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TECHNICAL INFORMATION

C-01

General guide to chemical resistance of HDPE pipe

20° % (68° W)

80° 4 (140° W)

At AN 20° C (88° F) 80° C(140° F)
Chemicals Concentration Good Mo'dera1e Poor Good Moderate Poor
resistance resisiance resistance resistance resistance resistance
* aanuA  jnanudnan ﬂ»mu'lﬁﬁ AINUR amuthunaie nqnu‘hjﬁ
Acetaldehyde  ecjaimiles 100 x x
Acetate, amyl  szlen szin 100 x %
Acetate, bulyl sz, yfia 100 X x
Acetate, ethyl  ezhan i 100 X x
Acatone  e:3Tau 100 X x
Acid
Acetic Acid _maiidy 10 x x
Glacial acelic ACid _nimnaiinpozvin 96 x xS
Aromatic Acid__nysezTauin x X
Benzoic Acid _nisuulvin sat x x
Boric Acid _niauein sat x x
Butyric Acid  mmgiRin 100 x %
Carbonit Acid  aanriuein 100 x x
Chromic Acid  nalmin 20 % x
Chromic Acid  ninlmiin a0 x x>
Citric Acid  nyndnin sat x S %
Dichloracetic Acid  nialssssiszisn 50 x x
Dichloracetic Acid mialaaseinz3an 100 x X'
Fatty Acid, higher than Gy
pynluiiu, Aiuswuinnis ¢ | AU < X 10 %
Formic Acid sradeiin T ) 100 x X
Glycolic Acid  melaainia 50 X x
Hydrobromic Acid  malelmhnin 50 x x
Hydrochloric Acid  malsintansin 1[4 x x
Hydrofluoric Acid  naalitasdgaein 60 x x
Lactic Acid mymenin 100 x x
Maleic Acid mauunén sat x X
Monechtoracetic Acid malulussefesin 100 x X
Niteic Acid maaudn?: 25 x : x I
Nitric Acid mn'\n.‘l:i)‘ ol N/ x H ' x -
Nstric Acid  mwauys:ds 75 X x=
Oleic Acid  ranladin 100 x x
Oxalic Acid  mnsonwiin sat x *
Perchloric Acid  nimdsansin 20 x x
Petchloric Acid  namuaansin S0 x x
Perchloric Acid  msawlenboin 70 x x=
Phosphoric Acid  niananvoin 50 x x
Phosphoric Acid  namdeadain 95 % X
Phihalic Acid  nindzniie 50 x x
Propionic ACid asalminonin 50 % x
Propionic Ackd naslmfanin 100 x T ' x
Prussic Acid  naawinfn 10 x i . »
Sihcic Acid mndfn 100 * i x




84

20° C (88° F) 60° C (140° F)
Concentration
Chemicals “Good Moderate Poor Good Poor
% resistance resistance resistance resistance ::;:g:; resistance
Chlorobenzeng  sesliwusu 100 x X
Chioroform  mesladeiu 100 x o
Copper salts wisnsiuas sat x x
Cresol alwa 90 H xO
Cyclohexana Tvlamenoy 100 % x
Cyclohexand! lelaman yrues 100 x x
Cyclobexanone ivlrswnyibuu 100 x x
Decalin wmiv slaaun 100 X x
Detergerts asindss yres 100 x x
Dibutyl prralat layie dznven 100 x x
Dichlorethane laassitiny 100 » x
Dichloeetnylene lamesiefitu 100 X x
p-dichlorobenzeng mni-lasseliuuiv 100 = x
Diathyl @thar Teene knei 100 x 1o x x
Dioctyl phitalate lasenis dznven 160 x X
Dioxane laserrs 100 x x
Ether i 100 x x
Ethyl acetale whe szdian 100 x x
Ethylene glycol w#iu Insnes 100 x x
Fluorine wgesiu 100 x X
Formaldehyde  deideates <0 x X
Frut juce yr\n'lﬂ x x
Gelatin wezdu o 100 x x
Giycenn niveiu 100 x x
Giycenn chlorohydnan ni.v-‘:.u u;;.‘.u'n. 160 x T x
Glycol taanes 100 . . —
;.{{ﬁ.ﬁeﬁ:g?ﬁ:‘?’f.ﬁf (d'Y AT 1 X l [
Hydeogen peroxide Tolapau el oos"an 30 x ! P T
Hydrogen Peroxide  lelansu ihisealsd 70 x | x
Hydrogen suiphide Vlaww ool 100 x x
fodne inctrg  Siksileledu i ¥ ’ x0
Isooctane Yeirsernmu 100 * X
Ketones il x x
Marmelade wndude x : x
Mercury den 100 x ‘ x
Melalhe sulphates Tans Smrn sat x ¥
Methylethylketon® whemnsd's. ) 100 * - x B
Methyiglycol  whs Trases - 100 * T x = -
Milk  uw x x
Molasses il x _ x
;Morphohine  uelviv 100 x x )
ENaphﬁa {heavy fraction) wunmi (hauindny 100 x T x
Naphtalene uummix T 100 x p
Natural gas  wAnns 100 x i ¥
Nickel salts  wisinia - sat x | T
Nitrous gas uhntuain x ] i x
Qils
Essential Ods #anhGunsurzims _ 100 - ! x
Minerat Oils vwuus N 100 “ LN S X
Paratim Qils suiuniiflu 100 L] ‘ “ —_
Sricone Oils_siusilau 100 x x i —
vagetabie and arvmal Oils viguitynozdai 100 * ol x I x .
9!eum Yosbeu lc - : 4 E X ]
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20° C {68° F)

