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Special Project Title Utilisation of Inorganic Fillers
in Glass Fibre Reinforced Plastic
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Names Mr. Manusawee Chuachuchat
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ABSTRACT

The purpose of this project is to study the utilisation of
inorganic fillers in Glass fibre Reinforced Plastic (GRP) such
as gysum, plaster of Paris, aluminium trihydrate and precipitated
calcium carbonate. The study involves the variations of amount
of fillers as 10,20,30,40,680,70,80 and 100 phr respectivety.

From the study. found that increasing the amount of gypsum
and plaster of Paris in GRP increase the ultimate tensile
strength. While wusing aluminium trihydrate not more than 40 phr
the ultimate tensile strength increases. But when increasing
amount of precipitated calcium carbonate the ultimate tensile

strength decreases respectively.
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g (Strees) E (Toughness) (Toughness)
an./a.2(nn . Aei2 | adwdu/p ai/p
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Saveudngillun | 47 7000 17.4 2600 -
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UP + PVC 20 1600 11.8 940
UP + (fuy | 10 1000 6.3 630
GRP PH + ngtany 8.3 830 6.9 610
UP + 1itisau 5.3 360 4.1 280
WRBU(BUAKRS ) 9 275 6.6 200
FRTP wafAsuaiun| 13.2 700 9.4 500
AN INSHRU 6.3 5380 5.1 480
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2.1 wwrufd (Glass fibre)

LA wdntuan nrsumes e aufudasusRibe i tﬂ’\w
1300-1400 asdudaiBus 1futsudse vmeaninanngnaafiuficn usegniiniay
nshafasrani$age vt utssgnu sl usmswatu Ratlbafunns
e Dusiidnaradausafanas ifutsndadnes tm'luuﬁjﬁmmumm tou
Chopped Strand Mat(CSH) #wa \fhufiu
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uduendafilnenasnne 50 s S Seefiunned e
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runsudn 1ln CSM gn 1efBu( laminate ) 158u i inwaERER LY
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uReSsihunudasmnRanas wilRadunuiasns aln  unemted
MR IS IR AR usesInsaun s TenfSasi el
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ey iBsuiausann use sneewdinfauiaantserauiauseg el
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WA%nsewinansatuamasader Wiadimadiuly  nsiuasnasadiiihgg
Wty 2 wMINRRER UstnSAR LN ufidunas 1ra3RiATuSE tAnfnumia
Fina1ee 1 1 fhune® Lmsanutdass

wnAtuszinsata it HuraswsssewinaBuiaiuudieh  uhatnslioudag
fhenfudhnay 1 M u%E et eIRistululiisdorused unsntn ufuse
arvaR ianimadnense Aol
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G = IN{AER M = nsmndEn P = nsammdn

o 18R 1ADT T BIFINTA IAAER L@ 1S T WiiEA 183 udsi1a1sAasdn
ﬂmtmaﬁ‘u"ﬁ'xm Faffu 1y SnFusssnsn AmRSidinsmna@n | Faiu
WimaiuEn el e dauisa 3 " fagu

P-G-M-G-P-G-H-G-P
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2. tlsd1AdoIlla (Lay-up)

udnthan Fakinsdantsfanu Lﬁuﬂnﬂﬁamn tdadau I lvelia
hand lay-upWia Wl ifai IdawdissmusEaumiinayudaa 250-3000 cps

3. slafmuss el (Chemical resistance)

11 shufitiasafmmusiasns isfusedulh - symillaagiudae 500-1000
cps

4. wlavmuaIndou (Heat resistance)

1B 15 Buitnammudans nfsuitregusnsemudougilisafause
arafisussnaxdouge aranvilaagudae 20004000 cps .

5. #lsfliarudaeju (Flexible)
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A swilnagludae 200-1000 cps .
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AsisNzInn AatuSadinandd Bnss Limiveammdinfesansat wawi
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UNSATURATED

DIBASIC ACIDS
Malelic Anhydride
Fumaric Acid

SATURATED
DIBASIC ACIDS

Phthalic Anhydride
Isophthalte Acld |

GLYCOLS

Propylene Clycol
Ethylene Glycol
Dipropylene Glycol
Diethylene Glycol

N\

Maletc Acid Orthcphthalic Acid”
ete. Adipic Acid
ok
MONOMERS
Styrene §
Vinyl Toluene o
Methyl Methacrylate E
Diallyl Phthalate &
Triallyl Cyanurate -
Alpha Methyl Styrene p
Divinyl Benzene E
ete,
S S\
THINNING TANR

COOLANT

EACTOR

HEAT SOURCE

}ﬂﬁ 2.1  udANNTELIUNTTWAR L3Bunad tad LanSolla WEudn

2.2.1 psgn#uav 158U (resin cure)

a7 L il $aantod 1ffudrad 149(catalyst)

#2 1auasn1=ﬁuﬂunzeﬂutsﬁuuaza1n€u1ﬁ1aeiaﬁu uaz thafuaz4mfiu nrvufe
#1 (funszuiuny LBanTaeuasa s Tonal a4 1 38ud U Lanavesa ATy

uffu a1 oafi n1sufieas inafufigumgfias wlageninAd

- n‘l'mnhﬁqmnqﬂﬂm (room-temperature cure) .

