganialuuinuil (Surface area) vosunuiBudunesaldainlasemidenounay
flulganszay: a) MAWeNE 500 W1 uag b) MAsweIY 5000 il

SEI  ASKVL _fo FE o TR xe00d Lygoum
STREC B W i

J—.j"m ,-“ f":

x5,000,
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a) b)
JUN 29 1AT9aT 19N N8NALUUAIARAYING (Cross-sectional area) vedwHuEdUduwIeLlaN
TASINNTIFYADUNANAUEBNTEAE: a) NMAI8Ne 500 11 kag b) Aaswens 5000 ¥

JUN 30 1AT9a5 NN e e s . BuguIaulaan
STREC - 4w is R ¢

LR o = SEI. 15kV v § = “x500 . 50um
ASTREC 7 4 Bt e f e ; 4 i g, ;

5UT 31 TassasimegamavesuiuiBudunaniuiganseany 20% Mwseuliainlasaniside: a) ae
ANYIN4 (Cross-sectional area) M&avene 500 11 wag b) Nuld (Surface area) AMdsveng 5000 i1

a2
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SElL € 15kV x500 50pm

YUVDIUNYNADUUNIAN L LALANANS L NU WD AU TU
5000 ¥

STREC

NUYY

¢
- . .
SEI  15kv ? ¥ — S £7X2/000 £ 10pm S -

§{ STREC! ' ; / ‘ AL A Fer ) '

JUN 34 guveaheneeudaiivansiiunedeisuluasusiun: a) Maswes 500 i1 b) Maswene
2000 Wi wag ¢) faerene 5000 i
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a) b)

UM 36 a) uay b) msdnwiuihanuieiesinu o mafnviniiegauduihiigndsasaieusey
d) Mmsdafnngindetainuuazazydadn  e) nsldainaanziiedainnyyuuiruinay
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JUN 37 $70g19n138alATalAUR A ULUUKYIY

1 1 1 a o l&l a
ATANUASLALENNATY 19U A15NIE ATRUNAY ASINUNTATN ASIIIANANBULNUR




c)

e)

d)

f)
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JUT1 38 WA uRNue: a) wag b) NM3a o) NM3asd dNMsuuIuikud 1wy e) uag ) MU

dyUNAaNIINAADY

mngesmawioufiogausuimeulunsed 2 wer 3 ideldedondegneduiiduendid
dnuasduenaies  Tasmaiduladeslumiveiunadugnssns  Sdlaevhlunudueamnsalilefesly
msvoiun Wuanstefismesls Insmsiduledeslunsususlutinaiivhfunngasvesmsmdudetng
gnefidndan 0, 10, 20, 30, 40 Way 50% UAIYNITIATILIAIANUALILLY MISULTIINa audhinisauiy

ANNTaULAENISAAd U NMsBafanyyvesieg1anyinnstugula wamedidulavinnisusenauBunun
Auwdniasaduuuildanumlvlunilasadianaiuih

a H s ¥ a a o A a i a o a 9 a I3
MI1F19N 2 Eﬂﬁ]iu’]ﬂ’]ﬂﬂ@mﬂ’]'ﬂﬂmlsﬁLG]?J@QIUEJ‘UGUQJLW@N@@LLNu@u’Ju‘EﬂJ‘?ﬁJﬂ@NW@ﬁWu’]Uqﬁﬁiiﬂsﬁqmﬂamﬂ"nﬂ

AUNANVDIUIY19ABNUIIN

a5Lail Fadulasminden | dnandaetminus
(nFu) (n3w)
60% LA-latex 167 100
50% Sulphur 10 5
50% ZDEC 5 2.5
50% ZMBT 5 2.5




50% ZnO 10 5
St 197 115

M5 3 gATHIUNANVRINTLATYUY 1D

RREIGHY Fndnlneminden | dadaulnstmdnus
(n3) (nfu)
5f1mqmgﬂmﬂmiwéaumam 197 115
dhennouU1s
NaHCO, 5 5
drminsa 202 120
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RUNBLNR N5ATEUAIDENMINATI9T 3 TevinnsHaLL819ARNUNIAES DS USTDUAINANTIN 2 LEIFIVIINITLRL
ansiitunes NaHCO; (5-10 ndn) aslutesiesenlivsunm 5 nsu

manudmiindenuazdmilnuie aun131ed 3 Adsasdiansifiares NaHCO, d1uau 5 niusaniy vislugasilen

WAZERTW

Mnuan1sivasiianes lededluasusiunaduansingnsrauuin nuIAETILLLlAEIIaT Y

(Bulk density) anasasianslunsnd 14 uenanddinuindsunaasiiunesdalanonlunisusiun s
adluing19AaUUINLNARDATIAUNLILLLYBITUE BRI UlY AB dadiunisiiuasiiuned 5 N5y azlaan

AuvuLLulagaTIileenIgnsmiaNa1siiuvles 3 N3 vemnansiieguNui Ay

A1599 14 ArpuvruLUulaeanasin (Bulk density) U990 19MHUELNATY

SR04 Usunadleipenluasuoiun Bulk density

(1) (g/cmz)
AuduSaunsanIsA - 0.5236
HNan8luURIIUNTANITAT - 0.6441
P5-0-10 5 0.6033
P5-10-10 5 0.8826
P5-20-10 5 0.7504
P5-30-10 5 0.6719
P5-40-10 5 0.6910
P5-50-10 5 0.7036
P5-0-10 3 0.7613
P5-10-10 3 0.8399
P5-20-10 3 0.8266
P5-30-10 3 1.0447
P5-40-10 3 0.8485
P5-50-10 3 0.7858
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mﬂiﬂiqmﬁ%’aL'%'aaLwiuﬁhl,wmmjﬁ@@ﬂ%’mﬂamwaﬁmﬁaaﬁwmaﬁismﬁmaﬂamﬂnﬁﬁm%’umiﬂizqﬂﬁ
Tnusenamnssureadslstoasudedeluil

1. nsuaauN U WA ulnsmATiANISWLUY (Slip casting) warmsiuhenenUnmieney
weAnanusaiisdnlaoue 0-50% Tnevmidn uwuuweudy (sandwich) dswadienisldnulussasen
Fupnsogimilurosusiuhfaglidnauniusuny  fedrukuihdindeulfannsodasenoy Aads
pnussldde ansew dildounniuld

2. madussdurledefouluasuaiumissanm 10 % Taetmiin adugasiheneeuudae
deadreautAiviamen  meeafou  mageduidss  LessnwesermaiiAnainnsvaauesing
msveulaeenles (CO) semimsvuisadiensglens wwtieililasaiaianmsnessh Tdesineniely
Tassade uastwanidesananugauieu (Specific heat) veastusnauund mselasndnnsily o1
dimanugaudon (Cp or Qv) figsnnniriasUssandug Weldsuanudoulussesnafivinfu fudu
mMaduasiiunesfaztisanidesmamuneaudouldd  wenanimsifiuansfurlesdanansatsane
Anumuwiulaginas (Bulk density) wazifinuszavsnmenunsgeduidsdugiunudmldfvislurag
Aaf 250-500 Hz. Fadugrupudveadsssumuvdedsinuiiulaeilulsd

3. FnawniuusiuihAldgeennunniin Wesmniesneundiieienld anmnsadeduasBa
Pnsgvisturosuiuiildnielussesnatdu ussvannnistugiiase Funuilldgminlusuuis niseuusis

Y I

Funudunisvasimansgurosendlilasmsden dsaliusuihfiedouldinuudusaiui

o yeweshosausuihfiniouldtuegifutimanienenunduarasiaiiflfiiuadudy
vongnaunddluilegszrinsduiudy Tnsfiemeswdnsusisiuegiunamhenduremainuay
asefifillunisasgueng
51A1UIHIUAUYUUEUE WAL 1 UHY YU1A 25 x 35 MITITURIAT ANUVUIUTENNN 1.5-2.0 T4,
4.1 wadudu Uszn 1 an. 5 um
4.2 dloumuaziwaglea 1-1.50 U

4.3 wuuiinlun1sTugy 20 U (ansaldgrlauszana 500 ATY)
4.4 WgneenUndwaza AN Tosian1sTusY 1 uiulssana  20-22 um
4.5 Adandue Wy ansvaeiu Ulsen Ussunw 1 um

4.6 ALSINUNISHER 1 Aau (1 weulgianuseunn 20-30 w9) 1wk Useann 12 um
4.7 mlilihdmunisou viensieminuan (n13eu 1 A anunsaldduauldlseana 12-15 Fu)
Andnlnlfginay 3 UIn Ussanauruay 2 U
STAduUENFUlAUSEI 5+1.5+0.05+22+1+12+2 = 43.55 U flousuTuy
WINFINURBALT 1 mM519RT SIARARTaeTildainTasinsidy ssiisiAUseana 436-480 uwse
msans esndesldusiududuneunednihensreundimsenldussann 10-11 dons1auns
(AUIANVUIALKY 25 3. X 35 F3.X 2 %al.)
vunewin AL mauBUdunTAn1sAT uIA 60 YA X 60 @ X 1 %38 1.5 @,
1. wuuSeuinlu 20 U dewsiy
2. wuulhaie 20 UMFBLHY (1 UWAKIDYWD = 1 A1519LUAT Useunae 300-400 UTN)
3. wuulnasuazdd 30 umsauHY (1 UWAKSNWD = 1 A1519UAs Useunad 500 Un)
wazwiuiIRIUEEUNIANITANYUIN UG 1.20 X 2.40 A1TIUAT FIANDLHUINIUYLA
1. WUURULIBU 51AUsZIN 170-200 U
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2. uuunuieu s1AUszuna 300 UM

LONE5919D9
101 w3 Uhand nguauHsLniLags T dinudmanan nsugpaMnTTIuIuLAEN1TTToaus,
2552, 38 N
10.2 Clifton, J.R. Thermal Analysis of Calcium Sulfate Dihydrate and Supposed & and (3 Forms of
Calcium Sulfate Hemihydrate from 25 to 500°C
10.3 Cengel, Y.A. Heat and Mass Transfer, 3rd, 842-850.
10.4 Al-Homoud, M.S. Performance characteristics and practical applications of common building
thermal insulation materials, Building and Environment, 40 (2005), 353-366.
10.5 Callister, W.D. Materials Science for Engineering., John Wiley & Sons, Inc. 2007,7th, 806 pp.
10.6 Newman, E.D. and Wells, L.S. Heats of Hydration and Transition of Calcium Sulfate, Journal of
Research of the National Bureau of Standards, 20 (1938), 825-836.
10.7 Weber, B. Heat and Mass Transfer in a Gypsum Board Subjected to Fire, Proceedings of the 2011
COMSOL Conference in Stutteart, 8 pp.
10.8 Dai, D. and Fan, M. Preparation of bio=composite from wood sawdust and gypsum, Industrial
Crops and Products, 74(2015), 417-424.
10.9 Gencel, O.Jose del Coz Diaz, J., Sutcu, M., Koksal, F., Pedro Alvarez Rabanal, F., and Martinez-
Barrera, G., A novel lightweight gypsum composite with diatomite and polypropylene fiber,
Construction and Building Materials, 113(2016), 732-740.
10.10 Muhammad, B. and Ismail, M., Performance of natural rubber latex modified concrete in acidic
and sulfated environments, Construction and Building Materials, 31(2012), 129-134.
10.11 Tangboriboon, N.; Deechaiyapum, H.; Petcharoen, K.; Sirivat, Anuvat, Effect of Alumina Particles
Embedded in Natural Rubber Foams on Cell Morphology and Thermo-Mechanical Properties,
INTERNATIONAL POLYMER PROCESSING, Volume: 30, Issue: 1, 82-90, Published: MAR 2015
10.12 Tangboriboon, N., Rortchanakarn, S.,Petcharoen, K, Sirivat, A. Effects of foaming agents and
calcium carbonate on thermo-mechanical properties of natural rubber foams, Polimeri, 35 (1), pp. 10-
17.
10.13 PCT WO 81/02010 Plaster products and a process for the production thereof, 23 July, 1981
10.14 US 8793897B2 Process and device for stabilizing, cooling and dehumidifying gypsum plaster, Aug
5, 2014


http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=R2AC6uSjoiS5ARGHdRQ&page=1&doc=2&cacheurlFromRightClick=no
http://apps.webofknowledge.com/full_record.do?product=UA&search_mode=GeneralSearch&qid=1&SID=R2AC6uSjoiS5ARGHdRQ&page=1&doc=2&cacheurlFromRightClick=no
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=15074476900&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56598106200&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=54791538800&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7004577697&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84928016243&origin=resultslist&sort=plf-f&src=s&st1=Tangboriboon%2c+N.&st2=&sid=22BBD10DF5216DDC2E2AC6FB4BE3F189.53bsOu7mi7A1NSY7fPJf1g%3a10&sot=b&sdt=b&sl=29&s=AUTHOR-NAME%28Tangboriboon%2c+N.%29&relpos=1&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84928016243&origin=resultslist&sort=plf-f&src=s&st1=Tangboriboon%2c+N.&st2=&sid=22BBD10DF5216DDC2E2AC6FB4BE3F189.53bsOu7mi7A1NSY7fPJf1g%3a10&sot=b&sdt=b&sl=29&s=AUTHOR-NAME%28Tangboriboon%2c+N.%29&relpos=1&citeCnt=0&searchTerm=
https://www.scopus.com/source/sourceInfo.uri?sourceId=14431&origin=resultslist
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10.15 US 6746533B2 Quick drying plaster, Jun 8, 2004

10.16 US 4804688 Open3cell foamed gypsum insulation, Feb 14, 1989

10.17 US 4523954 Process for manufacturing cellular plaster and molded plaster articles, Jun 18, 1985
10.18 CA 2044168 Plaster foam with porous structure, a process for its preparation and its use,
1990/03/13

10.19 CN1884767 (A) Modified gypsum thermal insulation material for wall

10.20 CN 104311111A Method for preparing movable gypsum floor tiles by using desulfurated gypsum
10.21 US 3915919 Gypsum composition, Oct 28, 1975

10.22 US 2002/0128352 Construction board materials with engineered microstructures, Sep 12, 2002
10.23 US 3758362 Dual layer adhesive system, Sept 11, 1973

10.24 US 3852083 Manufacture of plaster of paris products containing latex, Dec 3, 1974

10.25 Dick, C. E. and Deidre A. H. Thermal analysis of calcium sulfate dehydrate sources used to
manufacture gypsum wallboard, Thermochemical acta, 639 (2016), 173-185.

10.26 Samuel, L.M. Suel-Hyun, P., Tensei, M., and Dale, P.B. Measurement of thermal properties of
gypsum board at elevated temperatures, Proceedings of the Fifth International Conference on
Structures in fire, (2008), 656-665.

10.27 Padevét, Tesarek, P., and Plachy, T. Evolution of mechanical properties of gypsum in time,
International journal of mechanics, 1/5(2011), 1-9.

10.28 0N, 219-2552 1ASFIUNAATATIgRENMNTTH: WNLBUFY, ISBN 978-974-292-900-8, 16 i

10.29 wwsgunivvestl gy, ceiling, 4 %

10.30 ﬁwﬁﬂmummgmwﬁmﬁmszﬁqmammiu iwastﬁaméwﬁmmu@ﬂ%u AUNDN.219-2524, 1 Wi

10.31 JP2013124533, 2015 06 16, A Lead board attached with gypsum board, and removable release
sheet for application to the board

10.32 JP2013072859A, 2015 06 16, Lead board with gypsum board and adhesion layer forming

composition used for forming lead board



AMARNUIN

Absorption Coefficient (5P-0_S, Combined - C)
5P-0_L combined with 5P-0_S

900m

800m

™\

700m

/I \

G00m

500m

400m

300m

200m

100m t

900m

2k 25k 3k 35k 4k 45k Sk 55k 6k
[Hz]

B00m

700m

B00m

500m

400m

300m

200m

100m

900m

B00m

700m

600m

500m

400m

300m

200m

100m 1

B00m

2k 25k 3k 35k 4k 45k 5k 55k Bk
Hz)

700m

B00m -

500m =




Absaorption Coefficient (5P-40_S. Combined - C)

5P-40_L combined with 5P-40_S

. AN
o /1
o [\
i /

~ |

500m / \ /-
400m
300m /
200m e
\\.m " —
100m
0
Absorption Coefficient (5P-50_S. Combined - C)
5P-50_L combined with 5P-50_S

200m

B00m

T00m

600m A

e VAN A

" AN

i N

200 “‘-L__...f-'*'_—'__'—“‘“\\\
o ™

0 500 1k 1.5k 2k 2.5k 3I<IH 13.5k 4k 4.5k Sk 5.5k Bk
rd

Absorption Coefficient (5P-50_5S. Combined - C)
5P-50_L combined with 5P-50_S

. N N\

w00 AR A 1\

o ARV [\

e [ AL A [ |\ |
ok AN/ N AU N NS
b X LYT N A TN /T NN
. JANINEIR [ N lJ

/
200m-g— 11 ;@M/w % \Er:ug%‘.%%




53

Y Aa <

%aﬂﬂLWULLazﬁaLﬁuaLLugsuﬂ fia dnn.
1. Maniiumsideusy Selainulymviseavassalasalasensidey
2. Q%ﬁalﬁmmaaa‘ﬁugﬂLLN'uEhSﬂei?uimeJmilﬁmfwmﬂﬁﬁuﬁmﬁﬂamnﬁﬁﬁmdw 0, 10, 20, 30, 40, 50% Tagtmin WU
Wanenasssumfnendusinasn 40% way 50% lastmiin azdsalinstuguusiuihiifienumunann dwiinseusi
1N

3. myauansuLRuuvedassmsduluaudeiauslasinisg deilsvaviden fail

STELLIan Aanssu wana1nIacla

6 Wouii 1 | AnwiednaukuiBuduinsanisfuazinion| deyamaimnindesiu dmiuliuusegasi
Tnaululasensidy WnzaLTige

6 foufl 2 | nistugliariinsisvinainuasuaranth | gasuiuihdudurouwednineesTsnmines
ysrudoulaznspadudsiunduty | Undfongadlumsndstunudusoy

ARUNBENUNN95TSUYIRRBNUIAEREIU O,
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PRODUCT DATA |

Impedance Tube Kit (50 Hz — 6.4 kHz) Type 4206

impedance Tube Kit (100 Hz - 3.2 kHz) Type 4206-A
Transmission Loss Tube Kit (50 Hz = 6.4 kHz) Type 4206-T

Britel & Kj=r offers o complete range of tubes for acoustic
materigl testing meosurements such as acoustic impedonce
and admittonce, as well as the coefficients for sound
absorption, reflection and transmission loss,

10162

Applications

S s T KO TR

150 105342 Type 4206
ASTM E1050=12. °| -+ Type 4206 | iHEge0
ASTM ELOS0-132 Type 4206-A

ASTM E2611=09:

TType 120577 |G

Uses
S Type i|«Type | Type
4206 | 4206-A | 4206-T
B | S0Hz-1.6kHz . .
= | 500 Hz = 6.4 kHz . M
rndanceﬂ:-'-_ﬁﬁ, A |
w | Acoustic admittance . . *
g st O Ll W
E Sound absurpti;or.n Il -. . .
= | coafficlent
e i G ROCH
Features

« Measurements based on the two-microphone transfer-
and
ASTM E1050-12 international standards for absorption

function method according to 150 10534-2

coefficient and ASTM E2611=09 for transmission loss

« Horizontal mounting of orientation-sensitive materials;

simulation of measurements on hanging ceilings
« Wall mountable

+ Part of a complete acoustic material testing system featuring

Briel & Kjeer's PULSE™ system

-

-

Characterization of an acoustic material’s properties
Testing specified materlal characteristics
Determining input data for acoustical modelling

For research purposes

Benefits

Mormal incldence parameters are determined

East and accurate measurements

Large frequency range achieved using tu bes of various
diameters and microphone spacings

Use of small samplaes

Easy to assemble and disassemble

Brilel & Kjeer =&~
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Why Test Materials?

With today's growing focus on noise-control issues and the emergence of sound quality as an important
aspect of product design, acoustic material testing is becoming increasingly relevant to engineers,
designers and manufacturers from a broad range of industries. For example, it is crucial to predict the
impact of using specific noise-contral materials at an early stage In the development of equipment or a
machine. Simulation software can help make the prediction if the acoustic characteristics of the materials
have been accurately specified.

Acoustic material testing is the process by which acoustic characteristics of materials are determined in
terms of absorption, reflection, impedance, admittance and transmission loss.

Many different methods can be used to determine the acoustic properties of materials. These metheds
mainly involve exposure to known sound fields and meas uring the effect of the material’s presence on the
sound fleld, and in order to ensure accuracy and repeatability, there is a range of standards covering
material testing that prescribes well-defined acoustical conditions and special instrumentation.

Impedance Tubes
The Two-microphone Transfer-function Method

Fig. 1 Mic. 1 M. 2 A sound source {loudspeaker} is mounted at
Schematic diogrom of one end of the impedance tube, and a sample
the impedonce tube sound Saurce ﬂ r] Test Sample Holder of the material is placad at the other end {see
for the two- : | Fig. 1). The loudspeaker generates broadband,
microphone transfer- —_ ' stationary random sound waves, which
function method

- L. propagste as plane waves in the tube, hit the

[ Backplate sample and reflect. The propagation, contact
' and reflection result in a standing-wave
interference pattern due to the superposition
of forward- and backward-travelling waves
inside the tube. By measuring the sound pressure at two fixed locations and calculating the complex
transfer function using a two-channel digital frequency analyzer, it is possible to determine the sound
absorption and complex reflection coefficients and the normal acoustic impedance of the material. The
usable frequency range depends on the diameter of the tube and the spacing between the microphane
positions.

TN DN

0I3009TLE

This method is described in both 150 105342 and ASTM E1050-12,

impedance Tube Kit (50 Hz - 6.4 kHz) Type 4206
Type 4206 consists of:

« 3100 mm diameter tube (large tube)

+ 229 mm diameter tube {small tube)

+ sample holders (29 and 100 mm}

+ extension tubes (29 and 100 mm}

Components can be assembled into two different setups:
« 3 large-tube setup to measure parameters in the frequency range from 50 Hz to 1.6 kHz
« 3 small-tube setup to measure parameters in the frequency range from 500 Hz to 6.4 kHz

The large tube has a loudspeaker at one end, and a frequency-weighting unit is also provided. The
following three types of weighting are selectable:

+ high-pass — for high-frequency measurements in the small tube

« linear - for measurements in the large tube

» low-pass — for extra measurement accuracy below 100 Hz



Fig. 2
Type 4206 large tube
setup

Fig.3
Type 4206 smiall tube
setup

Fig. 4
Type 4206-A, medium-
tube setup

In the large-tube setup, the large sample holder is mounted
directly to the open end of the large tube {Fig.2). The large
tube has three couplers for mounting microphones fiush
with the inside of the tube. Flush mounting couples the
micraphone to the sound field in the tube and prevents
leakage that would cause measurement errors.

In the small-tube setup, the small tube is mounted to the
open end of the large tube [with the loudspeaker), and the
small sample holder in the small tube (Fig.3). The small
tube has two couplers.

The effective length of each configuration can be changed
by fitting one or two extension tubes and by changing the
position of the sliding pistan inside the sample holder.

Measurements are made with two %" Condenser Microphones Type 4187, which are supplied with
Type 4206 and are specially designed to reduce errors due to pressure leakage at high frequencies.

Impedance Tube Kit (100 Hz - 3.2 kHz) Type 4206-A
Type 4206-A consists of:

s+ 3100 mm diameter tube (large tube)

+ aB3.5 mm diameter tube [medium tube)

+ asample holder (63.5 mm)

Type 4206-A is specifically designed to cover the freguency range from 100 Hz to 3.2 kHz. This allows the
comparison of data measured using the tube with data measured using the reverberation room method of
ASTM C423-53a.

In the medium-tube setup, the medium tube is mounted
on the open end of the large tube {with the loudspeaker},
and the medium sample holder In the medium tube
{Fig. 4}. The medium tube has three couplers for mounting
microphones flush with the inside of the tube. Flush
mounting couples the microphone to the sound field in the
tube and prevents leakage that would cause measurement
errors,

The effective length of the configuration can be changed by changing the position of the sliding piston
inside the sample holder.

Measurements are made with two %" Condenser Microphones Type 4187, which are supplied with
Type 4206-A and are specially designed to reduce errors due to pressure leakage at high frequencies.

Applications for Types 4206 and 4206-A

Types 4206 and 4206-A can be used to measure the acoustic properties of small test samples, including
composite materials {for example, ceiling tiles) and irregular materials {for example, fissured acoustic
tiling). The piston backplate, onte which test samples are mounted inside the sample holders, can be
withdrawn in order to produce an air gap behind the test sample. This can be used to simulate
messurements en hanging cellings. In addition, both Impedance Tube Kits can be mounted vertically in
order to make measurements on arientation-sensitive samples, which must be mounted horizentally (for
example, granular materials).
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Compliance with Standards

c e The CE marking is the manulzcturer's declaration that the product meets the requirements of the applicable EU
{@} directives
RCM mark indicates compllance with applicable ACMA technical standards — that is, for telecommunications, radic
@ E communications, EMC and EME
. China BaHS mark indicates compliance with administrative measures on the control of pollution caused by

electronic information products accarding to the Ministry of Information Industries of the People’s Republic of
China
WEEE mark indicates compliance with the EU WEEE Directive

[Safety ENJIEC 51010-1: Safety requirements for electrical equipment for measurement, contrel and laboratory use
ANSI/UL 51010-1: Safety requiremeants for electrical equipment for measurement, control and laboratory use

EMC Emission EN/IEC 61000—6-3: Generic emission standard for residential, commae rcial and light industrial environments.
EN/IEC 61000-6-4: Generic emission standard for industrial environments.
CISPR 22: Radio disturbance characteristics of information technology equipment. Class B Limits.
FCC Rules, Part 15: Complies with the limits for a Class B digital device,
This 150 device complies with Canadian ICES—001 (interference causing equipment standard).

EMC Immunity ENJIEC 61000—-6-1: Generic standards — Immunity for residential, commercial and light industrial environments.
EM/IEC 61000-6-2: Generic standards — Immunity for industrial environments.
EN/IEC 51326: Electrical equipment for measurement, contral and laboratary use — EMC reguiremants.
Note: The above is only guaranteed using accessories listed in this Product Data sheet.