00° C (140° F)

Chemicals Concentration |
* resGis‘::rj\ce ::;::::::‘Z res’ias?:rnce refisﬁce Mo.derate Poor
resistance fesistance |
!
Stearic Atid_msmiein 100 x x
Succinic Acid  madniin 50 x s x
Sulpho-chromic Acid madal¥lnin % N
Sulphuric Acid  nimimzéu 50 x x
Sulphuric Acid msduedu 98 x -
Sulphurous Acid madwzdu 30 x x
Tartaric Acid manmiin sat x x
Frichloracetic ACid malninsed 50 x X .
TrichloraceticACd  malnsansiszian 100 X x 10 x
Acrylontrile szailalulei 100 x x
Alcohol
Allyl Alcohol #1ds weanonsn 9% x x
Benzyl Alcoho!  wuds uennesos 100 x X 10 x
Ethyl Alcohol ieRs uoanoros 96 x X
Funuryl AlCOhol  idmnaie wssnsens 100 x X'
Isopropyl Alcohol Talslmiimmssnssns 100 x x
Methoxybutyl Alcohol w.v'mniﬁ:i- worroten 100 x x
Methyl Alconol  whs uenasien 100 x x
Alphatic 9518715 sshdwmn wmney ¥ x 10 x
Adurm eziu gradu) i x =
AmMmona weluds te x ¥
Acetc Anhydige ezdanuesulalas 100 x P
Anrhine  s:giv 100 x X
Antimony InChicr -t Leuilud Tninanlid 50 x x
AQua regid  mmar ki x x
Benzatdehyde wuverdles 100 x %
Banzene wuiu . 100 x _ _ % ]
Borax  weains . sat H — . x
Brine Jundorpas c B . x
Bromine  Tuiu 100 x x
Butane {gas} dxmu fuim) 100 x ’ x
Calcium hypoehloiie  aamien Yo lunoslas 1 % x
Camphor mays N 100 x x
Carbon disulphide ieu Iavalvd 100 x X
Carbon tetrachio <7 = anzenhid 100 x x
Causlic potash {Clearn.) lfdmmavs ] x x
Caustic soda {cle™ «© Femild 50 x x
Chionde, alumer - . arelan sat . x .
CHIONDe, BMMOMUN. .oy oo anohid sal X x
Chicnrte, arimony  weuilul aselin sat x x
Chiornide, calcium - 53t x x
Chiloride, ferric  olei- erslad sat x %
Chicride, ferrous  vsfe «s-"ed sat x . x
Chiorige, magras. * < Loiow naoTad sat x x
Chioride, mercury  «eé % -eslad sat x x
Chiognde, methyler « it “relan 100 x X
Chicnce, potassium  ldamdou anslad sat X ]
Chioride, sodium  win.s - sat x x
Chiloride, sulphuryl denie ~rsTad 100 X
Chilonde, thionyl Ywinde aealsd 100 x
Chilorid, 2inC  danzi asclis sat ® x
Chiorine {gas) ufnanoiu 100 X x
Chiorine {liquid) nasiuma 100 x %
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20° C (88° F} 80°% C (140° F)
Chemicats Concentration :
" Good Mocerate Poor Good Moderate Poor |
resistance resistance resistance resistance resistance resislance |
Oxygen senvau 100 X % :
Ozona laivy 100 x x x
Petrot (3Lt} whiu (1esad) 300 x x o x
Potrol {raw} v (au} 100 x x
Petrolaum gther Dlande émed 100 x x
Phenols fus tc x x™
Phosphales wisdesnin sal % x
Phosphoric’ oxychlonide saadsin senines il 100 x ™
Phosphorous pentoxice seadeis invienlva 100 x x '
Phosphorous tnchionde sendein Tnsnaslsi 100 x x E
Photographic developers [T N T x o l
Polyglycols lnileanca 100 x x i
Polasswm gichromate Wi lalniwn sal x x i
Potassiwm permanganate
TWMadow wetusmaun sal x X%
Pynding Tshu 100 x x
Seawamer me ) x x
Siver i - 2 dJmted Tusan sa ¥ x
Sodwm benzoale Iniow wwlvan 53l x x
Sodium bcarbonale Inice luniiusun sat x x
Sodium borate Imiew vean 1 x %
Sodwm - sonate {lyes) hlvaiinds ¥ " ! x
Sodwum chiorte luaww arelfs 50 ] M
Sodwm chiofite (Washing bleach)
lrdew ase™"  sawlerviyy x — < 1o x
Sodwar sxchlore lwniou Yaldanelfn 12% g%
relvg t L L3 e —
Sodwm e lnaow Tuan sat x x
Sodwum © ' “3le  Inisu Jina 1c x x
Sodium © Trhde  Tviieu salda 1c x X o
Sodwr - sphate Tvasr Talovmdw S0 x \ x
Sugar sy 0 dwdeu I x £ x
Sulphur  nwedu 100 x | X
Sulphut diokide  Tmdelaasnivd te h x b x
Sulphur trisade  sudeiimesnled 100 x x
Tetrahydiclurang werlladim 100 = i & " B x
Tetrahn waiziy 100 X
Thiophene Tileiu 100 x ? .
Toluene Ingiu 100 x x
Thichtore=»yerne Inmasluoniu 100 . x
Tutpenine  hidun 100 x ) .
Urea pie sal x ® o a
Vasglnge iy x v |
Yeast gad a x [ X
Xylene lviu 100 X l X
Ic = agueous solulion in.a}l coneentabions 13AZAWYNT ANUIVLYL:
D = discolouration didoy
» . -
st = sawrated agueous solulions at 20°¢ aTazawhiniDuAIN 20 BarmuaAIBL A