81707 149fi0autBAe  WfA 1afaATAu LB SDan1d (MEKPO) f¥nuas ifuvas
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\m (FusEthiia 1uad s ian

2.2.2 138N LIAR (Gel-time)

g2 d2amfud iy ifsnsnasiud LdauseMILdaRI LS unTER
huihufatn M (Duien(soft gel) I unTsiAR \asil iuagﬁu 1Banal
aITnSATEui LR 158U qwqﬂﬁtmm n195E wenadeTuled  1ln
rasdiasnsin iy 9 uRTTETuine 9 Flaguiaiu 1ty vewas Beex it
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2.3 s faaihmdyd

ieusithnsitnsi tﬁuﬁ Husnsalurddusdn e v Luashasfe

1. sansvedaunee LA Tu e ey 1adu

2.muperaufuwandfintaswdiniey (regulation of compounds plas-
ticity)

3 Bafindansazudis Lﬁmnﬂﬁ%g‘wm‘im {WiuAgiaunin 0.5 wag-
1w ussAsiimuammiee el tﬁaﬂutmﬂé’hmaq:mvmﬁi%ﬁu
uadbaniad  Femesvemiid Busisdnsulafanes st uss b nda
v iibutusnsi adirasmndietumasntsmn o i tmmﬂwman
“1Wm‘um _

s tﬁmhmsmtﬂe Winnnmunraumatdilusssainafa slmvudimile
a1y nﬂﬁmﬂmzﬁnmﬂﬁmwﬂamﬁ 8 AT s 1 Dunlinfiu i duns
(nonfibrous or nonplatey t.ype)ﬂﬁu#ﬁ‘iﬁ’\ h'\‘igﬂ'!m‘l"ﬁuﬁ’l AL SBUR
(essily wet by resin) swnsaifAWIBinageifichigh load) BivmisBu
viimnnuseiiuntibvmiiiinn 195 iungaiaunay i w(fibre agglomera-
tion)sEwiansugy n'\‘sv'ﬁaq:nmwiuﬁuumﬁﬂqmﬂnmmsﬁ": W tfeonihi
a2 1asI(Fibrous glass reinforcement) useifimtasinafwe(large
voids)sewinasuma Mainenasd ifmlae iy ussitmmnduaiun segh-
23 a4 uas 1B e TR inn I ueviad (tales )slavenu

s s liase Bualnunnaumaubnanda 5 unAas (RSB WENANSn
ariiwguaifuiiann T sBuisens (Pormalations ammiage
seusnszmmasnudauiiar i unendfingas Ishusgnseeefugy Whns
weafu( lubricity)‘::wi'wwn'rsummixing)ua:#ugu i'ma'mﬁ iy tﬁu

foumaa ¥ty usxifiassnsnsiaifumliese i Bunthnsnssomfnasnunayma



uAu(more uniform distribution of fillers) JvdLRANISVRAILANNE
UWI(localized shrikage) fMat e disim ifmlaseiBun tdu  Husn
(kaolin clay) Begiilun®d inedlin wihrlese e edrlines uelBnnf

ifluronsasf(colloidal silica)uscunAniuamisis iuntfiancnauin
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2.3.1 sxglitins i inIn(Aluminiun trihydrate)

acgfiiirasdingn I lusnsibsduntsgn iR v ndortin iuadshans
(Glass reinforced unsaturated polyester) faa3iuUA mﬁm’a 1asLAas
werusfiuniemediasined  Saiberglifucieswnsewinuethas e
LT t%ﬂuﬁ‘ﬁumuﬁanﬁgn‘wmmmmmnﬁ Weau  deuumantiinnsad
argfi e inTid insraEnan P usEiiad sl ineds ueshans 1ie
Aassifnsibatunman e tviiineR iadiney e dacglillaning g inse
wfinmnn afke WRsiRdhes iomsuirediadinadiun  Busnsisanen
MIAAF A e T ifae gl rins g insmbssang 45-50 e rusitaudtwiln
axgiilEins Winsn inaafcifiugaqummacveRiadiney  sxfaafinunayme
afuin 6-14 ‘bnesunes  HoureumAidandy 6 BARTLMT | YK
aumiianas LsBuraliad inasusgnTg (vl dauraymewindn 14 BiAas-
ms yiAsnennaEnay Tessyrikiniasinuednemeiu o fusstu

ABR thixotropicHimnea Wennsifazgl HriaTisnsAiimunn
aumA 6-14 “triAT umsINaRdas N s saRRumlin Lty a5 1afmiad i
(Triethyl phosphate) Wia “niufaafmadWiun (Dinethyl ethyl phos-
phonate) useiNEmKgINEINSTWATTINUNSHRATINLLEINENE TR
aymazasncgliluriny g insaceiimamnndasiPudiuarasniuse  usenas
thasfunsn viFnin

& dusud i dassiithAinoudunAinaion araufausafa(Tensile
strength) svumusisusanszum(Impact strength) uscdaraubausavnag
(Flexural strength)eranad iBnilay ol LAY TR AL AR L s T
Wiieeglilluins s iaTn

i sfinailaudhnsiiacglihesing e e WS ambnain  unl
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fnsifainantante udu Safvrdetiumdnand Ao fuly (i daesn
argliimas g iasAecigeRR IR INTa NSNS AN IN | URES AN

gnn-snsibatunteen i indudnin

as inTmerglivbaniag s irse

srgfiuflmrinTiginse (lusnsd s mm%ﬁm'lﬁhﬁqnﬁ' Unassaiibadu
SN Wl tFA TAlaesAn s IlsR Tuluin/arwanadfindoutel - unsuietewe
ozl iSafuss i Bayer Process 9 nusuaniav azgmﬁan‘ihﬂﬁ \RTnfvany
tnsAnn mxnaunﬁaaam#ﬂnmmwﬁauﬁ 45 Brias umsfuly sullanunn
fifmnn  Aeflaundt 1 vAssums  1noadess¥unazglitnrias e esarin
“insrasPun (Hydrate alumina) Wia acgluriiaTh (Alumina hydrate)
o uiifufn 1 dauiasns el uselinruamumuden s ingin
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dulnveayanats wizvemndimansedls