Temparature |EC GUOBE—2-1 & IEC 600G8—2-2: Environmental Testing. Cold and Dey Heat.
Operating Temperature: +5 to +40 °C (41 to 104 °F}
Storage Temperature: =25 ta +70 °C (—13 to 158 7F)

Humidity |EC GDDGE—2—78: 90% RH {nen-condansing at 40 °C)

Mechanical Mon-operating:
IEC 60068~ 2-6: Vibration: 0.3 mm, 20 mn/s?, 10500 Hz
IEC BOOE8—2—27: Shock: 1000 m/fs
EC 60058-2-29; Bump: 1000 bumps at 250 m/'s*

Other ASTM E1050-12, ASTM Ca23-99, IS0 10534-2, ASTM E2611-09

Specifications — Types 4206, 4206-A and 4206-T

FREQUENCY RANGE

Small Tuba: 500 Hz to 6.4 kHz
Medium Tube: 100 Hz to 3.2 kHz
Large Tube: 50 Hz to 1.6 kHz

ZERD ABSORPTION

{calculated in 1f3-octave bands)

S50 Hz to 4 kHz: < 4%
5 kHz to 6.3 kHz: < 10%

TUBE DIMENSIONS

ASSEMBLED SETUP PIMENSLID N5

Small Tube {length) : 1050 mm {41.3")
Medium Tube (length]: 910 mm (36"
Large Tube [length) : 900 mm (35.47)

TL Small Tube {length): 1280 mm (50.4")
TL Large Tube {length): 1370 mm {53.9")
Total Width: 140 mm (5.5")

Total Height: 240 mm {9.5")

%" CONDENSER MICROPHOME TYPE 4187
To optimize the measurement accuracy of Type 4206, the micraphones

have a non-removable protection grid that forms an airtight front
inner Dlameter M“:; 5":‘5”“ cavity, This gives a coupling between Type 4206 and the microphenes
mm (in) gt that is well-defined with respect to phase
mm [in} Open-circuit Sensitivity (250 Hz): 4 my/Pa (—48 £ 3 dB re 1 V/Pa)
Capacitance (250 Hz): 6.4 pF, typical
;ﬁ:ur;e;fé;;szhe 623?5:?2;.153] ggg gg; Freque %E:Hﬂewnnse Characteristic (Flush-mounted) £ 1 dB:
Large Meas. Tube 100 (3.9) 440 (17.4) N il an
Small Sample Holder 29 1.1} 200 {7.9) POt Tolee i
mMedivm Sample Helder £3.5(2.5) 200 {7.9) LOUDSPEARER
Large Sample Holder 100 {3.9) 200 (7.9} Miax. Average Power: 10 W at 20 °C (58 °F)
Small Ext. Tubes 29 (1.1) 200 (7.5} wax. Pulsed Power: 50 W for 2 5 (limited by protection circuit]
Large Ext. Tubes 100 (3.9) 200 (7.9 Impedance: 4 £
Small TL Tube 29 (1.1} 150{1?.4! Diameter: 80 mm {3.2%)
Large TL Tube 100{3.9) 260 {10.2)
small TL Sample Holder 29{1.1) 85 {2.9) boipiep bl e ACCESSOME]
Large TL Sample Holder 100 (3.9) 150 (5.9} 12 kg (26.5 Ib)

* pddd 200 mm for each extension tube used
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Ordering Information

Type 4206

1

impedance Tube Kit (50 Hz — 5.4 kHz}
necludes the following accessories:

« 2% Type 4187; K" Pressure-field Microphone
« 2% Type 2670: K* Preamplifier

» UA-1117: Large Measurement Tube
« UA-1118: Small Measurement Tube
+» UA-1119: Large Sample Holder

« UA-1120: Small Sample Holder

« D5-0864: Large Calibration Sample
» D5-0865: Small Calibration Sample
» 2 x DB-3260: Large Extension Tube
« 7% UA-1168: Small Extension Tube
. 3% DP-0B21: Dummy Microphone

Type 4206-A

Impedance Tube Kit (100 Hz - 3.2 kHz)

Includes the following accessories:

« 2% Type 4187: X" Pressure-field Microphone

« 2% Type 2670; K" Preamplifier

+ UA-1117: Large Measurement Tube

« UA-2033: Medium Measurement Tube with Sample Holder
» D5-1046: Meadium Calibration Sample

« & DP-D&21: Dummy Microphone

Type 4206-T

Transmission Loss Tube Kit (50 Hz — 6.4 kHz)
Includes the following accessories:
« 4 % Type 4187: X" Pressure-field Microphane
« 4 Type 2670: X" Preamplifier
« UA-1117; Large Measuremnent Tube
» UA-1118: Small Measurement Tube
UIA-1530: Transmission Loss Measurement Tubes
UA-1119: Large Sample Holder
UA-1120: Small Sample Holder
3 % 05-0864: Large Calibration Sample
3 % D5-0865: Small Calibration Sample
2 « DB-3260: Large Extension Tube
2 % UA-1168; Small Extension Tube
3 % DP-0821: Dummy Microphone

Briiel & Kjzer and all ather trademarks, service marks, rade names, logos and product names are the gropersy of Briel & Kj=r or & third-party company.

Optional Accessories

Type 2735 2 % 35 W Measurement Power Amplifier

AD-00E7-D-004  Cable, BNC (M) to BNC (M), 0.4 m (1.3 ft)

WL-1325-0-020  Cable- Speakon 4-pin (F} to 2-way Banana,
2m (6.6 ft)

WB-3540 Power Supplier for WE-3541

WEB-3541 Pawer Amplifier

Type 4231 Sound Calibrator

DP-0775 Adaptor for ¥ Microphones (for Type 4231)

UA-2033 Medium Measurement Tube with Sample Holder
{for Type 4208)

UA-1720: sample Positioning Tool for Type 4206-T

Typical Systems

Acoustic Material Test = Single-sided

+ Type 7770-N2: PULSE FFT Analysis

« Type 7758: PULSE Material Testing

« Type 3150-4-042: Generator, 42-ch. Input/Cutput Module LAN-XI
51.2 kHz

« UA-3102-042: LAN-¥I Front Panel, Generater, for 200V Microphone

Acoustic Material Test — Double-sided

« Type 7700-N4; PULSE FFT & CPB Analysis

« Type 7758: PULSE Material Testing

« Type 3160-A-042: Generator, 4/2-ch. Input/Output Module LAN-XI
51.2 kHz

+ UA-3102-042: LAN-XI Front Panel, Generator, for 200V Microphone

Seryices

Factory calibration is included with delivery of Types 4206, 4206-A and
4206-T

QPTIONAL SERVICES

4206-CFF Impedance Measurement Tube, Factory Standard
Calibration with Calibration Chart — annual

4206-EW1 Extended Warranty — ong year extension

4206-TCF Conformance Test with Certificate — factory test

with staterment that the instrument operates to
specifications

1

Briie] & K[=r Seund & Vibration Measurement AfS

DK-2850 Maerum - Denmark « Telephone: «45 77 41 20 00 - Fax: +45 45 80 2405
v, kg, com - info@bkav.com

Local representatives and service organtzations worldwide

Aithaugh reasonable eaee has beon 1aken 1o evduhy e Information in s decunmest |5 ancurabe, pOYHNE
Ferenean beconitiesd Wmeprmntﬂlnhleﬂaﬂl‘erIhllw'l:".hlwhqlﬂmnH!nﬂhmr
i i istended 1o Rorrm the besls of amy conlract. Camtent b subjact to change without motice = coatiil

Briiel & Kjzer =&
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THERMAL CONDUCTIVITY TESTER

He-0/74-200

Conforms  ASTM-C518

. ' . . . 150-830
HC-074-200 is a microprocessor-based instrument for testing materials JIS-A‘I41;

in the conductivity range of 0.005 to 0.8W/mK such as plastics, rubber,

urethane, styrene form and rock wool in research and development and quality cantral.

Its state of the art electronics developed specifically for thermal conductivity testing instruments

gnsure precision.

The measurement orocedure of the instruments is fully automated.

The greatly reduced size and weight of HC-074-200 makes it extremely easy to operate,

Because of its speed and ability to have up to 9 setpoints entered at once it is extremely labor efficient.

FEATURES

W High sensitivity transducers

A revolutionary high output Thin Film Heat Flus Transducer and a type £ thermocouple provide accurate readings of
the sample's surface temperature and heat flux

W Advanced electronics

A 24 bit AT corwerter and a digital signal processor provide 0 6uY resolution yickiing temperature cantrol and reschition of 001G
W Accurate thickness measurement

& saphisticated digital alate pasition contral syster with readout in all four corners of the specimen provides +/-
0.025mm accuracy in Lhickmess measuremend,

W Precise results

Extensive testing at various locations has shawn that HC-074-200 have a repeatability of 0.2%, a reproducibility of
0.5%, and when the high accuracy calibration mode is used an absolute accuracy of better than 1%,

B Time of tests

The powerful data acquisition system, the low thermal mass solid state cooling/heating plates and the multistage PID
algoritnm can be reached and contralled to 0.01°C in a fow minutes. The dual transducers and advanced electronics
provide results for 1" thick specimens accurats to within 1% of final steady state results in less than 10 minutes.

| Calibration

Twoe modes are provided. One calilbralion uses the NIST 14500 standard. The other employs a special high accuracy
MIST traceable calibration standard accurale lo within 0.5%. Calibrations can also be performed by the user
employing their own calibration samples. As many calibrations as desired can be stored on the PC and sent to the
instrument at any time.

m WinTherm Software

Increased flexibility is made available through the software used under Windows. All the test parameters can be setup and
ehanged at any time during the Lest, with the ability v review data in a variety of formats incluging graphs. 1t also provides
pxtensive automatic data sierage on the hard disk,

B Automatic Sample Feeder (Option}

The feeder is available an HC-074-200 with the ability to automatically load and test 21 17 samples. Each sample’s
results and data are stored on the PC,
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| STRUCTURE AND PRINCIPLE

Heat smk

AL
N = ek - Thesma-mcdule

™ Tost sperimen

Circulabor
[ophica)

Printer [aptien)

Caomputer
Soltware
Taarinn

e oot llaww lransduces

The thermal conductivity of a specimen (A} is determined by
the lollowing Lhe equation;

A= s oy el -; Q " %

Vehedo Qe is the output of the upper heat flux transducer, QL is
the cutput of the lower heat flux transducer, Lis the thickness
of the specimen and AT 5 the temperature difference between
the surfaces of the specimen.

The upper and lower surface temperature af both transducers
are provided an the ingtrument LCD at the end of the test,

in sach component of the conductivity eguation, heat flux,
thickness af the specimen and temperature of specimen
surfaces, the HC-074 provides extremely precise readings.

Line up of HC-074 series

| spECIFICATIONS HC-074-200

| BCO7A-300 ¢ 305:305mm,  J--51mm -0~ + 55T foasurmg methad  Heat dlav methad, Accoeding 1o ASTRCS 1B,
| e074-304 - 308<305mem, GO :w..-m. S0~ -+ 95, Lingar Gradient Guand 15C-B300 mnd 1154 1472
HC-074-314  I0%30Smm, D~ LEmd M-+ 0T Theninal candudtivity range 0005 to 08w K
TN RN [ Agcuracy  Beter than 1%
HE-O7d-600 | &0 Domiv, O ki A5 =B0T Repeatahiity  0.2%
| HE-074-630 C EI0<Bi0mm, 0= 20%mm, 15 BT, 5 ransiEs F.immdutilxhw 0.5%
| HCATA-EET ¢ E10aBi0mm, DeZ0fmm,  -15--+80T, 5 wnsducars, Masinmam fomperature of het pleie  +75°C
: | spdt nebibar bocking Tinimurn lemperature of cold plste =20°C
Temperabure cantial snd resaluten  .01°C I
HC-074-800 | TE2«TBImim, O--2ldaurs, 15 BT, Samyhe sige  200men sousie
| HC-074-800  TEaTERinen, 0~ 203mim, N5 BT samghy ke 5 o S0mm
| HC-04-807 | 7EBImm, 0~203men, 15 +80T, solt rabber l:.:ltting-': Acwual moting e TSmm sguane il
i HC-DT4-30 | 762x762Zmm, O--203mm, 15~ + 807, § transducers, stanpard sammle Supplisd)  EPS (Expardest Paly-Sigrone)
THC-074-837 | 762762mm, O~20Baun.  <1S---+BOT, 5 amducers, Irerlace  BS-232C
'WC-O7a-ESY | TEBTEImen, On-203mmn, <15 +BOT, 5 tRnsducer, Dimenzicn, veight [Tester) 315 2470w d¥mm, 16kg
| I I; saft rubber backing (Circulatar) 260 x ABD x 530mm, 2634y
THOATLEST | JERTZw, DeefUinan,  -15-+BUC, l Pewees roquirement Gestzd) AT 1SV ar 220V, SOMGDHE, T20VA

& transducers, 2ol rubler Lackay {lircudatir]

ACI0V 245080, AC115V LESOVA

Coobry) water [y droulided

+ 18°C ar lewer

THE-OP4-1000] 10004763 i, 3 ta 10 e,

[IET-LYs Soltware

Aunpmatic Sarmple Feeder  Awadsale for HC-074-204, 300 ard 314

Windsrws (Einglish, QRMTZ0MH

Todal contrel ol nssnament

T Thiciness Tt Procedise Tos improved
agcuracy
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GYPSUM PLASTERBOARD
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AS/NZS 2588-1908 Gypsum plasterboard

ASTM C 1396/C1396M Standard specification for Gypsum Wallboard

ASTM C 473-00 Standard Test Methods for Physical Testing of Gypsum Panel Products

ASTM D 3285-93 Standard Test Methods for Water Absorptiveness of Nonbibulous
Paper and Paperboard{ Cobb Test)

BS 1230 : 1985 Part 1 Gypsum plasterboard

JIS AG901 : 1997 Gypsum boards
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JP2013072859A Lead board with gypsum board and adhesion layer forming composition

used for forming lead board

Abstract

PROBLEM TO BE SOLVED: To provide a lead board with a gypsum board which is used for lead
treatment of a lead room and the like and which allows only a lead plate composing the lead
board to be easily separated from a used lead board and efficiently recovered, and an adhesion
layer forming composition used for forming the lead board. SOLUTION: In a lead board 10 with a
gypsum board where a gypsum board 11, an intermediate layer 12 whose both surfaces have
adhesiveness, and a lead plate 13 are laminated and integrated in this order, the intermediate layer
12 is composed of an adhesion layer 22 and nets 14, 34 interposed between the adhesion layer 22
and the lead plate 13, the adhesion layer 22 is made of an adhesion layer forming composition

which contains a natural rubber latex as a main component and contains 5-90 pts.mass of a
synthetic resin emulsion based on 100 pts.mass of the natural rubber latex, the thickness of

the adhesion layer 22 is 30-500 PMm, and the glass transition temperature of the synthetic

resin emulsion is -70 to 20°C.

Description

translated from Japanese

The present invention, in the lead chamber of the X-ray imaging room, etc., on the adhesion layer
forming composition used to form the lead board and this board with gypsum board used in order
to prevent radiation leakage. More particularly, the %}Zé}f’f:l\ board became spent, the lead plate
constituting the lead board was easily peeled off efficiently with plasterboard lead board be
recovered and for the adhesion layer formation used in the formation of the board it relates to
compositions.

Generally, in the radiography room or the like, in order to prevent the leakage of harmful radiation
(X-ray), measures such as enclosing walls and doors with lead (hereinafter referred to as lead
processing.) It is necessary, moreover, the lower floor and the upper If there is room on the floor in
some cases further it is necessary to lead the process to the floor or ceiling. The most common
method of lead processing in these lead chamber, the plate-like lead plate, plasterboard lead
board with gypsum board was attached to the backing of (gypsum board), and the like, interior
building materials such as a wall or how to use a part thereof and the like are widely known in the
art.

As a technique to prevent the X-ray leakage in such a lead chamber or the like, it is possible to
enhance the shielding effect of the X-ray in the gap between the partition wall panel and a floor
surface pasted lead plate to the backing member, the floor rail or baseboard rail is disclosed (for
example, see Patent Document 1). The floor rail or Habaki rails, those adhered without gaps lead

plate on one side and horizontal side of the one side surface of the adjusting rail, it is fitted in and
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fixed to the floor rails. According to the invention of Patent Document 1, no gap, complete walls
and floors can be obtained sealed state relatively easily, rather than the ceiling or the like, difficult
to obtain a complete sealed state partition wall panels and in the gap between the floor surface,
high leakage prevention effect of the X-ray is to be obtained.

Further, similarly to Patent Document 1, a technique to prevent the X-ray leakage in lead chamber
or the like, from the baseboard to a lead plate on the rear side are disposed between the bonded
panels lower end and the floor, the X-ray leakage discloses partition structure of lead chamber can
be prevented from easily (e.g., see Patent Document 2). Partition structure according to Patent
Document 2, on one side piece inner surface of the baseboard forming a schematic U-shaped cross
section is fixed to the floor by pasting a lead plate, a schematic inverted U-shaped cross section in
%Zrh tree forming covering the lead board receiving, receiving %zf’éfj\ board provided with a
receiving member which is formed by refracted horizontally on both sides of strip lower end is
supported by adjuster screws screwed into adjuster sets disposed in said width within the tree, the
the lead board on one of the receiving piece, the general panel of the support on the other, is the
lead board stuck a lead plate to the backing material such as gypsum board, bonding the surface
material to the backing hitting material structure It has become. Accordingly, as compared with the
prior art, with a simpler structure and is to be able to prevent the X-ray leakage from between the
panel the lower end and the floor surface.

Incidentally, as is also shown in the above Patent Documents 1 and 2, the lead processing such as
lead chamber, paste the lead plate to the backing material, lead boards with so-called gypsum
board is commonly used but lead boards with gypsum board, as shown in FIG. 4, the gypsum board
11, having an intermediate layer 12 and the lead plate 13 are laminated in this order with adhesive
on both sides are common. Lead plate constituting the lead boards with gypsum board, because it
is made of toxic lead in the human body, the disposal must be disposed of peeling the lead plate
from used lead board. In addition, lead plate is, because it is very expensive when compared to
other members of the gypsum board and the like, it is desirable to easily peeled off and reused
from spent lead board.

JP-A-59-165783 JP (the scope of the claims, 1 to 16 line 2 page upper right column of the
specification) Real Hei 4-27006 JP (the scope of the claims, line 5 on page 5 of the 7 line to 6 pages
of the specification)

However, it is also disclosed in Patent Documents 1 and 2, many conventional gypsum board with
lead board, the formation of the intermediate layer for bonding gypsum boards and lead plate, a
major component an emulsion of vinyl acetate composition, etc. have been widely used for, but
gypsum board with lead boards to form an intermediate layer with a composition mainly containing
emulsion of the vinyl acetate has a problem in terms of peeling of the lead plate .

5, after peeling off the lead plate 13 from a conventional gypsum board with a lead board 10
formed with the intermediate layer with a composition mainly comprising an emulsion of a vinyl
acetate type, adhesion of the lead plate 13 and the gypsum board 11 It shows the state of the

surface. Thus, in the conventional lead boards with plaster board, when peeling the lead plate from
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gypsum board, of the composition to the release surface of the lead plate side part, or the surface

pasted the paper material of the gypsum board rest part is adhered slag peeling torn, there is a
problem that peeling work is rough going.

Therefore, in the conventional gypsum board with lead boards, for disposal board waste, including
spent lead board, and a great deal of labor for peeling operation of the lead plate for reuse time
consuming, cost rises there is a problem that put away. In addition, lead is because it is harmful to
the human body, if the work is work time and difficulties is prolonged, larger impact on the minute
human body.

The purpose of the present invention, there is provided a lead boards with gypsum boards to be
used for lead processing such as lead chamber, the lead board became spent, easily peeled off
only lead plate constituting the %}Zé}ﬁ{j\ board, efficiency common to provide a conditioned gypsum
board lead board may be recovered and the adhesion layer forming composition used to form this
board.

The first aspect of the present invention, the gypsum board 11, the intermediate layer 12 and the
lead plate 13 with adhesive on both sides are integrated are stacked in this order, the lead board 10
with gypsum board shown in FIG. 4, above the intermediate layer 12 with adhesive on both sides, as
shown in FIG. 1, is constituted by a net 14, 34 interposed between the adhesion layer 22 and the
adhesion layer 22 and the lead plate 13, above the adhesion layer 22 is , formed by the adhesion
layer forming composition containing 5 to 90 parts by weight of synthetic resin emulsion with
respect to 100 parts by mass of natural rubber latex as a main component of natural rubber latex,
the thickness of the adhesive layer 22 is in 30~500m There, the glass transition temperature of
the synthetic resin emulsion is characterized in that it is a -70~20 °C.

The second aspect of the present invention is an invention based on the first aspect, further natural
rubber latex, characterized in that an ester modified natural rubber latex acrylic acid ester or
methacrylic acid.

A third aspect of the present invention, gypsum boards with a lead board according to the first or
second aspect, a composition used for forming the adhesive layer, a natural rubber latex 100 as a
main component of natural rubber latex the synthetic resin emulsion contains 5 to 90 parts by
mass per part by mass, the glass transition temperature of the synthetic resin emulsion is
characterized in that it is a -70~20 °C.

A fourth aspect of the present invention is an invention based on the third aspect, further said
natural rubber latex, characterized in that an ester modified natural rubber latex acrylic acid ester or
methacrylic acid.

The first aspect of lead boards with a gypsum board of the present invention, gypsum boards, the
intermediate layer and the lead plate with adhesive on both sides in the lead boards with gypsum
board that is integrated are stacked in this order, adhered to the double-sided an intermediate layer
of sex, and a net that is interposed between the adhesive layer and the adhesion layer and the

lead plate. Then, above the adhesion layer is formed by the adhesion layer forming composition
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containing 5 to 90 parts by weight of synthetic resin emulsion with respect to 100 parts by mass of
natural rubber latex as a main component of natural rubber latex, the thickness of the adhesive
layer There is a 30~500 m. Further, synthetic resin emulsion is one glass transition temperature of
-70~20 °C. Thus, the gypsum board with a lead board of the present invention, unlike the
conventional lead boards with gypsum board intermediate layer is formed by a composition mainly
composed of an emulsion such as vinyl acetate-based, has become spent when you peel off the
lead plate from the board, it is possible without imposing peeling peeling surface of the lead plate
side remains, easily peeled off only the lead plate, be efficiently recovered. On the other hand, the
adhesive layer, since it is formed by the composition other than the natural rubber latex containing
synthetic resin emulsion at a predetermined rate, the lead boards with gypsum boards in use,
sufficient between the lead plate and plasterboard the bonding strength can be obtained.

A third aspect of the compositions of the present invention contains a natural rubber latex as a
main component, particularly, in the case of using the same for forming the adhesion layer in the
lead boards with gypsum board of the present invention, spent of in the waste disposal with
gypsum board lead board, easily to peel off only the lead plate from spent lead board with gypsum
board, it can be efficiently recovered. Meanwhile, other than the above natural rubber latex, the
glass transition temperature further comprises a synthetic resin emulsion of -70~20 °C at a
predetermined ratio, using the same for forming the adhesion layer in the lead boards with gypsum
board of the present invention in the lead boards with gypsum boards in use, it is possible to
express the sufficient bonding strength between the lead plate and plasterboard.

A fourth aspect of the compositions of the present invention, since the above natural rubber latex
is an ester modified natural rubber latex acrylic acid ester or methacrylic acid, if Re use it for
forming the adhesive layer of the lead board with gypsum boards, the natural rubber latex
unmodified compared with the case of using a composition whose main component is excellent in
coating stability of the composition. Further, excellent storage stability of the composition as
compared with the unmodified.

Is a cross-sectional view schematically showing a laminated structure of a lead boards with gypsum
board of the present invention embodiment. Is a plan view showing an example of a net used in
the lead board with gypsum board of the present invention embodiment. It is a plan view showing
another example of a net used in the lead board with gypsum board of the present invention
embodiment. Is a cross-sectional view schematically showing a general layered structure of a lead
boards with plaster board. Is a photograph showing a lead plate and the release surface of the
gypsum board in the conventional lead-board with gypsum board. It is an explanatory diagram of
the plane tensile strength test. 90 ° is an explanatory diagram of the peel test. Is a photographic
view showing the release surface of the lead plate and the gypsum board in the test piece of
Example. It is a photographic view showing a lead plate and the release surface of the gypsum
board in the test piece of Comparative Example.

It will be described with reference to the embodiments of the present invention with reference to

the accompanying drawings.
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Lead Board with gypsum board of the present invention, as shown in FIG. 4, the gypsum board 11,
both sides in the intermediate layer 12 and the lead plate 13 with adhesion of the gypsum board
with a lead board which is integrated are stacked in this order it is an improvement.

In the lead boards with gypsum board of the present invention, the gypsum board 11, a lead plate
13 constituting the board is not particularly limited, a commercially available gypsum board, it is
possible to use a lead plate. Gypsum board that is commercially available, usually, a manufacturing
method of molding and drying hardened into a predetermined shape by inserting the sandwich
gypsum slurry consisting calcined gypsum and additives and water feed at the board base paper on
the belt conveyor is taken since that has a cross-sectional structure in which paper material 11b is
bonded to both surfaces of the gypsum board 11a formed in a plate shape.

Then, the gypsum board with a lead board of the present invention, the intermediate layer 12, as
shown in FIG. 1, constituted by a net 14, 34 interposed between the adhesion layer 22 and the
adhesion layer 22 and the lead plate 13 It is, above the adhesion layer 22, a layer formed by the
adhesion layer forming compositions based on natural rubber latex. Thus, the gypsum board with a
lead board of the present invention, an intermediate layer for bonding gypsum boards and lead
plates, for having an adhesion layer formed by a composition mainly composed of natural rubber
latex, peeling of the lead plate excellent sex. Incidentally, the "adhesion" in the present invention,
is a highly elastic or gel-like solid not sticky, without creating voids extruding the air entrained
between the adherend by the elasticity of the composition It refers to those to be fixed to. Further,
the gypsum board with a lead board of the present invention, the adhesion layer and the net is
interposed between the lead plate, the reinforcing of paper material, and by reducing the contact
area, peelability of the adhesive layer and the lead plate surface It is made to further improve the.
Thus, the lead boards with gypsum board of the present invention, when peeling the lead plate of
lead boards with gypsum board becomes spent, without imposing peeling the release surface of the

lead plate side remains, only lead plate was easily peeled, it can be efficiently recovered.

The natural rubber latex contained as a main component in the composition used for

forming the adhesive layer, the other unmodified natural rubber latex include acrylic acid
ester or methacrylic acid ester-modified natural rubber latex. The unmodified natural rubber

latex which is commercially available include ULACOL (KK Redjitekkusu Co.). Of these, natural
rubber latex, acrylic acid ester or methacrylic acid ester-modified natural rubber latex is preferred.
Acrylic acid ester or methacrylic acid ester-modified natural rubber latex, the mechanical stability of
the composition, i.e. excellent in coating stability. Further, it is excellent in storage stability of the
composition as compared with the unmodified. Acrylic acid esters, methyl acrylate, ethyl acrylate,
butyl acrylate, 2-ethylhexyl acrylate, 2-dimethylaminoethyl acrylate, 2-hydroxyethyl acrylate are
exemplified. As the methacrylic acid ester, methyl methacrylate, ethyl methacrylate, butyl
methacrylate, 2-ethylhexyl methacrylate, 2-dimethylaminoethyl methacrylate, 2-hydroxyethyl
methacrylate and the like. In particular, methyl methacrylate is preferable. The acrylic acid ester or

methacrylic acid ester-modified natural rubber latex is commercially available, MG-15
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(manufactured by KK Redjitekkusu Co.) and Coatex (manufactured by Musashino Chemical Co., Ltd.)
are exemplified.

Further, the adhesive layer may contain, in addition to natural rubber latex as the main component,
a layer formed by a composition containing a synthetic resin emulsion at a predetermined rate.
Thus, the adhesion layer, because it is formed by a composition containing a synthetic resin
emulsion at a predetermined rate, while maintaining the release properties of the lead plate in the
spent board, in the lead boards with gypsum board in use , sufficient bonding strength between the
lead plate and the gypsum board is obtained. The proportion of synthetic resin emulsion is a 5

to 90 parts by weight with respect to natural rubber latex 100 parts by weight. If the amount is
less than the lower limit content ratio of synthetic resin emulsion, in the lead board with gypsum

board in use, sufficient bonding strength can not be obtained between the lead plate and plaster
board. On the other hand, the content of the synthetic resin emulsion exceeds the upper limit, in
the spent lead boards with gypsum board, can not be easily peeled off only the lead plate, or the
like adhesive force increases excessively due to aging This is because problems will be caused. Of
these, the proportion of synthetic resin emulsion is preferably from 10 to 50 parts by weight.
Synthetic resin emulsion to be used, from the viewpoint of bonding strength between the lead
plate and the gypsum board in the board during use, in which the glass transition temperature is in
the range of -70 °C ~20 °C. Glass transition temperature is less than the lower limit, the adhesion
layer becomes too soft, there is a case that peeling of the lead plate is lowered in the used of the
board, on the other hand, the adhesive layer becomes hard and exceeds the upper limit, in use the
bonding strength between the lead plate and the gypsum board is lowered in the board.
Specifically, the acrylic emulsion having a glass transition temperature of the above range, vinyl
acetate emulsion, SB (styrene-butadiene) latex based emulsion and the like. As the above-
mentioned acrylic emulsion, KR-161 (Koyo Sangyo Co., Ltd.) and BPW6111 (manufactured by Toyo
Ink Co., Ltd.) are exemplified. As the above vinyl acetate based emulsion (manufactured by Koyo
Sangyo Co., Ltd.) KR-150, CH2N (Konishi Co., Ltd.), 615 (Cemedine Co., Ltd.) and the like. The SB
latex-based emulsion, L-7850, A7582, A7269 (manufactured by Asahi Kasei Chemicals Corporation)
are exemplified.

