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Abstract

The purpose of this project is to study the mechanical and physical properties of
recycled roofing materials. The pulp extracted from the UHT beverage boxes to get
aluminum foil mixed with low density polyethylene. This can be used engineering and is
an option to reduce the amount of UHT boxes left over to roofing sheets.

In experiment 3 aluminum foil, medium size and fine, then hot and extruded
with 6,8 and 10 bar compression, then cut into test pieces. To test mechanical and
physical properties in accordance with the test standards: Torsion Testing Tensile
strength Impact resistance Heat resistance, water absorption, and density testing.
Compare the mechanical and physical properties of the material; different sizes of
aluminum foil and compressive strength. To bring the best materials to the product.

From the tests, it was found that the properties of recycled composite materials
From the box UHT beetroot This is made of coarse aluminum foil. 18.23 MPa bending
strength, 10.66 MPa tensile strength, 110.987 J / m? impact resistance, 52.40 Shore-D
Hardness, 0.62 % Water Absorption, 0.70 % Thickness Swelling, 1.086 g/m3 Density, 0.031
m’K/W Thermal Resistance and 0.291 W/mK Thermal Conductivity is the best
mechanical properties. Due to the large aluminum foil, it can be used for high strength.

Which is higher than the aluminum foil of a smaller size.
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ounAvas LDPE fluuiaidnas uananimuigamainig wWasuadeuts nisdiuleugumnd
%aafﬁ@ﬂﬁﬂmﬁ’; (Glass Transition Temperature : Tg) U84 PVC 1uwaaLua§NauﬁU§Uﬂ§ﬁLLaz
Lileusudgemeansyienaustin CPE uag Il Elvaloy firnanadiaed T ve PVClunedwesnay
fiusuusesne anstaenasin PA 20 1 Tg TndiAssiu PVC uigvsunnnimsldanstionauyia
CPE waz Elvaloy dmiuand@sineg vesneulndnannnedmesuauiuiulsuarlailiuiuussie
astenauuar Ndosnnliormne wuindevinaddesinntu segdanisidauazuegda
TAssofiAngatu wiranuudoussis Wosdudnisiadn a gamn aruudausdld souaza
uwdausenszunniiinanadlaefiauifsnge ﬁLLU’JIﬁNQQ%ULgﬂﬁEJEJLﬁEJﬁﬂ’]ﬂ%ﬁ’lﬂi’JEJNﬂwﬂﬁﬂ

PA 20 umiAnlunsilasanisadedl ilefivefnuantRvesianymdsanaintansleda delu
nsfnwantivestanluadsiléviinsfnwiisafun meaeuaiuuds nsmageumeiai
LY MIVAdaUMIRATLh NMnAdeULIRRRINAuRmTh n1swawad ALY Mg

NAFOUMANENUTEAVENMSEANEY WaznsnaaeumANdNUsEAVENTLANTN Havilasen1sdsla

Y

1 = ¥

ANYIAUAIT hazlPIARINAN N UNLHUNTIATLUUABUTUNITIUIY 10 BHY TYurnni1g 99
WIUGLUAT 817 240 WURLUAT

2.3.2 nmsAnwauvfdenaveasreulndnvesduledulssaiuenaulidassding

1 '
av aAadav & A

$98u1 vaaUTau Fdunensssy wag dvinn audulsllind1nliinnuideiiingussashiiield

q

a a

wduloduyzsn (Pineapple Leaf Fiber, PALF) tasuusslidumeulndato-faulidanzding



(Ethylene Vinyl Acetate, EVA) lUSsullsunuasulnd@nnadtofiausiia Low Density
Polyethylene (LDPE) TnevhnisAnenavesu3unandule (0 - 20 %) fAidseaudfidenavesnay
Indniaans nafldmuiudinudulodiuiuildaudiunssiwesnouTndnfaeswiniien
dutu tnefiroulndn EVA Tiuavesnaifinduuiontyu aoulndn LOPE Inslanigiiuiua
@ulounnda 15 % andnwazdugivansamunisnszaeimesdulelumnindvesnoulndn
feaasliiuanenefu udifun1sunvesueing EVA wuug (Brittle) unuediuminduss LDPE
auituRantiinsBaduuumied (Ductile) SnwaiznsmusIruALLETANASEATBIABULN
an EVA Smnuwuinduiiousinandulesnntu vasfineuingn LOPE AUsunasdulosine q 1%
dnwaznsifignasin (Yield Point) d9uf Stress Efficiency Factor voudulelunoulndn
EVA fnnnnirluseslngn LOPE ifosnnavedlassaiianediues EVA Aflnyfiveutiuinnin
2.3.3 USgyafinug advsn yssmesdn wasynsgd wauesy [9] loaguliin vinnseseuuay
Anwinuaniiidnavemarainaeunedndlfainnisnaussnitmatadinnedieiduniny
WULUUAT (Low Density Polyethylene ; LDPE) wagiinase (Fly Ash) \fendanarafnaaune
anfidaudAidanafiveniBounienarainuignideausoiluldnuddmnssulduendy
madennils lunsifaqndelduniuianaeunednlneiinisdnuivuiuvesdiased
wingaudaud 30 81 50 danlunanaiin LOPE Sovdulasisuinnsinisunarafinaeunednuy
\AamaANLUUADIgNNAY Bniudsinntuguiduuiy feinfesdatugudenudou wastugy
Huildy freedondniiduudiniludnfuiununnaeufeniowinionaaouuaifidna
AINNINTFIULILAAIINAUNIULTINTEUNN (ASTM D 256) A213699 (Shore D : ASTM D 2240)
AMAFUN LA DL TIFALAAASTM D 790) UAZANUFIUNIUABLIIRG (ASTM D 638) tilaidunis
Wisuieuauifsnanuesianesmedniifioyniaiiaeslutiinassiudusuiaiuusninnns
neaeunuinilonaneunaiiaesadiunataiin LDPE wintuagyinlinanafinrounedniiléian
arufaussioussdinldsegdadnldsaranuuduivgdubntoslunasfidnaufununss

LY

nszunnAuendadiduazuegdanisialaaiiomuluuTunasinTunazazros qanasilaifiuly
USunanniuanuudsenssiuasilosidudnisindaaaintanauiionaudiassluuiuimn
a g ! o w A A A v ! ! b4 1 (% gj

dinanTukazazAanamaaulllodiuTuIaiassuinndt 35 d@dlu LDPE Jeudiudatiuain
nans@nwaunsaagulaidnassaunsaUsulsnaanTAgnalusiuanundsliunnanasin
AouNAnlATINEINNSaLANLIaReldNInEa 50 dvulu LDPE Sesdiutieanauyulunisudn

lnedsdnunnaudRigainavesnarainaounednle

2.4 vauiiidey

24.1 ms3lfandeuniosdiu http//www.tcdcor.th [10] fdeyadnadalidn n1sileida

Y

nassuuiolsiessIuYA Wielantagiunaenaieshy \Wunfeueg19unsnaly Lnsznaes
Uaonidefiasnmaaziiuanuanlmilvduniosmuliuugs 6 heou lnglidesddingiuds waz

Lifosuiiu asndedmsuduilnannie Welidewdduilidendiosdln dmidn naesunds



Prgdsendadomadunisvudanszay Judagmanlunsudandesnainaiudinugnnauny
| = v a oA = 5% o | v a 2
ottlomFounyuisunildlmiiionauny (Renewable) FslidasiateUiliainsssusd asimiu
@33N a0uasodn Nt uNEn S UNNSNE1AIINE0Y AILANTZUIUNISNER FuUDIN1TUN1US
lovda Feliifidule wdeiaduvesiaene) nasuAsasRuiwviaIlanuIsatuasamansaele

' = A a = Ao A A = Nay P
NANTANYDLY NTEATWLATBIANNANNNIINLE BN YT ol g1wazEonwalnlineldau
' a o = oA ' \

1ADU LHINTEAEINANULTILTINILEDNTEATYAINNEBINTEAELAT (Old Corrugated Carton
Boxes) MIH1UNTS bibAaunnaIgnsd Aty LHansEaEnlauIaInNanAIndny Juuuienazinul
o & ' A v < \ a & ° o & &
NUUUNTZATYNADIVIADINITAIULUILLTIE muwmamﬂLLaz‘V\IaEJammmm"LtJmLﬂuqﬂﬂﬁm

a v < | P ) a a & a o ¢ A o a @ '
NAERNNABINITAMULTINTI LT P1UFUNTENE WS BNAMUUNARS g NaNaRnS lAanll naos

d{' dl' n:l' Y v ) o 1 I3 cil @ 1 d' ) 1 @ zﬁ' é( 1
ATINNTLEUAY azgniudndaedududny Aeunazinulseuuwimran WeTugy wruniu
ANNMTRBINT ndu T LATIgnTauNguMAN 180 aerwalliuad ievasunalafnivy
I Y = o v a o & a & o = P € va = &

sguddnilliiiesesdndulnenatainasiluiiganseaviazegiiiounesdlvidaduiile
wenrtudadddududeddnnvieasiaiilag weluduneunisudn

2.4.2 NEBATBIIN 31N http://www.ampolfood.com [11] dTeyad1edalidn naeenly
USIqUN UHT 157538091 “ Wiaasuiie 7 dudsznausiedan 3 ¥ia fis nszany 75 % Ind-ondl
qu 20 % uavegiioumawd 5% Usenuidimeniu 69 6 T udaztulinin fel
o A = PP & a e & 9 = ) &
Jun 1 adeniiau LWulauuiuedsusuuaniiataeiumnuiuaInnleusn

o A A o ! v < a ¢ < A ¢
YUN 2 ATLAY LwaiﬂnlfﬂEUV]?QSUaQﬂaa{[’ﬁﬂaaQﬂQWULLsﬂNLLiQ ATTNHNRATINN ISWHUN

J o = o & oA ) Y a o s ¢ | 17

Fun 3 wedeniiau Iumieuseninstunseauivegiifleunesd Yreniinnaedln
wiuain

Fuin 4 egiiilouesd Jasiuenie (2en@iau) Lewadng uagniuainnnguen

g & = N I V| | a o ¢ o a ¥ | ¢

Fuil 5 nedlennaw Wumiensynivegilileunesdtunaraintulugn Frexin
naedlilduaiv

J o = a Y I~ a '

Fui 6 wedlennau Usaiun1siizuvesuuiieylundes

& a ) ' % D & v S o g v

wanIINTU N13UsTarlaniinndssuy UHT Aesussyluiesniuaonitie aiewmeildeinliuy

UHT anansasiusnsnileiduiou Tegludaauaifiutiuies




Ut 2.2 Fuzoandes UHT

JuvBINans UHT

1. wedlohau HosfuaruRuannnieuen

2. NS¥ANY opuAmULTsLsIveIndes

3. WoAleyiau Prentinnasdliuuuain

4. eailiflounewd  Uesiunnizateuen

5. woalehiau YrenTnnanIlALLLENN
6. WoaleTiAU Fredafnwazilasiunsiduvesveaman

234 mi%ugﬂ‘umwaama'% (Polymer Processing) http://epg.science.cmu.ac.th/ [12]

a

fidoyadnedeliin n1swdeunediweinienediuasaauy1i (Polymer Compound) Tl

'
=

Fuundzunssnneg lunsmbinaiafinfindugusiesngg dudesilinanafnegluaniuzaes

De

A o

nalngorvhlsinanafniinnsnaeudeanudounierlinarafinogluanuzansazanediedl
delvinanadnaunsnfinduguiie audnvastuduiinuaumaifingusiseamanfusi
naaRin 1wy wikuLuienie vin1stusunandasinanainazdesinunsruiunivdeidu
wielsiannsanagusnslel InglunananUsznmmesuenaradnaziAanisudeinilolduanuby

luraugAnarainUszianmesue-gniziinnisieulesvesanslyluiana (Crosslinking)

lasd o w

nsrUIUNINARNTENISWUTIUNARS s naainiina1e3s usisndAywazteninduluianis
PAEMNITUNANEAN Lakn N15AANaIaAn (Lnjection Molding) N3850 (Extrusion) N1580
(Compression Molding) n15a18leu (Transfer Molding) n15.U" (Blowing) misﬁugﬂﬁwmm
50U (Thermoforming) N33 (Calendaring) N158ALUU¥LANYU (Rotation Molding) kazn1s
%ae (Casting) 1ufy

2.4.4 n3zUIUNITON (Compressed Molding) http://epg.science.cmu.ac.th/ [13] %ayja
819891371 Wunstugulaemsimananafinfiudasinandalukdfinineldnnuiuuazaumaiin

a 1

winzay Feinnavdilngildnszuiunisilae wswaniiu (Melamine) Tunaun1naniinlay 13

9
a

ndananainuelilauninauidesnisantui leuldanudunazidunisguingiv

9

1% ¥ ra [ gj o 1 I a ¢ a a 1 a 6 4 a [ 1 1
noultrwifunantudr luldudfinineSudaudfundalrnatafnunsilunugesinewes
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oYy
a =< A

wifisiazsuraetasielinanainlasuauSouanuifinilanifieg @y Wetwihunusan ag

faranandasnvaamatainedaslusaddindu ntuidandiuntdunusenlinisensau

JUN 2.3 dnuuglAIeddnlaznsTUIURUUNTEUIUNNTEA(Compress Molding)

2.4.5 NMsnAERUaLUR TR
2451 nisnadouA1duUsyAnsnisunnn(Modulus of Rupture : MOR)
http://archmis.arch.nu.ac.th [14] fideyadedaliin maveaeuaudumuusiinedusnis
wilsdmSumsnageunuusnsnsinsfidsdonldlunsnageunaainuasdnliiuisussanaen

[

Arwsumuusaisestagiilesanisiaglidosiitiymiuinannindesudserintunuuay
\ownapumilaunIvAUAT AL ULIRIENIINdMINTENERTesLILTIS ignIin
ogfiwaudluuinaiiniianindemesndeetidlsfmuanmveaussisiiintuluiusuvesnis
yaaeuasIUszaniazuansfulaglunmsvageuauiuuussisiuiunumagouasldsu
usaRsTvifunaeniuiiniiga (Uniform Tension) wsfluntsmadeuamufumuusidasodumu
wldsuussiiiliiasinauenasnitufivingn (Non-Uniform Tension) Lilasanluanngiiduy
gndnsetudununaaeuarldsuussisgeaauuiuimiuaylésu ussdagegauuiuiafiunse
druendoghadulunsdvestanioiennieldussdasodaug (Pure Bending) Mufadudisazey
meldussidurngiituiafuuuresiunuazegnislfusdniagdiduondaveausifuas

[ 1

L3IEATYIALUSIMLININATeIR T UUNAFe Ul UAUAB ULUAIURIAN LS A7 eE

Y

a1 [

wssdauardiausansgyinlunaihtugus Tnealuudanismedeviivungdmiunimaaey
wanaRniddnvazulaumzudlivnzdmiunanafinsouniannsandsuuUasguianelduse
faldunnidesmnaunmsfildlunismuinvesanmnsdnsetazgndadlunsdiinisudeuudas
sUwestanegluseiuiianuansanuduiudseninindunazamnueisnuuuadunas
ogneliusadmeduuiniufaiulneialutnaglidlinnaeuiissdumnmaioniiu 5 wWeddus

Inglunsmageumudumuussinseuutliidu 2 Ussinnldunnisnagauiuy 3 90 (Three
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-Pointed Bending) La¥n1snA@BULUY 4 9a (Four-Pointed Bending) hunTuanunaaasuazidu

3

a0 o

RS URUADIAN NI FE U TITRnaziliALsInseinluuTawiiuand  Taeiluuainis

a

neaouiimnzdmiunmaseunaradniiidnuusudauneudlimansdmiunataindeu
anusoidsuidassusangliusdnldunidesnaunmsildlumssiunessanmnisinsed
szgndeslunsdifinsuasundassuiwesianegluseiuifanuansamduiusszninminy
Wuuazanueieauuuiaduiaregngliussinseduhiudsiulneiluinag il dvaaeud
szAunIesEaliy 5 Wesiudlasmlunmsveaeumiuiunuussinseutdldiiu 2 Ussiam
launn1smaaaukuy 3 9 (Three -Pointed Bending) wagn15nAaaukuy 4 9 (Four-Pointed
Bending)

Mo e (2.1)

max = —

dlo O, Aornuiugsgn Smedu wiaaa (Pa)

M Aoluudss ey daduuss N'm leanaunis

o Frax A 433nAGIEA Maximum Load fivihendu s N

L Ao AeMYIIn Sniae Wuues (m)
C flo szahanngaannuaziiugiian Wuaswdwesnnumu
fimheodu wes (m)

| Ao Tuwudaudes (Moment of Inertia) fvaetduuns (m?)

ANUIUINNZUANT
bd>
= =—d VY LN (2.3)
12
k) b Ao ANUATIRunAasy Jutieidu was (m)

d Ao ANuUITUNAay  dvtietdu wes (m)
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JUN 2.4 vENNSNAABUATIHAUNIULTIARIENITMIANEUUTEENSN1THANIN

2.4.5.2 MIVAFOUAINATUNIULTIAG (Tensile test) http://www.seem kmutt.ac.th
[15] $iTeyasn98aliin AsiddguesnisnaaeuandisulsRweanediuesfe Juunaaauds

1 IS

drulvgasiisunss Dumbbell FsagldanmanTondusuuuusiig 4 TuegfuUsznnvastan
Wunsaimduensfiazlsannsinusuenadugy Dumbbell s die (nusuesitldannsia
Alugly Compression Mould) d@aulunsalaesnanadin 01399zlaa1nnszUIUN15a2a (Injection
Mounding) wiselaannisdaudunatafingls die Tuinueaufeaiuivens dvinnatafnainan?
finnaudedin 1w Plasticized PVClurmugnaaauazldindas Universal Testing Machine (A1l
2.5) Ingagyinnsdutunuiidumisuaeaesiuiessegaai (ANULINTFIUAMUA) WAV
nsmEnTunuiesnsnsisiiadiihnstufinnisisuulameusuassvesBaveduay

USLIURTINAN

JUN 2.5 LATOINARBULIIAN

Ay v d’l’ e A v o 6 ! = o PN =
mawlmuamumﬂmimaama AFINANUFUNUTIENIULITIPNNUTZEENE (ANN 2.6 991298

= ] 1 [y v 1 a a s < a, a o =2
ME‘U?’NLLGmG]'Nﬂ‘LJVL‘ULLEYJLLW‘UU@%@QW@@LM@?LL@SﬁﬂT}S (AINLIT, E}ELWIQJJ) NNINITION

220

200

180

160
F 140
= 2 -]
E 100 Ll

80

&0 r,/

40 Fa

20 z

0

0 200 40 60 80 100 120 140 160 180 200 220 240 260

Elongation {mm.)

Y

JUN 2.6 nsmlanuduiusseninusaiaiussuggnm

[

PNUTWATTEYENSALE @31501UIAIUINAT tensile parameters @19 9 lagall
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Tensile stress (A3LAL) = w51 (N) / fufindhdausnamnsinans (m?)
/ALY r::)) ................ (2.)
Tensile strain (ANIA3ER) = SzE2dn/sv89AINETN gauge 13UA
=AL/ L,(imension less) s (2.5)
Elongation (n158a#) = svagda (AL), mm (2.6)
Tensile Modulus(A1MUWNSY) = Stress/strain (MPa) .. (2.7

ANSEARININT 2.7 Wanadnuaienaluvestiuaugy dumbbell Smsunmagounsasa

Taglun1sA1ulIAIAIUASeA (strain) azldAn AL se LO%aéfaaizi’ae’faadwﬁwﬁi%ﬁaaL@uﬁwﬁ

A

sz nadme ALaisinlagld extensometer avuiugininlagianizegedalunsdifiian
nagauluensiiagdadiliunnaudnguinasesaenvesuauegslsiaun st Junaiafinuds
anvazoylaulildszoziuniavesdiofu (erip) Wu ALunuld losanwanafinuds dnazBasn

IAUpuLaLANUIANDUILLAANISEAUSIIUTDUADS

_________ Thickness

’L Width
Lo N

. 2
Cross-sectional area (m")

= Width x Thickness

SUTL 2.7 auipuarsunsstunudmiunagounseis
d7uA1 Lo ﬁf’uéfaa@mmmmgmmaa standard method 7ildmaaau (ASTM D638, JIS2000IS0,
DIN) GﬁaLLGiasmmgm%ﬁmum%mmlﬂwhﬁ’u waeilszey cauge iy wasiiddydodl
WTARATT LoADseagsening grip 9o S88858niN9I08nen Feldan Lolunseuans strain 1]
gndes agsinlvian strain waz modulus fildnaiatedsunazeraiidamilunisunluldsedaiu
freghetsuen Ansmusseaduunnds 971998 TIBIUNAN WAFOUAINITVIULTIR LT UFUTD IR
Tensile Strength @slagUnfiazmuneiisdn Maximum Tensile Stress uanantUUIINsElD1aS
$eUNaA Tensile Strength 719ala 9 Al 1wuTigaAsan (yield point) azlél tensile Strength

at yield w%aﬁﬁmmmﬂ@f Tensile Strength Break @1uf171 Ultimate Tensile Stress (439
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strength)aznu18fieAn Strength #3e Stress N1gAgdIgnAv0INT M09t U7 break point #30

Y 9
¥

. . &V Yo [ 1 o A 1 = v Y A 14 a o 1 .
yield point Alaflugdaalugdannanisdiesuiiazldnnnisinauinainnsnlugis linear
A 1 Ao a a & a a | A oA . v & a i
vegndaiinginssuiduwuudaadin (¥rensdadivize strain day 9 ) LazUNATIRZISENAN
lugaalunuudenadnddn Young’s Modulusu3e Initial Modulus uenantudeian lugaad

(% =~ A = ¥ (% 1 v ! a gy ! !
anwaenilafe Secant Mdulus F9laa1ndnsndruadiuiusenuAIeninangiemieglu

Eunswl(nnd 2.8)

(o, &)
failure
initial
modulus\
1% secant

- 4 modulus

o

=

e proportional

limit
1
0.01
Strain

gﬂﬁ 2.8 mimﬂlma@a‘vﬂmwumﬂﬂ(ﬁm “Polymer Science and Technology” edited by
J.R.Fried, Prentice Hall PTR, USA, 1995)
ANANILUTEEIINNITNAFOUANTRAIUNITTULTIA (tensile toughness) @1unsanla
‘gl’ d' ¥ | % = o d! - £ & | .
ANAUNTANTINTENINT (N) AUSEEENINITTARD (M)TIAUNUSAUAT stress wagstrain
AU 9813l5ARILTEA5IE Nl UNITRIITUIANAINLNTEIINITANTHINENITIEUADNIT

favfivinduensazliunantagidngAnssusnsiule wu Jaguiadsiz(area A a1 2.9) fu

a

Aa & o M@ A | o ! Y] v a | a
g dudndgauslindeunss (area O) e1avsliuiwiniuuilneluuds wanadndiulvgoed

NOANTIUWUY area A Uag B

Toughness Relates to Area Under Curve

The ability of a thermoplastic composite to absorb energy is a tunction of
strength and ductility, which tend to be inversely related. Total absorbable
energy is proportional to the area within the lines drawn to the appropriate
point on the “curve' from the axes. Material A is rubber-like and is just as
tough (equal area) as material C which is metal-like. Most plastics fall
between the extremes (material B).

Material A

________ Material B

Ductility or Elongation

Strength
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JUN 2.9 fenueanunielniaannmegeunsisiannediues

' v
a a %

dmiunginssuveansvl use AU s¥EEn1e (38 Stress - Strain) MAnTuluudazian wiag

Usznniiy azwananeiuaanly

'
[ Y a

- Fanu1eiaaeiy waz Ldudause (Soft and Weak) wuiiisuly wisiilud

938 Wax

Y

dn U9z launUs1z (Hard and Brittle) 1w PS, PMMA

aJe

'
Y a

anu1aazliuuawmiled (Soft and Tough) KU 81955541% NR

aJde

Y

anUI9azLlawazawss (Hard and Strong) 1w thermosets

aJe

- Januremazuiauaziwilen (Hard and Tough) wu Nylon, PC, Keviar

Fausazataaziins i luidudnueazsatl(ning 2.10)

Soft and weak Hard and brittle Soft and tough

Hard and strong Hard and tough

Ui ' 2.10

EaN

AN AN

WIIRI-TEULNN VOIIAANOTUDINAUA1

[
Y1 A o v ! (Y %

suiulainfidfidded 3 nqu fie soft/hard, brittle/tough, weak/strong FardAgyiia 3

v oy

1 (% (% s

NANALFUNUSAVANURA1UN1TNULTIRY(Tensile Parameters)3 wlinfie Modulus, Toughness

9
a

way Stress (Strength) snudidunansenuresaumgiivazanusilunsisioauifdinavemed
s a ¢ a s = 1% a =
TN ANTTUYDINTINGTIFA-Te8EN1e Yoanadesazdsundasludmingaumgiivaes

nageuasuly (U7 2.10) endregiautu PMMA fsfldnuazuduazilsiziaumgiesanssy

a

wanang AL yield point wardin1sdadiuInTuiigumniiuseann 60 samiaidya ¥5egandd

Y
2 o

Hu vselunanduiu grendnisdadilauinuaiinuudeinne1aaziinisiniNanas wazaany
wBfinanYuimnnaaeuigamgiininit Glass Transition Temperature Msfiiilasanauds

maawaﬁma%azﬁuagj UDUNNLDY19UIN

9 Y
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Stress —

Strain —'

JUN 2,11 MsUagulUasinuugnsIMLIRaseeenIe Yaanealuesnugumgil
9nTIMTAMAGRY

wanNUuANNSItuNIsAazinadoaudRiuwssRutuReiu Ineanuslunshsgeasyini

'
v o

wodwasinisnovausdluiuudaainas vsellAlugdalarAIUAUgULATAINITEAFIA1Y
Tunan et udRsnaanee 19T ¢ ﬁwmmL%’;s?wﬁa3ﬁﬂﬁﬁmi§mﬁammﬁuLLazﬁImaé’aﬁa
auudaforas nadinaruisanmsiineduesisnsaznsnevaussensinsziiituium

Tnednilnatios (eenussnszyinga) wedleslifinaiezkounats (Relax) luianadandeulm
Igtsuaruauliamnsodamldunuagiumunssi Sendouiudauien 9 luana
nodwesveilnatlunisadnanalasiadne weiiansedoulm ildiinsiadvesiuauann
Fulpelduseiefivosas Uszifiuidos Time - Temperature Dependence vaanadiuosiis

£ o 1 ¥

Anununetsdfulukivesnisitlulgeu Teelukdvesnisinluldanudssseisindmeaaud

o

gaungivsennuswilaezliaunsaerduavliiiouifisuiunanisuaaeuiigungduas
& a o [V i @ a o di ~ a v & ]
ANusInaeiula ulidrasdutanfetiuuasinsesonaaautfsdiuiniutaslundveanis
urenstdauluannginedwessvasssunsuiunaiui g viludnwagues Constant
Force(3Unsauaguuuamuiiavse Constant Strain (lugdaanainianian) Fams 2 dnuazaz
liaursavirunelaaionanisnageuain Static Tensile Test NNA1IUITINAY LADIVILFHDS
naaaulu Mode NAd18AdAUNINNIY UUAD Creep Test WAy Stress Relaxation Test
awasu taglunsdiagnaiafndeliissnsfinazdainunionnifiuazilonynonutsen

IS a

= I3 I3 ¢ Y] . = v A =
ﬂ'}’]ﬂJLﬂiﬁﬂﬂﬁlgamaﬂLUu@JUULLWIUﬂimWQﬂ@@JWQ@ﬂﬁiNLLUU Viscous L@J@iﬁLLiQﬁﬂmﬂqﬂqquLﬂiﬂﬂ

9
gDy 9 LHNTUAIULIAT (Time Dependence) kazAsNnaonly wazkiI1989yAD0NLIIAT
a =3 1 I 6
Aaeseanazlianaulueue
2453 n1INad@auauiRnIuNITNULIINTELNA (Impact Properties Testing)
http://www.seem.kmutt.ac.th [16] 1983a8198¢1391 n1snageuantAd1UNITNULIINTZUNN
a s i P 1Y o 1 & =~
YDINDFLUDIFALHAAUNTIILTUNITNAADUAILTNTINITNTEUNNAIEAIINSIEY Inedigunuy 2
dnwg Ao WUU Pendulum Test Wag Falling Weight Test anwugn1IMA@aULUY Pendulum
Test AgldApumigmaInszunn¥uI L nasudunilagadelulunisiliguanuwendin @

a131508 1A maINURlglUlg N untintde ey ft-lbs) Felunsainnaaauwaltudulirn
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wangnasuline Feagasainiiminiuludn Mseldindesnivuralug ninuse
Specification #5INI1FUINUNAADUILADIANITYNTREUINLNBLALAAIATINLTI (Stress
Concentration Point) faAIW# 2.11

Energy Readout

Pendulum

Pendulum
Control
Levers

Impact Testing Machine.