2.3.2 usmiimmfiBiun (Calcium carbonate)
uaaiumsuaun 1usnsi Lﬁxﬁﬂmﬁﬁmnn'luqﬂmmﬁmaﬁn ulaq
ISR e fvenusenns #a

- f5angnann

~ i fuf uvmadiAentsTSasEA s uaeuEindu

- 1 uiFindriivh Lwin mﬁanmsmnmﬁumuﬁnfhﬁw%mw
i

- frudaudn admfiafirrssiannsadiundy 3 (Mohs 3)

- S uEim s

- i Smawity

- gunauMABNnINEWiRen

- msnsé:muumnmﬂammm‘mmmmﬁ ymwanso L iansunayma
utsimnsmErvined uedidee i |

- n3 1Afaussi Iiunmia (dry  coating )yiddmiaud (rdnatfumnm
15789 (high intensity mixer) gAsTRIuNT ARaULHBLANS
T WRIaINAERnuRaN(plastic’s melt rheology)

- wRugT W needadastunteusens alindadun Ao

- uyriAesalindou  W@ariiisnsiweonaaiaetaedng mme
wiafu 2 wszwinanudn

- vewinf i Dusns (B e ius PRI Sendinaatainsasatnfl
sanuaanin yWiiiunana

- ﬂmwvmﬁ'ﬂmz%mﬁugu (molding usen1senin (cdring)%h
1 Busns#a ifarnun sy L s Bunsigns Ll s afan Lifu s ug tin un

f (no-shrink rienforced polyester sheet molding compound)
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- wdnirn mdhaenAuAR e e ifusnsddin wlimmada
wllin(stiffness) fAaut i SauksffsiifiviunBinann (high
loading Yin

- farwisiuTiudegamiin Frasewing 800-900 avriaaiBuy  sedsnn
tThues t‘iﬂmﬁn zdfuAsLautnaan 1ad

N Isiin R i BunA s wun tﬁumsus:naﬁﬁ{'": useilaruriss e~

A awund s tﬁxﬂum@n’a’ﬁfa \Favenuial  Buund s |

- SousaiBuandie undaunsmsamef Winemdiauteaan el wee
inflaflremuind udwend@nvenlaity Bend  uRr voRiadiead
snsodufiuseinepaymazssi il ssgstitseint

- voRafiu e weReied ST srefulhusens i han -
amiunll  athatsfauann 1 BuveR oiurlafindveies  vIantai iy
tamefiuas v ifanis (crosslinking agent) s13gAaU(coupling
agent) sansnfisnsiafes iBmmendin iuaiitasulifintien s
ANILSe vaddindutliavmusanssumAnd i idudy

- uBnpauAn L BuuaTus Luniid e adurna Wiei( trigonal)  SoRlsiR
LTI RN e W L L e iilay

= unsimaanaiuniiu snsdfied use i Qz‘lﬁqnmiﬁﬁﬁndﬂu
Fuamula iy wegdsRInAvla(flexural modulus) usegamoll
n15 (8(deflection temperature) an3isAnuARiIfATunun
nmﬁ'ﬁummmuﬁmﬁam:um 2 L Huiwszinuas i Buany-

u Lt ensndilia(bonding) AUBiiaanaINEN ISR AR
- uAsiBuAnsie tumBan' wndliaradu (moisture content) ayjtutha

Uszang 0.06-0.2 uaditud Astuanessenfhifasymiviiiidauunind
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MnInslht (moisture-sensitive application) uAaiBuuAmsuaiunuan
Fnafuatinesnn (i | FuAUsnsi Lﬁu’ﬁtnﬁmmgaﬁu 9 1y Auivilen(elay) uil
o FWinauss iy Tolifedninnn wanefinusigns(plastic  compounds)
#idmnef fandmesiinwviiiannndn  uinBnrae i inanssfuiniin e
wfiregfn  n1sadaitesn ey iR il (B illiasa (caleined clay)

Qv RN LLaThaaim Ty
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2.3.3 Fif (Gypsum)

B tﬂuﬂmﬁﬁvms:%'ﬂns:muag&"hm uslR i Rpnnma 1as s
sz v W itushuisriunsudagul o A Sutrgfiuuntsulnguusna e 1
1Bufgedisns el A ifusns® ifrulieenseay afBuingfurtunszinunns
wiruan Tl m wee fatudauiiSufifgengl 1083 a3fn iza e U
i wnferimBinaannd sz hsadagin Tudnios

Bufifignsma ik uss R iR 1AsA (CaS0g. 2Ho0) -
%’awﬁﬂxﬁfxﬁqw 135 pvmgades  Buficanuieanindunans fhuygu-
udinad Tgasva el uesiBudRum ialiansn (CaS0,. 2H0) e

FhuweBnm sunso Bsusins et
2CaS04.2H0 ~—————> 20aS04.1/2H0° + 3H-0
& LR auunns tmi'wguuma irasenay LThiues | Furda iwadsaslnn

ih 2 ¥Un (anhydrous calciumsulfate,CaSO,) Aarlafsnsaresuih

s rfafuirunsose et At

CaS0,- V2,0 950300 €259 200-1000c 2%
UAR L ¥R 1WA uAR L Buuda WA
st Us it
Feemuii et und

IR SN ALURE SIRYNIN MMM BIUAR L 3R LvntDiadne 2 fndnunts

Fulfu usmatiumsnafl 2.1 usemsnafl 2.2 aasndu
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MSNA 2.1 usnsrdanadunn i Fudn rauseadiisEnang 9

IfLsENaY
Hasnity gm%mma I I
Puy | Feivesiaseantad | WBanadn
Ca0 503
Bu | CaSO4.2H,0 (82.6. 48.5 20.9
fiiginsn |CaSy.1/24,0 |38.6 55.2 6.2
uowigresf | caso,  Ja1.2 56.8 -
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AMS WA 2.2 UEAIFINRMINHMWEAINAR L BuniR iwatTisving 2