As the net is interposed between the adhesive layer 22 and the lead plate 13, the net 14 may be
used with a grid-like stitch 14c shown for example in FIG. Net 14, as shown in detail in FIG. 2,
polyethylene, polyolefin such as polypropylene, polyethylene terephthalate, polyamide, polyvinyl
alcohol, polyacrylonitrile, polyurethane, synthetic fibers such as halogen-containing polymer,
cotton, hemp, cellulose-based silk etc. fiber, and glass fiber, metal mesh or the like consisting of
inorganic fiber warp 14a and weft 1d4b of the knitting in a grid whether or arranging the these yarns
14a after, is formed in the network by the intersection of 14b to heat-sealed to each other Luke,
formed reticulated polyethylene, polyolefins such as polypropylene, polyethylene terephthalate,
polyamide, polyvinyl alcohol, polyacrylonitrile, polyurethane, by a synthetic resin such as halogen-
containing polymer is melted and molded crowded flow in a lattice-like mold either, or

polyethylene, polyolefins such as polypropylene, polyethylene terephthalate, polyamide, polyvinyl
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alcohol, polyacrylonitrile, polyurethane, a synthetic resin sheet such as a halogen-containing
polymer is formed on the net by punching by a press machine. Further said synthetic resin net 14
longitudinal least one of the elongation in the longitudinal direction or the weft 14b of the warp
14a is preferably 80% or less by the method based on JIS L 1096, more preferably equal to or less
than 50% configured. In addition the thickness D of the warp and weft 14a 14b that make up the
net 14 is preferably 0.5mm or less, more preferably from 30Jdm~300m, the eyes of the net 14 fit
(warp 14a and weft 14b is create a gap (grid-like lateral distance and vertical distance of the mesh
14¢), also called mesh opening) P is preferably 1 to 50 mm, more preferably set in a range of 3 to
10 mm. Here, preferred reason that the thickness of the warp and weft 1da 14b is 0.5mm or less of
the net 14, too climax net from the surface of the adhesive layer is more than 0.5mm, joining in the
board being used strength This is because is extremely lowered. Also with limited mesh opening P
of the net 14 in the range of 1~50mm is it is less than 1mm might bonding strength is too low,
whereas, in some cases better peelability becomes too low and exceeds 50mm it is from.

As the net constituting the lead sheet with plasterboard of the present invention is not limited to
those having a grid-like stitch 14c as the net 14 shown in FIG. 2, the irregular mesh 34c as shown in
FIG. 3 net 34 having also can be used. Mesh 34c in the net 34 is formed, ¢rid predetermined angle
O net 14 having meshes, for example, 2-43 degrees shown in FIG. 2, preferably by 2 Mainetsu fused
in a state shifted from 5 to 40 degrees It is. Specifically, formed by heat sealing the plastic split
fibers 34a, such as enhanced oriented polyolefin, vertical, after successively stacked next to and
obliquely. It is also obtained by forming three or more grid-like net at a predetermined angle may
be obtained by forming by heat fusion in a staggered state only, or a single molding crowded flow
in a predetermined mold.

Further, the gypsum board with a lead board of the present invention, the thickness of the
adhesion layer 22, i.e. the thickness of the intermediate layer 12 in FIG. 1 is 30 to 500 m. The
thickness of the adhesive layer is less than 30 .mu.m, it is impossible to impart sufficient bonding
strength to the gypsum board and lead plates. On the other hand, if the thickness of the adhesive
layer exceeds 500 .mu.m, lowered releasability of the lead plate in the used boards, also, it is

difficult to coat by machine. Gypsum board 11 is not particularly limited, but a thickness (total

thickness comprising a paper material 11b) is 9.57™~21Mm, the thickness of the paper material 11b
is in the range of 0.1~0.5mm preferably , lead plate 13, which thickness is within the range of
0.3~2mm are preferred.

Next, a description will be given of a method of manufacturing a lead board with gypsum board of
the present invention. First, a description will be given composition used to form the adhesion layer
of lead boards with gypsum board of the present invention.

The adhesive layer forming composition is a composition mainly composed of natural rubber latex
as described above. Thus, the production of certain gypsum board lead boards, so far in place of
the vinyl acetate emulsion has been used mainly by the main component of natural rubber latex,

the lead board with the used gypsum board, good it is possible to impart the Do not release
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property. Therefore, this composition is particularly excellent as a use for forming an adhesion layer

of lead boards with gypsum board of the present invention.

Further, the adhesive composition has a glass transition temperature of the synthetic resin emulsion
further contains 5 to 90 parts by weight in the range of -70 ° C. ~ 20 ° C. for the natural rubber latex
100 parts by weight. If the amount is less than the lower limit content ratio of synthetic resin
emulsion, in the lead board with gypsum board in use, it can not be given a sufficient bonding
strength to the gypsum board and the lead plates. On the other hand, if it exceeds the upper limit,
the lead board with the used gypsum board, it is impossible to impart good releasability from
gypsum board. Specific natural rubber latex contained in the composition, the synthetic resin

emulsion include those described above.

To produce the lead boards with gypsum board of the present invention, first, on the surface of
one of the paper material 11b that is adhered to the surface of the gypsum board 113, it is coated
an adhesive layer forming composition prepared above. The coating amount of the composition of
this time, the thickness of the adhesive layer 22 in the lead boards with gypsum boards after
production, i.e. the thickness of the intermediate layer 12 in FIG. 1 is adjusted to be 30 to 500 m.
The amount of coating, such as thickness is less than 30 m, is to form an adhesive layer can impart
sufficient bonding strength to the gypsum board and the lead plates becomes difficult. On the
other hand, if the thickness is adjusted coating amount exceeding 500 .mu.m, in the lead board with
the used gypsum board, it is difficult to easily separate only the lead plate. In addition, it is difficult
to application by machine.

Also, the method of applying an adhesive layer forming composition on the surface of the paper
material 11b, is not particularly limited, and may be carried out, for example spreader, by a method
such as a spray or curtain coater. After applying an adhesive layer forming composition, placing the
net 14 and 34 on its surface, further placing a lead plate 13 on the net 14, 34. Then, using a cold
press, preferably by applying a 1-minute addition to 24 hours at a pressure of 98~196kPa,
sufficiently crimp the gypsum board 11 and the lead plate 13. Is less than the lower limit value
between the pressure or pressing time at this time, sufficient hard to adhesion is obtained also
increases and the adhesion strength excessively exceeds the upper limit, or when a problem occurs

such as gypsum board is broken It is not preferable because there is.
Through the above steps, lead board with gypsum board of the present invention can be obtained.

Will now be described in detail an embodiment with a comparative example of the present

invention.

<Example 1>

First, unmodified natural rubber latex solid content concentration of 60 mass% (manufactured
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registration Tex trade name: ULACOL) and 100 parts by weight of the solid content concentration as
a synthetic resin emulsion 60 wt%, the glass transition temperature of - 40 °C of acrylic emulsion: a
mixture of the (Koyo Sangyo Co., Ltd. trade name KR-161) 5 parts by weight. Further, the solid
content concentration of 8.55 wt% as a thickening agent, a polymerization degree of 3500, 25 wt
saponification degree of 88.0 mol% polyvinyl alcohol (manufactured by Kuraray Co., Ltd.), the
composition 100 wt% It was added as a percentage to become percentage. By sufficiently kneading
them to prepare an adhesive layer forming composition.

Subsequently, by using an adhesive layer forming composition prepared above is shown in FIG. 1,
the gypsum board 11, the intermediate layer 12 and the lead plate 13 are laminated in this order,
the intermediate layer 12 and the adhesion layer 22 and the adhesion layer 22 It was produced
gypsum board with a lead board 10 composed of a net 34 which is interposed between the lead
plate 13. Specifically, first, as a lead plate 13, and the vertical is 906mm x horizontal 1816mm x
thickness 2mm, lead plate of weighs 2t the (Mitsui Mining & Smelting Co., Ltd.), as a gypsum board
11, vertical 910mm x horizontal 1820mm x a thickness of 12.5mm, weight was prepared gypsum
board of about 13kg (manufactured by Yoshino gypsum Co., Ltd.). Note that the gypsum board, the
front side back side of the surface was achieved, thickness each paper material 11b of 0.45mm were
attached to the gypsum board 11a. Furthermore, net 34, the net 14 made of polyethylene (PE)
having a grid-like stitch 14c as shown in FIG. 2, as shown in FIG. 3, thermally fusing overlapped so 5]
is 30 ° It was used which was obtained by. Net 14, the longitudinal direction of the warp yarns 14a,
the longitudinal elongation of the weft yarn 14b, is 60% in the method in accordance with JIS L
1096, the thickness D of the warp 14a and weft 14b is 130 .mu.m, eyes fit of the distance P lateral
distance and vertical direction was used for 4mm respectively.

One surface of the gypsum board 11 as described above prepared, i.e. a surface of one of the paper
material 11b, and the adhesion layer forming composition prepared above, the thickness of the
adhesion layer 22 so that the 72 .mu.m, was applied using a spreader . Then, on the applied
adhesion layer forming composition was placed the net 34. Then, the gypsum board 11, the surface
on the side of mounting the net 34 by coating the adhesive layer forming composition was further
placed a lead plate 13. Finally, one minute pressurized at a pressure of 100kPa from the surface
using a cold press of the lead plate 13, is sufficiently crimp the gypsum board 11 and the lead plate
13 to give a lead board 10 with gypsum board.

<Examples 2 and 3 and Comparative Examples 1 to 5>
The mixing ratio of the acrylic emulsion, except that each was a ratio shown in Table 1 below,
similarly prepare a composition as in Example 1, to obtain a lead boards with plaster board.
<Example 4>

As the synthetic resin emulsion, in place of the acrylic emulsion, solid concentration 48 wt%, SB
latex emulsion having a glass transition temperature of -27 ° C. (Asahi Kasei Chemicals Co., Ltd.
Product Name: L-7850) except for using , similarly prepare a composition as in example 1, to obtain

a lead boards with plaster board.
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<Examples 5 and 6 and Comparative Example 6-10>

The mixing ratio of SB latex emulsion, except that each was a ratio shown in Table 1 below,
similarly prepare a composition as in Example 4 to give the lead boards with plaster board.
<Example 7>

As the synthetic resin emulsion, in place of the acrylic emulsion, solid concentration 50 wt%, the
glass transition temperature of 16 ° C. vinyl acetate based emulsion (Koyo Sangyo Co. product
name: KR-150) except for using, example 1 was prepared in the same manner as in composition to
obtain a lead board with gypsum board.

<Examples 8 and 9 and Comparative Examples 11 to 15>

The mixing ratio of vinyl acetate based emulsions, except that the respectively proportions shown
in Table 1 below, similarly prepare a composition as in Example 7 to give the lead boards with
plaster board.

<Example 10>

Instead of the unmodified natural rubber latex, the solid content concentration was 60 wt%,
modification amount was used of 13% by weight of methyl methacrylate (MMA) the modified
natural rubber latex (manufactured Redjitekkusu Co. MG-15) except that similarly to prepare a
composition as in example 1, to obtain a lead boards with plaster board.

<Examples 11, 12 and Comparative Examples 16 to 19>
The mixing ratio of the acrylic emulsion, except that the respectively proportions indicated in Table
2 below, similarly prepared composition of Example 10 to give the lead boards with plaster board.
<Example 13>

As the synthetic resin emulsion, in place of the acrylic emulsion, solid concentration 48 wt%, SB
latex emulsion having a glass transition temperature of -27 ° C. (Asahi Kasei Chemicals Co., Ltd.
Product Name: L-7850) except for using Similarly were prepared the compositions of example 10 to
give the lead boards with plaster board.

<Examples 14 and 15 and Comparative Examples 20 to 23>
The mixing ratio of SB latex emulsion, except that each was a ratio shown in Table 2 below,
similarly prepare a composition as in Example 13 to give the lead boards with plaster board.
<Example 16>
As the synthetic resin emulsion, in place of the acrylic emulsion, solid concentration 50 wt%, the
glass transition temperature of 16 ° C. vinyl acetate based emulsion (Koyo Sangyo Co. product
name: KR-150) except for using, Similarly the composition was prepared as in example 10 to give
the lead boards with plaster board.

<Examples 17 and 18 and Comparative Examples 24 to 27>

The mixing ratio of vinyl acetate based emulsions, except that each has a ratio shown in Table 2
below, as well the compositions prepared as in Example 16 to give the lead boards with plaster
board.

<Examples 19 to 22 and Comparative Examples 28 and 29>

The coating amount of the adhesive layer forming composition, the thickness of the adhesive layer,
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except that each was adjusted to a thickness of as shown in Table 3 below, were prepared in the
same manner as the compositions of Example 2, plasterboard to give a lead board attached.
<Example 23>

Solids concentration as a synthetic resin emulsion 60 wt%, the glass transition temperature of -68 °
C. of acrylic emulsion (middle Rika Chemical Industry Co. trade name: AP620) except for using, as in
Example 2, the composition thing was prepared to give a lead board with gypsum board.

<Example 24>

The solid content concentration of 50 mass% as a synthetic resin emulsion, the glass transition
temperature. 19 ° C. of SB latex emulsion (Asahi Kasei Chemicals Corporation, trade name: A-2610)
except for using, in the same manner as in Example 5, the composition was prepared to give a lead
board with gypsum board.

<Comparative Example 30>

Solid content 57 wt% as a synthetic resin emulsion having a glass transition temperature of -75 ° C.
of acrylic emulsion (middle Rika Chemical Industry Co. trade name: AP601) except for using, as in
Example 2, the composition thing was prepared to give a lead board with gypsum board.
<Comparative Example 31>

Synthetic solid concentration of 48 wt% as a resin emulsion, SB latex emulsion having a glass
transition temperature of 22 ° C. (manufactured by Asahi Kasei Chemicals Corporation trade name:
L-5702) except for using, in the same manner as in Example 5, the composition was prepared to
give a lead board with gypsum board.

<Comparative Test and Evaluation>

It was evaluated in the peeling of the plane tensile strength and lead plate for gypsum board with a
lead board obtained in Examples 1 to 24 and Comparative Examples 1 to 31. In Table 5 Table 7,
the items of the comprehensive evaluation, the case planar tensile strength and all evaluation of
the release properties is "Y" as the evaluation of "Y" (pass), the evaluation of the plane tensile
strength and peelability of either was the evaluation of the "N" or if it was indeterminate "N" (fail).

(1) plane tensile strength: First, cut out test pieces obtained respectively width 4cm x gypsum lead
board with board length d4cm square, as shown in FIG. 6 (a), of the test piece 40 lead plate 13 the
lateral surface is arranged an aluminum jig 41, also the gypsum board 11-side surface disposed
plywood 42 was bonded and fixed using a hot melt adhesive, respectively. Moreover, as load is
applied evenly to the plywood 42, sandwiching the aluminum spacer 43 to the position shown in
Figure 6 (a).

Then, at room temperature (23 °C), precision universal testing machine (manufactured by Shimadzu
Corporation Model name: Autograph AGS-500B) used, the aluminum jig 41 under the conditions of a
pulling speed of 2mm / min, plywood 42 and aluminum and a manufacturing spacers 43 were
pulled in the direction of the arrow shown in Figure 6 (b). After start pulling, or peeling at the
interface between the intermediate layer 12 and the lead plate 13, or gypsum board 11 interrupts
the tension when the Zaiyabu was measured maximum load up to the point of interruption. The

above measurements are each embodiment, for each Comparative Example, respectively were
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prepared eight specimens were performed by eight times under the same conditions. It shows the
average value in Tables 5 to 7 below. In Tables 5 7, the average value of the measured maximum
load, a case was 1ooN / cm 2 or more acceptance criteria value is "Y", the case where not less than
the above acceptance criteria value "N It was. "

Further, in the item of visual evaluation, the case where the gypsum board 11 is broken 'Y', and the
case of peeling at the interface between the intermediate layer 12 and the lead plate 13 is "N".

(2) Peeling resistance: A 90 ° peel test, it was evaluated for peeling property in the intermediate
layer and the lead plate interface. Specifically, first, from the obtained lead boards with plaster
board was cut out width 4 cm x length 8cm square respectively, further, as shown in FIG. 7 (a), a
gypsum board 11 of the test piece 40 part of the intermediate layer 12 (width 4cm x length 4cm)
was deleted. Then, the plaster board 11 and the intermediate layer 12 side of the lead plate 13
that remove, vertically bent, as shown in FIG. 7 (b), the gypsum board 11 side of the test piece 40, a
plywood 42 hot-melt adhesive It was bonded and fixed using.

Then, at room temperature (23 °0), precision universal testing machine (manufactured by Shimadzu
Corporation Model name: Autograph AGS-500B) show using, once the lead plate 13 bent to the
vertical, in Figure 7 (b) in the direction of the arrow, it was pulling peeling vertically under the
conditions of a pulling speed of 5mm / min. After peeling initiation, or peel off at the interface of
the intermediate layer 12 and the lead plate 13, or gypsum board interrupts the pulling when the
broken timber, to measure the maximum load up to the point of interruption. The above
measurements are each embodiment, for each Comparative Example, respectively were prepared
eight specimens were performed by eight times under the same conditions. It shows the average
value in Tables 5 to 7 below. In Table 5 Table 7, the average value of the measured maximum
load, a case was 16.0N / dcm width or more acceptance criteria value is "Y", the case where not less

than the above acceptance criteria value and "N".

Further, the test piece after peeling was observed by visual observation of the peeled surface. The
photographic view obtained by photographing the test pieces of Examples 2 and Comparative
Example 2, FIG. 8 shows respectively respectively in FIG. 9 as a representative diagram. In Table 5
Table 7, "Y" without leaving a slag peeling lead plate 13, shows a case where peeling at the
interface between the intermediate layer 12 and the lead plate 13, "N" dregs peeling lead plate 13
the remaining shows a case could not be successfully peeled off at the interface between the

intermediate layer 12 and the lead plate 13.

Table 5, Table 6, FIG. 8, as is apparent from FIG. 9, when comparing the Comparative Example 5, 10,
15 as in Example 1-18, the intermediate layer is formed of an adhesive or the like that does not
contain natural rubber latex in comparative example 5, 10, 15, equipped with a conventional layer
was, in a plane tensile test, although very high strength of the practical level is obtained, in the 90 °

peel test, gypsum board ends up broken wood, lead It could not be peeled off only the plate.
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Although natural rubber latex comprises a synthetic resin emulsion Comparative Example 2-4
compounding ratio exceeds 90 parts by mass with respect to 100 parts by mass of natural rubber
latex, Comparative Examples 7-9, Comparative Examples 12 to 14, Comparative examples 17-19,
Comparative examples 21 to 23, even Comparative example 24 to 27, similarly, the gypsum board
will be broken wood, could not be peeled off only the lead plate. On the other hand, in
Comparative Examples 1,6,11,17,20,24 mixing ratio of the synthetic resin emulsion is less than 5
parts by weight based on 100 parts by weight of natural rubber latex, in the 90 ° peel test, Kas
peeling lead plate without remains easily but could be peeled only lead plate, the planar tension
test, the strength capable of withstanding practical use could not be obtained.

In contrast, in the board of Example 1 to 18, in a plane tensile test, obtained very high strength of
the board and the equivalent of the comparative example 5, 10, 15 is, moreover in the 90 ° peel
test, both lead plate without leaving debris peeling, it was confirmed that easily peeled only lead
plate.

As is clear from Table 7, comparing Comparative Example 28 and 29 as in Example 19 to 22,
Comparative Example 28 The thickness of the adhesive layer is less than 30 .mu.m, in a 90 ° peel
test, the lead plate without peeling debris remains easily but could be peeled only lead plate, the
planar tension test, the strength capable of withstanding practical use could not be obtained. On
the other hand, in Comparative Example 29 exceeds 500 .mu.m, can not application of the
composition by mechanical, could not be produced. On the other hand, in close contact with the
thickness it was in the range of 30~500Mm embodiment of the layer 19 to 22, very high strength
can be obtained in the plane tensile test, yet in the 90 ° peel test, any peeling lead plate without
imposing remains, it was confirmed that easily peeled only lead plate.

Furthermore, when comparing the Comparative Example 30 and 31 as in Example 23, Comparative
Example 30 Glass transition temperature using synthetic resin emulsion of less than -70 ° C., highly
practical level intensity is obtained in the preparation of the composition and although the
adhesion layer is too soft and could not be easily peeled off only the lead plate in the 90 ° peel
test. On the other hand, in Comparative Example 31 using synthetic resin emulsion having a glass
transition temperature exceeds 20 ° C., in a 90 ° peel test, without imposing peeling lead plate
remains were easily able to peel only the lead plate although, the adhesion layer becomes too
hard, the strength capable of withstanding practical use in planar tensile test was obtained. In
contrast, in the glass transition temperature is -70~20 °C of example using a synthetic resin
emulsion in the range 23 and 24, very high strength can be obtained in the plane tensile test, yet in
the 90 ° peel test, both without peeling debris remains in the lead plate, easily to be able to peel
only the lead plate was confirmed.

Gypsum board with lead board of the present invention can be utilized in the lead chamber
radiography room, etc., etc. Interior building material or a portion thereof such as a wall to prevent
the X-ray leakage. Furthermore, after use, it can be utilized as a recycle material for producing lead

boards with new plasterboard.
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10 gypsum board with a lead board 11 gypsum board 12 intermediate layer 13 lead plate 14 and 34
net 22 adhesion layer

Claims (4)

translated from Japanese

1. Gypsum board (11), adherent certain intermediate layers on both surfaces (12) and the lead
plate (13) are laminated in this order integrated gypsum board with a lead board (10),

The double-sided adhesive properties of certain intermediate layers (12), is composed of the
adhesion layer (22) and said adhesion layer (22) and said lead plate (13) net interposed
between the (14, 34),

The adhesion layer (22) is formed by the adhesion layer forming composition a synthetic
resin emulsion with respect to the natural rubber latex 100 parts by weight of a main
component of natural rubber latex containing 5 to 90 parts by weight,

The thickness of the adhesive layer (22) is 30~500[m,

Lead Board with gypsum board, wherein the glass transition temperature of the synthetic
resin emulsion is -70~20 °C.

2. Wherein the natural rubber latex lead boards with gypsum board of claim 1 wherein the
ester-modified natural rubber latex acrylic acid ester or methacrylic acid.

3. According to claim 1 or 2, with the gypsum boards lead board according to a composition
used for forming the adhesion layer (22), a synthetic resin to said composed mainly of
natural rubber latex of natural rubber latex 100 parts by weight the emulsion containing 5 to
90 parts by weight, the adhesion layer forming composition, wherein the glass transition
temperature of the synthetic resin emulsion is -70~20 °C.

4. Adhesion layer forming composition as described above the natural rubber latex is an ester
modified natural rubber latex acrylic acid ester or methacrylic acid.
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JP2013124533A Lead board attached with gypsum board, and removable release sheet for
application to the board

Abstract

PROBLEM TO BE SOLVED: To provide a lead board attached with a gypsum board for use in lead
treatment in a lead chamber or the like, which allows only a lead plate constituting the lead board
to be easily removed from the used lead board for efficient collection, and a removable release
sheet for application to the board.SOLUTION: A lead board 10 attached with a gypsum board
comprises a gypsum board 11, a lead plate 13, and an intermediate layer 12 which joins the gypsum
board 11 and the lead plate 13. The intermediate layer 12 comprises a removable release sheet 20
including a sticker or adhesive layer 21, a sheet-like base material layer 22, and a close contact
layer 23, which are laminated in this order. The close contact layer 23 is formed of a close contact

layer composition containing a natural rubber latex as a main component and 5 to 90 pts.mass of

a synthetic resin emulsion relative to 100 pts.mass of the natural rubber latex. The synthetic
resin emulsion has a glass transition temperature of -70 to -15°C. The close contact layer 23
has a thickness of 50 to 150 km.

Description

translated from Japanese

The present invention, in the lead chamber of the X-ray imaging room, etc., related to the re-
peelable sheet that is used to lead the board and this board with gypsum board used in order to
prevent radiation leakage. More specifically, from %}2@/@-\ board became been used, this constitutes
a lead board was easily peeled off the lead plate, those related to re-peeling type sheet to be used
efficiently with gypsum board lead board may be recovered and this board it is.

Generally, in the radiography room or the like, in order to prevent the leakage of harmful radiation
(X-ray), measures such as enclosing walls and doors with lead (hereinafter referred to as lead
processing.) It is necessary, moreover, the lower floor and the upper If there is room on the floor in
some cases further it is necessary to lead the process to the floor or ceiling. The most common
method of lead processing in these lead chamber, the plate-like lead plate, plasterboard lead
board with gypsum board was attached to the backing of (gypsum board), and the like, interior
building materials such as a wall or how to use a part thereof and the like are widely known in the
art.

As a technique to prevent the X-ray leakage in such a lead chamber or the like, it is possible to
enhance the shielding effect of the X-ray in the gap between the partition wall panel and a floor
surface pasted lead plate to the backing member, the floor rail or baseboard rail is disclosed (for

example, see Patent Document 1). The floor rail or Habaki rails, those adhered without gaps lead



100

plate on one side and horizontal side of the one side surface of the adjusting rail, it is fitted in and
fixed to the floor rails. According to the invention of Patent Document 1, no gap, complete walls
and floors can be obtained sealed state relatively easily, rather than the ceiling or the like, difficult
to obtain a complete sealed state partition wall panels and in the gap between the floor surface,
high leakage prevention effect of the X-ray is to be obtained.

Further, similarly to Patent Document 1, a technique to prevent the X-ray leakage in lead chamber
or the like, from the baseboard to a lead plate on the rear side are disposed between the bonded
panels lower end and the floor, the X-ray leakage discloses partition structure of lead chamber can
be prevented from easily (e.g., see Patent Document 2). Partition structure according to Patent
Document 2, on one side piece inner surface of the baseboard forming a schematic U-shaped cross
section is fixed to the floor by pasting a lead plate, a schematic inverted U-shaped cross section in
%Zrh tree forming covering the lead board receiving, receiving %}Zféﬁ\ board provided with a
receiving member which is formed by refracted horizontally on both sides of strip lower end is
supported by adjuster screws screwed into adjuster sets disposed in said width within the tree, the
the lead board on one of the receiving piece, the general panel of the support on the other, is the
lead board stuck a lead plate to the backing material such as gypsum board, bonding the surface
material to the backing hitting material structure It has become. Accordingly, as compared with the
prior art, with a simpler structure and is to be able to prevent the X-ray leakage from between the
panel the lower end and the floor surface.

Incidentally, as is also shown in the above Patent Documents 1 and 2, the lead processing such as
lead chamber, paste the lead plate to the backing material, lead boards with so-called gypsum
board is commonly used There, the gypsum board with a lead board, in general, such as that
shown in FIG. 3, the gypsum board 11, a lead plate 13, a gypsum board 11 and the lead plate 13 is
interposed between the gypsum board 11 and the lead plate 13 consisting of the intermediate
layer 12 to be joined. Then, lead plate constituting the lead boards with gypsum board, because it
is made of toxic lead in the human body, the disposal must be disposed of peeling the lead plate
from used lead board. In addition, lead plate is, because it is very expensive when compared to
other members of the gypsum board and the like, it is desirable to easily peeled off and reused
from spent lead board. On the other hand, in the lead boards with gypsum boards in use, sufficient
improvement of bondability and strength of the gypsum board and lead plates are required.
Incidentally, as is also shown in the above Patent Documents 1 and 2, the lead processing such as
lead chamber, paste the lead plate to the backing material, although the lead boards with so-called
plasterboard is widely used, this with gypsum board lead board, generally, are joined as shown in
FIG. 3, the gypsum board 11, a lead plate 13, a gypsum board 11 and the lead plate 13 is
interposed between the gypsum board 11 and the lead plate 13 consisting of the intermediate
layer 12. Lead plate constituting the lead boards with gypsum board, because it is made of toxic
lead in the human body, the disposal must be disposed of peeling the lead plate from used lead

board. In addition, lead plate is, because it is very expensive when compared to other members of
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the gypsum board and the like, it is desirable to easily peeled off and reused from spent lead
board.

JP-A-59-165783 JP (the scope of the claims, 1 to 16 line 2 page upper right column of the
specification) Real Hei 4-27006 JP (the scope of the claims, line 5 on page 5 of the 7 line to 6 pages
of the specification)

However, shown in Patent Documents 1 and 2, etc., many conventional gypsum board with lead
board, the main component for forming the intermediate layer for bonding gypsum boards and lead
plate, for example, an emulsion of vinyl acetate composition, etc. that have been used widely.
When an emulsion of the vinyl acetate in the conventional lead boards with gypsum board
intermediate layer is formed with a composition containing as a main component, the bonding
strength of the gypsum board and lead plates in a lead board in use be sufficiently obtained
although, there has been a problem in terms of peeling of the lead plate.

4, after removal of the lead plate 13 from a conventional gypsum board with a lead board 10
formed with the intermediate layer with a composition mainly comprising an emulsion of vinyl
acetate, joining of a lead plate 13 and the gypsum board 11 It shows the state of the surface. Thus,
in the conventional lead boards with plaster board, when peeling the lead plate from gypsum
board, a portion of paper material which is adhered to the surface of some or gypsum board of the
composition, more plasterboard part of the gypsum board due to the broken wood in the part of,
remaining attached to the release surface of the lead plate side as peeling scum, there is a problem
that peeling work is rough goins.