JUT 2.12 MsnadeuauUAnIun1snuLIINsEumn

Tnganwaanuieuldanmnsoiunduiantu Impact Strength 1da1nans

Energy (J)
Strength Impact = ————— (2.8)
Thickness (m)

Energy (J)

WsaUNsaaLldaunis = oot |1/ 207 2 — (2.9)
Area (notch) (m*)

N1319%uURzIle 2 dnwauenuguuuuvesnisneadeunanfedluwuy Charpy Test 99
] gj
LUIUDU WA ILUULUU 1zod Test g I9LUING

JUN 2,13 JUBUUNNTINTUU dmSUNTNAABULIINTEWNNWUY Izod UagCharpy

a o w & v o & v ::4'
A nIRTATIEIluNITAGBULUY Pendulum ABULIAUITEEUIN (Notch) ABIAITILINTE
YUINAziNaRDAT Impact  Strength #1l6 fegtuTasUINALaNAUToBUININOUTa T IUNT

aglvimlaiviniu Tnevluudideiives Notch Tip MinAuagyilyl Impact Strength g4y
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sharp notch
\ E 20l PVC
=
blunt notch =
2
e N -
\ ’g
Q
£ 51 PS
| |
0.5 2
Notch tip radius (mm)

SUN 2.14 Nav99598UINFDAINISNULIINTZLNN

Y

UaNANUUAMIUTEIV0TUNUNLAIN Tensile Test AuNTlaann Impact Test 9193

Tnaldaonmdaariuils Wesnlunisnegeuianngainsiulaglunsd Impact Test agnageay

v
v A A

feAUEIgwINkas a1 AyAeTuILITdseaUINYTINTINLSY Tanediwesuieiiazdinany

o

wilgranasegrauindminiisiniynsauusaudu Notch wu PVC, Nylon Wudu d1msunis
Aoy Impact Test Tunuugavinede Falling Weight Test FeazmunziuFusuiiluwsiu Sheet
o 2 ay v X I3 a o la ¢ v | v @ < v
W3aBuNUNinaInnsTUIUTuRdaduatluldlfuiug wu vinndudeadudulaglunisveagey
w¥ile 2 dnwagAeinualiseAuANgIvesgnUIntlnasi udinsnaaeulagiavinly

1598 9AUNTEITUULAN wIolunnssAutuoIaznegeulaglduimilnasinaivinnisusu
seerANgalUiTen o

Adjustable weight to
effect fracture of specimen
(lbf or kgf)

I
|
|
|
H = Height of fall (ft or m)
I
!
l
|

ﬁ Specimen
Support

gﬂﬁ 2.15 nmsvedautkuy falling weight

Y

Fapnildaranunsathind o dundsnuimpact energy)i@m‘ﬁ’
Energy(J) = hwf (2.10)
deo  h = A10gS (mm)
W o=t (Kg)
F

= adldulasmedu JINm)
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2454 A1sNAapUAINULTS (hardness) http:/www.seem.kmutt.ac.th [17] ﬁsﬁaga
§19891990 Tudtdvanefanisdumiunsiddsugy (deformation) vesan derriiinldainns
yaaevarlilimduysoidandudludavisuieutelative term) Armnuudeiindneiay
WANEILUINAIAUAIUNIUNTISTAF(Abrasion Resistance) ®39A1AINUATNUNIUNITANNTD
(Wear Resistance) ¥84a9 endiog1atu nedalniudafuiagiifininuuds (Hardness) g usi
YuiatuAiiauiunIunstedd nsneadeuanuwiivemedmesannsanseinld 2 33
Juogfuriiavesian (1afl 2.1) ndnfen1mmaaeuiuy Rockwellagldfuwanaindididnwie
ude Wuneddlnsunedudawsirsianuaziuaou \udu luvaefinisnadeuwuy Durometer 92
I funedwesidausousnunnn fedrady sreviiaiieg saunmeahdanaslshedaniu

ansiuanImwanasin (plasticized PVO)uagwoalosau

d' ad < A A o [ a !
AN 2.1 WAAITVAFDUAINLUS (Hardness) NAITHEaNaInsunaI@snnmig i

¥ai0) Wyeaay
N Shore A
PVC Shore A
LDPE Shore D
MDPE Shore D
HDPE Shore D
PP Rockwell R
Toughened PS Rockwell R
ABS Rockwell R
PS Rockwell M
PMMA Rockwell M

Iu7: http://e-book.ram.edu
[ -«-*3 3 = [
NNINAABULUU Rockwell 1aNNITNUFIUUDINITNAABUAINULUYILUY Rockwell AR N19IA

anudnvesgnueawinildidudinada (Inventonlaslunismageuasll 3 Tunsunanfe 3u

Y a

1NN1T119UIULNTDE (Minor Load) Usesagd 10 Alansu awuqﬂuaamé’ﬂ WalmAnLsInaas

AUNANURITUIUNAFDUINNTUINIING Set Zero (A1eluLian 10 U9 Tarium1e1aay

Wasuwlasludnitesainanulu Viscoelastic Uaanaaiuas)


http://e-book.ram.edu/

WRAGLA

l WRARTT +LTAANER
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WINARYE

g‘d‘ﬁ 2.17 Rockwell Hardness Tester

[ gj = a [ s Y] 3 1< = gj =
NAIVTAUUIILNNLIIVAN (l\/\aJor Load) IWﬂUQﬂUE]aL‘Maﬂ WuUaIuLIL 15 W 1nUuLen

Y1uinneaon Yasslrduauinnisauda (Recover) aaludnuszunad 15 U9 kal3981uaN

AULTY Hardness Annanavenasesin lngaziinusemiududydnwal R, L, M, E agdnq

wdssaiay Tuegivriinvesgnueaminuazussiling (s 2.2)

d’ 4
AITNN 2.2 ANTNAFADUAINULUS

Scale Major load (Kg) Diameter of Indenter (in)
R 60 1/2
L 60 1/4
M 100 1/4
E 100 1/8

i - http://www.seem.kmutt.ac.th


http://www.seem.kmutt.ac.th/
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Tnwaina R waz L azlddunanadniidnianiiuwds Hardness drdauaina M waz E azldiu
wanafndidianuuds hardness g9 Tngluusazaunaillivaaeutu dwnnfuauiisn
Innihilafidni 115 axfiodienula (Sensitivity) vaamstatugandely uasfeaudeoululd
awnanageuinaly

ASNAFBUANULYILUU Durometer n15h durometer Jaauudenediuasaznsyyin
Imams'mﬂ??umuuuﬁ’;L‘%&UﬂmﬁaL%uawu%uaﬂuauﬂszﬁqqmsgazﬂuaqﬁaL%u (7930 Stop Ring)
wdvhnserumnuuieinnindanislusseziatned @Wudssana 10 3unil) Faiuaaiisu
Al#a1n Durometer dazlaifiniag
yonaniu Durometer fldlun1snaasuavulsgoseanlu 2 Ussian A WUy Shore A uag

WuuShore D @33 2 wuudiazuansnsiulukdveasunssazauinvesiang taenaly Shore A

'
v o [ =

agldiuTanieaunin Tuwmues Shore D agldiutaniudeninanias

q q

Durometer Hardness Test

Applied Load Durometer Indenters
Shore A Shore D
003 - L mm D1 - L4 mm

— |-|— -
Dﬂ.ﬂm—hl |ﬂ— R 0.1 e /
gﬂﬁ 2.18 Lansanwazuas Durometer Wuu Shore A wag Shore D

2455 ﬂﬁ@ﬂ%mﬁ’l(Water Absorption) http://www.thaicermicsociely.or.th[18] &

Toyas1984l31 mnuanunsalunisgeduiivesnaaindulvg) Iuedivrinuaznaulndnves

€

o)

anfodatu Janfiuszneumesinlalasautazaisuau duldun wedlnsiiau wedalsiu (Ju

Tannudiunn TuvuenTanidesdusenoureteand launiandy sendlalasiauazlisanigm

1% '

~ o ) a P ~ ~ = = & W a Y] ~ o
Fuhunn Jannuseneumenaeiu Tusiu viengessu sudutagivuindnuuen1sgaduinves
warafnenaasundadlaenisiinansiiunss dregraiu w@ule dulowna Wudu waramnuis

Uszingaduinladesuiniigamiivies wangamaiigs 9 anuauisalun1sgaduiiasiiudy

¥
[ = o o

a ca v v [ a o v a o o y) |
Uaﬂﬁiaq‘dﬂimﬂmaﬂﬂ'ﬁiﬂmﬂqi @demfﬂ’ﬂ,mm ELUﬂ'JusLUL?’Wﬁ@Q"YJﬂNW Namﬂm"mﬁqwiUla@Wﬁqi

Judiu msvegeunisgeduiivesmanainanunsavinlaielasgunsalitldliun wn3eq

a s

adsunansg
F93AT1E9 (Analytical Balance) Niilauazidunfanatiey 4 d1umia §ou (Oven) Naunsali

gamaiiluniseusgsadiaue uazlognaiuiiu (Desiccators) Tunnaeua1adudnyazwnuAan

9 Y

Wi visevie Yunldsuulasmusinvesunageu

%%ﬂ?iﬂﬂﬂ@Uﬂ?iﬁ]@l%&lﬁ’]

a

1. audunedeu'gangil 50 = 2 °C 24 Falug

Y



22

nliuneaauduadulagaainuiu
Fedwtinfunageu (Uwtinneunsgadui)

WITUNAADUAIUUINAY

ook LDd

donsunuimuanan thiuneasuiuamii deliukeie fhaveranie
nIgAEAYY

6. FarhmiinFumaaouiuil (udnudinisgadini)

7. Anuedidudnspeduninuaunsd 2.21
Po-Po

Wesiudnsgedh = —— (2.11)
p

1% (% 1%
o

UmtinuneaeunaIn1saaesgadu

e Py,

Py = i niinBunaaeuneunsmaaaugadsi

v

2.45.6 N1INAABUNITNBIGTBUTLE http://www.seem kmutt.ac.th [19] §doya

Y

919891¥31 Mnefa N8IV IHUNARDUNIENAIIINNITAAUJATEIN1STUTUUI VDMK
NAADULIBLYUIAINNTD M LA LASNITIAAMUAUILHUNAFDUNDUNTHIUIAUAUN UK UNAFDU
naanshrinAnAdulasigus ﬂ”m/maauamﬁ’amam&mﬂwmimaaummmiam%mﬁwLLawh

ANUMUIIINNTNBIFIL LY VBT UNAFBUN NN IUNEA A usignannssy 2 nUuinluuY

1% [
1o w A

WnaulauugluvaniiUasduihumaudfivesnsadunl wagnisnesdilowdiissil

o W—=Wj
A1SAATUUN (%) = ——— %100 e, (2.12)
Y WO
e w A9 UINTNYBITUINUNAADUNGINITHIUT (NTU)
Wo A8 WINUNYBTUIUNAADUNBUNISLIUN (N5U)

=

ANTNBIND (%) = savin. 2 80)) /AN - (2.13)

0

a

Tnefi T e emuvvdenisudi @adans)
T, @8 ARSI (adans)
2.4.5.7 AUNUILLY http:/indyteather.wordpress.com [20] iTayas198¢li91
(§3nq: Density, dydnwal: P snwsnin, 19) unsinnadenilaieuiines Beingiia
FUULLINNTY SaroneyTInAsRBanndy nandntfevils Aetmgiifianumuiudugs Gy
wan) aeduduestesndtingarunuiuius (du ) Afuamifumiasiealovosaa
wduAe Alansudeanuieiiuns (Kg/m’)
ANUVLLLLLAAY (Average Density) MldannuamsseninanainfuyInnsss fauns
g P =mANv (2.14)

P A ANUTUIMILYRLIRG ( Ke/cm?)
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m A 1IATINVBNING (Kg)
v Ao Usumsswesing (cm?)

A A A vo 1 A a a s A A o |
Lﬂi@ﬂﬂ@'ﬂi‘lﬂﬂﬂ'ﬂﬂﬂu’]LLUUGU@QGU@QLWG'J?’]@ ‘Wﬂiu&llﬁ]@ﬁ (Pycnometer) LAIBNUBDINAITUAUILUY

I 2

Yosfiwhe uianaluilmes (Gas Pycnometer)Aa unuILULYo@@1 560199 @a15AAunuILLY

Ayve o oA

gega3aniu Aegansneglunninseuniseniniinseilenlanatvquen anumguiduivsnim

vl ldfivsunes dadudaddanunsamanuvuiuiulaaaisinuiwiduiianiinuie sy
sysuvIRuUlan A 51985WeN dauviuikiulsEan 22650 Kg/cm’

iy
ruig

JUN 2.19 fegnenuidmsu NAFBULUY Density Gradient

Technique

o b4

2.45.8 NIINAABUANINLIAIINSOUIDIRUIUAUAIINSOUADNINEY

http://lib3.dss.go.th/fulltextldss [21] H9eyad1984l391 ndnn1sindranmiiauieuy
(Thermal conductivity) Tanladiuszavzamnisiiauieusvieldiunaunsaiiatsanldain
AE@NINEIAIINSBU (Thermal conductivity, K-Value) F9Uanfienanua@unsatunisiininuseau
voa¥aniiug IngTar1dnsuTunanusoulradeniienaannsr e iladianyaniland

a ' @ 1 1 X A v oo o= 1 = ! @ v & a &
aaugiuandsiudevieiunntidinfivaruimhoduinddowns-inadu (W/m.K) yenanil
AanuduauiutumusouausafansanlaanAImIUA LN UAIIUSEY (Thermal resistance,
R-Value) 331w ndnstdinvesnnuvuIneaian wiinusouresian dnuledunisng

a v & 2 ) 1% Aoy A o % o a

RS- 1AATU ARG (M”KAW) auiuiuaNTounanedifanImiinusounal uazieininy

mumuaufouas manhanuieu (K awsamwinlaanaunisin 2.15

QL 1 % 6 1 a
k=— MUY WANBLUAT-LAAIU W/ m.K) (2.15)
AAT

g k= @anmiinuseu e ndnewns-1eaiu (W/m.K)
Q = Arudeudilvasinusefiufiiafegng whe Sad (W)
A= fuiiiesdeulsing e asauns (m?)
L= ANUNUIYBITUNAGOU MBS (M)

L2 % a

AT = gUNINUANA1NTENINRYTTANATUUNANFIMALAURUUANAN YIg 1Aadu (K)

9 9
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ANAUATUNIUAINSDUY (R)  @1U150AIUIMLANEUNTST 2.16

L 6
R== %8 A518405-tAa3UR 308 (M2K/ W) . (2.16)
K

warAdUUsEANSNNSaEWAUSaUTIU(Overall heat  transfer coefficient, value)

ADAIUNAUVDIAIAINUAIUNIUANSDUY AauansluaunIsh 2.17

1 6
U=~- %28 M5 19%u95-0a3ua03nn (W/m2K) el (2.17)
R

N1SNAFBUKUY Heat Flow Meter N15MAEBUMIAIANITNLIAINTOULALAIAIUATUNIY
AINUTBUVDIAUIUAUAINNTOU kUL Heat Flow Meter m1uu1nsgIUASTM C 518,  1SO

8301, BS EN 12667way JIS A 1412 4%ann15989n1sanemaiNusaumanasuaINuseu

a | [

= d' a A a a a o A gj
%Lﬂaauwmﬂummwuqmmmqﬂﬂmnmmu’qmwgmmmw AananslunIng 2.19 (a) YUNBUNT

Y

a iy iy ° P A a o &
wlguTunaaey Junageuivtunbiluanizuindeufioungl 22 £ 5 °C uazAUYY
FunnsSesay 50 + 10 9g19usy 24 F9lu4 lneunavesunaaauinisidsundadliiiusey
az 1 naantuiduneaeuldidiniemaaaulngineegseninuiuanusounaziauamiy

Aawanalunini 2.19 (b) NUUAAIRUMYILANATUAT) seninusugumaliauiouwas

i
a

Lm'ummﬁu ﬂ’]EJI‘HL?’W%@Q‘V]ﬂﬂ@UﬁQU%Uﬁ@Mi@UGlaaﬂLLU’Jﬂ’J’]ﬂJ‘ViU']‘U’eNLL“UQWMQQLL&S‘U

nagouiieilestunisagdeausou wasewziaussiulnihesninanduwesinndndifa

Y a

agfiuivemiug g Inaaedasnsinnisivavesauiounaz g Inuandaiusen Ity

Y
(%

i9aeq Liloszuuegluaniizadil (Steady-state condition)nsuingmansusnisiiuinismaaeuy
AN INUIAINLSDULALAIAILATUNIUAIINSDUF IMSURLIUNUAIUSOUABULINEN AIELATDY
NETZSCH HFM 436 1Jun1svaasuwuy Heat Flow Meter lag@inagnadasiauis n31e 300

faflns 817 300 Hadwns wasaduvuiegludie 6 - 80 dadiuns

N &l

(a) (b)
gﬂﬁ 220 (a) N39ONLUUASDSIaTALUY Heat Flow Meter, (b) 1509 HFM 436/3 Lambda

Plaviannisiuu Heat Flow Meter
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a

24.6 AadsiaAda http:/satitpra.sammit.ac.th [22] fideyada8alidn (Arithmetic

[

Mean, Average , X) aadsiauanaX ) dnindumndanuddyuinluinada wsiganaed
1 lﬂl

a & i N 2w 1% Aaa I3 | a I3 | Ao v
LasUﬂﬂJmLUUﬂWﬂﬁ'NWi@LUu@'JLLV]UGUENGU'EJH'Q‘WWV]&!W LUU@']VIVLNL'EJUL@EN LWUATNEAIINAILFUAIIN

3 I aa o a [ | aa a a (B a A Y o v
Juenflinnuuususiunngs wazidurmniuseaninmgegn wirnad siavasinnilvedniniy

n5ld Wi fdeyaiininszateunn wseteyauneiiliaunnvsetayaulauni viedoyaing

Y

o v

o X [ [ 1 a a 1 Id 1 - 1 Aa v
WWLUULT WA ﬂ’]LQaEJLasﬂﬂmﬂﬂz‘luﬁﬁﬂ’ﬁﬂL‘U‘Uﬂ’ma’]\‘Mi@L‘U‘Llﬁ]’]LLVIUV]WU@Q%@H@l@ﬂ’ﬁ‘VI’]

Anadglavadniloteyalilainisuanuasniiud Xlunsdndeyaldlainisuanuasniiug

1 dl a
ALRdgavAdnaunTalalay

_ YR oxi
“ n

e X UURATeIveIteya
xi wnudunavestayai1fud i

n - wnudnuiiegnteya



LK)

ASN1TA LU

[y

PNMIANINELazITenngItesniindtluuny 2 FalasinisdierdeyaunAnw
wazdnsizdeya ieanldlunsdndulanazaiunsainuawuimislunisaidunuiianise
UHuReuaseld fanuanysailunisdniitazaiaduniuiimuanan delilddeyansmiy

[

TrgUsrasnvein1sdnvinlasinsuasiininuaonnden ugaUssainvedizilasanis elasinng

9
[%

fuatunouiarnsiuiunuedlasinslivd
3.1 NITNURUINY
ANTUHUIL Lﬁuﬂwsﬁmu@ﬁﬁusﬁxumaumsﬁﬂmamulﬁﬁﬂﬂmmi’mqﬂizaaﬁﬁ

feans fszezdndunuiuinganiunsdailasnis neldnaumunisdiduanueendudiug
dielstinesensduiunulnedaddutuneunismasutanumiinantanslefa awdeaiing
MNunuazdndiuiunounshaudtelin s dulegsauysaidusslded

3.1.1 ANYIYRLAYBIUNUIIUANIY FAedestundnsleda

3.1.2 AATIERAMRUBINTNAFBUNGIATS LELAR

313 dawiouiaiedlouazgunsaildluniimaas

3.14 vama%ugﬂ%wmaau

3.1.5 vihnsnisveaeuantavesiansbafa

s v

3.1.6 ATIEN “U’e]ﬂ&ﬁLLﬁ%ﬁ?UNaﬂ’ﬁV]ﬂa@Q

3.1.7 aduHdndaeiuiunaeniandanslofia

AN5197 3.1 LRUNNSALENIATINISINY



A1319N 3.1 UAUMTAIU IATINIGIVY

o U = =
GRIST 51915 1] 2559 1l 2560
an. | we. | 59, | wA. | nw. | Un. | we. | we. | Je. | e, | a@n. | e
= 9 Y = gl/ ! o 2
1 ANFIAUANNOBYUAZTUAD UMY TUMTAUTUIIY < =
~ A A A o o s A P} P _
2 | 1938NIAT 03U/ T 9N T /R1lnItinneIve s < >
~ o 4 A -
3 INSEUIAAINNADUATOIAN UHT 5 lyifia —>
9 ra o 49! [ P o
4 | anainuvinazyuglurunadeu < >
Z 3
5 | vugtsunaaeu >
5 NATOUANLANAALAZNIINIYNIN >
6 | Usumuwansnaaed >
a 1% o [ 1 d‘ d’ = a
7 | eonuuunaasmainIniganasunsesan UHT 5 lyda >
Y [} L%I ! v
8 | AUz uRUMAa I < >
ag a (Y] 4 ] [ 1 d' 4' = a > »
9 | YugwdaduaiuHuaIn 9INNaBUAT0AN UHT 5 lyifa —>
10 | a31uazilalasanisivy >
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Anwivayauaznguinuidenineites

!

DONLUULALINLAUNITAWTUNISITY

)

wssaAIesile dan wavaunsallun1side

l

a5 19T unegeU
Tadsinu y
Usuugauily
AR
vndeuantRianslyiAa
I ”
e Usudsannle

, le
ARl :
Yz LUNaNISNAaes

v
v

JUN 3.1 unugituneunsaniunuidouiugamdnnndansloda

30
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3.2 NISLASEUNIS

{invilaseansislafiuunAniiiinges UHT findearnnsuilaadusuausnnyindy
wanSuatvl Tagldvinsdnwseuiisvand@idsnasazniesiunisnin fiuasundasiuves
aoulndn ndinisldnuliussaninmednsls nsldeglideuvesduarnarafnaiunsatiu iy
nanAurlanasfiansatisanUsunaesidifusuunnlianadld dethunldlunmeaeu
JsrAvBnmvossuymdsaiviniaintansluasiienanauas meamlasiFeuieugangilu
N3RTaU 180 aAlwaLTYE ‘LummmaqﬁLﬁaumaéuammé’mﬁme;hqﬁ’u

3.2.1 desiefldlunsudnusiusvdaniviantanilefa

3.2.1.1 w3sanenidenseavivegiiiileuesd

Y

4 LAl = D e p
EU'V] 3.2 Lﬂi@\?LLEJﬂLﬂ@ﬂigﬂqﬂﬂUaaﬂJLUSﬂJwaﬂa

32.1.2 \AsesdeuinfeudmiudntunageuliliuuinunsgIu

JUN 3.3 1GeeIuhau

3.2.2 wsesllenlglunisvadaau

3221 A50MAaauUN1SAALAY ( Bending Test) wudnnmsvagaunisdalas 14351af
elumsdndutagnaaeudiensaziiniiaduanay, dwden viegunsmaomasy WHlHsed
anulAsmuiisvuald vielildyumuiidivun Tnefiamevosusedildlunsdaldadiosnsd uay
Tunsliusslunisaaldsdeadullegnedng Wedlostunsamndsuvesiunageu lnenagou
PLINASFIL ASTM D790 Bvieuediadase Nistron Ju 4466H1977
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JUT 3.4 1ASRINAABUNITARLAY

3222 \A30IMAEOULIIRY (Tensile Test ) 33n1snadouAILsfg (Tensile
Strength)’[,um31/1maaummméﬁuLmﬁwaamuﬁ%’aﬁwmauﬁw%qmmmmsgm ASTM D 638
gunliidosndn 19 x 165 x 5 uu. Inen1saddtunaaouusneanaindu dreveuniosie
Universal Testing Machine ladwSunageumandfnsnagoulsang
0-20,000 KN

JUN 3.5 1ATBIMAABULIIAY

3.2.23  IAIDNNAEDUNITIUABLTINTELNA (Impact Test )  IA1INAZDUAINITAIY
LSINTEWNN LAENITATUINUNAFDULNEIASHASNMIBSLARnA1TAN1IEANNUA TUINUNAE DU
¥ ) v o Qy v ) [~4 1 v a
ABYINTREUIN LAZANYMEAIMUANINNIATTIN ASTM D7 136 Funaaaufaindusesuindd’
A59N819 BNV RTUNAaa UL
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JUT 3.6 1ATRINARBUNITNUABLIINTZUNA

3.2.2.4 A30INAABUAULDY (Hardness Test ) 35n13nadauAIANLDY NadoU
$1989M1011M 31U ASTM D 2240 La3esiikinad@au Durometer Shore D LuuLludIulane
wndnne 5 Alansy

JUT 3.7 1A3eavIndauAl1ulle wuu Shore D
3225 1A309IAANNLILU ( Density ) ¥891AATI70ILIILAZ VBN INARDY
91989UNIMTFIU ASTM D 792 8vie Densemiter 31 m-300y

UM 3.8 LADIAAUMUILLY

Y
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3226 LAS0AdoUMIHIUMUANLSeuLarNstaNSey (Thermal
Resistance and Thermal Conductivity) 8198401111055 ASTM C518 890 Hioki Heat
Flow Logger LR 8432

JUT 3.9 1ATRaNARRUMIAENIUANLTaULAZNSTIAINTOU
3.3 N1592NUUUNITNARDY

A15AMAUINUIUNITNAADIADIAITNDINITTULTINNALAZNIEAINLALA NTNAADUNIT
FALAY NISNAFDULTIAY NISNAFOUNITNURDLTINTZLAN NISNAFDUAINULDS NSNAHUNNIAA
FUUN NISNAADUNITNDIAL NISNAFBUANUNUILUL LAZNISNAFDU NSATUNIUAINUS DULAY
n1sdIANTeuLiia T sRanUinIanataznIanIennyesian ludiuveInIsesnwuunis

‘3 o 1 Q" 1 v d'd 1 v} U dy % U .:" 1 %
naaesll xeIndes UHT Ngesuainiivuinsiieiy 3 auna 1dadusumenisenisiai

3 L5999 AB 6 V1S, 8 UNS way 10 U LLé’aﬁwmsé’Wﬁugﬂsﬁmmwmaau 8 ¥im Av NS
NAABUANSAALAY NSNAABULIIAG N1NAFDUNITNUABUIINTLUNN N1INAFDUAINNLTY 11T
mmaaumaam%mﬁfl NISNBIAT NITNARBUAINAUILUY LAZAISNAGBUNITATUNIUANUSDULEY
msthaudeu Mntuhiunulinegeumans® snmsinsmsiasduiinaa

