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The study of properties of polyethylene-leather composite
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Bachelor Degree of Chemical Engineering
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Abstract

The residue from industrial factories and used plastics which are the leather

waste from the tanning industry and polyethylene bottle waste being applied as

composite and tested for the properties. There are two sections in this study. The first

part is to find the suitable ratio of both materials for forming as a sheet. Next, the sheet

would be tested for its properties. It was found that the suitable weight ratio of the leather

waste is less than 40 percent. The tested specimens have tensile strength in the range of

15-19 MPa, elongation at break point in the range of 11-13 percent, modulus of elasticity

in the range of 54-63 MPa, impact strength in the range of 5-8 kJ/mz, hardness in the

range of 59-63 (shore D), thermal conductivity in the range of 0.05-0.07 W/m.°C, water

absorption (%) in the range of 0.4-5.3, water solubility (%) in the range of 0.3-3.4 and

specific gravity in the range of 0.94-1.20.
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2.1 '?ﬂﬁlﬂ‘izﬂ'a‘l_l (Composite materials) [1]
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2 1.1. naALNasAaNNARA (Polymer matrix composites) [2]
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2.1.4. Wisdng

Whildsiuuundulavifeunia (Fibrous e Rod protein ) Saiaennananes.
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wisAngdaiiunlsu (Raw hides)

{

AT (Soaking)

witingu, A (Liming & Unhairing)

funauN TN YANER (Fleshing)
naunan Hauendu (Splitting)
(Beamhouse process) \i‘

L U (Deliming) Lnmii (Batmgﬂ

L ABaNTA (Pickling) ]
\

e ; Y -
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(Tanning process) \L

Wet Blue
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wilsrendni3a (Finished leather)
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2.2. QUIUNUAINNSAU (Thermal insulator) [7]
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2.2.1. ANUAUDIDUAUNUANNS AU (Properties of insulation)
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sryeglumseaiidesannuaziluasetuin  duiefuiuauTinisnaaien 11

wlsuweuresdnshanafeurawuiuiuauieuunsiinlduandlilugi 2.2

Apparent thermal
conductivity

W/m-°C

0.4

< 800°C
= 500°C
: =T 250°C
NNG=E==h

0
0 100 200 300 400 500 600 700
Density, kg/m?

U7 2.2 nmsudsulaeuAinnsinpanFeusesanauiuaoutauiuaA LA Ly (7]



a ) v 5 o v 9 1%
e AUUNNNLTNU (Service temperature) auauiuauFaulsgneanuuulls

o ! Qd‘ /.0 v Qd‘d’l’ a dl <
futasgmuupildivueld  wazgnmngRfiuadeilidnanifuldvredeniniullazidude

q k1)

a

o [ % A o o o o 1% 12 I d‘d a a
AINAUBINITLABN m’ma“umsmfamunuﬂmm@uiﬂhmuuuwumm@mmmgq [TUAN

o y o o Y o .
mwwuwmamuﬂumwmuwLLu:mlﬁh Aauand lumnsan 2.1

AN997 2.1 A1ANTRLNTDIRUINAUAIINFDUALUZEN

'
a A

AruFLNURN DOUNNHGI LA Wlusuung [7]

QUM HLDINUNY AU TBIRUIUAUAINNTDY
150°F (66°C) 2" (5.1 cm)

250°F (121°C) 3" (7.6 cm)

350°F (17726) 4" (10.2 cm)

550°F (288°C) 6" (15.2 cm)

750°F (400°C) 9" (22.9 cm)

950°F (510°C) 10" (25.44 cm)

< o
e ANLTTINIUIATIEHIS (Structural strength)  auauiuAINFauly
S Besdediuaauausdlud 1 W siseviend e99a9iuNIsmBeULinn Azsiaadl
v ] o a = % =1 % 1 dJ Lﬂl 1
ANNATUNIUFABNITN ABALNENNE  HTBABINANNFAIUNIUARNITIRIZTIAINITNNATNUFD
t:il 1 o Y a a ! 1 4 o o 2 a
wseh Il lne v 1IN R agilinsetinennasuzagninane  awsuiuAufauLiinas
] 1 = G Y o ﬁ‘l o L7 [ = [~4 é{
gnilsznuagszudndlans wanadin vizelddn e lilassairsreaiufinonudusaminiy
Tunisin )i afaul asgaimnnnnT azsiesdidudss@nanisrenssionisannu-
o
Fauiifnfae
antiR %qumwm’mm:ﬁumu@ﬂmummmumwlmﬂmamum lAun ANGU
VUAINIANUAY  ANAINB019T ANazAINlunT L Adnsdluenninaesgling
% I aan = dl =) ) o 2
arufunuselfisaaeiuaznadasunlamiaall Anuatnisalunistiinguanld

W 2U1A AMUUUY LAZTIAN




2.2.2. A1 R URIRUAUNUANTAY (The R-value of insulation)
UsrAnsnnresauauiumnnfeuldgninmunlasdn@nuiemeluglaesdn R Ae

ANAINILA AT vikvaeudl A mFuatIuiuANTaMLLLLHY A1 R

'
RX° @

@;‘iﬂ’ﬂgf\‘i”\ﬂ"] Tmﬂmimim’]wm%mmuﬁ“umwﬁ?@ué’w ANNITHNANTEUTRINY T4

=y

Af
R = ~/L(— (Flat insulation) (2.1)

d’ A = | 0 o 2 [
e L AB ANNUUT WAZ £ AR ATNITHIAINTRUIBINAR

axfunalddn wemnumundluaearii A1 R aevauauiuaNtauazlanduasaingae
AduauauduAnieud i niure A1 R anisan lalagldaanduiusues

AN ﬁmmum’m%‘@u K

B %In;—2 (Pipe insulation) @2
1

e r, Ae FAtnnaluresauaniuaauien  uar £, ABFANNNHURNTBIAWILIL-
arufan WaausanaAn R 8 azanaunsonidnsanisaieima uiauinuauIuiuam

v %
Zaulgann

é:%xA (2.3)

b

o/ %

il Q FedmeinisangimannuiaudiuewIniuanien AT A ANLANAIN

rasgouuniiiuauIniuaInien uar A Ae Auniiseeainiuiianisnistiemannien

Tre lUNRARNUA RN L UBNTDINTINTZLBN

2.2.3. NAalNNISALLNANNTAY (Heat transfer mechanisms)
' v d‘ o a dJ =1 ' o

nezusunNsaamAuiauainqaniislldianganiis unisdtsimndaanuy

ITNINNN 2 AAUU TeazAATUILARINANNUANATNT89gUN)H10391 2 9a Taenisanewm
% 1 [~ % [y |

ANFauazaNisnuLiNeaniiu 3 gliuusenume

1. p1sEIAanNFan (Conduction)

2. nswiAanNFaw (Convection)

3. nsueaAANEeY (Radiation)

a

Taesie 3 guuulumsdiameannieull azfeufinainAuLANA19T09RMAE

U

TneaziinnistnamanuFauainaanigungiigelliaaaniguunisindt dmivlulase-
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'
a o [

Nuiiaznaaiveniznistihanuauyinde Wesainidlugluuuidndnyasanisdiemany

v aa le
FaulUNNINARDLANTATAITII

2.2.4. N1911A1N58 (Conduction)

[

nstianFewdunisdimndsiuainayniainganugs  hildsayniadag

v
[

Rt A o ’ o v % i Y o
LAENNHNAINIUEATINDN mé“mﬂ')’mﬁ‘@uuu@’m’}?mﬂmmi@v}d 3 Q.ﬂf]ﬂ

D) D

B UDILTI UBILNR

%
= '

fa TaensthanadeuasdunnsiamannufeufifinTuszwineymaiiegluignaie
M dwiuludgninreamaauacing NMstiALEaaziRATiasan N (Collision)
uazn19uns (Diffusion) saseuNAlaEinsAReLlmULLEH (Random) wazdmiuludpgnie
gpauds nsthamanadeuazfntuiiesainnisduazilen (vibration) 1BIBYNIA UATNIT
AUHIUNFNULBIBIANATEUBATT (Free electrons)

v
o

1%
drufudnsanisiaanfeuriiusananeiuazauiy  gUnsmasrAdnaasi
a o A Y q o = oo o A ] '
NN AnNuu  uastiinresiagnliiusionane sautedidty Ae ANLANFNIEMgNg
AN NTLNI19FINAN (Temperature difference)

WARANTINNITINAMNFEUULLAN12Z AR (Steady-state) HIUNITITZUILUUN A

=

Tugy BelAnmun Ax = Luaslituiie A @il 2.3 avanusnsissendnegumngaas

v .
WIS 2 FuAe AT =T, — 7, wazdnsanisdiamanuiauniuadiaiidmingy Q azlsdn
"ansnisanemanFaututussuivanidudadoulaanss  AuaauuAnstsrasgRIngd
v v [ v
2INTRTINER9AN uaziuiRalumstamanfay wiaziudiunduiuanumunrestu

FoUNTE

3107 2.3 nsrmonuFaudiurdarsunuawnaluey (7]



F9az A A N AU RUSIZUINAITNTINITUIAIINFBRAY  ATNUANAINTZRIN

qomni Wundalunisiannieu uas Aumnzesduszun gl

3 AT
A
Qcond a X
- Y : AT
Faaz A = = W 2.4
Qcond AX ( ) ( )

'
=

TnadiAnAen & RAa AnasinaauEew (Thermal conductivity) Jausazian lngay
Jun1sdamruaunsnresianlunmsiteaufeu we Ax — 0 azldauniseylugilaes

el

. ar
Qcond = KA d—X (W) (2-5)

v
Gﬂﬂ@mmiﬁ'ﬁ’] Fourier's law of heat conduction @&l dT/dx Aa Lm?lﬁﬂuwmm

aomqi (Temperature gradient) eautfluaannduaesnsauduiugszndneuu)iin

3

prmndisuvse X la warunsineuvizesguu)REATuay 1esainguniazanas

v
o o

d‘ 1 cal 2{ o o dﬁ, dl 1 v k% [~ .34’ dln::ll 3
WaAn x WNaR dmsununlunisingmanuian A4 azmadiununnseainiuyiAnig

2BINTTANEUNANNTAY

'
o =K

ANANNNIN 2.4 UAAIANNITENINITHIAIINTBUNNAANIITAIA TIRTANNNID
enuAnsitAFaua naunsilidn  “Annistinanufeusesian e 8RsINI9IN
pNaudIY 1 widlaAuaeddn fa 1 meul fa 1 WiasANLANGIITea

@mmﬁ " ANNIIUIAINTRULRIEA %Lﬂumam 91 ﬂ’)’m?ﬂu‘ﬂlﬁ@NWUQ&@NV’W’NNL?QLW{L@

U
v v
[

InaflaAnistnaduFauaesianiiatuinaziiiusamgan Santhudusatiiannudeuiia uazin

'
1 e O = =

i ° Y 2o & Sae £% 1 = o v
ANNITUIATTNTRUNATRAN %mmmumﬂummmwmw 1R viralluauiui A NI Y

lupn9797 2.1 LAAIAINITNN AT NFBUTBITAAFNG NgDIN TS



f19197 2.2 AnsinAuauasdansiiee Ngnm

a v

AN [7]

12

Material k, (W/m°C)
Diamond 2300
Silver 492
Copper 401
Gold i
Aluminum 237

Iron 80.2
Mercury (1) 8.54
Glass 0.78
Brick 0.72
Water (1) 0.613
Human skin 0.37
Polyethylene 0.33
Wood (oak) 0.17
Soft rubber 8113
Glass fiber 0.043
Air (g) 0.026
Urethane, rigid foam 0.026

! £
=l 2 v

o o 4 A« % = )
mﬂgﬂ‘m 2.4 JAANIMIIUANMNNUILAEANUN TN TWANNFRUAINAI UL Taeen

9 LY

v = v g o v = £ v v %
‘IJﬂ@'}ﬁﬂ'J’]QJ[5]’1‘LW]’]H%\WI?’WUIE‘N’]M@QWN?@HWiW@@ﬂll’l O’WLP]?@\?IVWJ’WN?@UQH@@NIQ nael

] = [ i’/ a | % i’/ U ] o’ = v = o E4
RUIUBE WA ﬁﬂuuﬂﬂ’]’]l@&lWm%ﬂ’]N?@U‘V]QWN&thﬂO’WLV]N’]UQZQ@LWEJ\']W]ML@EIQ NN

q
a [

a1unr0uAINInANTeNTesdaniulilay finsineuugRnuRaresdan via 2 du e

q

ANFeugnaenlaean1zAAa IamITanIAINIsinANFaulianaunii 2.4
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Electric
heater

Sample

" material

T

We

Insulation

el
TA(T, =T

91l 2.4 uwuAnasseteirelunisANstiANFauIesTan7]

k 0

2.2.5. AINITHNIHIUAINNSAY (Thermal diffusivity)
i pc, 1eedanlunistemainFaulfandt Avmngauiau (Heat capacity)

109388 HeANaANFRURINTE €, UATAIAIINARINTal oC, azidlusiaunuany

p
annnsnlunisiupnieuresiag 19 ¢, azidluse 1 wheuwisuaz pc, anfluse 1 mise

Usumg

arunsalileudraniRaesdandelsnglunisimazinisinanuien fe

q

=0 v dl (=1 o ! ¥ Tl o Y < '
NITUNTNIUAITNTDY "ﬁ\'ﬂﬂﬂuﬁ]')LLﬂ@\‘1"3’]ﬂ')']N?E]u@WNW?ﬂLLWiN’]UQ@@IﬂLﬁ"]Wﬁi@ Tae

AIIFaUTIgN k
a > 14 ~f -t s =, o (26)
AIINTAUTIOMAL 1T 23,

AINANNNIT 2.6 AINNTHIANNNSAN A azuanAlNa N1 nluniuiANEe Y

[

1999498 UaTAIAIINAAIINTRL pC, azteniendsuidasiuenliiiuanuinlese

wiiaiFunms  faiuAinisunsiauarnfanarag lugdnsdiuaesnanieungniinin
o5 v g o Duey
Faniu slapanfeungniivlidamiiaiFunns

q

ArnNsuNsENuAuFauilediAgauansliiud AnnstiemAtniauEIuEanans

15152 uaztihAinnsunsinuanuiauiiAien wunaaudianiaudaulngazgnifivlilng

dl o

o IS v =3 L3 1
Fan uazfimufeuffannudniesignindiuly
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23 M]‘iq_j‘ﬁ/u (Flooring) [8]

' v

TOULIRTD9TE @1_”1ﬁmﬁﬁummmqwummwmmmmmnmuwmulumq

Aa10 uanaIndagynuilas et luuda (o nezilenssfin wivls! Fududs Ausau

v

JUSHEEETIRT AR er) i) Tagluaie Aldgninsnldidudienty iy nsuiflaeiid laf
m@@i@rﬁ-hﬁ@LL@%meImW@amﬁ (Vinyl chloride-vinyl acetate copolymer)  waalwslnay

( Polypropylene) WORLTINY (Polyurethane)

;AR |
A oo o

antmvaian N4 mwmﬁ?wmsmm@mmnhm SuIBTaNasine dun
AVINIULINTZUNN A9NE e R & aaznstinaen o qmans NAQAANTEAEY Aoy
Wi u@nmnumwmam’muumuq BN mmmum AN AINAMURBE NI A

ADNUATANTIAD SURIT AT

2.3.1. 4 EgiJ UNIT (PVC flooring)

alay

ﬂﬁ“"LUEN % ﬂW'lJ’J’)Lﬂu‘mﬂWNﬂQ’]QJL‘MN’]“”MJ'V]’]\‘ILﬂ?ﬂﬁﬁ’]@ﬁl?lﬁ’m‘ﬂﬂﬁiuﬂ’]?uq

o

mlmﬂummﬂwu ’Lumm:mmmumfau Imqwu@@u) Luw"mwmm“ln@mmﬁu Weifay

NNniTanTiiniaeRetasas 20-50

U

=

”ﬂwm:mummﬁﬁ%m@u%@mm‘:”mmmmmmvmLﬂu@mqmlumaﬁmmh
Huiagif ﬁLﬁmimmwmummumwmﬂmmm‘vm
Tam ”w-nﬂwwuulumqiﬂmam@mmmwmwmmnmﬂﬂm” WA UazILAN
vinldnelinnsldmnuluaninsiminiuly (mm:wumqmmmmﬁgnlﬁ*mqmdﬁmmn
mﬂfnmsmmﬂmzmm%ﬂuﬁqﬁmvmmmum (Solvent-gel cleaners) uaz a15vAqy

P a ) ca ANl
@Z@q@WLL?\jLﬂujﬂ_’) @ﬂf]\ﬂ?ﬂ@ @@u UW T ﬂi‘ﬁ‘ﬂm\‘lﬂfmwfs’]\ﬂuiﬁ\‘iwa’mﬁﬂ I?QL?HH

¥ ar 2 o v o dSAJ .
WaAse uasvasiinieluting  Geam ALNUA

=

Tasdly miJLLuummauimafan@mwmnmw

NANazealddne favusdy (fuawgy WAL AT day (@N1F 3 Usznsgasinesia

alalay

WiSanyauiaan folduFenideriimy

QJ &l By <
239 qmﬂwuwaﬂiwﬂwau (Polypropylene flooring)

=D

LLWW@@TW;‘IW@umﬂwmmm”1:Jmmmlummﬂﬂhmuimmamu SULITh

[

QWEJE‘]?JHWSV]’]WJ’]N@W@W@ L‘WJJF]’J’]JJ’& PINALNEILAY mmﬂ@@mmimmwﬂgumm 146

Il
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Nuannedinsinduasnudanisiansauuas n1sgnRinatemn9danin (Biological attack)

o vl o

Tunsi W Bedmunaesianyiuazgninlfidneuzflusaaiieofua

U



UNN 3

N1TNMNANRAY

'
ad A

nsaaedlulasenul  dunisindaglsznauanwedeiauildainnistnann

a ad b 7 v A ¥ BooRe i ia o % d%, [~1 a o g
‘W@@Lﬂ‘vmuhLmew@mmﬁ‘tmummmnia‘mmﬂ@num LLmﬂJugﬂLﬂumm,ﬂmm
@ o alg) ¥
3.1. WALAANTLANT

3.1.1. WEMINdRdann e unaniia

3.1.2. 29U INANGRNGU (WoALehAw)
4 < P
3.2. atnsnliazinTasda

3.2.1. \AseasnelananaAn (Grinder)
3.2.2. IATanANLA I WiAnaaRnLLLANgIALY (Single-screw extruder)

328 Lﬂ?l@qumwamﬁml,uuqﬂnéqq (Two-roll mill)

3.2.4. faUMLLTAYN MEMMERT $14 UM 500

3.25. m’ém%ugﬂwmmﬁmmué’mﬁfmmm%’@u (Compression machine)

3.0.6. ARRIRATIY

3.2.7. isnanaseuduRdnadisnafinnesuaTisunsy WINDAP :
Lloyd Instrument Ltd.

3.2.8. LAABINARALAINUFULSINTEUNNTES Yasuda 199311

3.2.9. I3eamAdaLAN LT (Durometer)

3.2 10, A58 aMARBLIAN TN INE

3.2.11.FeanAgaLIN#tANLSaUILLIL Guarded-Hot-Plate

3.2.12.19851 085

3.2.13lulasiimef

3.2.14.1A38944

3.2.15 LNANNDATAU



At =%, -
~Aang (WY IIAAAN MR THTNATAN(
RIHNTOW I H3gaodinaa

5%

3.2. 16 LNANNRMFUA AT

3.2.17 gunsainlflunnsmagaunisgadui

3.3. 38n19NARDY

=

AFHANNARLENAUAULABTERT d1u5ululaseuilaninisuausoniu 2 95 Ae

1% <~

a <
3:3 1= ﬂ']iNﬂN‘Wﬂ’]ﬂ[ﬂﬂﬂ?ﬂkﬂi@ﬁt@ﬂ‘ﬂgLﬂ’ﬂ%{

|
aan v

1. wraatnwarganilagainnissausan i ldninassntaasaeiasasdatag
a v [~4 [~1 9
NAARN PAHIU AN nuNanTI9 Tne
2. NINITHANNAARNNIFNIN19F At LA AU AMMINARS LuendquTae i min
[ﬂl‘ﬂ»l,ﬂﬁ 90:10 80:20 70:30 60:40 50:50
3. Wrdaunanusiazdnsdoudnasaadnngians ivenan g ius uazidudn
(Granule)
d’ :// d? U = 1 [~ 9/%71 d‘ % a < o
4. wesannludunaun1stugtassesinnaaetiulaeldun  inaliwanasnudesia
=3 [~1 Y a [ rdl v = dgj §oee o’ ,u’/ =3 U -] E £ lﬂl o v v
audlumg Windadninldasiawmauetias  aeiuassieasinhidnganieinliudanems
gl’ é’ [~ v a o/ rn:ll 9_/42’ ] v a a [ e‘z// dl
pNTuEe1aazidua g IR AnA s laau  wazvnliauiiRaesndniusiduidaey
TSI
nl' ¥ o a v Qdé’ o L. - o rn:ll vl o 1
NN LFNINIINAABINITHANNAVEFANFEATY Az TR AT AN AN U AR
% 2 dJ o £ o a o/ rd‘l v d‘ =X Vv d‘ aa a
d19lngl FeenannliamTRaasnans o belasunlas AlAAasuasnisuaunanasinu

\Junisuaningldinresungnnasg

U

3.3.2.MINANNAIAANAILLATRILARNNAIA
1 ﬁﬂmummmwmaﬁnﬁiﬁﬁwm@ﬁ@ﬂ@mLLZ%ﬁumwuﬁaﬁmﬁﬁmaﬁmuﬁmj 191
- X % 9 Jar Al
WAFaIUAYNNAA ta linaudnium

2. Weasnwanamniildainnisnanannezasuagnnae asidnmuziiuiou g
saaunlddneiasldiauimaniae lfiasaasntiaswanamin dUNA8N U 1RINA RS Tl
= 52 1 5 5 v = A 1 v

3. dwanasnfildianisanudliinnstugd Wiuuein (Sheet) Muirastiugy

NAVARNULLUDAA2EIAINNEDI

45694
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3.4. NTNARaL

3.4.1. ANUALEINA
1. ARINFIBUINAN (Tensile strength)
n/alﬂl o = 2 1 % = v =

ﬂmumquﬂq?ﬁﬂﬁ’qiﬂuﬂ AAMUATULLTIAY  TRHUAZUBINITEADAN T "‘3@"1]']@
(%Elongation at break) m@@ﬁﬂmiﬁmuﬂ;u (Tensile modulus) Tmﬂl%ﬁ@wmﬁaugm—
@Niﬁﬁ\?ﬂ@ LL@gtﬂﬁ‘LLﬂﬁ'ﬂJ WINDAP lumﬁ?ﬁﬂuqmmmmﬂmgﬁu ASTM D 638 [9] ‘V‘hﬂ'ﬁ“

= = v aa v v ) [ o S

ATEHTUNNUAYEITNITRAAIRIAITNTDU Imﬁh‘ﬁu\ﬁu@’m%u 8 11

a o
a0z 19 lun1snAaa9An

Load cell 30 kN

Test speed 100  mm/min
Cell class 0.5

Guage length 25 mm

2. ANNBINULIINIZAN (Impact strength)

fnnnsnaaeulaeirses Yasuda 199311 AINNIATFIU ASTM D 256 Method a
(Izod type) [10] v1°'1m?Lﬂ?ﬂuéuqﬁuimﬂf“ﬁmiﬁmﬁmmm%’@u el Fuanudauay 10 54

3. AN (Hardness)

fn1sAgaLaLIAaeq Durometer hardness ANNNIATFIU ASTM D 2240 dnlne
Shore D [11] ﬁﬂwm:mmi@@ﬁﬂﬁmmmuﬁmﬁﬁqﬁﬂu flacmmanlining 6 Gadums

naLuagn 15 3unfasdnuns o uanle

3.4.2. N15UIANTAU
vn1sneaeulngldirramegaunisitae nfeuuuy  Guarded-Hot-Plate m7
NIRIZIU ASTM C 177 [12] Taeminnawsires@usulae@ugluindngagminion deass

W10 1WA x 1 R uaziiaomuuneglugee 0.5 - 2 [Wufimmns Auaw 2 uey
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3.4.3. msmm*num Lmumia“mﬂ"lum (Water absorption and Water solublhty)

1) mmumumum 1.3 x 3.2 x 0.3 gNUIAMIURLNAT 9119U 3 mumaum@mmm
50 aaAaadea Whunan 1 590

2. ﬁw%umum%ﬁwﬁﬂ ﬁ@ummwﬁ'miﬁ

3 ﬁﬁumumuﬁﬁﬂumfnwﬂmﬁ BUNN DY

v
o

4. ‘wmmnuu 24 TQI}HQ mmmuwunummnmmmum Tmﬂmmuuwmuw

ndmiinsasiuniideiuiia o
v
5. mm@m?‘wmmﬁiﬁmmmm%‘@m:mi@meﬁum
W, = ((W.- W) /W) x 100 (3.1)
= v o g
e W, = fepaznisgaduin
W, = dhutinudsnisgadiia

W, = dhutinfeunisgaduii

v 1
o a a

v 1
6. WTWwUNHIUNITAgaLnIeTTWIIN TR AdLLNLAY wauliuiangoumgl

= o o 2 7 d‘
LAZIIAALANUNL N1TRLILIG Ludan 1

v
o

5 e M N 4 3
7. waneludadn 7 Tdamin ilefusimndesaznisazas L
S = ((W,~ W)/ W) x 100 (3.2)
g 2 7
Wa S =Feuaznirazaieluin
W, = U min89TuuRE U7 uLT A5 1

v
a

v v 1 1
W, = Wmingeauauidiunise uuiensad 2

34.4. MINAFAUMAIANINAWIUNIE (Specific gravity)
duaeuliiinisunuiiniae 19ATemn A A u a1 e (Specific gravity

balance) ﬁL“ulﬂmmmmﬁm ASTM D 792 [13]
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4.1. NMFAATIERFIUNANADINDRANAUNLARAALLARRUIR A

AN99T 4.1 mmiz‘%mmﬁmwamﬁmﬁmmmmiuﬁmqmuﬁmq

1%

ARTNFRUATUIRILAL zﬁ“ﬂwm:m@uﬁmwmﬁﬁﬂwmﬁ AnRAEAMLLAN

o o a ada
MWIART IUNDALDNAY

aa A ' a ada Qoo | Qe | é’ a [
10 fRdu0seu wedlaNauLaz AU TadRd s uiiatAe i
20 ARTaduninfietay 10 wafaeRauLAzLAEMIadndraN iy

A A o
tatnelInu

1
v o

aa a v a aa Ua U N (=1
30 1Aed NN NTeaas 20 NaAENAULALIARMINARdTaNTly

aal dly a ad o o [~
40 HAMeNNINIaeas 30 NORLONAULAZLAUIIARI TN Tl
d” a o
PBIAEIINY

a aa o o 1 [~ ‘g a [
50 wam@mmmzmﬁuummrﬂ,mqmﬂummmﬂfmu

l
%

mﬂmiﬁqmm@”ﬂwmfz‘ummamﬁmvﬁmmmnmmﬂuﬁﬁmm’quﬁmq ALLAUIN

[ )

AN H LSRN ARSI L FN IR N RN TNAN RSP g U AEiad RS seeaz 50 (Taatianin)
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Standard Test Method for

Tensile Properties of Plastics’

AN Amenicen Netna Stengerc

This standard is issucd under the fixed designation D 638; the number immediately 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
superscript epsilon () indicates an editonial change since the last revision or reapproval.