4 = agueows solutiods @130

Qi
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High density polyethylene pipes (HDPE) for potable water and general applications
SPECIFICATION Materials extrusion compound conforming to ASTM D 1248

Designing Stress is 5.0 N/mm? HDPE-BS HEAVY

Snrate! @urigudnaaIaien ANHM] widnvaElyau
Nominal bore Outside diameter Thickness Working Pressure
o M. A1ga Min. 499 Max. 1. ﬂauﬁrjmm.ﬁ'z 113

INCH MM. WL MM, 1. MM. MM. PSI BAR
1/2 15 21.2 21.5 33 265.8 18.3
3/4 20 26.6 26.9 3.3 204.5 14.1

1 25 / 33.4 337 40 197.3 13.6
1 1/4 30 42.1 425 " 42 160.2 11.0
1 1/2 40 48.1 485 45 1490 10.3

) 50 60.1 60.6 5.2 1368 9.4
212 | 65 75.8 76.4 5.5 111.5 7.7
3 80 88.6 89.3 6.0 104.9 7.2
4 | 100 113.9 114.7 65 87.5 6.0

. ’ . a - s . Py
LT L AUHIMAUENAIIUDNYD | D BS-HEAVY §13849101195 17U BS 3284 : 1957 YUIARAUA 1/2 - 2117
wsanundualAuazisdulFiudinaiaisanasdizuin 30%

Remarks HDPE BS HEAVY BASED on out dameter of BS 3284 1967 sioc o 42 - 2inch could be
threaded and pressure raling shal » by approx 3C% '
Designing Stress is 6.3 N/mm? ASTM D 2447
SIHEDULE 40 SCHEDULE 80
YA ¥U6N | Anunw usatuvnlyan | anuwn | ousaduvaclva
Nominal bore oD Thickness Working Pressure Thickness Working Pressure
2 INCH | s mM. | a, mmL | we MM PSI BAR UM, MM, PSI BAR
1/2 15 | 213 2.8 276.5 19.1 3.8 396.1 27.4
3/4 20 26.7 2.9 222.6 15.3 4.6 3219 '| 222
1 25 33.4 3.4 2071 14.3 4.6 291.8 20.1
1 1/4 32 42.2 3.6 170.4 11.7 4.9 240.0 16.5
11/2 40 48.3 3.7 151.6 10.4 5.1 215.7 14.9
2 50 60.3 4.0 129.8 89 5.6 187.0 12.9
21/2 65 76.0 5.2 140.5 9.7 7.1 188.3 13.0
3 80 88.9 55 120.5 8.3 7.7 173.2 1.8
4 100 114.3 6.1 103.0 7.1 . 86 148.6 10.2
) 125 141.3 6.6 B9.5 6.2 9.6 133.2 9.2
6 150 168.3 71 80.5 55 1.0 127.8 8.8
8 200 219.1 8.2 71.0 4.9 12.7 112.4 7.7
10 250 273.1 9.3 64.4 4.4 15.9 i12.9 7.8
12 300 323.9 10.4 60.6 4.2 17.9 106.9 7.4
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TECHNICAL