33.1 N1TNAEaUNISAALAY ( Bending Test )  U1Tusunadaulaainn1iensouaes
a o cal v o = a @ P a A ) ¢
spililouvlesdnliannianslafia M1 3 wwn Aesvetu DunauazasiBeniusdn 6 U1l

8 U15 way 10 1S wlaay 5 JU U9 20 x 100 x 5 Jadtuns nadaulnglA3aana@aunIsen
LAY MIUNINTFIUNNTNAADU ASTM D 790 laelisversessu 80 Uadwns Juwmitdnna 10 Ala
U waziimnu$ilunisna 14 Jadwnsaaun ausaztufinng

332 ASVABUANLEUNIULSIA(Tensile Strencth Test) thusunageuRildannssn
Souvnsogiidounlendiildantaniledia e 3 wuin Ao ety Urunans uazaziBeniiusedn
6 U5, 8 U4 way 10 Ung wllmaz 5 U wuIA 19 x 165 x 5 fadwuns naasulnuinies
NAABULIIAINIUNIATFIUNIINAABY ASTM D 638 axvinnsEnduindusuruunarais
PNt madeUThsAuIAnaNs SruAuarTuTinNg

333 NINAAOUNITVUADLIINTTMNN (Impact Test ) thiununageuiildainnssnieu
vosegiiflounondfldnTaniluda v 3 wum fo ue1u UunasuarasBondiusedn
6 V15, 8 Usuay 10 Ung wiinaz 5 Tu vwn 13 x 64 x 5 fadwns nageulnsiniomadey
N1SNUFABLIINTZUNNAINNINTFIUNITVAEBU ASTM D 7136 AwnaiwasUuiinua
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3.3.4 N15NAEBUAIINLTA( Hardness Test ) W13uaunaasuilaainnisonsauves
sailiflsumpednlaainiansluda N 3 vua fie ey UunaazasBeniiusen 6 s,

8 U5 way 10 U135 ¥nag 5 JU UIN1INATAAIANNLTIAIELATDINAADUAULTY Taevinnig
NAFDU 3 ALNUY 7D TUNAEBU T9LUUIM 50 x 50 x 5 LaaLUns NaaaulnglASaINaday
ANULT9IIZVINNISERNITNISNAFBULUY Shore D wuuudiulans wivinne

5 Alansu NUWTHATMAFBUAINNINTFIU ASTM D 2240 rumasiuiingg

3.3.5 NIVAARUNINATNLT (Water Absorption Test) ddusunaaauiilannssniou
YosogiiuunaudlannTansleifa 119 3 uin A Me1u U1unane Lavazdeniiusesn

6 U3, 8 U5 wag 10 U135 lagn1svadeunsnnaeunInadulldviinay 5 U vue

50 x 50 x 5 §adwes  N15L311929N15 3BT NLaEAIUNUINDUNIINAZDU A1NTUUN UYL
Tagliineananyn 25 Tadwes Wunan 24 209 wasannduinundaiininndinisneasu
MINNINTFIU ASTM D 570 udduiinnanIsnaaey

3.3.6 NINAEDUNIINEIA (Thickness Swelling Test)  W1dusunadeuflaanniseniou
vosoaiileunauailaviniansloifa v 3 auia Ao ey Uunane uasazden Nusedn

6 U135, 8 U5 wag 10 U135 lagn1svadeunsnaaeunnadudllivilnay 5 Fu vu1e

50 x 50 x 5 fadwns nsutinazinisdaiminuazauundeunsnageu aantanitluutii
Tnelvvinsanindr 25 Sadwns  Wunan 26 Falus ndeanduiiuniaaumundanig
NAFADU ANNAINTFIW ASTM D 570 Juiinnanisnaaeu

3.3.7 A1TNAADUAINNNUILUY ( Density Test) Y3ununeaouiildainnissndousas
agﬁLﬁamWaaéﬁiﬁmﬂi’ﬁﬁimﬁa W1 3 9unn Ao MU UIunas was aviden Museen
6 U5, 8 Un% uar 10 UnS wileaz 5 Tu AuIm 50 x 50 x 5 fladwins nadeulneniemagey
AamLiLagynsfaiveinluenenasluii PILLINTFIUNITNAGDU ASTM D 792 81U
wazUuinug

3.3.8 NINAGDUAITATUNIUAIINTOULALNITUIAIINSDU (Thermal Resistance and
Thermal Conductivity Test)  tndusunaasuiildainnissaieuvesegiidounosdlian
Jan3loAa W3 3 UIR A Me1U UIUNaauarasBuafinsadn 6 s, 8 Ung uay 10 ung
¥lina 5 Tu YuA 100 x 100 x 5 fadwns nedevlngipIomageunsEunIuaLsouny
UINTFIWNTNAADU ASTM C518 erupuazduiinga

NSANYILAENAUIHULEIRINTARS Lofa Tulasanisil sumeunsufifauvesns

FAUIATINTIZNE1IUIUANITILNY N150DNKULNITVIAGEY NalwTeuTandmiudas
Fusumedeu MsAiiunisadne warnsedeuantininataynisnenin Ingsinnis nns
NAABUNNTAALAY NISNAABULIIAG NISNAABUAISNUADLIINTEUNN NISNAFBUANNLTT NS
maaumsam%"mﬁw AINAABUAITNDINT NISNAFDUAIURUILUY WAZNISNAZBUNITAIUNIY
anufounarmsthanuieu Idnanisnnassdilduuieudiovantiuassuiinna antusi
nMsUsziflunauagiiasziagunanismaassiiotriansledafidandfmuzanlundn iy
WALV IR
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3.4 mMsaniuay
nszUIUMINMIHARLUNA I Tan3laiAarilsannmsthndeueiosiiy UHT uviinis

daugnlasnisiiuueniondenszauilindevegiuueneenlinuvieudoglifounesdiuned
wesindeudaegiioiu muinisausnidenszaulaelddisnistu Fatanginieddndy
Tassnsiduasidonlflunsvnassiooglifouesdfinuegiunediwesildainnassiniosdy
UHT Tnefidunsumssiiulasemadel

34.1 nswIsuianinnisiindeuaiesiiy UHT uviaiuazeinlagnisungdiandes
widnarliazann Sdunaudall

SUM 3.10 NMSEINADIUUNTINAIINELDN UL

U

2) ntutieIastuiiswenidanszatveaniaedulvazidaaduia 30 ui
' f wllies .7 .

sUM 3.11 nstudenseaweenannnassuu

Y

< a

3) drnuidusalideunsydareanuIa1NNI90oNYBATOIAALLEN

Y

JUN 3.12 agillsunewailannnsdunendonseniy

4) hegiideamaudnlannnstuliinisanvuinmieinsesunasidun
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JUT 3.13 n1sundegagiiiuunaudininauus

5) yhmsfakenvunnegiiieuvless Aewliludituneunisiugusely

(@) weu (b) Urunans

SUM 3.14 Fueailiileunesd

() (©
JUN 3.15 vwnfuegiiileunesanlinaaes

342 nstuglBunaaey  Wuduneunisduivauieadunisdnyidunaaeuainians
leRadiunszuiumsdauenvualiiluiudiuegiidoulosdnaunediuesiseusosud Ui
v v v X < oA X T & A o &
9An8ANUTOUTUFULT UL NV UFULTUTUIIUNAFDU. FINTUADURIU

1) MU UUAINSUIATUIU TaenanleLAsed CNC U9 130 x 130 x 8 Nadlums

JUT 3.16 wilkuudaduau
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2) dntugUuruvagey hegliilennesdusazuuiafiverinnsdavuglunldluuien
T 150 nfu ilevlumeumeanngll 180 esrwaed Wwa 30 uiil wasihludadu

sUMEAI0ednlansedn My usadn 6 U158 V1S uar 10 Und udiUdeslmaus

faglausuTaanananansleda

< Y
AN 3. 2 YUIRTUNUNAFDU

JUN 3.19 wiuTaanauandansleifaainnisdnusy

3) ARTUINUVIAADULAY

Fuguauguafiivue

ARV

NN1INAEU

FUIUTY

YUIR(NL.)

YUIATUNAFDU

ANSNAABUNITAM LAY

45

20x115x%x5
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2 ANSNARDULSIA a5 19x165x5

3 ANSNAADUNITNUAD a5 13x64x5
LSINTEWNA

il ASNAFDUAULTY, 90 50x50x5
NSNAAOUNINATIY
ANSNAZDUNITNEIRN

5 ANSNAABUAINY a5 5x5x5
ALY

6 ANSNAFDUNITANUNIU a5 100x100x5
ANUSULALNITUN
ANUSOU

3.4.3 NedauauUAnIeng
3431 n1anadeuNTIRAlAY (Bending Test) tiunadpunegiifiouesduunn
weu Uunans wa azBen L 6 U1s, 8 U3 war 10 113 luvhmsveaaunsiala
MINNIATFIU ASTM D 790 anudnsu Tngavnaaeuunuwdngs 5 Fu lnedsrugragIuseIsy
80 fiadluns Suwdnne 10 Aladasiu wasiinudilunisng 14 fadwnsieund drewrses
yAdOULIIA 3o Nistron Ju 4466H1977 FeifiEnsdedl

1) 1 PunuldrInanadaunagisun1snaaau
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JUN 3.20 N5FUTUNUDIRTULATRINAADULIIAR

2) Buihnsantunuy nelinue19enin 80 Haduns lnailssesnng
§1Us095U 80 fladluns umdnne 10 Aladdiu waslienuilunisne 14 Tadmsee

(%

JUT 3.23 JUNUNSINITNAFBUNNTIRALAY

4) PUALALYININISUUTNHATUANSI9NIAKLIN N.1

3.4.3.2 ANSNAADUAIINAIUNIULTIAS(Tensile Strength Test)  UITUNAADUINN
a o I3 = A ) s s s o
pgilillouvagduuin g1y UIunans uazazldenfiusedn 6 U1s, 8 U1s way 10 U1s vins
VAFDUAILLATBINAADULIIA AINNINTFIU ASTM D 638 28911N158ATURITUINUTIVULAZAS
PNUUATOINAADUNINITAUVINAAN 1AYITNAFOUTUNIUTTADE 5 TU BNDUDILATDIAD
Universal Testing Machine &35n0150141
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1) U1TUNUTIATDINAADULALISUNITNAFDU 1A8ALRINITTATURITUIIUNS

UVULAZE NUULATBINAABUNNINITASTUIUIUYINDDNINAU

JUT 3.24 M53UTUNUIINTULATOINARDUTIAS

2) MNISLSUAITUIUY

JU# 3.25 M3AsTUNUNAFRU

3) YNMSASTUINUIUTUNUTINDBNAINNU

JUN 3.26 FUNUNARBUIIATULNAHOU

4) FUUNARDUNYRIINITNAEBU
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JUN 3.27 FUNUNEINITNAROULTIAS
5)  guAuazyiIMITunEalun1se A1ARLIN 1.2

3.4.3.3 N1SVINADUNISNUABUIINTEUNA (Impact Test) ﬁﬂﬁumaaumnagﬁlﬁw
vogduutn M1 Ununans uazasiBendiusadn 6 U5, 8 U1§ uar 10 V1§ MuLMIEIL ASTM
D7136 Tnenistusmunnae Ui uisfusesuniissndade Jununaaeudewihsesuiniedd
Asenans wazmsudntunaaeuliuy Tneazvinnisnageutunusings 5 Ju diianseed

1) YINNISUINTUINUNAADY

UINTUINUNAADU

—

U 3.29 Fununuiniseuiegie

(%

2) JUTUNUD AT BINAABULAZISNATNAFDULAINTATUNUNAFDULNIATI

WA NSAIENYBIADURATUITUILIAIBIFIINATUNTITOEUINVDITUINUNAADU
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JUN 3.30 N15UTUNUITULATOINAADUKTINTEWNN

3) FUNUNSINTNAFOU

JUT 3.31 Fuunrdannnsivegeu
4)  9UANLALVININISUTURNNARINNSISLUAIAKNUIN N.3

3.4.4 nsvAasuaLUAn1aNI8AIN (Physical Properties Testing)
3.4.4.1 mMsnadauANLLda(Hardness Test) ﬁﬁ%umaauaqmﬁauwgaémmm

veU Ununans azlden s 6 U1s, 8 UnS war 10 Ud vileas 54U wvimsveasulag
\nSomnEoUALLT Y Tuas 3 90 ihmsneageulaeidenldnisnageuiuy Shore D wuudneEu
Uane 3esiildvmnasy Durometer Shore D 1hwiinng 5 ke. NAABUANNUINTFIW ASTM D 2240
fAsnsEel

1) thiunudedemaasunuy Shore D Tinadunuudy dhudnng 5
kg InBazyinNIsNANAGOUIIUIU 3 %4 de Funadey

t:l' LY Qy ¥ dl' 7 <@
‘E‘U‘Vl 3.32 NFIUTBUNULYUATDINAFDUAINULLUY
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U7 3.33 AINANAFDUAINULTITUINU
2) #1uAazTUNNNAIUAISINNIANLIN 1.5

3.4.4.2 MIMAAOUNIAATUUN(Water Aabsorption Test) ih¥unageuatnegiliies
NoudUUIA NE1U UNUNAY Lazasdunhsion 6 U1s, 8 U3 way 10 U1 Wyinsvnedaunie
NsNAARUYATUN lngdznaaeuvilaag 5 TU ANNIATEIU ASTM D 570 lagnisdadmtinnieu

v 1 % aaa U dSI
BAZWARAINTITLYUT UIBN1INIU

(%
o

1) FIUIUNADUYINITHTUN

= pr

\ e VS T
v

o

ANSTIU

v
o

U 3.34 MUNTUNAFBUNB UL

2) dunuldugindunan 24 Falas

JUT 3.35 msugfuaului
3) FUNRUNEMIEY  198NISEITUN UL UIAIUIAAINAUA ALY TR
wirawatlUvinistaindn
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JUN 3.36 mstadmindunedeunaaudun
4) ey siuninualuanseniaawn n.7

3.4.4.3 nInAaauNINaIi(Thickness Swelling Test) ﬁﬁ%uwmaawmaqﬁl,ﬁau
Woduun weu Ununans wazazidendiussn 6 U1s, 8 U waz 10 11 lUvnisvageaunis
wosslnevinn1sInAuRUITUNAe A ULaEHEINSUN Tnsasnadeutunurinas 5 4y
PINLIATEIL ASTM D 570 @eifiBniasd]

1%

1) I9ANUNRUIVBITUIIUN UL

(%
o

5UN 337 msinvuindunedeunaundi

2) duruluneaeulasnisutluiiduinar 24 4alus

JUT 3.38 msudfuaului

3) INANUNUITUNAADUNSINTITUYU
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JUT 3.39 MTIAUVNATUNATDUNE UYL
4) 9IUALATYININSTUANKNATUANSIIAIANLIN N.9

3.4.4.4 n1INAABUAIUNUIMUL(Density Test) U1Tunageuanegiiilounassd
YUIA NPTV UTUNATY LAZATLIUATILIION 6 VIS, 8 VNS ay 10 U135 WYn1snndaunien3ad
nageuANrLILLLlnen1sIaAIANNnIwiulueInAka Tl auNIRsgIu ASTM D 792 Tng

WwNAFRUTUNUTLAGY 5 Fu IATBaAaeulYEe Densemiter 3 m-300y &ilIEN3AaLl

) I3 ﬂ'
1) MNAISLEALATDN

JUT 3.40 nsldmASeamadey
2) i uuLldnzensaiataintnlusiniAwarluin

JUN 3.41 FahwtnBunaaeulueinie



av

JUN 3.42 Fahwindunegeuluih
3) g1uAuazyinsTufinaalun1TNAIAELIN N.11

3.4.4.5 AIVAFBUNIIATUNIUANNIBULAZNITUIANTDU(Thermal Resistance and
Thermal Conductivity Test) ﬁw%umaaumnagﬁLﬁemwgaésumm 1y1U UNUNAIY hay
avlBunilusesn 6 U5, 8 U15 uaz 10 U TUYnIsnaaeusIsLA3 o aadoUN1SEIUNILAINY
Sounaznsthenuieu numasgIu ASTM C 518 Tngazvadoutusueiings 5 4u edes
nnaoude Hioki Heat Flow Logger LR8432 Ssii3gnisesil

1) ynsdniasedneuinisvingey AerlUsATIULIeMUANLERNTUUlE
LATOINAABULAZISUNSNAARULR I ALIUNA I LAL Shluy

WA | — =)

a = =~ Py v ° v
g‘d‘m 3.43 A9LYGALATBNNAFDUNITNIUNIUAINUTDULLAZAITUIAIUTDU

2) dTFUNUNeaaUlaLd L ATDIMAEDU 1A8INITUINUUULHUA IARINUSUYDY
LASDINAFDU
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JUT 3.44 msihdueudeIesinanuou

3) AMNUWINNSURE AT IMAERULaTaRAlalnTa 4 919 veIUINNITULAT BN

VARDU LATLSUVIINITNAADUY

8 S}

.

JUT 3.45 n1svedeunsinANNSouTUII

v a

4) A15UIANN50UILTNANIINITIAADOUN VBINAIIIUAIUSDUUSIUNT

Y

gaungiiasludsusnaunioumglion wemainisuianuieu wastufinuaneaeulunianuan n.

U

13 uag n.14
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JU 3.46 qeuansdoyanisnadeunsiiauiou

3.5 NMINANTENYIVAIA

nMsaniiun1sAnwantivesnaulndn arunsansiuisaudanangavesegiilley
Woed 3 vuin TEuA e7U Uunats uarasideniiugadn 6 U1s, 8 U% uag 10 U1 A1ntuvih
mseneideyatiaunuaziinisasuianisidenauiavesegiideuesdifior fansmaan
wsuaeu AgENan YuIn 0.99 x 2.40 LIRS FIUIU 10 UNY

Ainsgideyauazidenvuinegiideunesdiiiothlundnagudsanaindoyadildain
HanageuaLRnInakaznInIenmINIsIeufisunegiidouneud (Idedaleangien
foyaravuauaziinisasunaniaidentuinogiidouresdifieuilundatanymdan ain

pailiflsunauduasndeansosdiy UHT Sluida

JUN 3.47 wumdsmaeulvg) vu1m 1319 99 Wy, 817 240 WU WU 5 9.

pdsnmsnngidoyaranuauazyhnisasunaiiiedontagainmmnassiifiaus
wingaudmsurnandasiuiunden wanhludninduaguiundaaaun 0319 99 43817
260 w3, 917 5 9. 91U 10 Wi nTaniivhnsneaes Tasdiduneumandausiundsands
AARWIN A.

nsfnwaudineyindnlulasin1sidet duneunisufifnuvesnisdudunulasinig
2ENENUIRILANITINIUNY N150DNLUUAITNATDS ﬂﬂim%ui'aaﬁ’mﬁ’l%umumaau g
Allun1sasauasnageuanUANIINaLAENNAIEAIN LAgYIINTT ATNAFBUAITAALAY NS
MAABULIIAG NMINARBUNINURDLTINTZUNN NnaaauAILds nsnadeunsgaduii
NISNAHBUNITNIHT NITNAADUANUVUINUL LATNITNAFBUNITHIUNIUAIINTBULAZNTIN
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Anufeu dwan1maaeunlaundisuiisvantivaziuiinug a1nduvinisssidunaiag
AAiaURe Inefurwnvetegilileuess U uwswiulun1sdnluguninaseaudivesiany
Tgviusiumaan



Ui 4

NANTISAILLUIY

Mnnmsiununaaeuluuni 3 Feaaizgdavinlasenslsvhnsmaaevaudinisnauay
NMINEAINYRITaANAFEUTENINegiiilleuviaad vunn e U1unane uavazidun Feussai
6 U3 8 UISHA 10 VIS uUTsusuautRinaaeun1sRalAY MAdeULIY NSVAdeU
ASNUABLITINTZUNN NAADUAINU LTS maaumiaﬂ%ﬁw NAADUNITNOIAT NAFBUAIY
NnuLULLaEAdauAUluauIY (;WJ’JEJLﬂ%ﬁ]x‘l%ﬂﬁ@Uﬁﬂﬂﬁ?ﬂ%ﬂﬁ’mﬁLﬂi’]%ﬁﬁmﬂlﬁLQﬁIULLasﬂEUNa
Fastoluil
4.1 msUszfiunanismagaumsdalds  9Innismeaestihiunaaaunegiidouiesd nety
Urunans wazasidunluvnnsnageunisialdadioinismedounsida 14iminluan 10 KN
AusluNIsNA 16 1. /A9 STEEIegIuTessu 80 UN. MIUNIRSFIU ASTM D 790 leina
ASNAFDUIINATWANANUIN A.1
AT 4.1 NANISVAAEUNSHALAS

. us98n ATUAUNIULTIAALAT (MPa)
R (bar) Fud 1 Fudi 2 Fud 3 Fudl 4 Fud 5 X
6 20.39 18.78 19.89 15.89 17.89 18.57
nyu 8 20.38 16.03 16.62 19.82 18.65 18.30
10 1757 20.04 18.25 15.96 19.32 18.23
6 20.20 19.56 16.79 18.25 17.88 18.54
Junang 8 18.37 19.23 15.32 20.38 16.65 17.99
10 19.98 14.98 16.32 15.79 18.26 17.07
6 15.52 18.41 19.95 16.38 19.79 18.01
avidun 8 14.39 20.93 18.41 14.99 16.89 17.12
10 16.10 15.69 12.19 17.59 13.95 15.10
gns X = Zizixd

n
Xi WIUKANISNAADULSIARLAY

N UNUIUILFIBE WHANSNARBULITIAALAY

O i 20.39+18.78+19.89+15.89+17.89
X = 1=1 = = 18568 MPa
n 5
WI1Eartiy A1LnlAeRuININegiilvunegdulinneuinseiu 6 uns fiAn
WINAU 18.568 MPa




18.57 18.54 1801 18.30 17.99 2
17 12 17.07
15 10
o 15
[a
2
a"?
= 10
[y
&
Il
c
=
€ 5
L3999 (bar)

B yignu M Yrunans avidun
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JUN 4.1 unuiianudiusseninern1sanlas usasn uavvuinvedegiideuness

4.2 N15USLLAUNANISNAFAUAIUATUNIULTIA mﬂmamaaqﬁw%umaaumﬂaqﬁlﬁau

Woud ve1U UNUNANe hazazden UYINISNAZaUAIELATDINAADULTIAY LAUAIAIURINTN

VBN 2 AIUIUANVINBDNIINAU FINUUINTFIW ASTM D 683 Lenan1snaaauaInmIsnenIaNuan

.2
AN91971 4.2 NANITNAFBUAIILGTUNTLLIIF
oA L3990 o | mmﬁwzmmqu iMPa) -
) (bar) YUN 1 YUN 2 PUN 3 PUN 4 PUN 5 X
6 7.768 10.610 9.096 11.162 10.950 9.92
w1 8 7.037 10.982 10.899 10.806 9.952 9.94
10 10.498 10.621 9.228 11.718 11.255 10.66
6 9.792 8.045 8.636 10.122 10.354 9.38
Yr1unang 8 9.865 10.460 9.240 10.392 10.282 10.05
10 10.128 9.285 10.481 10.742 9.895 10.11
6 10.160 8.075 10.534 10.260 9.682 9.74
axLaun 8 10.786 8.002 11.158 10.123 11.474 10.31
10 9.363 10.623 10.766 10.714 10.543 10.40
any X = Ziz X
n
X WIUKANSNAGOULTIAS
N AU IUIUAIBENHANISNAABULIIAY
YR ki 7.768+10.610+9.096+11.162+10.950
< - _ = 9.917 MPa
n 5
WS zaziy mmesuaaéummmﬂaammauWaaa%uwmummmu 6 U1S AANNIAU

9.917 MPa



1 =
ALLIIN
Ne)
O

(MPa)

11.5
11
10.5

—
o

oo
o o

992
9.74
'938 f
6

10.05

il

L3999 (Bar)

B gy M Yunans

10166
0.31 40
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4.3 A15USTLEIUNANISNATDUNITNUABKIINTZUNN I1NN1TNARBINTUNAADUIINDG TN

Waed ve1u Urunane wazazidealUiinismeasulunismageunisnseunnuwuulagen(izod
Impact Test) vlAlasn1sATUNAGOULREIIIULAYY TUNAdDUADYINTREUINITTUIALAZAN Y
UuAAIULINSEIU ASTM D7136 Funedeusesvindusosuindiinsenans Sutiunaaauliiuiu

InlrisoruInegfoinalaaziiamafeInuABUILILIAINTELNN ANANISNARBUIINATIS
AANUIN N.4

A3 4.3 WNANISVAABUNITVIUADLIINTZUAN

. L5900 kS9nsENN J/m?)
YUINIEAR) Y S~ =] X 1 T
) (bar) JUN 1 PUN 2 PUN 3 PUN 4 JUN 5 X
6 97.208 101.155 102.295 100.334 102.865 | 100.77
%Y1y 8 106.822 103.142 110.348 121.520 109.452 | 110.26
10 106.176 104.808 115.139 118.546 110.264 | 110.99
105.331 110.101 103.895 100.099 106.879 | 105.26
Yrunang 8 100.099 100.776 111.211 117.591 112.878 | 108.51
10 111.516 98.578 116.209 106.257 112.351 | 108.98
6 100.062 102.402 104.375 108.062 106.207 | 104.22
azldyn 104.061 110.961 101.957 114.156 110.080 | 108.24
10 112.619 110.365 108.030 101.288 111.450 | 108.75
- Xingxi
any X = 1—
v n

Xi WNUNANIINARBUNITNURBLIINTZUNA

N BNUIIUIUFIBYNHANITNAZBUNISNUABLIINTEUNA

n

97.208+101.155+102.295+100.334+102.865

5

= 100.771 J/m?
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WIIEAzIU AINTNURBLIINTEWNYDITUNUIIN oI leupudvTane UL 6

U135 AAwnAu 100.771 J/m?