This test method has been approved for use by agencies of the Departmen: of Defense Consult the Do) Index of Specifications and
Standards for the specific year of issuc which has been adopied by ihe Department ot 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. tempera-
ture, humidity, and testing machine speed.

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

NoTE 1—A complete metric companion to Test Mcthod D 638 has
been developed—D 638M.

NoTEe 2—This test method is not intended to cover precise physical
procedures. It is recognized that the constant-rate-of-cross-hcad-move-
ment type of test leaves much to be desired from a theoretical stand-
point, that wide differences may exist between rate of crosshead move-
ment and rate of strain between gage marks on the specimen, and that
the testing speeds specified disguise important effects characteristic of
materials 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, and
that these variations may influence the test results. Hence, where directly
comparable results are desired, all samples should be of equal thickness.
Special additional tests should be used where more precise physical data
are needed.

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

Note 4—For tensile properties of resin-matrix composites rein-
forced with oriented continuous or discontinuous high modulus >20
GPa (>3.0 x 10 psi) fibers, tests shall be made in accordance with Test
Method D 3039.

1.3 The values as stated in inch-pound units are to be
regarded as the standard. The values given in parentheses are
for information only.

1.4 This standard does not purport to address all of the
safety problems, 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.

! This test method is under the jurisdiction of ASTM Committee D-20 on
Plastics and is the direct responsibility of Subcommittee D 20.10 on Mechanical
Properties. Sael] i

Current edition approved Nov. 15, 1991. Published January 1992. Originally
published as D 638 —41 T. Last previous edition D 638 - 90. -

2. Referenced Documents

2.1 ASTM Standards:

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

D 374 Test Methods for Thickness of Solid Electrical
Insulation?

D 412 Test Methods for Rubber Properties in Tension?

D618 Practice for Conditioning Plastics and Electrical
Insulating Materials for Testing®

D 638M Test Method for Tensile Properties of Plastics
(Metnic)?*

D 651 Test Method for Tensile Strength of Molded Elec-
trical 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 Test Method for Tensile Properties of Fiber-Resin
Composites®

D 4000 Classification System for Specifying Plastic
Materials’

D 4066 Specification for Nylon Injection and Extrusion
Materials (PA)?

E 4 Practices for Load Verification of Testing Machines?

E 83 Practice for Verification and Classification of
Extensometers®

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

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 This test method is designed to produce tensile
property data for the control and specification of plastic
materials. These data are also useful for qualitative charac-
terization and for research "and development. For many
materials, there may be a specification that requires the use

2 Annual Book of ASTM Standards, Vol 10.01.
3 Annual Book of ASTM Standards, Vol 09.01.
4 Annual Book of ASTM Standards, Vol 08.01.
3 Annual Book of ASTM Standards, Vol 08.02.
¢ Annual Book of ASTM Standards, Vol 15.03.
7 Annual Book of ASTM Standards, Vol 08.03.
8 Annual Book of ASTM Standards, Vol 03.01. .
.® Annual Book of ASTM Standards, Vol 14.02.
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of this test method. but with some procedural modifications
that take precedence when adhening to the specification.
Therefore, it is advisable to refer to that matenial specifica-
tion before using this test method. Table 1 in Classification
D 4000 lists the ASTM matenals standards that currently
exist.

4.2 Tensile propertics may vary with specimen prepara-
tion and with speed and environment of testing. Conse-
quently, where precise comparative results are desired. these
factors must be carefully controlled.

4.2.1 Itisrealized that a material cannot be tested without
also testing the method of preparation of that material.
Hence, when comparative tests of matenals per se are
desired, the greatest care must be exercised 10 ensure that all
samples are prepared in exactly the same way, unless the test
is 1o include the effects of sample preparation. Similarly, for
referec purposes or comparisons within any given series of
specimens, care must be taken to secure the maximum
degree of uniformity in details of preparation, treatment, and
handling.

4.3 Tensile properties may provide useful data for plastics
engineering design purposes. However, because of the high
degree of sensitivity exhibited by many plastics to rate of
straining and environmental conditions, data obtained by
this test method cannot be considered valid for applications
involving load-time scales or environments widely different
from those of this test method. In cases of such dissimilarity,
no reliable estimation of the limit of usefulness can be made
for most plastics. This sensitivity to rate of straining and
environment necessitates testing over a broad load-time scale
(including impact and creep) and range of environmental
conditions if tensile properties are to suffice for engineering
design purposes.

NoTe 5—Since the existence of a true 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
accepted definition to describe the “stiffness™ or “rigidity” of a plastic
has been seriously questioned. The exact stress-strain characteristics of
plastic materials are highly dependent on such factors as rate of
application of stress, temperature, 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 drawn tangent to this portion of the curve permits
calculation of an elastic modulus of the usually defined type. Such a
constant is useful if its arbitrary nature and dependence on time,
temperature, and similar factors are realized.

S. Apparatus

5.1 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 stationary

center line of the grnip assembly. The specimens should be
aligned as perfectly as possible with the directicn of pull so
that no rotary motion that may induce slippage will occur in
the grips; there i1s a hmit to the amount of misalignment
sclf-aligning grips will accommodate.

5.1.3.1 The test specimen shall be held in such a way that
slippage relative to the grips is prevented insofar as possible.
Grip surfaces that are deeply scored or serrated with a
pattern similar to those of a coarse single-cut file. serrations
about 0.09 in. (2.4 mm) apart and about 0.06 in. (1.6 mm)
deep, have been found satisfactory for most thermoplastics.
Finer serrations have been found to be more satisfactory for
harder plastics, such as the thermosetting materials. The
serrations 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 1n these cases. Other techniques that have been
found useful, particularly with smooth-faced grips, are
abrading that portion of the surface of the specimen that will
be in the grips, and interposing thin picces of abrasive cloth,
abrasive paper, or plastic or rubber-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 specimen may also
be effective. The use of special types of grips is sometimes
necessary to eliminate slippage and breakage in the grips.

S.1.4 Drive Mechanism—A drive mechanism for im-
parting to the movable member a uniform, controlled
velocity with respect to the stationary member, with this
velocity to be regulated as specified in Section 9.

S5.1.5 Load Indicator—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 verificd in accordance with Practices E 4.

NoTe 6—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 Praciices E 4. Hence, it is recom-
mended that each machine be studied individually and verified as often
as may be found necessary. It 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 constituted 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

Iu.w&m u

member carrying one grip. up to the rated capacity of the machine.
5.1.2 Movable Member—A movable member carrying a 5.2 Extension Indicator (extensometer)—A suitable in3
second grip. strument shall be used for determining the distance betweeniz

two designated pomts within the gage length of the tcstz
specimen as the specimen is stretched. For referee purposcs,g
the extensometer must be set at the full gage length of the=
specimen, as shown in Fig. {. It is desirable, but not cssentml,,E
that this instrument automatically record this distance, Ofg
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, O

5.1.3 Grips—Grips for holding the test specimen between
the fixed member and the movable member. The grips shall
be self-aligning, that is, they shall be attached to the fixed and
movable member, respectively, in such a manner that thcy
will move freely into ahgnmcnt 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

S i L.Ul
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Specimen Dimensions for Thickness. T, in. (mm)?

0.28 (7) or under Over 0.28 10 0.55 (7 to 14) incl. 0.16 (4) or under
Dimensions (see drawings) Tolerances
Type | Type Il Type tll Type IVC Type V!

W—Width of narrow section”: & 0.50 (13) 0.25 (6) 0.75 (19) 0.25 (6) 0.125 (3.18) +0.02 (x0.5)6./
L—Length of narrow section 2.25(57) 2.25 (57) 2.25(57) 1.30(33) 0.375 (9.53) +0.02 (+0.5)/
WO—Width over-all, min€ 0.75 (19) 0.75 (19) 1.13 (29) 0.75 (19) o +0.25 (+6.4)
WO—Width over-all, min€ ¥ 4 g o L s 0.375 (3.53) +0.125 (+3.18)
LO—Length over-all, min® 6.5 (165) 7.2(183) 9.7 (246) 4.5(115) 2.5 (63.5) no max (no max)
G—Gage length® 2.00 (50) 2.00 (50) 2.00 (50) ey 0.300 (7.62) +0.010 (+0.25)"
G—Gage length® Yom s XY 1.00 (25) ] +0.005 (+0.13)
D—Distance between grips 4.5 (115) 5.3(139) 4.5 (115) 2.54 (64) 1.0 (25.4) +0.2 (%5)
AR—Radius of fillet 3.00 (76) 3.00(76) 3.00 (76) 0.56 (14) 0.5 (12.7) +0.04 (x1)!
RO—Outer radius (Type IV) & A o, 1.00 (25) . +0.04 (+1)

4 The width at the center W, shall be +0.000 in., —0.004 in. (+0.00 mm, —0.10 mm) compared with width W at other parts of the reduced section. Any reduction in W
at the center shall be gradual, equally on each side so that no abrupt changes in dimension result.

€ For moided specimens, a draft of not over 0.005 in. (0.13 mm) may be allowed for either Type | or Il specimens 0.13 in. (3.2 mm) in thickness, and this should be taken
into account when calculating width of the specimen. Thus a typical section of a moided Type | specimen, having the maximum allowable draft, could be as follows:

€ Test marks or initial extensometer span.

© Thickness, 7, shall be 0.13 = 0.02 in. (3.2 + 0.4 mm) for all types of molded specimens, and for other Types | and Il specimens where possible. If specimens are
machined from sheets or plates, thickness, T, may be the thickness of the sheet or plate provided this does not exceed the range stated for the intended specimen type.
For sheets of nominal thickness greater than 0.55 in. (14 mm) the specimens shall be machined to 0.55 + 0.02 in. (14 =+ 0.4 mm) in thickness, for use with the Type Il
specimen. For sheets of nominal thickness between 0.55 and 2 in. (14 and 51 mm) approximatety equal amounts shall be machined from each surface. For thicker sheets
both surfaces of the specimen shall be machined and the location of the specimen with reference to the original thickness of the sheet, shall be noted. Tolerances on
thickness less than 0.55 in. (14 mm) shall be those standard for the grade of material tested.

€ Overall widths greater than the minimum indicated may be desirable for some materials in G:der to avoid breaking in the grips.

¥ Overall lengths greater than the minimum indicated may be desirable either to avoid breaking in the grips or to satisfy special test requirements.

S For the Type IV specimen, the intemnal width of the narrow section of the die shall be 0.250 + 0.002 in. (6.00 + 0.05 mm). The dimensions are essentially those of Die
C in Test Methods D 412.

* When self-tightening grips are used, for highly extensible polymers, the distance betwecen grips will depend upon the types of grips used and may not be critical if
maintained uniform once chosen.

0.505 in.,, max ......
(12.83 mm)
+~ 0.005 in. max
(0.13 mm)

. 0.500in.
(12.70 mm)

! The Type V specimen shall be machined or die cut to the dimensions shown, or molded in a mokd whose cavity has these dimensions. The dimensions shall be:

W =0.125 £ 0.001 in. (3.18 + 0.03 mm),
L =0.375 % 0.003 in. (3.53 + 0.08 mm),
G =0.300 + 0.001 in. (7.62 + 0.02 mm), and
R =0.500 + 0.003 in. (12.7 + 0.08 mm).

The other tolerances are those in the table.
¥ Supporting data on the introduction of the L specimen of Test Method D 1822 as the Type V specimen are available from ASTM Headquarters. -Request RR:D

20-1038. - 2

FIG. 1 Tension Test Specimens for Sheet, Plate, and Molded Plastics
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both. If only the latter is obtained, load-ime data must also
be taken. This instrument shall be essentially frec of inertia
at the specified speed of testing. Extensometers shall be
classified and their calibration periodically verified in accor-
dance with Practice E 83.

5.2.1 Modulus-of-Elasticity Measurements—For modu-
lus-of-clasticity measurements, an extensometer with a manx-
imum strain error of 0.0002 in./in. that automatically and
continuously records shall be used. A Class B-2 extensometer
(Practice E 83) 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, attenuated to 20 %
extension, may be used. In any case, the extensometer
system must meet at least Class C (Practice E 83) require-
ments, 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 %, measuring
techniques with error no greater than +10 % of the measured
value are acceptable.

5.3 Micrometers—Suitable micrometers for measuring
the width and thickness of the test specimen to an incre-
mental discrimination of at least 0.001 in. (0.025 mm)
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 mea-
suring the thickness of nonrigid test specimens shall have: (1)
a contact measuring pressure of 3.6 + 0.36 psi (25 + 2.5
kPa), (2) a movable circular contact foot 0.250 + 0.001 in.
(6.35 = 0.025 mm) 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
0.0002 (0.005 mm) in. over the entire foot area. Flatness of
foct and anvil shall conform to the portion of the Calibration
Section of Test Methods D 374, which addresses “flatness of
surfaces of micrometers.”

5.3.1 An optional instrument cquippcd with a circular
contact foot 0.625 + 0.003 in. (15.88 #+ 0.08 mm) in
diameter is recommended for thickness measuring of process
samples or larger specimens at least 0.625 in. (15.88 mm) in
minimum width.

6. Test Specimens

6.1 Sheet, Plate, and Molded Plastics:

6.1.1 Rigid and Semirigid Plastics—The test specimen
shall conform to the dimensions shown in Fig. 1. The Type |
specimen is the preferred specimen and shall be used where
sufficient material having a thickness of 0.28 in. (7 mm) or
less is available. The Type Il specimen may be used when a
material does not break in the narrow section with the
preferred Type I specimen. The Type V specimen shall be
used where only limited material having a thickness of 0.16
in. (4 mm) or less is available for evaluation, or where a large
number of specimens are to be exposed in a limited space
(thermal and environmental stability tests; etc.). The Type
IV specimen should be used when direct comparisons are
required between materials in different rigidity cases (that is,
nonrigid and semirigid). The Type III specimen must be used
for all materials with a thickness of greater than 0.28 in. (7
mm) but not more than 0.55 in. (14 mm).

6.1.2 Nonrigid Plastics—71he test specimen shall conform
to the dimensions shown in Fig. 1. The Type IV specimen
shall be used for testing nonrigid plastics with a thickness of
0.16 in. (4 mm) or less. The Type 111 specimen must be used
for all materials with a thickness greater than 0.28 in. (7 mm)
but not more than 0.55 in. (14 mm).

6.1.3 Reinforced Composites—The test specimen for rein-
forced composites, including highly orthotropic laminates,
shall conform to the dimensions of thec Type I specimen
shown 1in Fig. 1.

6.1.4 Prenaration—Test specimens shall be prepared by
machining operations, or dic cutting, from materials in
sheet, plate, slab, or similar form. Maternals thicker than 0.55
in. (14 mm) must be machined to 0.55 in. (14 mm) for use as
Type III specimens. Specimens can also be prepared by
molding the material to be tested.

NoTe 7—Test results have shown that for some materals such as
glass cloth, SMC, and BMC laminatcs, other specimen types should be
considered 10 ensure breakage within the gage length of the specimen, as
mandated by 8.3.

NoTE 8&—When preparing specimens from certain composite lami-
nates such as woven roving, or glass cloth, care must be exercised in
cutting the specimens parallel 10 the reinforcement. The reinforcement
will be significantly weakened by cutting on a bias, resulting in lower
laminate properties, unless testing of specimens in a direction other than
parallel with the reinforcement constitutes a variable being studied.

NoOTE 9—Specimens prepared by injection molding may have dif-
ferent tensile properties than specimens prepared by machining or
die-cutting because of the orientation induced. This effect may be more
pronounced in specimens with narrow sections.

6.2 Rigid Tubes:

6.2.1 The test specimen for rigid tubes shall be as shown
in Fig. 2. The length, L, shall be as shown in the table in Fig.
2. A groove shall be machined around the outside of the
specimen at the center of its length so that the wall section
after machining shall be 60 % of the original nominal wall
thickness. This groove shall consist of a straight section 2.25
in. (57.2 mm) in length with a radius of 3 in. (76 mm) at each
end joining it to the outside diameter. Steel or brass plugs
having diameters such that they will fit snugly inside the tube
and having a length equal to the full jaw length plus 1 in. (25
mm) shall be placed in the ends of the specimens to prevent
crushing. They can be located conveniently in the tube by
separating and supporting them on a threaded metal rod.
Details of plugs and test assembly are shown in Fig. 2.

6.3 Rigid Rods:

6.3.1 The test specimen for rigid rods shall be as shown in
Fig. 3. The length, L, shall be as shown in the table in Fig. 3.
A groove shall be machined around the specimen at the
center of its length so that the diameter of the machined
portion shall be 60 % of the original nominal diameter. This
groove shall consist of a straight section 2.25 in. (57.2 mm)
in length with a radius of 3 in. (76 mm) at each end joining
it to the outside diameter. 4

6.4 All surfaces of the specimen shall be free of v151ble
flaws, scratches, or imperfections. Marks left by coarse
machining operations shall be carefully removed with a fine ;
file or abrasive, and the filed surfaces shall then be smoothed :
with abrasive paper (No. 00 or finer). The finishing s;mdmgf
strokes shall be made in a direction parallel to the long axis3
of the test spocxmcn All flash shall be removed from .23

_ molded specxmcn taking great care not to disturb thc%
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DIMENSIONS OF TUBE SPECIMENS
g " e Standard Length, L, of Speci-
] : Length of Radial Sections, Total Calculated Minimum >
Nominal Wall Thickness 2R.S. Length of Specimen men to bemUr:;ej;:’(S 35—*:1. (89-
in. (mm)
32 (0.79) 0.547 (13.9) 13.80 (350) 15 (381)
Yo (1.2) 0.670 (i7.0) 13.92 (354) 15 (381)
he (1.6) 0.773 (19.6) 14.02 (356) 15 (381)
Va2 (2.4) 0.946 (24.0) 14.20 (361) 15 (381)
8 (3.2) 1.091 (27.7) 14.34 (364) 15 (381)
Yie (4.8) 1.333 (33.9) 14.58 (370) 15 (381)
e (6.4) 1.536 (39.0) 14.79 (376) 15.75 (400)
6 (7.9) : 1.714 (43.5) 14.96 (380) 15.75 (400)
¥s (9.5) 1.873 (47.6) 15.12 (384) 15.75 (400)
The (11.1) 2.019 (51.3) 15.27 (388) 15.75 (400)
2 (12.7) 2.154 (54.7) 15.40 (391) 16.5 (419)

4 For other jaws greater than 3.5 in. (88 mm), the standard length shall be increased by twice the length of the jaws minus 7 in. (178 mm). The standard length permits
a slippage of approximatety 0.25 to 0.50 in. (6.4 to 12.7 mm) in each jaw while maintaining maximum length of jaw grip.

FIG. 2 Diagram Showing Location of Tube Tension Test Specimens in Testing Machine

molded surfaces. In machining a specimen, undercuts that  anisotropy, duplicate sets of test specimens shall be prepared,

would exceed the dimensional tolerances shown in Fig. | having their long axes respectively parallel with, and normal

shall be scrupulously avoided. Care shall also be taken to  to, the suspected direction of anisotropy.

avoid other common machining errors. - : : Foige & :
6.5 Ifit is necessary to place gage marks on the specimen, 7. Conditioning

this shall be done with a wax crayon or India ink that will not 7.1 Conditioning—Condjtj‘ ﬁ the test specimens at73.4%
affect the material being tested. Gage ‘marks shall not be  3.6°F (23 £ 2°C) and 50 + 5 % relative humidity for not less
scratched, punched, or impressed on the specimen. than 40 h prior to test in accordance with Procedure A of

6.6 When testing materials that are suspected of  Practice D 618, for those tests where conditioning is re-



iy D638

) G - e o
— sy
I \\\\\ \ i
350 i, min b SO -
@ mm | NN 1:
2 i
\_\ NN v
i i \\\\\_\ j j
NN H
2.00 in., min NS N
51 DR
(51 mm) \\\\\\
—] N \\-\
3 |
NN |
1 3.00in. Rad Joos :
——}—(70mm) :
: L
2.25in. Mggf:ri'to ‘
5 Original I
v i Nominal .
_3.00in. Rad sl 1
(70 mm) |
R.S. i
. ;
i
2.00 in., min. :
(51 mm) :
o BT, -

350in, min. | NN
(89 mm) \\\ \\

DIMENSIONS OF ROD SPECIMENS

Standard Length, L, of Speci-

2 ] Length of Radial Total Calcutated Minimum
Nominal Diameter 3 a men to be Used for 83-mm
Sections, 2R.S. Length of Specimen (3V-in.) Jaws A
in. (mm)

Ve (3.2) 0.773(19.6) 14.02 (356) 15 (381)
he (4.7) 0.946 (24.0) 14.20 (361) 15 (381)
V4 (6.4) 1.091(27.7) 14.34 (364) 15 (381)
¥ (9.5) 1.333(33.9) 14.58 (370) 15 (381)
2 (12.7) 1.536 (39.0) 14.79 (376) 15.75 (400)
/8 (15.9) 1.714 (43.9) 14.96 (380) 15.75 (400)
¥4 (19.0) 1.873 (47.6) 15.12 (384) 15.75 (400)
/s (22.2) 2.019(51.9) 15.27 (388) 15.75 (400)
1(25.4) 2.154 (54.7) 15.40 (391) 16.5 (419)
1v4 (31.8) 2.398 (60.9) 15.65 (398) 16.5 (419)
1142 (38.1) 2.615(66.4) 15.87 (403) 16.5 (419)
1%4 (42.5) 2.812(71.4) 16.06 (408) 16.5 (419)
2(50.8) 2.993 (76.0) 16.24 (412) 17 (432)

A For other jaws greater than 3.5 in. (89 mm), the standarc length shall be increased

by twice the length of the jaws minus 7 in. (178 mm). The standard length permits

a slippage of approximately 0.25 to 0.50 (6.4 to 12.7 mm) in each jaw while maintaining maximum length of jaw grip.

FIG. 3 Diagram Showing Location of Rod Tension Test Specimen in Testing Machine

quired. In cases of disagreement, the tolerances shall be
+1.8°F (+1°C) and +2 % relative humidity. . .

7.1.1 Note that for some hygroscopic materials, such as
nylons, the material specifications (for example, Specifica-
tion D 4066) call for testing “dry as-molded specimens.”
Such requirements take precedence over the above routine
preconditioning to 50 % relative humidity and require
sealing the specimens ‘in water vapor-impermeable con-
tainers as'soon as‘tolded ard not removing them until ready
for testing. s ST iR S e

« o
3

7.2 Test Conditions—Conduct tests in the Standard Lab-
oratory Atmosphere of 73.4 + 3.6°F (23 £ 2°C) and 50 %5 %
relative humidity, unless otherwise specified in the test
methods. In cases of disagreement, the tolerances shall be
+1.8°F (1°C) and *2 % relative humidity. -

NOTE 10—The tensile properties of some plastics change rapidly with
small changes in temperature. Since heat may be generated as a result of
straining the specimen at high rates, conduct tests without forced cooling
to ensure uniformity of test conditions. Measure the temperature in the
reduced section of the specimen and record it for materials where
self-heating is suspected.-+ v 0 Bt E e )

5%
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TABLE 1 Designations for Speed of Testing*
Speed of Nominal Strain®
Classification® Specimen Type Testing. Rate at Start of
in./min Test, in./in.-min
Rigid and Semirigid |, Il, lll rods and tubes 02+25% 0.1
2+10% 1
20+ 10 % 10
\% 02+25% 0.15
2+10% 1:5
20+ 10% 15
Y 005+25% 0.1
05+25% 1
5+25% 10
Nonrigid 1 2+10% 1
20+ 10% 10
v 2+10% 1.5
20+ 10% 15

4 Select the lowest speed that produces rupture in ¥z to 5 min for the specimen
geometry being used (see 8.2).

8 See Definitions D 883 for definitions.

€ The initial rate of straining cannot be calcuiated exactly for dumbbell-shaped
specimens because of extension, both in the reduced section outside the gage
length and in the fillets. This initial strain rate can be measured from the initial slope
of the tensile strain-versus-time diagram.

8. Number of Test Specimens

8.1 Test at least five specimens for each sample in the case
of isotropic matenals.

8.2 Test ten specimens, five normal to, and five parallel
with, the principle axis of anisotropy, for each sample in the
case of anisotropic materials.

8.3 Discard specimens that break at some obvious fortu-
itous flaw, or that do not break between the predetermined
gage marks, and make retests, unless such flaws constitute a
variable to be studied.

NoOTE 11—Before testing, all transparent specimens should be in-
spected in a polariscope. Those which show atypical or concentrated
strain patterns should be rejected, unless the effects of these residual
strains constitute a variable to be studied.

9. Speed of Testing

9.1 Speed of testing shall be the relative rate of motion of
the grips or test fixtures during the test. Rate of motion of the
driven grip or fixture when the testing machine is running
idle may be used, if it can be shown that the resulting speed
of testing is within the limits of variation allowed.

9.2 Choose the speed of testing from Table 1. Determine
this chosen speed of testing by the specification for the
material being tested, or by agreement between those con-
cerned. When the speed is not specified, use the lowest speed
shown in Table 1 for the specimen geometry being used,
which gives rupture within %2 to 5 min testing time.

9.3 Modulus determinations may be made at the speed
selected for the other tensile properties when the recorder
response and resolution are adequate.

TABLE 2 Modulus, 108 psi, for Eight Laboratories, Five Materials

Mean S, Sk I, In
Potypropylene 0210 -0.0089 0.071 0025 0.201
Cetiulose acetate butyrate 0246 00179 0.035 0051 0.144
Acrylic 0481 00179 0.063 0051 0.144
Glass-reinforced nylon : 117 . 0.0537 . 0217 0152 0.614

Glass-einforced polyester  1.39 00894 0266 0253 0753

TABLE 3 Tensile Stress at Yield, 103 psi, for Eight Laboratories,
Three Materials

Mean S, Sk 1 la
Polypropylene 3.63 0.022 0.161 0.062 0.456
Cellulose acetate butyrate 5.01 0.058 0.227 0.164 0.642
Acrylic 10.4 0.067 0.317 0.190 0.897

10. Procedure

10.1 Measure the width and thickness of rigid flat speci-
mens (Fig. 1) with a suitable micrometer to the nearest 0.001
in. (0.025 mm) at several points along their narrow scctions.
Measure the thickness of nonrigid specimens (produced by a
Type 1V die) in the same manner with the required dial
micrometer. Take the width of this specimen as the distance
between the cutting edges of the die in the narrow section.
Mecasure the diameter of rod specimens, and the inside and
outside diameters of tube specimens, 1o the nearest 0.001 in.
(0.025 mm) at a minimum of two points 90° apart; make
these measurements along the groove for specimens so
constructed. Use plugs in testing tube specimens, as shown in
Fig. 2.

10.2 Place the specimen in the grips of the testing
machine, taking care to align the long axis of the specimen
and the grips with an imaginary line joining the points of
attachment of the grips to the machine. The distance
between the ends of the gripping surfaces, when using flat
specimens, shall be as indicated in Fig. 1. On tube and rod
specimens, the location for the grips shall be as shown in
Figs. 2 and 3. Tighten the grips evenly and firmly to the
degree necessary to prevent slippage of the specimen during
the test, but not to the point where the specimen would be
crushed.