Therefore, in the conventional gypsum board with lead boards, for disposal board waste, including
spent lead board, and a great deal of labor for peeling operation of the lead plate for reuse time
consuming, cost rises there is a problem that put away. In addition, lead is because it is harmful to
the human body, if the work is work time and difficulties is prolonged, larger impact on the minute

human body.

The purpose of the present invention, there is provided a lead boards with gypsum boards to be
used for lead processing such as lead chamber, the lead board became spent, easily peeled off
only lead plate constituting the %}Zé}ﬁ/@n\ board, efficiency It is to provide a re-peeling type sheet to
be used in the well recovered gypsum board with a lead board and this board can be.

The first aspect of the present invention, a gypsum board 11, the lead plate 13, which is constituted
by interposed between the gypsum board 11 and lead plate 13 and the intermediate layer 12 to
bond the gypsum board 11 and lead plate 13 in the gypsum board with a lead board 10 shown in
FIG. 3, the intermediate layer 12, as shown in FIG. 1, an adhesive layer or an adhesive layer 21, a
sheet-like substrate layer 22, and the adhesion layer 23 is this consists of releasable sheet 20
formed by laminating in this order, the adhesion layer 23, the adhesion layer composition a
synthetic resin emulsion with respect to 100 parts by mass of natural rubber latex as a main
component of natural rubber latex containing 5 to 90 parts by weight is formed by a glass transition

temperature of the synthetic resin emulsion is the -70 to-15 ° C.,, the thickness of the adhesive layer
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23 is characterized in that it is a 50 to 150 m. Here, the synthetic resin emulsion of the present
invention, (meth) acrylic acid ester polymer resin emulsion, vinyl acetate - (meth) acrylic acid ester
copolymer resin emulsion, ethylene - vinyl acetate copolymer resin emulsion, styrene - It refers to
butadiene copolymer resin emulsion and the like.

The second aspect of the present invention is an invention based on the first aspect, further natural
rubber latex, characterized in that an ester modified natural rubber latex acrylic acid ester or
methacrylic acid.

A third aspect of the present invention, there is provided a releasable sheet used in the first or
second aspect lead boards with a gypsum board, as shown in FIG. 1 or FIG. 2, the pressure-sensitive
adhesive layer or an adhesive layer 21, a sheet-like substrate layer 22, and the adhesion layer 23 is
laminated in this order, the adhesion layer 23, the natural rubber latex as a main component, a
glass transition temperature with respect to 100 parts by mass of natural rubber latex - the
synthetic resin emulsion of 70 to-15 ° C,, characterized in that it is formed by the adhesion layer
composition containing 5 to 90 parts by weight.

A fourth aspect of the present invention is an invention based on the third aspect, further said
natural rubber latex, characterized in that an ester modified natural rubber latex acrylic acid ester or
methacrylic acid.

A fifth aspect of the present invention is an invention based on the third or fourth aspect, further
pressure-sensitive adhesive layer is composed of an emulsion-type adhesive or a solvent-type
pressure-sensitive adhesive, the adhesive layer is an emulsion type adhesive, characterized in that it
is constituted by a solvent type adhesive or a hot melt adhesive.

Sixth aspect of the present invention is an invention based on the third to fifth aspect, further
sheet-like substrate layer is characterized by comprising a nonwoven fabric.

Seventh aspect of the present invention is an invention based on the aspect of the third to sixth, as
shown in FIG. 2, on each surface of the adhesive layer 23 and an adhesive layer or an adhesive
layer 21, a protective sheet characterized in that 24 are laminated.

The first aspect gypsum-board lead board of the present invention, the intermediate layer, the
pressure-sensitive adhesive layer or an adhesive layer, a sheet-like base material layer, in releasable
sheet and the adhesion layer are laminated in this order constructed. Then, the adhesion layer
constituting the releasable sheet, a natural rubber latex as a main component, is formed by a
further adhesive layer composition containing a synthetic resin emulsion at a predetermined ratio
with respect to the natural rubber latex, the synthetic resin the glass transition temperature of the
emulsion is a -70 °C ~-15 OC, the thickness of the adhesive layer is 50 to 150 m. Therefore, in
attaching gypsum board lead board of the present invention, it was a drawback of the conventional
lead boards with gypsum board intermediate layer is formed by a composition mainly composed of
an emulsion such as vinyl acetate type, a spent when you peel off the lead plate from the board
was, it is possible without imposing peeling peeling surface of the lead plate side remains, easily
peeled off only the lead plate, be efficiently recovered. On the other hand, in the gypsum board

with a lead board in use, sufficient adhesion force can be obtained between the lead plate and
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gypsum board. Further, it can be a long-term use in a high temperature environment easily peeled
only lead plate, and efficiently recovered. Further, from the above-described components for no
generation of harmful gases such as formaldehyde, environmentally friendly.

In a second aspect of the gypsum board with a lead board of the present invention, since the
natural rubber latex is an acrylic acid ester or methacrylic acid ester-modified natural rubber latex,
in the production of gypsum boards with a lead board, during the manufacture of the releasable
sheet along with the coating stability is improved, and also improves the storage stability.

The third aspect releasable sheet of the present invention, a pressure-sensitive adhesive layer or an
adhesive layer, a sheet-like base material layer, and the adhesion layer are laminated in this order.
Then, the adhesion layer, the natural rubber latex as a main component, is formed by the adhesion
layer composition further comprising a synthetic resin emulsion at a predetermined ratio with
respect to the natural rubber latex, glass transition temperature of the synthetic resin emulsion -70
a °C ~-15 OC, the thickness of the adhesive layer is 50 to 150 m. Therefore, the re-peelable sheet
By using the intermediate layer of lead board with gypsum board, can impart good release of the
above-mentioned in the used of the board. On the other hand, in the board is in use, can impart
sufficient adhesion between the lead plate and gypsum board. Further, from the above-described
components for no generation of harmful gases such as formaldehyde, environmentally friendly.

In a fourth aspect releasable sheet of the present invention, since the above natural rubber latex is
an ester modified natural rubber latex acrylic acid ester or methacrylic acid, together with the
coating stability during production of the releasable sheet is improved , also improved storage
stability.

In the sixth releasable sheet aspect of the present invention, by the sheet-like substrate layer is a
nonwoven fabric, the components constituting the adhesive layer is physically entangled for good
fixation, cause thermal shrinkage or the like during processing since no, it does not cause wrinkles.

In the seventh releasable sheet aspect of the present invention, by laminating the protective sheet,
the adhesive layer surface before use, the surface layer of the pressure-sensitive adhesive layer or
an adhesive layer is protected.

Is a cross-sectional view schematically showing a laminated structure of a lead boards with gypsum
board of the present invention embodiment. It is a cross-sectional view schematically showing a
lamination structure of a releasable sheet of the present invention embodiment. Is a cross-sectional
view schematically showing a general layered structure of a lead boards with plaster board. Is a
photograph showing a lead plate and the release surface of the gypsum board in the conventional
lead-board with gypsum board. It is a diagram showing a releasable sheet of the manufacturing
process (pressure-sensitive adhesive layer formation). It is a diagram showing a re-peeling type sheet
of the manufacturing process (adhesion layer formation). It is an explanatory diagram of the plane
tensile strength test. 90 °is an explanatory diagram of the peel test.

It will be described with reference to the embodiments of the present invention with reference to

the accompanying drawings.
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Lead board with gypsum board of the present invention, as shown in FIG. 3, is bonded to the
gypsum board 11, a lead plate 13, a gypsum board 11 and the lead plate 13 is interposed between
the gypsum board 11 and the lead plate 13 it is an improvement of the gypsum board with a lead
board 10 formed by the intermediate layer 12.

In the lead boards with gypsum board of the present invention, the gypsum board 11, a lead plate
13 constituting the board is not particularly limited, a commercially available gypsum board, it is
possible to use a lead plate. Gypsum board that is commercially available, usually, a manufacturing
method of molding and drying hardened into a predetermined shape by inserting the sandwich
gypsum slurry consisting calcined gypsum and additives and water feed at the board base paper on
the belt conveyor is taken ing. Therefore, having a cross-sectional structure paper material 11b is
bonded to both surfaces of the gypsum board 11a formed in a plate shape. Incidentally, gypsum
board 11 is not particularly limited, but a thickness (total thickness comprising a paper material 11b)
is 9.5721Mm, the thickness of the paper material 11b is within the range of 0.1~0.5mm preferably,
the lead plate 13, which thickness is within the range of 0.3~2mm are preferred.

Then, the gypsum board with a lead board of the present invention, the intermediate layer 12, as
shown in FIG. 1, the pressure-sensitive adhesive layer or an adhesive layer 21, the sheet-like
substrate layer 22 and the adhesion layer 23 are laminated in this order made consists of the
removable sheet 20, the above adhesive layer 23, a layer having a predetermined thickness formed
by the adhesion layer compositions based on natural rubber latex. Thus, gypsum board with lead
board 10 of the present invention, part of the intermediate layer 12 for bonding gypsum board 11
and lead plate 13, i.e. the bonding surface side of the lead plate 13, the main component of
natural rubber latex It has a structure having an adhesion layer 23 formed by composition.
Therefore, excellent peeling property from the gypsum board of the lead plate, when you peel off
the lead plate from the lead board with gypsum board that has become spent, without leaving
residue peeling the peeling surface of the lead plate side, and a lead plate only the lead plate and
easily peeled off at the interface of the intermediate layer, can be efficiently recovered.
Incidentally, the "adhesion" in the present invention, is a highly elastic or gel-like solid not sticky,
without creating voids extruding the air entrained between the adherend by the elasticity of the
composition It refers to those to be fixed to. On the other hand, the bonding surface side of the
gypsum board 11, sandwiching the sheet-like substrate layer 22, the adhesive layer or the adhesive
layer 21 has become the laminated structure, as compared with the bonding surface of the lead
plate side bonding strength is high. For this reason, the bonding surface of the intermediate layer
and the gypsum board side, in the lead board with gypsum board at the time of use, has excellent
strength. Note that the term "adhesive" in the present invention, high viscous liquid or gel-like solid
was coated, refers to those fixing the greasy as-state maintaining the adherend, and "adhesive" are
liquid or gel was coated with Jo solid, say those that exert the peeling resistance force by
solidification.

The natural rubber latex contained as a main component in the adhesion layer composition used

for forming the adhesive layer 23, other unmodified natural rubber latex include acrylic acid esters
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or methacrylic acid esters modified natural rubber latex. The unmodified natural rubber latex which
is commercially available include ULACOL (KK Redjitekkusu Co.). Of these, natural rubber latex,
acrylic acid ester or methacrylic acid ester-modified natural rubber latex is preferred. Acrylic acid
ester or methacrylic acid ester-modified natural rubber latex, the mechanical stability of the
composition, i.e. excellent in coating stability. Further, it is excellent in storage stability of the
composition as compared with the unmodified. Acrylic acid esters, methyl acrylate, ethyl acrylate,
butyl acrylate, 2-ethylhexyl acrylate, 2-dimethylaminoethyl acrylate, 2-hydroxyethyl acrylate are
exemplified. As the methacrylic acid ester, methyl methacrylate, ethyl methacrylate, butyl
methacrylate, 2-ethylhexyl methacrylate, 2-dimethylaminoethyl methacrylate, 2-hydroxyethyl
methacrylate and the like. In particular, methyl methacrylate is preferable. The acrylic acid ester or
methacrylic acid ester-modified natural rubber latex is commercially available, MG-15
(manufactured by KK Redjitekkusu Co.) and Coatex (manufactured by Musashino Chemical Co., Ltd.)

are exemplified.

Further, the adhesion layer 23, in addition to natural rubber latex as the main component, a layer
formed by a composition containing a synthetic resin emulsion at a predetermined rate. Thus, the
adhesion layer, because it is formed by a composition containing a synthetic resin emulsion at a
predetermined rate, while maintaining the release properties of the lead plate in the spent board,
in the lead boards with gypsum board in use , sufficient bonding strength between the lead plate
and the gypsum board is obtained. The proportion of synthetic resin emulsion is a 5 to 90 parts by
weight with respect to natural rubber latex 100 parts by weight. If the amount is less than the lower
limit content ratio of synthetic resin emulsion, in the lead board with gypsum board in use,
sufficient bonding strength can not be obtained between the lead plate and plaster board. On the
other hand, the content of the synthetic resin emulsion exceeds the upper limit, in the spent lead
boards with gypsum board, can not be easily peeled off only the lead plate, or the like adhesive
force increases excessively due to aging failure occurs. Of these, the proportion of synthetic resin
emulsion is preferably from 10 to 50 parts by weight.

As the synthetic resin emulsion to be used, from the viewpoint of such bonding strength between
the lead plate and the gypsum board in the board during use, used as a glass transition
temperature in the range of -70 °C ~-15 °C. Glass transition temperature is less than the lower
limit, the adhesion layer becomes too soft, there is a case that peeling of the lead plate is lowered
in the used of the board, on the other hand, the adhesive layer becomes hard and exceeds the
upper limit, in use the bonding strength between the lead plate and the gypsum board is because
there is a case to be reduced in the board. Further, the glass transition temperature is less than the
lower limit, or consist of synthetic resin emulsion alone, stickiness of the adhesive layer (tackiness)
becomes strong, workability in laminating the lead plate on the gypsum board is deteriorated.
Therefore, problems will be caused such as, for example, fine adjustment of the position when
superimposing the lead plate adhesion layer becomes difficult. Specifically, the glass transition

temperature of the above range (meth) acrylic acid ester polymer resin emulsion, ethylene-vinyl
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acetate copolymer resin emulsion, styrene - butadiene copolymer resin emulsion and the like.
Examples of the (meth) acrylic acid ester polymer resin emulsion (manufactured by Toyo Ink Co.,
Ltd.) KR-161 (Koyo Sangyo Co.) and BPW6111, AP620 (manufactured by Arakawa Chemical Industries,
Ltd.) and the like. Further, examples of the ethylene-vinyl acetate copolymer resin emulsion,
S408HQE, S950HQ, S951HQ, S755 (manufactured by Sumika Chemtex Co., Ltd.) and the like. Styrene
- The butadiene copolymer resin emulsion, L-7850, A7582, A7269 (manufactured by Asahi Kasei
Chemicals Corporation) and the like.

Further, the thickness of the adhesive layer 23 is 50 to 150 m. The thickness of the adhesive layer is
less than 50Mm, adhesion force is reduced, the beam is skin on the surface of the coating film in
the drying process, missing water of the internal coating film is water swelling and bad condition
occurs. The thickness of the adhesion layer exceeds 150 .mu.m, bubbles are generated in the
adhesive layer, manufacture of releasable sheet becomes difficult. Of these, the thickness of the

adhesive layer is in the range of 80~100[m is preferred.

The sheet-like substrate layer 22 of the releasable sheet 20, it is preferable to use a nonwoven
fabric. As a non-woven fabric, non-woven fabric or the like to be from cellulose-based non-woven
fabric, thermoplastic resin-based fibers of polyolefin and polyester such as hemp, and the like. As
the cellulose-based nonwoven fabric, Bemliese (Asahi Kasei Fibers Corp.) or TCF (manufactured by
Futamura Chemical Co., Ltd.) are exemplified. The polyolefin-based nonwoven fabric, ELEVES
(manufactured by Unitika Ltd.) are exemplified. Examples of the polyester-based non-woven fabric,
Miraifu (JX Nippon Oil & ANCI Co., Ltd.) and Eltas (manufactured by Asahi Kasei Fibers Corporation)
are exemplified.

To that selected nonwoven fabric as a sheet-like base material layer for the following reason. For
example, in the case of using a film sheet of PET (polyethylene terephthalate), sometimes natural
rubber latex is a main constituent of the adhesion layer is not fixed well. Further, there is a case PE
(polyethylene) or PP which similar to the above PET even when using a film sheet (polypropylene)
problems will be caused, also, the film shrinkage by the heat of the drying oven in the drying step
after coating occur, the cause of wrinkles. Further, there is a case where a natural rubber latex is a
main component constituting the adhesive layer even when using paper not fixed well. In addition,
the paper occurs stretch out absorbing the moisture, there is a large wrinkles she can. On the other
hand, when using the nonwoven fabric, natural rubber latex is physically entangled for good fixation
is a main constituent of the nonwoven fabric and the adhesive layer, since no cause thermal
shrinkage or the like during processing, the wrinkle occurs even because there is no is.

Non-woven fabric is preferably in the range of basis weight of 271% /2. The basis weight was
within the above range is also the basis weight is greater nonwovens that exceeds the upper limit
value is a sheeting is possible, in the sheet produced with a basis weight of greater nonwoven tends
to occur delamination it is not preferable because there is a case in which failure occurs. In

addition, a small non-woven fabric of basis weight of less than the lower limit is because the more
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likely to break at the time of the coating of the composition for forming an adhesive layer or a
pressure-sensitive adhesive layer or an adhesive layer, and the like.

Sensitive adhesive layer constituting the releasable sheet 20 is composed of an emulsion-type
adhesive or a solvent-type pressure-sensitive adhesive. The emulsion-type pressure-sensitive
adhesive acrylic emulsion KR-159 (Koyo Sangyo Co., Ltd.) and BPW6111 (manufactured by Toyo Ink
Co., Ltd.) are exemplified. The solvent type adhesives, SK dyne series SK1717, SK1760 (Soken
Chemical & Engineering Co., Ltd.) are exemplified. Is a hard composition of strength adhesive type
for use in the adhesive layer.

Further, the adhesive layer is an emulsion type adhesive, and a solvent type adhesive or a hot melt
adhesive. The emulsion type adhesive, KR-134, KR-7800 (Koyo Sangyo Co., Ltd.) are exemplified. The
solvent type adhesive, 575 (manufactured by Cemedine Co., Ltd.) are exemplified. As the hot-melt
adhesive, 1535 (manufactured by Yasuhara Chemical Co., Ltd.) and AS1002 (Toagosei Co., Ltd.) are

exemplified.

Then, as shown in FIG. 2, the releasable sheet 20, adhesive layer 23 and adhesive layer prior to use
or to protect the adhesive layer 21 surface, the adhesion layer 23 and an adhesive layer or an
adhesive layer on the surfaces of 21, it will be further release paper such as protective sheet 24 is

laminated.

Subsequently, a method of manufacturing a lead boards with gypsum board of the present
invention will be described together with a manufacturing method of a releasable sheet used in the
middle layer of the board. Here, the adhesion layer on one surface of the sheet-like substrate layer,
the adhesive layer on the other surface is a method for manufacturing a releasable sheet formed

respectively.

For example, as shown in FIG. 5, first, on one surface of the sheet-like substrate layer 22, coating
the composition 21a for forming the pressure-sensitive adhesive layer described above. After coating
Through the drying oven, and dried by a drying step 4-5 minutes at a temperature of 110 ° C, to
form an adhesive layer 21 on one surface of the sheet-like substrate layer 22. After exiting from the
drying furnace, the formed pressure-sensitive adhesive layer 21 side, and wound with a protective
sheet 24, such as a release paper. Thereby, sheet-like substrate layer 22, the laminate 20a is formed

comprising the pressure-sensitive adhesive layer 21 and the protective sheet 24.

Next, as shown in FIG. 6, the scroll-like laminated body 20a described above produced, on the
other side of the sheet-like substrate layer 22, coating the adhesion layer composition 23a
described above. After coating Through the drying oven, drying by performing 5-6 minutes drying
step at a temperature 80 ° C., to form the adhesive layer 23 on the other surface of the sheet-like
substrate layer 22. After exiting from the drying furnace, the formed adhesive layer 23 side, is
wound with a protective sheet 24, such as a release paper. Thus, the adhesion layer 23 and the

protective sheet 24 is formed on the other surface of the sheet-like substrate layer 22.
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After the wound is, to be in equilibrium moisture content and curing for about one week to 10 days
in the scroll-like state. Note that to form an adhesive layer 21 prior to the adhesion layer 23, has
the property of natural rubber latex which constitutes the adhesive layer 23 loses hard be resilient
too applying heat, the heating during manufacturing This is because it is necessary to keep to a

minimum.

Through the above steps, re-peelable sheet 20 used in the intermediate layer 12 of the lead board

with gypsum board of the present invention can be obtained.

Then, to manufacture the lead boards with gypsum board of the present invention, first, peeling the
releasable sheet 20 of the adhesive layer or the adhesive layer 21 side of the protective sheet 24
shown in FIG. 2, the exposed PSA layer Alternatively an adhesive layer 21, on the surface of one of
the paper material 11b that is adhered to the surface of the gypsum board 11a shown in FIG. 1, is
fixed so as to be in contact. Next, remove the protective sheet of the adhesive layer 23 side of the
releasable sheet 20, on the adhesion layer 23 exposed, placing the lead plate 13, using a cold
pressing, preferably at a pressure of 98~196kPa 1 minutes by pressurizing to 24 hours, to sufficiently
crimp the gypsum board 11 and the lead plate 13. The pressure or pressing time is less than the
lower limit of this time, sufficient adhesion is hardly obtained and an increase in adhesion exceeds
the upper limit are undesirable because there are cases where troubles destruction of the gypsum
board is produced .

Through the above steps, lead board with gypsum board of the present invention can be obtained.
Will now be described in detail an embodiment with a comparative example of the present
invention.

<Examples 1-4>
First, natural rubber latex (solid content of 60% by weight, the product name: ULACOL, Ltd.
Redjitekkusu Co., Ltd.) and synthetic acrylic acid ester polymer as a resin emulsion resin emulsion
(solid content of 60% by weight, the glass transition temperature of -40 °C, product name: KR-161,
prepared by Koyo Sangyo Co.), as shown in Table 1 below, the two components by mass 100:
5,100: 10,100: 43 and 100: 90 ratio of become so each formulation was prepared an adhesion layer
composition. In addition, as a sheet-like base material layer, with a thickness of 100dm polyester
non-woven fabric (basis weight of 40g / m2, product name: Miraifu, JX Nippon Oil & made ANCI Co.,
Ltd.) was prepared.

Next, a pressure-sensitive adhesive layer forming step shown in FIG. 5, applying a pressure-sensitive
adhesive composition on the surface of the polyester non-woven, temperature 110 ° C. leads to the
drying oven and dried under conditions of 4-5 minutes , on the surface side of the polyester
nonwoven fabric, to form a pressure-sensitive adhesive layer having a thickness of 90 .mu.m. Then,
the formed pressure-sensitive adhesive layer side, taken up with a release paper as a protective

sheet to obtain a roll-shaped laminate.



109

Next, a contact layer formation step shown in FIG. 6, the scroll-like laminated body was coated an
adhesive layer composition on the back side of a polyester nonwoven fabric, the temperature 80 °
C. through the drying furnace, 5-6 minutes by drying under a condition, on the back side of the
polyester nonwoven fabric was formed an adhesive layer having a thickness of 90 .mu.m. Then, the
formed adhesive layer side, was wound with the release paper as a protective sheet.

Then, by the equilibrium moisture content and curing for about one week to 10 days in a scroll-like
state, shown in FIG. 2, an adhesive layer 21, a sheet-like substrate layer 22, and the adhesion layer
23 in this order are laminated becomes, the further the respective surface of the adhesion layer 23
and the adhesive layer 21, to obtain a releasable sheet 20, further protection sheet 24 are stacked.
Subsequently, by using a releasable sheet obtained above are shown in FIG. 1, the gypsum board
11, the intermediate layer 12 and the lead plate 13 are laminated in this order, the intermediate
layer 12, the adhesive layer 21, the sheet-like a base layer 22, adhesive layer 23 and is to produce a
gypsum board with a lead board 10 made of a releasable sheet 20 formed by laminating in this
order. Specifically, first, as a lead plate 13, and the vertical is 906mm x horizontal 1816mm x
thickness 2mm, lead plate of weighs about 37kg (the Mitsui Mining & Smelting Co., Ltd.), as a
gypsum board 11, vertical 910mm x horizontal 1820mm x a thickness of 12.5mm, weight was
prepared gypsum board of about 13kg (manufactured by Yoshino gypsum Co., Ltd.). Note that the
gypsum board, the front side back side of the surface, in which the thickness of each paper material
11b of 0.45mm were attached to the gypsum board 11a.

One surface of the gypsum board 11 as described above prepared, i.e. a surface of one of the paper
material 11b, and is fixed by peeling off the protective sheet 24 of the adhesive layer 21 side of the
releasable sheet obtained above. It was then fixed the lead plate 13 peel off the protective sheet
24 of the adhesive layer 23 side. Finally, one minute pressurized at a pressure of 100kPa from the
surface using a cold press of the lead plate 13, is sufficiently crimp the gypsum board 11 and the
lead plate 13 to give a lead board 10 with gypsum board.

<Example 5-8>

Synthetic resin emulsion as acrylic acid ester copolymer resin emulsion (solid content 60 wt%, a
glass transition temperature of -68 ° C., product name: AP620, Arakawa Chemical Industries, Ltd.)
using a mass basis is compounding ratio of the natural rubber latex in, and formulated, respectively,
as a ratio shown in Table 1 below, in the same manner as in example 1-4 was prepared the
adhesive layer composition. Further, using these compositions, in the same manner as in Example
1-4, to obtain a releasable sheet and lead boards with plaster board, respectively.

<Comparative Example 1>

As shown in Table 1 below, except that to prepare the adhesion layer composition without the use
of synthetic resin emulsion, to obtain a releasable sheet and lead boards with gypsum board in the
same manner as in Example 1-4.

<Comparative Examples 2 and 3>

Instead of synthetic resin emulsion, rosin ester emulsion (solid content of 50% by weight, the

product name: SE-E-720, Arakawa Chemical Industries, Ltd.) was used, and the blending ratio of the
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natural rubber latex is on a mass basis, of the following respectively, as a ratio shown in Table 1
were blended to prepare the adhesion layer composition in the same manner as in example 1-4.
Further, using these compositions, in the same manner as in Example 1-4, to obtain a releasable
sheet and lead boards with plaster board, respectively.

<Comparative Example 4>

As shown in Table 1 below, the mixing ratio of the natural rubber latex synthetic resin emulsion on
a weight basis of 100: except that 150 ratio to become so the formulation to the adhesion layer
composition of was prepared, Examples 1-4 that we have obtained a re-peelable sheet and lead
board with gypsum board in the same manner.

<Comparative Example 5>

As shown in Table 1 below, the natural rubber latex and synthetic compounding ratio of the resin
emulsion by mass 100 except that was prepared by blending such that the 150 percentage of the
adhesion layer compositions, Examples 5 to 8 that we have obtained a re-peelable sheet and lead
board with gypsum board in the same manner.

<Comparative Example 6>

As shown in Table 1 below, except that to prepare the adhesion layer composition without the use
of natural rubber latex, to obtain a releasable sheet and lead boards with gypsum board in the
same manner as in Example 5-8.

<Comparative Example 7>

As shown in Table 1 below, except that to prepare the adhesion layer composition without the use
of natural rubber latex, to obtain a releasable sheet and lead boards with gypsum board in the

same manner as in Example 1-4.

<Comparative Examples 8 and 9>

Synthetic resin emulsion as acrylic acid ester copolymer resin emulsion (solid content 57 wt%, a
glass transition temperature of -75 ° C., product name: AP601, central Rika Co., Ltd.) was used,
mixing ratio of the natural rubber latex mass in, compounded respectively so that the ratio shown
in Table 1 below, were prepared adhesion layer composition in the same manner as in example 1-
4. Further, using these compositions, in the same manner as in Example 1-4, to obtain a releasable

sheet and lead boards with plaster board, respectively.

<Comparative Test and Evaluation 1>

It was evaluated peelability plane tensile strength and a lead plate for gypsum board with lead
boards obtained in Examples 1-8 and Comparative Examples 1-9. In addition, prior to production
with gypsum board lead the board, for the re-peelable sheet of Zorezore, was to evaluate the lack
of stickiness of the adhesion layer. These results are shown in Table 2 below. In Table 2, in the
fields of comprehensive evaluation, the case where the evaluation of the plane tensile strength and

peeling of the lead board with gypsum board was both "Y" as the evaluation of the "Y" (pass), plane
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tensile strength and peeling among the evaluation of sex, either was evaluated for the case was "N"
"N" (fail).