In ' | | T ]
BARMIAHMNA fiu LB vash Waut RS
U win sy 0] 172.17 ’ 145.15 136.14
YPVRBN LV 128(-3/2H5,0) | 163(-1/2H50) 1360

(a3 R Bu) | 163(-2H50)

ahaaning 2.32 - 2.96
auia 1.5-2.0 - 3.0-3.5
m‘m:maﬁ*\ﬁ
25 23F17RLAud 0.24 0.30 0.20
(n51/100n3uith)
{ | | | |

2.2.4 Yunnad (Plaster of Paris)
ndiaadialnfunsnitaaiu waitiyumnsiead 2 1lsfuaninaiu
1. uaam - uAsLZuida v il Laen
2. Wi - ussiiudR i aliigese
ATHAANANITBIUUIRLARTIR 2 1ln ayfmnnasfndantnnas wih -
uAn 1 Busda in L2 Laseeriifndautnainl Sigudneuinfuse ibseiswusnn
Twnazfuaam - uasiuda e el nsnesiufndiee Buandn  Sgushafiugy
Ruvinrrisaurtriuloy Saiaulausanend ey dutnios
na wBudnugaagegd 110-130 s gm Budfiimmsineiy e
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s Risadrlindng 9 fll

1. s - ussiBnoia o LR 1Asn inenns wiBuirumus e

2. tmdinashu wia uaa - uadiBuiiRuwmieiginsn  LARRN
ns R rsdauiBuiinu iednsdreiadau (sutoclave)

3. el Aaemnamadiiagn disaudk SertdirrudaunBufinu
fTstAR L Busesa9d LiNiY 30 e idud asuasn - uaRLBunER e

Ll insadafiaannniunandt s e s agegn
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1A 3

ATSANHLERTATSA™ LTIuNnSs

3.1 #5all

1. 153uvad animadaln uEei
\nsATLY

2. 13NiAn

3. TALaarLuWA Lun

4. LWFREARATAU LLRTDan 16

5. wnd

6. ua?snu

: 18 L& TaufY avvin

: 185 WUl iR
: 15 (ReiRunY MR

: 185 1B TRUAY ¥R

7. sy idareasedihiiuesnadad

8. wad

9. dusudn @B

10. Aul~iu

11. safdismuon 200 N AuA
- uAn 1 FumenTun Lunglinatnauin
- Yurandinad
- pxglilluning g inse
- fdu

3.2 Yeuszgunsel

1. ﬁ,nxg,ﬁau,tﬁau

2. naeanwvsaath tuad 400

: 155 1&erinufa 2%vin
: 185 1R TauAa iR

: 18 AaPwed 1Al 99viR
. 15t TN e
: 15t 1Ridlu AR _

. 13t TR m
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3. wiunsznd

4. Funy wWAIANITEITOdNTH LA fita NOVA-S
5. uusamd

8. Tnwnad num 25,250 Neddng

7. Dup 1une 5 TRteg

8. inatarauiausety : 4u TINIUS OLSEN TESTING
MACHINE Shimadsu Co.,Ltd
9. wdasiiniuashaa : 4u POWER MATIC HOUDAILLE

10. \A30ofAlln (FHusnusau

11, a9 il

12. unasfinay

13. imMwgamgisn (Muffle furnace)

14. edasumungnunse

3.3 ABnsveaaa

aaufl 1 NS mold )i N ieshaa

gagnasfanniefuivi Rl Siusin sediafaun iwsaednn
Auldu s v eermiisBuriuufTunusan iy wmiEiienu
Asunzeiend sundiRamesfunnndiniih IRala Buiu dnedentsune
wifsrbana i mismeiiaamaed (Raiksrenunsufan@anan
fun 9 wntusaWiuks seRpdviiAarasan wikianssfuniushuten -

6 thu M i Esstmdindisedu Aagu
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U 3.1 usnIn A LAULAD LSS InIENuANY 2

RS

futeshumi 2 fufashund 2 du
fmuniih 1 dhu funda 1 dhu

3 1esammAinasannsafieeniWin rsesiusiiin 0.75 wed-
vaufinslwinoas 1eatan I ufinams tm{%mwmam'lﬂnﬁm) AU
% 1fu i ehsitnu uesaan 196 (MERPO) 0.5  ubaditufiauiiwin
maewian  auiidhdudnedy  wdhmealnnasfuinndih

3 (s nBanafhnnvefee i laninate) (ANMERPO 0.5 1waidusl
Tnswmihees sZusel e tnBinoma Lvne AuiLEAY

Wity L AR LS L dr i amnasainmasdunafieediu udh
i laminate YK 153U WATTYMBINEBNAILEILTS 9 (RotveasnAi-En 2

aa
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tawuiamiBen  uisRussnam eI unAre Rt muNARB ALY
1au e 1e3a9EnR LFuusEEaY UnSAuI LREN N T ymsauui s udunuel-

Fand

AEUA 2 NTvadniavin e dhend _

WnseaumsmibdalMursausFanif e swandudhiniin medhis
uasnasad i saWike Ay i duns ES R itbudimaui 1 (nde
dunsmad Lantaviies 19U vllauimau? 1wy Ao LB st adnaty
winnNsanEiumaduio  whvnsmii( laminate ) 1s%u tduifivaiy
Aaufl 1 .

andeiiFafa daudnoimaan i ilinunn niimuenaawsionl
1Adaadnlln | Susnadau unzufniaraananusian