—
N
o

110.26

—
N
o

100.77 10526 104.22
' I |
6

B yignu W Uunang

U/m?
o o
(@) (@]

[e}
o

1399 (bar)

ANIINUABDLEIINTITLNAN

avldum

110.99

' 108.51 108.24 T
I I | I I |
8 10

108.98 108.75

JUT 4.3 uNuQIiANu@iussenIneAINITNUABLITINTELNN k3980 LavIuInves

a a 6
ARIIGIRHEE]

Y

4.4 mM3Uszfiunan1snaaauANLYY INn1snadeulaensihTunageunegiiliouvless
veu Uunand axden slinag 5 3u Guay 3 90 nadeulngin3omnaeuALLdEREing
danlinismaaauluu Shore D Umtinnm 5 kg. MUNAIFIW ASTM D 2240 lenanisvingey

INANTNANANUIN 1.6

A13197 4.4 Nﬁﬂﬂiﬂ@]ﬁ@‘Uﬂ’N@JLLsﬁ\‘i

. . AU (Shore-D)
WINIEN | w39en (bar) =3 T g g > 3 L X
) PUN 1 YUN YUN 3 YUN 4 PYUN 5
47 49 51 52 51 50.00
nY1u 8 48 64 48 51 51 50.40
10 52 51 5 ) 53 55 52.40
6 51 51 49 46 49 49.20
Y1unang 8 52 50 52 53 53 52.00
10 50 a7 54 50 52 50.60
6 51 48 54 46 50 49.80
azLdun 8 51 52 54 54 53 52.80
10 55 54 51 51 52 52.60
gny X = w
v n

Xi LLVI‘UN@ﬂ'ﬁ“VIﬂﬁEJUﬂ’NNLL‘ﬁ\‘]
n LLV]U‘\?’]U’)N&IJ’JE]EJINI’/\Iaﬂ’]’ﬁ/]ﬂﬁE]‘Uﬂ’J’mLL%Q

. S0 xi ) 47+49+51+52+51

n 5

= 50.00 Shore-D
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WZaziy A1ANLTeTLIUAINeglilleuresduliavie1uiiusaiu 6 Ut Ay
50.00 Shore-D

56
54
o
5 50.60
E 52 5000, 49 80
Z 50
=
£ 48
&
c
a6
aq

10
L398n (bar)

Hygnu B Yrunans avLdun

JUT 4.4 unuiAnuduiusseninemauuds usidn wasvunnveseaiideunesd

4.5 nsUssfiunanisnagaunnsgadutl nnsmeaesstnensintunageuanogiileumosd
weU Ununans uazasiden luvnnsmageulneianisudin Inedeunisnadeuayimiminteu
Msutin w3l Wunan 24 $alus antuhlusadminudsnisudi wazyinns
AW MINNIRIFIU ASTM D 570 LeRan15naaauaInaIsenIAwIn n.8

M50 4.5 HANINAHOUNIAATLN

oS LIIn NG Ty mi@?%jﬁﬂ (%): _ - .
’ (bar) JuN1 | IUN2 | JUN3 | JuUNd | JuUN5

6 0.82 0.82 0.86 0.73 0.73 0.79
YU 8 0.68 0.73 0.73 0.75 0.68 0.71
10 0.62 0.63 0.68 0.57 0.58 0.62
6 0.58 0.58 0.58 0.63 0.53 0.58
Y1unang 8 0.59 0.50 0.59 0.55 0.55 0.56
10 0.48 0.53 0.53 0.58 0.53 0.53
0.30 0.31 0.35 0.34 0.30 0.32
aLoYn 8 0.30 0.31 0.34 0.30 0.31 0.31
10 0.26 0.21 0.22 0.26 0.26 0.24
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n .
— i=1 X1

gy X =
v n

Xi LLWUN@ﬂWiWﬂﬁ@UﬂWiQ@%Mﬁ’]

n Lmuﬁi”lmuﬁ'saemwamimaaums@m%uﬁﬂ

0.82+0.82+0.86+0.73+0.73
- =079 %

n .
% - =1 Xi
n

(%
Y

5
WAzl A1N159ATNUNYRITUILIINOgTieuoedytiane UNRSIAY 6 U1 TAY
Wiy 0.79 %

- 0.79 e

X 0.8 .
aog 0.6 0.58 0.56 0.53

@

& 0.4 0.32

€ I 0.24

= I
-« 0.2

0
6 8 10

15999 (bar)

H gy B Jrunang aviden

U 4.5 wnundauduiussemineeinisgadu ussdh warrueuesogiidouesd
4.6 NSUSTEHUNANSNAFBUNITNDIAN mﬂmﬁmmaaﬂmsm'ﬁﬁw%umaaumﬂagﬁLﬁauWaaé
we1u Ununans uazazden luvnmsmageulneianisudin InedeunisadeuayInnumwu
Aeunsutin wd3siluugih Wunan 24 $alus aanthuiluiaenaumumdsnisugin wavyi
N1SAUIN AIWUINIFIU ASTM D 570 Lenan1sneaauaInmstnIakun n.10

A7 4.6 NANITVIARBUAIINOIG

. L5900 ANSNBIF (%)
YUINIER 2 ] = T 4 T 3 T 4 X
! (bar) JunN 1 JUN2 | FUN3 | FuN4d | JuUN5
6 0.82 0.90 0.98 0.84 0.83 0.87
nYu 8 0.84 0.83 0.90 0.86 0.88 0.86
10 0.59 0.61 0.84 0.81 0.67 0.70
0.81 0.82 0.81 0.83 0.83 0.82
YuUnang 8 0.66 0.66 0.90 0.84 0.83 0.78
10 0.67 0.80 0.64 0.52 0.67 0.66
- 0.65 0.85 0.67 0.69 0.67 0.71
AzLRYA

8 0.67 0.83 0.66 0.66 0.67 0.70
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0.64

0.65

0.71

0.69

0.68

0.67

gny X
Y

Xi WUNANISNAABUNITNEIN?

Z?zl Xi

n

N NUIIUIUAIDYINANISNARDUNITNDIF

_ ¥ oxi
z o ZizmX

Wiszariy AnsnesiveiunuInegilidsunsuduinneunusiu 6 uns dd

WINAU 0.87 %

ANNISNBIRT (%)

JUN 4.6 wnuilanuduiussendnemIn1sneddl w5dn uazvunvesegiiilouvieyd

1

0.5

0

0.82+0.90+0.98+0.84+0.83

n

087 g2

I I 0.71
6

M ygru W Jrunans

5

L3999 (bar)

0.87

0.86
N

I O| 8 0.7
8

avidun

0.70 066 0.67

10
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4.7 n15UTLIUNANITNAFDUAIUNRULLUY ﬁ]’lﬂﬂ?i%ﬂﬁ@ﬂﬁ?%NWﬂﬁ@‘Uf\ﬂﬂE]QﬁLﬁEJJJW@EJﬁ’Uu’]ﬂ

MU 1NN kazaziden iUy ImadeaufiignTamaaauadunuIiuy tnen15induauluss
wmtinltuoinAuasluiaInANUMUIRILYDWUIIL AIUNINTFIW ASTM D 792 1um1AY
MLUUYDTUIU IPHANITNAGOUIINATTIE .12

AN 4.7 WANISNAADUAINUNAUUU

. U390 ANURUILUY (g/cm?)
VUINIER LR\ - 5 - "1 2 J X
) (bar) YUNT | IUN2 | JuN3 | Tund | uns
6 1.0538 1.0658 1.0640 1.0699 1.0642 1.064
ney1U 8 1.0754 1.0746 1.0755 1.0734 1.0659 1.073
10 1.0876 1.0899 1.0930 1.0691 1.0911 1.086
6 1.0604 1.0743 1.0598 1.0642 1.0569 1.063
Y1uUnang 8 1.0728 1.0810 1.0434 | 1.0644 1.0627 1.065
10 1.0650 1.0716 1.0738 1.0724 1.0611 1.069
1.0968 1.0661 1.0699 1.0835 1.0619 1.076
avLoun 8 1.0796 1.0709 1.0830 1.0816 1.0763 1.078
10 1.0850 1.0860 1.0821 1.0813 1.0987 1.087
ans X = SE
v n

Xi AUNANISNAZDUAITUAULUL
N BNUIIUIUFIDYNHANITNAZDUAITUAU LU



X:

L‘Wi']uﬂu‘u‘u ﬂ’]ﬂ'ﬁ’]lﬁ/iﬂ’]LL‘U‘N‘U@Q‘UUQ’WU‘U’]ﬂ’e]ﬂiJLUEJiJW’EJEJﬁ‘UTJ@%EJ’]UWLLiﬂfﬂu 6U13

n .
i=1 X1

n

Winfiu 1.0635 g/cm?’

N
N
=
=
S 1.06
=
3
c
ol
[cw
c
[cx

4.8 N15USZINUNANISNAGDUNITATUNIUAINIDULAZNITUIAIUSIU NISNAFDUAINIS

L. 06‘5 1. 0631

1.0538+1.0658+1.0604+1.0699+1.0642

1. 0756

M gy ® Junans

5

10730 L 0783

I10649

15980 (bar)

a
avLayn

- 1.0635 g/cm’

1. 0866

1.0688

JUN 4.7 uruiianuduiusseninannunuiiiy usadn uasrunvedegiilouvlesd
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A1

AIUNTUAIUTDULAZAITUIAIINSBU (Thermal Conductivity) IATDINAADUITINNITAIULN

gaun il lUgaununsaenaANeu (Heat Transfer) aunsainduld 3 n1e Aen1swiAdy

Sau (Convection) N1511A21458U (Conduction) N1SNAABUNISNAABUAINITUIAINUSBU

(Thermal Conductivity) 3 negillfleunagdvuinne1u Urunais uazazilduaiiogeininy

WANANNYBILAaEERTIA  Taedivtiedu WAmMK) Han1suaaauaInaNsInIaNuaIn n.13

oy 14

AN 4.8 WANSNAADUNITATUNIUAINNTOU

} ANAUNIUANSBU(Thermal Resistance)
JuN 1 | AU 2 Ui 3 U a4 TUN 5
6 0.0214 0.0229 0.0235 0.0244 0.0243 0.023
nyu 8 0.0227 0.0228 0.0225 0.0257 0.0231 0.023
10 0.0214 0.0258 0.0288 0.0397 0.0392 0.031
0.0307 0.0308 0.0245 0.0249 0.0288 0.028
Y1unang 8 0.0272 0.0226 0.0248 0.0302 0.0295 0.027
10 0.0311 0.0289 0.0298 0.0290 0.0295 0.028
6 0.0366 0.0286 0.0267 0.0304 0.0339 0.031
AvLIYn 8 0.0235 0.0257 0.0355 0.0372 0.0328 0.031
10 0.0385 0.0387 0.0391 0.0235 0.0288 0.034
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n .
v _ i=1 X1
gn3 X__n

Xi LNUNANISNAFBUNITAIUNIUAILS DY

N UIUINUIURIBY NHANITNAABUNITAUNIUAIINT DU

n . 0.0214+0.0229+0.0235+0.0244+0.0243
X = ‘=nl = = 0.0233 (M°K) /W
5

WI1Eagtl AINITAIUNINAINTOUTRITUNUAINOg T Tuun o yHANETUNLIIFU 6
U135 TRy 0.0233 (m?.K) /W

0.04 0.0312 0.0309 00337
: : 0.03 T
s 0.03 0.0279_7 0.0269 = 0.0297
< 0.0233 0.0234
~N
£ o002
=
N
= 0.01
2
g
[cm
£ 0
5 6 8 10
a&
Pl o
< 15986 (bar)
-< Eygay B Jqunang avidun

JUT 4.8 unuQIAMUAURUSTENINAINITAIUNIUAINTEU UTITA LazIUINUed

a

[
DQuLuBLNDYA

A15199 4.9 NANINAFDUNITUIAIINTDU

)\ NM31IANTeU (Thermal Conductivity)
YUATER) T W/(mK) X
’ (bar) 2 ) s v I e 4 2o
YUN 1 BUN 2 FUN 3 FUN 4 YUN 5
6 0.2083 0.2173 0.2290 0.2304 0.2302 0.223
! 8 0.2108 0.2173 0.2272 0.2298 0.2285 0.223
10 0.2173 0.2189 0.2211 0.2198 0.2186 0.219
0.1667 0.1667 0.2083 0.2083 0.2076 0.192
UJunang 8 0.1852 0.2273 0.2084 0.1667 0.2174 0.201
10 0.1889 0.1775 0.1852 0.1808 0.1868 0.184
0.1389 0.1786 0.1923 0.1667 0.1832 0.172
avLoen 8 0.2174 0.2017 0.2124 0.1425 0.1498 0.185
10 0.1455 0.1482 0.1488 0.2174 0.2052 0.173
ans X = Zizy Xi
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X WIUHANISNAZOUNISTEIAINSDU

N UWNUIIUIUBENNANIINAZEUNTINIAINT oY

n o 0.0283+0.2173+0.2290+0.2304+0.2302
X = 2= o = 0.2230 W/(mK)
n 5
wiszariy Ansdianuseuvesdunuanegiideuesdyinneuiusaiu 6 vis i
AMNAY 0.2230 W/(mK)

0.25 0.2230 05957 0.2191

0.1915 0.2010 0.1838
. 0.1719 0:1848
I
0.1
0.05
0
6 8

0.1730
I
L3999 (bar)

W/(mK)
(@]
o N

b4

ATN1IUIAINUIDU

o
—

°

10

B vgru B Yrunang avidun

JUN 4.8 uruiianuduiusseninan1siianusey usdn uasruinvetegiiilouesd



unii 5
ajUuazdaiauauue

Tnssn153deildvhnsAnumantfivanawasniesnisn mvsmatafnuanainwediofiu
AUNUILLLAT (Low-Density Polyethylene: LDPE) fiu pailiflunangd ldannisuende
nszaweanINNaeNATashu UHT Sluda ilumstihianwdefanussendldlunssuiumanan
Hundnfasiuiugmdsaiiteasyilinde susidenudusstmanawaenamenmaniu by
nsAndutanludmnssuiidauudouss dindnun afldsslond dwaniinuvesyardos
Usziavndouedesin UHT iluyadliiutassloidaainndeaniosin UHT  daelviaaeudl
913nuazilseliasy LardluannaiIun1geuaNnIsliiansssuviAnag e ne
Awanden Tenuan1sAnwuasmaaosENTRv N aLATINE A MDY TaRNANdanaTUNa
voslassnIfuldnad

5.1 d@yunan1innaes
NAMsAnILaradoUaLTANIINaLALININEATNYBI AR INNERILATEIAN UHT 3

loidia $1uau 3 aunm Ao e1u Uiunans wavazden Usngintunuiivhantanwandidvunn

FurumeuilFusedatiugy 10 bar TauthvnawasnisnisnminiiYaguay ATy wun

venuaraziden Musadusineg Mvhnismeass Ssusngindiaudinianadie Ansdumsialas

18.228 MPa AIN1SAMULITIAY 10.664 MPa AINITNUFBLIINTZUNN

110.987 J/m? uay fauifivnsnisninde A1auuds 5.40 Shore-D An3paBaLh 0.62 %1

AISWBIAY 0.70 %  AIANNUILUY 1.0861 ¢/m>  AINISAIUYIUAINTOU

0.0310 m“K/W  dAnsthanudeu 02191 W/mK muasu

5.2 Ugymlunisaniiulasenis
5.2.1 nmsfnsedeansiuniglunguiinisiianain e1adeansiuliwiladeilunisaiuey

a1t
5.2.2 ANsnadauaItLiiasannisuInendes duliieSeaneday 39909vinsAnfave
ldasesnumInendeauyiidnisseniseydAanuvninerdety Javihlinismaaeuandi

5.3 daiauauuz
53.1 wdndaainvihainiagegiideunssduonnainnisihunvindundinuds ausaii

Y
14
Y A C %4

[ a [ o v a 1 6V A 1% @) 1%
LﬂuNaMﬂm%QUIQBﬂ 9% 1 1A 1N18 WU Sevieakul LUuAu

a

5.3.2 NseEAuitaanniIseenatuaunsatiusloiialudle wu nseawsloda nasa
NARAUAIINNTEAEOR L TUAY
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“UHT (Ultra High Temperature)” [eaulati], WiAaeTiLN http://th.wikipedia.org
29 fluAu 2559
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30 fuAN 2559
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“nrsudnnass (UHT)” [eaulat], uasiiun http://science.srru.ac.th
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AMANUIN N.
- HANSNAZBUNITANLAS
- NANNSVIAADULIIAY
- HANSYARBUNITNURBDLIINTZUNN
- HANSNAFBUAIULD
- HavIAdOUN1IgATULN
- HANISVAZOUNITNOIS
- HANISNAFDUAIIUAUILUY
- NAVIARBUNITAIUNIUAINUTOU
- HANAABUNITHIAIINSBY

- A5UNANTAARUTAR
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AN N.1 WANISNAADUNIIAALAY

- L399M n3nlAs (MPa)
YU I g g g g g
' (bar) TUN L | JUN2 | U3 | vund | JuUnS X
6 20.39 18.78 19.89 15.89 17.89 18.568
nY1Y 8 20.38 16.03 16.62 19.82 18.65 18.300
10 17.57 20.04 18.25 15.96 19.32 18.228
6 20.20 19.56 16.79 18.25 17.88 18.536
Urunang 8 18.37 19.23 15.32 20.38 16.65 17.990
10 19.98 14.98 16.32 15.79 18.26 17.066
6 15.52 18.41 19.95 16.38 19.79 18.010
azldun 8 14.39 20.93 18.41 14.99 16.89 17.122
10 16.10 15.69 12.19 17.59 13.95 15.104
thuanaaouansialésdildiamualunsazauavesogiifouesduazussdnuiduin
ilevmAnadsayls
gns X = Zizy X
Y n

Xi WNUKNANISNAABUNITAALA

N WAUIIUIUFIDENNANISNAGDUNISAALAY
20.39+18.78+19.89+15.89+17.89

X = Z{Lnl = - - 18.568 MPa
AT 1.2 WANISVAABULII
o Ls98M AUAUNIULT IR (MPa)
YUNIER ] 4 £ X A XA T
) (bar) Jun 1 Jun 2 Jun 3 Jun 4 Jun 5 X
6 7.768 10.610 9.096 11.162 10.950 9.917
w1 8 7.037 10.982 10.899 10.806 9.952 9.935
10 10.498 10.621 9.228 11.718 11.255 10.664
6 9.792 8.045 8.636 10.122 10.354 9.380
J1unang 8 9.865 10.460 9.240 10.392 10.282 | 10.048
10 10.128 9.285 10.481 10.742 9.895 10.106
6 10.160 8.075 10.534 10.260 9.682 9.742
avLaun 8 10.786 8.002 11.158 10.123 11.474 | 10.309
10 9.363 10.623 10.766 10.714 10.543 | 10.402
ﬁwamaaumLLiqﬁqﬁlﬁﬁwmmimwiazﬁummmagﬁLﬁsm/\laaéLLazLLiqé’@mﬁﬁmm
oA adsazls
any X = &
Y n

Xi UNANISNAZOULTIAG
N WAUIIUIUFIDENNANITNAFDULIIAG



7.768+10.6104+9.096+11.162+10.950

69

X:H%m: : - 9.917 MPa
AN9197 N3 HANSVIAEBUNITVILADLIINTTUNN
o uS98R el ()
YUANIE0) ] Z Z Z T
(bar) JuN 1 Jun 2 Jun 3 Jun 4 Jun 5
6 1.232 1.072 0.904 1.000 0.901
neu 8 0.856 1.088 1.080 0.592 0.950
10 0.920 1.032 0.672 0.776 1.127
6 0.856 0.832 1.032 1.136 0.920
Junang 8 1.136 1.064 0.864 0.608 0.876
10 0.984 1.200 0.824 0.888 0.578
6 1.048 0.864 0.984 0.856 0.766
AvLoYn 8 0.896 0.832 1.056 0.768 0.972
10 0.888 0.688 0.696 1.064 0.583

ndeyatneiu thumnAnunldlunisnssunn (W)

gns

ANMUNUN — ANNLS = UATTLUNITNTZENA (W)

59 -1.080 = 4.820 J

PNUNTNAA (A)

ang
u
gl

A = b.(h-t)
A = 13.(5.9-2.54)
= 43.68 mm?

MW@’J’IZJLL%QLLi\‘i“UENﬂ’ﬁﬂizLL‘Vlﬂ (ag)

usanlglunisnseunn

gns

Ak = 22 WA,
NUNKAUIR R
4.820
k =
43.68x10

= 110.348 J/m?




AN N4 NANISNAABUNITNUADNTZUNN

n W L3900 NINURDLITINTEUNA (J/m?)
YUAIER T J T ] T ] T J T ]
) (bar) PUN 1 PYUN 2 PYUN 3 YUN 4 PUN 5 X
6 97.208 101.155 | 102.295 | 100.334 | 102.865 | 100.771
nY1u 8 106.822 | 103.142 | 110.348 | 121.520 | 109.452 | 110.257
10 106.176 | 104.808 | 115.139 | 118.546 | 110.264 | 110.987
6 105.331 | 110.101 | 103.895 | 100.099 | 106.879 | 105.261
Junang 8 100.099 | 100.776 | 111.211 | 117.591 | 112.878 | 108.511
10 111.516 98.578 116.209 | 106.257 | 112.351 | 108.982
6 100.062 | 102.402 | 104.375 | 108.062 | 106.207 | 104.222
azLoun 8 104.061 | 110.961 | 101.957 | 114.156 | 110.080 | 108.243
10 112.619 | 110.365 | 108.030 | 101.288 | 111.450 | 108.750
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UIHaNAFOUAINITNURBLTINTEUNN LU lukdazvuIneIegiiaurlauduas

LSIOAUIPWIULNDUALRAL LA

gny X =
Y

n .
_ ji=1 X1

n

X WNUNANITNAGBUNITNURDATEUNN

N AU IUIUFIDYNNANITVIAADUNISVIUADNTLLNA

YL, xi

n

97.208+101.155+102.295+100.334+102.865

AN 1.5 NANISNAFDUAINLLD

5

= 100.771 J/m?

AT (Shore-D)

= Fuil 1 Juit 2 uil 3 Fuil 4 Fuil
—
SIS
& S — o~ ) — o~ ) — o~ 0 — o~ 5 — o~ N
= b B T e T B i e e i B = e e O e = e £ I T e = e 1 e T B =

2 | aage | ade | aaue | aage | sape | ade | saue | ade | sare | ade | aaue | asve | svue | asve | adne

« & I e « <« fca I & © & « & & «

5 6 45 | 44 | 51 50 | 49 48 54 | 49 | 50 | 56 48 | 53 52 50 52
é 8 46 | 48 | 51 54 | 56 53 42 | 49 54 | 53 54 | 47 49 52 51

10 50 | 54 | 53 | 53 51 50 | 49 53 51 50 58 52 53 56 55
pd 47 | 55 50 | 46 57 51 50 | 49 48 40 45 52 44 | 53 50
G
S 8 50 | 55 52 | 40 | 48 53 49 53 54 | 53 50 57 51 52 55
- 10 49 | 54 | 48 | 54 | 48 40 | 54 | 55 53 53 51 46 52 53 50
- 6 50 | 52 | 51 49 49 46 53 52 56 51 46 41 50 48 52
>
ﬂg 8 51 52 | 51 53 53 49 51 | 57 54 | 53 52 57 52 53 55
@ 10 53 | 57 | 56 | 54 | 55 54 | 51 50 51 53 49 52 54 | 48 53




_ ¥ oxi
X — 1=1
n
We  xi WUNANAADUAIAINULDS
n WUIIUIUFDE1AIALLDS
X WUANLASVDIANAIIULT S

n o 45 +44 +51
X= —Zl_l = = 47
n 3

IIzaztl A1AULdwesunuIneglileuesd Weveuiusdn
Wiy 47

AN 1.6 NISNAFDUAILLD
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' 12
a

N6 3JuUN 1 e

- o N AT (shore-D) _
YUAIEAR L399a (bar) =3 >3 > &3 T 3 X
! PJUN 1 PUN 2 PUN 3 PYUN 4 PYUN 5
6 47 49 51 52 51 50.00
Ny
8 48 64 48 51 51 50.40
10 52 51 51 53 55 52.40
6 51 51 49 46 49 49.20
Yunans
8 52 50 52 53 53 52.00
10 50 a7 54 50 52 50.60
. 6 51 a8 54 46 50 49.80
avLaun
8 51 52 54 54 53 52.80
10 55 54 51 51 52 52.60

ﬁwamaaummmLL%aﬁié’fﬁwmﬂuLLﬁiaz%uwmﬁuaaaqﬁLﬁsmwgséuazLLiqé’mmﬁmm

WiavnAadgazla
n .
_ 2 xi

v n

Xi LLV]UN@ﬂ’]’iV\ﬂﬁ@Uﬂ?’]@JLLGﬁQ
n LLV]U’%O’]U'JUG?]J’JE]EhﬂNﬁﬂ']iV]ﬂﬂE]Uﬂ'J’lllLL%\?

X 47+49+51+52+51
X = = = 50.00
n 5
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M50 N7 HaNAFBUNITAATUN

vhwedn )

- | 3 Fudt 1 Juil 2 Juil 3 Juit 4 Fuit 5
S

6 21.88 | 22.06 | 2190 | 22.08 | 21.87 | 22.06 | 21.89 | 22.05 | 2192 | 22.08
§ 2188 | 22.03 | 21.90 | 22.06 | 21.91 22.07 | 21.37 | 22.07 | 2190 | 22.05
= 10 20.75 | 20.88 | 20.77 | 20.90 | 20.64 | 20.78 | 20.88 | 21.00 | 20.63 | 20.75
= 20.71 20.83 | 20.70 | 20.82 | 20.72 | 20.84 | 20.70 | 20.83 | 20.74 | 20.85
§ 8 2190 | 2203 | 2190 | 22.01 | 21.87 | 2200 | 21.88 | 22.00 | 21.91 22.03
5 10 20.72 | 20.82 | 20.69 | 20.80 | 20.67 | 20.78 | 20.66 | 20.78 | 20.71 20.82
- 6 2293 | 23.00 | 2295 | 2302 | 2295 | 23.03 | 2294 | 23.02 | 2296 | 23.03
“% 8 2293 | 23.00 | 2294 | 23.01 2292 | 23.00 | 2295 | 23.02 | 2295 | 23.02
© 10 2294 | 23.00 | 2295 | 23.00 | 2294 | 2299 | 2293 | 2299 | 2294 | 23.00

£% 1% 1%
o

1AM NNAINITHYUIAUAILANUNNRLN ADUNI ST LNV DITUITUIITAIYUINTNNDULYUT

[ '

YosruUIINegliuulosdilleone1unusesn 6 U1s Tun 1wzl

. = W-Wg
AINNIAATNIN (%) =~ x100
Wo
2206 -21.88
AINTAATNN =~ X100 = 0.82 %

21.88

WAzl AIN1TAATNEIVDITLIIUAINENTEUNREE LUaNeUNLTIEN 6 U1T T 1

AU 0.82 %




M5 1.8 ANNTNAABUNIAATHL

- o W399 N19ARTAY (%) ~
YUAIHR) T T P T T X
’ (bar) JUN 1 | TUN2 | IuN3 | TUNG | JuN5

6 0.82 0.82 0.86 0.73 0.73 0.79

neY1U 8 0.68 0.73 0.73 0.75 0.68 0.71
10 0.62 0.63 0.68 0.57 0.58 0.62
6 0.58 0.58 0.58 0.63 0.53 0.58
UJunang 8 0.59 0.50 0.59 0.55 0.55 0.56
10 0.48 0.53 0.53 0.58 0.53 0.53
6 0.30 0.31 0.35 0.34 0.30 0.32

aLoYn 8 0.30 0.31 0.34 0.30 0.31 0.31
10 0.26 0.21 0.22 0.26 0.26 0.24
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WHanaaauAIN1IandulNlanarualuwiazvuInvetegiileunesduasusisni

° ~ | a v
AUIAULNMALRAYAL LA

n .

— j=1 X1

gns X = T
Xi LLWUN@ﬂWiWWﬁ@Uﬂ?i@@%@Jﬁ’]

n L.muﬁi’wmuéhazmwamimaaumi@m%mﬁw

n .. 0.82+0.82+0.86+0.73+0.73
- Xj=xi
=== = 0.79 %
n 5
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vhwedn )

e | B Fui 1 Pui 2 Fui 3 Fuil 4 Fui 5
@ )
;g = (o (e (o (e (o (e (o (e (N (e
= o) afg dox afg do— af; do— af; do= 333 do
. 6.05 6.1 5.55 5.6 6.1 6.16 | 5.95 6.0 6.06 | 6.11
é 8 595 6.0 6.0 6.05 | 555 | 560 | 6.05 | 6.09 | 5.65 | 570

10 6.75 | 6.79 6.5 6.54 | 590 | 595 6.1 6.15 | 593 | 597
z 6 6.1 6.15 | 6.05 6.1 6.1 6.15 6.0 6.05 | 6.03 | 6.08
G
S 8 6.0 6.04 | 6.02 | 6.06 55 555 | 598 | 6.03 | 6.03 | 6.08
=
- 10 59 5.94 6.2 6.25 6.2 6.24 5.7 573 | 593 | 597
& 6 6.1 6.14 | 585 59 595 | 599 | 575 | 579 | 594 | 598
3]
“% 8 595 | 599 | 6.01 | 6.06 6.0 6.04 6.0 6.04 | 599 | 6.03
© 10 6.2 6.24 6.1 6.14 | 595 | 599 | 575 | 579 | 5.85 | 5.89

1ANAMUNAUINEITUIAUNTUAIAINUNUN DU UNUDITUIULAIUNAA O LI TAe

ANHVUNNeULY Ve TUNUIINegililuuneydIlone Unudn 6 U1 Tun 1 3NA1979 1N

AU A9

7T
ANSNBIAINTUAINUUT (%) = — X100
To
6.1-6.05
AUALILUY = = 0.82 %
6.05

IR IUAIMINAIRIPUANINTUITERUNUYINAegiiluulosAveUNLTen 6 U1s

Tuassn 1 davinhu 0.82 %




AN 1,10 ANNISNAFBUNITNDIR

o o IPNGL N1INDIA7 (%)
YUAIER z z z z g X
) (bar) YUNT | JUN2 | JuN3 | Jund | Iuns

6 0.82 0.90 0.98 0.84 0.83 0.87

neu 8 0.84 0.83 0.90 0.86 0.88 0.86
10 0.59 0.61 0.84 0.81 0.67 0.70
6 0.81 0.82 0.81 0.83 0.83 0.82
Junang 8 0.66 0.66 0.90 0.84 0.83 0.78
10 0.67 0.80 0.64 0.52 0.67 0.66

0.65 0.85 0.67 0.69 0.67 0.71
avLdun 8 0.67 0.83 0.66 0.66 0.67 0.70
10 0.64 0.65 0.71 0.69 0.68 0.67
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UmanageuAINIsHasInliaualuusazrunveseglidounasduasusadaunAuIn

WavneAeasazle

n .