INFORMATION

Physical properties of Pdlyethylene

Raw Material Properties Typical Value Unit Test Method
Density
Base resin 948 kg/m? 150 1872 Annex B
Compound 958 kg/m? 1SO 1872 Annex 8
Melt flow index -
2.16 Kg 0.10 g/10 min ISO 1133 Cond 4
5Kg 0.50 /10 min ISO 1133 Cond 18
Carbon Black Content >2.00 % ASTM D 1603
MECHANICAL PROPERTIES
Tensile strength at yield 22.00 Nfmm? 1ISO/DIS 6259
Ultimate elongation >600 % ISO/DIS 6259
ESCR, F_, _ >600 h ASTMD 1693 Cond A
Hardness 62.00 Shore D 1ISO 868
Charpy Impact Strength No Failure kjfm? 1ISO 179
Creep modulus
E, 800 MPa S$S -319
E., 200 MPa §S 35189
THERMAL PROPERTIES
Britleness temperature <-70 °C Af 1D 746
Linear thermal expansion 1.90 mm/m. *C AL 10696
(Average Value over temperature range 20-80 °C)
Thermal conductivity (20 °C) 0.42 Wim. K DI 52612 (20 °C)
Specific heat, C, 2.00 kifkg. K DS at20 °C
Specific heat, C, 2.70 kifkg. K 05, at200 °C
Crystalliane-meitingrange. 125-130 °C D¢
Thermal stability
Induction temp 254 °C ASTM D 3350
Induction time 15.00 min Isothermal in
Oxygen at 210 °C
Vicat softening temperature 122 °C ISO 306 A-50
ELECTRICAL PROPERTIES
_Volume resistivity .>10% Q.om DIN 53482
VDI 0303, part 3
Surface resistance >10" Q DIN 53482
VDE 0303, part 3
Dielectric strength 700 kVfcm DIN 53481
VDE 0303, part 2
Dielectric constant €,
at2x 10°Hz 2.50 - DIN 53483; VDE 0303,
part 4 (immersion method)
Dielectric loss factor tan & DIN 53483
at -50 Hz 6x10* - VDE 0303, part 4
10* Hz 5x 10+ .
10% Hz 5% 10*
10° Hz 6x10° .
Tracking resistance " KA 3¢ stage DIN 53480
) KC>600 VDE 0303, part 1
Arcresistance L4 stage DIN 53484 -

VDE 0303, part 5
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17.19
Refrigerant 113 (1,1,2-trichlorotrifluoroethane) Properties of Saturated Liquid and Saturated Vapor
Density, Yolume, Enthalpy, Entropy, “Specilic Heat ¢, Velocity of Sound, Yiscosity, Thermat Cond, Surfa