AEUR 3 NSEREMATEITNTI Pk 1B ansmaan R asin Lednang

3.1 N5 induauluii leshansnns U

Hunszanifeann  udaro ViRl Fadamuwand s ufuian a1~
Tuamamadiif  saWiii Ay fuisd LeBs WA 1A unBLnSEInaan
anszana 1 8 fasBunAanmnnme (A MEKPO 1.5 ued el auitwin
129 1573 AUy

mistusatudunszon  ufnaudu s isfmsInnnusunsEan iy
153y

ausiu &y eBas L il (iues 4 e TRnaiBioue Lindu
nunAraalunszan iRttt

3.2 AT inTusiun ashasnadsnsva i _

BT B 3.1 Tuidensd Riaantsion wnfnoeng 9 #n
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10 20 30 40 60 80 ust 100 phr »WISAY wARWLE A UTAEE 1eTnan
wgn B
3.3 AsBanal e LB ussun i neTnana(% Glass content)
UMY IR LB ARNAT SIBNAR ol mﬁum{anmn 1X1 (Fuf Lumsat
s ushuraniotbwihatnass Bee wida s wnfgemgl 700 s e B 1
e 5 Faun  sntreanniatwihothass Bun  widn e wEsulwin
e L RIR

Avnedn wad L aud Ldueuda (% Glass content) WgAS

% Glass content = (fwihdsuwg - wiliviswn) x 100
Awiihriauiwn

3.4 nmanauaiausi®y (Tensile strength)
widviadmsnns e usuduiedhasitdsnsd iiioia iul-
wimihulnue 1x8 Th fu iadssdimelumiueshang TraTunauseaTmn
radudu i lashaanny 1ad llusias uraflinasmastiu
Safnpraudousafein 1aiasiansiatn

ARSI (Tensile strength) sngns

aruuBausaia = u_ﬂiﬂ_ﬁmﬂ
Fudhviia
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LA 4

WSROIV HMLRE IO YSER

4.1 WRNTVIARRY

SN 4.1 usdng Led ioud L S utsuAnas ueshaaiel Bsnsi 1By

r l A T N\ B
fadaft | dwihrauiwn | dwilavdwn | e idutsuds
nau n3u %4 Glass content
1 0.551 0.231 41.92
2 0.545 0.204 37.43
3 0.508 0.203 41.92
4 0.551 0.221 40.10
5 0.343 0.134 | 39.06
L { I { ]
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AR 4.2 usaedaruadausaie wdtmas usshaaitoidansidn

#iindie 2
I !
Banans i araafausefa (. /ms )
\Paind
“(phr) T T T
By Yurandined acpliulluy | uARi3uu
WSELRTR | ATualun
Gypsum |Plaster of Paris| Al(CH)3 CaCOg
10 - |15.834 13.928 13.231 10.212
20 16.303 13.261 13.007 9.831
30 17.141 13.272 12.308 9.511
40 17.320 13.184 11.298 9.426
60 17.505 13.224 9.232 9.904
80 18.078 13.741 8.864 7.430
100 18.232 13.325 7.400 7.774
L 1 I | ] ]
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TENSILE STRENGTH
FILLERS

TS(kg/mm?2
20 - )
e — - R
15
*— *  aSEEE—
103 * ; ;\\Agh\m
s !
0 i | | ! I 1
10 20 30 \ 40 60 80 100
' phr of resin
—— Gypsum —¥— Plaster of Paris —5— Aluminium trihydrate

—— Calcium carbonate —*— Standard

A SN P S AR R & - 4

;uﬁ 4.2 aymudasniuduiugszuitvdianuudueis
vasuduin wafnaaftdansdi iAusanie 9

oSt el
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4.2 s

PnemavAsas e fuinasalisnsia B uREYUUNR LABSsu
yaein 18S9 1 Uy WA MBS IFIINA TN LIS LU
FuiddsnTv AN (HNEAN LS 1NN u) acgllulii st iasase i
Anmmudausegn it Ainersiifiu 40 phr funtsifiuasiBmmnsie e
tlianznau N fusnsi Briuvana@in isBius ifuiy e auiougafisdn
AN LRSI G TR UL ERERE oPC Y :

afsenuunithaasdiarnadsusafasnngm umgtmaaqmﬁnmﬁufu
guﬂ 4.3 Ut 4.4 AWRAL  Swriuurithmassnanmeus st Gedfui
Banamassnsia ianntu tﬁaqmngu%ﬁaaqmﬁumﬂu&ﬂi-'hm Ry TIE Ty I
asnsEewTasnnaYman  aymadalfianssusadusss udiutdiniu
vvisinrslousadt ey e dennfy ity idAundieaa
ufausafiannnnsm uaeIdNaYMATAIYuLIRR mm‘zuﬂ 4.5 use 4.6 ML
srmriuwntihassdtarsadous i tdfu e Aunmmassnai oty usin
founhssfdaduiy e nguinssumenasyuumsiaaTiiRhune 1 Buduty
vdufinduaymanaaBidis udldnwme fuonteadill  uslhnsnseeedones
nuwayMANi1g aume: \Annssawiiuidiniu(udiiosndnmasiuiny  ywadkin
arnuBausafia oy (o danntu

swduuntiseriaiausafiainns i usesivaymanssasgll ilun-
T IAINIUSIA 4.7 uRe 4.8 mMaERL  semriwuniBmassamaiusafa
Tneene aMinmns@dniady  assnguinseymenassrgliinring-
1 insafifhe Hugninaiuselidtnsnseanedasasnunaymeauau Fotiuoyme
 ifinnassasiu i uiniu@asdrann )y - widinaaiussfalidnenss o
fsnsia Banniu
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S 4.4 pEaymeiviinnndasInen15d oy 100 1

N analiser 10 23f)
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Lr¥A 5
ﬂ-immﬁsmaaqua::ﬁ’a (B T TR T