10.3 Attach the extension indicator. When modulus is
being determined, the extension indicator must continuously
record the distance the specimen is stretched (elongated)
within the gage length as a function of the load through the
initial (linear) portion of the load-elongation curve.

NOTE 12—Modulus of materials is determined from the slope of the
linear portion of the stress-strain curve. For most plastics, this linear
portion is very small, occurs very rapidly, and must be recorded
automatically. The change in jaw separation is never to be used for
calculating modulus or elongation.

10.4 Set the speed of testing at the proper rate as required
in Section 9, and start the machine.

10.5 Record the load-extension curve of the specimen.

10.6 Record the load and extension at the yield point (if
one exists) and the load and extension at the moment of
rupture.

NOTE 13—If it is desired to measurc both modulus and failure
properties (yield or break, or both), it may be necessary, in the case of
highly extensible materials, to run two independent tests. The high
magnification extensometer normally used to determine properties up to
the yield point may not be suitable for tests involving high extensibility.
If allowed to remain attached to the specimen, the extensometer could

TABLE 4 Elongation at Yield, %, for Eight Laboratories, Three

Materials 3
Mean S, Sa (s Ia
Cellulose acetate butyrate 3.65510.27 0.62 0.76 - 1.75
Acrylic, . -, 3 489 - 021 0.55 . 059 - 1.56
Polypropylene .5.86 127 165

8.79.....045
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TABLE 5 Tensile Strength at Break, 10° psi, for Eight
Laboratories, Five Materials*

Mean S, Sa 1, lq
Polypropylene 297 154 1.65 4.37 4.66
Cellulose acetate butyrate 482 0058 0.180 0.164 0.509
Acrylic 909 0452 0751 121 2.13
Glass-reinforced polyester 20.8 0.233 0437 0.659 1.24
Glass-reinforced nylon 23.6 0277 0698  0.784 1.98

4 Tensile strength and elongation at break values obtained for unreinforced
propylene plastics generally are highly variable due to inconsistencies in necking or
“drawing™ of the center section of the test bar. Since tensile strength and
elongation at yield are more reproducible and relate in most cases to the practical
usefulness of a molded part, they are generally recommended for specification
purposes.

TABLE 6 Elongation at Break, %, for Eight Laboratories, Five

Materials*
Mean S, Sa 1, la
Glass-reinforced polyester 3.68 0.20 233 0.570 6.59
Glass-reinforced nylon 387 0.10 2.13 0.283 6.03
Acrylic 13.2 2.05 3.65 5.80 10.3
Cellulose acetate butyrate 14.1 1.87 6.62 529 18.7
Polypropylene 2930 509 1190 1440  337.0

A Tensile strength and elongation at break values obtained for unreinforced
propytene plastics generally are highly variable due to inconsistencies in necking or
“drawing” of the center section of the test bar. Since tensile strength and
elongation at yield are more reproducible and relate in most cases to the practical
usefuiness of a molded part, they are generally recommended for specification
purposes.

be permanently damaged. A broad range incremental extensometer or
hand rule technique may be needed when such materials are taken to
rupture.

11. Calculation

11.1 Tensile Strength—Calculate the tensile strength by
dividing the maximum load in newtons (or pounds-force) by
the original minimum cross-sectional area of the specimen in
square metres (or square inches). Express the result in pascals
(or pounds-force per square inch) and report it to three
significant figures as tensile strength at yield or tensile
strength at break, whichever term is applicable. When a
nominal yield or break load less than the maximum is
present and applicable, it may be desirable also to calculate,
in a similar manner, the corresponding tensile stress at yield
or tensile stress at break and report it to three significant
figures (see Note A2.8).

11.2 Percent Elongation—If the specimen gives a yield
load that is larger than the load at break, calculate percent
elongation at yield. Otherwise, calculate percent elongation
at break. Do this by reading the extension (change in gage
length) at the moment the applicable load is reached. Divide
that extension by the original gage length and multiply by
100. Report percent elongation at yield or percent elongation
at break to two significant figures. When a yield or breaking
load less than the maximum is present and of interest, it is
desirable to calculate and report both percent elongation at
yield and percent elongation at break (see Note A2.2).

11.3 Modulus of Elasticity—Calculate the modulus of
elasticity by extending the initial linear pomon of the
load-extension curve and dividing the difference in stress
corresponding to any segment of section on this straight line
by the corresponding difference in strain. All elastic modulus
values shall be computed using the average initial cross-

sectional area of the test specimens in the calculations. The
result shall be expressed in pounds-force per square inch
(pascals) and reported to three significant figures.

11.4 Secant modulus—At a designated strain, this shall be
calculated by dividing the corresponding stress (nominal) by
the designated strain. Elastic modulus values are preferable
and shall be calculated whenever possible. However, for
materials where no proportionality is evident, the secant
value shall be calculated. Draw the tangent as directed in
Al.3 and Fig. A1.2, and mark off the designated strain from
the yield point where the tangent line goes through zero
stress. The stress to be used in the calculation is then
determined by dividing the load-extension curve by the
original average cross-sectional area of the specimen.

11.5 For each series of tests, calculate the arithmetic mean
of all values obtained and report it as the “average value™ for
the particular property in question.

11.6 Calculate the standard deviation (estimated) as fol-
lows and report it to two significant figures:

= JEXT=nXd)/(n - 1)

where:

estimated standard deviation,

value of single observation,

= number of observations, and

= arithmetic mean of the set of observations.

11.7 See Annex Al for information on toe compensation.

N

T

12. Report

12.1 Report the following information:

12.1.1 Complete identification of the materal tested,
including type, source, manufacturer’s code numbers, form,
principa! dimensions, previous history, etc.,

12.1.2 Method of preparing test specimens,

12.1.3 Type of test specimen and dimensions,

12.1.4 Conditioning procedure used,

12.1.5 Atmospheric conditions in test room,

12.1.6 Number of specimens tested,

12.1.7 Speed of testing,

12.1.8 Tensile strength at yield or break, average value,
and standard deviation,

12.1.9 Tensile stress at yield or break,
average value, and standard deviation,

12.1.10 Percent elongation at yield or break (or both, as
applicable), average value, and standard deviation,

12.1.11 Modulus ofe]astlcnv average value, and standard
deviation, and

12.1.12 Date of test.

if applicable,

13. Precision and Bias!®

13.1 Tables 2 through 6 are based on a round robin test
conducted in 1984, involving five materials tested by eight
laboratories using the Type I specimen, all of nominal
0.125-in. thickness. Each test result- was based on five
individual determinations. Each 1aboratory obtamed two test
results for'each material. S A2A

13.2 Tables 7 through 10 are based ona round robin test
couducted by the polyolefin subcommittee in 1988,..in-

L

S

10 Supporting data are available from ASTM Headquarters. ‘Request RR.Dm
1125 for the 1984 round robin and RR:D20-1170 for the 1988 tound robin.”>
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TABLE 7 Tensile Yield Strength, for Ten Laboratories, Eight

TABLE 9 Tensile Break Strength, for Nine Laboratories, Six

Materials Materials
Test Values Expressed in psi Units Test Values Expressed in psi Units
Material S 5 Material Speed,
in./min Average S: Sg I R in./min Average S, Sa r R
LDPE 20 1544 524 64.0 146.6 179.3 LOPE 20 1592 523 749 146.4 209.7
LDPE 20 1894 53.1 61.2 148.7 171.3 LDPE 20 1750 66.6 102.9 186.4 288.1
LLDPE 20 1879 74.2 99.9 207.8 279.7 LLDPE 20 4379 1271 219.0 355.8 613.3
LLDPE 20 1791 49.2 75.8 137.9 212.3 LLDPE 20 2840 78.6 1435 220.2 401.8
LLDPE 20 2900 55.5 87.9 155.4 246.1 LLDPE 20 1679 343 47.0 95.96 131.6
LLDPE 20 1730 63.9 96.0 178.9 268.7 LLDPE 20 2660 119.1 166.3 333.6 465.6
HOPE 2 4101 196.1 3718 549.1 1041.3
HDPE 2 3523 1759 478.0 492.4 1338.5
TABLE 10 Tensile Break Elongation, for Nine Laboratories, Six
TABLE 8 Tensile Yield Elongation, for Eight Laboratories, Eight Mateudis
Materials Test Values Expressed in Percent Units
: Matenial Speed,
Test Values Expressed in Percent Units in./min Average S, Sa r R
Matenal Speed,
in/min  Average 3 Sk r R LOPE 20 567 315 59.5 88.2 166.6
LDPE 20 568 61.5 89.2 172:3 2497
LDPE 20 7.9 1:26 Tl S LLDPE 20 80 257 1138 79 3187
LDPE 20 146 1.02 2.38 2.86 6.67 LLDPE 20 644 68 o o o
LLDPE 20 157 137 285 385 7.7 i 5 803 e G el o
LLDPE 20 16.6 1.59 330 4.46 9.24 LLDFE 2 782 e 5 : ;
LLDPE 20 17 127~ 288 356 . 808 X e 70 w166, 270 s
LLDPE 20 15.2 1.27 2.59 3.55 7.25
HDPE 2 9.27 1.40 2.84 3.91 7.94 F A TH 5
HOPE 2 9.63 123 275 345 771 13.3.4 Reproducibility—In comparing two test results for

volving eight polyethylene matenals tested in ten laborato-
ries. For each material, all samples were molded at one
source, but the individual specimens were prepared at the
laboratories that tested them. Each test result was the average
of five individual determinations. Each laboratory obtained
three test results for each material. Data from some labora-
tories could not be used for various reasons, and this is noted
in each table.
13.3 In Tables 2 through 10, for the matenals indicated,
and for test results that derived from testing five specimens:
13.3.1 S, is the within-laboratory standard deviation of
the average; I, = 2.83 S,. (See 13.3.3 for application of /,.)
13.3.2 Sy is the between-laboratory standard deviation of
the average; I = 2.83 Sg. (See 13.3.4 for application of /.)
13.3.3 Repeatability—Iu comparing two test results for
the same material, obtained by the same operator using the
same equipment on the same day, those test results should be
judged not equivalent if they differ by n.ore than the 7, value
for that material and condition.

the same material, obtained by different operators using
different equipment on different days, those test results
should be judged not equivalent if they differ by more than
the /. value for that material and condition. (This applies
between different laboratories or between different equip-
ment within the same laboratory.)

13.3.5 Any judgment in accordance with 13.3.3 and
13.3.4 will have an approximate 95 % (0.95) probability of
being correct.

13.3.6 Other formulations may give somewhat different
results.

13.4 For further information on the methodology used in
this section, see Practice E 691.

13.5 There are no recognized standards on which to base
an estimate of bias for this test method.

13.6 The precision of this test method is very dependent
upon the uniformity of specimen preparation, standard
practices for which are covered in other documents.

14. Keywords

14.1 modulus of clasticity; percent elongation; plastics;
tensile properties; tensile strength
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ANNEXES

(Mandatory Information)

Al. TOE COMPENSATION

Al.1 In a typical stress-strain curve (Fig. Al.1) there is a
toe region, AC, that does not represcnt a property of the
material. It is an artifact caused by a takeup of slack, and
alignment or seating of the specimen. In order to obtain
correct values of such parameters as modulus, strain, and
offset yield point, this artifact must be compensated for to
give the corrected zero point on the strain or extension axis.

A1.2 In the case of a material exhibiting a region of
Hookean (linear) behavior (Fig. Al.1), a continuation of the
linear (CD) region of the curve is constructed through the
zero-stress axis. This intersection (B) is the corrected zcro-
strain point from which all extensions or strains must be
measured, including the yield offset (BE), if applicable. The
clastic modulus can be determined by dividing the stress at

Stresa

A B E Strain

NoTe—Some chart recorders plot the mirror image of this graph.
FIG. A1.1 Material with Hookean Region

any point along the line CD (or its extension) by the strain at
the same point (measured from point B, defined as zero-
strain).

A1.3 In the case of a matenal that does not exhibit any
linear region (Fig. A1.2), the same kind of toe correction of
the zero-strain point can be made by constructing a tangent
to the maximum slope at the inflection point (/). This is
extended to intersect the strain axis at point B, the corrected
zero-strain point. Using point B’ as zero strain, the stress at
any point (G’) on the curve can be divided by the strain at
that point to obtain a secant modulus (slope of line B’ G’).
For those matenials with no linear region, any attempt to use
the tangent through the inflection point as a basis for
determination of an offset yield point may result in unac-
ceptable error.

Strean

Strain
Note—Some chart recorders plot the mirror tmage of this graph.
FIG. A1.2 Material with No Hookean Region

A2. DEFINITIONS OF TERMS AND SYMBOLS RELATING TO TENSION TESTING OF PLASTICS

A2.1 elastic limit—the greatest stress which a material is
capable of sustaining without any permanent strain re-
maining upon complete release of the stress. It is expressed in
force per unit area, usually pounds-force per square inch
(megapascals).

NoTE A2.1—Measured values of proportional limit and elastic limit
vary greatly with the sensitivity and accuracy of the testing equipment,
eccentricity of loading, the scale to which the stress-strain diagram is
plotted, and other factors. Consequently, these values are usually
replaced by yield strength.

A2.2 elongation—the increase in length produced in the
gage length of the test specimen by a tensile load. It is

expressed in units of length, usually inches (millimetres).
(Also known as extension.)

Note A2.2—Elongation and strain values are valid only in cases
where uniformity of specimen behavior within the gage length is present.
In the case of materials exhibiting necking phenomena, such values are
only of qualitative utility after attainment of yield point. This is due to
inability to assure that necking will encompass the entire length between
the gage marks prior to specimen failure.

A2.3 gage length—the original length of that portion of
the specimen over which strain or change in length is
determined.

A2.4 modulus of elasticity—the ratio of stress (nominal)
to corresponding strain below the proportional limit of a



v o638

matenial. It 1s expressed in force per unit area. usually
pounds-force per square inch (megapascals) (Also known as
elastic modulus or Young's modulus).

NOTE A2.3—The stress-strain relations of many plastics do not
conform 1o Hooke's law throughout the elastic range but deviate
therefrom even at stresses well below the elastic limit. For such materials
the slope of the tangent 10 the stress-strain curve at a low stress is usually
taken as the modulus of clasticity. Since the existence of a true
proportional limit in plastics is debatable, the propricty of applying the
term “modulus of clasticity™ to describe the stiffness or ngidity of a
plastic has been seriously questioned. The exact stress-strain character-
istics of plastic materials are very dependent on such factors as rate of
stressing, temperature, previous specimen history, ctc. However. such a
value is useful if its arbitrary nature and dependence on time, tempera-
ture, and other factors are realized.

A2.5 necking—the localized reduction in cross-section
which may occur in a matenial under tensile stress.

A2.6 offser vield strength—the stress at which the strain
exceeds by a specified amount (the offset) an extension of the
initial proportional portion of the stress-strain curve. It is
expressed in force per unit area, usually pounds-force per
square inch (megapascals).

NoTE A2.4—This measurement is uscful for materials whose stress-
strain curve in the yicld range is of gradual curvature. The offset yield
strength can be derived from a stress-strain curve as follows (Fig. A2.1):

On the strain axis lay off OAf cqual 1o the specified offset.

Draw OA tangent to the initial straight-line portion of the stress-strain
curve.

Through Af draw a line A/N parallel to OA and locate the intersection
of AN with the stress-strain curve.

The stress at the point of intersection r is the “offset yield strength.”
The specified value of the offset must be stated as a percent of the
original gage length in conjunction with the strength value. Example:
0.1 % offset yield strength = ... psi (MFa), or yield strength at 0.1 %
offset . . . psi (MPa).

A2.7 percent elongation—the eiongation of a test spec-
imen expressed as a percent of the gage length.

A2.8 perceni elongation at break and yield:

A2.8.1 percent elongation at break—the percent elonga-
tion at the moment of rupture of the test specimen.

A2.8.2 percent elongation ai yield—the percent elonga-
tion at the moment the yield point (A2.21) is attained in the
test specimen.

A2.9 percent reduction of area (nominal)—the difference

Stress

/
/ OM=Specified
/ Offset

Strain

FIG. A2.1 Offset Yield Strength

between the original cross-sectional area measured at the
point of rupture after breaking and after all retraction has
ceased, expressed as a percent of the original area.

A2.10 percent reduction of area (true)—the difierence
between the original cross-sectional area of the test specimen
and the minimum cross-sectional area within the gage
boundaries prevailing at the moment of rupture, expressed as
a percentage of the original area.

A2.11 proportional limit—the greatest stress which a ma-
terial is capable of sustaining without any deviation from
proportionality of stress to strain (Hooke’s law). It is ex-
pressed in force per unit area, usually pounds-force per
square inch (megapascals).

A2.12 rate of loading—the change in tensile load carried
by the specimen per unit time. It is expressed in force per
unit time, usually pounds-force (newtons) per minute. The
initial rate of loading can be calculated from the initial slope
of the load versus time diagram.

A2.13 rate of straining—the change in tensile strain per
unit time. It is expressed either as strain per unit time,
usually inches per inch (metres per metre) per minute, or
percent elongation per unit time, usually percent clongation
per minute. The initial rate of straining can be calculated
from the initial slope of the tensile strain versus time
diagram.

NoTe A2.5—The initial rate of straining is synonymous with the rate
of crosshcad movement divided by the initial distance between
crossheads only in a machine with constant-rate-of-crosshead movement

and when the specimen has a uniform original cross-section. does not
*“neck down.™ and does not slip in the jaws.

A2.14 rate of stressing (nominal)—the change in tensile
stress (nominal) per unit time. It is expressed in force per
unit area per unit time, usually pounds-force per square inch
(megapascals) per minute. The initial rate of stressing can be
calculated from the initial slope of the tensile stress
(nominal) versus time diagram.

NOTE A2.6—The initial rate of stressing as determined in this
manner has only limited physical significance. It does, however, roughly
describe the average rate at which the initial stress (nominal) carried by
the test specimen is applied. It is affected by the elasticity and flow
characteristics of the materials being tested. At the yield point, the rate
of stressing (true) may continue to have a positive value if the
cross-sectional area is decreasing.

A2.15 secant modulus—the ratio of stress (nominal) to
corresponding strain at any specified point on the stress-
strain curve. It is expressed in force per unit area, usually
pounds-force per square inch (megapascals), and reported
together with the specified stress or strain.

NOTE A2.7—This measurement is usually employed in place of
modulus of elasticity in the case of materials whose stress-strain diagram
does not demonstrate proportionality of stress to strain.

A2.16 strain—the ratio of the elongation to the gage
length of the test specimen, that is, the change in length per
unit of original length. It is expressed as a dimensionless
ratio.

A2.17 tensile strength (nominal)—the maximum tensile
stress (nominal) sustained by the specimen during a tension
test. When the maximum stress occurs at the yield point
(A2.21), it shall be designated tensile strength at yield. When
the maximum stress occurs at-break, it shall be designated
tensile strength at break.
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A2.18 tensile stress (nominal)—the tensile load per unit
arca of minimum original cross-section, within the gage
boundaries, carricd by the test specimen at any given
moment. It is expressed in force per unit area, usually
pounds-force per square inch (megapascals).

NoOTE A2.8—The expression of tensile propertics in terms of the
minimum original cross-section is almost universally used in practice. In
the case of matenals exhibiting high extensibility, or necking, or both,
(A2.15) nominal stress calculations may not be mecaningful beyond the
yield point (A2.21) due to the extensive reduction in cross-sectional area
that ensues. Under some circumstances it may be desirable to express
the tensile properties per unit of minimum prevailing cross-section.
These properties are called true tensile propertics (that is, true tensile
stress, etc.).

A2.19 tensile stress-strain curve—a diagram in which
values of tensile stress are plotted as ordinates against
corresponding values of tensile strain as abscissas.

A2.20 true strain (see Fig. A2.2) is defined by the fol-
lowing equation for €<

L
= fL dL/L=1nL/L,

the increment of elongation when the distance
between the gage marks is L,
L, = the original distance between gage marks, and

= the distance between gage marks at any time.

A2.21 yield point—the first- point on the stress-strain
curve at which an increase in strain occurs without an
increase in stress (Fig. A2.2).

~
|

NoTE A2.9—Only materials whose stress-strain curves exhibit a
point of zero slope may be considered as having a yield point.

NoOTE A2.10—Some materials exhibit a distinct “break™ or disconti-
nuity in the stress-strain curve in the elastic region. This break is not a
yield point by.definition. However, this point may prove useful for
material characterization in some cases.

A2.22 yield strength—the stress at which a material ex-
hibits a specified limiting deviation from the proportionality
of stress to strain. Unless otherwise specified, this stress will
be the stress at the yield point and when expressed in relation
to the tensile strength shall be designated either tensile
strength at yield or tensile stress at yield as required under
A2.17 (Fig. A2.3). (See offset yield strength.)

FIG. A2.2 |lllustration of True Strain Equation

-

A2.23 Svmbols—The following symbols may be used for
the above terms:

SymBOL TeERM
" Load
AW Increment of load
5 Distance between gage marks at any time
L. Oniginal distance between gage marks
1k Distance between gage marks at moment of rupture
Al Increment of distance between gage marks = elongation
A Minimum cross-sectional area at any time
Ay Original cross-section area
A4 Increment of cross-sectional area
A, Cross-sectional area at point of rupture measured after
breaking specimen
Ay Cross-sectional area at point of rupture, measured at the
moment of rupture
1 Time
Al Increment of time
o Tensile stress
Ao Increment of stress
ay True tensile stress
oy Tensile strength at break (nominal)
ar Tensile strength at break (true)
€ Strain
Ac Increment of strain
o Total strain, at break
1T True strain
%El Percentage elongation
YP Yield point
/& Modulus of elasticity

A2.24 Relations between these various terms may be
defined as follows:

o = WA,
or = W/A
ay = W/A, (where W is breaking load)
oyr = W/Ar(where W is breaking load)
¢ = AL/L=(L- L)L,
ew = (L,—L)/L,

G = L
T J' dL/L=1nL/L,
L,

%El

[(L = L,)/L,] X 100 = ¢ x 100

Percent reduction of area (nominal) = (4, — 4,)/A,] X 100
Percent reduction of area (true) = [(4, — A)/A4,] X 100
Rate of loading = AW/At
Rate of stressing (nominal) = A¢/Af = (AW/A,)/At
Rate of straining = Ae¢/Ar = (AL/L )AL
For the case where the volume of the test specimen does
not change during the test, the following three relations hold:
or=d(l +¢)=oL/L,
sur=ofl + ) =oy L,/L,
A=A + ¢
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FIG. A2.3 Tensile Designations

The American Society for Testing and Materials 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 responsibility.

This standard is subject to revision at any time by ihe responsible technical commi‘tee and must be reviewed every five years and
if not revised, efther reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at 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 ycur
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Standard Test Methods for

An American National Standard

Impact Resistance of Plastics and Electrical Insulating

Materials'’

This standard is issued under the fixed designation D 256; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

These test methods have been approved for use by agencies of the Department of Defense to replace Methods 11221 (part) and 11231
(part) of Federal Test Method Standard No. 601, and to replace Method 107.1 of Federal Tesl Method Standard 406. These test
methods are also approved for listing in the DoD Index of Specifications and Standards.

1. Scope

1.1 These test methods cover the determination of the
resistance to breakage by flexural shock of plastics and elec-
trical insulating materials, as indicated by the energy extracted
from “standardized” (Note 1) pendulum-type hammers,
mounted in. “standardized” machines, in breaking standard
specimens with one pendulum swing. The standard tests for
these test methods require specimens made with a milled
notch (Note 2). In the Charpy (Test Method B) and Izod
(Test Methods A, C, and D) tests, the notch produces a stress
concentration which promotes a brittle, rather than a ductile,
fracture. In Test Method E, the unnotched impact strength is
obtained by reversing the position in the vise of a notched
specimen (Note 20). The results of all tests are reported in
terms of energy absorbed per unit of specimen width.

Note 1—The machines with their pendulum-type hammers have
been “standardized” in that they must comply with certain require-
ments, including a fixed height of hammer fall which results in a
substantially fixed velocity of the hammer at the moment of impact.
However, besides the fact that the designs of machines for use with Test
Methods A and B (see Section 3) must be somewhat different, hammers
of different initial energies (produced by varying their effective weights)
are recommended for use with specimens of different impact strengths.
Moreover, manufacturers of the equipment are permitted to use
different lengths and constructions of pendulums (with resulting possible
differences in pendulum rigidities (see Section 4), plus other differences
in machine design. The specimens are “standardized” in that they are
required to have either one of two fixed lengths (Test Methods A and B),
one fixed depth and one particular design of milled notch. The width of
the specimens is permitted to vary between limits.

NoTE 2-—Thne notch in the Izod specimen serves to ccncentrate the
stress, minimize plastic deformation, and direct the fracture to the part
of the specimen behind the notch. Scatter in energy-to-break is thus
reduced. However, because of differences in the elastic and visco-elastic
properties of plastics, response to a given notch varies among materials.
A measure of a plastic’s “notch sensitivity” may be obtained with Test
Method D by comparing the energies to break specimens with identical
notches, except for the radius at the base of the notch.

Note 3—Caution must be exercised in interpreting the results of
these standard test methods. The following testing parameters may affect
test results significantly:

method of fabrication, including but not limited to processing tech-

nology, molding conditions, mold design, and thermal treatments;
method of notching;

! These test methods are under the jurisdiction of ASTM Committee D-20 on
Plastics and are the direct responsibility of Subcommittee D20.10 on Mechanical
Properties.

Current edition approved Dec. 28, 1990. Published February 1991. Originally
published as D 256 - 26 T. Last previous edition D 256 - 90a.

speed of notching tool;

design of notching apparatus;

quality of the notch;

time between notching and test;

test specimen thickness, and

environmental conditioning

1.2 The values stated inSI umts are to be regardcd as the
standard. The values stated in parentheses are for informa-
tion only.

1.3 This standard does not purport to address the safety
problems associated with its use. It is the responsibility of the
user of this standard to establish appropriate safety and
health practices and determine the applicability of regulatory
limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D618 Practice for Conditioning Plastics and Electrical
Insulating Materials for Testing?

D 647 Practice for Design of Molds for Test Spec1mens of
Plastic Molding Materials?

D 4066 Specification for Nylon Injection and Extrusion
Materials?

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

3. Types of Tests

3.1 Two basically different test methods, A and B, are
described. These differ as to design of machine and specimen
and method of holding and striking the latter. A third test
method, Test Method C, is Test Method A modified by the
addition of the determination of toss correction. Test Method
D provides a measure of notch sensitivity of plastics, while
Test Method E gives an indication of the unnotched strength
of a material. Each test method has characteristics that may
dictate its use. There is no known means for correlating the
results of tests made by the different test methods.

3.2 In Test Method A (Izod type) the specimen is held as
a vertica! cantilever beam and is broken by a single swing of
the pendulum with the line of initial contact at a fixed
distance from the specimen clamp and from the centerline of
the notch and on the same face as the notch.

3.3 In Test Method B (Charpy type) the specimen is

2 Annual Book of ASTM Standards, Vol 08.01.
3 Annual Book of ASTM Standards, Vol 08.03.
4 Annual Book of ASTM Standards, Vol. 14.02.
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supported as a horizontal simple beam and is broken by a
single swing of the pendulum with the impact line midway
between the supports and directly opposite the notch.