Temp Pressure, kg’ mdfkg KR kikg-K) Wikg-K) o ke, mis pPa-s mV/imeK)  paa T
C MP2 Liquid , Yapor Liquid  Vapor Liquid  Yopor- Liguid  Vapor Vapor Liquid  VYapor Liquid  Yapor Lignid Yapor m-.\'lm. °cp'
Z30.00 000286 6857 37614 ITI90 33942 08959 15795  — - - - - - - - — 4 -3000
S3500 001389 I6TAT 2818 14 M2e6 09181 15783 — - - - N - - - - 288 -upp
-3000 000523 18637 LI3S1 243 583 0932 13715 — - - - - — - - - A3 -1.00
<1500 0.006% 16526 LGOI 13676 34862 092 152 —~ - - - = ) - - - M35 -1500
-10.00  0.00508 16313 12N W13 LT 05669 15T — - - - — - - - —- 2008 -10.00
-8.00 0.01008 1637.0 L1562 19289 35297 0976 LST3 - R - - - - - - 19% -8.00
~600 001117 16325 10505 19466 3541 09802 1575 — - - - - - - - — BT 600
~400 0.0i236 16280 09598 1943 35547 09869 15T — - - - - - - - — 1951 -400
-200 001365 1625 08N4 19821 35671 09934 15780 — - = - - - - - - 928 -200
0.00 0.01505 1619.0 (.79563 200.00 35797 10000 EST83 0; 00—  — - — 9548 816 319 169 1906 000
200 001656 16145 07275 0LT 35923 L0065 LSBT 098 00—  — - - P88 31 816 T8 183 20
100 001320 16099 0.66631 20359 36049 L0131 15792 098 00—  ~ > - 9036 847 812 788 1562 40
600 00197 16054 060113 20540 36175 LOIOS LAME 09 0 —  — = - 8704 882 B09 788 1840 6.0
800 0.02187 16008 . 056132 20721 36301 100 15802 09 20— — - - 8559 8% 805 307 1838 800
10.00 002392 15%.2 051630 20903 328 L0 15807 097 — — - - 8333 850 802 817 1796 100
1200 00613 15906 047558 21086 38554 10389 151 00 -~ — - - BIL4d 9 798 82 1114 1200
1400 002849 158570 043859 21269 36680 L0453 15820 043 — — - - 0.3 917 795 836 7S 4m
16,00 0.03103 15324 040503  N4.53 368.08 10516 15827 05 —  — - - 799 929 M0 845 1530 16.00
1300 003375 15778 03TSL 20637 369.35 1050 18 O — — - - 7502 942 788 855 1708 1800
000 003666 15701 03873 B2 1062 1063 15842 0950 09— — - - TLY 953 784 864 1686 2000
200 0.0097 15685 032140 2008 3719 LOTO6 13850 0983 0 — — - - 7127 965 81 B4 (665 2200
200 0.04307 15638 029827 208 ITIEE  LOT6Y LS8 0955 — - - - 6948 976 TI7 381 1643 400
600 0.04560 15590 027712 BBl M43 L0812 15867 0958 09—  — - - 676 936  TI4 391 1621 2600
800 0.05036 15544 0.T6 2569 3BT OL0EM 1SN 0960 09— - - — 6609 991  TM0 903 1600 2800
3000 005836 1549.6 0.24001 .57 Y1698 L0956 15885 0%z 0 —  — - - U7 1007 7 %02 1538 30.00
100 005860 1549 0218373 1045 325 LIOIB LSBM 094 0 — — — - 6.1 1016 3 9l 1557 RN
3400 006310 154001 02037 3L+ 3953 LI0RD RSSO 0% — — - > 6139 1026 759 931 1536 M0
3600 0.06738 15353 0.09500 2332 8080 LB 15914 089 0 — — - - 3993 1035 6 %41 151 B0
1300 007293 15305 0.A813 2514 18208 L3 15925 09M  — — S - $850 1043 t752 951 1493 3800
1000 COIEN 155 GHI06L 23708 38335 LI264 15935 0973 007 — - - STL3 1052 49 961 1472 4000
4200 008393 15109 005086 MBOT  1BIEL 113 15946 0915 072 — = VA 5580 1060 TS 930 1S 400
100 0.08990 15160 0.4989 14089 313590 LI3SS 18957 09FF  OMF — C - 5.0 068 M2 980 M0 4
4600 0.00619 15102 04067  M281 J8T1T LIMS LS99 097 0721 — - - 5326 1036 T8 090 1409 4600
17360 000132 15073 013397 2431 38806 L1492 15978 0980 0.7 — . - SB 1081 M6 99 19 56
1300 0010282 15063 003214 2474 3884 1AS05 139%0 . 0931 0TS — AN - 5205 1083 LS 1000 1188 4800
5000 00098 1S0L3 DM 4668 38972 LI1S6S 15992 0983 0.9 — - 088 1090 LI OIDG 1367 50.00
35.00 012889 1149.0 0.1058% 25153 39239 LITM 101 0988 0.8 — - - 4808 1LO? 723 103 1315 5500
60.00 015045 14764 0.0935 25643 396.07 10862 6053 099  OMS — - - #3500 I1LB T4 1059 1268 60.00
65.00 0.17368 14637 0.08018. 26135 39923 12008 6086 0999 0751 — - - $11 1138 705 84 1.8 6500
7000 020181 11503 0.06992 .266.30 023§ LMS3 ELSHD 10K 0757 — - - 089 L2 96 LI 1L62 000
75,00 0.23204 1378 006123 27L27 40554 12296 16152 1010 0762 — - - BT NES 688 LIS L1270
5000 0.26559 14246 0.05331 27623 0847 12438 16187 1016 0768 — - - 689 LB 619 M6l 062 30.00
85.00 030270 B4IL1 04787 2132 41180 LK 1622 103 0T — - - 309 1191 610 18 — 8500
9000 0.34358 13974 004201 28638 41450 12719 16258 L0 0730 — - - 2 120 &1 R4 — 00
95.00  0.38848 13835 003730 29147 41799 12857 1624 L3807 - - - NS 1L 653 124 — %500
100.00 043764 1369.3 0.0337)  296.59 2007 L2O% 16330 L4 075 — - - 038 1L 644 1268 —  100.00
105.00 049120 13549 0.02964 10173 42432 LM 1636 1056  0.805 - - 900 1242 85 1Y —  105.00
[10.00 0.54969 1340.]1 0.02653 10691 J427.04 E3265 L6403 1067 0817 — - - M3 1% 66 B3 — 100
(15.00  0.60310 13250 00237 3212 4304 1339 06439 1078 0830 — - - 652 L0 618 1352 — 11500
12000 0.68177 1309.5 002138 MI36 43113 13532 L&TE L0 0.7 — - - 2319 128 609 1YW — 1000
125.00  0.75598 12935 0.01925 32264 43605 13664 16512 LIOY  0.866 — - - W3O 0 409 — 12500
130.00 083600 12772 0.01736 327.96 43895 10795 16848 L13 0.338 — - - B3 BN N2 14P® — 13000
135.00 092212 1260.3 0.01568 33332 HLB1 193 1683 L1353 0913 — - - 238 1340 B3 469 —  135.00
000 LOMG 12423 001418 33873 461 14055 16618 LSO B2 — - - SO 1362 514 1500 — 14000
4500 LIS 12247 001283 3409 M737 L4184 16652 LIS 0975 - - 066 1385 366 1531 — 4500
150.00 12200 12059 0.01162 3971 450.06 1438 16685 LISZ 1012 — - - 1987 1400 557 1562 — 15000
155.00 13337 11863 0.01053 35530 452.68 1443 16T17 L2090 -~ — - - 912 W3 545 15M — 1500
160.00 - 13550 11657 0.00954 - 6097 45521 14T 168 kBL — — - - 1842 46T 540 1627 160.00
16500 15345 [1H0 0.00864 36673 4ST.ES LATOL  16TIE 136 — — - - 1715 1499 5L 1660 — 16300
17000 17224 1210 0.00782 37260 459.97 14832 16303 122 — — - - M2 BB 53 1% — N
175.00 15693 10964 0.00707 37359 46215 14363 1688 L300 — — - - 1952 1812 — - — 17500
130.00 20256 10699 0.00637 B4T5  J6AMT L5096 6B 139 — — - - - 613 — - — 130
185.00  2.1918  140.9 0.00573 J9LI0 46597 15212 16886  — - - - - - - - - - 130
190.00 13685 1008.8 0.00513 9771 749 15T 18818 — - - - - - - - - 1900
195.00 25564 9724 0.00456 40465 6865 15515 16883 — - - - - - - - - — 19580
0000 17562 9206 000401 H208 46926 15668 16576 — - - - - - - — 20000
W00 29602 §763 0.00M6 42031 6900 138 16852 — - - - - - - - - - WK
2000 30968 003 0.00236 3026 46691 L6031 16789 - - - - - - - - - - oM
Nadge 341§k 000175 4536 4336 LeT L6 = @ 0 0 - - @ = o 430