5.1 SJUANITYAREY

Tun1svasaLnsn ied iud IUsTasu Ui LES RS I8 USng
41 e Lu L w1y iy 40,08 (wed Laust

wn s Buslining 9 MSinaii 9 aduiiueshnA s
s e 1B e saB sty (Tensile strength)  Autwiieshand
LS9 LU Fuidsesi i uluiniadhasnns siu)

MuETRRaIn L Eshansnas Suldaasafansafa vihAau 11,169
nn . an. 2use andensd Famledns 9 ufisngdy  uluiWiashansindBui |
usspsnsinadmAnaiiaauiaussfagenduduiuadnmenss g du
uduin Lms‘nmaﬁ‘lsh::gﬁ lsiaT i esamssuan Bmmdim e mrinen i din
acglilmiinsidinsafufina 10 20 30 use 40 phr scfmranfausafiag
niuduin ashRNas S8 wecTafinn 60 80 use 100 phr ssidArauds
usafarulutiuadhmsnassu | fussiafiaes dumdus tunnunasiin

arufausatadniuduiniuasha@nnigu
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5.2 faisuanus
1. fduvmanu
1.1 m.‘si'mmﬂmg rdszAInusn Ui tﬂmmqumg‘ua:
rudutuanefisatnanniunns 1y 1esmaa 158y fafhgamgllges anadau
5Buez ifiniliuisradesniindund  uddhgamgin  antevu tBuisBuse
vfin 1 Tuisstandun® ueedeuduiuentegudanuen  19Buaese iafiuies
Frurnwioaeasulilueairediisauiu
1.2 Seehfints iaifuissmas sy sansorugueiiwia 152 d
uratha 1sfinm mees ind irtael indns i hBium e ding uswdan
fRevrwnuiae e WRiALNS in D Lasnas 153U
1.3 faseniunauierdey B n19ne L8R LRSiTu axfpali
walu LU LT aURE L BTk RaTiavmaundBuTy asdufas (ndmaiu dus-
uh iy insiaidinnn i i naes i antu
1.4 funni(mold) Aszafludmwil usesRranDy Ll Hangelifing
SwiMe
2. nzRsllavmanu
2.1 nzm s ilin uisseas 152
2.2 nT1a%8U(laminate) 198U mTer infawhufiyy  Tavladau
priau  WHTIMIER MW U IRV INURIAY ussfadsz e iisBuive
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q b Designation: D 3039 - 76 (Reapproved 1989)"

Standard Test Method for
Tensile Properiies of Fiber-Resin Composites’

1. Scope

1.1 This test method covers the detcrmination of the
tensile properties of resin-matrix composites reinforced by
oriented continuous or discontinuous high-modulus >20
GPa (>3 x 10° psi) fibers. This includes only the following:

1.1.1 Unidirectional—continuous or discontinuous rein-
forcing fibers, 0 and 90-° properties.

1.1.2 Laminates of symumetrie.” orthotropic construction—
continuous or discontinuous reinforcing fibers.

1.2 This standard may involve hazardous materials, oper-
arions, and cquipment. This standard does not purport (o
address all of the safety problems associated with its use. It is
the responsibility of the user of this standard 1o esiablish
appropriate safety and health practices and determine the
applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standuards:

D618 Methods of Conditioning Plastics and - Electrical
Insulating Materials for Testing?

F 4 Practices for Load Verification of Testing Machines®

I* 83 Practice for Verification and  Classification of
Extensometers?

3. Terminology

3.1 Definitions:

301 continuous fiber—a polyerystalline or amorphous
body that is continuous within the sample or component and
that has ends outside of the stress field under consideration.
Minimum diameter is not limited but maximum diameter
may not exceed 0.25 mm (0.010 in.).

312 discontinuous fiber—a polyerystalline or amorphous
body that 1s discontinuous within the sample or component,
or that has one or buth ends inside the stress ficlds under
consideration. Minimum diameter is not imited but max-
tmum diameter may not exceed 0.25 mm (0.010 in.).

' This test method 1s under the junsdiction of ASTM Committee -30 on High
AModulus bers and Ther Composites and s the disect responsibility - of
Subcomnattee [ 30 04 on High-Portormance Fibers and Compusites.

Curren: edinon approved Aag. 27,0 1976, Published October 1976, Oripmadly
suhliched as P 30R9 = 71 T ast previous ediaon D 3039 - 74

S Synanetne imimate means the stachimg sequetee below the centarline ot the
Tenate must be g nurrorn imape of the stacking sequence above the centaine

Y onnaal Beok o ASTAL Stendardy Vol os ot

e Boodo of ASTAL Standards, Noi 0300,
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+ strain curves must be plotted during the test if the modulus

4. Summary of Test Method

4.1 The tenston specimen shown in Fig. 1 is mounited in
the grips of the testing machine. Load deformation or load

properties are desired.

5. Significance and Use

5.1 This tension test is designed to produce tensile prop-
erty data for material specifications, research and develop-
ment and design. Factors that influence the tensile properties
and should therefore be reported, are: material, methods of
material and specimen preparation, specimen conditioning,
environment of testing and speed of testing, void content,
and volume percent reinforcement.