3.4 Test Method C is the same as Test Method A but
includes a determination of the energy expended in tossing a
portion of the specimen. The value reported is called the
“estimated net Izod impact strength.” Test Method C is
preferred over Test Method A for materials that have an Izod
impact strength of less than 27 J/m of notch (0.5 ft-1bf/in. of
notch). The differences between Test Methods A and C
become unimportant for materials that have an Izod impact
strength higher than this value.

3.5 Test Method D provides a measure of the notch sen-
sitivity of a material. The stress-concentration at the notch
increases with decreasing radius. For a given system, greater
stress concentration results in higher local rates-of-strain.
Since the effect of strain-rate on energy-to-break varies among
materials, a measure of this effect may be obtained by testing
specimens with different notch radii. In the Izod-type test it
has been demonstrated® that the function, energy-to-break
versus notch radius, is reasonably linear from a radius of 0.03
to 2.5 mm (0.001 to 0.100 in.), provided that all specimens
have the same type of break (4.7 and 25.2). For the purpose
of this test, the slope, b, (26.1) of the line between radii of
0.25 and 1.0 mm (0.010 and 0.040 in.) is used unless iests
with the 1.0-mm radius give “non-break™ results. In that case,
0.25 and 0.50 mm (0.010 and 0.020 in.) radii may be used.
The effect of notch radius on the impact energy to break a
specimen under the conditions of this test is measured by the
value b. Materials with low values of b, whether high or low
energy to break with the standard notch, are relatively
insensitive to differences in notch radius; while the energy to
break materials with high values of 4 is highly dependent on
notch radius. The parameter b cannot be used in design
calculations but may serve as a guide to the designer and in
selection of materials.

3.6 Test Method E is the reversed notch test and is used to
give an indication of the unnotched impact strength of
plastics.® It is similar to Test Method A, except that the
specimen is reversed in the vise of the machine 180° to the
usual striking position, such that the striker of the apparatus
impacts the specimen on the face opposite the notch (Fig. 1).

4. Significance and Use

4.1 The excess energy pendulum impact test indicates the
energy to break standard test specimens of specified size
under stipulated conditions of specimen mounting, notching
(stress concentration), and pendulum velocity at impact.

4.2 The energy lost by the pendulum during the breakage
of the specimen is the sum of the energies required (/) to
initiate fracture of the specimen, (2) to propagate the fracture
across the specimen, (3) to throw the free end (or ends) of the
broken specimen (“toss correction™), (4) to bend the spec-
imen, (5) to produce vibration in the pendulum arm, (6) to
produce vibration or horizontal movement of the machine
frame or base, (7) to overcome friction in the pendulum

S Supporting data giving results of the interlaboratory tests are available from
ASTM Headquarters. Request RR:D20-1021.

¢ Supporting data giving results of the interlaboratory tests are available from
ASTM Headquarters. Request RR:D20-1026.

bearing and in the excess energy indicating mechanism, and
to overcome windage (pendulum air drag), (§) to indent or
deform plastically the specimen at the line of impact, and (9)
to overcome the friction caused by the rubbing of the striking
nose (or other part of the pendulum) over the face of the bent
specimen.

4.3 For relatively brittle materials for which fracture
propagation energy is small in comparison with the fracture
initiation energy, the indicated impact energy absorbed is,
for all practical purposes, the sum of items (/) and (3) of 4.2.
The toss correction (3) may represent a very large fraction of
the total energy absorbed when testing relatively dense and
brittle materials. Test Method C shall be used for materials
that have an Izod impact strength of less than 27 J/m of
notch (0.5 ft-1bf/in. of notch). The toss correction obtained
in Test Method C is only an approximation of the toss error,
since the rotational and rectillinear velocities may not be the
same during the retoss of the specimen as for the original
toss, and because stored stresses in the specimen may have
been released as kinetic energy during the specimen fracture.

4.4 For tough, ductile, fiber filled, or cloth laminated
materials, the fracture propagation energy (2) may be large
compared to the fracture initiation energy (/). When testing
these materials, factors (2), (5), and (9) can become quite
significant, even when the specimen is accurately machined
and positioned and the machine is in good condition with
adequate capacity (Note 3). Bending (4) and indentation
losses (8) may be appreciable when testing soft materials.

NoTe 3—Although the frame and base of the machine should be
sufficiently rigid and massive to handle the energies of tough specimens
without motion or excessive vibration, the pendulum arm can not be
made very massive because the greater part of its mass must be
concentrated near its center of percussion at the striking nose. Locating
the striking nose precisely at the center of percussion reduces vibration
of the pendulum arm when used with brittle specimens. However, some
losses due to pendulum arm vibration, the amount varying with the
design of the pendulum, will occur with tough specimens even when the
striking nose is properly positioned.

4.5 In a well-designed machine of sufficient rigidity and
mass the losses due to (6) and (7) should be very small.
Vibrational losses (6) can be quite large when wide speci-
mens of tough materials are tested in machines of insuffi-
cient mass, not securely fastened to a heavy base.

4.6 With some materials, a critical width of specimen may
be found below which specimens will appear ductile, as
evidenced by considerable drawing or necking down in the
region behind the notch and by a relatively high energy
absorption, and above which they will appear brittle as
evidenced by little or no drawing down or necking and by a
relatively low energy absorption. Since these test methods
permit a variation in the width of the specimens and since
the width dictates for many materials whether a brittle, low
energy break or ductile, high energy, break will occur, it is
necessary that the width be stated in the ASTM specification
covering that material and that the width be stated along
with the impact value.

4.7 The standard Test Methods A, C, D, and E require
that the type of failure for each specimen be recorded as one
of the four coded categories defined as follows:

C complete break—a break in which the specimen sepa-
rates into two or more pieces.
H hinge break—an incomplete break such that one part of
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the specimen cannot support itself above the horizontal
when the other part is held vertically (less than 90°
included angle).

P partial break—an incomplete break that does not meet
the definition for a hinge break but has fractured at least
90 % of the distance between the vertex of the notch and
the opposite side.

NB non-break—an incomplete break where the fracture
extends less than 90 % of the distance between the vertex
of the notch and the opposite side.

NoTe 4—In both the Izod (except Test Method E) and Charp: vz
tests the fibers on the side of the specimen opposite the noizx z—
stressed in compression during the fracture and can only be subjecizc =
tension at the termination of the break when the momentum o oz
specimen half relative to the other tends to break the remaining ooe=

Test Method B requires that the specimen break com-
pletely. For tough materials the pendulum may not haw 7=
energy necessary to complete the breaking of the exm=m
fibers and toss the broken piece or pieces. Results obtam=:
from unbroken specimens or other types of partially brox=
specimens shall be considered a departure from standarc an:
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shall not be reported as a standard result. Results obtained
from “non-break” specimens in Test Methods A, C, and E
and for other than “complete breaks” in Test Method B shall
be considered a departure from standard and shall not be
reported as a standard result. Impact values cannot be directly
compared for any two materials that experience different
types of failure as defined in the method by this code. Aver-
ages reported must likewise be derived from specimens con-
tained within a single failure category. This letter code will
suffix the reported impact identifying the types of failure
associated with the reported value. If more than one type of
failure is observed for a sample material, then the report will
indicate the average impact value for each type of failure,
followed by the percent of the specimens failing in that
manner and suffixed by the letter code.

4.8 The value of these impact test methods lies mainly in
the areas of quality control and materials specification. If two
groups of specimens of supposedly the same material show
significantly different energy absorptions, types of breaks,
critical widths, or critical temperatures, it may be assumed
that they were made of different materials or were exposed to
different processing or conditioning environments. The fact
that a material shows twice the energy absorption of another
under these conditions of test does not indicate that this
same relationship will exist under another set of test condi-
tions. The order of toughness may even be reversed under
different testing conditions.

TEST METHOD A—CANTILEVER BEAM (IZOD-TYPE) TEST

S. Apparatus

5.1 The machine shall consist of a massive base on which
is mounted a vise for holding the specimen and to which is
connected, through a rigid frame and anti-friction bearings,
one of a number of pendulum-type hammers (or one basic

FIG. 2 Cantilever Beam (Izod-Type) Impact Machine

FIG. 3 A Jig for Positioning Specimen for Clamping

hammer to which extra weights may be attached) having an
initial energy suitable for use with the particular specimen to
be tested, plus a pendulum holding and releasing mechanism
and a pointer and dial mechanism for indicating the excess
energy remaining in the pendulum after breaking the speci-
men. A jig for positioning the specimen in the vise and graphs
or tables to aid in the calculation of the correction for friction
and windage also should be included. One type of machine is
shown in Fig. 2. One design of specimen-positioning jig is
illustrated in Fig. 3. Detailed requirements are given in sub-
sequent paragraphs. General methods for checking and cali-
brating the machine are given in Appendix X1. Additional
instructions for adjusting a particular machine should be
supplied by the manufacturer.

5.2 The pendulum shall consist of a single or multimem-
bered arm with a bearing on one end and a head, containing
the striking nose, on the other. Although a large proportion
of the mass of the pendulum should be concentrated in the
head, the arm must be sufficiently rigid to maintain the
proper clearances and geometric relationships between the
machine parts and the specimen and to minimize vibrational
energy losses which are always included in the measured
impact value. :

5.3 The striking nose of the pendulum shall be hardened
steel and shall be a cylindrical surface having a radius of
curvature of 0.79 £ 0.12 mm (0.031 £ 0.005 in.) with its axis
horizontal and perpendicular to the plane of swing of the
pendulum. The line of contact of the striking nose shall be
located at the center of percussion of the pendulum within
+2.54 mm (0.100 in.) (Note 5). Those portions of the
pendulum adjacent to the cylindrical striking edge shall be
recessed or inclined at a suitable angle so that there will be no
chance for other than this cylindrical surface coming in
contact with the specimen during the break.

NoTE 5—The distance from the axis of support to the center of
percussion may be determined experimentally from the period of small
amplitude oscillations of the pendulum by means of the following
equation: 2
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L =(g/4x) p?

where:

L = distance from the axis of support to the center of percussion, m (or
fr),

g = local gravitational acceleration (known to an accuracy of one part
in one thousand), m/s? (or ft/s?),

x = 3.1416 (4=* = 39.48), and

p = period, in seconds, of a single complete swing (to and fro)
determined from at least 50 consecutive and uninterrupted swings
(known to one part in two thousand). The angle of swing shall be
less than S° each side of center.

5.4 The position of the pendulum holding and releasing
mechanism shall be such that the vertical height of fall of the
striking nose shall be 610 + 2 mm (24.0 £ 0.1 in.). This will
produce a velocity of the striking nose at the moment of
impact of approximately 3.46 m (11.35 ft)/s. The mechanism
shall be so constructed and operated that it will release the
pendulum without imparting acceleration or vibration to it.

NOTE 6—

V= v2gh
where: :
V= velocity of the striking nose at the moment of impact,
g = local gravitational acceleration, and
h = vertical height of fall of the striking nose.

This assumes no windage or friction.

5.5 The effective length of the pendulum shall be between
0.325 and 0.406 m (12.8 and 16.0 in.) so that the above
required elevation of the striking nose may be obtained by
raising the pendulum to an angle between 60 and 30° above
the horizontal.

5.6 The machine shall be provided with a basic pendulum
capable of delivering an energy of 2.710 = 0.135 J (2.00 =
0.10 ft-1bf). This pendulum shall be used with all specimens
that extract less than 85 % of this energy. Heavier pendulums
shall be provided for specimens that require more energy to
break. These may be separate interchangeable pendulums or
one basic pendulum to which extra pairs of equal calibrated
weights may be attached rigidly to opposite sides of the
pendulum at its center of percussion. It is imperative that the
extra weights shall not change the position of the center of
percussion or the free-hanging rest point of the pendulum. A
range of pendulums having energies from 2.710 to 21.680 J
(2 to 16 ft-1bf) has been found to be sufficient for use with
most plastic specimens and may be used with most machines.
A series of pendulums such that each has twice the energy of
the next lighter one will be found convenient. Each pendulum
shall have an energy within 0.5 % of its nominal capacity.

5.7 A vise shall be provided for clamping the specimen
rigidly in position so that the long axis of the specimen is
vertical and at right angles to the top plane of the vise (Fig.
1). This top plane shall bisect the angle of the notch with a
tolerance of 0.12 mm (0.005 in.). This correct positioning of
the specimen is generally done with a jig furnished with the
machine. The top edge at the fixed jaw of the vise shall have
a radius of 0.25 %+ 0.12 mm (0.010 %= 0.005 in.). For
specimens whose thickness approaches the lower limiting
value of 3.17 mm (0.125 in.), means shall be provided to
prevent the lower half of the specimen from moving during
the clamping or testing operations (Fig. 3).

NoTE 7—Some plastics are sensitive to clamping pressure; therefore,
cooperating laboratories should agree upon some means of standard-

izing the clamping force, such as with a torque wrench on the s== 1
the specimen vise. If the faces of the vise or specimen are not f=_zc
parallel, a greater sensitivity to clamping pressure may be evider. =
the calibration procedure in Appendix X1 for adjustment and corr—mr-
instructions for faulty instruments.

5.8 When the pendulum is free hanging, the stracn:
surface shall come within U.5 % of scale of touching the z=or
face of a standard specimen. During an actual swing e
element shall make initial contact with the specimer o =
line 22.00 = 0.05 mm (0.866 + 0.002 in.) above 1= 1mr
surface of the vise.

5.9 Means shall be provided for determining energ- =-
maining in the pendulum after breaking the specimer. “«.
ally this will consist of a pointer and dial mechanism s
indicate the height of rise of the pendulum beyond ths pom
of impact in terms of energy removed from that sp=s-
pendulum. Since the indicated remaining energy muss.
corrected for pendulum bearing friction, pointer frramr
pointer inertia, and pendulum windage, instructions for m=e-
ing these corrections are included in 9.3 and Appendr 2-

5.10 The vise, pendulum, and frame shall be suffiz=m-
rigid to assure correct alignment of the hammer anc¢ se=-
imen, both at the moment of impact and durms =
propagation of the fracture, and to minimize energy s
due to vibration. The base shall be sufficiently massiv= 1=
the impact will not cause it to move. The machine shal &5
designed, constructed, and maintained that energy loss= -
to pendulum air drag (windage), friction in the penauu—
bearings, and friction and inertia in the excess en=rz—
indicating mechanism, are held to a minimum.

S.11 A check of the calibration of an impact machr= =
difficult to make under dynamic conditions. The ==
parameters are normally checked under static condino= -
the machine passes the static tests, then it is assumec : =
accurate. The calibration procedure in Appendix X1 sg= =
used to establish the accuracy of the equipment. Hows—
for some machine designs it might be necessary to chans =
recommended method of obtaining the required calioz=—
measurements. Other methods of performing the req:—
checks may be substituted provided that they can be szia-
to result in an equivalent accuracy. Appendix X =
describes a dynamic test for checking certain features « =-
machine and specimen.

6. Test Specimens

6.1 The test specimens shall conform to the dimsns—
and geometry of Fig. 4, except as modified in accozz:-
with 6.2, 6 3, 6.4, and 6.5. To ensure the correct conto:~ =
conditions of the specified notch, all specimens sgz. -
notched as directed in Section 7.

6.2 Molded specimens shall have a width betwes: _
and 12.7 mm (0.125 and 0.500 in.) as specified in the 2~
material specification or as agreed as representative = —
cross section in which the particular material may b: e~
(Notes 8 and 9). All specimens having one dimensiz ==
than 12.7 mm (0.500 in.) shall have the notch cut o= =
shorter side (Note 10). Otherwise, all compression mzes-_
specimens shall be notched on the side parallel to the dre=mur
of application of molding pressure (Note 11). The norg—
surface and the opposite surface may not be parai= -
molded specimens due to the draft of the mold, and, the=:=
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\ I :
IMPACTED éND (;\— w DIRECTION OF
v/ 5 COMPRESSION
MOLDING
B |
<l G —
WIDTH OF
SPECIMEN SHALL
BE IN ACCORDANCE
WITH SECTION
A 10.:r‘6m.+. 0.05 0.400 ::1 ‘0.002
B 32.00 max 1.260 max
31.50 min 1.240 min
C 63.50 max 2.500 max
60.30 min 2.375 min
D 0.25R + 0.05 0.010R = 0.002
E 1270+ 0.15 0.500 + 0.006

FIG. 4 Dimensions of 1zod Type Test Specimen

it is essential that the notched surface be machined parallel to
its opposite surface within 0.025 mm (0.001 in.), removing a
minimum of material in the process, so as to remain within
the allowable tolerance for the specimen depth (see Fig. 4).

NOTE 8—Extreme care must be used in handling specimens iess than
6.35 mm (0.250 in.) wide. Such specimens must be accurately posi-
tioned and supported to prevent twist or lateral buckling during the test.
Some materials, furthermore, are very sensitive to clamping pressure
(see Note 7).

NoTe 9—The type of mold and molding machine used and the flow
behavior in the mold cavity will influence the strength obtained. A
specimen taken from one end of a molded bar may give different results
from a specimen taken from the other end. Cooperating laboratories
should, therefore agree on' standard molds conforming to Practice
D 647, and upon a standard molding procedure for the material under
investigation.

NoTE 10—A critical investigation of the mechanics of impact testing
has shown that tests made upon specimens under 6.36 mm (0.250 in.)
wide absorb more energy due to crushing, bending, and twisting than do
wider specimens. Therefore, specimens 6.36 mm (0.250 in.) or over in
width are recommended. The responsibility for determining the min-
imum specimen width shall be the investigatotr’s with due reference to
the ASTM specification for that material.

NOTE 11—The impact strength of a plastic material may be different
if the notch be perpendicular to rather than parallel to the direction of
molding, as with or across the grain of an anisotropic bar cut from a
plate.

6.3 For sheet materials, the specimens shall be cut from
the sheet in both the lengthwise and crosswise directions
unless otherwise specified. The width of the specimen shall
be the thickness of the sheet if the sheet thickness is between
3.17 and 12.7 mm (0.125 and 0.500 in.). Sheet material
thicker than 12.7 mm (0.500 in.) shall be machined down to
12.7 mm (0.500 in.). Specimens with a 12.7-mm (0.500 in.)
square cross section may be tested either edgewise or flatwise
as cut from the sheet. When specimens are tested flatwise,
the notch shall be made on the machined surface if the
specimen be machined on one face only. When the specimen
is cut from a thick sheet, notation shall be made of the
portion of the thickness of the sheet from which the specimen
was cut, for example, center, top, or bottom surface.

6.4. The practice of cementing, bolting, clamping, or
otherwise combining specimens of substandard width to
form a composite test specimen is not recommended and
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should be avoided since test results may be seriously affected
by interface effects or effects of solvents and cements on
energy absorption of composite test specimens, or both.
However, if Izod test data on such thin materials are required
when no other means of preparing specimens are available,
and if possible sources of error are recognized and accept-
able, the following technique of preparing composites may
be utilized. The test specimen shall be a composite of
individual thin specimens totaling 6.35 to 12.7 mm (0.250 to
0.500 in.) in width. Individual members of the composite
shall be accurately aligned with each other and clamped,
bolted or cemented (Note 12) together. The composite shall
be machined to proper dimensions and then notched. In all
such cases the use of composne specimens shall benoted in
the report of test results.

NoTe 12—Care must be taken to select a solvent or adhesive that will
not affect the impact resistance of the material under test. If solvents or
solvent-containing adhesives are employed, a conditioning procedurc
shall be established to ensure complete removal of the solvent prior to
test.

6.5 Each specimen shall be free of twist (Note 13) and shall
be bounded by mutually perpendicular pairs of plane parallel
surfaces, free from scratches, pits, and sink marks. The spec-
imens shall be checked for conformity with these require-
ments by visual observation against straightedges, squares,
and flat plates, and by measuring with micrometer calipers.
Any specimen showing observable or measurable departure
from one or more of these requirements shall be rejected or
machined to the proper size and shape before testing.

NOTE 13—A specimen that has a slight twist to its notched face of
0.05 mm (0.002 in.) at the point of contact with the pendulum striking
edge will be likely to have a characteristic fracture surface with
considerable greater fracture area than for a normal break. In this case
the energy to break and toss the broken section may be considerably
larger (20 to 30 %) than for a normal break. A tapered specimen may
require more energy to bend it in the vise before fracture.

7. Notching Test Specimens

7.1 Notching shall be done on a milling machine, engine
lathe, or other suitable machine tool, accurate to 0.025 mm
(0.001 in.). Both the feed speed and the cutter speed shall be
constant throughout the notching operation (Note 16).
Provision for cooling the specimen with either a liquid or gas
coolant is recommended. A single-tooth cutter shall be used
for notching the specimen, unless notches of an eguivalent
quality can be produced with a multitooth cutter. Single-
tooth cutters are preferred because of the ease of grinding the
cutter to the specimen contour and because of the smoother
cut on the specimen. The cutting edge shall be carefully
ground and honed to ensure sharpness and freedom from
nicks and burrs. Tools with no rake and a work relief angle of
15 to 20° have been found satisfactory.

7.2 Specimens may be notched separately or in a group.
However, in either case an unnotched back-up or “dummy”
bar shall be placed behind the last specimen in the sample
holder to prevent distortion and chipping by the cutter as it
exits from the last test specimen.

7.3 The profile of the cutting tooth or teeth shall be such
as to produce a notch of the contour and depth in the test
specimen as specified in Fig. 4 (Note 14). The included angle
of the notch shall be 45 + 1° with a radius of curvature at the
apex of 0.25 + 0.05 mm (0.010 + 0.002 in.). The plane

bisecting the notch angle shall be perpendicular to the face of
the test specimen within 2°.

Note 14—There is evidence that notches cut in materials of widely
differing physical properties by the same cutter may differ in contour. If
the notch in the specimen should take the contour of the cutter, then the
contour of the tip of the cutter may be checked instead of the notch in
the specimen for single-tooth cutters. Under the same condition,
multi-tooth cutters may be checked by measuring the contour of a strip
of soft metal shim inserted between two bars for notching.

7.4 The depth of the plastic material remaining in the bar
under the notch shall be 10.16 = 0.05 mm (0.400 = 0.002
in.). This dimension shall be measured, on a random
selection of at least 20 % of each group of specimens notched
at the same time, with a special micrometer’ having a
contour anvil of 42 + 2° with a radius of curvature at the
apex of 0.13 = 0.07 mm (0.005 £ 0.003 in.). In the case of
referee testing, each specimen shall be measured.

7.5 Cutter speed and feed speed should be chosen appro-
priate for the material being tested since the quality of the
notch may be adversely affected by thermal deformations
and stresses induced during the cutting operation if proper
conditions are not selected.® The notching parameters used
shall not alter the physical state of the material such as by
raising the temperature of a thermoplastic above its glass
transition temperature. In general, high cutter speeds, slow
feed rates, and lack of coolant induce more thermal damage
than a slow cutter speed, fast feed speed, and the use of a
coolant. Too high a feed speed/cutter speed ratio, however,
may cause impacting and cracking of the specimen. The
range of cutter speed/feed ratios possible to produce accept-
able notches can be extended by the use of a suitable coolant
(Note 15). In the case of new types of plastics and electrical
insulating materials, it is necessary to study the effect of
variations in the notching conditions (Note 17).

Note 15—Water or compressed gas is a suitable coolant for many
plastics.

NoOTE 16—To establish that the notching parameters are suitable, the
quality of the notch can be checked with a metallograph or suitable
microscope using at least a 60X magnification. The notch should be
checked on both the tool entrance and tool exit side of the specimen.
Embedded thermocouples can be used to determine the temperature rise
in the material near the apex of the notch during machining. Thermal
stresses induced during the notching operation can be observed in
transparent materials by viewing the specimen at low magnification
between crossed polars in monochromatic light.

NoTE 17—For some thermoplastics. cutter speeds from 53.3 to 150
m/min (160 to 450 ft/min) at a feed speed of §8.9 to 160 niny/min (3.5
to 6.3 in./min) without a water coolant or the same cutter speeds at feed
of from 35.6 to 160 mm/min (1.4 to 6.3 in./min) with water coolant
produced suitable notches.

7.6 After an individual cutter has been used to produce
300 notches, or more often as circumstances may indicate,
the notch in a specimen (Note 18) shall be inspected for a
clean, sharp cut, freedom from nicks, thermal deformation,
correct radius of tip, and notch angle. If the angle or radius
shouid not fall within the specified limits for materials of
satisfactory machining characteristics, then the cutter shall
be replaced with a newly sharpened and honed one.

7 Available from Custom Scientific Instruments, Inc., P.O. Box A, Whippany,
NJ 07981, and Testing Machines, Inc., 400 Bayview Ave., Amityville, NY 11701.

® Supporting data are available from ASTM Headquarters. Request RR:D20-
1066.
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NoTe 18—PMMA (3.17 mm (& in.)) has been found useful for
checking the sharpness of a cutter. Dull cutters tend to form cracks at
the apex of the notch. A microscope with a camera lucida attachment
(60x magnification) is suitable for checking the radius and angle of
notch.

NoTE 19—A carbide-tipped notching cutter is recommended for
longer service life.

8. Conditioning

8.1 Conditioning—Condition the test specimens at 23 +
2°C (73.4 = 3.6°F) and 50 = S % relative humidity for not
less than 40 h after notching and prior to testing in
accordance with Procedure A of Methods D 618, unless it
can be documented (between supplier and customer) that
shorter conditioning time is sufficient for a given material to
reach equilibrium of impact strength.

8.1.1 Note that for some hygroscopic materials, such as
nylons, the material specifications (for example, Specifica-
tion D 4066) call for testing “dry as-molded specimens.”
Such requirements take precedence over the above routine
preconditioning to 50 % RH and require sealing the speci-
mens in water vapor-impermeable containers as soon as
molded and not removing them until ready for testing.

8.2 Test Conditions—Conduct tests in the Standard Lab-
oratory Atmosphere of 23 + 2°C (73.4 £ 3.6°F)and 50 = 5 %
relative humidity, unless otherwise specified in the test
methods. In cases of disagreement, the tolerances shall be
+1°C (%1.8°F) and *2 % relative humidity.

9. Procedure

9.1 At least five and preferably ten or more individual
determinations of impact value must be made on each
sample to be tested under the conditions prescribed in
Section 8. Each group shall consist of specimens of one
nominal width only. In the case of specimens cut from sheets
that are suspected of being anisotropic, prepare and test
specimens from each principal direction (lengthwise and
crosswise to the direction of anisotropy).

9.2 Estimate the breaking energy for the specimen and
select a pendulum of suitable energy. Use the lightest
standard pendulum that is expected to break each specimen
in the group with a loss of not more than 85 % of its energy
(Note 20). Check the machine with the proper pendulum in
place for conformity with the requirements of Section 5
before starting the tests (see Appendix X1).

Note 20—Ideally an impact test would be conducted at a constant
test velocity. In a pendulum-type test the velocity decreases as the
fracture progresses. For specimens that have an impact energy ap-
proaching the capacity of the pendulum there is insufficient energy to
complete the break and toss. By avoiding the higher 15 % scale energy
readings the velocity of the pendulum will not be reduced below 1.33
m/s (4.4 ft/s). On the other hand, the use of too heavy a pendulum
would reduce the sensitivity of the reading.

9.3 Before testing the specimens, perform the following
operations on the machine:

9.3.1 With the excess energy indicating pointer in its
normal starting position but without a specimen in the vise,
release the pendulum from its normal starting position and
note the position the pointer attains after the swing as one
reading of factor 4.

9.3.2 Without resetting the pointer, raise the pendulum
and release again. The pointer should move up the scale an

additional amount. Repeat (2) until a swing causes no
additional movement of the pointer and note the final
reading as one reading of factor B.