Ttemperarures are on the [PTS-68 scale

b = boiling point

¢ = critical point
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17.23
Refrigerant 123 (1,1-dichlore-2,2,2-triflucroethane) Properties of Saturated Liquid 2nd Saturated Yapor
Density, Volome,  Enthalpy, Entropy, Specific Heat ¢, Yelocity of Sound. Viscosity, Thermai Cond, ¢, 0

Temp! Presur, hg/m mnkg Wk Kitkg Ky Wg R g, s pPas WWm K)o Youn,

«C MPa Liguid> Yapor Liquid  Vapor Liguid  Vapor Liquid  Vapor Yapor Ligoid  Vapor Liguid Vapor Liguid  Yapor mN/m o
-40.00  0.00378 1613.2 33385 1613 35630 08108 16814  — 0.5% 1106 — 18, 10488 - - 149 S0
-3000  0.00698 15915 L.8T98 13547 36204 00050 16T — 0.680 L1085 - 10, 380 — - — 220 =000
-2000 0.00220 1569.5 L1145 18338 35737 09369 6657 | — 0629 LIS - 1z 1m0 — 897 — 2093 -20.00
-10.00  0.02041 1545.9 0.65040 19148 37LTT 09683 L&510 — 0.648 LI+ M 6524 — 868 — 19.68 -10.00
000 0.03273 1538 044453 20000 37975 L0000 L6581 0875 0.667 LI03 786 I, 596 — $By - 843 000
100 0.0058F 15191 0.40879. 20076 “380.95 10064 16577 0885 0670 LIOS 778 1% 5550  — B - 819 200
400 0.03912 13143 03764 - 20354 38206 LU L6ST A5 06M LIS M. 1% S0 — w1 - TM 4
600 004267 1509.6 034709 20534 38337 10N} L6STL 0905 0678 1105 T 1%, 55 — 7 [ 1770 6,00
800 0.04648 15048 022045 20706 33458 1028 LES63 0915 0682 L1055 1. S8 — 1 I J— 1745 800
1000 005057 15000 02962 20900 33579 10323 L6567 0924 0686 105 M. 12 S0 — B0 — 12 1000
1200 005454 14952 0.2M416  210.86 357.00 10389 L6566 0938  0.689 1005 0. 11 a9 — 04— 1656 1200
1400 D051 14503 025405 2174 38822 LM 16565 O3 0693 LI6 T3 1 418 — M8 — 1672 1.0
1600 06459 14855 0.23569 2464 38943 1OSH0 16565 0352 0.697 100§ 76 18, 4611 — 02— 1548 16.00
18.00 0060 14805 0.218%0 21655 300.65 1058 16565 0961 0700 1106 719, 18 FL7% — T - 6.4 13.00
1000 00555 115670200 21849 35187 L0852 16566 0970 0704 1107 T 18, 483 — /1 981 1500 2000
200 008157 14706 008946 2044 3909 10718 16568 0978 0708 1107 705, 138 48T — TS 995 1576 .00
HO0 00R% M657 007634 1140 3430 L0784 16569 0986 0712 LI07 698 128 %0  — 69 1008 1552 2400
600 009473 1460.6 0.16167 22439 39558 L0 16572 09 0716 LIOB 692 129, 4168 — 763 102 1528 6.0
.84y 010133 14360 005480 2622 3%.66 1092 16574 LOOL 0719 1108 635, 1% 4081  — 81035 1566 B
38.00 00152 14556 0.15376 22638 39676 10917 1&5T4 0002 0719 1108 685, 1. 4074 — 758 1036 1504 2800
000 010952 505 0.4371 22840 397.98 LS8} LGSTT  LOD9 0723 LIOY 678 19 3935 — 31049 1480 .00
100 011757 1454 01345 23042 3% LISD L6S8I 116 0727 L8 67 139, 3899 — HEe 1063 1457 3200
MO0 012607 14402 01159 13246 0043 LINE  16SBS 1023 0731 LI 664 109 8LE  — MO 1077 1433 MO
J6.00 043504 14351 0.11800 13452 0165 LUSY 16589 1029 073 LI 658, 1M INE  — T4 1050 1310 %00
3800 04451 14299 001070 23559 0288 LI 165%4 1035 0738 LIl &S 1. 3657 — ne 1 1336 B0
000 0053 14246 00034 BEET 0410 LI3I6 16598 100 0742 L2 64 1™ 381 — 0318 1383 4000
JLUG 0498 L4194 000763 24076 0502 L1382 L6604 LT OM5 LIL3 £37. 130, 307 — T B339 8200
00 047603 HILO 009136 24286 0654 118 L6603 1052 049 LI 830 130, 3435 — NI 145 1506 W00
6.00 018764 1087 0.08647 2497 0776 LIS 16615 1088 0783 LIS 63, 130, 385 — 0.5 1159 1L93  46.00
800 0.19983 HMOI3 008145 4700 0897 LISSO 16621 1063 0757 L6 6. 10 19T — 6.9 LT3 170 43.00
000 02M261 1979007678 4923 019 LI6% 16627 1067 0760 LINT 69 130 B0 HLTT 694 1L 147 S0.00
.00 0.02602 13924 0073 25137 GLA0 LITIZ 1663 RO 076 LIS 602 150, 3166 1139 638 1200 238 52.00