(1) plane tensile strength: First, cut out test pieces obtained respectively width 4cm x gypsum lead
board with board length d4cm square, as shown in FIG. 7 (a), of the test piece 40 lead plate 13 the
lateral surface is arranged an aluminum jig 41, also the gypsum board 11-side surface disposed
plywood 42 was bonded and fixed using a hot melt adhesive, respectively. Moreover, as load is
applied evenly to the plywood 42, sandwiching the aluminum spacer 43 to the position shown in
Figure 7 (a).

Then, at room temperature (23 °0), precision universal testing machine (manufactured by Shimadzu
Corporation Model name: Autograph AGS-500B) used, the aluminum jig 41 under the conditions of a
pulling speed of 2mm / min, plywood 42 and aluminum and a manufacturing spacers 43 were
pulled in the direction of the arrow shown in FIG. 7 (b). After start pulling, or peeling at the interface
between the intermediate layer 12 and the lead plate 13, or gypsum board 11 interrupts the
tension when the Zaiyabu was measured maximum load up to the point of interruption. The above
measurements are each embodiment, for each Comparative Example, respectively were prepared
eight specimens were performed by eight times under the same conditions. It shows the mean
values in Table 2 below. In Table 2, the average value of the measured maximum load, a case was
16.0N

/ cm 2 or more acceptance criteria value is "Y", the case could not be not or measured below

the above-described acceptance criteria value and "N".

In addition, in the item of visual evaluation, "no danger of falling," the case was destroyed in the
gypsum board, and the case was a case was peeling at the interface of the lead and the adhesion

layer or the decision not to that "there is danger of falling."

(2) Peeling resistance: A 90 ° peel test, it was evaluated for peeling property in the intermediate
layer and the lead plate interface. Specifically, first, from the obtained lead boards with plaster
board was cut out width 4 cm x length 8cm square respectively, further, as shown in FIG. 8 (a), a
gypsum board 11 of the test piece 40 part of the intermediate layer 12 (width 4cm x length d4cm)
was deleted. Then, the side of the lead plate 13 which removes the gypsum board 11 and the
intermediate layer 12, bent perpendicularly, as shown in FIG. 8 (b), the gypsum board 11 side of the
test piece 40, a plywood 42 hot-melt adhesive It was bonded and fixed using.

Then, at room temperature (23 °C), precision universal testing machine (manufactured by Shimadzu
Corporation Model name: Autograph AGS-500B) show using, once the lead plate 13 bent to the
vertical, in Fig. 8 (b) in the direction of the arrow, it was pulling peeling vertically under the
conditions of a pulling speed of 5mm / min. After peeling initiation, or peel off at the interface of
the intermediate layer 12 and the lead plate 13, or gypsum board interrupts the pulling when the

broken timber, to measure the maximum load up to the point of interruption. The above
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measurements are examples, for each Comparative Example, respectively were prepared eight
specimens were performed by eight times under the same conditions. It shows the mean values in
Table 2 below. In Table 2, the average value of the measured maximum load, a case was below
16.0N / dcm of acceptability criterion value is "Y", if not below the above-described acceptance

criteria value or non-measurable It was referred to as "N".

Further, in the item of visual evaluation, without imposing peeling lead plate 13 remains, the case
of peeling at the interface between the intermediate layer 12 and the lead plate 13 to "no peeling
scum”, remains Kas peeling lead plate 13, the intermediate the case was the case or indeterminate
could not successfully peeled off at the interface of layer 12 and lead plate 13 was set to "peeling

there dregs".

(3) stickiness lack rating: performs a tack tester test was to evaluate the lack of stickiness of the
formed adhesion layer. As a measuring device, it was used PICMA - Takkutesuta Corporation of Toyo
Seiki Seisakusho. First, the measuring device, set up a test specimen (releasable sheet), press the
start button of the device, lower the adhesive portion discs at a speed of 100 cm / min, was
contacted with the test strip. It was then pressed for 2 seconds and the adhesive portion disk test
piece in the crimping load 4.9N. Then after crimping was measured tack values of the test piece by
pulling the adhesive portion discs at a speed of 70cm / min. Show that the measured values in
Table 2 below. In Table 2, the measured value is a case was less than 1.0N and a "Y", and the case

was 1.0 or more as "N".

Table 1, as is clear from Table 2, when comparing the Comparative Example 1-9 to Example 1-8,
does not contain a synthetic resin emulsion, i.e. an adhesion layer with a composition synthetic
resin emulsion is less than 5 parts by weight re-peeling type sheet formed, in comparative example
1 provided as an intermediate layer, in the 90 ° peel test, can not be measured will be peeling
lead plate is natural, also, in the plane tensile test, obtained practical to withstand strength It is did

not.

On the other hand, in place of the synthetic resin emulsion, in Comparative Examples 2 and 3 using
the rosin ester emulsion, although the very high strength of the practical level is obtained, in the
90 ° peel test, gypsum board ends up broken wood, It could not be peeled off only lead plate. In
addition, in the tack tester test, the measured value is very high, it was the result of sticky appears
strongly of the adhesion layer. Therefore, coexistence also be added other emulsion other than the
natural rubber latex to synthetic resin emulsion at a predetermined rate, the lead boards with
plaster board, good release properties after use and sufficient bonding strength when using is
thereby it is difficult, and natural rubber latex, the mixing of the synthetic resin emulsion such as an

acrylic ester polymer resin emulsion, it is seen that the effect of coexistence of these is obtained.
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In addition, synthetic resin emulsion is more than 90 parts by weight, or in Comparative Example 4-7
does not contain natural rubber latex, in a plane tensile test, although very high strength of the
practical level is obtained, in the 90 ° peel test , gypsum board ends up broken wood, it could not

be peeled off only the lead plate.

In Comparative Examples 8 and 9 the glass transition temperature using a synthetic resin emulsion
of less than -70 ° C,, although high strength of a practical level is obtained, the adhesion layer is too
soft, lead in 90 ° peel test It could not be easily peeled off only the plate. In addition, in
Comparative Example 9, the measured values in tack tester test becomes very high, it was the

result of sticky appears strongly of the adhesion layer.

In contrast, the natural rubber latex, the boards of Examples 1 to 8 in which the glass transition
temperature is blended with synthetic resin emulsion in a predetermined range at a predetermined
rate, obtained very high strength of the practical level in the plane tensile test is, yet in the 90 °
peel test, both without peeling dregs remains in the lead plate, easily to be able to peel only the
lead plate has been confirmed. In Example 1-8, also obtained good value in tack tester test, the

result is also excellent in the non-Evaluation of stickiness was obtained.

<Example 9-12>

As shown in Table 3 below, in place of the natural rubber latex unmodified, methyl methacrylate
(MMA) the modified natural rubber latex (solids content 60 wt%, modification amount 13 mass%,
product name: MG-15 Co. except for the use of Redjitekkusu Corp.), similar to the respective
examples 1 to 4 were prepared adhesion layer composition. Further, using these compositions, in
the same manner as in Example 1-4, to obtain a releasable sheet and lead boards with plaster

board, respectively.

<Examples 13-16>

As shown in Table 3 below, in place of the natural rubber latex unmodified, except for using methyl
methacrylate (MMA) modified natural rubber latex as used in Example 9-12, Example 5-8 in the
same way as, to prepare the adhesion layer composition. Further, using these compositions, in the
same manner as in Example 5-8, to obtain a releasable sheet and lead boards with plaster board,

respectively.

<Comparative Example 10>

As shown in Table 3 below, in place of the natural rubber latex unmodified, except for using methyl
methacrylate (MMA) modified natural rubber latex used in Example 9-12, as in Comparative
Example 1, without using the synthetic resin emulsion, an adhesive layer composition was prepared

to obtain a re-peelable sheet, and lead boards with plaster board.
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<Comparative Examples 11 and 12>

As shown in Table 3 below, in place of the natural rubber latex unmodified, except for using methyl
methacrylate (MMA) modified natural rubber latex as used in Example 9-12, respectively
Comparative Examples 2 and 3 similar to, an adhesion layer composition to yield the releasable

sheet and lead boards with plaster board.

<Comparative Example 13 and 14>

As shown in Table 3 below, in place of the unmodified natural rubber latex, except for using methyl
methacrylate (MMA) modified natural rubber latex as used in Example 9-12, respectively
Comparative Examples 4 and 5 similar to, an adhesion layer composition to yield the releasable

sheet and lead boards with plaster board.

<Comparative Example 15 and 16>

As shown in Table 3 below, in place of the unmodified natural rubber latex, except for using methyl
methacrylate (MMA) modified natural rubber latex as used in Example 9-12, respectively
Comparative Examples 8 and 9 similar to, an adhesion layer composition to yield the releasable

sheet and lead boards with plaster board.

<Comparative Test and Evaluation 2>

The gypsum board with lead boards obtained in Examples 9 to 16 and Comparative Examples 10 to
16, in the same manner as in Comparative Test 1, the plane tensile strength test was evaluated
performed 90 ° peel test and tack tester tests. The results are shown in Table 4 below.

From Tables 3 and 4 as apparent, the MMA modified using a natural rubber latex, in the natural
rubber latex, glass transition temperature of Example 9-16 was blended at a ratio of synthetic resin
emulsion predetermined in a predetermined range the board, as compared with the comparative

example 10 to 16, the same manner as in example 1 to 8 above, to obtain a very high strength of

the practical level in the plane tensile test, yet in the 90 ° peel test, any peeling lead plate
without imposing remains, it was confirmed that easily peeled only lead plate. In addition, also
obtained good value in tack tester test, the result is also excellent in the non-Evaluation of
stickiness was obtained.

<Examples 17 to 20, Comparative Example 17>

Ethylene as synthetic resin emulsion - vinyl copolymer resin emulsion acetate (solid content of 50%
by weight, the glass transition temperature of -30 °C, the product name: S408HQE, Sumika Chemtex
Co., Ltd.) was used, the mixing ratio of the natural rubber latex by mass were blended, respectively,
as a ratio shown in Table 5 below were prepared adhesion layer composition in the same manner
as in example 1-4. Further, using these compositions, in the same manner as in Example 1-4, to
obtain a releasable sheet and lead boards with plaster board, respectively.

<Comparative Example 18>

As shown in Table 5 below, except that to prepare the adhesion layer composition without the use
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of natural rubber latex, to obtain a releasable sheet and lead boards with gypsum board in the

same manner as in Example 17-20.

<Examples 21 to 24, Comparative Example 19>

Ethylene as synthetic resin emulsion - vinyl copolymer resin emulsion acetate (solid content of 50%
by weight, the glass transition temperature of -15 °C, the product name: S755, Sumika Chemtex
Co., Ltd.) was used, the mixing ratio of the natural rubber latex by mass were blended, respectively,
as a ratio shown in Table 5 below were prepared adhesion layer composition in the same manner
as in example 1-4. Further, using these compositions, in the same manner as in Example 1-4, to

obtain a releasable sheet and lead boards with plaster board, respectively.

<Comparative Example 20>
As shown in Table 5 below, except that to prepare the adhesion layer composition without the use
of natural rubber latex, to obtain a releasable sheet and lead boards with gypsum board in the

same manner as in Example 21-24.

<Comparative Test and Evaluation 3>
The gypsum board with lead boards obtained in Examples 17 to 24 and Comparative Examples 17
to 20, in the same manner as in Comparative Test 1, the plane tensile strength test was evaluated

performed 90 ° peel test and tack tester tests. The results are shown in Table 6 below.

Table 5, as apparent from Table 6, the glass transition temperature of ethylene is in the
predetermined range as a synthetic resin emulsion - using vinyl acetate copolymer resin emulsion,
natural rubber latex, the ethylene - vinyl acetate copolymer resin in the board of example 17 to 24
blended with the emulsion at a predetermined ratio, compared with the comparative example 17
to 20, the same manner as in example 1 to 8 above, very high strength of the practical level is
obtained in the plane tensile test, and in the 90 ° peel test, both without peeling debris remains
in the lead plate, easily to be able to peel only the lead plate was confirmed. In addition, also
obtained good value in tack tester test, the result is also excellent in the non-Evaluation of
stickiness was obtained.

<Examples 25 to 28, Comparative Example 21>

Styrene as a synthetic resin emulsion - butadiene copolymer resin emulsion (solid content 48 wt9%,
a glass transition temperature of -27 ° C., product name: L-7850, manufactured by Asahi Kasei
Chemicals Corporation) was used, the mixing ratio of the natural rubber latex by mass were
blended, respectively, as a ratio shown in Table 7 below, were prepared adhesion layer
composition in the same manner as in example 1-4. Further, using these compositions, in the same
manner as in Example 1-4, to obtain a releasable sheet and lead boards with plaster board,

respectively.
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<Comparative Example 22>

As shown in Table 7 below, except that to prepare the adhesion layer composition without the use
of natural rubber latex, to obtain a releasable sheet and lead boards with gypsum board in the
same manner as in Example 25-28.

<Examples 29 to 32, Comparative Example 23>

Styrene as a synthetic resin emulsion - butadiene copolymer resin emulsion (solid content 50 wt%,
a glass transition temperature of -15 ° C., product name: A7269, manufactured by Asahi Kasei
Chemicals Corporation) was used, compounding ratio by mass of natural rubber latex in,
compounded respectively so that the ratio shown in Table 7 below, were prepared adhesion layer
composition in the same manner as in example 1-4. Further, using these compositions, in the same
manner as in Example 1-4, to obtain a releasable sheet and lead boards with plaster board,
respectively.

<Comparative Example 24>

As shown in Table 7 below, except that to prepare the adhesion layer composition without the use
of natural rubber latex, to obtain a releasable sheet and lead boards with gypsum board in the
same manner as in Example 29-32.

<Comparative Example 25>

Synthetic resin emulsion as a styrene - butadiene copolymer resin emulsion (solid content 50 wt%,
a ¢lass transition temperature of -13 ° C., product name: HA-030, manufactured by Asahi Kasei
Chemicals Corporation) was used, as shown in Table 7 below , 100 at the mixing ratio by mass of
natural rubber latex: were blended so as to be 150 ratio to prepare a adhesive layer composition in
the same manner as in example 1-4. Further, by using this composition in the same manner as in
Example 1-4, to obtain a releasable sheet and lead boards with plaster board.

<Comparative Test and Evaluation 4>

The gypsum board with lead boards obtained in Examples 25 to 32 and Comparative Examples 21
to 25, in the same manner as in Comparative Test 1, the plane tensile strength test was evaluated
performed 90 ° peel test and tack tester tests. The results are shown in Table 8 below.

Table 7, as apparent from Table 8, the glass transition temperature of styrene is in the
predetermined range as a synthetic resin emulsion - with butadiene copolymer resin emulsion,
natural rubber latex, the styrene - butadiene copolymer resin emulsion in the board of example 25
to 32 was blended at a predetermined ratio, compared with the comparative example 21 to 25, the
same manner as in example 1 to 8 above, very high strength of the practical level is obtained in the
plane tensile test, yet 90 in ° peel test, both without peeling debris remains in the lead plate,
easily to be able to peel only the lead plate was confirmed. In addition, also obtained good value
in tack tester test, the result is also excellent in the non-Evaluation of stickiness was obtained.

In Comparative Example 25 Glass transition temperature Using a synthetic resin emulsion exceeds -
15 ° C,, the bonding strength is lowered by the adhesion layer becomes hard, in the 90 ° peel test, a
lead plate ends up spontaneous peeling not be measured, and in the plane tensile test, the

strength capable of withstanding practical use was obtained.
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<Comparative Example 26-29>

Ethylene - propylene - diene (EPDM) rubber emulsion (solids content of 52% by weight, the product
name: Seporekkusu EP125, Sumitomo Seika Chemicals Co., Ltd.) was used, and the blending ratio of
the natural rubber latex is on a mass basis, in Table 9 below blended respectively as the
proportions indicated, to prepare an adhesive layer composition in the same manner as in example
1-4. Further, using these compositions, in the same manner as in Example 1-4, to obtain a
releasable sheet and lead boards with plaster board, respectively.

<Comparative Example 30>

As shown in Table 9 below, except that to prepare the adhesion layer composition without the use
of natural rubber latex, to obtain a releasable sheet and lead boards with gypsum board in the
same manner as in Comparative Example 26 to 29.

<Comparative Example 31 to 34>

Chlorosulfonated polyethylene (CSM) rubber emulsion (solid content 40% by weight, product
name: CSM-200, Sumitomo Seika Chemicals Co., Ltd.) was used, mixing ratio of the natural rubber
latex by mass, in Table 9 below blended respectively as the proportions indicated, to prepare an
adhesive layer composition in the same manner as in example 1-4. Further, using these
compositions, in the same manner as in Example 1-4, to obtain a releasable sheet and lead boards
with plaster board, respectively.

<Comparative Example 35>

As shown in Table 9 below, except that to prepare the adhesion layer composition without the use
of natural rubber latex, to obtain a releasable sheet and lead boards with gypsum board in the
same manner as in Comparative Example 31 to 34.

<Comparative Example 36 to 39>

Silicone rubber emulsion (solid content of 34% by weight, the product name: BY 22-856 SR,
manufactured by Dow Corning Toray Co., Ltd.) was used, and the blending ratio of the natural
rubber latex is on a mass basis, and the proportions shown in Table 9 below become so
compounded respectively, to prepare the adhesion layer composition in the same manner as in
example 1-4. Further, using these compositions, in the same manner as in Example 1-4, to obtain a
releasable sheet and lead boards with plaster board, respectively.

<Comparative Example 40>

As shown in Table 9 below, except that to prepare the adhesion layer composition without the use
of natural rubber latex, to obtain a releasable sheet and lead boards with gypsum board in the
same manner as in Comparative Example 36 to 39.

<Comparative Test and Evaluation 5>

The lead boards with gypsum board obtained in Comparative Example 26 to 40, in the same
manner as in Comparative Test 1, the plane tensile strength test was evaluated performed 90 ° peel
test and tack tester tests. The results are shown in Table 10 below.

Table 9, as is apparent from Table 10, EPDM rubber emulsions as synthetic rubber emulsions, CSM

rubber emulsion, or a silicone rubber emulsion, natural rubber latex, Comparative Example 26
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containing a combination of these synthetic rubbers emulsion at a predetermined rate the 40

board, in the 90 ° peel test, not be measured lead plate ends up spontaneously peeled, and in a
plane tensile test, the strength capable of withstanding practical use was obtained. Therefore, even
when blended with synthetic rubber emulsion to natural rubber latex, the coexistence of good
release properties after use and sufficient bonding strength in use is understood to be difficult.
<Examples 33 and 34, Comparative Examples 41 and 42>

Using the adhesive layer composition prepared in Example 2, the thickness of the adhesive layer,
respectively, except that was formed to have a thickness shown in Table 11 below, in the same
manner as in Examples 1-4, again peeling sheet and got the lead board with gypsum board.
<Comparative Test and Evaluation 6>

The gypsum board with lead boards obtained in Examples 33 and 34 and Comparative Examples 41
and 42, in the same manner as in Comparative Test 1, the plane tensile strength test was evaluated
performed 90 ° peel test and tack tester tests. The results are shown in Table 12 below. For
comparison, Table 11 also shows the conditions and the evaluation results of Example 2 are in
Table 12.

Table 11, as is apparent from Table 12, in Comparative Example 41 The thickness of the adhesive

layer of the removable sheet is less than 50 .mu.m, without strength to withstand for practical use

can be obtained even in the plane tensile test, also, 90 ° in peel tests, a lead plate could not be
measured will naturally peeled. On the other hand, in Comparative Example 42 exceeds 150 .mu.m,
bubbles are generated in the adhesion layer, it was not possible to produce a releasable sheet.
In contrast, in the adhesion and a thickness of the range of 50~150dm embodiment of the layer
2,33,34, very high strength can be obtained in the plane tensile test, yet in the 90 ° peel test, both
lead plate without leaving debris peeling, it was confirmed that easily peeled only lead plate. In
addition, also obtained good value in tack tester test, the result is also excellent in the non-
Evaluation of stickiness was obtained.
Gypsum board with lead board of the present invention can be utilized in the lead chamber
radiography room, etc., etc. Interior building material or a portion thereof such as a wall to prevent
the X-ray leakage. Furthermore, after use, it can be utilized as a recycle material for producing lead
boards with new plasterboard.
10 gypsum board with a lead board 11 gypsum board 12 intermediate layer 13 lead plate 20 re-
peeling sheet 21 pressure-sensitive adhesive layer or an adhesive layer 22 sheet-like base material
layer 23 adhesion layer
Claims (7)
translated from Japanese
1. And gypsum board (11), intermediate for joining lead plate (13), the gypsum board (11) and
the gypsum board (11) and the lead plate interposed between the lead plate (13) (13) in the
layer (12) and the gypsum board with a lead board constituted by(10),

It said intermediate layer (12), pressure-sensitive adhesive layer or an adhesive layer (21),
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sheet-like substrate layer (22), releasable sheet adhesive layer (23) and are laminated in this
order (20) in is configured, The adhesion layer (23) is formed by the adhesion layer
composition as a main component of natural rubber latex containing 5 to 90 parts by weight
of synthetic resin emulsion with respect to the 100 parts by mass of natural rubber latex,
The glass transition temperature of the synthetic resin emulsion is -70~-15 °C, Lead Board
with gypsum board, wherein the thickness of the adhesive layer (23) is 50 to 150 m.

2. Wherein the natural rubber latex lead boards with gypsum board of claim 1 wherein the
ester-modified natural rubber latex acrylic acid ester or methacrylic acid.

3. Are-peeling type sheet to be used to claim 1 or 2 lead board with gypsum board described,
Pressure-sensitive adhesive layer or an adhesive layer (21), sheet-like substrate layer (22), the
adhesion layer and (23) becomes stacked in this order,
The adhesion layer (23) is a natural rubber latex as a main component, the adhesion layer
having a glass transition temperature containing 5 to 90 parts by weight of the synthetic resin
emulsion of 70 to-15 ~  C. relative to the natural rubber latex 100 parts by weight
releasable sheet formed by the compositions.

4. The re-peelable sheet according to claim 3, wherein the natural rubber latex is an ester
modified natural rubber latex acrylic acid ester or methacrylic acid.

5. Re sensitive adhesive layer is composed of an emulsion-type adhesive or a solvent-type
pressure-sensitive adhesive, the adhesive layer is an emulsion type adhesive, claim 3 or 4,
wherein composed of a solvent type adhesive or a hot melt adhesive peelable sheet.

6. Releasable sheet according to claims 3 to 5 any one said sheet-like substrate layer (22) is
made of nonwoven fabric.

7. To the each surface of the adhesive layer (23) and said pressure-sensitive adhesive layer or
an adhesive layer (21), re-peelable sheet according to further any one protective sheet (24)

to the claims 3 formed by stacking 6 .
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Abstract

This research was an experimental study on the prototype of cement composite as a
roofing tile for developed a new type of cement roofing tile with different of composites.
Samples were manufactured using a natural fiber that had improved by biological process for
supporting the properties in reinforce and thermal isolation. The ratio of the natural fiber by
cement’s weight are 5% and 10%. And composited with a scrap tyre that had improved by
chemical process for supporting the properties in thermal isolation and soundproof, which has
replaced the aggregate. The ratio of the scrap tyre by cement’s weight are 10%, 20%, 30%,
40%, and 50%, accordingly. Besides both of raw materials also reduced the aggregate‘s weight
when comparing with the commercial cement. The sample size are 20cm.x 20cm.x 1cm., and
the ratio of water and cement (W/C) is 0.5. They were manufactured by moulded at room
temperature for 24 hours and fill in the water for 28 days. Then the samples were testing in the
physical properties as the density property and the water absorption. The mechanical property
was tested by measured the modulus. The others properties were measured in the thermal
conductivity coefficient and the sound absorption coefficient. By separated the samples as 4
categories, there are 1. Control Cement (CC), 2. Cement composite with Fiber (CF), 3. Cement
composite with scrap tyre (CR) and 4. Cement composite with fiber and scrap tyre (CFR).

Results showed that CC got the highest performance, CFR and CR ,CF are same rank of
the performance in Modulus property by rank. The measured in the thermal conductivity (K)
showed that the lowest is 0.2308+0.005 W/m.K from CFR and the sound absorption coefficient
results of CFR also can absorbing 32.10% of noise. CFR got the density less than about 20.50%.
Therefore, the prototype of cement composite from natural fiber and scrap tyre can develop
and applying in the construction material as roofing or building facade with the high

performance and potential.