9.3.3 Repeat the above two operations several times and
calculate and record the average 4 and B readings.

NoTE 21—Factor B is an indication of the energy lost by the
pendulum to friction in the pendulum bearings and to windage. The
difference A—B is an indication of the energy lost to friction and inertia
in the excess energy indicating mechanism. However, the actual
corrections will be smaller than these factors, since in an actual test the
energy absorbed by the specimen prevents the pendulum from making a
full swing. Therefore, the indicated breaking strength of the specimen
must be included in the calculation cf the machine correction before
using it in 9.6. These 4 and B values also provide an indication of the
conditicn of the machine. If they indicate excessive fraction, the
machine shall be adjusted before starting a test.

9.4 Check the specimens for conformity with the require-
ments of Sections 6 and 7. Measure the width of each
specimen in the region of the notch with a micrometer
caliper to the nearest 0.025 mm (0.001 in.) and record its
average width along with its identifying markings.

9.5 Position the specimen precisely (5.7) and rigidly but
not too tightly (Note 7) clamped in the vise. Pay special
attention to assure that the “impacted end” of the specimen
as shown and dimensioned in Fig. 4 be the end projecting
above the vise. Release the pendulum and note and record
the excess energy remaining in the pendulum after breaking
the specimen, together with a description of the appearance
of the broken specimen (see failure categories in 4.7).

9.6 Calculate the machine correction from the indicating
breaking strength of the specimen and factors 4 and B using
tables or the graph described in Appendix X2. Subtract the
correction so calculated from the indicated breaking strength
of the specimen. Compare the net value so found with the
energy requirement of the hammer specified in 9.2. If a
hammer of improper energy was used, discard the result and
make additional tests on new specimens with the proper
hammer. If the proper hammer was used, divide the net
value so found by the measured width of the particular
specimen to obtain its impact strength in joules per metre
(foot-pounds-force per inch) of width.

9.7 Calculate the average impact strength of the group of
specimens. However, only values of specimens having the
same nominal width and type of break may be averaged.
Values obtained from specimens that did not break in the
manner specified in 4.7 shall not be included in the average.
When required, also caiculate tne standard deviation of the
group of values.

10. Report

10.1 The report shall include the following:

10.1.1 Complete identification of the material tested,
including type source, manufacturer’s code number, and
previous history.

10.1.2 A statement of how the specimens were prepared,
the testing conditions used, the number of hours the speci-
mens were conditioned after notching, and, for sheet mate-
rials, the direction of testing with respect to anisotropy, if
any.

10.1.3 The capacity of the pendulum in joules, or foot-
pounds-force, or inch-pounds-force.

10.1.4 The nominal width of the specimen.
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NoTE 22—All abbreviated or tabulated reports shall include after the
Izod impact strength value the nominal specimen width in millimetres
or inches in brackets (see 4.6).

10.1.5 The total number of specimens tested per sample
of material (that is, five, ten, or more).

10.1.6 The number of those specimens that resulted in
failures conforming to each of the categories requirements of
4.7.

10.1.7 The average impact strength in joules per metre, or
foot-pounds-force per inch, of width of the specimens of
10.1.6 for each failure category except non-break.

10.1.8 If required, the standard deviation of the values of
the impact strengths of the specimens of 10.1.6.

10.1.9 The percent of specimens failing in each category
suffixed by the corresponding letter code from 4.7.

TEST METHOD B—SIMPLE BEAM (CHARPY;TYPE) TEST

11. Apparatus

11.1 The machine shall consist of a massive base on which
are mounted a pair of supports for holding the specimen and
to which is connected, through a rigid frame and anti-friction
bearings, one of a number of pendulum-type hammers having
an initial energy suitable for use with the particular specimen
to be tested, plus a pendulum holding and releasing mecha-
nism acd a pointer and dial mechanism for indicating the
excess energy remaining in the pendulum after breaking the
specimen. A jig for positioning the specimen on the supports
and graphs or tables to aid in the calculation cf the correction
for friction and windage also should be included. One design
of machine is illustrated in Fig. 5. Specific requirements are
given in subsequent paragraphs. General methods for check-
ing and calibrating the machine are given in Appendix XI.
Additional instructions for adjusting a particular machine
should be supplied by the manufacturer.

11.2 Same as 5.2. :

Point of Impact

: il

FIG. 5 Simple Beam (Charpy-Type) Impact Machine
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Each Other for Charpy Test Method

11.3 The striking edge of the pendulum shall be mag==
hardened steel, tapered to have an included angle of 4> ==
and shall be rounded to a radius of 3.17 = 0.12 mm (0.:=3=
0.005 in.). It shall be so aligned that when the penduinz =
free hanging the cylindrical impacting surface shall haw -
vertical axis and be tangent to the front face of a rectanzu=
standard specimen to within 0.025 mm (0.001 in.). it =
free hanging position the center of percussion of the =
dulum shall lie within 2.54 mm (0.100 in.) of the mid3s -
the line of contact made by the striking nose upon the fz=:
a standard specimen of square cross section (Note 5).

11.4 Same as 5.4.

11.5 Same as 5.5.

11.6 The machine shall be provided with a basic ==
dulum capable of delivering an energy of 2.710 £ C._=
(2.00 = 0.10 ft-Ibf). This pendulum shall be used wi= =
specimens that extract less than 85 % of this energy. Hz=vs
pendulums shall be provided for specimens that rearr
more energy to break. Each pendulum shall have an en=x
within 0.5 % of its nominal capacity.

11.7 The test specimen shall be supported agains &
rigid anvils in such a position that its center of gravir, ar
the center of the notch shall lie on tangent to the arc of =
of the center of percussion of the pendulum drawn & =
position of impact. The edges of the anvils shall be rommz=
to a radius of 3.17 + 0.12 mm (0.125 + 0.005 in.) an= ==
anvils’ lines of contact with the specimen shall be 101.6 =L
mm (4.000 + 0.020 in.) apart (Fig. 6).
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i "~ 7| DIRECTION OF
< ' 0 COMPRESSION
T MOLDING

<t B >
ke & 7 ae
WIDTH OF
SPECIMEN SHALL
BE IN ACCORDANCE
WITH SECTION
mm in.
A 10.16 £ 0.05 0.400 = 0.002
B 63.50 max 2.500 max
61.00 min 2.400 min
C 127.00 max 5.000 max
124.50 min 4.900 min
D 0.25R + 0.05 0.010R = 0.002
E 1270 + 0.15 0.500 = 0.006

FIG. 7 Dimensions of Simple Beam, Charpy Type, Impact Test Specimen

11.8 Same as 5.9.

NoTe 23—Some machines currently in use employ a 103.0-mm
(4.25-in.) span. Data obtained under these conditions are valid.®

11.9 Same as 5.10.
11.10 Same as 5.11.

12. Test Specimen

12.1 The test specimen shall conform to the dimensions
and geometry of Fig. 7, except as modified in accordance
with 12.2, 12.3, 12.4, and 12.5. To ensure the correct
contour and conditions of the specified notch, all specimens
shall be notched as directed in Section 7.

12.2 Same as 6.2.

12.3 Same as 6.3.

12.4 Same as 6.4.

12.5 Same as 6.5.

13. Conditioning

13.1 Conditioning—See 8.1.
13.2 Test Conditions—See 8.2.

14. Procedure
14.1 Same as 9.1.

14.2 Same as 9.2.
14.3 Same as 9.3.

9 Supporting round-robin data are available from ASTM Headquarters. Re-
quest RR:D20-1033.

14.4 Check the specimen for conformity with the require-
ments of Section 12. Measure the width of each specimen in
the region of the notch with a micrometre caliper to the
nearest 0.025 mm (0.001 in.) and record its average width
along with its identifying markings.

14.5 Position the test specimen precisely on the supports
in a horizontal position so that it will be impacted edgewise
at its center on the face opposite the notch for notched
specimens. Release the pendulum and note and record the
excess energy remaining in the pendulum after breaking the
specimen, together with a description of the appearance of a
broken specimen.

14.6 Same as 9.6.

14.7 Same as 9.7.

15. Report

15.1 The report shall include the following:

15.1.1 Same as 10.1.1.

15.1.2 Same as 10.1.2.

15.1.3 Same as 10.1.3.

15.1.4 The nominal width of the specimens.

15.1.5 Same as 10.1.5.

15.1.6 The number of those specimens that resulted in a
complete break.

15.1.7 The average impact strength in joules per metre, or
foot-pounds-force per inch, of width for the specimens of
15.1.6 above that resulted in a complete break (Note 24).
Impact strengths are not to be reported for other than
complete breaks.
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NOTE 24—All abbreviated or tabulated reports shall affix behind the
Charpy impact strength value the nominal specimen thickness in
millimetres (or inches) in brackets (see 4.6).

15.1.8 Same as 10.1.8.

15.1.9 The percent of specimens failing with a complete
break.

15.1.10 Span (see Note 23).

TEST METHOD C—CANTILEVER BEAM (IZOD-TYPE) TEST
FOR MATERIALS OF LESS THAN 27 J/m (05 ft-Ibf/in.) OF
NOTCH

16. Apparatus

16.1 The apparatus shall be the same as specified in Sec-
tion 5.

17. Test Specimen

17.1 The test specimen shall be the same as specified in
Section 6.

18. Conditioning

18.1 Conditioning—See 8.1.
18.2 Test Conditions—See 8.2.

19. Procedure

19.1 The procedure shall be the same as in Section 9 with
the addition of a procedure for estimating the energy to toss
the broken specimen part. Make an estimate of the magni-
tude of the energy to toss each different type of material and
each different specimen size (width). This is done by reposi-
tioning the free end of the broken specimen on the clamped
portion ard striking it a second time with the pendulum
released in such a way as to impart to the specimen approxi-
mately the same velocity it had attained during the test. This
is done by releasing the pendulum from a height corre-
sponding to that to which it rose following the breakage of
the test specimen. The energy to toss is then considered to be
the difference between the reading described above and the
free swing reading obtained from this height. A reproducible
method of starting the pendulum from the proper height
must be devised.

20. Report

20.1 The report shall be the same as in Secticn 10 with the
addition of the following:

20.1.1 The estimated toss correction expressed in joules
per metre of notch or foot-pounds-force per inch of notch,
obtained by dividing the energy to toss in joules or foot-
pounds-force by the specimen width in metres or inches, and

20.1.2 The difference between the Izod impact strength
and the toss correction reported as the estimated net Izod
impact strength.

TEST METHOD D—NOTCH RADIUS SENSITIVITY TEST

21. Apparatus

21.1 The apparatus shall be the same as specified in
Section 5.

22. Test Specimen

22.1 The specimens shall be the same as specified in
Section 6. All specimens must be of the same nominal width,

preferably 6.35 mm (0.25 in.).

23. Notching

23.1 Notching shall be done as specified in Section 7 and
Fig. 4, except that 10 specimens shall be notched with a
radius 0of 0.25 mm (0.010 in.) and 10 specimens with a radius
of 1.0 mm (0.040 in.).

24. Conditioning
24.1 Condition specimens in accordance with Section 8.

25. Procedure

25.1 Proceed in accordance with Section 9, testing a mini-
mum of 5 (preferably 10) specimens of each notch radius.

25.2 The average impact strength of each group shall be
calculated, except that within each group the type of break
must be homogeneously C, H, C & H, or P.

25.3 If the specimens with the 0.25-mm (0.010-in.) radius
notch do not break, the test is not applicable.

25.4 If any of 10 specimens tested with the 1.0 mm (0.040
in.) notch fail as in category NB, nonbreak, the notch sensi-
tivity procedure cannot be used without obtaining additional
data. A new set of specimens should be prepared from the
same sample, using a 0.50-mm (0.020-in.) notch radius and
the procedure of 25.1 and 25.2 repeated.

26. Calculation

26.1 The slope of the line connecting the values for impact
energy-to-break for 0.254 and 1.012-mm (0.010 and 0.040-

- in.) notch radius (or 0.508-mm (0.020-in.) notch radius if

applicable) should be calculated as follows:
b= E, — Eg/R, - R,
where:
E,, Eg = average energy to break for the larger and smaller
notch radii respectively, J/m (ft-1bf/in.) of notch,
R, radius of the larger notch, m (in.), and
R, = radius of the smaller notch, m (in.).
Example: Eqg = 6.2 ft-1bf/in. E, = 2.6 ft-1bf/in.
b=16.2~-2.6/0.040 — 0.010 = 3.6/0.03 = 120 ft-1bf/in. of notch/in.
(radius)

27. Report

27.1 The average value of » with its units, and the average
Izod impact energy, 0.254 mm (0.010 in.) notch, shall be
reported.

TEST METHOD E—CANTILEVER BEAM REVERSED NOTCH
TEST
28. Apparatus

28.1 The apparatus shall be the same as specified in Sec-
tion 5.

29. Test Specimen

29.1 The test specimen shall be the same as specified in
Section 6.

30. Notching Test Specimens

30.1 Notch the test specimens in accordance with Section
7/
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31. Conditioning

31.1 See 8.1.
31.2 Test Conditions—See 8.2.

32. Procedure

32.1 Proceed in accordance with Seciion 9, except clamp
the specimen so that the striker impacts it on the face opposite
the notch, hence subjecting the notch to compressive, rather
than tensile stresses during impact (see Fig. 15 and Notes 25,
26, and 27.

NoOTE 25—The reversed notch test employs a standard 0.25-mm
(0.010-in.) notch specimen to provide an indication of unnotched
impact strength. Use of the reversed notch test obviates the need for
machining unnotched bars to the required 10.16 + 0.05-mm (0.400 +
0.002-in.) depth before testing and provides the same convenience of
specimen mounting as the standard notch tests (Test Methods A and C).

NOTE 26—Where materials are suspected of anisotropy, due to
molding or other fabricating influences, notch reverse. notch specimens
on the face opposite to that used for the standard Izod test; that is,
present the same face to the impact blow.

NoOTE 27—Results obtained by the reversed notch test may not always
agree with those obtained on unnotched bars that have been machined
to the 10.16-mm (0.400-in.) depth requirement. For some materials, the
effects arising from the difference in the clamped masses of the two
specimen types during test, and those attributable to a possible differ-
ence in toss energies ascribed to the broken ends of the respective
specimens, may contribute significantly to a disparity in test results.

33. Report

33.1 The report shall include the following:

33.1.1 Same as 10.1.1,

33.1.2 Same as 10.1.2,

33.1.3 Same as 10.1.3,

33.1.4 Same as 10.1.4,

33.1.5 Same as 10.1.5,

33.1.6 Same as 10.1.6,

33.1.7 The average reversed notch impact strength, in
joules per metre, or foot-pounds-force per inch, of width of

the specimens of 10.1.6 for each category except non-break,
33.1.8 Same as 10.1.8, and
33.1.9 Same as 10.1.9.

34. Precision and Bias

34.1 Tables 1, 2, and 3 are based on a round robin'® in
accordance with Practice E 691. For each material, all the
test bars were prepared at one source, except for notching.
Each participating laboratory notched the bars that they
tested. Tables 1, 2, and 3 are presented on the basis of a test
result oeing the average for five specimens. In the round
robin each laboratory tested, on average, nine specimens of
each material.

34.2 Table 4 is based on a round robin® involving five
materials tested by seven laboratories. For each material, all
the samples were prepared at one source, and the individual
specimens were all notched at the same laboratory. Table 4 is
presented on the basis of a test result being the average for
five specimens. In the round robin, each laboratory tested
ten specimens of each material.

NoTE 28—Caution: The following explanations of I, and I (34.3
through 34.3.3) are only intended to present a meaningful way of
considering the approximate precision of this test method. The data in
Tables 1 through 4 should not be rigorously applied to acceptance or
rejection of material, as those data are specific to the round robin and
may not be representative of other lots, conditions, materials, or
laboratories. Users of this test method should apply the principles
outlined in Practice E 691 to generate data specific to their laboratory
and materials, or between specific laboratories. The principles of 34.3
through 34.3.3 would then be valid for such data.

34.3 Concept of 1, and 1x—If S, and Sy have been
calculated from a large enough body of data, and for test
results that were averages from testing 5 specimens.

10 Supporting data are available from ASTM Headquarters. Request RR:
D-20-1134.

TABLE 1 Precision, Test Method A (izod)

Values in ft-Ibf/in. of width

Material No. of Laboratories
Avg s Sa2 1S 1s°
Phenolic 0.57 0.024 0.076 0.06 0.21 19
Acetal 1.45 0.075 0.604 0.21 1.70 9
Reinforced nylon 1.98 0.083 0.245 0.23 0.68 15
Polypropylene 2.66 0.154 0.573 0.43 1.62 24
ABS 10.8 0.136 0585 0.38 1.65 25
Polycarbonate 16.4 0.295 1.056 0.83 2.98 25

4 8, = withinHaboratory standard deviation of the average,
8 8 = between-laboratories standard deviation of the average,
€l,=2838, and

0|, =283S,.
TABLE 2 Precision, Test Method B (Charpy)
Values in ft-Ibffin. of width
Material No. of Laboratories
Avg s,A Sg8 1€ 15°
Phenolic 0.55 0.029 0.050 0.08 0.14 7
Reinforced nylon 1.98 0.065 0.143 0.18 0.40 7
Polycarbonate 2.85 0.083 0.422 0.23 1.19 8
Polypropylene 4.06 0.151 0.422 0.42 1.19 9
ABS 10.3 0.115 9

0.629 032 - 1.78

4 8, = within-laboratory standard deviation of the average,

8S, = between-laboratories standard deviation of the average,
€|, =2838, and

0|, =283S,
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TABLE 3 Precision, Test Method C (Izod with Toss Correction)

Values in ft-Ibffin. of width

Material No. of Laboratories
Avg S; Sr I [’ ;
Phenolic 0.45 0.038 0.129 0.10 0.36 15
4 'S, = withinHaboratory standard deviation of the average, :
£ S = between-aboratories standard deviation of the average,
€],=283S, and
Olq =283 Sp.
TABLE 4 Precision, Test Method E (Reversed Notch lzod)
Values in ft-Ibf/in. of width
Material
Avg sS4 Sq® IS 15°
Acrylic sheet, unmodified 3.02 0.243 0.252 0.68 0.71
Premix molding compounds laminate 6.11 0.767 0.786 217 222
Rubber modified acrylic, injection molded 10.33 0.878 1.276 2.49 3.61
Sheet molding compound (SMC) laminate 11.00 0.719 0.785 2.03 222
Preformed mat laminate '19.43 0.960 1.618 2.72 4.58

4 8, = within-laboratory standard deviation of the average,

£ S, = between-laboratories standard deviation of the average,
€|, =283S, and

0|, =283 S,

34.3.1 Repeatability, 1,, (Comparing two test results for
the same material, obtained by the same operator using the
same equipment on the same day)—The two test results
should be judged not equivalent if they differ by more than
the I, value for that material.

34.3.2 Reproducibility, 1 (Comparing two test results for
the same material, obtained by different operators using
different equipment on different days)—The two test results

should be judged not equivalent if they differ by more than
the I value for that material.

34.3.3 Any judgment in accordance with 34.3.1 and
34.3.2 would have an approximate 95 % (0.95) probability of
being correct.

34.4 Bias—There are no recognized standards by which
to estimate bias of this test method.

APPENDIXES

(Nonmandatory

Information)

X1. CALIBRATION OF LOW-CAPACITY (136 TO 21.68-J OR 1 TO 16-FTeLBF) IMPACT MACHINES FOR
USE WITH PLASTIC SPECIMENS

X1.1 This calibration procedure applies specifically to the
Izod impact machine. However, much of this procedure can
be applied to the Charpy impact machine as well.

X1.2 Locate the impact machine on a sturdy base. It shall
not “walk” on the base and the base shall not vibrate
appreciably. Loss of energy from vibrations wiil give high
readings. It is recommended that the impact tester be bolted
to a base weighing at least 23 kg (50 Ib) if it is used at
capacities higher than 2.71 J (2 ft-1bf).

X1.3 Check the levelness of the machine in both direc-
tions in the plane of the base with spirit levels mounted in
the base, by a machinist’s level if a satisfactory reference
surface is available, or with a plumb bob. The machine
should be level to within tan™!' 0.001 in the plane of swing
and to within tan™2 0.002 in the plane perpendicular to the
swing.

X1.4 With a straightedge check the height of the specimen
clamping block relative to the vise. It must match the height
of the vise within 0.08 mm (0.003 in.).

X1.5 Check the transverse location of the center of the
pendulum striking edge which shall be within 0.40 mm
(0.016 in.) of the center of the vise. Readjust the shaft
bearings or relocate the vise, or straighten the pendulum

shaft as necessary to attain the proper relationship between
the two centers.

X1.6 Check the pendulum arm for straightness within 1.2
mm (0.05 in.) with a straightedge or by sighting down the
shaft. This arm is sometimes bent by allowing the pendulum
to slam against the catch when high capacity weights are on
the pendulum.

X1.7 Insert vertically and center with a locating jig in the
vise a straight machined bar 12.7 mm (0.500 in.) square and
25.4 mm (1 in.) long. Check the bar for vertical alignment
within tan™' 0.005 in both directions with a small machin-
ist’s level. Shim up the vise if necessary to correct for errors
in the plane of pendulum swing, using care to preserve solid
support for the vise. For errors in the plane perpendicular to
the plane of pendulum swing, machine the inside face of the
clamp type locating jig for correct alignment. If a blade-type
Jjig is used, grind the shims or the base of the vise to bring the
top surface level.

X1.8 Place a 60-mm (2.5-in.) length of unnotched metal
bar ground flat and parallel within 0.025 mm (0.001 in.) in
the center of the vise in the vertical position. Place a thin film
of oil on the striking edge of the pendulum with an oiled
tissue and let the striking edge rest gently against the
specimen. The striking edge should make uniform contact
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across the surface of the bar. If partial contact is made,
examine the vise or pendulum for the cause of the misalign-
ment. If no cause is apparent, remove the striking edges and
shim up the low side or grind the striker back face for good
contact of the striking edge with the specimen.

X1.9 Check oil line on face of bar for horizontal setting of
striking edge within tan™' 0.002 with a machinist’s square.

X1.10 Without taking the bar of X 1.8 from the vise of the
machine, scratch a thin line on the face opposite the striking
face of the bar at the top edge of the vise. Remove the bar
from the vise and transfer this line to the striking face, using
a machinist’s square. The distance from the striking oil line
to the top edge of the vise should be 21.95 to 22.05 mm
(0.864 to 0.868 in.). Correct with shims or grinding as
necessary at the bottom of the vise.

X1.11 Insert the bar of X 1.8 again in the vise and clamp it
tightly in the vertical position. When the pendulum is
hanging free in its lowest position, the striking edge should
come within 0.5 % of scale on either side of the position of
contact with the specimen.

X1.12 Swing the pendulum to a horizontal posmon ‘and
support it by the striking edge in this position with a 6.3 mm
(Y+-in.) diameter vertical bar. Allow the other end of this bar
to rest at the center of a load pan on a balanced scale.
Subtract the weight of the bar from the tctal weight to find
the effective weight of the pendulum. The effective pen-
dulum weight should be within 0.4 % of the required weight
for that pendulum capacity. If weight must be added or
removed, care must be taken to balance the added or
removed weight about the center of percussion (striking
edge). It is not advisable to add weight to the opposite side of
the bearing axis from the striking edge to increase the
effective length of the pendulum since the distributed mass
will lead to large energy losses from vibration of the
pendulum.

X1.13 Calculate the effective length of the pendulum arm,
or the distance to the center of percussion from the axis of
rotation, by the procedure of Note 5. The effective length
must be within the tolerance stated in 5.3.

X1.14 Measure the vertical distance of fall of the pen-
dulum striking edge from the trip height to its lowest point.
This distance should be 610 = 2.0 mm (24 + 0.1 in.). This
measurement may be made by blocking up a level on the top
of the vise and measuring the vertical distance from the
lnading nose to the bottom of the level and subtracting 22.0
mm (0.866 in.). The vertical falling distance may be adjusted
by varying the position of the pendulum latch.

X1.15 Notch a standard specimen on one side, parallel to
the molding pressure, at 32 mm (1.25 in.) from one end. The
depth of the plastic material remaining in the specimen
under the notch shall be 10.16 = 0.05 mm (0.400 + 0.002
in.). Use a jig to position the specimen correctly in the vise.
When the specimen is clamped in place, the center of the
notch should be within 1.2 mm (0.005 in.) of being in line
with the top of the fixed surface of the vise and the specimen
should be centered midway within 0.40 mm (0.015 in.)
between the ends of the clamping faces. The notched face
should be the striking face of the specimen for the Izod test.
Under no circumstances during the breaking of the specimen
should the top of the specimen touch the pendulum except at
the striking edge.

X1.16 If a clamping-type locating jig is used, examine the
clamping screw in the locating jig. If the thread has.a loose fit
the specimen may not be correctly positioned and may tend
to creep.as the screw is.tightened. A burred or bent pomt on
the screw may also have the same effect. :

X1.17 When the pendulum is in position to Just touch the
test specimen the pointer should be at the full scale index
within 0.2 % of scale.

X1.18 The pointer friction should be adjusted so that the
pointer will just maintain its position anywhere on the scale.
The striking pin of the pointer should be securely fastened to
the pointer. Friction washers with glazed surfaces should be
replaced with new washers. Friction washers should be on
either side of the pointer collar. The last friction washer
installed should be backed by a heavy metal washer. Pressure
on this metal washer, is produced by a thin bent spring
washer and locknuts. If the spring washer is placed next to
the fiber friction washer the pointer will tend to vibrate,
during impact. .

X1.19 The free swing readmg of the pendulum (w1thout
specimen) from the tripping height should be less than 2.5 %
of pendulum capacity on the first swing. If the reading is
higher than this then the pointer friction is excessive or the
bearings are dirty. To clean the bearings dip them in grease
solvent and spin dry in an air jet. Clean the bearings until
they spin freely, or replace them. Oil very lightly with
instrument oil before replacing. A reproducible method of
starting the pendulum from the proper height must be
devised.

X1.20 The position of the pointer after three swings of the
pendulum, each from the starting position, without manual
readjustment of the pointer should be 1 % or less of the
pendulum capacity. If the readings differ from this, then the
machine is out of plumb, the calibration dial is out of
alignment, or the pendulum finger is out of calibration
position.

X1.21 The shaft about which the pendulum rotates shall
have no detectable radial play (less than 0.05 mm (0.002
in.)). An end play of 0.25 mm (0.010 in.) is permissible when
a 9.8-N (2.2-1bf) axial force is applied in alternate directions.
This shaft shall be horizontal within tan™' 0.003 as checked
with a level.

X1.22 The vise faces should be parallel in the horizontal
and vertical directions within 0.025 mm (0.001 in.). This
may be checked by inserting the machined square metal bar
of X 1.8 into the vise in a vertical position and clamping until
the jaws begin to bind. Any freedom between the metal bar
and the clamping surfaces of the jaws of the vise must not
exceed the specified tolerance.

X1.23 The top edge of the fixed jaw of the vise shall have
a radius of 0.25 + 0.12 mm (0.010 % 0.005 in.). This is the
edge of stress concentration as the specimen breaks and
should be examined carefully.

X1.24 If a brittle unfilled or granular filled plastic bar
such as a general-purpose wood-flour-filled phenolic material
is available, notch and break a set of bars in accordance with
these test methods. Examine the surface of the break of each
bar in the vise. If the break is flat and smooth across the top
surface of the vise the condition of the machine is excellent.
Considerable information regarding the condition of an
impact machine can be obtained by examining the broken
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sections of specimens. No weights should be added to the
pendulum for the above tests.