S.00 024007 13363 006839 15353 4261 LIT® Le6H  LOT6 0768 LU S9S. 130, 3102 M8 682 1.34 1201 S400
600 015478 13814 0.0641  25.69 41382 LISH3 L6648 LOSI 072 L1200 8. 130 80 MO 616 1227 1T s600
00 07016 13738 Q.06108 25785 41502 LIS9 16655 LOS4 0TI L2 Sl 130, 280 199 670  1n41 1155 5800
60.00 0.23624 13102 00578 26003 4612 1I9M 14662 1088 0TI LI SM. 100 ML) 166 665 1085 1132 60.00
5200 030304 13645 0.0549 26221 A1TA1 19 16670 1092 083 LIS S66. 10, 21864 1202 659 106 10 62.00
6L.00 032057 13583 005130 6441 NEE1 LG4 L&TT 109 OTRT LI 5. 1. 2807 1249 653 1282 1087 600
86.00 033887 13531 0.04900 26660 979 LGS 16685 1099 0391 LIZ S5 1M, Ms2 (236 6ad 1296 1065 66.00
85.00 035734 13413 004636  268.81 42057 EIRI3 169} LIG2 095 LIJ0 S48, 129, 2693 1232 680 1340 1042 68.00
0.0 037782 1314 00448 002 4215 LR LEI61 LIGS 079 LI S 11 %45 1239 66 11 1030 70.00
00 09851 13355 004194 M4 132 LMGE L6I9 LIS 0802 LI $0. 19, 293 1246 610 139 908 T.00
L0 042005 1329.6 0.03983 27546 42449 LMB LENT LI 0807 LI 5L 4. 342 1292 624 1351 096 400 -
00 0426 13236 001736 N7.69 42564 LMSE 16726 LIA 0811 LI 515, 19, 392 1299 618 D&l 054 7600
BO0 046575 BT 0.03599 1952 42630 LMSL LETM  LNT 0815 LI4L 507 1m0 23 1%e6 42 3IZ 997 19.00
50.00 048995 BIIL4 C.0MM 8206 42794 RS 1672 LL9 0819 LI 500. 18 295 127 87 1392 %10 80.00
800 051508 13052 0.03259 28430 42008 1S L6TS) LIZZ 0823 LM W2 1. — 129 6.0 1405 333 800
3400 0.5116 12990 0.03103 28665 43020 120 1679 L2 0828 LI49 485 18 — 1285 595 M09 S.67 3400
.00 056822 12907 0.02955 23391 43132 1102 06768 L1270 0832 LAY 47T M — 1292 8% M3 845 3600
§3.00 059628 1286.4 002816 29017 33243 L.2B6Y L6TI6  LI30 0.83 LIS 9. 1M — 1299 83 446 3 3800
20.00 062537 12300 0.02635 29343 43354 109%6  L6TR4 LIS3 0842 LIS 2 M - 1305 313 460 302 %000
92.00 063550 12735 0.02360 29570 43483 12983 L6793 1136 0847 1163 454 1ML B0 522 1M 181 .00
34.00  0.58670 1268.9 0.0143 29797 5571 1309 16801 1138 0852 LI6T 4T 1% — 1.8 66— 740 .00
%6.00 071895 1260 0.02331 30035 43638 13N L6309 LI 08T LIl 49, 1% -~ BY %0 - I %00
B0 075240 (2536 0.0225 30254 HTSE LT 16817 LI 0862 1% 42 16 — B3 BE4 - 18 93.00
00.00 0.785% 12468 0.02125 304.83 43888 13232 16825  LM47 0.868 1030 44 15 — 1338 3 — 691 10000
105.00 0.87851 1229.5 0.0018%6 310.33 544 13383 163 LIS6 0.833 LIM 05 14 — 1354 — - 845 105.00
110.00 057776 12016 0.01695 31637 4392 L3533 16862 1366 0900 L1208 3. 123 — (E I - - 194 110.00
115.00 1081 11901 0.01517 32220 629 L3682 16879 LETT 0918 1227 6. I 1387 — - i .00
2000 L2010 11739 00139 32808 La8.56 L3810 16895 13S0 0.940 IMS M9 100 — (1) — — 495 12000
125.00 13258 11539 001219 33402 S50.71 13978 16909 1207 0965 1IM 30, 115, — [E ] - - 447 12500
130.00 14600 11330 0.01093 34003 T2 RAIS L6920 1MT 09 1304 Bl IR — - - - 199 130.00
135.00 16042 11110 0.00980 345.13 45458 L2272 16929 12527 029 1342 M2 5. - - - - 353 13500
1000 LSBT 0877 000879 3SR 486.26  LA19 14935 1083 1073 1389 n. - - - - 3.08 120.00
H5.00 19241 10628 Q00787 35364 ST LaSER 14937 1R 1129 149 153 ne.  — - - - 164 14500
1000 11010 10360 0.00303 36502 5894 NS 16935 13T 1202 1S 31 w0 — - - - 111300
160.00 24921 9742 0.00554 R0 6052 13026 16910 LSH 1452 1803 689, 100 — - - - 142 18000
170.00 1O0  $9X3 0.00:2 3930 4923 LR 68T L9 LMT M MO % -~ — - -~ 030 100
180.00 34545 7362 000283 H1257 80P LT 16613 — - - - - ~ - - - 0.13 u;o.oo
183.68c 3.6680 3500 0.0012 BLIT BIIT O L69T Re09T = x  om 0. 0. - - ® = 0.00 143.68