_ P41 X1

ans ¥ o 2i=X
v n

Xi AUNANISNAZDUNISWOIR
N LNUINUIUFIBYNHANISNAFDUNITNDIA

n . 0.82+0.90+0.98+0.84+0.83
- == - 087 %
n 5
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ANURUILUY ()
= Jud 1 JUN 2 JuUN 3 JuN 4 JuN 5
ced ©
G L — — —_ — —_
e e = — = — NS — = — < —
= '@ < 2 . &) < 5 . G = a
& c c (o e o
L = ;m% = aoé = ao§ = ao§ = ;oé
@ = @ - @ = @ = @ -
= = = = =
— e o e o
0.1672 | 0.0425 | 0.1626 | 0.0427 | 0.1760 | 0.0460 | 0.1937 | 0.0514 | 0.1836 | 0.0480
p}
S 8 0.1709 | 0.0460 | 0.1843 | 0.0495 | 0.1998 | 0.0538 | 0.1796 | 0.0481 | 0.1862 | 0.0489
S
10 | 0.1763 | 0.0489 | 0.1635 | 0.0456 | 0.1890 | 0.0531 | 0.1812 | 0.0480 | 0.1892 | 0.0529
=z 6 0.1835 | 0.0475 | 0.1796 | 0.0482 | 0.1819 | 0.0470 | 0.1828 | 0.0478 | 0.1830 | 0.0469
G
= 8 0.1743 | 0.0466 | 0.1689 | 0.0461 | 0.1949 | 0.0481 | 0.1567 | 0.0410 | 0.1874 | 0.0488
=
) 10 | 0.1893 | 0.0496 | 0.1587 | 0.0423 | 0.1910 | 0.0512 | 0.1823 | 0.0487 | 0.1886 | 0.0489
- 6 0.1764 | 0.0500 | 0.1739 | 0.0457 | 0.1869 | 0.0496 | 0.1999 | 0.0549 | 0.1878 | 0.0488
Pl
1Q 8 0.1805 | 0.0491 | 0.1898 | 0.0505 | 0.1965 | 0.0539 | 0.1639 | 0.0448 | 0.1954 | 0.0527
39
© 10 | 0.1814 | 0.0500 | 0.1900 | 0.0525 | 0.1907 | 0.0522 | 0.1530 | 0.0418 | 0.1820 | 0.0518

ﬁﬂmﬁmﬁfﬂiummﬁmié”;whﬁmﬂfﬂiummﬁau@hﬂwﬁﬂiuﬁmmmmwwmLLu'me

YDIMAIVBTUIUANDgHHENNEES [N IUTUTITR 6 V1S Fuil 1 WA Azl

) A

B

A

— X AURUILULYDIVDINAD
A-B

wnuinlueINA

R RV

0.1672

ATANNRUILUUVDIVDWMED = 0.786

x 0.786 = 1.0538 g/cm’

0.1672-0.0425

WIEary A1ATIUILINTLYRLUINealilluulaed Waveuusedn 6 ursTud 1

-

AU 1.0538 ¢/cm’




AN N.12 NANISNAADUAIUNU LY

o e L3989 AMURUILUY (g/cm?)
YUNIE) g g g g T X
(bar) YUNT | JUN2 | JuN3 | Iund | Iuns
6 1.0538 1.0658 1.0640 1.0699 1.0642 1.0635
ney1Uu 8 1.0754 | 1.0746 1.0755 1.0734 1.0659 1.0730
10 1.0876 1.0899 1.0930 1.0691 1.0911 1.0861
6 1.0604 | 1.0743 1.0598 1.0642 1.0569 1.0631
Yunang 8 1.0728 1.0810 1.0434 1.0644 1.0627 1.0649
10 1.0650 1.0716 1.0738 1.0724 1.0611 1.0688
1.0968 1.0661 1.0699 1.0835 1.0619 1.0756
azLoun 8 1.0796 1.0709 1.0830 1.0816 1.0763 1.0783
10 1.0850 1.0860 1.0821 1.0813 1.0987 1.0866
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HanageuAIANnILUUNlaNmEalukdazsuInvesegiiounosd Lasus8nun

° ~ | a v
AUIAULNMALRAYAL LA

_o¥oxi
g - ZizXi

09
v n

Xi LNUNANISNAADUAIUNU LY
N LAUIIUIUAIDYNRNANITNAADUAITNAUNLLUY

TR xi 1.0538+1.0658+1.0604+1.0699+1.0642
o _ Zi=1

! - 1.0635 g/cm’

n 5
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LS90R

ASANUNIUANUSDU(Thermal Resistance)

v (bar) &4 &4 (225) = 24 24 X
YUN 1 YUN 2 YUN 3 FUN 4 YUN 5

0.0214 0.0229 0.0235 0.0244 0.0243 0.0233
U 8 0.0227 0.0228 0.0225 0.0257 0.0231 0.0234
10 0.0214 0.0258 0.0288 0.0397 0.0392 0.0310
6 0.0307 0.0308 0.0245 0.0249 0.0288 0.0279
Junang 8 0.0272 0.0226 0.0248 0.0302 0.0295 0.0269
10 0.0311 0.0289 0.0298 0.0290 0.0295 0.0297
0.0366 0.0286 0.0267 0.0304 0.0339 0.0312
avlaun 8 0.0235 0.0257 0.0355 0.0372 0.0328 0.0309
10 0.0385 0.0387 0.0391 0.0235 0.0288 0.0337

UIHaNAFaUAINITAIUNIUAIINST UL lukdazvuInTesegileurasduas

LSIDAUIPWIULNDUALRAL AL LA

Gk
Y

_ Yl.xi
g . zi=X

n

_o¥oxi
g - ZizXi

X WIUNANISVAGDUNITAIUNIUAILSDU

LNUTIUIUAIBENNANITNAFDUNITANUNIUAILS DY

0.0214+0.0229+0.0235+0.0244+0.0243

5

- 0.0233 (m?.K) /W
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n1511ANSeU (Thermal Conductivity)

vinan Haeen W/(mK) X
(bar) 2 g 2 g 2 g X g .
Jun1 | TuN 2 TJUN 3 TuN 4 JUN 5
0.2083 0.2173 0.2290 0.2304 0.2302 0.2230
neu 8 0.2108 0.2173 0.2272 0.2298 0.2285 0.2227
10 0.2173 0.2189 0.2211 0.2198 0.2186 0.2191
6 0.1667 0.1667 0.2083 0.2083 0.2076 0.1915
J1unang 8 0.1852 0.2273 0.2084 0.1667 0.2174 0.2010
10 0.1889 0.1775 0.1852 0.1808 0.1868 0.1838
0.1389 0.1786 0.1923 0.1667 0.1832 0.1719
AvLoYn 8 0.2174 0.2017 0.2124 0.1425 0.1498 0.1848
10 0.1455 0.1482 0.1488 0.2174 0.2052 0.1730

UHanagouAINIsUIANTaunlaaualuLiazuuInvetegiileunoaduash s

° ~ | a v
AUIAULNMALRAYAL LA

n

i=1 X!

n .
i=1 X1

n

X UWIUNANISNAGOUNISUNIAIINSDU

0.0283+0.2173+0.2290+0.2304+0.2302

5

WNUTIUIUFIDEINANITNAFDUNITUIANLS DU

= 0.2230 W/(mK)




M50 n.15 asunanisnaaeudan egiiounayd 1nndesasesds UHT Slaifa

&0

AINAFBUY
N3 N15U"
o o A1 A9 A3
YN | WINEA | N1TeA - b9 an Ay Y AU
o v INON W - N , ATUNIY 9
G (bar) 1A3 ATEWNN IEY o | AULUY Y J9U
' (MPa) o | GShore- | ¥ 28 s | ANUTBU
(MPa) (J/m9) 1N (gm”) ) (W/mK)
D) (%) (M~.K/W)
(%)
6 18.57 9.92 100.77 50.00 | 0.79 | 0.89 1.064 0.023 0.223
ey 8 18.30 9.94 110.26 50.40 | 0.71 | 0.86 1.073 0.023 0.223
10 18.23 10.66 110.99 5240 | 0.62 | 0.70 1.086 0.031 0.219
6 18.54 9.38 105.26 49.20 | 0.58 | 0.82 1.063 0.028 0.192
U1y
N 8 17.99 10.05 108.51 52.00 | 0.56 | 0.78 1.065 0.027 0.201
10 17.07 10.11 108.98 50.60 | 0.53 | 0.66 1.069 0.028 0.184
6 18.01 9.74 104.22 49.80 | 0.32 | 0.71 1.076 0.031 0.172
azLoen 8 1712 | 1031 | 10824 | 5280 | 0.31 | 0.70 | 1.078 | 0.031 0.185
10 15.10 10.40 108.75 52.60 | 0.24 | 0.67 1.087 0.034 0.173
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Back to Polymers & Plastics (/polymers-plastics/) Share

Water Absorption ASTM D570
Water Absorption 24 Hour/Equilibrium ASTM D570

Scope:

Water absorption is used to determine the amount of water absorbed under specified conditions. Factors affecting water absorption include: type of
plastic, additives used, temperature and length of expasure. The data sheds light on the performance of the materials in water or humid
environments.

Test Procedure:

For the water absorption test, the specimens are dried in an oven for a specified time and temperature and then placed in a desiccator to cool.
Immediately upon cooling the specimens are weighed. The material is then emerged in water at agreed upon conditions, often 23°C for 24 hours or
until equilibrium. Specimens are removed, patted dry with a lint free cloth, and weighed.

Specimen size:
Two inch diameter disks, 0.125" or 0.250" thick.

Data:
Water absorption is expressed as increase in weight percent.
Percent Water Absorption = [(Wet weight - Dry weight)/ Dry weight] x 100

Equipment Used:

Mettier balance

**Please note that this test description is intentionally generic in nature and aimed at providing a descriptive summary to enhance test
understanding. Standards can be obtained from appropriate standard authorities.

Testiopedia - The Plastics Testing Encyclopedia (/polymers/testiopedia/)
Moisture Content ASTM D789, IS0 15512 {/polymers/testiopedia/moisture-content-astm-d789/)

Need heip or have a question?

SEND US A REQUEST

+65 6805 4800

Email (mailto:web.cp-apac@intertek.com?subject=Water Absorption ASTM D570 (25544))

Polymers & Plastics (/polymers/)

Physical and Mechanical Testing of Polymers (/polymers/testing/mechanical/)

Polymers and Plastics Chemical Testing (/polymers/testing/analytical/)

Polymer Regulatory and Consulting Services (/polymers/consulting/regulatory/)

Polymer Product Processing Development Support (/polymers/pilot-plant-processing/)

Polymer Applications {/polymers/applications/)

Microbeads and Microplastics Testing and Consultancy (/polymersvlastics/microbeads'am-mkmpiastics-tesung-and{onsultancyl)
Testlopedia® (/polymers/testiopedia/)

Composites Testing {/compesites/)

Recycled Plastics Analysis (/analytical-laboratories/recycled-plastics/)

Automotive Polymers and Plastics Testing (/automotive/polymers-and-plastics-testing/)

http://www.intertek.com/polymers/testiopedia/water-absorption-astm-d570/



302017 Water Absorption ASTM D570

Flexible Polymer Packaging Testing (/packaging/testing/film-sheet/ ) 1 O 5
Plastics A to Z (/polymers/a-to-2/ )
Coatings and Thin Films Analysis and Testing (/chemicals/coatings-thin-films/)

Resources:

Reference Guide to Evaluating Assembly Failure of Composites and Plastics (/polymers/testiopedia/evaluating-assembly-failure-reference-
guide/)

Polymers and Plastics
Global Polymers and Plastics Testing {/polymers-plastics/)
Polymer and Plastics Services from A-Z (/polymers/a-to-z/)

{findustries/) (/knowledge-education/)
(/about/) {(/contact/}

T Intertek Group pic
U) Disclaimer (/legal/) Terms {/terms/) Privacy (/privacy/) Cookies {/cookie-poticy/) Client Portals {/client-portals/)

http/iwww.intertek.com/polymer s/testiopedia/water-absorption-astm-d570/



Designation: D 638 - 02a

Standard Test Method for

Tensile Properties of Plastics’

85

This standard is issued under the fixed designation D 638; the number immediately following the designation indicates the year of
o:iginalwmw.indncaseofmis‘wn.ﬂnmﬁwm.AwmmmMmMmﬁrymﬁimmmw.A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This test method covers the determination of the tensile
properties of unreinforced and reinforced plastics in the form
of standard dumbbell-shaped test specimens when tested under
defined conditions of pretreatment, temperature, humidity, and
testing machine speed.

1.2 This test method can be used for testing materials of any
thickness up to 14 mm (0.55 in.). However, for testing
specimens in the form of thin sheeting, including film less than
1.0 mm (0.04 in.) in thickness, Test Methods D 882 is the
preferred test method. Materials with a thickness greater than
i4 mm (0.55 in.) must be reduced by machining.

1.3 This test method includes the option of determining
Poisson’s ratio at room temperatore.

Nove 1-—This test method and ISO 527-1 are technically equivalent.

Note 2-—This test method is not intended to cover precise physical
procedures. It is recognized that the constant rate of crosshead movement
type of test leaves much to be desired from a theoretical standpoint, that
wide differences may exist between rate of crosshead movernent and rate
of strain between gage marks on the specimen, and that the testing speeds
specified disguise important effects charscteristic of materals in the
plastic state. Further, it is realized that variations in the thicknesses of test
specimens, which are permitted by these procedures, produce variations in
the surface-volume ratios of such specimens, aud that these variations may
influence the test results. Hence, where directly comparable results are
desired, all samples should be of equal thickuess. Special additional tests
should be used where more precise physical data are needed.

Nome 3—This test method may be used for testing phenolic molded
resin or laminated materials. However, where these materials ave used as
electrical insulation, such materials should be tested in accordance with
Test Methods D 229 and Test Method [ 651.

Now 4—For tensile propertics of resin-mawrix composites reinforced
with criented continuous or discontinuous high modulus >20-GPa
(>3.0 X 10%psi) fibers, tests shall be made in accondance with Test
Method D 3039/D 3039M.

1.4 Test data obtained by this test method are relevant and
appropriate for use in engineering design.

1.5 The values stated in SI units are to be regarded as the
standard. The valpes given in parentheses are for information
only.

* This test method js under the jurisdiction of ASTM Committee D20 on Plastics
and is the direct responsibility of Subcommitiee D20.10 on Mechanical Properties.

Cument edition approved November 10, 2002. Published January 2003. Origi-
nally spproved in 1941. Last previous edition approved in 2002 as D 638 - 02.

1.6 This standard does not purport to address all of the
safety concerns, if any, associgted with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prier to use.

2. Referenced Documents

2.1 ASTM Standards:

D 229 Test Methods for Rigid Sheet and Plate Materials
Used for Electrical Insulation®

D 412 Test Methods for Vulcanized Rubber and Thermo-
plastic Elastomers— Tension®

D 618 Practice for Conditioning Plastics for Testing®

D 651 Test Method for Tensile Strength of Molded Electri-
cal Insulating Materials®

D 882 Test Methods for Tensile Properties of Thin Plastic
Sheeting®

D 883 Terminology Relating to Plastics®

D 1822 Test Method for Tensile-Impact Energy to Break
Plastics and Electrical Insulating Materials®

D 3039/D 3039M Test Method for Tensile Properties of
Polymer Matrix Composite Materials®

D400(7) Classification System for Specifying Plastic Mate-
rials

D 4066 Classification System for Nylon Injection and Ex-
trusion Materials’

D 5947 Test Methods for Physical Dimensions of Solid
Plastic Specimens®

E 4 Practices for Force Verification of Testing Machines®

E 83 Practice for Verification and Classification of Exten-
someter”

E 132 Test Method for Poisson’s Ratio at Room Tempera-
m@

E 691 Practice for Conducting an Interlaboratory Study to

* Annual Book of ASTM Standards, Vol 10.01.
3 Annual Book of ASTM Standards, Vol 09.01.
* Annual Book of ASTM Standards, Vol 08.01.
* Discontinued; sec 1994 Amual Book of ASTM Siandards, Vol 10.01.
® Amnual Book of ASTM Standards, Vol 15.03.
7 Aanual Book of ASTM Standards, Vol 08.02,
® Annual Book of ASTM Standards, Vol 08.03.
? Anmual Book of ASTM Standards, Vol 03.01.

*A Summary of Changes section appears ai the end of this standard.
Copyright © ASTM infemationa!, 100 Barr Harbor Drive, PO Box G700, West Conshohacken, PA 19428-2059, United States.
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. Determiine the Precision of a Test Method'®
22 IS0 Standard:
ISO 527-1 Determination of Tensile Properties’!

' 3. Terminology
3,1 Definitions—Definitions of terms applying to this test
method appear in Terminology D 883 and Annex A2. '

4. Significance and Use

4.1 Tmswrmhodxsdeagnedmpmducetemﬂepmpmy
data for the control and specification of plastic materials. These
data arc also useful for qualitative characterization and for
research and development. For many materials, there may be a
specification that requires the use of this test method, but with
some procedural modifications that take precedence when
adhering to the specification. Therefore, it is advisable to refer
to that material specification before using this test method.
Table 1 in Classification D 4000 lists the ASTM matesials
standards that currently exist.

4.2 Tensile properties may vary with specimen preparation
and with speed and environment of testing. Consequently,
must be carefully controlled.

4.2.1 1t is realized that 2 material cannot be tested without
also testing the method of preparation of that material. Hence,
when comparative tests of materials per se are desired, the
greatest care must be exercised to ensure that all samples are
prepared in exactly the same way, unless the test i§ to include
the effects of sample preparation. Similarly, for referee pur-
poses or comparisons within any given series of specimens,
care must be taken to secure the maximum degree of unifor-
mity in details of preparation, treatment, and handling.

4.3 Tensile properties may provide useful dati for plastics
engxmermgdemgnpmpom However, because of the high
degree of sensitivity by many plastics to rate of
straining and envi conditions, data obtained by this
test method cannot be corsidered valid for applications involv-
ing load-time scales or environments widely different from
those of this test method. In casés of such dissimilarity, no
reliable estimation of the limit of usefulness can be made for
most plastics. This sensitivity to rate of straining and environ-
ment necessitates testing over a broad load-time scale (includ-
ing impact and creep) and range of environmental conditions if
tensile properties are to suffice for engineering design pur-
poses.

Nore 5—Since the existence of a troe elastic limit in plastics (as in
many other organic materials and in many metals) is debatable, the
propriety of applying the term “elastic modulus™ in its quoted, generally
acoepted definition to describe the “stiffoess” or “rigidity” of a plastic hus
been serjously questioned. ‘The skact stress-strain characteristics of plastic
inaterials are highly dependent on such factors as rate of application of
stress, temperatuxe, previous history of specimen, etc. However, stress-
strain curves for plastics, determined as described in this test method,
almost always show a linear region at low stresses, and a straight line
drawnmmmmmonomumpumammdmm

' Annwal Book of ASTM Swandands, Vol 14.02.
" Available from American National Standards Institate, 25 'W. 43rd St, 4th
Floae, New York, NY 10036.

modulus of the usually defined type. Such a comstant is useful if is
arbitrary nature and dependence on time, tempezature, #ad similar factors
are realized.

4.4 Poisson’s Ratio—When uniaxial tensile force is applied
to a solid, the solid stretches in the direction of the applied
force (axially), but it also contracts in both dimensions lateral
to the applied force. If the solid is homogeneous and isotropic,
and the material remains clastic under the action of the applied
force, the lateral strain bears a constant relationship to the axial
strain. This constant, called Poisson’s ratio, is defined as the
pegative ratio of the transverse (negative) to axial strain under

44.1 Poisson’s ratio is used for the design of structures in
which all dimensional changes resulting from the application
of force need to be taken into account and in the application of
the generalized theory of elasticity to structural analysts.

Nore 6—The accuracy of the determination of Poisson’s ratio is
usually lmited by the accuracy of the transverse strain measmrements
becanse the perceatage errors in these measurements are usually greater
than in the axial strain measurements. Since & ratio rather than an absolute
quantity is measured, it is only necessary to know accurately the relative
value of the calibration factors of the extensometers. Also, in general, the
value of the applicd loads need not be known accurately.

5. Apparatus

3.1 Testing Machine—A testing machine of the constant-
rate-of-crosshead-movement type and comprising essentially
the following:

5.1.1 Fixed Member—A fixed or essentially statiomary

5.1.2 Movable Member—A movable member carrying a

5.1.3 Grips—Grips for holding the test specimen between
the fixed member and the movable member of the testing
machine can be either the fixed or self-aligning type.

5.1.3.1 Fixed grips are rigidly attached to the fixed and
movable members of the testing machine. When this type of
grip is used extreme care should be taken to ensure that the test
specimen is inserted and clamped so that the long axis of the
test specimen coincides with the direction of pull through the
center line of the grip assembly.

5.1.3.2 Self-aligning grips are attached to the fixed and
movable members of the testing machine in sach a manner that
they will move freely into alignment as soon as any load is
applied so that the long axis of the test specimen will coincide
with the direction of the applied pull through the center line of
the grip assembly. The specimens should be aligned as per-
fectly as possible with the direction of pull so that no rotary
motion that may induce slippage will occur in the grips; there
is a limit to the amount of misalignment self-aligning grips will
accommodate.

5.1.3.3 The test specimen shall be held in such a way that
slippage relative to the grips is prevented insofar as possible.
Grip surfaces that ave deeply scored or serrated with a pattern
similar to those of a coarse single-cut file, serrations about 2.4
mmn (0.09 in.) apart and about 1.6 mm (0.06 in.) deep, have
been found satisfactory for most thermoplastics. Finer serra-
tions have been found o be more satisfactory for barder
plastics, such as the theomoseiting materials. The serrations
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should be kept clean and sharp. Breaking in the grips may
occur at times, even when deep serrations or abraded specimen
surfaces are used; other techniques must be used in these cases.
Other techniques that have been found useful, particularly with
smooth-faced grips, arc abrading that portion of the surface of
the specimen that will be in the grips, and interposing thin
pieces of abrasive cloth, abrasive paper, or plastic, or mbber-
coated fabric, commonly called hospital sheeting, between the
specimen and the grip surface. No, 80 double-sided abrasive
paper has been found effective in many cases. An open-mesh
fabric, in which the threads are coated with abrasive, has also
been effective. Reducing the cross-sectional area of the speci-
men may also be effective. The use of special types of grips is
sometimes necessary to eliminate slippage and breakage in the
£0ps. d

5.1.4 Drive Mechanism—A drive mechanism for imparting
to the movable member a uniform, controlled velocity with
respect to the stationary member, with this velocity to be
regulated as specified in Section 8.

5.1.5 Load Indicaror—A suitable load-indicating mecha-
nism capable of showing the total tensile load carried by the
test specimen when held by the grips. This mechanism shall be
essentially free of inertia lag at the specified rate of testing and
shall indicate the load with an accuracy of *1% of the
indicated value, or better. The accuracy of the testing machine
shall be verified in accordance with Practices E 4.

Norte 7—Experience has shown that many testing machines now in use
are incapable of maintaining accuracy for as long as the periods between
inspection recommended in Practices E 4. Hence, it is recommended that
each machine be studied individuslly and verified as often as may be
found pecessary. ¥ frequently will be necessary to perform this function
daily.

5.1.6 The fixed member, movable member, drive mecha-
nism, and grips shall be constructed of such materials and in
such proportions that the total elastic longitudinal strain of the
system constitated by these parts does not exceed 1 % of the
total longitudinal strain between the two gage marks on the test
specimen at any time during the test and at any load up to the
rated capacity of the machine.

5.1.7 Crosshead Extension Indicator—A suitable extension
indicating mechanism capable of showing the amount of
change in the separation of the grips, that is, crosshead
movement. This mechanism shall be essentially free of inertial
lag at the specified rate of testing and shall indicate the
crosshead movement with an accuracy of £10% of the
indicated value.

5.2 Extension Indicator (extensometer)}—A suitable instru-
ment shall be used {pr determining the distance between two
designated points within the gage length of the test specimen as
the specimen is stretched. For referee purposes, the extensom-
eter must be set at the full gage length of the specimen, as
shown in Fig. 1. It is desirable, but not essential, that this
instrument automatically record this distance, or any change in
it, as a function of the load on the test specimen or of the
elapsed time from the start of the test, or both. If only the latter
is obtained, load-time data must also be taken. This instrument
shall be essentially free of inertia at the specified speed of

testing. Extensometers shall be classified and their calibration
periodically verified in accordance with Practice E 83.

5.2.1 Modulus-of-Elasticity Measurements—For modulyg.
of-elasticity measurements, an extensometer with a maximum
strain error of 0.0002 mm/mm (in.fin.) that automatically ang
continuously records shall be used. An extensometer classified
by Practice E 83 as fulfilling the requirements of a B
classification within the range of use for modulus measure-
ments meets this requirement.

5.2.2 Low-Extension Measurements—For elongation-at
yield and low-extension measurements (nominally 20 % or
less), the same above extensometer, attennated to 20 % extep-
sion, may be used. In any case, the extensometer system must
meet at least Class C {Practice E 83) requirements, which
include a fixed strain error of 0.001 strain or 1.0 % of the
indicated strain, whichever is greater.

5.2.3 High-Extension Measurements—For making mea-
surements at elongations greater than 20 %, messuring tech-
nigues with error no greater than * 10 % of the measured value
arc acceptable.

5.2.4 Poisson’s Ratio—Bi-axial extensometer or axial and
transverse extensometers capable of recording axial strain and
transverse strain simaltaneously. The extensometers shall be
capable of measuring the change in strains with an accuracy of
1 % of the relevant value or beiter.

Nome B—Strain gages can be used as an alternative method to measure
axial and transverse strain; however, proper techniques for mounting
strain gages arc crucial to obisining accurate data. Consult strain gage
suppliers for instruction and training in these special techniques.

5.3 Micrometers—Suitable micrometers for measuring the
width and thickness of the test specimen to an incremental
discrimination of at least 0.025 mm (0.001 in.} should be used.
All width and thickness measurements of rigid and semirigid
plastics may be measured with a hand micrometer with ratchet.
A suitable instrument for measuring the thickness of noarigid
test specimens shall have: (1} a contact measuring pressure of
25 £ 2.5 kPa (3.6 = 0.36 psi), {2) a movable circular contact
foot 6.35 2 0.025 mm (0.250 + 0.00! in.) in diameter, and (3)
a lower fixed anvil large enough to extend beyond the contact
foot in all directions and being parallel to the contact foot
within 0.005 mm (0.0002 in.) over the entire foot area. Flamess
of the foot and anvil shall conform to Test Mcthod D 5947.