6. Apparatus

6.1 Micrometers, suitable for reading to within 1 % of the
sample width and thickness. :

6.2 Testing Machine, comprised of the following:

6.2.1 Fixed Member—A fixed or essentially stationary
member carrying one grip.

6.2.2 Movable Member—A movable member carrying a
second grip.

6.2.3 Grips—Grips for holding the test specimen between
the fixed member and the movable member. The grips shall
be aligned so the longitudinal axis of the specimen will
coincide with the direction of applied load in the thickness
and width specimen planes. If there is any doubt as 1o the
alignment inherent in a given grip system, a specimen
instrumented with a minimum of three longitudinal strain
gages, two on the front face across the width and one on the
back face of the specimen, as shown in Fig. 2, should be
monitored during loading and compared. These gages will
give a measure of bending in the thickness and width planes,
A system showing excessive bending should be readjusted o
modified in order to give a maximum of 5 % difference in
indicated strain in the linear region of the stress-strain curve,
It should be noted that maximum bending usually occurs af
the tab and should be minimized.

6.2.3.1 The test specimen shall be held in such a way tha'.I
sufficient Jateral pressure can he applicd to prevent slippage
between the grip face and tabs. Grip surfaces that are scoreg
or serrated with a pattern similar to that of a single-cut fil

have been found satisfactory. A fine serration appears 1o by

the most satisfactory. The serrations should be kept clear)

and sharp. Care should be taken to maintain alignmeny

’
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TABLE 2 Recommended Thicknesses for Various Reinforcements

Discontinuous Fibers

Continuous Fibers

Type of

Reinforcement mm in. mm in.
Boron 0.508 to 2.54 0.020 to 0.100 1.016 10 5.08 0.040 to 0.200
Graphite 0.508 to 2.54 0.020 to 0.100 1.016 10 5.08 0.040 to 0.200
Glass 0.762 t0 3.275 0.030 t0 0.125 1.524 10 6.55 0.060 to 0.250

TABLE 1 Widths and Gage Lengths of Spgcimens

R ded Recommended
2 A Minimum Gage
Fiber Orientation Specimen Width Length
mm in. mm in.
0° {angle) 127 0.5 127 5
90° (angle) 25.4 1.0 38.1 1.5
0/90° (angle) balanced 254 1.0 127 5

crossply

a4
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within the tolerance specified above during specimen instal-
jation. The length and width of the grips should be equal to
or greater than the respective length and width on the tabs.

6.2.4 Drive Mechanism—A drive mechanism for im-
parting to the movable member a controlled velocity with
fespect to the stationary member, this velocity to be regu-
lated as specified in 9.1.

6.2.5 Load Indicator—A suitable load-indicating mecha-
pism capable of showing the total tensile load carried by the
test specimen when held by the grips. This mechanism shall
te essentially free from 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.

6.2.6 If a constant cross-head speed is used, the fixed
member, movable member, drive mechanism, and grips
shall be constructed of such materials and in such propor-
tious that the total longitudinal deformation of the system
permitted by these parts does not exceed 25 % of the total
jongitudinal deformation between the two gage marks on the
iest specimen at any time during the test and at any load up
10 the failure load of the specimen.

6.3 Strain—Strain may be determined by means of an
extension indicator or strain indicator. If Poisson’s ratio is to
te determined, the specimen must be instrumented to
measure strain in both longitudinal and lateral directions.

6.3.1 Extension Indicator—A suitable instrument for de-
termining the distance between two fixed points located
within the gage length of the test specimen at any time
during the test. It is desirable, but not essential, that this
instrument automatically record this distance (or any change
of it as a function of the load on the test specimen or of the
glapsed time from the start of the test. or both. If only the
jatter 1s obtained, data on load as a function of time must
also be taken. This instrument shall be cssentially free of
inertia lag at the specified speed of testing and shall be
sccurate 10 £1 % of strain or better. Calibrate in accordance
with Practice E 83. If the extensometer is mechanically
attached, the attachinent should be such as to cause no
damage to the specimen surface and the weight of the
mstrument should not introduce bending strains greater than
thost allowed in 6.2.3. .

6.3.2 Strain Indicator—Where load-strain data are de-
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sired, the specimen may be instrumented with longitudinal
or lateral, or both element strain gages. The gages, surface
preparation, and bonding agents should be chosen to provide
for adequate performance on the subject material, and suita-
ble automatic strain-recording equipment shall be employed.

- 7. Test Specimen

7.1 Geometry—The test specimen must be as shown in
Fig. 1 where the specimen has a constant cross section with
tabs bonded to the ends. Table 1 gives the width and gage
length of specimens used for a particular fiber orientation.
Variation in specimen width must be within £1 %. The {-in.
wide specimen was selected for testing samples with fibers
oriented 90° to the testing direction. This reduces the edge
effects, thereby giving data that more accurately represent
the bulk of the composite. When testing specimens con-
taining discontinuous fibers, the gage length must be at least
twice the longest fiber length and four times the average fiber
length so the test results are representative of the bulk of the
composite.

7.1.1 Table 2 gives recommended thicknesses for various
reinforcements and continuous and discontinuous fibers.
Variation in specimen thickness shall be within +2 %.
Specimen thickness was selected to promote failure in the
region between tabs and to assure the specimen contains a
sufficient number of fibers at any cross section to be
statistically representative of the bulk material.

7.1.2 The specimens may be molded individually 1o avoid
edge and cutting effects or they may be cut from plates after
bonding on tab material. If they are cut from plates,
precautions must be taken to avoid notches, undercuts, or
rough or unecven surfaces. When machined, a specimen
should be saw cut at least 3 mm (Vs in.) oversize and final
dimensions obtained by milling or grinding, or both, with
watcr flow. ‘

7.2 Tubs—Balanced, 0/90-° cross-ply tabs made from
unidirectional nonwoven E-glass have proven to be satisfac-
tory. The tabs should be strain compatible with the com-
posite being tested. Each tub shall be a minimum of 38 mm
(1.5 in.) long by the width of the specimen and a thickness of
1.5 to 4 times the thickness of the test specimen. Care should
be taken to assurc that the plies directly adjacent 1o the
adhesive line are parallel to the specimen filament orienta-
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Gage Length

e 38mm(1.50n, b ofge————  Plus 24 o ‘————*A—-ERum(l.‘un.)——{
minimum Specrmen Width minimuin Spe CLmen
w.dth
N

S0 Cliaen
Th chne s

* Note-—Bond laminate tabs on two sides and at both ends. Tabs are applied to the end of the test composite with a suitable adhesive. Each tab is a minimum of 38 mer
(1.5 in.) long by the width of the laminate and a thickness of approximately 1.5 to 4 times the thickness of the test composite.