Keywords: Roofing tile, fiber rubber cement, cement composite.
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wFsanandin axdlenumun 2.5 - 279, fauudausann Svuawindu yousy dmdniun @
Tngifnvhauasadouin Fifesquanniin suuuuresnsudemdaeanin Tdonie uuuasy
1S e “uvtasuh” Mihiutualadnanadnugna wasthualed Contemporary s
“wonusuiFer” Auneduiulualadlnfdy anifiduiesnsudemdanenin do destu
arufouldd  llevaudou  fidumnudeuaraulduiunssdesdedonmaidiniinsndesniady

Wiluegivdvansuiliomdawiy  mnseilomaendidulzazaunnuseulinninseilosdsou

1% '
v a o C

wenaniinsziomdimwninddlivmdnAsudiauileiieuiunssilomamaeuniniisasy

) o q v 9 Yy do 5 o o ad A = 1y = o
Wweatu vihlilsendalassafransuimdnndean dedouasiiannuamugs ll@naane suddnvueg
YosiIBeuiudshsanmsinsvemy  uazanIavrandsanusneantadediognuisy - Jagdu
waanesda  Wunaaannlasuanuieundusgrannlunisldneadisiiegends  wszduesiiand
At agvisudduuuiuwniineenunegadary  viliinnuwileulndegiate  vivlvidaug
gy wilosannszilemdnnesiin dsaune Jaludedinvesuslaalunsidentd wats
agnlshmunsziliomasnesfin Aldududenludduiugvesnisdentdiuianmasen

NIEUIUNSHARNTELUBMa IS N WUU dry process

1) iinghu MeunszuINNIseULLielauIwazANTueaNIUle NIRY

2) dnFugunszilowmaeniesiiin Jalogvateds Yuegiumswseuiidenudu uavaunsal

- IS - ¥ =2 v a (Y ¢ & (4 a o = ¥

wsesllainsedld Tudegudnvagvewdndueinssiomanigsiinfianunsatusule

3) druviinisTuulaenismiuy (casting) Ilaswisanileiululviegluguinaudue (slip)
Inadalad ntudsnadusuuyulaiawes Yuazgauuasiiilefunmeinduatawuy 16
[ a [ & 2/ < o X . an & a & a & 2/
Ju wiindnginudesnis ¥ie m3datiugy (pressing) TotlavinisulleAudulvieglusuvens
nawq Ailvadilas ntuInhludameiaiesdaussiugs Blvilinaadasivaseuuis 1013

NARIUDYNINIDDUY

8) ¥hnsuemdmuesin ﬁﬁugﬂLLé’ﬂ‘Umuﬂizmumnmﬁqmmﬁqq Tneifisgamgiives
wligeduegnedng aufls 1,100 ssrwaiBea tiolindnsusiaagUliuandig

5) nssidemdsmesnin Adumsunivuds viesinidlslnelddeandou uwidnlng
nsAdeURIYIMIALAAAIIL @890 TANAY warTeiunIsiinTesUnUIUULRT

6) ihnsuilemdsnieaiin ladeusethedeu gauiiiuthonedeugnuaauasiden
wnnRuanewh deuthunedeuuuiuwn Wutu wun 1-1.5 uu. wddiliutrtouduanmn Tou

wruANSeuggiage TngRviiduduedovrznateiduwinduinfinedfuia
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7) ndnpfiouRauwas Uaeelionmgianasauund inunssilemdiniesndn ievinismaaey

AMAINIUNINTTIUNEAS UIIRAEIMNTTU 2508-2555

(n)
AMNN 4 NIZLUDINRIALYIIUAN (ﬂ), ﬂ’]iiJj‘Via\iﬂﬂﬂ’JEJﬂizLUE)x‘]‘Viﬁ\‘iﬂ?L“lﬁ’]ﬂJﬂ (°ZJ)

[y

5. Yanuandanuszinndue uwseeniiu
5.1 WNUNaIA18191E008 (Asphalt Shingle)

Hufagdauasgivinnnliueinaa funihuasiundsiueamenos dwinu fadade aunso
Arldsnusunssomdanld uidpssoseuiuliSamuauty vieudulmvestuudiou uday
uriugnafuiudndunon WelilWAntagmiFesmshidy fmdsmensznosiaed 2 qu fo 1y
Fuiden Single Layer) uas W 2 #u (Double Layers) Rathiuasindeumedinnsinndoud 3
nanfulvesnanadne  ewedivszana 1012 3 Widen dwiinYanuewasudiuliSativwiin
Ussanal 18 nn/MSa. anansogendsaniiinnuainides 10 esmiuly annsngmdsnndifsunss
Tés nsanse vi3eduq e udidosnglienmedszmelng vivlrusiulisaseneuyurumdaniens
uzRoy 1AAnsuan wes neafeulasuamaliAnnsilunsldnuszezen waziinnga
JOUVDIAUNTIAULLKHUNRIAY LA DY

[y [

5.2. whulaneInasu (Metal Sheet) Lﬂu’aaquaqmﬁwﬁmmﬂLLciumﬁﬂﬁshumﬁﬂﬁW

v L3

& [ [V [ v aa o Y A [ [ Aa o
azUUUaDU NNEAUUIUNNDIABNL EUﬁﬂUmVIUﬁllﬁl LALUBNITNLURN Lﬂuiauxmuﬂ']ﬂWiu']ﬂmu

o (%
Y

Youge wagliflaut@nisiudes deludefesinfsauiuiiotesiuniuiou uazausudestudes
vinndldudsan dofivestanmmdsaussiond Ao fauudauss fhiudnn shldRassldheuas
39057 ﬁﬁ”’mummwé’qmmﬁmwuéf’uaauqq Fldszuums Bausuuuuudon Pasantiyyizeants
$13 anunseviesmmdsaldamBeiiants 2 osmn Tfueimsititananiie 167 viednde
Snfuffe uuwviadvidiouea®ed ( Aluzinc Metal Sheet) 3o wHuUMEIALMANTNAEUERTIA
(Aluzince Corrugated Metal sheet Roof) wenainnuuldiluwiufanymdinuds dafinsuanld
Huukudh uiunifandn duaia 1 aunsoldldfudingn uay wld Snswemanldnutua
Tassaseld lassadrenounialailued i wdsmmanuiiadv daruamy duaduldfndwwingy

aluinnd 4 wh wazdlengnisldauuinndi 20 U
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5.3 vdsmdanganazudsndniadeu Wunsdnunsvatslulsemelneuiuiy Nadnan

Y

o 1 < o a A [y a a C | 1 [ o = Y 1 [ aa
nsthudumanilonudingdiietosiuniainain  wazdnSonimdindingd  dunudinyad
unvgusdviin Wewmden udawss vilivseundalassadimann Medsvudeaenin Anmsdng
waelisnmgn  Jaduntenvesuslaalusuun nquaainszauas Gsuenanldymaaauas g9l

A v Y [ [ I I [y [ A a [ 1 I a
nudue lome  ndsnwmaniadeu Wuianyamaniingnainuanuiuniou (Coated Steel) 7ikNu

a

nswndeurilesiualiy Mmedinzdamunines vsedinsdnay ealillon dnwuuedovd waglilindeu

9 Y

a LLﬁaﬂmﬁmsﬁugULﬂugﬂaau Fefinswanuazldouluuszmalneniuiunin 10 ¥ Tasdulng
Heuldognsunsvarsluraiaeiasaualngidesnisiuiilalasnng  lasiilaseasisuwazianany
Uopfign 1w naanlsaugaaIinssy 19ensaaudnisi wierdsdud Wudu lagldnusuiuian
Tasandsnmdnfianuwdansaazsuiiudnlauin Iu{]mﬁ’ummm%ﬁwﬁmgﬂLLwaawé’am LAY
HanTuLTdaueInglalagliddedninEenisuuds wenanldelainsmunguuuudumli
a I | a v o & o a a & e I3 ~ 19
fpwadnaninfuulndifssiunssilomamdimaounss  visensuileduesfuud  welv
ansaiildnulunquuemasanthuinandeldegamngay
wannldalifanymdianUssianaug  IndaanTanduasisinuanuinvinveanalulad
A a X A v = & Y] Ay Py v oa 1w
ndnTuienavawenIsttay wenwleannssilowmainusenniilananiiuds  Gdingudan
waalusauas (Translucent Sheet) ldvinndsnwiseriuain Fuluiaandsaiveuliuasaing vise
waaan  aunsodesnuls  InltluusunfeINIsHAIEININSIIUTIR UMY 1AIA11S95D

L A =) a 1 =~ Y 1 d’lj 2 a o 44 1 é’
NAIANLSOUNTEAN  MIalRMRNIzuRUaLnSnlUAULHUASEIDmaIIINUnf  lienansainediu

v v a

wazUszndanistdlnihdesaing dallfaguiseliandaudfinistesiuanudoudigimenaisld

Y

naImRARININAAISUBLUA (Polycarbonate Sheet) natatevasan (Acrylic Roof) wasalniues

nana (Fiber Glass Roof) visenamdsunuuiansssuyd lnenananianduasieiwiiiddunas

a o o ¥

WuRFIRERa 10 UIanSITUYA
MnyeaveHdniug Tanymainn  Assnuihnguiumnssilomimliivesfund  uay

nszilowmdsnaunis Wuileunndududu 1 uay 2 sudwiu  Mnmerafinsziledues

@ a v ada

Fad Wuduendyarnaings aanadvunalig wavduilasuanudevadunainsuun dungy

a v & a @ a v Ay o« v Y] I | | v & A a a
JUAINISLUDIABUNIA Lﬂuau@qWW@\TW\ﬂﬂﬁﬂﬂqﬁUquf\]ﬂaiﬁLﬂualeﬂﬂm @\TUULN@LﬂWﬂWUSLﬁﬁ‘E@sﬂ"\]

Y 1 1 a

YLAFD  ANAMALATINISUIUIRATIYZ ARt esaiasulUme  nszilasndsminiuasTiuus
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% calal v A

ﬂ’J’]ﬂJﬁEJiJL‘iCjUéJUﬁU 1 L‘Wﬁ’]%L‘ﬁuwémﬂm‘ﬂ%Mﬂ’ﬁWWU’]ﬂﬂﬂ’mﬂiSLU@QMﬁﬂﬂ’]ﬂ@ﬂﬂ%@ il

[

nORAUNAN
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&

Ao Yuduud nee visefiuun yibinssileditmvinunn wiuvu wasiinsazauanuioulds lnedl

[

| 1Y v . 2 = o v Ada
AIAIUATUNIUANTBY (Thermal resistance, R-Value) 0.76 m™ K/W Jwilvigaumgiiiiiviaaanil

Age  wardwuauTeutinagluaimsdwalioumginigluseuty  ilisewidymimenis

[
Y

ANFIRUIUNUANUTDUUUENIFAIAT VF0FAAMIRUINAUANNSDUUULY KNS DRALNUAZYIEUAINNS DU
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T shlsdenlddefiunnnty (il 5)  Falluwmdumsiaunsadedifimsavauauiou
foras videflenisiuaudousniu nizdomdimdundlefiu (asbestos) Sauumadoniasdiug
lofiu annsonuarafeuldge wiln  wasudouss  Wevhummaufuyuiiuud  asldusiunssdes
Fundlefiuiiung dudfnun feuudeuss nuernudeuldas fudhuslefuldmieauifives

HARAMIATY  UATNANTENUADFUNINTIINEVRIYYE  MnaanuduLavaroesailefiug

Y

$19m1e uazanluUFunaunn svibidulsaieriulen wu ussaen wssulorulen uasey

ol

Hoeiad (Mesothelioma) — dstioanuvaendelunisléau  wasdunisiauiusedununn
WNSTIUKERSUTRREMNTIUNNGUERAMN TNV MAzaUNTl  FalAMvuALLINILAZILHY

grseanssauiulunsiaududnldlduslefuludmsznou Fdulagiuiimaihduledunszi

v

wldunuuslefiunay Sonin nsvilewdeanliivesdiuud Tingau Asyudwuddoiniaus wauiu

[y o

duledamsnest (PVA Fiber) wsawdulesssusnf (Cellulose Fiber) Audani (Reduasiz) dA1AINY
AuUNUAIUSoU (R-Value) 1.046 m2 K/W Fa1unsanuanusaulanninnseilesmaininaunis

ANAUAIUNIUAIUSEU (Thermal resistance, R-Value) fia ANILAAIAIINEINNTOLUATS

a

fununsivavesauiouvesianuug  lnensinvueiunfioamgiwdeuly 1 ssrpaiusie

v

USIauAUsaun 1 watt. @1U150MIANAIINAIUNIUAINNSDY LARINNNTAUIUAIANINAITEIAINY
JouvesTanuug (Thermal conductivity, K-Value) @498inN1sMAEBUAINLINTFIY ASTM C518

w38 ASTM C177 Snheilu m131wns - wadu sednd (m2.K/W) Srnumunedn indanla den

'
1o

R-Value @1 wanenfimnuanunsalunisanusuviunisasiuresnusaulannit andaiiniy

q

AAUSIUMIUANSEY (Thermal resistance, R-Value) fp AfLaAIALEINNTOlUNTS
frumumislvavesarwdouvestasiug  lnensinuieiiuiigumafdeuly 1 osieaiusie
USunaanufeu 1 watt. @1unsamAinnuduvueuieu leannn1sAuiaaanInnisiinig
$ouvestaniiug (Thermal conductivity, K-Value) dsfesvmavnaeuniusnasgiu ASTM C518
v3o ASTM C177 fimbhoidu ssawns - 1adu detad (m”K/W) fenammnedn mntaglag de
R-Value g4 wansinfinwannsalunisanudumunisinaiusesnasouldfninfasidamngi

Aranmn1siiAuseu (Thermal conductivity, K-Value) o Afluansnnuasnsalunsi
arufouvastagiug lensinuiinaenufeuiivaiuanqnszssmailiedngandduszey 1
wes hligamgiuendety 1 esmueaiu dmhodu Saddewmseain W/mK) (nsu

InerFans
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) / ’ meliousurinousounmn
@ 84,7, lird oo souies _
o5 g€ e : -
€ o s,
S P,
S et ) % _—
(\Q 66\?3 "l‘b JF);
:.“ S5
AN :
grurndmeiuthu
Room Temperature
35°C

(n) ()
AN 5 Qauuiiiiavaaniiings uazdwiuaudeutnanaiglueias (n), nsiafauluiuay

Souvutl ey vuwl waznshawEuaziauaIusaulany (1)

AUFUNUSTENIN9 K-Value wag R-Value

R-Value = /K, %18 msasns-aaiunatng (m”.K/wW)
K-Value = (Q/A).(L/AT), wle Tndraluns-tAaIu (W/m.K)
Tns  Q = ﬂ%ummm%’auﬁlwamu‘ﬁuﬁﬁﬁaq, nIwInA (W)
A = fudian “aqﬁmm%’aulwamu, PUIYAITIUUAT (M2)
L = ANUNUIYDLIER, NIBLUAT (M)
AT = gumgiiuanietuszninsinansugumnligaas

wenNien, nheaadu (K)

e

f Ao

& (% ! a 1% & ] [ vYal | o
nszilamasp lnuasdiuug Jingavussinndulodudiunaninliilaiianimnisiiniig
Foudas szautivenduledaraninnisiianuseud (m13199 1) Wlu8aneduduudedi
a1svemdndmel Jwibinssilomdialnuesfuud Jestuanuiouninatsueniiignielulas

willpusiawiuiuanuSousylundndue
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wan Mniiduiandieuszarulunszilesiues wazdulutaauanildlunisneadieenns
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¥
A a

Wuhu aelul Jsllenldognsunsvas isdsneasendvualvg WU 91A15 UL @2NIU Lazllou

Wusu

A5197 1 LARAIANENINANSUIAIUSDUVDIRUIUNUAIUS DY

Type of insulation Thermal conductivity (W/m.K)
Thermaflex rubber insulation 0.035 - 0.038

Polyurethane insulation 0.023

Fiberglass insulation 0.035

Polyethylene insulation 0.032

Synthetic fiber insulation 0.0328

Polystylene foam insulation 0.031

Gypsum flat plate 0.191

Flat cement roof tile 0.28

Plywood 0.123

=1

A1 ARelwIN15V0EAITWIMNTIUAIINTBU ANEY wATSTUUUTUDINIA WansTaLsN
(ASHRAE Handbook)

a 4

2.3 YuGuud %3 Fuud (Cement)

Yuduaiivewdindn Yudwwidesawaus Tanvaslunsaedendmn MluddAglunisvi

v A

aounin iwthidutaguszauiannsodanieussanuveands 1wy fu voe uaz wan WAl
Juiferiu fdunamdnde fuuwariumile unsinaudutu §af egiivn Auusndn BUdy way
ansuiufiveaue
Juduiosauaud Usznaudediunandiddnysd

1) Calcareous Material laln #utyu (Limestone) wagudenas (Chalk)

2) Argillaceous Materials l¢iur 8an1 ogfit Feeglugivesiudwiofumile (Clay) uaz
AuAU (Shale)

3) Iron Oxide Materials kA wsiwén (ron Ore) %30 Aauss (Laterite)

a ao v

2.3.1 N3533BN1INAAY TR IuunaudneaeveringAuitanld I 2 nseuiuns fie

q
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1) nssuisnmswanuuulen  (Wet Process)
2) NITUITNITHARLUULNAS (Dry Process)

n3suIsNIsNAARUULEN
amamwﬂm Toun Auaonss (Marl) LazhAumien (Clay)

ﬁuumauw 1 unmmmmamiﬂuuamu (Wash Mill) iianiaslutnenes wdanlidriu

Fupoudt 2 udminiinudiuud fasluualrasBealuntoundiu (Slurry Mil) aulday

Sunouil 3 dalunsenonauiiuwardiuiiliazareiiesn wdsusinuiiazanediud Geez
LA OINTIADIATOIRD IASEINTOMETU WaxiA3eInTotazLden

fupoud 4 guibdulufuinliluguiv (Sio) Wonsasuamnmuarysuusisdunalils
@mmwmuﬁﬁmum

fupoudl 5 daufifidunaniigndesida aggnaulusuiuiiveniufiu (Slury Basin) Lielvid
Usinasdisane wazmulidunausiuiandudemoatusnadmis

Sunouil 6 auﬁwauf\]ﬁﬂﬁaﬂ’suauvfiﬁdm%aﬂauﬁwau dedewhavidnldwnlundowuuy
iy (Rotary Kiln) mwmauiumaLmavwﬂwmsvmaaaﬂamimmﬁ wideusidnfudadeliany
Jousialauisoamaiuseanas 1,400 - 1,500 aafiwaigya mammﬁu TIRAUANATgNADUT I
Anuisemnaaiinateiduyuda (Clinker)

Fupoudt 7 yuudia (Clinken) asgnandedlumalddndouidn eouiluiiulugaiuyude
5ONITUIUNITAB LY

fupoudl 8 iudumeumsuayudielinaeduyudong  Vilastudemmauiuiud
(Gypsum) Tigndesudasiiszana 3 - 6 Weddud enmhnanmsudwnvesyudiausd vl
azmnsomsthluldon andufvalvazdendunduntiouadiuud (Cement Mil) puazdenlu
Msundpsidenegamnza ielilsuduudidautRnuiifeanis

fupoudl 9 Mnduyudansfsiiuaieuesnuasden wargndidedluifivliluguiv
YJudausing (Cement Silo) tlasenssminesioly

NITUTBNTHAAUUULIS
Tagaudld lawn iuyu (Limestone) wagdiuaiu (Shale)
TJupaud 1 dringiundnildiiaesriauianvuinasielivaneiunssuIunsHas

[
1Y

Jumouil 2 thuniuedesdes (Crusher) Feinghiviiunsgesudiazgnihaniulifines
utmghu (Storage Yard) uenainiiimgutsuusisnnautd (Corrective Materials) @sldianzung
f1 lelilddnuszneumandinudunasgudidvun SagAvdumarifdesin wiswenifioan
YA IgaU Uiy

fupoud 3 sndedludmiountngiu Raw Mil) Flunffouaingiu (Raw Mill) dazun
fuu fumu uaringRuUiuussnuantRliidunsesBessuiudaienin  Sagivdiie Raw
Meal) Ingmsruausnsdnvesingauiitouthgniouningiuiinruddnsnn esnsasdu
vesingivinzauaziliingiudifaiinuandimaniimngauiunsiage
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fupoud a ydsnsunsEUuMsUALE IngAvdSaargnddssuaiesueningAusey
W& (Cyclone) Wstfamaningiivduia (Raw Meal Homogenizing Silo) WleiunazsaIngiu
dualiduilode

Funeudt 5 nsrurunism tnefrgivdsensgnasumlundomuuumyu  (Rotary  Kiln)
Taonszvaunsundasusnidy  yaifiunudou  (Preheater) Fsavdenq  LiuamuFeulsiuaingiv
duse  uddsingavdnsalumilumiiowmn %ﬁﬁqmmﬁLﬂ'mqaﬁﬁuwﬁmszmm 1,200 — 1,400 291
waldua awiauiizevmandauadiu auluiiganaeifuyuida (Clinken)

Funeudt 6 silviyuidiaduadlnensinyuidia (Clinker) Wrihunifoidu (Clinker cooler)

fupoud 7 sndewudalufulidaiufesensunyudasoly

fupoud 8 Huduneumsuayudilinanaduyudund  vilestwudesmauiuiudy
(Gypsum) Tigndesudiuszann 3 - 6 Wesldud onisnainsudsivesyudiuud vilazan
somsthluldan nduiusliandendunduniouadiuud (Cement Mill) rsaziBealunisun
wazdnTdusyInyudniuguduseadensgiumnyan e lilsyuBiudiide e tRnud
ABINT3

fupoudl 9 MnduyuBunsdisiiueiessnyuazdon wazgnddedluivliluduiy
YuBlausns (Cement Silo) iipsemsdmingsiely

2.3.2 Tauana9sEnInanIsHanyYududwuulen (Wet Process) Wazwuuwie (Dry
Process) msudayudnuduuuileniliduitenlulagu Wewndeddidomauiuamn
Tunsudnyudin wazdalidnsnnisndna Fevilidununisnanas @ nsuaayuduuduuuuns bl

I
a Y] =

sadldinlunisuauinaiu sty JaUszudaaldateluniseds Tnsanizandawmas wasidundeuld

q
Ly o [

uagrunsvarglutagiu dmsuussmalnedealdnssiislunisnanyuiiauduuuui
2.3.3 Uszianvasyudiaudvasauaun
Yugualasauaud muunsgiu ASTM vesewiiu wunlu 5 Ussuandail

Uselandl 1 Yududvesauaudsssun1 (Ordinary Portland) wsgdwsunuieasianily

dulvgashlUldfunuaoundnaiumdn wu shinauu aewiu viossuied Dudy YuBand
Ussaviliitedere linuseansiiduse Sdldmansauiueiifedudaiummniundon
Tssnugaamnssnall vwideatiuiasliyudiuudiasauaud Yssnnii 1

Ussimil 2 YuBuivanuauddauias (Modified Portland Cement) Ussianiiilosauiu
dhagmemnufeusenintesniiUssiansssua war  Sarudumusieasilusslitne e
wiurilassadisunalng enfiviy sedevunalng avnnudisude Wewndetwnatuiuluudnm
Qﬂﬁfnﬁmﬂuﬂ%ﬂmn

Ussandl 3 JuluudUaauaududesiaiga (High - Early Portland Cement) Usziamiidianny

d
l

= | < ° v 2 w ) PR ' ~ & A = o a ° Pxy)
aviuaunnd Wunaviliudeiuassuuse Tadndjudwuidssianinis Jstisudluldivau
1S9 uNADILYe UNAT WSalunTal NAINIT0ANSBIaLUULSININUNA
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UszLandl 4 YuBuudueinuaudiinaufeus (Low - Heat Portland Cement) wiangfuay
fifosnismuauitcUiinn wardhmanufeuiiintulitosiian naAnfdesnouniniifidiumay
ﬁuamu%L@Juﬁﬂﬁzl,ﬂmﬁ%lﬂuiﬂasiwﬁﬂ6] Sefloldfuruaunalng Wy Weuduh Fomnilanuteu
ogsBuseidouziliAnnsunnusodld

UszLamil 5 Yududveinuausmuindedamnlégs (Sulfate - Resistant Portland Cement)
fpaantFlumsiumusioasiidusiislias Samneiesldfumunoaddurinuidesdudatusi
v Tuuinaiiauinuduriegs visdmaa ssevnatlunsulsimosuliuuiussaniagdand
UszLﬂwﬁuﬂ

YuBudiosauaudilsazUsznousnesanled 2 naulg) e

1. ponlaswdn MHuA Cao, S0, ALO,, Fe,05 T2UsEanal 90% vastnuiindiums

2. sonlesos 1oun MeO, Na,O, TIO,,P,0s wazudu Usunmeanludsneg Mduesdussneu
yosyuBiuusivasauaus (a5 2)

M157199 2 USinaueenlasngg Mluesdusznauvesyudiuudiasawaud

aanlaa wasilualaguiniin
aanldAnan
Ca0O B0 - 87
Si0, 1-25
Al,O, 3-8
FGQDS D.E = E.ﬂ
aanlansas
MQD 0.1-55
MNa20+K20 05-0.3
TiO2 D.1-0.4
P20s 0.1-0.2
S03 1-3

Tngaenladvan agsiudiluseninansifinyuida (Clinker) Winduansuseneuiidndsy 4
9819 Aauanslunnsed 3

= 13

= o o ¢ 3
A15197 3 @15UsEnNauan zgmauju%mumﬂasmaum

2.
[
®©

Foa1susenau dauusznauniaall d



losAaey Fanm 3 Cao SiO,

loAalBeu Fanm 2 CaO SiO,

lnsfaey ogiiun 3 CaO AL,Os
WAy ogiluwlesls 4 CaO ALO; Fe,05

.S
.S

CA

fiun: Concrete Technology, The Concrete Products and Aggregate Co., Ltd.

Nuideilagldingiuduluiiuuddesauaud Ussinnil 1 Ae Yuduuduesnuaunsssun

(Ordinary Portland)

2.3.4 99AUSZNBUVDIABUNIA
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AOUNINUTENOUMEYLTLIUA 91U 518 wazd Inewletadiunausne) wianduiuey

[y

ad o &
AUITUYDLIYNLRANITAIU

YuBluanauivisendt Guudinas (Cement paste)
FLUUANEANFUAUNTIBIENIT WBSA1 (Mortar)
URSANANNURAUMIDNTIAIENI ABUNTH (Concrete)

1 udianas

RLT| Fuasinanl

g

331

Y

U UARUNTA

uaFEng

N

HIRTIH

=
ABUNTA

fuiTansanm

a a d' 13 ! a
AINN 6 ﬂqiﬁﬂﬂﬁagﬂﬂﬂigﬂ@UmqﬁﬂT@QQQUﬂiW

2.3.5 Ujisenlawasdu (Hydration Reaction)
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(% '
o = o

UfAsenlawnsdu Aeujiserseninayudwudiuin Jaaziibiinnisnesuazuded

IngagdusgiuuIuuasusenauluyudiuug arsusenevaziin Uiseuazidnsnadaiunagiu

Aty UAsenserineuiiuudiuiainsasusiusnisujisenvesdazansusenauluyudiung

1) Uisenlawsturasunaifendding (C;S, C,5)
whaLBELTANeinUGATe AU neliisueaideulansenlyn (CaOH), uazuAaEaNTaNg

Tawmsn (CSH) Avintnmdudiusyanu asauni1sn (1.1) waz (1.2) InafidnuasaanIni 7

2(3Ca0.5i0,) + 6H,0 — 3Ca0.25i0, + 3H,0 + 3Ca(OH), (1.1)
wse 2GS + 6H,0 ~ ——C5S,H; + 3Ca(OH),

2(2Ca0.Si0), + 4H,0 ——— 3Ca0.25i0, + 3H,0 + Ca(OH),
30 2C,S + 4H,0 ——  (C5S,H; + Ca(OH), (1.2)

Y

aaa o & a = = 3 S A o P~ 14 1
‘U'Wﬂﬂi]ﬂﬁfﬂlﬁl,@i‘(]uu LNA Gel FIUDLIINIVTUANWULNE &2 U52n19 AD Iﬂiflﬁﬁ’]ﬂlﬂ

[
a [ 1

adaneuaziisngy osAusEneUNINANve CSH U Yuatiueny aamnil wazdnsidruiimediuud

Ca(OH), Milaanufisenlawnstu sinlndwudimaadaudfdunisedisunn Aefian pH Uszana 12.5

= [y [y ] [ a Y 1 a
"?J\‘PU’JEJ‘ij’lelﬂ‘Llﬂ’]ﬁﬂﬂﬂi@u%@\‘lL‘VI’dﬂLﬁilﬂ,(ﬂL‘U‘LI’EJEJ'NW

CSH Ca (OH,) Ettringite

AN 7 AnkanslisenvesAaduLTaNg

fian: Concrete Technology, The Concrete Products and Aggregate Co., Ltd.
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AMLER9I1 CSH aglunmvasauniadny dvwawinduaisuviuasy (Gnndn 1 um) 3
dnwaizdsngifuedug iy (Amorphous) wagiindndivienusnn (Poorly Crystalline) lngdnsndruves
wnaBensiadaing (C/S) lu CSH aglinsitugifu o1y sumnfinar Ui dygdnuaimaaives
InsumalBendainslewnsaitlensiaiu C,5,H; 1uiesradewint

2) Uisenlawnsturetlnsuaadenorgliunuassus

1%
= v

Ufselawmstuveslasuaadouasgiiiun (CA) sziintuiuiiiule waznelmfanisudas

DU NTINSVDITILUANAS AIFUN1TN (2.1)

3CaO Aleg + 6H20 ——- 3CaO . Al203 + 6Hzo
w38 CA + 6H,0 — 5 3C;AH, (2.1)

enhaldliugiseninegesang 3ald8utu (Casod . 2H,0) Whlulusgninswuiunisun
Yudlngudunsdyinfisendu GA reliiAntuveadnnislng (Ettringite) Tunmil 7 vuRaves

ouMA CA faaunisi (2.2)
C3A + CaSO4. 2H,0 ——» 3Ca0. ALO;. 3 CaSO,. 31H,0(Ettringite) (2.2)

5 =3 a L3 . . 1 Y a 1 1 Y] o 14 1 Y] 1

FuaanvIsIlng (Ettringite) nelvitinn1smiaen1snamues CGA wazvibinisnesalugiausn
fRuuegivujisenlamstuvosuaadendang C,S, ;S Wudwlng uitures Ettringite llaven
nsinUiselawnstuves CA nanfe LWeiie Ettringite 931AnKSIAUNLIINNITANUTUINTVOY
YoIuT9 ussiutaziilidunes Ettringite uanean waziaufizenlawmstuves CA usilioiinnis

Y a . . [ A & 1 aaa O a g = g I 1 1

wandaziin Ettringite Tnsiidnluwnuiidunismihsufizenlamstusnasnil tunouasiluegiail
TUaunsezss Sulphate lons fusunaliiissnenaznelina Ettringite azifinUjiselawstuves

CA Tneas Ettringite Ui Monosulphate (Nl 8)

3) Uisenlawnsturennnssunadenorgilumaslsn (CAF)
Uiiselanstuvetanssuna@enevaiilumeslsd (CAPU sfnlutii lng CAF g9
Uifseiiu BUdu uay Ca(OH), neliiAneuniafifizuianileudunedves wnadeudalilorgiiun

(Calcium Sulfoaluminate) wazwaatdaudalnmaslss (Calcium Sulfoferrite) fagunns

4CaO . Al203 . Fe203 + CaSO4 . 2H20 + Ca(OH)Z — 3C30(AL203 . Fezo3) . 3CaSO4
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naldiieliuTsy 80% veisenlawmstuvesansusenaunaniis 4 uanslunisne 4

A15099 4 wadivibiuisenlensturesaisusenaunan d15q 80%

a15Usnaunan a1 ()
C,S 10
C,S 100
C,A 6
C,AF 50

fiun: Concrete Technology, The Concrete Products and Aggregate Co., Ltd

Ca?*
s0,2-
A OH‘!
HgO (ﬂ)
B
(V)
Ca?*
s0,2- o
c aH- AINN 8
Hg O
YUIUNTTNRUN
ca: Ufisenlanstu
D 50,
OH~ 299 GA (n),
HgO
ATNVYY
Ettringite
e Monosulphate

g Ettringite
(¥)
fiun: Concrete Technology, The Concrete Products and Aggregate Co., Ltd.