5.3.1 An optional instrument equipped with a circular con-
tact foot 15.88 * 0.08 mm (0.625 = 0.003 in.) in diameter is
recommended for thickness measuring of process samples or
larger specimens at least 15.88 mm in minimum width.

6. Test Specimens

6.1 Sheet, Plate, and Molded Plustics:

6.1.1 Rigid and Semirigid Plastics—The test specimen shall
conform to the dimensions shown in Fig. 1. The Type I
specimen is the preferred specimen and shall be used where
sufficient material having a thickness of 7 mm (0.28 in.) or less
is available. The Type II specimen may be used when a
material does not break in the parrow section with the preferred
Type T specimen. The Type V specimen shall be used where
only limited material having a thickness of 4 mm (0.16 in.) or
less is available for evaluation, or where a large number of
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T
INTERNATIONAL

Standard Test Methods for

106

Density and Specific Gravity (Relative Density) of Plastics

by Displacement’

This standard is issued under the fixed designation ) 792; the number immediatcly following the designation indicates the year of
original adoption or, in the casc of revision. the year of last revision. A number in parentheses indicates the year of last reapproval. A
superseript epsilon (e} indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope*

1.1 These test methods describe the determination of the
specific gravity (relative density) and density of solid plastics
in forms such as sheets, rods, tubes, or molded items.

1.2 Two test methods are described:

1.2.1 Test Method A—For testing solid plastics in water, and

1.2.2 Test Method B—For testing solid plastics in liquids
other than water.

1.3 The values stated in ST units are to be regarded as the
standard.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

Nore 1—This standard is not equivalent to ISO 1183-1 Mecthod A. This
test method provides more guidelines on sample weight and dimension.
I1SO 1183-1 allows testing at an additional temperature of 27 + 2°C.

2. Referenced Documents

2.1 ASTM Standards: *

618 Practice for Conditioning Plastics for Testing

D891 Test Methods for Specific Gravity, Apparent, of
Liquid Industrial Chemicals

D 4968 Guide for Annual Review of Test Methods and
Specifications for Plastics

26436 Guide for Reporting Properties for Plastics and
Thermoplastic Elastomers

‘ These test methods are under the jurisdiction of ASTM Commitice D20 on
Plastics and are the direct responsibility of Subcommittee D20.70 on Analytical
Methods (Section 20.70.01).

Current edition approved June 15, 2008. Published July 2008. Originally
approved in 1944. Last previous edition approved in 2000 as D 792 - (0.

* For refi d ASTM dards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Aanual Book of ASTM
Standards volume information, refer to the standard's Document Summary page on
the ASTM website.

£ 1 Specification for ASTM Liquid-in-Glass Thermometers

£ 12 Terminology Relating to Density and Specific Gravity
of Solids, Liquids, and Gases®

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method

HEEE/ASTRL SL10 Practice for Use of the International
System of Units (SI) (the Moderized Metric System)

3. Terminology

3.1 General—The units, symbols, and abbreviations used in
these test methods are in accordance with [EEE/ASTM 8110,

3.2 Definitions:

3.2.1 specific gravity (relative densityv)—the ratio of the
mass of a given volume of the impermeable portion of the
material at 23°C to the mass of an equal volume of gas-free
distilled or de-mineralized water at the same temperature; the
form of expression shall be:

Specific gravity (relative density) 23/23°C
{or sp gr 23/23°C)

Note 2—This definition is essentially equivalent to the definition for
apparent specific gravity and apparent density in Terminology & 12,
because the small percentage difference introduced by not correcting for
the buoyancy of air is insignificant for most purposes.

3.2.2 density—cubic metre of impermeable portion of the
material at 23°C. The form of expression shall be:

D™, kg/m" (Notes 2-4)

Nore 3—The SI unit of density, as defined in IEEE/ASTM SE10, is
kg/m”. To convert density in g/em® to density in kg/m®, multiply by 1000.

Nore 4—To convert specific gravity 23/23°C to density 23°C, kg/m®,
use the following equation:

D€ kg/m® = sp gr 23/23°C % 997.5

Where 997.5 kg/m” is the density of water at 23°C.

* Withdrawn.

*A Summary of Changes section appears at the end of this standard.

G S ASTM

Py

I, 100 Barr Harbor Drive, PO Box G700, West Conshohocken, PA 19428-2959, United States.
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4. Summary of Test Method

4.1 Determine the mass of a specimen of the solid plastic in
air. It is then immersed in a liquid, its apparent mass upon
immersion is determined, and its specific gravity (relative
density) calculated.

5. Significance and Use

5.1 The specific gravity or density of a solid is a property
that is conveniently measured to identify a material, to follow
physical changes in a sample, to indicate degree of uniformity
among different sampling units or specimens, or to indicate the
average density of a large item.

5.2 Changes in density of a single material are due to
localized differences in crystallinity, loss of plasticizer, absorp-
tion of solvent, or 1o other causes. It is possible that portions of
a sample differ in density because of their differences in
crystallinity, thermal history, porosity, and composition (types
or proportions of resin, plasticizer, pigment, or filler).

5.3 Density is useful for calculating strength-weight and
cost-weight ratios.

6. Sampling

6.1 The sampling units used for the determination of spe-
cific gravity (relative density) shall be representative of the
quantity of product for which the data are required.

6.1.1 If it is known or suspected that the sample consists of
two or more layers or sections having different specific
gravities, either complete finished parts or complete cross
sections of the parts or shapes shall be used as the specimens,
or separate specimens shall be taken and tested from each
layer. The specific gravity (relative density) of the total part
shall not be obtained by adding the specific gravity of the
layers, unless relative percentages of the layers are taken into
account.

7. Conditioning

7.1 Conditioning—Condition the test specimens at
23 + 2°C and 50 = 5 % relative humidity for not less than 40
h prior to test in accordance with Procedure A of Practice
[ 618, unless otherwise specified by the contract or relevant
material specifications. In cases of disagreement, the tolerances
shall be =1°C and *2 % relative humidity.

7.2 Test Conditions—Conduct tests in the standard labora-
tory atmosphere of 23 * 2°C and 50 = 5 % relative humidity,
unless otherwise specified in this specification or by the
contract or relevant material specification. In cases of disagree-
ment, the tolerances shall be =1°C and *2 % relative humid-

ity.

TEST METHOD A FOR TESTING SOLID PLASTICS
IN WATER (SPECIMENS 1 TO 50 g)

8. Scope

8.1 This test method involves weighing a one-piece speci-
men of 1 to 50 g in water, using a sinker with plastics that are
lighter than water. This test method is suitable for plastics that
are wet by, but otherwise not affected by water.

9. Apparatus

9.1 Analytical Balance—A balance with a precision of 0.1
mg or better is required for materials having densities less than
1.00 g/em® and sample weights less than 10 grams. For all
other materials and sample weights, a balance with precision of
1 mg or better is acceptable (see Noie 5). The balance shall be
equipped with a stationary support for the imnmersion vessel
above the balance pan (“pan straddle™).

Note 5—The balance shall provide the precision that all materials
tested have three significant figures on density. In case that materials with
different densities are tested on one single balance, use the balance that
provides at least three significant figures for all materials concerned.

Nore 6—To assure that the balance meects the performance require-
ments, check on zero point and sensitivity frequently and perform periodic
calibration.

9.2 Sample Holder, corrosion-resistant (for example, wire,
gembolder, etc.).

9.3 Sinker—A sinker for use with specimens of plastics that
have specific gravities less than 1.00. The sinker shall: (7) be
corrosion-resistant; (2) have a specific gravity of not less than
7.0; (3) have smooth surfaces and a regular shape; and (4) be
slightly heavier than necessary to sink the specimen. The
sinker shall have an opening to facilitate attachment to the
specimen and sample holder.

9.4 Immersion Vessel—A beaker or other wide-mouthed
vessel for holding the water and immersed specimen.

9.5 Thermometer—A thermometer readable to 0.1°C or
better.

10. Materials

10.1 Water—The water shall be substantially air-free and
distilled or de-mineralized water.

Nore 7—Air in water can be removed by boiling and cooling the water,
or by shaking the water under vacuum in a heavy-walled vacuum flask.
(Warning—Use gloves and shielding.) If the water does not wet the
specimen. add a few drops of a wetting agent into the water. If this
solution does not wet the specimen, Method B shall be used.

11. Test Specimen

11.1 The test specimen shall be a single piece of material
with a size and shape suitable for the testing apparatus,
provided that its volume shall be not less than 1 cm® and its
surface and edges shall be made smooth. The thickness of the
specimen shall be at least 1 mm for each 1 g of weight. A
specimen weighing 1 to 5 g was found to be convenient, but
specimens up to approximately 50 g are also acceptable (see
Note 2). Care shall be taken in cutting specimens to avoid
changes in density resulting from compressive stresses or
frictional heating.

Note 8—Specifications for certain plastics require a particular method
of specimen preparation and should be consulted if applicable.

11.2 The specimen shall be free from oil, grease, and other
foreign matter.

12. Procedure
12.1 Measure and record the water temperature.



108

4 0 792 - 08

12.2 Weigh the specimen in air. Weigh to the nearest 0.1 mg
for specimens of mass 1 to 10 g and density less than 1.00
g/em’. Weigh to the nearest | mg for other specimens.

12.3 If necessary, attach to the balance a piece of fine wire
sufficiently long to reach from the hook above the pan to the
support for the immersion vessel. In this case attach the
specimen to the wire such that it is suspended about 25 mm
above the vessel support.

Note 9—If a wire is used. weigh the specimen in air after hanging from
the wire. In this case, record the mass of the specimen, a=(mass of
specimen + wire, in air) — (mass of wire in air).

12.4 Mount the immersion vessel on the support, and
completely immerse the suspended specimen (and sinkers, if
used) in water (see 0.1} at a temperature of 23 * 2°C. The
vessel must not touch sample holder or specimen. Remove any
bubbles adhering to the specimen, sample holder, or sinker, by
rubbing them with a wire. Pay particular attention to holes in
the specimen and sinker. If the bubbles are not removed by this
method or if bubbles are continuously formed (as from
dissolved gases), the use of vacuum is recommended (see Note
10). Determine the mass of the suspended specimen to the
required precision (see 12.7) (see Notwe 11). Record this
apparent mass as b (the mass of the specimen, sinker. if used,
and the partially immersed wire in liquid). Unless otherwise
specified, weigh rapidly in order to minimize absorption of
water by the specimen.

Note 10—Some specimens may contain absorbed or dissolved gases,
or irregularities which tend to trap air bubbles; any of these may affect the
density values obtained. In such cases. the immersed specimen may be
subjected to vacuum in a separate vessel until evolution of bubbles has
substantially ceased before weighing (see Test Method B). Tt must also be
demonstrated that the use of this technique leads to results of the required
degree of precision.

Note 11—It may be necessary to change the sensitivity adjustment of
the balance to overcome the damping effect of the immersed specimen.

12.5 Weigh the sample holder (and sinker, if used) in water
with immersion to the same depth as used in the previous step
(Notes 12 and 13). Record this weight as w (mass of the sample
holder in liquid).

Note 12—If a wire is used, it is convenient to mark the level of
immersion by means of a shallow notch filed in the wire. The finer the
wire, the greater the tolerance is permitted in adjusting the level of
immersion between weighings. With wire Awg No. 36 or finer, disregard
its degrees of immersion and, if no sinker is used, use the mass of the wire
in air as w

Nore 13—If the wire is used and is left attached to the balance arm
during a series of determinations, determine the mass a with the aid of a

tarc on the other arm of the balance or as in Noie 9. In such cases, care
must be taken that the change of mass of the wire (for example, from
visible water) between readings does not exceed the desired precision.

12.6 Repeat the procedure for the required number of
specimens. Two specimens per sample are recommended.
Determine acceptability of number of replicate test specimens
by comparing results with precision data given in Tables | and
2. Use additional specimens if desired.

13. Calculation
13.1 Calculate the specific gravity of the plastic as follows:
sp gr 23/23°C = alla + w — b)

where:

a = apparent mass of specimen, without wire or sinker, in
air,

b = apparent mass of specimen (and of sinker, if used)
completely immersed and of the wire partially im-
mersed in liquid, and

w = apparent mass of totally immersed sinker (if used) and
of partially immersed wire.

13.2 Calculate the density of the plastic as follows:

D™ kg/m® = sp gr 23/23°C X 97,5

13.3 If the temperature of the water is different than 23°C,
use the density of water listed in Tablc 3 directly, or use the
following equations to calculate the density of water at testing
temperature:

M = ADIA; (1

Dfconversion to 23°C), kglm3

=spgr 11, X [997.5 + (1, —23) X M) )
and
sp gr 23/23 = D {conversion to 23°C)/997.5 3)
where
M = slope,

AD = difference between the lowest and highest tempera-
ture tolerance for the standard density of water (D @
21°C - D @ 25°C),

At = difference between the highest and lowest tempera-
ture tolerance recommended, (21°C-25°C),

1, = temperature of air, and

t, = temperaturc of water.

14. Report

14.1 Report the following information:

TABLE 1 Test Method A Specific Gravity Tested in Water

Materiat Mean 84 55 ra R®
Polypropylene 0.9007 0.00196 0.00297 0.00555 0.00841
Cellulose Acetate Butyrate 1.1973 0.00232 0.00304 0.00657 0.00860
Polyphenylene Sulfide 1.1708 0.00540 0.00738 0.01528 0.02089
Thermoset 1.3136 0.00271 0.00313 0.00767 0.02171
Polyvinyi Chioride 1.3396 0.00243 0.00615 0.00688 0.01947

# 8, = within laboratory standard deviation for the individual material. it is obtained by pooling the within-laboratory standard deviations of the test results from all of the

participating laboratories:

9 S = between-laboratories reproducibility, exp as
€ r = within-laboratory critical interval between two test results = 2.8 x S,.
© R = between-laboratories critical interval between two lest results = 2.8 X Sy,

S, =[l(s:)” +(s5)" . . H{(sYn]'?
d deviation: S ={S,” + S,°]'* where S is the standard deviation of laboratory means.
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TABLE 2 Test Method B Specific Gravity Tested in Liquids Other Than Water

Material Mean sA 8.2 = RP

Polypropylene 0.8023 0.00139 0.00239 0.00393 0.00869
LDPE 0.9215 0.00109 0.00195 0.00308 0.00546
HDPE 0.9678 0.00126 0.00189 0.00356 0.00528
Thermoset 1.3130 0.00160 0.00217 0.00453 0.00608

4 8, = within laboratory standard deviation for the individual material. it is obtained by pooiing the within-aboratory standard deviations of the test results from ali of the

participating laboratories:

S,=[lts )" + (82)° - . + (8 FYn['”

# 8, = between-laboratories reproducibility, expressed as standard deviation: S = /5,7 + 5,%]" where S, is the standard ¢ ion of lab y

€ r = within-laboratory critical inferval between two test results = 2.8 X S,

2 A = between-laboratories crifical interval between two test results = 2.8 X Sp.

TABLE 3 Standard Density of Water*
"G p=lkg m™
0.0 0.1 02 03 05 0.6 07 0.8 0.9

21 997.9948 9731 9513 9294 9073 8852 8830 8406 8182 7957
22 987.7730 7503 7275 7045 6815 6584 6351 6118 5883 5648
23 997.5412 5174 4936 4697 44586 4215 3973 3730 3485 3240
24 997.2994 2747 2499 2250 2000 1749 1497 1244 0890 0735
25 997.0480 0223 99657 97078 94472 9186° 89257 8663° 8399 8135%

“Obtained from CRC Handbook of Chemistry and Physics, 78th edition, 1997-1998.

BThe leading figure decreases by 1.

14.1.1 Complete identification of the material or product
tested, including method of specimen preparation and condi-
tioning,

14.1.2 Average specific gravity (relative density) for all
specimens from a sampling unit corrected to 23.0°C (Table )
arc reported as sp gr 23/23°C=___, or average density
reported as D™= ___ kg/m?®,

Note 14—Reporting density in g/om” is also acceptable provided that
it is agreed upon by the users.

14.1.3 A measure of the degree of variation of specific
gravity or density within the sampling unit such as the standard
deviation and number of determinations on a homogeneous
material or the averages plus these measures of dispersion on
different layers or areas of a nonhomogeneous product,

14.1.4 Report the temperature of the water.

14.1.5 Report the density and specific gravity with three
significant figures.

14.1.6 Any evidence of porosity of the material or speci-
men,

14.1.7 The method of test (that is, Method A of Test Method
D 792), and

14.1.8 Date of test.

15. Precision and Bias
15.1 See Section 3.

TEST METHOD B FOR TESTING SOLID PLASTICS
IN LIQUIDS OTHER THAN WATER (SPECIMENS 1
TO 50 g)

16. Scope

16.1 Test Method B uses a liquid other than water for testing
one-piece specimens, 1 to 50 g, of plastics that are affected by
water or are lighter than water.

17. Apparatus

17.1 The apparatus shall include the balance, wire, and
immersion vessel of Section &, and, optionally, the following:

17.2 Pycnometer with Thermometer—A 25-mL  specific
gravity bottle with thermometer, or

17.3 Pycnometer—A pycnometer of the Weld type, prefer-
ably with a capacity of about 25 mL and an external cap over
the stopper.

17.4 Thermometer—A thermometer having ten divisions
per degree Celsius over a temperature range of not less than
5°C or 10°F above and below the standard temperature, and
having an ice point for calibration. A thermometer short
enough to be handled inside the balance case will be found
convenient. ASTM Thermometer 23C (see Specification I 1)
and Anschiitz-type thermometers have been found satisfactory
for this purpose.

17.5 Constant-Temperature Bath—An appropriate constant-
temperature bath adjusted to maintain a temperature of
23 = 0.5°C.

18. Materials

18.1 Immersion Liquid—The liquid used shall not dissolve,
swell, or otherwise affect the specimen, but shall wet it and
shall have a specific gravity less than that of the specimen. In
addition, the immersion liquid shall be non-hygroscopic, has a
low vapor pressure, a low viscosity, and a high flash point, and
shall leave little or no waxy or tarry residue on evaporation. A
narrow cut distilled from kerosine meets these requirements for
many plastics. The specific gravity 23/23°C of the immersion
liquid shall be determined shortly before and after each use in
this method to a precision of at least 0.1 % relative, unless it
has been established experimentally in the particular applica-
tion that a lesser frequency of determination also provides the
desired precision.

Note 15—For the determination of the specific gravity of the liquid, the
use of a standard plummet of known volume or of Method A, C, or D of
Test Methods DD 591, using the modifications required to give specific
gravity 23/23°C instead of specific gravity 60/60°F, is recommended. One
suggested procedure is the following:



110

4§ 0 792 - 08

If a constant-temperature water bath is not available, deter-
mine the mass of the clean, dry pycnometer with thermometer
to the nearest 0.1 mg on an analytical balance. Fill the
pycnometer with water (1(.1) cooler than 23°C. Insert the
thermometer-stopper, causing excess water to be expelled
through the side arm. Permit the filled bottle to warm in air
until the thermometer reads 23.0°C. Remove the drop of water
at the tip of the side arm with a bit of filter paper, taking care
not to draw any liquid from within the capillary, place the cap
over the side arm, wipe the outside carcfully, and determine the
mass of the filled bottle again to the nearest 0.2 mg. Empty the
pycnometer, dry, and fill with immersion liquid. Determine the
mass with the liquid in the same manner as was done with the
water, Calcalate the specific gravity 23/23°C of the liquid, d, as
follows:

d={b— eiw — e}

where:

¢ = apparent mass of empty pycnometer,

w = apparent mass of pycnometer filled with water at
23.0°C, and

b = apparent mass of pycnometer filled with liquid at
23.0°C.

If a constant-temperature water bath is available, a pycnom-
eter without a thermometer may be used (compare 30.2).

Notwe 16—One standard object which has been found satisfactory for
this purpose is the Reimann Thermometer Plummet. These are normally
supplied calibrated for measurements at temperatures other than 23/23°C,
so that recalibration is not necessary for the purposes of these methods.
19. Test Specimen

19.1 See Section ! 1.

20. Procedure

20.1 The procedure shall be similar to Section | 2, except for
the choice of immersion liquid, and the temperature during the
immersed weighing (12.3) shall be 23 % 0.5°C.
21. Calculation

21.1 The calculations shall be similar to Section |7, except
that d, the specific gravity 23/23°C of the liquid, shall be placed
in the numerator: (see 11.1)

Sp gr2323°C = (a X d)fta + w — b)
22. Report
22.1 See Section (4.

23. Precision and Bias

23.1 Tabies | and 2 are based on an interlaboratory study*
conducted in 1985 in accordance with Practice £ 691, involv-
ing 5 materials tested with Test Method A by six laboratories or
four materials tested with Test Method B by six laboratories.
Each test result was based on two individual determinations
and each laboratory obtained four test results for each material.
(Warning—The explanations of r and R are only intended to
present a meaningful way of considering the approximate
precision of these test methods. The data of Tables | and 2
should not be applied to acceptance or rejection of materials, as
these data apply only to the materials tested in the round robin
and are unlikely to be rigorously representative of other lots,
formulations, conditions, materials, or laboratories. Users of
this test method should apply the principles outlined in Practice
£ 691 to generate data specific to the materials and laboratory
{or between specific laboratories). The principles of 23.2-
2327 would then be valid for such data.)

23.2 Concept of r and R in Tables | and 2—If S, and S,
have been calculated from a large enough body of data, and for
test results that were averages from 4 test results for each
material, then:

23.2.1 Repeatability—Two test results obtained within one
laboratory shall be judged not equivalent if they differ by more
than the r value for that material. The concept r is the interval
representing the critical difference between two test results for
the same material, obtained by the same operator using the
same equipment on the same day in the same laboratory.

23.2.2 Reproducibility—Two test results obtained by differ-
ent laboratories shall be judged not equivalent if they differ by
more than the R value for that material. The concept R is the
interval representing the critical difference between two test
results for the same material, obtained by different operators
using different equipment in different laboratories.

23.2.3 Any judgment in accordance with 232 1 or 2322
would have an approximate 95 % (0.95) probability of being
correct,

23.3 There are no recognized standards by which to esti-
mate bias of this test method.

24. Keywords
24.1 density; relative density; specific gravity

* Supporting data are available from ASTM Headquarters. Request RR:D20-
1133
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SUMMARY OF CHANGES

Committee D20 has identified the location of selected changes to this standard since the last issue (D 792 - 00)
that may impact the use of this standard. (June 15, 2008)

(1) Deleted references to D 1898, Old Note 1, Note 6, and  (6) Clarified definition of AD and deleted “-” in equation in
rearranged the order of Notes. )

(2) Revised Note 1, ISO Statement. (7) Changed significant figures from four to three to harmo-
e O TR P . nize with Guide D 6436 in 14,1 5.

(4)“R.e-deﬁned spimﬁc grawtg‘/‘ inbyc anging :umt volume (8) Added Note 5 and Note 14,

to “given volume.” Removed “equal density of.

(5) Changed accuracy requircment for balance and thermom-

eterin 9.1, 9.5, and 1270,

(9) Editorial changes, including the removal of permissive
languages from the text.

ASTM Intemnational takes no position respecting the vakidity of any patent nghts asserted in connection with any item mentioned
in this slandard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

7Tn'sstam!ardissubpcﬂorem‘onalanytimebymerespmsbletednbalwmnmeeandmustbemwmeveryﬁeyealsand
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM international Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committes, which you may attend. I you feel that your commenis have not received a fair hearing you should
make your views known lo the ASTM Commitlee on Standards, at the address shown below.

This standard is copyrighted by ASTM intemnational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or mulliple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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Designation: D 790 - 03

Standard Test Methods for

83

Flexural Properties of Unreinforced and Reinforced Piashcs
and Electrical Insulating Materials'

Thas suudard is ssued snder the fixed designanion D 799 ihe

B T 5 L'ru mx - ik

the year of

origmal sdoption or. in the case of revision, the vear of last revision. A mambey m;:mwbm indicates the veur of fust seapproval. A
superscript cpsidore vk indicates an oditornsd chunge since the Tast reswsion o reapproval.

Fhix stmmfeerd by Beve approved for use by agencies of the Departmens of Defense

1. Scope*

I.1 These test methods cover the determination of flexural
properties of unreinforced and reinforced plastics. mncluding
high-modulus composites and electrical msulating materials in
the form of rectangular bars molded directly or cut from sheets,
plates, or molded shapes. These test methods are generally
applicable to both rigid and semimgid matenals. However,
flexural strength cannot be determined for those matenials that
do not break or that do not fail in the outer surface of the test
specimen within the 5.0 % strain limit of these test methods.
These test methods utilize a three-point loading system applied
to a sumply supported beam. A four-poimt loading system
method can be found in Test Method D 6272,

L1} Procedure 4, designed principally for matenials that
break at comparatively small deflections.

1.1.2 Procedure B. designed particularly for those matenals
that underge large deflections durtng testing.

1.3 Procedure A shall be used for measurement of Aexural
properties, particularly flexural modulus, unless the matenal
specificanon states otherwise. Procedure B may be used for
measurement of tlexural strength only. Tangent modulus data
obtained by Procedure A tends to exhibit lower swndard
deviations than comparable data obtained by means of Proce-
dure B.

1.2 Comparative tests may be run in accordance with either
procedure. provided that the procedure is found satisfactory for
the matertal being tested.

i.3 The values stated m SI units are to be regarded as the
standard. The values provided in parentheses aze for informa-
tion only.

1.4 Thiy standard does not purport to address all of the
safery concerns, if any, associated with its wse. ft is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regudatory limitations prior 1o use.

N f—These test methods aze not sechnically equivalent o ISO 178,

F These wst methods are under the smsdiction of ASTM Compumes DG oo
Plastics and are the dirost responstbility of Sub nttee D018 on Mechamonl

Cuprent edion approved Mazeh 1. 205, Published Apal 1083 Ongmally
approved w I978. Laxt previcus editon approved mn 2002 as D 790 - 42,

2. Referenced Documents

2.1 ASTM Standards:

D 618 Practice for Conditioning Plastics for Testing”

D 638 Test Method for Tensile Pwmm of Plastics’

D 883 Terminology Relating to Plastics”

D 400? Classification System for Specifving Plastic Mate-
rials

D 5947 Test Methods for Physical Dumensions of Solid
Plastic Spectmens®

D 6272 Test Method for Flexural Properties of Unrein-
torced and Reinforced Plastics and Flectrical Insulating
Materials by Four-Point Bending*

E 4 Practices for Force Verification of Testing Machines®

E 691 Practice for Conducting an Interlaboratory Study to
Determine the Precision of a Test Method”

3. Terminelogy

3.1 Defimtions—Definitions of werms applying to these test
methods appear m Termmology D 883 and Annex Al of Test
Method D 638,

4. Summary of Test Method

4.1 A bar of rectangular cross section rests on two supports
and 1s loaded by means of a loading nose midway between the
supports {see Fig. 1) A support span-to-depth ratio of 16:1
shalf be used unless there is reason to suspect that a larger
span-to-depth ratio may be required, as may be the case for
certain laminated materials (see Section 7 and Neote R for
guidance}.

4.2 The specimen is deflected unul rupture occurs in the
outer surface of the test specimen or until 2 maximum strain
(see 12.7) of 5.0 % is reached, whichever occurs first.

4.3 Procedure A employs a strmn rate of 0.01 mm/mm/min
{001 n/in/min] and is the preferred procedure for this test
method, while Procedure B employs a sirain rate of 0.10
m/ s min (010 o /min)

* Ammaad Buok of ASTM Stavstiards. Vo) 98,04
* Aonual Book of ASTM Standards. Vot 08.02.
* At Book of ASTM Stasdasds. Vol G803,
* Aozt Bowk of ASTM Standinds. Vol 0307
A Book af ISTM Smndards, Vol 1400

*A Summary of Changes section appears at the end of this standard.