FIG. 1 Tensile Test Specimen
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tion. Any high-elongation (tough) adhesive system that will
meet the temperature requirements may be used.’ The
length of the tabs is determined by the shear strength of the
adhesive, or of the specimen, or of the tabs (whichever is
lower), thickness of the specimen, and estimated strength of
the composite.® In any case, a significant fraction of failure
within one specimen width of the tab shall be cause to
reexamine the tab material and configuration, gripping
method and adhesive, and to make the necessary adjustment
to promote failure within the gage section (the gage section
here is one specimen width away from the tab-edge on each
end). The percentage of failures occurring outside of the gage
section must be indicated if said failures are reported.

7.3 Number of Test Specimens—At least five specimens
shall be tested unless valid results can be gained through the
use of fewer specimens such as in the case of a designed
experiment.

8. Conditioning
8.1 Standard Conditioning Procedure—The test speci-
mens shall be conditioned and tested in a room or enclosed

space maintained at 23 + 1°C (73.4 £ 1.8°F) and 50 = 10 %

relative humidity in accordance with Procedure A of
Methods D 618.

9. Procedure

9.1 Speed of Testing—Speed of testing should be set 1o
effect a constant strain rate in the gage section. This may be
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3 done by constantly monitoring and adjusting the rate of load

application to maintain a constant strain rate as measured by
a strain pacer tied into the extensometer or strain gage
output. Standard strain rates between 16.7 and 33.4 m/ms
(0.01 and 0.02 in./in.-min), are recommended. If availabl;
equipment is not able to maintain a constant strain rate, 3
constant cross-head speed may be used. The cross-head
speed shall be determined by multiplying the recommended
stratn rate by the distance between tabs, in millimeters or iy
inches. .

9.2 Measure the width and thickness of the specimen tg
within 1 % at several points. Record the minimum values of
cross-sectional area so determined.

9.3 Place the specimen in the grips of the testing maching,
taking care to align the long axis of the specimen and th
grips with an imaginary line joining the points of attachmen
of the grips to the machine.

9.4 If strain is to be determined, attach the extensioy
indicator or the strain recording equipment if strain gages are
used as primary transducers.

9.5 Set the speed of testing to give the recommende
strain rates in the specimen gage section.

9.6 Record load and strain (or deformation) continuousl;
if possible or, alternatively record load and deformation g
the same intervals of strain.

9.7 Record the maximum load carried by the specime
during the test,

9.8 Record the extension at or as near as possible to th,
moment of rupture of the specimen.

10, Calculation
10.1 Tensile  Strength—Calculate the tensile streng
using the following equation, and report results to thre
significant figures:
S="r/id
wherc:
S = ultimate tensile strength, MPa or psi,
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FIG. 2 Gage Locations

P = maximum load, N or Ibf,
b = width, mm or in., and

d = thickness, mm or in.

10.2 Elastic Modulus—Calculate modulus of elasticity
using the following equation and report results to three
significant figures;

E = (AP/AN)U/bd)
where:

E = modulus of elasticity, MPa or psi,
AP/Al = slope of the plot of load as a function of deforma-
tion within the linear portion of the curve,

| = gage length of measuring instrument, mm or in.,
b = width. mm or in., and
d = thickness, mm or in.

10.3 Poisson’s Ratio—Calculate Poisson’s ratio using the
fo'>wing_equation and report results to three significant
figures:

#==A¢; /e
where:
r = Poisson’s ratio’
.A¢;/Ae = slope of strain-strain curve in the linear region,

where L denotes the strain measured perpendic-
ular to the applied load. and  denotes the strain
measured parallel to the applied load.

10.4 For cach scries of tests calculate the average value,
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standard deviation, and coefficient of variation for each
property.
Average value = X 2., "Xi/n
Standard deviation = s = J(E‘X’T —7ﬁj/¥ﬁ —_li
Cocfficient of variation = v = 100s/.¥
where:
X = test value, and
n = number of samples.

11. Report -

11.1 The report shall include the following:

11.2 Complete identification of the material tested. in-
cluding type, source, manufacturer’s code number, form,
and previous history, resin content, void content, filament
count, processing details, description of equipment used and
deviations from this standard method of test.

11.3 Complete description of the method of fabricating
the material tested.

11.4 Stacking sequence of laminates.

11.5 Method of preparing test specimen, and identifica-
tion of the 1ab material and adhesive used.

11.6 Test specimen dimensions.

11.7 Conditioning procedure used if other than specified
in method.

11.8 Relative humidity and temperature conditions in test
room.

11.9 Number of specimens tested.

11.10 Speed of testing if other than specified in method.

11.11 Tensile strength; average value, standard deviation.
and cocfficient of variation.

11.12 Strain at fatlure (longitudinal and transverse): av-

rd

11.15 Date of test.

11.2 Bias—Because of a lack of a wide data basec on a
variely of applicable composites, no definitive statement can |'

be made at this time concerning the bias of this test method. :
|

|

|

i
.

jation, cient of variation.
standard deviation, and cocfi |

value s
erage . value, standard deviation,

11.13 Elastic moduli; average
and coefTicient of variation.

11.14 Poisson’s ratio; avera
and coeflicient of variation.

ge value, standard deviation,
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