Monoeulphate

2.4 \fwe19508Us (Crumb rubber tire)

819535418 (Natural Rubber Fiber) {uingavlunsnanenssasud
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autiAfidvesensonsldvslond e anunsadanaled fenaldssed fauasguuin
nane mierudeuss nustethuarermaldd favidednuinein nuseansiedlldvanewin
autAitlifivesensdonislivsslond  fe lunuhiy uazuasuan azvildenaden
AN azadesunss ersdulinuanufeugs eudougaiu 93¢ azduameda dauiuld
W) Anullenvzanas nstaveguasidsluniuniaan
gresapudiliudrdeduveziulug Adaudsenlunmsiidn msdesaasenssosus
n¥rnrunoigmslinuudiiuduessn Bnsidaildlutogiu fo nsilenau SatniRadym
nsAudesiiuil mshifuvenimzvsrauideneliAedgmmamiziudamenumn wie s
1w aziAndgmiuafivniseinia Lilesnndruuszneuiithunyszneulunsnansasagud laidies
Duuandlon newuns gt dned Ysenwadlanenindug lawsownvhaneld Sanelianarsiiv
fie lnoendu felinufuansideliAnuafivdus og1
- asiwlungulndeslsunfindlalasansuaud (PAHs)
- ansuudulagituea ansfinninoliAnlsaugise
- fnadanasinoanlyn
- fingAnsusuleuuanlyd
- fuazeesiidiasfiviueg

Uagtulsemalnelalafimsivuaulovienisdaniseseudlduailisingegraluusssu il
YATIANIAZLUINIUG TR UM IATIUNTINNITVININASTHATLENYY

(n) (@)

MU 9 usngudinmunegnsidau (n), meainnsiiessagudinilluamelsnieana ()

NnitAdegnilasaugimnssumans pnansaiuninends ldanuilasinisnisinsei
Weuefmnzauiionsinnisesdesusuivesuszinalne Tussezdl 1 U w.a.2555-2556 M9y
nMsfnwINansyuiedundounaenininstinveunalulad (Life Cycle Assessment : LCA) fl4lu
nsInnIsEeuRlLal laassuisumalulagnisdnnisenss 4 4 38 laun nswnlindsay nns
nannARSueTNEY (i) Taenszuaunsinlslada nswanenass waznisinenssinay
FermTleuiuUsunaendaduene 1,000 Alansy wuid
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- MINARYINIF AT IEEINSaTIBannElanIauadlatia 760ke CO2e

- MIENSTAaN NaWNUNTlTENNsTIUTIRAINTNaRRaNIENUsiaN1ElanTau 360
keCO2e

- sl dudemds nauwnumsldduiivannsoannansenusieanislaniou
650 keCO2e

- uailumenduiu mnilurdndudtumdansied nawnunslddduen lld
Fagluguannnidlandou usezdrglusuannisléidomdmnnieadaadd 200300 das

definsanarudunumaassgmaninaonindnsiinvesseiduds  wuinind
gspudliudall “Slada” fe nszurumsinlslada uaz o1dina AeliAnyar iy ierilssie
mheldinn uarludnmesnmhenenfudemas nuiwhedssndnaldielunstodomaui
Wity dwdudssmelneiy nsdidunufidunmui nmsdanisensadenalang 1 fistogly
vzl anansaviliAnauduamaasugmansld widildaansadansenaldudald 100% wind
nMIUsmsSansitesmafiusiunn Sfumldidwedsehnuasdamsneriivanzay avdealy
MsumsinntseeusuATlduEliAnUsEansam ansninlusoyan WAILINIATY
graminssy  Wiendndulisemaanunsathonddudnduanlfliifnuselonigsgn  Sefiuyad
Tfugaliuda Twandunu uazanuannzdunndesldedieiiuszavsam

2.4.1 g1aua Sadundnfust Aldannisinawens e15deuin ATUB B1RNINTANS
g198u Miduveavderu nszuiumswanlneldinsecunyingieg Adsudvunalngaudwundn
Wi lenstivuiadnasuazanunsnhludssgndldanldvainats suuuulugmanmnssusiigg 29
suUssUiAYELARIEEEaaT RN ssUumMsuada Ui fansnldiowsy (ulinssiods
el LH

TusmAteatutiarlingiudu s1amsainersdasaussyn wrunssuIunTUALNg
flgamndl o (ambient grinding) Tnevinisualiifutudnglonmniivieslneldindosunaiifinng
1912509 (cracker mill) Lﬂ%ﬂl,l,ﬂﬁul,al,ma'i’ (granulator) w3esianeslswed (pulverizer) saudaade
A 2 gn Nds (wo roll mill) FswaeyniakazNINTEAEFITEIEYNIABIHTIFIINNTEUIUAS

ﬂuﬂU‘U’m’Jui@U”ﬂ@ﬂﬂ’ﬁiUN’]UL@?@Q‘U@ Iﬂﬂmmwuaﬂwmmwmﬂ 30 L% (mesh)

: » ¥ v o ¥
giadain T2 Arvey T usnvouadauaztuinly —>  Amdutiuiang

l

a naIuslwAn P
IATOUANUVANMMIY  €— pqounss €— b
wonLAwlanzaen
l (Be1u)
I I &
naBIuLIMAN O T E— e 0 e
uanAwlanzoen wonLAwH LU

(azidum)
]
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AMuil 10 nszuIunsuagssamiauneensldnulidugamsiieismng
x: @onduwanadn, 2559

2.4.2 n3UTuUTINURIYR81909 IagT5n1snaall (Chemical surface modification)

ansLadifila:
- ansazanelaineulensenlun
- gsavanluia@euUesdeniiung
- NSAgansn
lepenludamagy
/N3

- thngnaurluansazanelafealensonles Aaududu 5% e 24 42l

- lopsunanthindrsineiuazenn iasvanelufaiBomesiniun finon
WUTY 5% wanviinsusuan pH aularn pH Tute 2-3 Iagldnsadansn

- hllmnufeutigamail 60 ssmiwadoa uazmuileliAnu Az eendindy
Wunan 2 §alus muguan pH Teglutas 2-3 Tnensiin arszaneludadouesiianusiiang
WNTY 5% wag nsndansn Tunisaiuay

- viianasunan 2 Flund dieeensikiunmsuiulseia sdishethavenn wee

wilu ansazanelufenludamn Nigamgll 60 esrwaded Wuaan 30 ul f 1 Falue Juduay

NaOH . Oxidant . NaHSO
Rubber Clean Oxidized * | Sulphonated
— —- —
powder rubber rubber rubber
NITUIUNTT

a o a Y aa a
AN 11 ﬂizU’JumSUSUU?\m’ma\‘iEﬂﬂNGW’JEJ’JﬁmiVI’NLmJ

fiun: Construction and Building Materials, 2016

2.5 wiule (Fiber)

il maneds Asiiidnvanfudusniie ssddsenevveswad danlngduisaglaa inan
mssaivesnednennilse (polysaccharide) vesnglea (glucose) Fslananavesivaglaaideodiaiu
Tuwida
wadvesiiy Wumbhedulsrumdnun diamameduitududulety
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Cellulose microfibrils
in a plant cell wall

Cell walls Microfibril

Cellulose molecules

" SHZOH
* kY £
i w [omew o
2, O = =, (=] -

“on CHzoM Som SHOH

B Glucose / monomer

Al 12 lassahadulewglaa

flan: http://bio1151.nicerweb.com/Locked/media/ch05/cellulose.html
2.5.1 Ysznnvaadule
1) éilonsssund loun @uleidoglusssund wudlsidy

1.1) @uleiwaglaasssuvid (Natural cellulose fibers) WWuidulefldandty
fhe Alu Uhu Yo Al Tedudzse Tousnd du asunsieal Undu uzndnn 1usiu Tassadalalune
Awes vesluananglaadnouinn imefeafuduaeldenauindudile wazdalaueniann
wiinaviliwaglaafimmwdennntu  Iwhuanaseranmviotostuegiu  Sualuananglea
nglaausazmeUsznaumeasuay 44.4% lalasiau 1.2% wazdondiau 49.4% N13InEIRIves
Tuanawaglaady  viwoufuududussfoudondt  Crytalline vnameudsstulsidussdeu
Femi1 Amophous madesilifusudsuveduanawaglaat awviliingesiaunsnegszming
TuianafuazAuhlinmsdanedussninduangaiiios 1dulevianauiuse duluanaiwaglaai
Sossiudusudov asvilnduly danuuds Bafeanlites dussdmnizszninduanadiufes
#8 Hydrogen bond azifiuinluananglaaaziivg - OH eguansuis FadutinuiiAnuifseuad
¢ 1wy UfnSentudbouansanusis n1sgaaudy Tnewy) - OH asiaduiuluanavestihil diudhan
Tudulelad

1.2) dlelusiuannainsssuan@ (Natural protein fibers) tUu idulelusfuiils
9nderS iy uder (wool) st (sitk) wat (hair) U 11 Telva sy dulomaniidodond e
wilnazaraudausaranas Mdudauauanuug szaaei dlelusiusssund Wudulefign
Arwuldd Taueugdu wnnmdulowaglaa Wusilainled iliAelwihadatuld linude
asens azaneldlulafenlensenld 5% Weiden waghinusensvlenymanansuszinnnasiu
musensaldd nishalidy asanludlédng uasasdulueadloensenainlyl dulelusiussaued
Usgnaume ﬂiﬂaﬁiu%ﬁuﬁﬂugﬂsﬂaﬂwaLﬂﬂlmﬁ (polypeptide chains) ﬁﬁ;mﬁﬂimaqaﬁau%’wqq


http://bio1151.nicerweb.com/Locked/media/ch05/cellulose.html
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Usgnoumusnasusy T — . [T DONTLIU
llpsiou  fevwwwud 82 wesnindulewaglaa
sysuwR  wvilviidnn wininwagladluyianai
whiu  dulelusiumusm wazdavgulan Tutagtudy
TelusAusssumAsiuSunn mslalifinsnndnidiesnnd
msnanduledunsiegi i luaou ndeames avmsan
AATULNDENNINY LAY ST UATEIRANLAS
Tl Wauadanindonds v EulelusAunsssuwd
Taee  ag1alsAnuUsuna nsldulelisaulneaniy
Tofilaann vuuazkuvesdn’s Fanafufidesnsluszine
fiflornevum

1.3) ulosssuyfanus  (Mineral Fibers) 1dulefiu  (Asbestos) Uwdule
sysumATiwennivlavilfiddden fiSonin Serpentine #3e amphibole rock Harwiwilen
whauss mumnudeuldgdurissrernadugldfe 6,000 F lofunudemaadldd maviauazon
filefiu nandndessiaseds mvherwareralaenmsliveahyuiiiauinafusesidion fae
aunsnidaveniulfesnsheme Wlsfuiinsshiduduleidursdomausuloihe 5-20% viol
fisvou uazwudnd etulviduduieuasneaiduivioly dhindnanlefutulianausifonl
anwnsanaduildvainvanesia  Mvihutuln gadedfulndlddmiuninnudumds i
awulaaiulwih [Wusu

A 13 ulediuanieuiiu

fian: http://en.wikipedia.org/wiki/Asbestos


http://en.wikipedia.org/wiki/Asbestos
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[ I =1
= .;% g‘ ﬁ 51 ol — I
iwulesssuana iduleRadunsiz i lodunsen
| | [ I
L W NoAwAMSS woaozas 1alulasd
Fag lan loviu EHGHT o Talu'lasa
= A
Tals@u woan lua U 9

Al 14 wudsszinnveadule
Nu: http://www.vcharkarn.com/lesson/1465

2) lledansest (Synthetic fiben) Wudulefuywdduaszituanaseduiduie

a159unsSlnauny @uleansssuwd wiadu 3 Ussan

2.1) éulewedioanes 1w wnlvseu Tdussylunueu wszdnnuydanguliilusunse
foRana dmsumiaseu (Dacron) Wuduleduaszsdimnnedioamessnsianis Fadundndenis
11 Mylar fiusglesiiindulevingen wazilas

2.2) dulewediolus wiu Tuasu (Nylon) Wunediwesduansiiivassiln wwu luasu
6,6 Tuaou 6,10 Tuaou 6 FeraviidouriundsderzuanssuiuasueusnexlulouDIasYDs
wiuwaznsamivendan luasudndumnmeslunatain danuudannninnedwesiuuiuyia
Ju (maediuseiegeiuduswoniussiulng) Wuansfidalnonn (nsgluasuiiiuss C-H Ty
Tuanatesniwedwefuuuiinviadw)

2.3) dilooza3an wu Wlunsvindern sumema ndaefuuan dainu weu udu

3.) duleiedaasizi (Semi-synthetic fiber) Wudulefildannsihansainsssuanid wn
Ysuusslassaielimunzdunisidan wu msidwaglaganiivuvihugisenduansniivisie
Gilfadaameiiiinnliusslonildunnindulosssmd fosadulefadunsed wu waglaa
wetian \unedwesiwioulsannsly idilewaglaaansssund iujazenfunsmednududy
Inedfinsadansnidudseuisen nslduselevinnwagladesnn wu nanduduleensiua 60
wAndunsiumanaindldihunsainduaziuanslml

2.5.2 wulesssumpainirauuigiu M duingAvlueideatull


http://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiTmfTcv_fPAhVIQo8KHU-hBTsQjRwIBw&url=http://www.vcharkarn.com/lesson/1465&psig=AFQjCNEaE5Vz7mnnGf9haqsSFf45iNXPeg&ust=1477537829675476
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a0

faqdeldanaudinisuiidusznevdnlvaidu dilewagloa daduasiiflasads
Hudssamansindueimesssend AlnsSesnesnillasaiaems wazdanuudouss uslild
Usznausie Ldulewaglaaiiissylianed uilsznaumeidulewaglaavateuin fe lalawaglaa
(Holocellulose), Sanwaglaa (Alphacellulose), uazdniu (Lignin) Llosannluanavesnglea
FruunnlunsBamefuauindudile swsiuiluananglaaazsl i - OH egvansuvs G -
OH 1 azdaduiulaanavesifiiuduludleldfuoned  Aafudetudulourdunuauiy
Fuudwez  ashlinashusduhwdudeduludilely  Uiiselawsiuiifetuaglsl
anysal ssAsmadeuiinanh suduammuesmsuaninuesneunin andiiselawmsdul
anysal FeesinisusulgsiuAndulendy Wetlostfumsinduluanai wesiAnufiselansdu

VOITUARE AN Tl

cmor’

H
CHOH :
O H“O’f\ﬁ"of
[<] H (o2

Wulsyauns unuiuselalasiauseninanewaglaalutuiediuias seninedu

A il 15 msidensioruvesnglaaluluianavesvaglaa
u: http://www.il. mahidol.ac.th/e-media/biomolecule/chapter2_4.html

()

(A)

i 16 Undunhgiu (n), neaneurduadmindusditnudsyuiludule), duleudu (a)

Y

2.5.3 msuiuusanuravaudulesssuvnanurauigu
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’?ﬂﬂmsg
- BNC - Bacterial nanocellulose (Gluconacetobacter xylinus)
~ sz
Phlaat
- 11198 BNC 11é19828 NaOH anandiadiu 1 % flgamail 80 esriwaidea iunan
1 3l

~ paanntudnede nduau e pH W nang

- 9a BNC Tuthy udmaslurinngu finudady 1% of BNC
~Tddulotnduiatu adUluansasanelneliansazanevihaduly naulidndiu

- fiuliigaumgd 30 esmwaldua Wuan 24 T

- 9§19nATU 26 Faluawds vimsnseawen dleunduintiu fu arsazanes BNC

- dduleunduiniy firunsuiuusin Weusoliuka figumnd 80 esmwaidea

Wuan 24 2l

(n) (¥)

AW 17 BNC Gel (n), nwauzlaseadta BNC (a)

2.6 NM5UTIUFNTIOULLTIAUNIN
M INAFOUANTIOULTIRUN MV NAAANIINTTUnasTNuddulesssuvIRan

3

UNANUNTUNANAYINTABUR AIULIATFIUNEAAUTIgRaIMnTsL (Wan.) 1427-2540 dmsunsziies

9

¥
v Ao o 1Y

Fuuiidulowvuisou [Wuimdialnedduusnddysadl

uan. 1427-2540 nsusiasdhuudiaulewuussey
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1. Useenm
nsuifeaudimudnuarnsldaueendy 2 Usvian Ae
1.1 Yssnviignuasuaniay/ vievlaonss dydnwal A
1.2 Ussamdlsignuasuanuas,/ vidothlaeass dydnual B
2. ¥Un
nseid ausmuA I ISR el
2.1 Usetan A udseenidu 3 vl fe
2.1.1 %fiail 3
2.1.2 ¥iad 4
2.1.3 %iiafl 5
U0 Lifinnsimuansaesseian A viladt 1 wag 2 Lﬁmmﬂiu'mmsauﬁ%ﬁmﬂ%’muﬁgﬂ
Lasan 1501 Tnonss
2.2 UseLan B wuseanidu 5 vl Ae
2.2.1 %fiadi 1
2.2.2 %ol 2
2.2.3 %fiail 3
2.2.4 %iiail 4
2.2.5 ¥iaf 5

3. MSNAFDU
2.1 AN AMUENT LasinaeiAuAaIaadau Tmduluniumisen 5

A15199 5 LNE9IAUAANALAZDY AIUAINE AN

AN 1139 AN LNANAIUAAIALAT DU
UanLunsg
TaiAu 1 000 + 5 Jaduns
i 1 000 welaisin 1 600 + 0.5 %
WK 1 600 + 8 UaaLunS

nszdesfiaziumaadeusosiionglitesnin 7 Tu
3.1.1 idesile
aneialansiinldasiBonde0.5 Tadunsuarenediayiauiusethsldnaonlunsaien
3.1.2 3590
aPunie LaTAINEIeENEY 3 sunue  Aefinnansuny  wasfiuszanas 50

DD

Uaans  97nVBU

3.1.3 MFIUNUNG
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FIBNURARAITIALA 9nAN
3.2 avuviun seadulumudissylinean uwisedlivesnin 3 Hadwns lnauazina
anuaaaiou Iidulunumsnd 6 uaznanseninsigeaaiuamgnitinla

Aosliiiiusoray 15 v09A1894A

A9 6 LNEUTNANUAAIALARDUAIILIUN

AUNUN NAUNIATUARIALARNDY
LaaLung

Taliiu 6 + 0.6 NaALUAT
11NN 6 + 10 %

3.2.1 1304l

lulastimesiinldaziBents 0.05 fadwns Mduiugudnarsiindu 10 fe 15 Taduns
3.2.2 759m

Fapmmun 3 f Aduniadiunils Aduvidsana ami 15
3.2.3 NITILNURA

erunaiiudieds uaznamsszninagaiuAdige

= =
Ly % 1
) ] A

x A8 MUNUTTRANUNI

Al 18 MsiaAumun, wiaduliaduns
3.3 SNPULNINNIYAIN
33,1 dnwainly
AduULYBINsYID pede AT uUINALY WiolianefiAnannsuERmLUNAUSIARNARET
Wuwardesonisldanu wu Ju U3 5
3.3.2 MINAAaU
Tilaen1snsiania
3.4 AU IIRINHAR YDA UNUEIUNARIIYBIAINN I NLALHAR 19 BIANE1IAEA LAY
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2.5 fadlunsdolunsvesduniafuigniy
3.4.1 \n3eailo
\n3esiniinldazidunts 0.5 fadluns
3.4.2 3590
fapupvedunue 2 1§y arunie 2 fu uazeanuen 2 furesnszdes
F79819
3.4.3 MITEURD TIYUNAFNVDUAUNLEYH HAFIIVBIAUNIN LATHARIIVE
AU
3.5, ATRITeULIITNBUN I asraadou iU nuunstldliiAudesaz0. 3903108
voanszilownuiiin
3.5.1 \aTedile
(1) wesiniinldasdents 0.5 Taduns
(2) oy
3.5.2 15n
Tednefiuumesusiunsndosinediet 4 fu fnsvzdemnieiigaseminene s
vounsudesiedurazim
3.5.3 NMITETUNA
euitinldnna
3.6. AVIUATUNTULTIAR
Anadsvesuendaunnvindoadulunumeisil 7 wag msedi 8

A1519% 7 wendauwanvinvesnseilessean A

UNAFLANIAN

vilg AEn

LWNEWEAR
3 7
4 13
5 18
M1319% 8: wandawaninvensuilowssan B
UBNAAUANANATER
vila LWNEWEAR
1 4
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3 10
4 16
5 22

3.6.1 WP304LlaVAaaU (8819URAININT 16 YsD ANI1)
(1) 19995V 2 7 Anadavavvududiulas Sailidosnin 3 Tadwns wekiiiy 25
TadUMT 1N9VUU WaLISTasNsaesu WInAU L AUaISIe9n 9

[%
o

(2) ASDINANFIUIMUNNIULVIINA LUBUANWULLABINUNTDISU

sl

(3) lulasinesiinliazidenis 0.05 dadwns duiugudnalsindu 10 81 15

[2)))

aa

bUAT

AN 19 1ATBINAABUAINFTUNIULIIAA WuUManual (n), wuu Computer control ()

ﬂ' 1 d‘ U
AN 9 FLYLTENINNTDITU

sUs9Funasay srevIEnIneisesiu L
winadusiadiuns
CVGHEHEGHG 215
S GERAT laidoendn 18t

NUEWN: 1. t Ao AU IN1snaaeuAute 3.2
2. NsaBUNAFRUAMAsNHURNIURENIT S3UETEnINeWsessy + 40 dadluns
Wit munszeseninisesunuigiiieiteasanasiu

3.6.2 MIA3gNTUNAGRY
3.6.2.1 JUsIwazTLIATUVAERY  laevhnisdanseilosegialuduneaeu fail
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v o o

(1) nswidosiogmuiliiiu 9 fadwes saduusudmdsndndasiuam 2 Juse
nseides fegne 1 uuy
(2) nszessgnauniu 20 fadwns saduunudvasuiiuii $1u0u 4 Tusde
nseideq feene 1wy
(3) nszilosognafivuniy 9 fadwns uiliiiy 20 fadwns faduiunnaou
Aude (1) se (2) Ala
(@) vureduneaey TRIUlUauansed 10

a 1 Iy 1 [ a a
13141 10 EUTNLLGS“UU’]WUUVI@?{BU, NUULUULARLUAT

3 YUATUNAGTDU
sUs1e¥unagau ”
AN AUNT
fdeudnsd 250 250
CIVREEA Y JrEyIENINNToITU +40 100

newmg nsainseilesedvdnasuiuing1teynnsryrsenInefiseaiuL40iiadiung
T dugumaaeuwiiuaueIveInssilewogns

3.6.3 fnUIN1seanseiUaasnege Trdulumuning 17

249
L].]

200 "-"_"J
P

& ﬁ d W& " d 4 . w
FUNATAUTVAL NN T BUNAFDUT AN

AN 20 FLAUINITARNTLLUBIFIDEN

3.6.4 MsUSuANFTuNAdeY
(1) nswifosasian A ounsdeuliutiunnasulutfigaumgivonduna 24 1l
pnuiutunageuiivuiy 20 Sadwns Tuvdndunan 48 $alus wdanhameaeudiui
(2) nsmiflesusziam B nouneaeuliiiviunaasulifigumaiuasaududuimsSosas
65 + 5 Hunan 7 Wlseiuliludnuazidhunnduvesiunageuiiormadiamarain
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3.6.5 1oNAEDU
(1) FuneaouAvAsufiufiinstunadevasuuiisesiulviiuinsegfuuy dadumis
uvie A oefflanans wasuuiufiseatu Ve 2 919 ifnusenaludnsnasiivssann 6000 Tduseuni
JunseteiunagouLanitn Suilussnaiiounndn  1Budady warTannunundy Jadwnsiises
wAnvin 2 suvs dmsunseideadounass uay 4 sunisdmsunseidediane (nwdl 18)

AN 21 ALALINTIAAIUAUNNTDEWANKNVDITVUNAFDUAMALUNULN

(2). %umaaugﬂ?%m?iau%’a%’a
Metunpaeuasuuiisesiulduiegf LUy Sasumiuviinaegfananwasruty
Fuiisesdu 11 2 919 nussnalusnsnsfivssana 6000 Tadusioun?t aunsyiatunadauLAnsin
Tuinussnadieunnyin uildu windaanfitunaaeusinud Tusenoundulmduuny Wi
wEhlUneaeuAuiuLsIsRluLGINAuRUN SRR UASILSN unsEalunadaULANTINLAL
Sorumunduliadiunsisesunniinsesluy 2 dumds dwsunsaileaSeunass uay 4 fumi

dmsunseiUostiany (A9 19)

& X o
NOHoUATILIN NATaUATIVNGY

o

AT 22 FUVNTINAMUNUINTBERANTINYDITUNAFR VAL LUIN Ta

3.6.6 T5N13AUIN
AwmmAendauaniin (RN Tuudazfienis [Wuunzwiada anges

Rf = 3PL
f "~ 2be2
de P e ussnadvhlitunaasuin, ey Sy
L Ao szezszmineiisessy, wihedu Jedwns
b Ao AuNIIsvesTuRaey, ey Jadwns
e AD ANRAYYBIANUNUNTITOBUANTAT 2, 2 2 dunus dmsu
nsuidpaduuinass way ¢ sumdsdmiunsuidesdany
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3.6.7 NMIIILNUNG mamumaLﬂuﬁWLa?{amaqmaqé’aLMﬂﬁﬂ
3.7 AnuvuIwiuUIINg
3.7.1 wsesile
(1) ey fidnemenmauazeuauguunils 100 §1 105 esrsadea Walty
NAABULALORT
(2) et finasinuratmedeuliliy + 0.1 % vewnaiits
3.7.2 MIwSUNTUNAEDY
thnseidosietsiiniunsmadeunude 3.6 Anudiumuussiauds wild
Funaaoulnerounsasuliudunaaevluifionmniveaduna 24 dalus snfutunageumn
LU
20 fladiuns Tuindunan 48 $alus udrhumeaeuiiud
3.7.3 TnngeU
(1) NMsmdIumg
ih3unsaeuiitinsuiudludduenaazdiduth wiminiime lluihdsay
TofuUSumnsvesnisunagouwud (v)
(2) MInula (m)
outunasoulumoufigamad 100 s 105 esmigadea Wuna 24 Falusudn
Y
3.7.4 3A1uIe
AuamANILIkY WunsusegnuIARwURWRT  9InaunIs

, m

ANUAUIUY = —

v

o m Ao waveunadeunInINaULAY, ey niy
fo  USumsvesdumedeu, ey anuieidufiuns

3.8 AIUFIUNTSITY
3.8.1 304l
nseUAWAY 817 550 Jadns wazning 450 Sadwns
3.8.2 NSLATYUAIBE
Ufuanmensuilesegilaadiuliteamgiives Wunatlitesndr 7 u

Y

3.8.3 35M1snedau
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WNToUENAENINUUNTETD9MIE 19T NUNATY 2 D1evunuiuegnsewiumls
P9ANVBUVBINTELUBIA081aNBaNA25 emuwduRainlilninsale Tdaulunseulvisyeu

al' Y] a a a dgl’ Y] 1 < ﬂ:l al' %
ANNGIAITINAY 20 Tadiunsaniauuves nszilasiegiatuian 24 Falus aunimi 23 un
AN RIAUANIVDIAIDYS

2 .
niziinflIon

ﬂuﬁmﬁun

P as v & e
ANN 23 I[/NTNAABUNITHIUNITIIUN

2.7 MSNAFBVANUANIUAINNSDU

lngnaaeuaduUssansnsihanuiouveansuilasymaim@uudiduloUrduindunay
WIYENTALUA AIUNINTFIW ASTM C-518 Fan il 24

Heat sink
Thermo-module

Heat flow transducer

Test specimen

Circulator
(optian)

Computer Printer (option)
Software
({option)

(n) ()
2NN 24 LASRINAARUANEUUTEANSNITUNAINUTBU

2.8 MsNAgUANUANIUNIAATULTE9YY

IngnaaeumduUseansnisgaduidesvesnssiiaaamain@uudiiduleunduddunay
WARENTALUA AUNINTFIU 1SO 10534-2 AINT 25

Mic.1 Mic.2
Generator s

(Spea{er) |.|:|.| r.l

NN

Standing Wave Apparatus
( Impedance Tube )
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AW 25 LATRanadRUANdUUTEANS M IR ULEY

2.9 Msnagaun1sanulnvasisn
lngnagaun1sadlnvesianUsznoaue1nns MuNINIgIY 11925-2:2002E “Building
Materials Flammability Test Methods” DIN 53483, DIN 4102-1 Fanwil 26