X1.25 The machine should not be used to indicate more
than ‘85 % of the energy capacity of the pendulum. Extra
weights added in pairs on opposite-sides of the pendulum at
the center of percussion will increase available energy of the
machine. Correct weights for any range can be calculated ‘as
follows:

=E/h

W = the effective pendulum weight (see X1.12),
E_ = potential or available energy of the machine,and

h the vertical distance of fall of the pendulum striking
edge (sec X1.14).
Each Ib of added weight increases the capacity of the

machine by 2.710 J (2 ft-Ibf).

X2. INSTRUCTIONS FOR THE CONSTRUCTION -OF A WINDAGE AND FRICTION CORRECTION CHART

X2.l The construction and use of the chart herein de-
scribed is based upon the assumption that the friction and
windage losses are proportional to the angle through which
these loss torques are applied to the pendulum. Figure X2.1
shows the assumed energy loss versus the angle of the
pendulum position during the pendulum swing. The correc-
tion chart to be described is principally the left half of Fig.
X2.1. The windage and friction correction charts should be
available from commercial testing machine manufacturers.
The energy losses designated as 4 and B are described in 9.3
of the main body of the method. '

e

X2.2 Start the construction of the correction chart (Fig.
X2.2) by laying off to some convenient linear scale on the
abscissa of a graph the angle of pendulum position for the
portion of the swing beyond the free hanging position. For
convenience place the free hanging reference point on the
right end of the abscissa with the angular displacement
increasing linearly to the left. The abscissa is referred to as
Scale C. Although angular displacement is the quantity to be
represented linearly on the abscissa, this displacement is
more conveniently expressed in terms of indicated energy
read from the machine dial. This yields a nonlinear Scale C

{

MAXIMUM SWING FREE HANGING RELEASE
POSITION POSITION POSITION
L2
LINEAR &

NONLINEAR E

FIG. X2.1 Method of Construction of a Windage and Friction Correction Chart

na

DA

g

READING WITH POINTER~-LINEAR SCALE
CORRECTION- LINEAR SCALE "D"

<+— LINEAR §
NONLINEAR ENERGY —>

READING WITHOUT POINTER-LINEAR SCALE

FIG. X2.2 Sample Windage and Friction Correction Chart
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with indicated pendulum energy increasing to the right.

X2.3 On the right hand ordinate lay off a linear Scale B
starting with zero at the bottom and stopping at the maximum
expected pendulum friction and windage value at the top.

X2.4 On the left ordinate construct a linear Scale D rang-
ing from zero at the bottom to 1.2 times the maximum ordi-
nate value appearing on Scale B, but make the scale twice the
scale used in the construction of Scale B.

X2.5-Adjoining Scale D draw a curve OA which is the
focus of points whose coordinates have equal values of energy
correction on Scale D and indicated energy on Scale C. This
curve is referred to as Scale A4 and utilizes the same divisions
and numbering system as the adjoining Scale D.

X2.6 Instructions for Using Chart:

X2.6.1 Locate and mark on Scale A the reading 4 ,ob-
tained from the free swing of the pendulum with the pointer
prepositioned in the free hanging or maximum indicated
energy position on the dial.

X2.6.2 Locate and mark on Scale B the reading B
obtained after several free swings with the pointer pushed up
close to the zero indicated energy position of the dial by the
pendulum in accordance with instructions in 9.3. -

X2.6.3 Connect the two points thus obtained by a straight
line.

X2.6.4 From the indicated impact energy on Scale C
project up to the constructed line and across to the left to
obtain the correction for windage and friction from Scale D.

X2.6.5 Subtract this correction from the indicated im,'?act
reading to obtain the energy delivered to the specimen.

X3. PROCEDURE FOR THE CALCULATION OF WINDAGE AND FRICI‘ION CORRECTION

X3.1 The procedure for the calculation of the: windage
and friction correction in this appendix is based on the
equations developed by derivation in Appendix X4. This
procedure can be used as a substitute for the graphical
procedure described in Appendix X2 and is applicable to
small electronic calculator and computer analysis.

X3.2 Calculate L, the distance from the axis of support to
the center of percussion as indicated in 5.3. (It is assumed
here that the center of percussion is approximately the same
as the center of gravity.)

X3.3 Measure the maximum height, h,,, of the center of
percussion (center of gravity) of the pendulum at the start of
the test as indicated in X1.14.

X3.4 Measure and record the energy correction, E,, for
windage of the pendulum plus friction in the dial, as
determined with the first swing of the pendulum with no
specimen in the testing device. This correction must be read
on the energy scale, E,,, appropriate for the pendulum used.

X3.5 Without resetting the position of the indicator
obtained in X3.4, measure the energy correction, Ey, for
pendulum windage after two additional releases of the
pendulum with 70 specimen in the testing device.

X3.6 Calculate 8,,,, as follows:

ﬂmax = COS_I {l T [(III\I/LXI I EA/EM)]}
where:
E, = energy correction for windage of pendulum plus fric-
tion in dial, J (or ft-1bf),
E,, = full-scale reading for pendulum used, J (or ft-Ibf),

L  =-distance from fulcrum to center of gravity of pendu-
lum, m (or ft),
h,, = maximum height of center of gravity of pendulum at

start of test, m (or ft), and
Bmax = maximum angle pendulum will travel with one swing
of the pendulum. 5
X3.7 Measure specimen breaking energy, E, J (or ft-1bf).
X3.8 Calculate 8 for specimen measurement E, as:
B =cos™' (1 — [(hy/L)(1 — EJ/E, )]}
where:
B = angle pendulum travels for a given specimen and
E, = dial reading breaking energy for a specimen. J (or- ft-
1bf). )
X3.9 Calculate total correction energy, E;, as:
Erc=(E = (Ep/2))B/Bmax) + (Ep/2)
where:
Er- = total correction energy for the breaking energy, E.. of
a specimen, J (or ft-1bf), and ;
E; = energy correction for windage of the pendulum, J (or
ft-1bf).
X3.10 Calculate the impact strength using the following
formula:

[s e (E.r A ETC)/I

where:
I, = impact strength of specimen, J/m (or ft-Ibf/in.) of
width, and

t = width of specimen or width of notch, m (or in.).

X4. DERIVATION OF PENDULUM IMPACT CORRECTION EQUATIONS

X4.1 From right triangle distances in Fig. X4.1:

L—h=Lcosp (1
X4.2 But the potential energy gain of pendulum E,, is:
E,=hWyg )
X4.3 Combining Eqgs 1 and 2 gives the following:
L—E,/W,g=Lcosp ©)

X4.4 The maximum energy of the pendulum is the poten-

tial energy at the start of the test, E,,, or
E, = hMng (4)
X4.5 The potential energy gained by the pendulum, E,,, is
related to the absorption of energy of a specimen, £, by the
following equation:
By~ E,=E; )
X4.6 Combining Egs 3, 4, and 5 gives the following:
(Epg — EY/Ey; = LIhy[1 — cos B) (6)
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FIG. X4.1 Swing of Pendulum from Its Rest Position

X4.7 Solvmg Eq 6 for 8 glves the following:
8= cos™ (1 = (y/LX1 — E[/E})]) @)

X4.8 From Fig. X4.2, the total energy correction ETC is
given as:

Erc=mB+b : ‘ (8)
X4.9 But at the zero pomt of the pendulum potential
energy
Eg/2 = m(0) + b -
or
b= Eg/2 (10)

X4.10 The energy correction, E 4, on the first swing of the
pendulum occurs at the maximum pendulum angle, B..,-
Substituting in Eq 8 gives the following:

EA = mﬂmax gt (EB/z) (1 l)
X4.11 Combining Eqs 8 and 11 gives the following:
Erc=(E = (Eg/2))B/Bmax) + (Ep/2) (12)

Ep

Ep -

(@)

B Buax

FIG. X4.2 Total Energy Correction for Pendulum Windage and
Dial Friction as a Function of Pendulum Position

X4.12 Nomenclature

b = intercept of total correction energy stralght line,

E, = energy correction including both pendulum windage
plus dial friction, J,

E;, = energy correction for pendulum windage only, J,

E,, = maximum energy of the peudulum (at the start of
test); J,

E, = potenual energy gain of pendulum from the pen-

dulum rest position, J, :
E, = uncorrected breaking energy of specimen, J,
E;- = total energy correction for a given breaking energy,

E\W¢ :
g = acceleration of gravity, m/s?,
h = distance center of gravity of pendulum rises verti:

cally from the rest position of the pendulum, m, .
h,, = maximum height of the center of gravity of the
pendulum, m,

m = slope of total correction energy straight line,

L  =distance from fulcrum to center of gravity of pen-
dulum, m,

W, —wc(light of pendulum, as determined in X1.12, kg,
an

B = angle of pendulum position from the pendulum rest
position.

The American Society for Testing and Materials 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 responsibility.

This standard is subject to revision at any time by the responsible technical committee 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 Headquarters. Your comments will receive careful consideration at 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 Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Standard Test Method for

Rubber Property—Durometer Hardness'

This standard is issued under the fixed designation D 2240; the number immediately following the designation indicates the year of
original adoption or. in the case of revision, the year of last revision. A number in. parcntheses indicates the vear of last reapproval. A
superscript epsilon (¢) indicates an cditorial change since the iast revision or reapproval. :

1. Scoupe

1.1 This test method describes seven types of durometers
A. B, C. D, DO, O and OO, and the procedure for
determining indentation hardness of substances classified as
rubber, cellular materials, clastomeric materials, thermo-
plastic elastomers and some hard plastics.

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

1.3 The values stated in SI units are to be regarded as

" standard. The values given in parentheses are for informa-
tion oniv.

1.4 This standard does not purport to address all of the
safety problems, 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:

D618 Practice for Conditioning Plastics and Electrical
Insulating Materials for Testing?

D 7&5 Test Method for Rockwell Hardness of Plastics and
Electrical Insulating Materials?

D 1349 Practice for Rubber—Standard Temperatures For
Testing?

D4483 Practice for Determining Precision for Test
Method Standards in the Rubber and Carbon Black
Industries?

3. Summary of Test Method

3.! This test method permits hardness measurements
bascfl on either initial indentation or indentation after a
specified period of time, or both.

NOTE |—Durometers with maximum reading pointers used to
determine initial hardness values may yieid lower hardness when the
maximum pointer is used.

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 penetration and is dependent on the elastic
modulus and viscoelastic behavior of the material. The shape

! This test method is under the jurisdiction of ASTM Committee D-11 on
Rubber and is the direct responsibility of Subcommittec D11.10 on Physical Tests.

Current edition approved May 15, 1991. Published February 1992. Originally
published as D 2240 - 64 T. Last previous edition D 2240 - 86.

2 Annual Book of ASTM Standards, Vol 08.01.

3 Annual Book of ASTM Standards, Vol 09.01.

* Annual Book of ASTM Standards, Vol 09.02.

of the indentor and the applied force influence the results
obtained so there may be no simple relationship between the
results obtained with one type of durometer and those
obtained with another type of durometer or other instru-
ments for measuring hardness. This test method 1S an
empirical test intended primarily for control purposes. No
simple relationship is known to exist between indentation
hardness determined by this test method and any funda-
mental property of the material tested. For specification
purposes it is recommended that Test Method D 785 be used
for hard material.

NOTE 2—Durometer scale comparison chart only. This is not and
cannot be used as a conversion reference.

Type A 10 20 30 40 50 60 70 80 90 100

Type B 10 20 30 40 50 60 70 80 90 100

Type C 10 2030 40 50 60 70 80 90 100

Type D 10 20 30 40 S0 60 60 70 80 90 100
Type DO 10 20 30 40 S0 60 70 80 90 100

Type O 10 20 30 40 50 60 70 80 90 100

Type 00 10 20 30 40 S0 60 70 80 90 100

5. Apparatus

5.1 Hardness measuring apparatus or durometer con-
sisting of the following components:

5.1.1 Presser Foot, with a hole having a diameter as
specified in Fig. 1(a), 1(b), or 1(c) with its center 6 mm (0.25
in.) from any edge of the foot.

5.1.2 Indentor, formed from hardened steel rod and
shaped in accordance with Fig. 1(a), 1(b), or 1(c) with full
extension adjustable between 2.46 to 2.54 mm (0.97 to 0.100
in.).

5.1.3 Indentor Extension Indicating Device (analog of
electrenic), having a scale reading from 0 to 100 with equal
divisions throughout the range. The scale reading is an
inverse function of the indentor extension. The device shall
have a pointer that moves on the scale at a rate of one
hardness point for each 0.025 mm (0.001 in.) of indentor
movement.

Note 3—Type A Shore Durometers serial numbers | through
16 300 and 16 351 through 16 900 and Type A-2 Shore Durometess.
numbers 1 through 8077 do not meet the requirement of 2.46 to0 2.54-
mm (0.097 to 0.100 in.) extension of the indentor at zero reading. Thest |
durometers will give readings which are low by amounts ranging from 3
units at 30 hardness to 1 unit at 90 hardness.

3

5.1.4 Timing Device (optional), capable of being set to a;
desired elapsed time, signalling the operator or holding the.,
hardness reading when the desired elapsed time has beenz
reached. The timer should be automatically activated whetg
the presser foot is in firm contact with the specimen beitgs
tested. 3B

5.1.5 Calibrated Spring, for applying force to the indentdf
in accordance with Fig. 1. :
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.0501.005
" 1.40/ 1.1Smm

.—_Q;{ ——“J)/]Smm
*1

.097/.100
2.5 t0.04 mm

AT ZERO

READING
.031 « .00t

0.79 1 0.03 mm

(a) Indentor for Type A and C Durometers

,._Q;f _J32/25m

‘ .0501.005
l 1.40/1.15mm

097/.100
2.5 :10.04mm

AT ZERO
READING H
0100 1.012 mm R.

(b) Indentor for Type B and D Durometers

-H% —-35/3 Tecin

10937 2.003
2 33!0.01«-“

2:5¢ 0.04 mm

AT
READING 04681.002R.

1.19 10.05 mm R.
(c) Indentor for Type DO, O, and OO Durometers

NoTe—Spring Force Combinations:
Force, N = 0.550 + 0.075 H,
where H, = hardness reading on Type A, B and O durometers.
Force, N = 0.4445H,
where H, = hardness reading on Type C, D and DO durometers.
Force, N = 0.203 + 0.00908 H,,
where H_, = hardness reading on Type OO durometers.

FIG. 1 Durometer, indentor and Spring Force Combinations

6. Test Specimen

6.1 The test specimen shall be at least 6 mm (0.25 in.) in
thickness unless it is known -that results equivalent to the 6
mm values are obtained with a thinner specimen (see Note
4). 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 speci-
mens because the surface faces between plies may not be in
complete contact. The lateral dimensions of the specimen
shall be sufficient to permit measurements at least 12 mm
(0.5 in.) from any edge unless it is known that identical
results are obtained when measurements are made at lesser
distance from an edge. The surfaces of the specimen shall be
flat and parallel over a sufficient area to permit the presser
foot to contact the specimen over an area having a radius of

at least 6 mm (0.25 1n.) from the indentor point. A suitable
hardness determinauion cannot be made on a rounded.
uneven, or rough surface.

NoOTE 4—The minimum requirement for the thickness of the spec-
imen is dependent on the extent of penctration of the indentor into the
specimen: that is, thinner specimens may be used for materials having
hardness values at the upper end of the scale. The minimum c: (
{rom the edge at which measurements may be made likewise decreases
as the hardness increases. For materials having hardness values abov 2 30
Type D durometer. the thickness of the specimen should be at lezst 3
mm (0.12 in.) and measurcments should not be made closer tha?\.é
(0.25in.) to any edge.

7. Calibration

7.1 The durometer spring shall be calibrated by sup-
porting the durometer in a vertical position and applyving a
measurable force to the indentor tip (see Fig. 2). The device
used to apply the force may be a dead weight or electronic
load cell device capable of measuring applied force at 30 %
of the calibration tolerance. Care should be taken to ensure
that the force is applied vertically to the indentor tip, as side
loads will cause errors in calibration. Spring calibration shall
be verified on all durometer at scale readings of 20, 30. 40.
50, 60, 70, 80 and 90. The measured force (9.8 X mass in
kilograms) shall be equivalent to the force calculated by the
equation in Fig. 1. The measured force for Type A, B and O
durometers shall be within +0.08 N. For Type C, D and DO
durometers it shall be within +0.44 N, and for Type OO
durometers it shall be within +0.025 N.

NoTE S—Instruments specifically designed for the calibration of
durometers may be used.*

7.2 Indentor extension and shape must be in accordance
with 5.1.2. With the durometer placed firmly on a flat
surface the indicator should read ‘a number equal to the
indentor extension measured in inches X 1000, within +0.3
durometer points.

NoTe 6—When performing the procedure in 7.2 on Type B and D
durometers care should be used not to damage the indentor tip.

7.3 Test blocks (rubber or spring type) provided for
checking durometer operation are not to be relied upon as
calibration standards. The calibration procedures outlined in
7.1 and 7.2 are the only valid calibration methods.

8. Conditioning

8.1 Tests shall be made at 23 + 2°C (73.4 = 3.6°F). For
materials whose hardness depends on relative humidity, the
specimen shall be conditioned in accordance with Procedure
A of Practice D 618 and tested under the same conditions.

Note 7—No conclusive evaluation has been made on durometers at
temperatures other than 23 + 2°C (73.4 + 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 Place the specimen on a hard, horizontal surface.

3 Zwick and Co., Control Equipment 7501 with serial numbers higher than WA
20301 or the Shore Durocalibrator, available from Shore Instrument Manufac-
turing Co., 80 Commercial St., Freeport, NY 11520, have been found satisfactory
for this purpose.
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Hold the durometer in a vertical position with the point of

the indentor at least 12 mm (0.5 in.) from any edge of the
specimen. unless it is known that identical results are
obtained when measurements are made with the indentor at
a lesser distance. Apply the presser foot to the specimen as
rapidly as possible, without shock, keeping the foot parallel
to the surface of the specimen. Apply just sufficient pressure
to obtain firm contact between presser foot and specimen.

NOTE &—Better repeatability may be obtained by using a mass
centered on the axis of the indentor. Recommended masses are | kg for
Tyvpe A, B and O durometers. S kg for Type C, D and DO durometers.
and 400 g for Type OO durometers. Durometer stands using the masses
above as a constant load and a controlled descent speed, without shock.
produce maximum repeatability.

9.2 For any material covered in 1.1, after the presser foot
is in firm contact with the specimen, the scale reading is to be
taken within 1 s or after any period of time agreed upon
between supplier and user unless the durometer has a
maximum indicator, in which case the maximum reading is
taken. The hardness reading may progressively decrease with
time delay.

9.3 Make five measurements of hardness at different
positions on the specimen at least 6 mm (0.25 in.) apart and
determine the arithmetic mean.

NoTE 9—The type of durometer should be selected with the knowl-
edge that readings below 10 or above 90 are not considered reliable by
the manufacturer. It is suggested that readings in these ranges not be
recorded.

10. Report

10.1 Report the following information:

10.1.1 Hardness value obtained,

10.1.2 Complete identification of the material tested,

10.1.3 Vulcanization date,

10.1.4 Description of specimen, including thickness and
number of pieces plied, if less than 6 mm (0.25 in.),

10.1.5 Temperature of test if other than 23°C,

10.1.6 Relative humidity when hardness of matenal is
dependent on humidity,

10.1.7 Type and serial number of durometer,

10.1.8 Indentation hardness time interval at which
reading was taken, and

10.1.9 Date of test.

NoTE 10—Readings may be reported in the form: A/45/15 where A
is the type of durometer, 45 the reading, and 15 the time in seconds that
the pressure foot is in firm contact with the specimen. Similarly, D/60/1
indicates a reading of 60 on the Type D durometer obtained either
within 1 s or from a maximum indicator.

11. Precision and Bias®

11.1 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 1 precision for both Type A and D
methods was determined from an interlaboratory program
with three materials of varying hardness, with six partici-
pating laboratories. Tests were conducted on two separate

6 Supporting data are available from ASTM Headquarters. Request RR:D11-
1029.

TABLE 1 Type 1 Precision—Type A Durometer Method
e Average Within Laboratories Between Laboratories
< Level SrA 6 (© SRO RE R)F
1 51.4 0.646 1.83 3.56 11.56 4.41 8.59
2 65.3 0.878 2.48 3.81 22.14 6.06 9.27
3 68.0 0.433 123 1.80 22.28 6.45 9.49
Pooled 61.6 0.677 1.92 3.11 22.02 5.72 9.28

4 Sr = repeatability standard deviation, measurement units.

6 = repeatability = 2.83 x Sr, measurement units.

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

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

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

TABLE 2 Type 1 Precision—Type D Durometer Method
Within Laboratories

Between Laboratories

Material AYgags
Level SrA r8 (ne SRO RE (R)F
1 42.6 0.316  0.894 2.10 2.82 7.98 18.7
2 54.5 0.7¢1 224 411 3.54 10.0 18.4
3 82.3 1.01 2.86 3.47 3.54 10.0 12.2
Pooled 59.8 0762 216 3.61 3.32 9.40 157

A Sr = repeatability standard deviation, measurement units.

B = repeatability = 2.83 x Sr, measurement units.

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

D SR = reproducibility standard deviation, measurement units.
€ R = reproducibility = 2.83 X SR, measurement units.

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

days in each laboratory for both A and D testing programs.
All materials were supplied from a single source.

11.3 A test result for hardness (both A and D) was the
median of five individual hardness readings on each day in
each laboratory.

11.4 Table 1 shows the precision results for Type A
mcthod. Table 2 gives the precision results for Type D
metnod.

11.5 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 program as described above. The precision
parameters should not be used for acceptance or rejection
testing, or both, of any group of materials without documen-
tation that they are applicable to those particular materials
and the specific testing protocols that include this tesl
method.

11.6 Precision—The precision of this test method may b
expressed in the format of the following statements which
use as appropriate valie r, R, (r) or (R), that is, that value 10
be used in decisions about test results (obtained with the test
method). The appropriate value is that value of r or R,
associated with a mean level in Tables 1 and 2 closest to thC_
mean level under consideration (at any given time, for am’
given material) in routine testing operations. Sl

11.6.1 Repeatability—The repeatability, r, of this “ﬁ,
method has been established as the appropriate value lab“’ﬁ
lated in Tables 1 and 2. Two single test results, ob
under normal test method prooedures that differ by moﬂ-
than this tabulated r (for any given level) must be consi
as derived from different or nonidentical sample POP
tions. Lo

11.6.2 Reproduczbzlzty—The reproducibility, R, of
test method has been established as:the appropriate V&%
tabulated in Tables 1 and 2. Two single test results obtalZ==
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FIG. 2 Apparatus for Calibration of Durometer Spring

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 nonidentical sample populations.

11.6.3 Repeatability and reproducibility expressed as a
percentage of the mean level, () and (R), have equivalent
application statements as above for r 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.

11.7 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
determined.

The American Society for Testing and Materials 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 responsibility.

This standard is subject to revision at any time by the responsible technical committee and rmust 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 Headquarters. Your comments will receive careful consideration at 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 Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Standard Test Method for

Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Guarded-Hot-Plate

Apparatus’

This standard is issued under the fixed designation C 177; the number immediately 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
superscript epsilon (¢) indicates an editorial change since the last revision or rcapproval.

This test method has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of Specifications

and Standards.

1. Scope

1.1 This test method covers the achievement and mea-
surement of steady-state heat flux through flat-slab speci-
mens using a guarded-hot-plate apparatus. The method
encompasses both the single-sided and the double-sided
mode of measurement. Both distributed and line source
guarded heating plate designs are included, in principle, in
this test method. The reader should consult the standard
practices on the single-sided mode of operation and on the
line source apparatus for further details on these variations of
the method.

1.2 The calculations of thermal transmission properties
based upon measurements using this method shall be per-
formed in conformance with Practice C 1045.

1.3 This is an absolute (or primary) method of measure-
ment since no heat flux reference standards are required
except to confirm accuracy statements and to establish
traceability to recognized standards. This absolute method is
contrasted with a comparative (or secondary) method, such
as Test Method C 518, in which the results are directly
dependent on heat flux reference standards.

1.4 This test method is applicable to the measurement of
a wide variety of specimens, ranging from opaque solids to
porous or transparent materials, and a wide range of
environmental conditions. Special precautions in the mea-
surement process are described for the following:

i.4.1 Specimens exhibiting appreciable inhomogeneities,
anisotropies, rigidity, or extremes of thermal flux density.

1.4.2 Measurements conducted at extremes of tempera-
ture (either high or low) or under vacuum conditions.

1.5 This test method is intended to allow a wide variety of
apparatus designs and design accuracies to satisfy the re-
quirements of specific measurement problems. Compliance
with this test method requires a statement of the uncertainty
of each reported variable in the report. Therefore, in the
following sections, the significant error factors will be dis-
cussed.

1.6 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is

! This test method is under the jurisdiction of ASTM Committee C-16 on
Thermal Insulation and is the direct responsibility of Subcommitiee C16.30 on
Thermal Measurement.

Current edition approved Oct. 22, 1985. Published D&ember 1985. Originally

published as C 177 - 42 T. Last previous edition C 177 - 76.2

the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 167 Test Methods for Thickness and Density of Blanket
or Batt Thermal Insulations®

C 168 Terminology Relating to Thermal
Materials®

C 518 Test Method for Steady-State Heat Flux Measure-
ments and Thermal Transmission Properties by Means
of the Heat Flow Meter Apparatus?

C 687 Practice for Determination of the Thermal Resist-
ance of Loose-Fill Building Insulation?

C 1045 Practice for Calculating Thermal Transmission
Properties from Steady-State Heat Flux Measurements®

E 230 Temperature-Electromotive Force (EMF) Tables
for Standardized Thermocouples®

2.2 Adjunct:

Descriptions of Three Guarded-Hot-Plate Designs (C 177)*

Insulating

3. Terminology

3.1 Definitions—For definitions of terms and symbols
used in this test method, refer to Definitions C 168.

3.2 Description of Term Specific to this Standard:

3.2.1 heat flux—the term heat flux is not defined in
Definitions C 168; it is used here as synonymous with heat
flow.

4. Significance and Use

4.1 This test method covers the measurement of heat flux
and associated test conditions for flat-slab specimens. Since
heat flux and its uncertainty may be dependent upon
environmental and apparatus test conditions, as well as
intrinsic characteristics of the specimen, the report for this
test method must include a thorough description of the
specimen and of the test conditions. Also, since this test
method is applicable to a wide range of specimen character-
istics, test conditions, and apparatus design, it is impractical
to give an all-inclusive statement of precision and bias for the

2 Annual Book of ASTM Standards, Vol 04.06.

3 Annual Book of ASTM Standards, Vol 14.03.

“ Available at a nominal cost from ASTM Headquarters, 1916 Race St..
Philadelphia, PA 19103. Request PCN No. 12-301770-00.
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test method. For this reason, conformance with the test
method includes the requirement that the user must estimate
and report the uncertainty of the results under the reported
test conditions. Based on the heat flux measurements con-
ducted with this method, thermal transmission properties
shall be calculated in conformance with Practice C 1045.