Copyright & ASTM
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Nowe—(a) Minimym radivs = 3.2 mm {4 m] () Mavmum radius
supports L6 times specimen depth: maximum radivs foading nose = 4
tmes specimen depth.

FIG. 1 Allowable Range of Loading Nose and Support Radii

5. Significance and Use
5.1 Flexural properties as determined by these test metheds
are especially useful for quality control and specification

purposes,

5.2 Materials that do not fail by the maximum strain
allowed under these test methods (3-point bend} may be more
suited to a 4-point bend test. The basic difference between the
two test methods s i the location of the maximum bending
moment and maximum axial fiber stresses. The maximum axial
fiber stresses occur on a hine under the loading nese in 3-point
bending and over the area between the leading noses i 4-poimt
bending.

5.3 Flexural propertics may vary with specumen depth.
temperature., atmospheric conditions, and the difference in rate
of straining as specified in Procedures A and B {see also Note
8).

3.4 Before proceeding with these test metheds. reference
should be made mttk:speuﬁmnmenhemmﬁbemgtmd_
Any test specimen preparation, conditioning. dimensions. or
testing parameters, or combination thercof. covered in the
materials specification shall take precedence over those men-
Wmmmmhmhlfﬂmnemnmm!spemh»
cattons, then the default conditions apply. Table | in Classifi-
cation System D 4000 lists the ASTM materials standards that
currently exist for plastics.

6. Apparatus 2

6.1 Testing Machine— A properly calibrated testing ma-
chine that can be aperated at constant rates of crosshead motion
over the range indicated, and in which the error in the load
measuring system shall not exceed =1 % of the maximum load
expected to be measured. It shall be equipped with a deflection
measuring device. The stiffness of the testing machine shatl be
such that the total elastic deformation of the system does not
exceed | % of the total deflection of the test specimen duning
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TABLE 1 Flexural Strength

Values Expressed in Units of %
Matesial Mean, 10° psi of 107 psi

w* A & R
ABS 899 1.5 6.05 4.44 7.2
DAP thermoset 4.3 858 658 188 186
Cast acrylic 163 162 1.3 473 RO
GR polyester 195 143 - 214 405 6.08
GR polycarbonate g 518 805 1486 7.1
SMC 269 4.76 719 135 204

2 ¥, = within-laboratory coefficient of variation for the indicated material It is
obtaned by first pooling the wi ory standard deviations of the test
resylts from: aff of the participating laboratories: & = fis, P+ {s.F .. .+ {5,571
wz then ¥, = {5, divided by the overall average for the material) » 100.

Y. =b {at v reproducibility, expe d as Hhe coeficent of vana-
fion: Sg =185+ 8.5 where S, is the standard deviation of laboratory means.
mvﬁ-{s memwbmm;um

“ p= within-faboratory crtical interval e test =28 x V.

7R = hetween-laboratory critical inferval belween hwo test results = 2.8 % ¥y,

testing. or appropriate comections shall be made. The load
indicating mechanism shall be essentially free from inertial lag
ai the crosshead rare used. The accuracy of the testing machine
shall be venfied in accordance with Practices E 4.

6.2 Loading Noses and Supports—The loading nose and
supports shall have cylindrical surfaces. In order 0 avoid
excessive indentation. or failure due to stress concentration
directly under the loading nose. the radii of the loading nose
and supports shall be 5.0 = 0.1 mm [0.197 * 0.004 in.| unless
otherwise specified or agreed upon between the interested
chients. When other loading noses and supports are used they
must comply with the following requirements: they shall have
a mimmum radius of 3.2 mm [Us in ] for all specimens, and for
spectmens 3.2 mm or greater in depth. the radius of the
supports may be up to 1.6 times the specimen depth. They shail
be this large if significant indentation or compressive failure
occwrs. The are of the loading nose i contact with the
specimen shall be sufficiently large to prevent contact of the
specimen with the sides of the nose (see Fig. 1). The maximum
radius of the loading nose shall be no more than 4 times the
specimen depth.

Nopgr Z-—Test daty have shown that the fvading nese and support
dimensions can wfluence the Hesural modulus and flexural strength
vajues. The loading aose dimension bas the greater influence. Dimenstons
aimemmgmmwmmk%ﬂﬁcdmmemf
specification.

6.3 Micrometers— Suitable micrometers for measuring the
width and thickness of the test specimen to an incremental
diserimination of at least 0.025 mm [0.001 in.] should be used.
All width and thickness measurements of rigid and semvirigid
plastics may be measured with a band micrometer with ratchet.
A switable instrument for measuring the thickness of nonngid
test specimens shall have: a contact measuring pressure of
25 = 25 kPa [3.6 * 0.36 psi], a movabie circular contact foot
6.35 = 0.025 mm [0.230 = 0001 in.] in diameter and a lower
fixed anvil large enough to extend beyond the contact foot in
all directions and being parallel to the contact foot within 0.005
mm [0.002 in.] over the entire foot area. Flatness of foot and
anvil shall conform to the portion of the Calibration section of
Test Methods D 5947.
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Rubber Property—Durometer Hardness'

This standard is issued under the fixed designation D 2240; the
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Iv £l

ing the desig midicates the year of

original adoption or, in the case of revision, the vear of last revision. A number in parentheses indicates the vear of last reapproval. A
superscript epsilon (€) indicates an editorial change since the last revision or reapproval.

This standcard has been approved for use by agencies of the Department of Defense.

1. Scope

1.1 This test method describes twelve types of rubber
hardness measurement devices known as durometers: Types A,
B, C, D, DO, E, M, O, 00, 000, 000-8, and R. The
procedure for determining indentation hardness of substances
classified as thermoplastic elastomers, vulcanized (thermoset)
rubber, elastomeric materials, cellular materials, gel-like ma-
terials and some plastics is also described.

1.2 This test method is not equivalent to other indentation
hardness methods and instrument types, specifically those
described in Test Method D 1415.

1.3 This test method is not applicable to the testing of
coated fabrics.

1.4 The values stated in SI units are to be regarded as
standard. The values given in parentheses are for information
only. Many of the stated dimensions in SI are direct conver-
sions from the U. S. Customary System to accommodate the
instrumentation, practices and procedures that existed prior to
the Metric Conversion Act of 1975.

1.5 All materials, instruments, or equipment used for the
determination of mass, force or dimension shall have traceabil-
ity to the National Institute for Standards and Technology, or
other internationally recognized organization parallel in nature.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 374 Test Methods for Thickness of Solid Electrical Insu-
lation?

D 618 Practice for Conditioning Plastics for Testing?

D 785 Test Method for Rockwell Hardness of Plastics and
Electrical Insulating Materials®

" This test method is under the jurisdiction of ASTM Committee D11 on Rubber
and is the direct responsibility of Subcommitiee D11.10 on Physical Testing.

Current edition approved May 10, 2003, Published May 2003. Originally
approved in 1964, Last previous edition approved in 2002 as D 2240 - 02b.

* Annual Book of ASTM Standards, Vol 10,01,

Y Annual Book of ASTM Standards, Vol 08.0.

D 1349 Practice for Rubber—Standard Temperatures For
Testing®

D 1415 Test Method for Rubber Property—International
Hardness*

D 4483 Practice for Determining Precision for Test Method
Standards in the Rubber and Carbon Black Industries*

F 1957 Test Method for Composite Foam Hardness-
Durometer Hardness®

2.2 ISO Standards:

ISOAEC 17025: 1999 General Requirements for the Com-
petence of Testing and Calibration Laboratories®

3. Summary of Test Method

3.1 This test method permits hardness measurements based
on either initial indentation or indentation after a specified
period of time, or both. Durometers with maximum reading
indicators used to determine maximum hardness values of a
material may yield lower hardness when the maximum indi-
cator is used.

3.2 The procedures for Type M, or micro hardness durom-
eters, accommodate specimens that are, by their dimensions or
configuration, ordinarily unable to have their durometer hard-
ness determined by the other durometer types described. Type
M durometers are intended for the testing of specimens having
a thickness or cross sectional diameter of 1.25 mm (0.050 in.)
or greater, although specimens of lesser dimensions may be
successfully accommodated under the conditions specified in
Section 6, and have a Type M durometer hardness range of
between 20 and 90. Those specimens which have a durometer
hardness range other than specified shall use another suitable
procedure for determining durometer hardness.

4. Significance and Use

4.1 This test method is based on the penetration of a specific
type of indentor when forced into the material under specified
conditions. The indentation hardness is inversely related to the
penctration and is dependent on the elastic modulus and
viscoelastic behavior of the material. The geometry of the

* Annual Book of ASTM Standards, Vol 09.01.

* Annuat Book of ASTM Standards, Vol 15.07.

* Available from Intemational Orgamzation for Standardization (1S0), | rue de
Varembé, Case postale 56, CH-1211, Geneva 20, Switzerland.

Copyright © ASTM Intemational, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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FIG. 1 (a) Type A and C indentor

indentor and the applied force influence the measurements
such that no simple relationship exists between the measure-
ments obtained with one type of durometer and those obtained
with another type of durometer or other instruments used Jor
measuring hardness. This test method is an empirical test
intended primarily for control purposes. No simple relationship
exists between indentation hardness determined by this test
method and any fundamental property of the material tested.
For specification purposes it is recommended that Test Method
D 785 be used for materials other than those described in 1.1.

5. Apparatus

5.1 Hardness measuring apparatus, or durometer. and an
operating stand, Type 1, Type 2, or Type 3 (see 5.1.2)
consisting of the following components:

5.1.1 Durometer:

5.1.1.1 Presser Foor, the configuration and the total area of
a durometer presser foot may produce varying results when
there are significant differences between them. It is recom-
mended that when comparing durometer hardness determina-
tions of the same type (see 4.1), that the comparisons be
between durometers of similar presser foot configurations and
total area, and that the presser foot configuration and size be
noted in the Hardness Measurement Report (see 10.2.4 and
113

5.1.1.2 Presser Foot, Types A, B, C, D, DO, E, 0, 00,
000, and O0O0-8, with an orifice (to allow for the protrusion
of the indentor) having a diameter as specified in Fig. 1 (a, b,
¢, d, e, f, and g), with the center a minimum of 6.0 mm (0.24
in.) from any edge of the foot. When the presser foot is not of
a flat circular design, the arca shall not be less than 500
mm? (19.7 in?).”

Note 1-—The Type OOO and the Type 00O-S, designated herein,
differ in their indentor configuration, spring force, and the results
obtained. See Table 1 and Fig. 1 (e and g).

5.1.1.3 Presser Foor—flat circular designs designated as
Type xR, where x is the standard durometer designation and R
indicates the flat circular press foot described herein, for
example, Type aR, dR, ete. The presser foot, having a centrally

" The Type 00O0-S. manufactured by the Shore Instrument Company, Division
of Instron Corporation, Canton, MA, was previously designated as Type 00O

lacated orifice (to allow for the protrusion of the indentor) of a
diameter as specified in Fig. 1 (a through g). The flat circular
presser foot shall be 18 = 0.5 mm (0.71 = 0.02 in.) in
diameter. These durometer types shall be used in an operating
stand (see 5.1.2).

fa) Durometers having a presser foot configuration other
than that indicated in 5.1.1.3 shall not use the Type xR
designation, and it is recommended that their presser foot
configuration and size be stated in the Hardness Measurement
Report (see 10.2.4).

5.1.1.4 Presser Foot, Type M, with a centrally located
orifice (to allow for the protrusion of the indentor), having a
diameter as specified in Fig. 1 (d), with the center a minimum
of 1.60 mm (0.063 in.) from any edge of the flat circular
presser foot. The Type M durometer shall be used in a Type 3
operating stand (see 5.1.2.4).

5.1.1.5 Indentor, formed from steel rod and hardened to 500
HV10 and shaped in accordance with Fig. 1 (a, b, ¢, d, e, or £),
polished over the contact area so that no flaws are visible under
20 magnification, with an indentor extension of 2.50 = 0.04
mm (0.098 = 0.002 in.).

5.1.1.6 Indenmtor, Type OOO-S, formed from steel rod and
hardened to 500 HV 10, shaped in accordance with Fig. 1 (f).
polished over the contact area so that no flaws are visible under
20% magnification, with an indentor extension of 5.00 = 0.04
mm (0.198 = 0.002 in.),

5.1.1.7 Indentor, Type M, formed from steel rod and hard-
ened to 500 HV10 and shaped in accordance with Fig. 1 (d),
polished over the contact area so that no flaws are visible under
50X magnification, with an indentor extension of 1.25 + 0.02
mm (0.049 = 0.001 in.).

5.1.1.8 Indentor Extension Indicator, analog or digital elec-
tronic, having a display that is an inverse function of the
indentor extension so that:

fa) the display shall indicate from 0 to 100 with no less than
100 equal divisions throughout the range at a rate of one
hardness point for each 0.025 mm (0.001 in.) of indentor
movement,

(b) the display for Type O0O-S durometers shall indicate
from 0 to 100 with no less than 100 equal divisions throughout
the range at a rate of one hardness point for cach 0.050 mm
(0.002 in.) of indentor movement,
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FIG. 1 {b) Type B and D Indentor (continued)
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FIG. 1 (c) O, DO, and OO Indentor (continued)
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FIG. 1 (d} Type M Indentor (continued)

(c) the display for Type M durometers shall indicate from 0
to 100 with no less than 100 equal divisions at a rate of one
hardness point for each 0.0125 mm (0.0005 in.) of indentor
movement, and

(d) in the case of analog dial indicators having a display of
3607, the points indicating 0 and 100 may be at the same point
on the dial and indicate 0, 100, or both,

5.1.1.9 Timing Device (optional), capable of being set to a
desired elapsed time, signaling the operator or holding the
hardness reading when the desired elapsed time has been
reached. The timer shall be automatically activated when the

presser foot is in contact with the specimen being tested, for
example, the initial indentor travel has ceased. Digital elec-
tronic durometers may be equipped with electronic timing
devices that shall not affect the indicated reading or determi-
nations attained by more than onec-half of the calibration
tolerance stated in Table 1.

5.1.1.10 Maximum indicators (optional), maximum indicat-
ing pointers are auxiliary analog indicating hands designed to
remain at the maximum hardness value attained until reset by
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FIG. 1 (f) Type OOO0-S indentor (continued)

the operator. Electronic maximum indicators are digital dis-
plays electronically indicating and maintaining the maximum
value hardness valued achieved until reset by the operator.

5.L.1.LI1 Analog maximum indicating pointers have been
shown to have a nominal effect on the values attained,
however, this effect is greater on durometers of lesser total
mainspring loads, for example, the effect of a maximum
indicating pointer on Type D durometer determinations will be
less than those determinations achieved using a Type A
durometer. Analog style durometers may be equipped with
maximum indicating pointers. The effect of a maximum
indicating pointer shall be noted at the time of calibration in the
calibration report (sce 10.1.5), and when reporting hardness
determinations (see 10.2.4). Analog Type M, 00, 00O, and
Type OOO-S durometers shall not be equipped with maximum
indicating pointers.

5.1.1.12 Digital electronic durometers may be equipped
with electronic maximum indicators that shall not affect the
indicated reading or determinations attained by more than one
half of the spring calibration tolerance stated in Table 1.

5.1.1.13 Calibrated Spring, for applying force to the inden-
tor, in accordance with Fig. 1 (a through g) and capable of
applying the forces as specified in Table 1.

5.1.2 Operating Stand (Fig. 2):

5.1.2.1 Type 1, Type 2, and Type 3, shall be capable of
supporting the durometer presser foot surface parallel to the
specimen support table (Fig. 3) throughout the travel of cach.
The durometer presser foot to specimen support table parallel-
ism shall be verified each time the test specimen support table
is adjusted to accommodate specimens of varying dimensions.
This may be accomplished by applying the durometer presser
foot to the paint of contact with the specimen support table and
making adjustments by way of the durometer mounting assem-
bly or as specified by the manufacturer.

5.1.2.2 Operating Stand, Tipe 1 (specimen to indentor
type), shall be capable of applying the specimen to the indentor
in a manner that minimizes shock.

5.1.2.3 Operating Stand, Tipe 2 (indentor to specimen
type), shall be capable of controlling the rate of descent of the
indentor to the specimen at a maximum of 3.20 mm/s (0.125
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TABLE 1 Durometer Spring Force Calibration”
All Values are in N

Indicated Vaiue Type A, B, E, O Type C, D, DO Type M Type OO, 000 Type O00-S

0 0.55 a 0.324 0.203 0.167

10 1.3 4.445 0.368 0.294 0.343

20 205 8.89 0.412 0.385 0.520

30 2.8 13.335 0.456 0476 0.896

40 3.55 17.78 05 0.566 0.873

50 4.3 22.225 0.544 0.657 1.049

60 5.05 26.67 0.589 0.748 1.226

70 58 31.118 0.633 0.839 1402

80 8.55 35.56 0.677 0.93 1.579

90 7.3 40.005 0.721 1.02 1.755

100 8.05 44.45 0.765 1.111 1.932

Nidurometer unit 0.075 0.4445 0.0044 0.00808 0.01765

Spring Calibration = 0.075N = 0.4445N ~ 00176 N “~ 0.0182N = 0.0353 N

Tolerance

A Refer to 5.1.1.3 for the Type xR designation.

in/s) and applying a force sufficient to overcome the calibrated
spring force as shown in Table 1.

5.1.2.4 Operating Stand, Type 3 (indentor to specimen
type), hydraulic dampening, pneumatic dampening or electro-
mechanical (required for the operation of Type M durometers)
shall be capable of controlling the rate of descent of the
indentor to the specimen at a maximum of 3.2 mm/s (0.125
in/s) and applying a force sufficient to overcome the calibrated
spring force as shown in Table 1. Manual application, Type 1
or Type 2 operating stands are not acceptable for Type M
durometer operation.

5.1.2.5 The entire instrument should be plumb and level,
and resting on a surface that will minimize vibration. Operating
the instrument under adverse conditions will negatively affect
the determinations attained.

5.1.2.6 Specimen Support Table, (Fig. 3) integral to the
operating stand, and having a solid flat surface. The specimen
support platform may have orifices designed to accept various
inserts or support fixtures (Fig. 3) to provide for the support of
irregularly configured specimens. When inserts are used to
support test specimens, care must be taken to align the indentor
to the center of the insert, or the point at which the indentor is
to contact the specimen. Care should be exercised to assure that

the indentor does not abruptly contact the specimen support
table as damage to the indentor may result.

6. Test Specimen

6.1 The test specimen, herein referred to as “specimen” or
“test specimen” interchangeably, shall be at least 6.0 mm (0.24
in.) in thickness unless it is known that results equivalent to the
6.0 mm (0.24 in.) values are obtained with a thinner specimen.

6.1.1 A specimen may be composed of plied pieces to obtain
the necessary thickness, but determinations made on such
specimens may not agree with those made on solid specimens
as the surfaces of the plied specimens may not be in complete
contact. The lateral dimensions of the specimen shall be
sufficient to permit measurements at least 12.0 mm (0.48 in.)
from any edge unless it is known that identical results are
obtained when measurements are made at a lesser distance
from an edge.

6.1.2 The surfaces of the specimen shall be flat and parallel
over an area to permit the presser foot to contact the specimen
over an arca having a radius of at least 6.0 mm (0.24 in.) from
the indentor point. The specimen shall be suitably supported to
provide for positioning and stability. 4 switable hardness
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determination cannot be made on an uneven or rough point of
contact with the indentor.

6.2 Type 000, O0O-S, and M test specimens should be at
least 1.25 mm (0.05 in.) in thickness unless it is known that

results equivalent to the 1.25 mm (0.05 in.) values are obtained
with a thinner specimen.

6.2.1 A Type M specimen that is not of a configuration
described in 6.2.2 may be composed of plied picces to obtain
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FIG. 4 Detail of indentor Extension and Display Adjustment

the necessary thickness, but determinations made on such
specimens may not agree with those made on solid specimens
because the surfaces of the plied specimens may not be in
complete contact. The lateral dimensions of the specimen
should be sufficient to permit measurements at least 2.50 mm
(0.10 in.) from any edge unless it is known that identical results
are obtained when measurements are made at lesser distance
from an edge. 4 switable hardness determination cannot be
made on an uneven or rough point of contact with the indentor.

6.2.2 The Type M specimen, when configured as an o-ring,
circular band, or other irregular shape shall be at least 1.25 mm
(0.05 in.) in cross sectional diameter, unless it is known that
results equivalent to the 1.25 mm (0.05 in.) values are obtained
with a thinner specimen. The specimen shall be suitably
supported in a fixture (Fig. 3) to provide for positioning and
stability.

6.3 The minimum requirement for the thickness of the
specimen is dependent on the extent of penetration of the
indentor into the specimen; for example, thinner specimens
may be used for materials having higher hardness values. The
minimum distance from the edge at which measurements may
be made likewise decreases as the hardness increases.

7. Calibration

7.1 Indentor Extension Adjustment Procedure:

7.1.1 Place precision ground dimensional blocks (Grade B
or better) on the support table and beneath the durometer
presser foot and indentor. Arrange the blocks so that the
durometer presser foot contacts the larger block(s) and the
indentor tip just contacts the smaller block (Fig. 4). It is
necessary to observe the arrangement of the blocks and the
presser foot/indentor under a minimum of 20X magnification
to assure proper alignment.

7.1.2 Indentor extension and shape shall be in accordance
with 5.1.1.5, 5.1.1.6, or 5.1.1.7, respective to durometer type.
See Fig. 1 (a through g). Examination of the indentor under
20X magnification, 50X for Type M indentors, is required to
examine the indentor condition. Misshapen or damaged inden-
tors shall be replaced.

7.1.3 A combination of dimensional gage blocks shall be
used to achieve a difference of 2.54 + 0.00/-0.0254 mm (0.100
+0.00/-0.001 in.) between them. For Type OOO-S durometers,
the gage block dimensions are 5.08 + 0.00/-0.0508 mm (0.200
+ 0.00/-0.002 in.). For Type M durometers, the gage block

4y 0 22
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dimensions are 1.27 + 0.0/~0.0127 mm (0.050 + 0.00/-0.0005
in.) between them (Fig. 4).

7.1.4 Carefully lower the durometer presser foot until it
contacts the largest dimensional block(s), the indentor tip
should just contact the smaller block, verifying full indentor
extension.

7.1.5 Adjust the indentor extension to 2.50 = 0.04 mm
(0.098 = 0.002 in.). For Type OOO-S durometers, adjust the
indentor extension to 5.0 = 0.04 mm (0.198 = 0.002 in.). For
Type M durometers, adjust the indentor extension to 1.25 =
0.02 mm (0.049 = 0.001 in.). following the manufacturer’s
recommended procedure.

7.1.5.1 When performing the procedures in 7.1, care should
be used so as not to cause damage to the indentor tip. Fig. 4
depicts a suitable arrangement for gauging indentor extension.

7.1.6 Parallelism of the durometer presser foot to the
support surface, and hence the dimensional gage blocks, at the
time of instrument calibration, may be in accordance with Test
Method D 374, Machinist’s Micrometers, or otherwise accom-
plished in accordance with the procedures specified by the
manufacturer.

7.2 Indentor Display Adjustment:

7.2.1 After adjusting the indentor extension as indicated in
7.1, use a similar arrangement of dimensional gage blocks to
verify the linear relationship between indentor travel and
indicated display at two points: 0 and 100. Following the
manufacturer’s recommendations, make adjustments so that:

7.2.2 The indicator displays a value equal to the indentor
travel measured to within:

-0.0 +1.0 durometer units measured at 0

£0.50 durometer units measured at 100;

*1 durometer units at all other points delineated in 7.4.

7.2.3 Each durometer point indicated is equal to 0.025 mm
(0.001 in.) of indentor travel, for Type M Durometers cach
indicated point is equal to 0.0125 mm (0.0005 in.).

7.2.4 The indicator shall not display a value greater than 100
or less than O at the time of calibration.

7.2.5 Other means of determining indentor extension or
indentor travel, such as optical or laser measurement methods,
are acceptable. The instrumentation used shall have traceability
as described in 1.5.

7.2.6 The durometer shall be supported in a suitable fashion
when performing the procedures described in 7.1 and 7.2.

7.3 Calibration device:

7.3.1 The durometer spring shall be calibrated by support-
ing the durometer in a calibrating device, refer to Fig. 5, in a
vertical position and applying a measurable force to_the
indentor tip. The force may be measured by means of a balance
as depicted in Fig. 5, or an electronic force cell. The calibrating
device shall be capable of measuring applied force to within
0.5 % of the maximum spring force necessary to achicve 100
durometer units.

7.3.2 Care should be taken to ensure that the force is applied
vertically to the indentor tip, as lateral force will cause errors
in calibration. Refer to 7.1.5.1 and 7.1.6.

7.4 Spring Calibration—The durometer spring shall be
calibrated at displayed readings of 10, 20, 30, 40, 50, 60, 70,
80, and 90. The measured force (9.8 X mass in kilograms) shall
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FIG. 5 Example of Durometer Calibration Apparatus

be within the spring calibration tolerance specified in Table 1.
Table 1 Identifies the measured force applied to the indentor for
the entire range of the instrument, although it is necessary only
to verify the spring calibration at points listed herein.

7.5 Spring Calibration Procedure:

7.5.1 Ensure that the indentor extension has been adjusted
in accordance with 7.1 and the linear relationship between
indentor travel and display is as specified in 7.2.

7.5.2 Place the durometer in the calibration device as
depicted in Fig. 5. Apply the forces indicated in Table 1 so that
forces applied are aligned with the centerline of the indentor in
a fashion that eliminates shock or vibration and adjust the
durometer according to manufacturers’ recommendations so
that:

7.5.3 At the points enumerated in 7.4, the display shall
indicate a value equal to 0.025 mm (0.001 in.) of indentor
travel. For Type OOO-S durometers, the display shall indicate
a value equal to 0.05 mm (0.002 in.) of indentor travel. For
Type M durometers, the display shall indicate a value equal to
0.0125 mm (0.0005 in.) of indentor travel within the spring
calibration tolerances specified in 7.6.

7.6 Spring calibration tolerances are = 1.0 durometer units
for Types A, B, C, D, E, O, and DO, *2.0 durometer units for
Types 00, 000, and O00-S, and *4.0 durometer units for
Type M, while not indicating below 0 or above 100 at the time
of calibration (see Table 1).

1.7 Spring Force combinations:

For Type A, B. E, and O durometers:

Force, N = 0.55 + 0.075 HA
Where HA = hardness reading on Type A, B, E, and O
durometers,

For Type C, D, and DO durometers:

Force, N = 0.4445 HD
Where HD = hardness reading on Type C, D, and DO
durometers.

For Type M durometers:

Force, N = 0.324 + 0.0044 HM

Where HM = hardness reading on Type M durometers.
For Type OO and OO0 durometers:

Force, N = 0.203 + 0.00908 HOO

Where HOO = hardness reading on Type OO durometers.

For Type OOO-S durometers:
Force, N = 0.167 + 0.01765 HOOO-S
Where HOOO-S = hardness reading on Type O00-S
durometers.

7.8 The rubber reference block(s) provided for checking
durometer operation and state of calibration are not to be relied
upon as calibration standards. The calibration procedures
outlined in Section 7 are the only valid calibration procedures.
The use of metal reference blocks is no longer recommended
(see Note 2).

8. Laboratory Atmosphere and Test Specimen

Conditioning

8.1 Tests shall be conducted in the standard laboratory
atmosphere, as defined in Practice D 618, Section 4.2.

8.2 The instrument shall bc maintained in the standard
laboratory atmosphere, as defined in Practice D 618, Section
4.1, for 12 h prior to performing a test.

8.3 The specimen shall be conditioned in accordance with
condition 40/23 exclusive of humidity control, as described in
Practice D 618, Section 8.1, Procedure A and tested under the
same conditions, exclusive of humidity control.