AW 26 NInAaeuN1TAINlNYDITAR



40

Ui 3

A5n1sAliuNTsIY

NsALliun1sIdevedlasinstl AensfnyiuasnaasmanianauluunseiiomaseBiausid

o

lSITUVIRNANAYENTALUN  WASNAFRUIANAULUUANULINTTIUGAAIMNTTUN T2 U 0IMAIAT LU

ulowsuseu wen. 1407-2540 udd@ulowvuiseu wWeidundniusimadonlmigludendyd ol

o o &
FYACLBYAMIU

1. mawseuingauieldiduTaquanludiud
1.1 @ulesssumnininuzansihduniai
yhmsuuussRaduleseitmdanm  iilelvainsosaudhiuansasaefundldaninll
Usudgein Tnefiduneudadeluil Ae
1.1.1 dwmganglay (n) mﬁwmmazamé’wﬁ’lLﬁaﬂiwszé”mﬂu ATIUANUINAN9Y 88NN
nzansUrdundnilumnuasliuis sie ihlveulugeuiigumad 80 *C Wuna 24 lus ndsen
futhluungesiaiedosduuamsasnda (), (@)  udnuneudauindisiedosfounsnuun
(sieve shaker, (1) fimnugniduledszina 10 Tedluns wasduriugudnasikuAzuNTIvLIA

0.595 faAlnS fen il 27

P i

AN 27 ANLERITURBUNISHSUEUlgUNaNAEATN9NE

1.1.2 dnduleurduishunisieunenvunaumluutluasazargvesiuaiis e uugni1in

snsaru 1 dwlutn 100 daw Wunan 24 2l ()
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a

1.1.3 vdannuuihmssadulesieiiazena (1) dildeuliuisngumgil 60 ssrmisaldes

Y

Junan 24 Flus udldduingavlunisuanluduudiiossuns

(n) (@)

MWN 28 MnuanstuneuNIUTulTIRwduleldumasazansuUATe JuLEns)

1.2 \AYY19IALUA
nsUTUU TR AYeNsagudneIsaLALl wieldidudanunasidluniswaudiv

[
A

ansazany FuudldRninlausuusi nedidunoudwiolud de

1.2.1 donldiAventsaguivuin 0.595 Taduns w38 30 mesh uudluansazansluieouls
asenladaudutu 1% Wuna 24 2l

1.22 véntuiludeethazenn udnisudluasssasludadounesiinuun wie
satufisfinrandudu 5% ludshaveugungil 60 esmuwadeaiunan 1 dalus v
Aaufisedesmuauaamall wasaiuauAmAdunsa - ae Wiegludae pH 2-3 leedenld
nandarninnuidudu 6 Tua resifuaunsunune wdhandedethazen

123 Yuavesosudisnshethazoiauds wudlumsavans 1% ladeuasisndaua 7
gaunil 60 svriwaiia Wunan 1 Falus uduhandedethazein ilveuiigumgil 60 o

q U

wadalunan 24 Falus wdlddutannasalunisuaussly

2 nszurumsnamietugiiduwkiundasuriduuuuriausiuGeu
2.1 gAINITHEY
mu'ﬁ%’a‘ﬁiﬁﬁwmsaaﬂquqmwamLﬁmjﬂﬂﬁugﬂwﬁmﬁmeﬁaamﬁu 4 Usziam fig
2.1.1 gagudaIunw (CO)
2.1.2 ypfunsnanduilossund (CF) Tnelduiiauduly 5% uaz 10% laetwiin
2.1.3 gnduinaurve1asneus (CR) tnaldusunaens 10%, 20%, 30%, 40% waz 50%

IEEDRIDG
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2.1.4 YoguananidulesTsurAuasiaves (CFR) lagdenlduSuinanduly 10% uay 1Ay

819 50% MaR151991 11

M13197 11 goswautiiePusunaniaeinsziiomasnususey

Usinas (@nlaetimiin, nga)
GERRELGH Fus wule | LAwens ih
(w/c 0.5)

1.9agaufAIUA (CC) 500 - - 250
2 yeduusinaudulesssusa (CF5%) 500 25 - 250
3. gn@uARaEUlesITUYIR (CF10%) 500 50 - 250
4. YPTUUANANLFABE1308UA (CR10%) 500 - 50 250
5. YATUUANANLAYE19T08Us (CR20%) 500 - 100 250
6. YATUUARAULAYE1ITOEUA (CR30%) 150 250
7. YTUUANANLABE19508UA (CRA0%) 200 250
8. YT UANAULAYE1IT8UA (CR50%) 250 250
9. RBUANAUAUlETITUVIRLAZAY
(CF10%R50%) 500 25 250 250

2.2 ASTUIUNINEY

anInsuauusiazgmslidunoudel

2.1.1 Fumserssasudviinuidunnddamilonay iiuedsssauiinnuiisousan o
panpanJagtunlonaulidrfuduna 1 wil

2.1.2 dniludnduuing v veslSaildldaduntenauvaiiuaiodaamasiunde
9 mueSesmaudadunan 1 und

2.1.3 Fadulevsunadunsresldamiionan vaeiiduniome uazdinifimdoas
Tunionaudig muedemausafung 2 uii

2.1.4 F@auuivsnadslumssddamlonauvnziuaiorngaunun nuesomausedy
11 5 it v munandesrssnaveundonadlidunafinsefuRnveundulunaslidnfuay
ATULIAN AalaAIlunI 28 (n)

2.1.5 wehunauiiriuudasunuundemetswinesaian suiudmasudnia suinning
20 WURLAS 817 20 LWURAT WY 1.0 wuhues Asansluniw 28 () vinisiwgnlanasennie
routhlutugamgiviondunar 24 - 48 #lus dunranmsudsnvesiogns Weaansouny
penanLuunas lalagliuaniin
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2.1.6 Waasunainaiusaknekuulawal Wvinnisenzaiegiaeananinkuukatinluluselu

WaroIn IWATULIAN 28 TU (219 28 (A)) AouyiMINAAB UM UANANURARI9ANNINTEIN Uen.

3. NSNAFBUANUAVDINANN UNAULUU

(M)
AT 29 ANWERITUNBUNSHNANTUASINEN (1), WkUU (1), Uusiegndluin 287U (A)

91999N15NAEBUANURANY UBN. 1427-2540 nsziUasmasnduusidulavianuisau

A5199 12 NISNAFDUNARSUNAULUUVDINTEL T DI IATUUNLE U8 5 ITUV RN AULAYL1ITOEUR

Water absorption

- LATRITINANEY 2 ALY
AMUALLEEA 0.01 NSY

autRnvadeu 1NAIFNAILE/AS YU/ ANy
AU - uan. 1427-2540 YUIA 20X20x1 AU
Density - esiemduiues,
AUAZLEYA 0.01 Hadlums
~ ipSestaneafin 2 fumi
ANAZLEEA 0.01 ASY
ﬂ'wmi@m%uﬁw - wen. 1427-2540 YUIA 20X20x1 QUL

AUURNNTANUNIULTIAR

Flexural strength

- AMMIZIU ASTM C293

- Universal testing machine

YU 20X20x1 aU.9U.

ANdUUTEANSNSEIAINNS DU

Thermal conductivity

- AU ASTM (C518

- Thermal conductivity meter

YU 20X20x1 aU.9U.

AduUTEANSNNIRAULAES

Sound absorption coefficient

1199197 1SO 10543

- Acoustic testing material

VUALFURUAUGNA
9.8 wyl. Uaw 2.9 .

Amsaulnvesianeinis
Building Materials

Flammability Test

- M3131U 11925-2:2002E,
DIN 53483, DIN 4102-1
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uni 4

NANTSALHEUNISIRY

4.1 waannswieuingauielhiduTannanluthuud
4.1.1 navaIn1suTuusRdulene35medanw
dlevhnsfnwdnuvariaveadulendsnsuiulsiudfmendesganssddidnnseuluy
dosnn nuidulefignuivussinazgnindeuseimaglaaainuuaiiGe fusznin fdami 29
(n) viliduledanuiFounindowSeuiisusudleflildiunsuiuli (i 29 (@)

o w

ARGNEUSHE]
2500X

ANA9YY
5000X

(n) 0]
Ml 30 MNENEIINNARIaNIIAIBIENATOULUUARINTIA wansdnvazinveuduleiiniuns

Usuusei (n) uae (@) Tallsusudgem Afdsuene 2500x way 50000x

- o v = 3 ' 1% A v a =i < &
Wevhmswaniuansazanediuud enuinduleiiiunmsusulsshaunsonasnauiuile
weatulafniwagldusunamnnndt dledlinunsysulssiianssduleiliiunssulss
Haggaundilumudesenniavenduls  Fuhlvdudgnugnn  Jvhligasnauldaninse
< o oA P vy s a aaa
Wiy Llesannliiihiiieawelviduudiiinu)izen
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4.1.2 #aa1NN1SUTUUTIRIABEIT0BUARETINALAY

INSAN N WUERIABYNTOEUANEINTUSUUTIMETEMBAMENaIqanssd
BANATOULUUABINTIA  NUTEITBRAYENNTaEUANEIN1SUTUU TR TAURe T UINNI R
wiwenssosuditldliiunsuiuusi  Junafsiuifialunsiuiisentuasazareduns
yilvdunanssnisdwudfumveradifulding  luvngidinavenssooudilaildtiunis
UsuUssinmanudaudesnuininnsduiudutous fanmd 30

1 v a

AN 31 ANEBIINNEDITANTIAUBANATOURUUABINTIA LANISNBULRIVDILABENTOLATINY

'
a Ao o

NsUTUUTRI (n) wag (v) lilauSuugern Afdavene 50000x

4.1.3 NAIINNITUIUNTINANATNENT

NNTLUIUNIHAUAUENTTABINTANY TR Alandndugiduluunvun 9 ansuey
4.1.3.1 nan1snadaunAanUszansn1sUIANEaU (Thermal conductivity)

Tnewdostuldvhmanasoumedinssaninisthaufeuremandariduiuuiomn 9 gns
aNfeu felA3es Thermal conductivity meter U HC-074 e EKO Instruments WamsTaus]
Ussmadu ausassiu ASTM C518 ieidenmdulseaninimieufoufifididesiian Tuns
wanndunszdom§nduuddulosssumpnauasenssaous Tauisutumiudou wioauls
vosmuduauilufindndns  Tnefinsanmdulssansmaieuseuiildannmsnegey  Tng

Wisuiiguanliannnisneaeuiiieudu siavesian wazUsunamesiagusazyiiafiwansneiuaiy

1
v A

goswauilafimualilunisfing wuAMleaINnsNREe UL usall A
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A15197 13 nan1snegeuAduUsEaNSN1SUIAMNSDU (Uncertainty at 90% confident)

YARDEN AdulsEAndnistiaudeu K (W/m.K)
1.yagiuRaIuAn (CC) 0.9270 + 0.005
2 4TIUAHANEULESTTUYIR (CF5%) 0.8820 + 0.005
3. gnTauAnNaNEUlesTINYIF (CF10%) 0.5429 + 0.005

0.9114 + 0.005
0.8916 + 0.005

4. YPBUUARALLAYE1IT08UA (CR10%

5. YATUUGAHALLAYY1II08UA (CR20%

0.7850 + 0.005
0.5860 + 0.005

7 YTUUANANABEI508UA (CRG0%

)
)
6. YATUUARAULAYE1ITO8UA (CR30%) 0.8478 + 0.005
)
)

8. YNTLUUANANABEI508UA (CR50%

9. yaduanaudulesITuYALasIAY 0.2308 + 0.005
819 (CF10%R50%)

AN 32 AmnsVegeUAENUTEENSN1TINANTEUMELATBY Thermal conductivity meter Ju

HC-074 %e EKO Instruments mémﬁmsﬁﬂizmquu AUNIMTYIU ASTM C518

MnuamsnagumdUszavsnniamoulunsied 13 wuin mduusgavsniniam
SouvasyadiusinanndulosssumAuaziawens (CF10%R50%) fiA 0.2308 + 0.005 W/m.K dady
Adniign  sedamnfe  yatludNaNdUlesTIINA  (CF10%) UAy  YEIuAHALLAYE1ITOBUS
(CR50%) #lfin 0.5429 + 0.005 W/m.K g 0.5860 + 0.005 W/m.K asd1diu druynfilaudfiege
gnsduq TarduussansnmsthanufeulndiAes uaz/vie liunnd1s91n yaduusdaiunm (CO)

INNANTNARBITIHY JufendegnduuinaudulysTsuvRLaviAYend
(CF10%R50%) YadiusnasdulesssuyIi (CF10%) wag YnTUANANAYE19s0eus (CR50%) 1
WauuazAnwseluduantininag wazauTinisnudugfidusslonidonsiaundnfasiduwuy
el lunufuemsuseviamdsny wieensdeanuinguszasdlunsing uazUiuad

TdTanatuussviindulesssund way JaguiasiuavessagudluUsinanunniganaunsadusula
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= 9

4.1.3.2 wamiwmaaumﬂ'qmi@wum (Water absorption test)

NNITNAFBUAINITAATUUIVINEATUNAUNINTTIY  WBN.1427-2540  LANaN1SVAdUda

ANS19N 14

A 33 2NNSVAARUNIYATIIN

YARIDEN An1sgaduiin Asdu % firan 24 Falue
Lya@aufAIuAY (CO) 0.93 + 0.05
3. gnduiNaNdulesITIYR (CF10%) 13500
8. YATLUUANANLABY19T08UA (CR50%) 119+ 0.05
9. yaTunnaudulosssuvifnaziAwen 1.93 £ 0.05

(CF10%R50%)
A15199 14 HANTNAFBUAINITRATUUT (uncertainty at 90% confident)

PNHanIsAgeUAINsAndNl tnefaldu % Tiva1 24 49l uenseil 14 WUl Yadun
MUAN (CO) HiAosvian 0989119 YATWUANANAWE19TOEUR (CR50%) Ynduunnadule
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SITUVIARALLABENS (CF10%R50%) hazyndiuudnauidulesssuyii (CF10%) audfiy 31NHaNTT
nAgaUll Wul1 CR50% uag CF109%R50% WUHmsgIui 5% luuaeil CF10% deAnaaiuinnsgiu

4.1.3.3 NANISNAFBUNIAINITANUNIULIIAA (Flexural strength test)

NHANTNAGBUAINITATUNIULTIAR 'uj:u CY-6040A4 ?J‘Iﬁa Chun Yen Testing Machine
wAnAeUsTIAliv Y muLmsgu ASTM €293 dauanslugudl 33 nudn yedmdaiugy (CO) 3
AMsFuLLssiaINATiga Ao 24.0 MPa 8dasnAe CF10%R50% iAn 20 MPa uag CR50% A
CF10% fldwvifudl 180 MPa swdwu ainwamsvaseu wandsiiuinslataniesunss
Ussamidulesssumiuas Yanuanuavenssosudadlundnsnsitiudnaesia  Tautaevilien
mMsfumuLssdn 31 dnnninsléfanedndlaogmilafivsednafo  useenslsfinuminnis
yadoUAINFNUULIFATesARaaEmua SanuBninanfldiunesguditvun anu wen,
1427-2540

Flexural strength test

20.0
24.0
25.0
20.0
o 200 18.0 18.0 18.0
a
p=
15.0
10.0
5.0
0.0
CF10% CR50% CF10%R50% Cement Control Standard
SAMPLE

AT 34 NINUAAIAINITATUNTULIIAATVDIYAAIDE

4.1.3.4 NANIINAGFDUWIAIAINAUUY (Density test)

NUANINAAOUMNAIANURRULTBYAIaE 1 ln e USBULTsUU gaauau viliiiug 4
el Tanatuusadulosssumfnas Tagunasuamseasosusd axiinnamuiuiutiosndt 4
muAL yngeskan lag CF10% flenavmnuvutiesndinds 53.30% luvagdl CR50% uag
CF10%R50%3lAAuvuuiutiosndnlusedu 18.77% way 20.50% mua1diu



A151991 15 NANTVIARBUAIANRUILLY (Uuncertainty at 90% confident)

YARDE14

' ' 3
AAMUNULUY (kg/m”)

LyadaufAIuAY (CO)

1,954.90 + 0.08

3 YRTUANaNEUlesITUYR (CF10%)

912.95 + 0.08

8. YATLUUANANLABY19T0EUA (CR50%)

1,587.91 + 0.08

9. yaguuanaudulesTTUYRLALIAEENS
(CF10%R50%)

1,554.03 + 0.08

4.1.3.5 wan1mageuAduUsEANNIsanduLdes (Sound absorption coefficient)

NWANMINAFBUMAFIUTEANTNIAATUIALIUDYAFRIBENY  AI8LATBY  Acoustic  testing
machine U Type 4206 8% Bruel & Kjaer HARAMIMUIHNAALINGN AUNINTFIU ISO 10534-2

TAENISNAABUAILS 929AIUD 50HZ — 6400Hz toNanIsnaaausall

Sound absorption coefficient

1-
800m
B00m -
CF10%
CR50%
400m | | |
1 \

o v

0

CF10%R50%
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Al 35 navluansAnduuseivsnisaaduiduvesyndiegng

Adudszansmsgeduidsadudiiivdfnuanmnlumagadudemestanfiseduanud
sineq TusAdeiinaaounaesmniasuesnudivaud 50 Hz f 6400 Hz F2ems¥Aluzae 0 - 1
TandlAn wihiu 0 wansdnianasviounin S1AWinAY 1 0 wanedrianinnuaiunsatunisgadule
100% fhegratu Tanviavildaduussansnmagaduides wirdu 0.8 uansinfandienuanansoly
mgaduidedls 80% wielumanmsaanazduiumanadsluyniianansueuiazamd (octave
band) {1 NRC (Noise reduction coefficient) darnfmngdmiuiuiangaduidesdie 0.4

MnnsluansranIsadeUAdUsE A MIgaduds nud1 YedudnandulosssuvAuay
Awens (CF109%R50%) fianuananalunisgaduidesivian Weflouru yadetegnsdu  wasiile
AMuIuMAIMIINISAT (NRO) fams79fl 16 Us1nganan NRC vesges CF109%R50% drwvinfu 0.321
Fauflsuhiuanuannsalunsgeduideslite 32.10% FddndiAsafuamensianniiga Ao e
vuiuAounIA Beidn NRC iy 0.29 (amdl 35)

A151991 16 NANISVIAABUNIAIAINNRUILLY (uncertainty at 90% confident)

Sound Absorption Coefficient (%) &
Noise Reduction Coefficient (NRC)
Sample Type
ple P AVERAGE/N

250 Hz. 500 Hz. 1000 Hz. 2000 Hz. 4000 Hz RC.*
cC 1.737% 2.907% 25.826% 13.315% 35.146% 15.785/
0.157
CF10% 10.823% 9.878% 33.545% 17.120% 8.954% 16.064/
0.161
CR50% 1.585% 3.122% 7.272% 40.906% 12.258% 13.029/
0.131
CF10%R50% 3.188% 6.054% 44.637% 34.772% 74.373% 32.065/
0.321
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Materials Freguency (Hz) MRC

125 250 500 1000 2000 4000

ARuUNsA 001 001 002 002 002 002 002
ududlduuadna 0.29 0.10 0.05 0.04 0.07 0.09 0.07
14 015 011 0.10 007 0.06 0.07 0.09
udulddnvun 10 uu 028 022 017 009 010 0.1 0.15
ne=an 035 025 018 012 008 0.4 0.16
WeNLURUADUNSA 002 006 014 037 060 066 0.29
uiulnlawinga’d 12mm 0.05 0.12  0.25 0.57  0.89 0.98 0.46
aurlauda 160K 25mm 009 030 080 112 101 079 0.80

AN 36 A MKARIAT NRC 83 Ja9n19n13AN

4.1.3.6 wan1MAdaUN1TaULWYRITER

MneamInaaeunsailnvesanuesynding1s feia3es Building materials flammability
test fumace Ju HST-2 8% Kason Testing nanfusiussmaléniu susnsgm 11925-2:2002E
“Building Materials Flammability Test Methods” DIN 53483, DIN 4102-1 Wui1 Yafee1engns
nsualiauln yngainimegey

M15197 17 wan1smadaun1sadlnvasian

YARIDEI n1salu
3 sec 5 sec
Lyagudaiunu (CC) NO NO
3. YATUAHaNEUlesITUYR (CF10%) NO NO
8 YATUUANALLAYEI308UF (CR50%) NO NO
9. YnBUANAUAUlESITUVIR LAY NO NO
(CF10%R50%)
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AN 37 Amuansn1snadeunsalneian

4.1.3.7 HaN1SANETUAIUNTZUIUNSHANAIBNADIYANIIAUBLANATOULUUERINT A

nsenwanuazngluyadieg@uuinaudulesssuvfkasiavens  (CF10%CR50%)
MUNADIaNIIAUBLANATOULUUABINTIA UM INaNvasTanEsuusadulusssuvfuas Januna
FILABENIDSUALLTLUAT AT ULAR

MWA 38: NINENLIINNEDIPANTIAUBLANATOULUUABINTIN UAAIENYAENITNTZINLR Y TANESULTS
WulesssuvfuasianuasuAve19snsudluynfiag1e Nidaene 2500x
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unil 5
dyunan1sAiun1side

TASINNTIFUUAILITOANE AL WAL NAR A T AUBUUNTELU D9NAIATUUALFULE T T UV RN EL

(% (3

AulAveesasudrlaLEuseu IneUsenaume 2 Junaunan JuneuwsmiludiuueInIsasew

[ a

Togavlunisnauiuduud Usenaumenisusulsiadanasuwslssnndulosssuyaniegisnis

D

[

FanmuazanuiaTuAvesneuRfeisnuail Fsannisuiuugsiavestanis 2 wde silv
dulsznoulumsnaudiuladuegnad unnninnisliuiulsesns msizlaeunfdanasunssssnm
dulozidudinfivovihdsdudonanfudiuudazged vie wahainduudiligimudlsl
Anuiselansdu Aetuusarliudatraiunsusulsiveadulefenisdatesenmeuuiiadu
TaifledestuldlndulondsinnduudlurasiinisusulgiiTanmanmenssneuddeisns
il teviliiavenssosudanussisiaifided frudenaudriudiuud Tasunfmsenssogudiay
apgagiuuu elfinsnisufulgsindwiliavesasuduandfuduudldfng dawlu
fumeufiaeniunisnaassgnsnimaniiotugdidundnsusiduuuunssdemdmBuudidule
sssutAnanfuAvesasudviauiudeu Tngldvignanauiomn 9 gasnisuan fe Tagld
SnsrduvendulussanmRfiusuusaidaeTimetnin 5% uay 10%sethuiindundiiotisauds
TushumaiaSunsauazauiismuiuanufou TuvueildiaverssogudiiudulssiameiBmaaiiunu
Tanuiasuludnsndiu 10%, 20%, 30%, 40% wag 50% AUEIAU ROUNMTINTLUA TnoLABeNs
sosufstsaiuauTRmeiuiunueularfudes Snvamimiinlaeuveswdndaelliiiosas
Fufpusunslfinasuuuui Yssonnne uaglddamduiwofumnd W/Q) 0.5 wui gasns
wen Ly Biuued : wdule « iewenssooud s 1:0.1:0.5 TaudAnusnzanuiigalunisazilunge
nsndemdsmdumfidulossauminaniuimessnsuidauiuiou deautafialufuiunny
You uaziudns wionmoantAivisnIsnIn LagINaTHIUAINAE UANLNATEIU NN, 1427-
2540 Tududunumsndn nssdomdmBuudidulsssuminautumenssosudelouiuieou 14
FaghumnveandefionenisinumsludiuveadulesssuriAanvzatetidu uasiayerssaous i
nannfutanaiuusuarYagunasi lnemsth fanwdefavanduyinsufuusfadielduay dadu
SleRndunuyoamanfasideusy 91A1UsTIa 20,08 VN deusy dAnsiatlumsynszdomdsan
HOANTILLAT INFU 501.00 UWIdeRT1amAT Ssiusuiiisuiusamansusiluviosmainaudn
fuhmemegszriamsynssdomdnililuosfunsd fu vdseienin dudusumdunstam
uazeeniuuiiedwiheludamndvdls Tauamsalumswisiuiundnsasiutagiuldmeads
o A

MINATNILENATIIN 1oN.1427-2540 wazaudinasudneninlusuiuaiuiou wagiudeananid

v
KA ©o

Tneldfesduudassuussanalunsindeauiuiuanusauiudy wazdininvesnseileaniuimin
W1 @¥AINlUNNSIUAIDNAIE
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wasgunanfasigramnssy nswdosdiundidulouiudeu sasgiuand wen. 1427-2540,
Usgniansensegmamngsd atufl 2290(n.a. 2540) drineuanasgiudndndigaaiunssy
NIENTIQAFINNTITY, 2540.

UINTFIUNENTUIYAAINTTY nszilonesin 1NATFILLAUT BN, 2508-2555, UsznA
nsENTIERAMNTH 2Tl 4391 (w.el. 2555) F1UineuaIAsgIUNEnSueignanvnTsy
NILNTIQAFINNTIY, 2555.

wasgunanfasigramnssy nswdosneuningmdsa mnsg Al uen 535-2556, Uszn
nIENTIsEREMNTTY AU 4591 (WA, 2556) d1TineTuanAsgIUNARS MeigRENInTTL
NILNTIQAFINNTTY, 2556.
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LONYY TUANIAN msqﬁq‘wé auURALNT S5ANA MUY LA UFAT MULITUMTIAIU, 2553, BNTNE
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A1319% 18 Aununsuannseilomdinduudidulysssuminauiuirve1esosuiviauaus ey

N52 U IMaIP T UNLE Ul S TTUTRNANNULAYE195 08 UAT ALK LS 8U

AU 39815 Aoty | S1uumthedld | Swaudu ()
AimgAu | - Yudlaug 2.60 U /nn. 1.0 nn. 2.60
- NgangUau 0.04 v /nn. 0.10 nn. 0.004
- LUATISEJULENIT) 76.00 U™ /nn. 0.01 nn. 0.76
- LAYYINTNYUA 8.00 UM /nn. 0.50 nn. 4.00
- lunsulonsonlyn 70.00U9/nn. 0.01 nn. 2.10
- WWhaWwsnUasuueniun 146.00U/AA. 0.05 nn. 7.30
- Texapon (N70) 95.00uW/nA. 0.01 nn. 0.95
Alarie - Al 1.80 vw/uuly | 2.03 Wl 3.654
A56Ee (13esa, fouil 60°C)
- Anitldlunséne uay 9.50 U/audl. | 0.010 au.w. 0.095
WE
- AT 310.0 U/89lus 1 9l 38.75
59 (znannsuidedld 3 wiw) 60.11
duvuade de nswdodld 1w (20.04)
*5101¥00AU o Fuil 30 Wwweu 2561
199l 19 WisuifisudunuuasUTinaavessasudlunswannssdemdaseuss
nsubemdinduudidulsssurinauiuimsenssasuisdausudey
FTUIUNTHER USUN0ULALE TN UEAUIIMIAUNU
3 WU 500 N5u 4.00 UM
1 L 166.67 N34 1.33 U
f29819n15UNRAIAITIU:
YUIN NI 4 LUAT an 8 1ms (UNu 1,325 WU x 166.67 n3u
Bo0ms) WU 1,766.72 U™
fuflunsy 53 ps1ains 220.84 flan3y
I%fﬁsl,ﬁaﬂﬂv 1,325 Wiy
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YUIA /AU . , FIAFDLLNU
- - g . MUIUADATITI ,
YU LYURALUAT WIUN s FIAININ1TN
A1919 X 8717 X U LUAS
n5ELUDINRIAT
Fruuaiduly 25pieces/m2 20.04 Baht
- o 20x20x 1 0.5 ke.
FITURNEUNU 18 kgs/m2 501.00 Baht
VAW 19T DUURA
& - 10 pieces/m2 11 Baht
NFELUBIABUNTS 33 x42x0.9 4.5 ke.
45.0 kgs/m2 110 Baht
nyziaglwiues 11.11 pieces/m” | 40.70 Baht
o . 60 x 44 x 0.6 2.5 ke.
TLUUA 27.78 kgs/m2 452.18 Baht
& - 10.5 pieces/m2 74.45 Baht
NITLUDALYIIUN 34.5x42 x 0.8 3.8 ke.
39.9 kgs/m2 781.73 Baht

*SNANHNANN U DL TUT 30 LwIeY 2561
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