5. Principle of the Experimental Method

5.1 This section discusses both the idealized principle of
the method and the deviations from this that are encoun-
tered in practice. Figure 1 illustrates the core components of
the idealized system: two isothermal cold surface units and a
guarded ‘isothermal hot-surface unit. The guarded iso-
thermal hot-surface unit is composed of the metered area
unit and a concentric guard unit. Sandwiched between these
three units (as illustrated in- Fig. 1) is the material to be
measured, that is, the specimen. In the double-sided mode of
measurement, the .specimen is actually composed of two
pieces. The measurement in this case produces a result that is
the average of the two -pieces and therefore it is important
that the two pieces be as identical as possible. In -the
one-sided mode of measurement only one of the pieces is
measured and therefore they do not have to be identical.
However, the backflow specimen is needed and it should
have thermal properties similar to the specimen. In further
discussion, specimen will be used to denote either one piece
or two pieces unless further clarification is needed. The
metered area unit is the portion of the assembly that provides
the power (heat flow per unit time) for the measurement and
defines the actual test volume, that is, that portion of the
specimen that is actually being measured. .

5.1.1 The function of the guard portion of the isothermal
hot surface unit is to provide the additional power necessary
to create the proper thermal conditions within the  test
volume. In the idealized case, the guard portion can be
thought of as infinite in width. The proper (idealized)
conditions are illustrated in Fig. | by the configuration of the
isothermal surfaces and lines of constant heat flux density
within the specimen. The isothermal surfaces are planes that

Schematic of the Guarded-Hot-Plate Apparatus

are parallel to each other and to the three core components.
In addition, the lines of constant heat flux density are
perpendicular to these planes and are uniformly distributed
throughout the metered area. The establishment of the above
idealized conditions simply means that there are no radial
components of heat flow within or immediately adjacent to
the test volume. :

5.1.2 Deviations from the idealized configuration are
caused by: (a) specimen inhomecgeneities, (b) temperature
differences between the metered unit and the guard unit (gap
unbalance), and (c) temperature differences between the
outer edge of the assembly and the surrounding environment
(edge unbalance). These experimental realities lead to distor-
tions of the isothermal surfaces and lines of constant heat
flux density within the test volume. Consequently, the power
supplied to the metered area unit is not exactly equal to that
which flows through the test volume. The measured power
can be either too small or too large depending on the
direction of the above-mentioned unbalances. The resulting
actual heat flows are qualitatively indicated in Fig. 2.

5.2 The three heating/cooling units are designed to create
isothermal surfaces on the faces of the specimens within the

[ COLD PLATE =
Qe q o
= o
PRIMARY|[ METERED AREA |[ GUARD |
o o ,
Qq A8 How
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FIG. 2 lllustration of Specimen Heat Flux, Q, Gap Heat Flux, Q,
: and Edge Heat Flux, Q :
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FIG. 3 General Arrangement of the Guarded-Hot-Plate Apparatus

metered region. The two surfaces designated as the cold
isothermal surfaces are adjusted to the same temperature for
the double-sided mode of operation (that is, two specimens
are measured). In the single-sided mode of operation (that is,
only one specimen is measured) the temperature of one of
the surfaces designated as the cold isothermal surface is
adjusted to be equal to the temperature of the central plate.
Because the plates and specimens are of finite dimensions
and because the external environment is at a temperature
distribution different from the edge of the metered region,
some radial heat flow occurs in practice. The guard for the
metered region limits the magnitude of the radial heat flux in
the metered region. The effectiveness of the guard is deter-
mined, in part, by the ratio of its radial dimension to that of
the metered region and to the specimen thickness.

5.3 Compliance with this test method requires: (a) the
establishment of steady-state conditions, and (b) the mea-
surement of the unidirectional heat flux in the metered
region, the metered area, the temperatures of the hot and
cold surfaces, the thickness of the specimens, and other
parameters which may affect the unidirectional heat flux
through the metered region of the specimen.

6. Apparatus

6.1 Guarded-Hot-Plate Apparatus—The term “guarded-
hot-plate apparatus,” applies to the entire plate-specimen
system and associated control and measuring components.
The general arrangement of the mechanical components of
such a system are illustrated in Fig. 3. This system consists of
a guarded heating unit, two auxiliary heating plates, two
cooling units, secondary guarding in the form of edge
insulation, and a temperature-controlled secondary guard.
The system illustrated in Fig. 3 contains components fre-
quently omitted in systems designed for ambient condition
measurements. The environmental chamber .may not be

necessary if atmospheric air is used for the fill gas. The-

auxiliary heater plates and offset insulation are generally not
used for tests conducted with the cold surfaces near room
temperature. The secondary guard is not essential if both hot
and cold surfaces are near room temperature.

6.1.1 Two essentially identical specimens are placed on
either side of the guarded heating unit. (In the single-sided
mode of operation the specimens need not be identical.) The
opposite faces of the specimens are in contact with the
auxiliary heating units. The purpose of these three iso-
thermal units is to create an accurately measurabie steady-
state heat flux unidirectionally through the two specimens
(one specimen in the single-sided mode). The purpose of the
secondary guard and edge. insulation is to further reduce
radial heat flow. The cooling units are isothermal heat sinks
to remove the energy generated by the heating units. In the
double-sided mode of operation the auxiliary heating units
are adjusted so they are at the same temperature. In the case
of single-sided operation, the temperature of one of these
units is adjusted to equal the temperature of the guarded
heating unit, thus resulting in heat flow in only one
direction. Although this has been done successfully see Refs.
(1), (2), and (3),” the preponderance of experience is with the
double-sided mode of operation. It is also noted that the
apparatus can be operated with either vertical heat flow or
horizontal heat flow. The results of the two orentations can
be different dué to differences in convective heat flow. For
further details: on the construction of a guarded-hot-plate
apparatus see Refs. (1), (2), (3), and (4). ;

6.2 Guarded Heating Unit: :

6.2.1 Surface Plates "and Core Heater—The guarded
heating unit consists of two concentric, thermally-isolated,
heater-surface plate sections. Both round and square units

5 The boldface numbers in parentheses refer to the list of references at the end
of this standard. ; !
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have been used successfully. The inner heater-surface plate
section 1s the metered region, while the outer heater-surface
plate section is the primary guard region. The width of the
guard region is typically equal to about one-half of the linear
dimension of the metered region to reduce edge heat loss to
an acceptable level. This primary guard section, in some
cases, is further divided into two concentric sections (double
guard) with a gap separator to improve the guard effective-
ness. The surface plates of this unit shall be sufficiently rigid
to maintain the reported flatness and parallelism, measured
as a percentage of the maximum linear dimension of the
metered region. The surface plates should have a high
thermal conductivity, compared to the specimen thermal
conductivity, to ensure that the plates are sufficiently iso-
thermal. For ambient and low temperature measurements,
high-thermal conductivity metal plates are generally recom-
mended. This is especially important when measuring
inhomogeneous specimens. The core heater of this heating
unit should be installed to produce a uniform distribution of
heat flux density over the entire assembly. It should be
symmetrically centered in the axial direction to maintain
equal temperatures on the opposing faces of the heating unit.
Deviations from this condition can lead to difficulties in
proper adjustment of the primary guard temperature, and
may cause unsuspected radial heat flow from the metered
region to the guard region. Thermal resistances in the axial
direction within the heating unit should be minimized. This
is especially significant when operating in the single-sided
mode because of the axial asymmetry of heat flux.

6.2.1.1 When the heat flux through the specimen for a
given AT is dependent. on plate emittance, that is, the
specimen is not totally opaque, the plate emittances shall be
reported. For insulation measurements, the plates are gener-
ally coated to maintain an emittance of 0.8 to 0.9 to
approximate common cnd-use conditions. The plate
emittance requirement should be specified in the appropriate
material specification. The importance of this emittance
specification increases with decreasing specimen density,
decreasing thickness, and increasing temperature because
radiant heat transfer generally increases under these condi-
tions.

6.2.1.2 Construction materials shall be chosen to ensure
adequate capacity and compatibility under extreme oper-
ating conditions. At extremes of temperature, one should be
cautious of warpage. At high temperatures, normally good
electrical insulations may allow stray power exchanges
within the heating unit. Under high vacuum conditions
surface-to-surface thermal contact resistances may become
unacceptably high and non-uniform.

6.2.2 Gap—The gap between the concentric meter/guard
heaters shall be uniform, and its width should be optimized
to minimize gap heat flow while simultaneously minimizing
temperature distortion effects within the specimen near the
gap. In the past, it was recommended that the total gap area
be as small as possible. Recent studies (1), (5), (6), (7), and
(8) have shown that the optimum value is dependent on
apparatus design, operating range, and specimen characteris-
tics. Most past experience is based on -gap areas that are
about 5 % of the metered area. To reduce the heat flow
across the gap, any connections between the metering section
and the primary guard should have a high thermal resistance,

that is, they should be as small in thermal cross-section and
as long as possible. Traversing the gap at an oblique angle is
recommended. The gap region shall be instrumented with
temperature unbalance sensors to monitor and control the
average temperature unbalance across the gap. Fine-gage
thermocouples connected as thermopiles are often used for
this purpose, although other temperature control Sensors,
such as thermistors have been used. Highly alloyed thermo-
couple wires, rather than pure metals, should be used to
maximize the thermal resistance across the gap. Because of
nonuniform heat flux within the plates, temperature imbal-
ance is not always constant along the whole gap. It has been
found that with proper design the thermal conductance of
the wires crossing the gap can be made relatively small and,
therefore, a large number of elements can be used to increase
the gap unbalance sensitivity. It is not uncommon to use ten
or more sensing elements. When using only a minimum
number of sensing elements along the gap, the most repre-
sentative positions to detect the average balance for a square
plate are those at a distance from the corners equal to
one-fourth of the side of the metering section (5). The
corners and the axes should be avoided. For a round plate,
the sensors should be spaced equally around the gap. The gap
unbalance sensors should be placed on both surface plates of
the guarded heating unit to average the unbalance on both
faces of the heating unit. It is also desirable to provide for gap
unbalance readout from each surface separately (3). Any
leads crossing the gap should be thermally anchored to the
primary guard to provide a heat sink for external thermal
variations. In some instances it may be desirable to provide a
heat sink for these leads outside the primary guard to further
minimize radial heat flow (8).

6.3 Cooling/Auxiliary Heating Units—1It is recommended
that the surface dimensions of the cooling and auxiliary
heating units (when used) be the same as or larger than those
of the guarded heating unit. These units shall have the same
flatness, parallelism, conductivity, emittance, and heat distri-
bution requirements as the guarded heating unit. Generally,
the temperature of the cooling units is controlled with a
circulating constant-temperature fluid. The auxiliary heating
units are electrically controlled, and are constructed similar
to the guarded heating unit, but usually without a gap.

6.4 Secondary Guarding—When the test conditions are
significantly different from room conditions, secondary
guarding of the specimen-plate assembly may be necessary.
For example, if either the hot or cold plate test temperatures
are more than 25 K different from room temperature, edge
insulation is likely to be necessary. Edge insulation or an
environmental chamber will also help eliminate spurious
effects of room drafts. If the test temperatures differ more
significantly from room temperatures, a secondary con-
trolled-guard will likely be necessary. This usually takes the
form of an electrically-controlled concentric heater sur-
rounding the region from cold plate to cold plate. The
concentric gap between it and the specimen-plate stack
should be uniform and optimized to achieve a high -gap
thermal resistance and a small “window” to outside condi-
tions. A gap width of approximately 2 cm has been found to
be adequate for a 20-cm diameter plate. Further, if condi-
tions must be maintained within the specimen-plate stack,
that are different from the room conditions, an environ-
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mental chamber must be added. This is necessary for: (a)
low temperature measurements to prevent condensation; (b)
fill gases other than air, and (¢) measurements with vacuum
(1) and (3).

6.5 Temperature Measuring and Control Sensors—Any
temperature sensor-readout system possessing an accuracy
consistent with the required error analysis may be used for
measurement and control of the temperatures within the
system. Plate surface temperatures are often measured by
embedding sensors, such as thermocouples, in grooves in the
working surface. In some instances, such as with rigid
specimens and high heat flux, it will be necessary to mount
the sensors on the surface of the specimen. For heat flux
densities above about 20 W-.m-2 alternate temperature
sensing should be considered. Many existing systems utilize a
minimum of two temperature sensors to determine the
average temperature of each isothermal surface. However, to
determine the actual surface temperature variations under
typical operating conditions, the temperature must be sam-
pled at considerably more than two points. This is especially
true when the specimen surface temperature itself must be
measured or when the specimen is highly inhomogeneous.
Therefore, no strict specification is given as to the number of
temperature sensors that must be used for each surface.
However, the user must report the uncertainty of the
temperature measurement, including the component, due to
temperature nonuniformity across the surface. This determi-
nation is probably best done with a multijunction thermo-
couple in ad-hoc experiments and not part of every measure-
ment. Precautions should be taken to assure that heaters and
temperature sensors are thermally anchored to the surface
involved. Temperature gradients along the leads leading to
temperature sensors should be minimized. The subject of
thermal anchoring is discussed in Ref (9).

6.5.1 Normal precautions should be used to minimize
spurious voltages in temperature control and measuring
circuits. Spurious voltages, due to wire inhomogeneities,
generally increase as the temperature gradients within the
measuring leads increase. Therefore, spurious voltages will
be larger for measurements at temperatures appreciably
different from room temperature. For the same reason,
junctions between dissimilar metal leads should not be made
in the regions of appreciable temperature gradients. High
quality, low thermal switches should be used in the temper-
ature measurement circuits. The sensitivity of metallic tem-
perature sensors generally decreases with decreasing temper-
ature, and therefore, the above procedures become more
important at low temperatures. Since the temperature differ-
ence between the two specimen surfaces enters directly into
the determination of derived thermal properties, it is fre-
quently better to connect the temperature sensors in a
differential manner rather than subtracting the results of two
temperature measurements. Care must be taken to avoid
more than one electrical ground, especially when using the
differential arrangement.

6.5.2 Temperature sensors must be calibrated to within
the uncertainty allowed by the apparatus design accuracy.
For information concerning sensitivity and accuracy of
thermocouples see Table 1 of Tables E 230. For a compre-
hensive discussion on the use ofthermpcouples, see Ref (10).

For low temperature thermocouple reference tables, see Ref
(11).

6.6 Thickness Measuremeni—A means shall be provided
for the measurement of the specimen thickness under test
conditions. If the specimen is rigid, its room temperature
thickness (along with thermal expansion corrections if neces-
sary) can be used for the actual thickness. If the specimen is
compressible under operating plate pressure, a means must
be provided to maintain a known plate spacing. This is often
done with three or more low-conductance rigid spacers
placed at the outer periphery between the guarded heating
unit and the cooling units (auxiliary heating unit, if used).
The thickness is taken as the average length of the spacers
corrected for thermal expansion. Other methods of plate
positioning and thickness determination are common, espe-
cially when the plates are positioned for horizontal heat flow.
It is also helpful for uncertainty analysis to determine the
variation of thickness within the metered area under oper-
ating conditions.

6.7 Power to Metered Region—The power to the metered
region is determined with a wattmeter or from voltage and
current measurements across the heater in the metered
region. The user should note that ac power determinations
are more prone to error than dc measurements. Therefore,
dc power is recommended for the metered region heater. The
voltage taps for this measurement should be placed to
measure the voltage to the mid-point of the guarded heating
unit gap. The current is normally determined from: the
voltage drop across a precision resistor placed in series with
the metered region heater.

6.7.1 Care should again be taken to minimize the thermal
gradients in the voltage and current wires leading to the
metered heater, and the current leads should be adequately
sized to prevent significant self-heating under maximum
power conditions. Within this limitation both sets of leads
should be as fine as possible to limit radial heat losses.

7. Test Procedure

7.1 The testing procedure includes the following steps:

7.1.1 Specimen selection,

7.1.2 Specimen preparation and installation,

7.1.3 Establishing thermal steady-state, and

7.1.4 Data acquisition.

7.2 Specimen Selection—Only those specimen selection
factors important to the performance of the apparatus are
considered here. Those factors dictated by the objectives
_related to obtaining derived thermal properties are described
in Practice C 1045 and material specifications. For the
two-sided mode of operation, the two specimens should be
§e1§cted to be as similar in thickness and thermal character-
1stics as possible. .

7.2.1 Size—The maximum specimen thickness that can
be measured to a given accuracy is dependent on several
parameters, including the size of the apparatus, thermal
resistance of the specimen, and the accuracy -desired. To
maintain edge heat losses to below about 0.5 %;, for a guard
width that is about one-half the linear dimension of the
metered. region, the recommended maximum thickness of
the specimen is one-third the maximum linear dimension of
the metered region. For more specific quantitative informa-
tion on this limitation see Refs (1), (5), (7),-and (8).
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7.2.1.1 The specimen shall be sized to cover the entire
metered region. In most instances it is desirable to cover the
gap between the metered region and the guafd as well. Thc
guard portion of the volume bclwcc.n the hgatmg and coghpg
plates should be filled with material having characteristics
similar to the specimen.

7.2.2 Homogeneity—There are two potential problems in
determining the heat flux through highly inhomogencous
specimens. One is related to the interpretation and applica-
tion of the resulting data; it is discussed in Practice C 1045.
The other is connected with the degradation in performance
of the apparatus. If the specimen itself is highly
inhomogeneous, that is, the heat flux density varies appre-
ciably over the metered area, several errors can be signifi-
cantly increased. The plate temperature distribution can
deviate appreciably from isothermal conditions which, in
turn, can cause large uncertainties in the average tempera-
ture difference across the specimen. The increased plate
temperature variations can also lead to increased gap and
edge heat losses. The importance of measuring the plate or
specimen surface temperatures at numerous points is greatly
increased under such conditions.

7.3 Specimen Preparation—Preparation and conditioning
of the specimens shall be in accordance with the appropriate
material specification. The following guidelines are given
when the material specification is incomplete or unavailable.
In general, the surfaces of the specimen should be prepared
to assure uniform thermal contact with the heating and
cooling plates. .

7.3.1 Compressible Specimens—For compressible speci-
mens the surfaces of the uncompressed specimens may be
comparatively rough so long as these undulations essentially
vanish under test compression. Under more extreme condi-
tions, it may be necessary to smooth the specimen surfaces to
achieve better plate-to-specimen contact. If the apparent
thermal conductivity of the contact void is greater than that
of the specimen, the measured R value will be smaller than
the R value that would be obtained if the voids were absent.
This may. often be the case at higher temperatures where
radiant heat transfer predominates in the void. For the
measurement of compressible specimens, the temperature
sensors are often mounted directly in the plate surfaces. Also,
plate spacers need to be used for the measurement of
compressible specimens (see 6.6).

7.3.2 Rigid and High Conductance Specimens—The mea-
surement of rigid specimens or high conductance specimens
requires more careful surface preparation. First, the surfaces
should be made flat and parallel to the same degree as the
heating plate. If the specimen has a thermal resistance that is
sufficiently high compared to the specimen-to-plate interface
resistance, temperature sensors mounted in the plates may
be adequate. However, if the interface resistance is too high,
other techniques that assure good thermal contact and
accurate temperature measurement will be necessary.

7.3.2.1" In some cases it is necessary to mourit the temper-
ature sensors directly on the specimen surfaces; Under
vacuum conditions, the slightest space between plate and
Specimen is essentially an infinite thermal resistance (except
for radiative heat transfer). Under these conditions extreme

heat flux nonuniformities will occur. In any event the user -

should always try to minimize the ratio™of contact resistance

10 specimen resistance and to strive for a constant ratio over
the entire surface.

7.3.2.2 Another potential solution (that must be used with
caution) is to mount a compressible thin sheet (for example,
a soft rubber) between the plates and specimen to improve
the uniformity of the thermal contact. If the thermal
conductance of the thin sheet is known, temperature correc-
tions can be applied to the measured plate temperatures to
obtain the specimen surface temperatures. Clearly the
thermal resistance of the thin sheets should be small com-
pared to the specimen thermal resistance, otherwise the
temperature correction uncertainty will cause excessive er-
rors in the specimen surface temperatures.

7.3.3 Anisotropic  Specimens—The measurement of
highly anisotropic specimens may result in significantly
larger errors than for isotropic specimens. For example,
layered specimens that have a high lateral to axial conduc-
tance ratio require special attention. For such specimens, it is
recommended that a low conductance gap be created in the
specimen directly in line with the gap in the main plate.
Specimens whose axes of symmetry do not coincide with
flat-slab geometry are not recommended for measurement
by this test method because the results will be ambiguous due
to increased measurement errors as well as data interpreta-
tion.

7.3.4 Loose-Fill Specimens—The determination of
thermal properties for loose-fill specimens requires special
handling, conditioning, and measurement techniques. The
user is directed to Practice C 687 for details on loose-fill
measurements.

7.4 Test Execution:

7.4.1 Preliminary Preparation—After installation of the
specimen and installation of appropriate secondary guarding
and an environmenta! chamber (if necessary), the thermal
test procedure begins. If the test is to be conducted with other
than air within the specimen-plate assembly, the environ-
mental chamber should be purged and backfilled with the
desired gas. Care should be observed to limit the pressure of
the fill-gas to below its condensation point at the lowest
temperature within the chamber. Since the measured heat
flux is dependent on both the species of fill-gas and pressure,
the report should include this information along with other
pertinent specimen characteristics. The various heating and
cooling units are placed into operation to achieve the test
temperature conditions.

7.4.2 Thermal Steady-State—The time required to
achieve thermal steady-state of the system varies consider-
ably with the characteristics of the apparatus design, the
specimen to be measured, and the test conditions. Generally,
however, since this test method is applicable to low conduc-
tance specimens, the settling time is on the order of hours.
Settling times generally increase with thicker specimens,
specimens with low thermal diffusivity, and the mass of the
guarded heater. After achievement of the desired steady-
state, three successive repeat data acquisition runs shall be
completed. These runs shall be conducted at invervals of no
less ‘than 30 min. Longer times may be necessary for
thermally massive systems. It is recommended that the
intervals be no less than the thermal time constant of the
system (see Note 1). This combination of three runs shall be
considered a valid test if each datum obtained for each
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measured variable differs from the mean by no more than
the uncertainty of that variable as estimated to establish the
values given in the report. If the data obtained change
monotonically with time, the test shall be considered suspect
and further repeat runs shall be conducted until this steady
drift is no longer observed. Such a drift, even at low levels,
may indicate that the specimen characteristics are changing
or that the system is not at steady-state within its test
capabilities. In either event, serious errors may result. For
further details see Refs (3), (12), and (13).

Note |—The thermal time constant of the system is the time
required to come to within 1/¢ (37 %) of the fixed value after a step
thermal disturbance of the system. This time is strongly dependent on
the mode of operation. The two modes of operation generally used are:
(a) constant power 1o the plates, and (b) constant temperature control of
the plates. The thermal time constant for the latter mode is usually
considerably shorter because it is not dependent on the mass of the
plates. The thermal time constant in the constant power mode is the
time required to come to within 37 % of the final temperature. The
thermal time constant in the constant temperaturc mode is the time
required to come to within 37 % of the final power. The thermal time
constant of a system can be approximated from a knowledge of the
thermal diffusivities of the components of the system, but it is more
readily determined experimentally.

7.4.3 Final Checks—Upon completion of the thermal
measurements, the specimen should be removed and the
system components, such as temperature sensor mounting,
should be examined for proper placement and operation.
The specimen thickness spacers should be checked to ensure
accuracy. If the specimen is a conditioned thermal insula-
tion, its mass should be redetermined to detect changes
during the test procedure. Any changes in the physical
characteristics of the specimen should be noted. If the
specimen is rigid, its thickness should be checked for an
irreversible change during the test.

8. Calculation

8.1 The primary data required for this test method
include electrical power, surface temperatures, area, and
thickness. Of these, only thickness is generally a directly-
measured quantity. The others are either calculated from
other more fundamental measurements or are converted by
an electrical device. The manner in which these variables can
be obtained is discussed below.

8.2 Heat Flux—The heat flux to be reported is that which
passes through each specimen. For the single-sided mode of
operation this is equal to the power generated by the metered
region heater. For the double-sided mode of operation, only
one-half the power generated by the heater flows through
each specimen. The power, Q, is frequently determined from
emf, E, and current, /, measurement, and is calculated as
follows:

Q=E1 (1)

8.3 Metered Area—The metered area, 4, is obtained from

the area, 4., of the metered region plate and the gap area,

A,. If there is no discontinuity in specimen characteristics in
the gap region, it is calculated as follows:

A=A, + A2 - (2)

If there is a discontinuity between' the specimen in the

metered region and the guard region, this equation is

-

modified slightly to include the effect of heat flux distortion
in the gap region:

A=Ay + AMJ2N) (2)
where:
A, =thermal conductivity of the material in the guard
region, and
A = thermal conductivity of the specimen in the metered
region.

8.4 Temperature—Again, the basic measurement here is
voltage (for a thermocouple) or voltage and current for a
resistive temperature sensor. These data are normally con-
verted to temperature through a formula based on a calibra-
tion curve or interpolation of a table. In some instances, the
formula is packaged within an instrument that reads directly
in temperature. In any event, the user should note that the
total error contains components due to the measurement
process and the calibration (including the error caused by the
functional or tabular interpolation of the calibration).

8.5 Density—The specimen density is to be reported. The
equation for density, p is the following:

p=M[V )
where:
M = mass of the specimen, kg, and
V' = volume that the specimen occupies between the plates

under test conditions.

To minimize the error caused by specimen inhomogeneity it
is best to determine the density of the specimen within the
metered volume. This requires cutting out the meterec
position of the specimen for the mass determination. The
volume is determined from the metered area and the in-situ
specimen thickness. In the case of compressible specimens
the plate spacing is used for specimen thickness.

8.6 Thermal Transmission Properties—The properties in-
cluded are thermal conductance, thermal resistance, therma
conductivity, and thermal resistivity as defined by Defini
tions C 168. These quantities shall be reported only ir
accordance with the requirements and restrictions of Practic
C 1045. In addition to reporting the systematic and random
uncertainty of these properties, the range of applicabl
conditions must te reported. These include mean tempera
ture or temperature range, specimen thickness, density, anc
plate emittance. Other variables that affect thermal transmis
sion, such as fill-gas and pressure, shall also be specifie
when applicable.

9. Precision and Bias®

9.1 The accuracy or uncertainty of a measured resul
indicates the probable or possible difference between th
measured value and the true value. It is obtained b
considering the combined effects of precision (randon
errors) and bias (systematic errors). Past experience (recen
unpublished round-robin studies and Refs 3), (4), (14), (15,
(16), and (17)) has provided the following accuracy guide
lines. It should be noted, however, that the accuracies give:
here may be either too large or too small depending on th
care taken in the construction and operation of eac
individual apparatus.

¢ Supporting data are available from ASTM Headquarters. Request R}
C16 - 1009.
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9.1.1 Case 1, Low Density Compressible Thermal Insula-
ions for Ambient Temperature Applications—An accuracy
of +2 % can be achiceved for this category of measurements.
Most of the experience is for specimen thicknesses of
approximately 2 to 8 cm, metered region dimensions of from
10 to 50 cm, heat flux densities in the range of 2 to 20
W .m~?2 at mean temperatures of from —20 to 40°C, temper-
ature differences of about 25°C, and plate emittances near
0-99.1.2 Case 2, High Density Rigid Specimens for Ambient
Temperature Applications—The accuracy of this category of
measurements is somewhat poorer than Case I, primarily
because of the difficulty of establishing the specimen surface
temperatures and the higher conductance of such specimens.
An accuracy of about =5 % can be achieved. The conditions
are approximately the same as Case | except that the heat
fluxes are generally 10 to 100 times greater, and the
apparatus dimensions are usually smaller.