8.4 These procedures may be modified if agreed upon
between laboratories or between supplier and user and are in
accordance with alternative procedures identified in Practice
D 618.

8.5 No conclusive evaluation has been made on durometers
at temperatures other than 23.0 = 2.0°C (734 = 3.6°F).
Conditioning at temperatures other than the above may show
changes in calibration. Durometer use at temperatures other
than the above should be decided locally (see Practice D 1349).

9. Procedure

9.1 Operating Stand Operation (Type 3 Operating Stand
Required for Type M):

9.1.1 Care shall be exercised to minimize the exposure of
the instrument to environmental conditions that are adverse to
the performance of the instrument, or adversely affect test
results.

9.1.2 Adjust the presser foot to support table parallelism as
described in 5.1.2.1. It is necessary to make this adjustment
each time the support table is moved to accommodate speci-
mens of varying dimensions.

9.1.3 Prior to conducting a test, adjust the vertical distance
from the presser foot to the contact surface of the test specimen
to 25.4 = 2.5 mm (01.00 = 0.100 in.), unless it is known that
identical results are obtained with presser foot at a greater or
lesser vertical distance from the test specimen contact surface,
or if otherwise stipulated by the manufacturer.

9.1.4 Place the specimen on the specimen support table, in
a manner that the contact point of the indentor is in accordance
with Section 6, unless it is known that identical resuits are
obtained when measurements are made with the indentor at a
lesser distance from the edge of the test specimen.

9.1.5 Actuate the release lever (Fig. 2) of the operating
stand or activate the electromechanical device, allowing the
durometer to descend at a controlled rate and apply the presser
foot to the specimen in accordance with 5.1.2. In the case of
“specimen to indentor” type operating stands, operate the lever
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or other mechanism to apply the specimen to the indentor in a
manner that assures parallcl contact of the specimen to the
durometer presser foot without shock and with just sufficient
force to overcome the calibrated spring force as shown in Table
)

9.1.6 An operating stand that applies the mass at a con-
trolled rate of descent, without shock is mandatory for Type M
durometers. Hand held application or the use of a Type 1 or
Type 2 operating stands for the Type M durometer is not an
acceptable practice, refer to 5.1.2.4.

9.1.7 For any material covered in 1.1, once the presser foot
is in contact with the specimen. for example, the initial
indentor travel has ceased, the indicated reading shall be
recorded within 1 = 0.1 s, or after any period of time agreed
upon among laboratories or between supplier and user. If the
durometer is equipped with a maximum indicator, the maxi-
mum indicated reading shall be recorded within | = 0.1 s of
the cessation of indentor travel. The indicated hardness reading
may change with time. '

9.1.8 Make five determinations of hardness at different
positions on the specimen at least 6.0 mm (0.24 in.) apart, 0.80
mm (0.030 in.) apart for Type M; and calculate the arithmetic
mean, or alternatively calculate the median. The means of
calculating the determinations shall be reported according to
10.2.8

9.2 Manual (Hand Held) Operation of Durometer:

9.2.1 Care shall be exercised to minimize the exposure of
the instrument to environmental conditions that are adverse to
the performance of the instrument, or adversely affect test
resuits.

9.2.2 Place the specimen on a flat, hard, horizontal surface.
Hold the duremeter in a vertical position with the indentor tip
at a distance from any edge of the specimen as described in
Section 6. unless it is known that identical results are abtained
when measurements are made with the indentor at a lesser
distance.

9.2.3 Apply the presser foot to the specimen, maintaining it
in a vertical position keeping the presser foot parallel to the
specimen, with a firm smooth downward action that will avoid
shock, rolling of the presser foot over the specimen, or the
application of lateral force. Apply sufficient pressure to assure
firm contact between the presser foot and the specimen.

9.2.4 For any material covered in 1.1, after the presser foot
is in contact with the specimen, the indicated reading shall be
recorded within 1 = 0.1 s, or after any period of time agreed
upon among laboratories or between supplier and user. If the
durometer is equipped with a maximum indicator, the maxi-
mum indicated reading shall be recorded within 1 = 0.1 s of
the cessation of initial indentor travel. The indicated hardness
reading may change with time.

9.2.5 Make five determinations of hardness at different
positions on the specimen at least 6.0 mm (0.24 in.) apart and
calculate the arithmetic mean, or alternatively calculate the
median. The means of calculating the determinations shall be
reported according to Section 10.2.8.

9.3 It is acknowledged that durometer readings below 20 or
above 90 are not considered reliable. It is suggested that
readings in these ranges pot be recorded.

TABLE 2 Type 1 Precision—Type M Durometer Method

Material Within Laboratories Between Laboratories

MEAN S~ & (3¢ SRP RE (R

1 318 126 358 1124 378 1063  33.41
2 408 114 3.23 790 247 7.00 1743
3 540 09875 276 511 238 673 1246
4 628 0782 221 352 224 634  10.10
5 709 0709 201 283 0974 276 389
6 806 1686  4.77 592 181 4.56 5.65
I 877 115 3.25 371 263 7.45 8.50
8 324 0947 268 826 364 1029 3173
9 418 0797 226 540 223 631 1511
10 533 0869  1.89 355 229 649 1217
1 63.2 0485  1.37 247 219 8.20 9.80
12 696 0737 209 300 099 2.80 402
13 783 0784 222 284 104 2.94 3.75
14 876 1121 347 362 285 7.4 8.55
15 341 085 2.40 705 184 520 1525
16 423 0635  1.80 425 120 339 8,01

17 546 056 1.59 2.90 2.15 6.09 11.15
18 629 1.12 3.17 5.04 147 4.18 6.61

19 703 0689 186 277 0.944 267 3.80
20 817 0483 1.37 1.67 1.10 3.10 3.80
21 87.9 0879 249 283 207 5.86 6.87
AVERAGE 614
POOLED 0.924 262 426 2.146 6.07 9.89
VALUES

4 Sr = repeatabifity standard deviation, measurement units.

B r = repeatability = 2.83 x Sr, measurement units.

() = repeatability, relative, (that is, in percent).

? SR = reproducibility standard deviation, measurement units.
£ R = reproducibility = 2.83 % SR, measurement units.

£{R) = reproducibiiity, relative, (that is. in percent).

9.4 Manual operation (hand held) of a durometer will cause
variations in the results attained. Improved repeatability may
be obtained by using a mass, securely affixed to the durometer
and centered on the axis of the indentor. Recommended masses
are 1 kg for Type A, B and O durometers, 5 kg for Type C, D
and DO durometers, and 400 g for Type OO durometers.
Further improvement may be achieved by the use of a
durometer operating stand which controls the rate of descent of
the durometer presser foot to the test specimen and incorpo-
rates the masses described above.

10. Report

10.1 Instrument Calibration Report (Durometer or Operat-
ing Stand):

10.1.1 Date of calibration.

10.1.2 Date of last calibration.

10.1.3 Calibration due date (refer to Note 2).

10.1.4 Manufacturer, type, model, and serial number of the
instrument, and a notation when a maximum indicator or
timing device is present.

10.1.5 Values obtained (pre- and post calibration results),
including a notation of the affect of a maximum indicator, if
present. The method of reporting the calibrated value shall be
by attaining the arithmetic mean of the determinations.

10.1.6 Ambient temperature.

10.1.7 Relative humidity.

10.1.8 Technician identification.

10.1.9 Applicable standards to which the instrument is
calibrated.

10.1.10 Calibrating instrument information to include type,
serial number, manufacturer, date of last calibration, calibration
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TABLE 3 Type 1 Precision—Type A Durometer Method

Material Average Within Laboratories - Between Laboratories
Level Sr” rB (n- SR7T RE RF
1 514 0.646 1.83 3.56 1.56 4.41 8.59
2 65.3 0.878 248 3.81 2.21 6.08 9.27
3 68.0 0.433 1.23 1.80 2.28 6.45 9.49
Pooled 616 0.677 1.92 31 2.018 572 928

A 8r= repeatability standard deviation, measurement units.

& = repeatability = 2.83 > Sr, measurement units.

€ () = repeatability, relative, (that is, in percent).

© SR = reproducibility standard deviation, measurement units.
£ R = reproducibility = 2.83 x SR, measurement units.

F(R) = reproducibility, relative, (that is, in percent).

TABLE 4 Type 1 Precision—Type D Durometer Method

Material Average Within Laboratories Between Laboratories
Level Sr* e (nc SR® RE RF

1 4286 0316  0.8%4 2.10 2.82 7.98 187

2 545 0.791 2.24 4.11 354 10.0 184

3 82.3 1.01 286 3.47 3.54 10.0 122
Pooled 59.8 0762 2.16 3.61 3.32 $.40 187

“ Sr= repeatability standard deviation, measurement units.

B r= repeatabiiity = 2.83 X Sr, measurement units.

© (n) = repeatabiiity, refative, (that is, in percent).

? SR = reproducibility standard deviation, measurement units.
£ R = reproducibifity = 2.83 X SR, measurement units.

Ry = reproducibility, relative, (that is, in percent).

due date (refer to Note 2) and a statement of traceability of
standards used to NIST or other acceptable organization. See
1.5.

10.2 Hardness Measurement Report:

10.2.1 Date of test.

10.2.2 Relative humidity.

10.2.3 Ambient temperature.

10.2.4 Manufacturer, type and serial number of the durom-
eter or operating stand, or both, including a notation when a
maximum indicator or timing device is present, date of last
calibration, and calibration due date (refer toNote 2).

Note 2 The calibration interval (calibration due date) for a durometer
is to be determined by the user. based upon frequency of use, severity of
conditions, environmental factors, and other variables.

Periodic checking of the operation and state of durometer calibration
using commercially available rubber test blocks (refer to 7.8), specifically
designed for this purpose, is recommended.

An instrument that has been exposed to severe shock, is visibly
damaged. produces test determinations more than 2 points different from
calibrated rubber test blocks or other reference standard, or is otherwise
suspected of unreliability. should be removed from service and retumed to
a qualified calibration facility.

A calibration interval of one year is recommended for durometer {est
blocks and durometer instruments that are infrequently used, more often
for others.

The calibration interval for instruments and peripheral devices em-
ployed in the calibration of durometers is to be determined by the
calibration service provider. It is recommended that the protocols outlined
in ISO/IEC 17025°, as required by the manufacturer, and those to which
the service is provided, be followed.

10.2.5 Means of testing, whether manual (hand held), Type
I operating stand (spccimen to indentor), Type 2 operating
stand (indentor to specimen type), or Type 3 operating stand
(electromechanical or hydraulically dampened).

10.2.6 Description of test specimen, including thickness,
number of pieces plied if less than the thickness indicated in
Section 6, including the vulcanization date.

10.2.7 Complete identification of material tested.

10.2.3 Hardness value obtained and method of calculation,
cither arithmetic mean or alternatively, the median.

10.2.9 Indentation hardness time interval at which determi-
nation was made. Readings may be reported in the form:
M/60/1 where M is the type of durometer, 60 the reading, and
1 the time in seconds that the presser foot is in contact with the
specimen or from an electronic timing device.

11. Precision and Bias

I1.1 These precision and bias statements have been pre-
pared in accordance with Practice D 4483. Refer to this
Practice for terminology and other testing and statistical
concepts.

11.2 The Type | precision for the Type M method was
determined from an interlaboratory program with 21 materials
of varying hardness, with six participating laboratories. Tests
were conducted on two separate days in each laboratory for the
Type M testing program. All materials were supplied from a
single source, being those commonly supplied as reference
materials with the instruments from the manufacturer.

11.3 The precision results in this precision and bias section
give an estimate of the precision of this test method with the
materials (rubbers) used in the particular interlaboratory pro-
gram as described above. The precision parameters should not
be used for acceptance or rejection testing, or both, of any
group of materials without documentation that they are appli-
cable to those particular materials and the specific testing
protocols that include this test method.

11.4 The Type 1 precision for both Type A and D methods
was determined from an interlaboratory program with 3
materials of varying hardness, with six participating laborato-
ries, Tests were conducted on two separate days in each
laboratory for both A and D testing programs. All materials
were supplied from a single source.

11.5 A test result for hardness, for Types A, D, and M, was
the median of five individual hardness readings on each day in
cach laboratory.

11.6 Table 2 shows the precision results for Type M
method,® Table 3 shows the precision results for Type A
method,” and Table 4 gives the precision results for Type D
method.®

117 Precision—The precision of this test method may be
expressed in the format of the following statements which use
as appropriate value r, R, (r), or (R), that is, that value to be
used in decisions about test results (obtained with the test
method). The appropriate value is that value of » or R
associated with a mean level in Table | closest to the mean
level under consideration (at any given time, for any given
material) in routine testing operations.

Note 3—A Type 1 precision statement for Types E, 000, 000-S, and
R have not yet been made available.

* Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting R h Report RR: D11-1091.

* Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting R h Report RR: D11-1029,
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11.7.1 Repeatability—The repeatability, ». of these test
methods has been established as the appropriate value tabu-
fated in Tables 2-4. Two single test results, obtained under
normal test method procedures, that differ by more than this
tabulated r (for any given level) must be considered as derived
from different or non-identical sample populations.

11.7.2 Reproducibility—The reproducibility, R, of these test
methods has been established as the appropriate value tabu-
lated in Tables 2-4. Two single test results obtained in two
different laboratories, under normal test method procedures,
that differ by more than the tabulated R (for any given level)
must be considered to have come from different or non-
identical sample populations.

11.7.3 Repeatability and reproducibility are expressed as a
percentage of the mean level, () and (R), have equivalent

application statements as above for » and R. For the (r) and (R)
statements, the difference in the two single test results is
expressed as a percentage of the arithmetic mean of the two test
results.

11.8 Bias—In test method terminology. bias is the differ-
ence between an average test value and the reference (or true)
test property value. Reference values do not exist for this test
method since the value (of the test property) is exclusively
defined by this test method. Bias, therefore cannot be deter-
mined.

12. Keywords

12.1 durometer; durometer hardness; hardness: indentation
hardness; micro durometer hardness

APPENDIXES

(Nonmandatery Information)

X1. DUROMETER SELECTION GUIDE

X1.1 The durometer selection guide is designed to assist in
the selection of the proper durometer type for various applica-
tions.

X1.2 Tt is generally recognized that durometer hardness
determination below 20 and above 90 are unreliable. It is
recommended that the next lower or higher type (scale) be used
in these situations.

X1.3 It is also recommended that, whenever possible, an
operating stand be employed in performing durometer hardness
tests.

TABLE X1.1 Durometer Selection: Typical Uses

(;g?e) Typical Examples of Materials Tested Dur?Tny\::;‘i»:jsr:sn)ess

A Soft vulcanized ruboer, natural rubber, nitriles, thermopiastic 20-90 A
elastomers, flexible polyacrytics and thermosets, wax, felt, and
leathers

B Moderately hard rubber, thermoplastic eiastomers, paper products, Above 80 A
and fibrous materials Below 20 D

C  Medium-hard rubber, thermoplastic elastomers, medium-hard Above 80 B
plastics and thermoplastics Below 20 D

D Hard rubber, thermopiastic elastomers. harder piastics, and rigid Above 90 A
thermoplastics

DO Moderately hard rubber, thermoplastic elastomers, and very dense Above 30 C
textile windings Below 20 D

M Thin, iregutarly shaped rubber, thermoplastic elastomer, and plastic 20-85 A
specimens
Soft rubber, thermoplastic elastomers, very soft piastics and Below 20 DO
thermoplastics, medium-density textile windings

OO0 Extremely soft rubber, thermoplastic elastomers, sponge, extremely Below 20 O
soft piastics and thermoplastics, foams, {ow-density textile windings,
human and animat tissue

CF Composite foam materials such as amusement ride safety cushions, See Test
vehicle seats, dashboards, headrests, armrests, and door panels Method F 1957
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X2. RELATED TEST METHODS

C 367 Test Methods for Strength Properties of Prefabricated
. Architectural Acoustical Tile or Lay-In Ceiling Panels'®

C 473 Test Methods for Physical Testing of Gypsum Panel
Products'!

C 581 Practice for Determining Chemical Resistance of
Thermosetting Resins Used in Glass-Fiber-Reinforced Struc-
tures Intended for Liquid Service'?

C 661 Test Method for Indentation Hardness of
Elastomeric-Type Sealants by Means of a Durometer'?

C 836 Specification for High Solids Content, Cold Liquid-
Applied Elastomeric Waterproofing Membrane for Use with
Separate Wearing Course'?

D 461 Test Methods for Felt'*

D 531 Test Method for Rubber Property—Pusey and Jones
Indentation*

D 619 Test Methods for Vulcanized Fibre Used for Electri-
cal Insulation®

D 1037 Test Methods for Evaluating Properties of Wood-
Base Fiber and Particle Panel Materials'®

D 1054 Test Method for Rubber Property—Resilience Us-
ing a Rebound Pendulum®

D 1414 Test Methods for Rubber O-Rings!®

" Annual Book of ASTM Standards, Vol 04.06.
" Amnual Book of ASTM Standards, Vol 04.01.
' Annual Book of ASTM Standards, Vol 08.04.
Y Annual Book of ASTM Standards. Vol 04.07.
* dnnual Book of ASTM Standards, Vol (7.0},
** Annual Book of ASTM Standards, Vol 04.10.
' Annuai Book of ASTM Standards, Vol 09.02.

D 1474 Test Methods for Indentation Hardness of Organic
Coatings'”

D 2134 Test Method for Determining the Hardness of Or-
ganic Coatings with a Sward-Type Hardness Rocker!’

D 2287 Specification for Nonrigid Vinyl Chloride Polymer
and Copolymer Molding and Extrusion Compounds®

D 2583 Test Method for Indentation Hardness of Rigid
Plastics by Mcans of a Barcol Impressor'®

D 2632 Test Method for Rubber Property—Resilience by
Vertical Rebound®

D 4289 Test Method for Elastomer Compatibility of Lubri-
cating Greases and Fluids'®

D 5672 Test Method for Testing Flexible Cellular Materi-
als—-Measurement of Indentation Force Deflection Using a
25-mm (1-in.) Deflection Technique®®

D 6546 Test Methods for and Suggested Limits for Deter-
mining Compatibility of Elastomer Seals for Industrial Hy-
draulic Fluid Applications®!

F 1151 Test Method for Determining Variations in Hardness
of Film Ribbon Pancakes??

Nort X2.1--The hardness testing of other nonmetallic materials may
be under the jurisdiction of one or more ASTM committees; the respective
committee should be contacted for specific information,

" Annual Book of ASTM Standards, Vol 06.01.
' dnnual Book of ASTM Standeards, Vol 08.02.
* dnnual Book of ASTM Standards, Vol 035.02.
= Anmual Book of ASTM Siandards, Vol 08.03.
* dmmual Book of ASTM Standeards, Vol 05.04,
* Annual Book of ASTM Standards, Vol 15.09.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk

of infringement of such rights, are entirely their own responsibifity.

This standard is subject to revision at any time by the responsibie lechnical commiftee and must be reviewed every five years and
If not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration al a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Commitlee on Standards. at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by conlacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@asfim.org (e-mail); or through the ASTM website

{wvew.astm.org).
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Standard Test Method for
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Measuring the Damage Resistance of a Fiber-Reinforced
Polymer Matrix Composite to a Drop-Weight Impact Event'

This standard is issued under the fixed designation D7136/D7136M: the number immediately following the designation indicates the
year of original adoption or. in the case of revision. the vear of lust revision. A number in parentheses indicates the year of last
reapproval. A superscript epsilon (#) indicates an editorial change since the last revision or reapproval.

1. Scope

L1 This test method determines the damage resistance of
multidirectional polymer matrix composite laminated plates
subjected to a drop-weight impact event. The composite
material forms are limited to continuous-fiber reinforced poly-
mer matrix composites, with the range of acceptable test
laminates and thicknesses defined in 8.2

1.1.1 Instructions for modifying these procedures to deter-
mine damage resistance properties of sandwich constructions
are provided in Practice D7766/D7766M.,

1.2 A flat, rectangular composite plate is subjected to an
out-of-plane, concentrated impact using a drop-weight device
with a hemispherical impactor. The potential energy of the
drop-weight, as defined by the mass and drop height of the
impactor, is specified prior to test. Equipment and procedures
are provided for optional measurement of contact force and
velocity during the impact event. The damage resistance is
quantified in terms of the resulting size and type of damage in
the specimen.

1.3 The test method may be used to screen materials for
damage resistance, or to inflict damage into a specimen for
subsequent damage tolerance testing. When the impacted plate
is tested in accordance with Test Method D7 137/1)7137M. the
overall test sequence is commonly referred to as the Compres-
sion After Impact (CAl) method. Quasi-static indentation per
Test Method D6264/D6264M may be used as an alternate
method of creating damage from an out-of-plane force and
measuring damage resistance properties.

1.4 The damage resistance properties generated by this test
method are highly dependent upon several factors, which
nclude specimen geometry, layup. impactor geometry, impac-
tor mass, impact force. impact energy. and boundary condi-
tions. Thus, results are generally not scalable to other configu-
rations, and are particular to the combination of geometric and
physical conditions tested.

1.5 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in

' This test method is under the jurisdiction of ASTM Commitiee D3(
Compaosite Materials and is the direct responsibility of Subcommittee 1)
Structural Test Methods.

Current edition approved April 1. 2012, Published May 2012, Originally
approved in 2003, Last previous edition approved in 2007 as D7136/D7136M - 07,
DO 10.1520/D7136_D7136M-12.

cach system may not be exact equivalents: therefore, cach
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with the standard.

1.5.1 Within the text the inch-pound units are shown in
brackets.

L6 This standard does not purport to address all of the
safety concerns. if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:*

D792 Test Methods for Density and Specific Gravity (Rela-
tive Density) of Plastics by Displacement

3 Terminology Relating to Plastics

D3771 Specification for Rubber S
g Solar Callectors

s Used in Concentrat-

y v

D3763 Test Method for High Speed Puncture Properties of
Plastics Using Load and Displacement Sensors

D3878 Terminology for Composite Materials

D35229/D5229M Test Method for Moisture Absorption
Properties and Equilibriuny Conditioning of Polymer Ma
trix Composite Matecials

D5678 Test Method for Freeze/Thaw Resistance of Wax
Emulsion Floor Polish

D6264/D6264M Test Method for Measuring the Damage

esistance of a Fiber-Reinforced Polymer-Matrix Com-

posite 10 a Concentrated Quasi-Static Indentation Foree

D7137/D7137M Test Method for Compressive Residual
Steength Properties of Damaged Polymer Matrix Compos-
ite Plates

DTT66/DTT66M Practice for Damage Resistance Testing of
Sandwich Constructions

B4 Practices for Force Verification of Testing Machines

E6 Terminology Relating to Methods of Mechanical Testing

E18 Test Methods for Rockwell Hardness of Metallic Ma-
terials

g

* For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Amnwal Book of ASTM
Standardy volume information, refer to the standard’s Document Summary page on
the ASTM website.
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E122 Practice for Calculating Sample Size to Estimate.
With Specitied Precision, the Average for a Characteristic
of a Lot or Process

E}77 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods

E456 Terminology Relating to Quality and Statistics
1309 Guide for Identification of Fiber-Reinforced
Polymer-Matrix Composite Materials in Databases

E1434 Guide for Recording Mechanical Test Data of Fiber-

einforced Composite Materials in Databases

g of Polymer Matrix
Composites Used in Aerospace Applications

2.2 Military Standards:

MIL-HDBK-17-3F Composite Materials Handbook. Vol-
ume 3—Polymer Matrix Composites Materials Usage,
Design and Analysis®

MIL-HDBK-728/1 Nondestructive Testing*

MIL-HDBE-731A Nondestructive Testing Methods of
Composite Materials—Thermography*

MIL-HDBK-732A Nondestructive Testing Methods of
Composite Materials—Acoustic Emission*

MIL-HDBK-733A Nondestructive Testing Methods of
Composite Materials—Radiography*

MIL-HDBK-787A Nondestructive Testing Methods of
Composite Materials—Ultrasonics®

NASA Reference Publication 1092 Standard Tests for
Toughened Resin Composites, Revised Edition, July
19837

3. Terminology

3.1 Definitions—Terminology 123878 defines terms relating
to composite materials. Terminology D883 defines terms
relating to plastics. Terminology E6 defines terms relating to
mechanical testing. Terminology E456 and Practice E177
define terms relating to statistics. In the event of a conflict
between terms, Terminology D3878 shall have precedence
over the other standards.

3.2 Definitions of Terms Specific to This Standerd:

3.2.1 If the term represents a physical Quantity, its analytical
dimensions are stated immediately following the term (or letter
symbol) in fundamental dimension form, using the following
ASTM standard symbology for fundamental dimensions,
shown within square brackets: {M] for mass, [L] for length, {7
for time, [6] for thermodynamic temperature, and [nd] for
non-dimensional quantities. Use of these symbols is restricted
to analytical dimensions when used with square brackets, as
the symbols may have other definitions when used without the
brackets.

3.2.2 dent depth, d [L], n—residual depth of the depression
formed by an impactor after the impact event. The dent depth
shall be defined as the maximum distance in a direction normal

* Available from U.S. Army Research Laboratory. Materials Directorate. Ab-
erdeen Proving Ground, MD 21001,

* Availuble from U.S. Army Materials Technology Laboratory, Watertown, MA
02471,

? Available from National Aeronautics and Space Administration (NASA}-
Langley Research Center, Hampton, VA 23681-2199,

to the face of the specimen from the lowest point in the dent to
the plane of the impacted surface that is undisturbed by the
dent.

3.2.3 nominal value, n—a value, existing in name only,
assigned to a measurable property for the purpose of conve-
nient designation. Tolerances may be applied to a nominal
vaiue to define an acceptable range for the property.

3.2.4 principal material coordinate system, n—a coordinate
system with axes that are normal to the planes of symmetry
inherent to a material.

3.2.4.1 Discussion—Common usage. at least for Cartesian
axes (/23, xyz, and so forth). generally assigns the coordinate
system axes to the normal directions of planes of symmetry in
order that the highest property value in a normal direction (for
elastic properties, the axis of greatest stiffness) would be 7 or
X, and the lowest (if applicable) would be 3 or z. Anisotropic
materials do not have a principal material coordinate system
due to the total lack of symmetry, while, for isotropic materials,
any coordinatc system is a principal material coordinate
system. In laminated composites, the principal material coor-
dinate system has meaning only with respect to an individual
orthotropic lamina. The related term for laminated composites
is “reference coordinate system.”

3.2.5 recorded contact force, F [MLT?], n—the force ex-
erted by the impactor on the specimen during the impact event,
as recorded by a force indicator.

3.2.6 reference coordinate system, n—a coordinate system
for laminated composites used to define ply orientations. One
of the reference coordinate system axes (normally the Carte-
sian x-axis) is designated the reference axis, assigned a
position, and the ply principal axis of each ply in the laminate
is referenced relative to the reference axis to define the ply
orientation for that ply.

3.2.7 striker tip, n—the portion or component of the impac-
tor which comes into contact with the test specimen first during
the impact event.

3.3 Svmbols:

A = cross-sectional arca of a specimen

Cy = specified ratio of impact energy to specimen thickness

CV = coefficient of variation statistic of a sample population
for a given property (in percent)

D = damage diameter (see Fig. 11)

d = dent depth

E = potential energy of impactor prior to drop

E, = absorbed energy at the time at which force versus time
curve has a discontinuity in force or slope

E, = energy absorbed by the specimen during the impact
event

E, = actual impact energy (incident kinetic energy)

E,..x = absorbed energy at the time of maximum recorded
contact force

F = recorded contact force

F\ =recorded contact force at which the force versus time
curve has a discontinuity in force or slope

F . ax = maximum recorded contact force

& = acceleration due to gravity

h = specimen thickness

H = impactor drop height
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American Society for Testing and Material. Standard test method for steady-state

thermal transmission properties by means of the heat flow meter apparatus.
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