9.1.3 Case 3, Extreme Conditions—This category in-
cludes measurements under conditions that significantly
depart from the above conditions. Some examples are given
below:

9.1.3.1 Extremes of Mean Temperature—As the mean
temperature departs progressively from ambient, the uncer-
tainty becomes greater, and experience is more limited.
Uncertainties of £5 % and greater may be expected at mean
temperatures above 100°C and below —100°C.

9.1.3.2 Extremes of Thickness—At small thicknesses
(below 0.5 cm) systematic errors will increase because of the
difficulty in determining the average thickness, and because
of the relative size of the plate-to-specimen thermal resist-
ance. The guarded-hot-plate is used frequently for such
measurements. At large thicknesses (above 30 cm) there is
little experience, but errors are expected to be above +2 %
especially if the user is not careful in observing the problems
associated with longer thermal time constants and larger
edge heat losses.

9.1.3.3 Extremes of Heat Flux Density—The guarded-
hot-plate is not well suited for such measurements. At very
high heat flux densities (above about 1000 W-m™2) the
plate-to-specimen contact resistance uncertainty can result in
large temperature measurement errors. Variations in contact
resistance ‘along the surface of the specimen also lead to
excessive heat flux density variations through the specimen.
At very low heat fluxes (below about 0.1 W-m™) errors
become excessively large due to the effect of radial losses,
inaccurate power determination, and inaccuracies due to
temperature drift of the heater plate. Errors as large as 50 %
¢an occur under combinations of extreme conditions.

9.2 The precision and bias statement required by this test
method is based upon consideration of the random and
s¥stematic components of the following measurement uncer-
tainties:

9.2.1 Uncertainty in heat flow, 50,

9.2.2 Uncertainty in temperature difference, AT = &
(TH o Tc),

9.2.3 Uncertainty in metered area, 64, and

9.2.4 Uncertainty in specimen thickness, L.

9.2.5 Other specimen characterization and test condition
data may need to be reported. The precision and bias of these
data are to be reported to the extent they have a direct

bearing on the accuracy of the results. Prescribed precision
and bias of the primary data are not mandated by this test
method. However, it is required that the user assess and
report the precision and bias of the data. The discussion
below provides guidelines to assist the user in performing this
uncertainty assessment. A variety of helpful performance
checks are included in this discussion. In the following
discussion both random and systematic errors are consid-
ered. The subscript ; is used to denote systematic, and the
subscript , is used for the random components.

9.2.5.1 Systematic error, é, is any component of error
that remains fixed during the runs that constitute a suc-
cessful test. To simplify the discussion, this does not include
any components of error that are known both in magnitude
and sign. Under such circumstances, the user should make
appropriate corrections and supply the justification for them.
The task of estimating the remaining systematic errors is
based on judgment and experience, including an awareness
of the results of interlaboratory comparisons. The implica-
tions of such estimates is often that they are the maximum
possible systematic errors. In this event the total maximum
systematic error is the sum of the errors. It is, however, more
likely that these estimates are probablistic in nature and do
not, in fact, represent the worst possible case. The total
probable systematic errors are summed in the same manner
as random errors, that is, the square root of the sum of
squares. In the following discussion the latter approach is
taken. However, the user must decide if the bias estimates
are worst cases or probabilistic in nature, and sum them
accordingly.

9.2.5.2 Random Error, é, is that component of error that
varies both in sign and magnitude during the runs that
constitute a successful test. For simplicity, it is assumed that
the variations are normally distributed and conventional
statistical techniques are applicable. An estimate of random
error components can be obtained by repeat measurements
of each variable.

9.2.5.3 Itis important to distinguish between random and

'systematic errors for the following reason. The results

reported in the test method are mean values derived from
more than a single run. The uncertainties reported generally
apply to these mean values. The uncertainty of a mean value
due to the random error component decreases approximately
as 1/+/n where n is the number of repeat runs. In contrast to
this, the uncertainty of the mean value due to the systematic
error component does not decrease with repeat runs. Thus, it
is recommended that the error components be treated
separately. The total uncertainty is expressed by reporting
both components separately.

9.3 In the following sections, the error components of
each reported variable are discussed. The total random or
systematic uncertainty for each variable is taken to be the
square root of the sum of squares.

9.4 Heat Flow, Q—The objective of the test method is to
establish and measure uniaxial heat flow through the me-
tered region of the specimen. Any deviation from this
objective represents error in the reported heat flow. The
following sources of error should be considered:

9.4.1 Edge Heat Loss, §,Q,, is a systematic error insofar as
the conditions surrounding the plate-specimen stack remain

.constant throughout the test procedure. Although tests have
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been reported that shed some light on the magnitude of this
error, the results generally are not proven to the point where
corrections based on these results are universally accepted
(see Refs (1), (4), (6), (7), (18), (19), (20), (21), and (22)).
However, the results are considered sufficiently valid for the
basis of defining the maximum specimen thickness. The
optimum environmental temperature to minimize this error
is a small fraction of AT above the mean test temperature.
To determine the sensitivity of this error to test conditions,
the user should determine the heat flux as a function of
secondary guard temperature. This dependence may change
appreciably with specimen and apparatus characteristics and,
therefore, should be done under typical test conditions.

9.4.2 Gap Heat Loss, considered to be composed of both
systematic, 6.Q,, and random, 6,0, components. The sys-
tematic component is, in part, due to the fact that there are a
finite number of locations along the gap at which the
unbalance is measured. Improper position of the sensors will
lead to systematic error. Spurious emfs within the circuitry
will result in a systematic unbalance. The random compo-
nent is due to short-term control fluctuations. After esti-
mating the probable unbalance across the gap in terms of
temperature (or sensor voltage) one needs to determine the
effect of this unbalance on the measured heat flow through
the metered area. This can be done by measuring the
dependence of metered area power on intentionally intro-
duced gap unbalance. The unbalance introduced should be
large enough to yield an easily measured change in O, but
small enough to remain in the region where the dependence
of Q upon unbalance is approximately linear.

9.4.2.1 It has been found that (see Refs (3), (15), and (16))
the gap heat loss, 60, is linearly dependent on temperature
unbalance, AT,, that is, 60, = BAT,. The proportionality
constant, B, is dependent on the wires crossing the gap
(number, size, and type), the gap fill material (gas, insula-
tion), the emittance of the gap surfaces and the material in
the vicinity of the gap between the hot and cold plates. A
reasonable approximation of this heat flow can be calculated
from this information. It is recommended that this be done
for confirmation of the value measured by the procedure
described in the previous paragraph. ‘

9.4.3 Effect of Drift of the Guarded Heater—A quasi-heat
loss exists due to the changing heat content of the guarded
heater as its temperature changes. Typical plates have a
relatively high heat capacity and even for small drift rates can
produce significant errors in measured heat flow. If the drift
is monotonic, the error is systematic, §,Qg; if not, the error is
exhibited as random error, §,Q4. Normally, the experiment is
conducted so that there is no observable drift. Under this
circumstance, the possible drift is determined by the
detectability or control limit, d7/dt, of the system. One can
compute the magnitude of this error, 3Q4 in watts, from a
knowledge of the maximum possible d7/dt and the specific
heats and masses of the various components of the metered
section of the plate as follows:

50, = dT/dt = CM;

where:

G = the specific heat of the ith component of the plate,
J/kg-K,

M, = the mass of the ith component, kg, and

dT/d: = potential or actual drift rate of the plate, K/s.
The specimen heat capacity also contributes to the dnft
error, but for low-density insulations the heat capacity of the
specimen is small compared to the plate. This error also can
be determined by measuring the dependence of drift rate on
measured heater power. Comparison of the calculated and
measured results is advised to increase confidence in the
reported result.

9.4.4 Power Determination Error, composed of both sys-
tematic, §,Q, and random, 6.Q,, components. With high
quality instrumentation these errors can be reduced to ar
insignificant level. The manufacturers’ specifications on bia:
and precision will normally suffice to define these errors.

9.5 Temperature and Temperature Difference:

9.5.1 Temperature error is composed of systematic, 6,7
and random, 8,7, components. In addition, these errors ar
further subdivided according to the source of the error:

9.5.1.1 Calibration Error, 8T, is entirely systematic a
long as the same calibration is used. It is, however, no
necessarily the same for each temperature sensor. In the cas
of thermocouples, calibration is frequently performed fc
each spool of wire, not for each piece of wire from that spoo
Therefore, systematic differences can occur as one progresse
through the spool. The calibration is frequently represente
by an equation which approximates the experimental cal
bration data taken at selected temperatures. If a digit:
read-out device is used that yields temperature directly, tk
calibration formulation is built into the device and the sarx
basis for error exists.

9.5.1.2 Instrumentation Measurement Error, 6T, occu
when the sensor output is measured. This error contains bor
systematic and random components. Each compone
should be estimated from equipment manufacturer’s speci
cations and from estimated spurious circuit effects.
addition, temperature errors are introduced by long- ai
short-term control fluctuations. A helpful procedure to assc
the magnitude of these errors is as follows. Place the guard
heating unit in thermal contact with the adjacent cold pla:
(insert high conductance plates in place of the specimens
the plates cannot be placed physically together). Adjust t
cold plates to the desired temperature; control this tempe:
ture until steady-state is reached. The metered area hea
should be off. Periodically read the isothermal surf:
temperatures to detect systematic differences and randc
variations over an extended time.

9.5.1.3 Sensor Positioning, a potentially significant sou
of error in temperature measurement is caused by impro;
positioning of the sensor or the disturbance caused by
temperature sensor itself. It is intended that the aver:
temperature of each specimen surface be measured. If
sensor is mounted in the plate surface, thermal cont
resistance between the plate and specimen is a source
error. If the sensor is mounted in the specimen surf:
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sensor separation (specimen thickness) is a source of error. If
the specimen is inhomogeneous across the metered area,
surface temperature variations exist and the indicated tem-
perature will depend on its location on the surface. If
heatflows along the sensor leads from the external environ-
ment, the measured temperature will be in error because of
the presence of the sensor. For a single test on a given
specimen, this source of error, 6,7, is systematic. A perform-
ance check that is helpful to determine the potential temper-
ature error due to temperature nonuniformity is as follows:
Assemble a multijjunction thermocouple and place it be-
tween the specimen and plate in question. Establish steady-
state at the desired test condition. Determine the variation in
temperature across the plate from the multijunction thermo-
couple outputs.

9.5.1.4 A helpful technique to estimate interface temper-
ature errors is to mount sensors both within the plate and
within the specimen surface. Then perform a test and
calculate the difference between the two sets of data.

9.5.2 Temperature difference error is also composed of
systematic, 6,AT, and random components, 6, AT. Care must
be exercised in estimating these components compared to
the error components for temperature itself. The results can
depend strongly on whether a differential measurement or
two absolute measurements are performed. Because AT is
frequently small, large percentage errors can occur if care is
not observed. For example, a 1-K error at 300 K in the
surface temperature measurement results in a error of 1 K in
the mean temperature, which corresponds to about 0.2 %
error in thermal conductance for typical insulations. How-
ever, this same error in AT = 25 K corresponds to a 4 %
error in AT and in thermal conductance. The ad hoc
experiment described in 9.5.1.3 is recommended to help
form estimates of these error components.

9.6 Specimen Thickness Error, 5L, and meter area error,
0.4, are both systematic errors. The specimen thickness error
is determined by the ability to measure the plate spacing
(including variations of this thickness over the metered
region) or, in the case of rigid specimens, the specimen
thickness and the changes due to thermal expansion. The
effect of bowing or warping at operating temperatures should
be given attention. At relatively large thicknesses (above 5
cm) this error can be maintained below 0.5 %. At small
thicknesses (below 0.5 cm) this error may become a domi-
nating factor in the overall accuracy. The meter area error is
usually small except for the assumption about what propor-
tion of the gap area to include. This error is difficult to
estimate for very thin specimens or when a discontinuity in

the specimen occurs at the gap. The specimen thickness error
will contain a random component, é.L, due to assembly and
disassembly.

9.7 Thermal Conductance or Thermal Resistance—The
relative uncertainty in thermal conductance, C, caused by
either random or systematic errors may be calculated from
the following error propagation formula:

(6C/C)* = (5Q/Q)* + (BAT/AT)?
where 60/Q and 6AT/AT are the total relative uncertainties
of heat flux and temperature difference, respectively. The
same equation applies to thermal resistance. Included in the
total relative uncertainties are those due to the measurement
as well as those discussed in Practice C 1045.

9.8 Thermal Conductivity or Thermal Resistivity—The
relative uncertainty in thermal conductivity, A, caused by
either random or systematic errors may be calculated from
the following error propagation formula:

(6M/N)? = (8Q/Q)? + (BAT/AT)? + (64/A)* + (8L/L)?

where 64/A4 and §L/L are the total relative uncertainties of
area and thickness, respectively. Again, the above total
relative uncertainties include not only the measurement
uncertainty, but also the effect of material variability and
deviations from the definitions as discussed in Practice
C 1045. In addition, it should be noted that the temperature
to which each measured property is assigned also contains a
measurement error that effects the uncertainty of the final
result. The effect of this error increases as the temperature
dependence of the measured property increases.

9.9 It is recommended that a confirmation of these
calculated uncertainties be conducted periodically by. mea-
suring specimens from established standard reference mate-
rials or calibrated transfer specimens. For further informa-
tion on this see Refs (23), (24), (25), (26), (27), (28), and
(29).

10. Report

10.1 The report of the results of each test shall ‘include
identification of the specimen, the environmental test condi-
tion, salient features of the apparatus, and measured results
along with their estimated systematic and random uncertain-
ties. The measured results shall be the average values as
obtained from the test. If unusual circumstances exist that
prevent compliance with the method, they shall be described.
The results shall be reported in a form similar to that shown
in Fig. 4. Narrative details requiring further space may be
attached on a separate sheet of the report. When possible, a
description of the physical characteristics of the specimen are
helpful to the data analyst. Test results shall be reported in
both conventional British thermal units and SI units.
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Date: Al
Operator:

Test Number:
Duration of Test:

Specimen Identification:
Specimen Characteristics:
Specimen Conditioning:

Product name, manufacturers description

Temperature, time, humidity

Unique characteristics such as degree of homogeneity or anisotropy, density (optimal)

Specimen Dimensions and Mass: Before and after conditioning and after measurement

Apparatus Description: Size, shape, and orientation of plates

Single or double-sided operation, description of secondary guarding, unique procedures

Experimental Results

Variable Measured Value

Uncertainty

Systematic Random

322
7{?(2

K
T,
A, m?

L.m

Fill gas pressure, Py
Other

B
=x

Derived thermal transmission properties including applicable range of conditions shall be determined in conformance to Practice C 1045.

FIG. 4 Example Report Form
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Standard Test Methods for

Density and Specific Gravity (Relative Density) of Plastics by

Displacement’

This standard is issued under the fixed designation D 792; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

These test methods have been approved for use by agencies of the Department of Defense to replace method 5011 and 5012 of Federal
Test Method Standard 406 and 14011 and 14021 of FTMS 601, and for listing in the DoD Index of Specifications and Standards.

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. E J oY #

NoOTE 1—Alternatively, Test Method D 1505 'may be applied to
many such forms, as well as to films and sheeting.

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

1.4 This standard does not purport to address all of the
safety problems, 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:

D618 Practice for Conditioning Plastics and Electrical
Insulating Materials for Testing?

D 891 Test Methods for Specific Gravity of Liquid Indus-
trial Chemicals®

D 1505 Test Method for Density of Plastics by the
Density-Gradient Technique*

D 1622 Test Method for Apparent Density of Rigid
Cellular Plastics®

D 1898 Practice for Sampling of Plastics®

E 1 Specification for ASTM Thermometers®

E 12 Terminology Relating to Density and Specific
Gravity of Solids, Liquids, and Gases’

E 380 Practice for Use of the International System of
Units (SI)®

! These test methods are under the jurisdiction of ASTM Committee D-20 on
Plastics and are the direct responsibility of Subcommittee D20.70 on Analytical
Methods (Section D20.70.01).

Current edition approved July 15, 1991. Published September 1991. Originally
published as D 792 - 44. Last previous edition D 792 - 86.

2 Annual Book of ASTM Standards, Vol 08.01.

3 Annual Book of ASTM Standards, Vol 15.05.

4 Annual Book of ASTM Standards, Vol 08.01.

S Annual Book of ASTM Standards, Vol 08.02.

6 Annual Book of ASTM Standards, Vol 14.03.

7 Annual Book of ASTM Standards, Vol 15.05.

8 Annual Book of ASTM Standards, Vol 14.02.

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

3. Terminology

3.1 Definitions:

3.1.1 specific gravity (relative density)—the ratio of the
mass in air of a unit volume of the impermeable portion of
the material at 23°C to the mass in air of equal density of an
equal volume of gas-free distilled water at the same temper-
ature. 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 E 12,

because the small percentage difference introduced by not correcting for
the buoyancy of air is insignificant for most purposes.

3.1.2 density—the mass in air in kilograms per cubic
metre of impermeable portion of the material at 23°C. The
form of expression shall be:

D23, kg/m3 (Notes 2, 3, 4)

NoTE 3—The SI unit of density, as defined in Practice E 380 is
kg/m3. To convert density in g/cm? to density in kg/m3, multiply by
1000.

NoTE 4—Specific gravity 23/23°C can be converted to density 23°C,
mg/m3, by use of the following equation:

D23 € kg/m3 = sp gr 23/23°C X 997.6

4. Summary of Test Methods

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 can be measured conveniently 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 specimen may be due to
changes in crystallinity, loss of plasticizer, absorption of
solvent, or to other causes. Portions of a sample may differ in
density because of difference in crystallinity, thermal history,
porosity, and composition (types or proportions of resin,
plasticizer, pigment, or filler).

NoTe 5—Reference is made to Test Method D 1622.
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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
specific gravity (relative density) shall be representative of the
quantity of product for which the data are required, in
accordance with Practice D 1898.

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
cannot 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 Frocedure A of Practice
D 618, for those tests where conditioning is required. In cases
of disagreement, the: tolerances shall be 1°C and +2 %
relative humidity.

7.2 Test Conditions—Conduct tests in the standard labo-
ratory atmosphere of 23 #+ 2°C and 50 * 5% relative
humidity, unless otherwise specified in the test methods or in
this specification. In cases of disagreement, the tolerances
shall be 1°C and +2 % relative humidity.

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 spec-
imen 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
within 0.1 mg, accuracy within 0.05 % relative (that is,
0.05 % cf the mass of the specimen in air), and equipped
with a stationary support for the immersion vessel above the
balance pan (“pan straddle”).

NoOTE 6—Assurance that the balance meets the performance require-
ments should be provided by frequent checks on adjustments of zero
point and sensitivity and by periodic calibration for absolute accuracy,
using standard masses.

9.2 Wire—A corrosion-resistant wire for suspending the
specimen.

9.3 Sinker—A sinker for use with specimens of plastics
that have specific gravities less than 1.000. The sinker shall:
(1) 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 should have an opening to facilitate
attachment to the specimen and wire.

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

9.5 Thermometer—A thermometer with an accuracy of
+1°C is required if the test is not performed in the standard
laboratory atmosphere of Practice D 618, (refer to 17.4).

10. Materials

10.1 Water—The water shall be substantially air-free,
distilled, or demineralized water.

NoTe 7—Water may te rendered substantially air-free by boiling and
cooling or by shaking under vacuum in a heavy-walled vacuum flask.
(Precaution: Use gloves and shielding.) If the water does not wet the
specimen, a few drops of a wetting agent shall be added. If this solution
does not wet the specimen, Method B shall be used.

11. Test Specimens

11.1 The test specimen shall be a single piece of the
material under test of any size and shape that can conve-
niently be prepared and tested, provided that its volume shall
be not less than | ¢cm?® and its surface and edges shall be
made smooth. The thickness of the specimen should be at
least 1 mm for each [ g of weight. A specimen weighing | to
5 g usually wili be found convenient, but specimens up to
approximately 50 g may be used (Note 8). Care should 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 Weigh the specimen in air to the nearest 0.1 mg for
specimens of mass | to 10 g or to the nearest mg for
specimens of mass more than 10 to 50 g.

12.2 Attach to the balance a piece of fine wire sufficientlv
long to reach from the hook above the pan to the support for
the immersion vessel. Attach the specimen to the wire such
that it is suspended about 25 mm above the vessel support.

NOTE 9—The specimen may be weighed in air after hanging from the
wire. In this case, record the mass of the specimen. ¢ = (mass of
specimen + wire, in air) — (mass of wire in air).

12.3 Mount the immersion vessel on the support, and
completely immerse the suspended specimen (and sinkers, if
used) in water (10.1) at a temperature of 23 + 2°C. The vessel
must not touch wirz or specimen. Remove arny bubbles
adhering to the specimen, wire, or sinker, paying pariicuiar
attention to holes in the specimen and sinker. Usually these
bubbles can be removed by rubbing them with another wire.
If the bubbles cannot be removed by this method or if
bubbles are continuously formed (as from dissolved gases),
the use of vacuum is recommended (Note 11). Determine
the mass of the suspended specimen to the required precision
(12.1) (Note 10). 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—It may be necessary to change the sensitivit: adjustment
of the balance to overcome the damping effect of the immersed
specimen. :

NOTE 11—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
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be subjected to vacuum in a separate vessel until evolution of bubbles
has substantially ceased before weighing (see Test Method B). It must
also be demonstrated that the use of this technique leads to results of the
required degree of precision.

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

NoOTE 12—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 which may be 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.

NotE 13—If the wire is left attached to the balance arm during a
series of determinations, the mass a may be determined either with the
aid of a tare on the other arm of the balance or as in Note 11. In such
cases, care must be taken that the change of mass of the wire (for
example, from visible water) between readmg,s does not-exceed the
desired precision.

12.5 Repeat the procedure for the required number of
specimens. Two specimens per sample are recommended.
Determine acoeptabxhty of number of rephcate test spem-
mens by comparing results with precision data given in
Tables 1 and 2 of Section 23. Additional specimens may be
required to give the desired precision.

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

where:
a = apparent mass of specimen, without wire or smker in
air,

= 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/m3 = sp gr 23/23°C x 997.6

14. Report

14.1 Report the following information:

14.1.1 Complete identification of the material or product
tested, inciuding rethod of specimen preparation and con-
ditioning,

14.1.2 Average spemﬁc gravity (relative density) for all
specimens from a sampling unit, reported as sp gr 23/23°C =
, or average density reported as D**¢=____kg/m°,

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 nonhc mogeneo
product,

14.1.4 Any evidence of porosity of the material or spe
imen,

14.1.5 The mcthod of test (Method A of Methods D 79z
and

14.1.6 Date of test.

15. Precision and Bias
15.1 See Section 23.

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

16. Scope

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

17. Anparatus

17 1 . The apparatus shall mclude the balance, wire, ar
immersion vessel of Section 8, and, optionally, the followin,

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

7.3 Pycnometer——A pycnometer of the Weld type, pre
erably with a capacity of - about 25 mL and an external cc
over the stopper. -

17.4 Thermometer—A thermometer having not few:
than four divisions per °C over a temperature range of nc
less than 5°C or 1C°F above and below the standas
temperature, and having an ice point for calibration.
thermometer short enough to be handled inside the balanc
case will be found convenient. ASTM Thermometer 23
(see Specification E 1) and Anschiitz-type thermomete
have been found satisfactory for this purpose.

17.5 Constant-Temperature Bath—An appropriate co1
stant-temperature bath adjusted to maintain a temperatu
of 23 £ 0.¥°C;

18. Materials

18.1 Immersion Liquid—The liquid used shall not di
solve, swell, or otherwise affect the specimen, but should we
it and should have a specific gravity less than that of tk
specimen. In addition, the immersion liquid should t
nonhygroscopic, have a low vapor pressure, a low viscosit;
and a high flash point, and should leave little or no waxy ¢
tarry residue on evaporation. A narrow cut distilled fror
kerosine meets these requirements for many plastics. Th
specific gravity 23/23°C of the immersion liquid shall b
determined shortly before and after each use in this metho
to a precision of at least 0.1 % relative, unless it has bee

TABLE 1 Test Method A Specific Gravity Tested in Water

Material Mean S, Sa I la
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
Polyvinyl Chloride 1.3396 0.00243 0.00615 0.00688 0.01947
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TABLE 2 Test Method B Specific Gravity Tested in Liquids Other Than Water

Material Mean S, Sa I, lg
Polypropylene 0.9023 0.00139 0.00233 0.00393 0.00676
LDPE 0.9215 0.00109 0.00195 0.00308 0.00552
HDPE 0.9678 0.00126 0.00189 0.00356 0.01007
Thermoset 1.3130 0.00160 0.00217 0.00453 0.01282

established experimentally in the particular application that
a lesser frequency of determination can be used to assure the
desired precision.

Note 14—For the determination of the specific gravity of the liquid,
the use of a standard plummet of known volume (Note 15) or of Method
A, C, or D of Test Methods D 891, 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:

If a constant-temperature water bath is not available, determine the
mass of the clean, dry pycnometer with thermometer to the nearest 0.1
mg on an analytical balance. Fill the pycnometer with water (10.1)
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 carefully, and determine the mass of the filled bottle again to
the nearest 0.2 mg. Empty the pycnometer, dry, and fill and determine
the mass with the other liquid in the same manner as was done with the

water. Calculate the specific gravity 23/23°C of the liquid, d, as follows: -

d=(b-e)/(w—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 pycnometer
without a thermometer may be used (compare 30.2).

NOTE 15—One standard object which has been found satisfac-
tory 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 necessary for the
purposes of these methods.

I

19. Test Specimens
19.1 See Section 11.

20. Procedure

20.1 The procedure shal! be similar to Section 12, 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 13,
except that d, the specific gravity 23/23°C of the liquid, shall
be placed in the numerator:

Spgr 23/23°C = (a X d/(a + w — b)

22. Report
22.1 See Section 14.

23. Precision and Bias®

23.1 Tables 1 and 2 are based on round robins conducted
in 1985 involving five materials tested by six laboratories for
Test Method A. Four materials were tested with Test Method
B by six laboratories. Each test result was based on two
individual determinations. Each laboratory obtained four
test results for each material.

23.2 In Tables | and 2, for the materials indicated, and for
mean values that are derived from testing two specimens:

23.2.1 S, is the within-laboratory standard deviation of
the mean and I, = 2.83 S,. (See 23.2.3 for application of 1,.)

23.2.2 Sg is the between-laboratory standard deviation of
the mean, and I, = 2.83 Si. (See 23.2.4 for application of
)

23.2.3 Repeatability—In comparing two mean values for
the same material obtained by the same operator using the
same equipment on the same day, the means should be
judged not equivalent if they differ by more than the I, value
for that material and condition.

23.2.4 Reproducibility—In comparing two mean values
for the same material obtained by different operators using
different equipment on different days, the means should be
judged not equivalent if they differ by more than the [, value
for that material and condition. (This applies between
different laboratories or between different equipment within
the same laboratory.)

23.2.5 The judgments per 23.2.3 and 23.2.4 will have an
approximate 95 % (0.95) probability of being correct.

23.2.6 Other materials may give somewhat different re-
sults.

23.3 For further information on the methodology used in
this section, see Practice E 691.

24. Keywords
24.1 density; relative density; specific gravity

9 Supporting data are available from ASTM Headquarters. Request
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