“temperatures are on the 1TS-90 scale

b = boiling point

v = critical point
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(-]Hnr) Designation: D 2240 - 91

Standard Test Method for

Rubber Property—Durometer Hardness?

This standard b issued under the fixed dcxignation D 2240: the number immediately l'ouowin_g the designation indicates the year of

orip'n-\hdopdoaor.intheuseofuvision.lbcyurofhs:.

iap i tbe year of last reapproval, A

superscript epsilon (e} indicates an editorial change since the Jast RVISion o reapproval,

1. Scope

1.1 This 1est method describes seven types of durometers
A, B, C, D, DO, O and 0O, and the procedure for
determining indentation hardness of substances classified as
rubber, cellular materials, elastomeric materals, thermo-
plastic elastomers and some hard plastics.

1.2 This test method is not applicable 1o the testing of
fabrics.

1.3 The values stated in SI units are 10 be regarded as
standard. The values given in parentheses are for informa-
tion 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 estabiish appro-
priate safety and health practices and determine the applica-
kility of regulatory limitations prior 10 use.

2. Referenced Documents

2.1 ASTAM Standards:

D618 Practice for Conditioning Plastics a2nd Electrical
Insulating Materials for Testing?

D785 Test Method for Rockwell Hardness of Plastics and
Electrical Insulating Materals®

D 1349 Practice for Rubber~—Standard Temperatures For
Testing?

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

3. Summary of Test Method

3.1 This test mcthod permits hardness measurcments
based on cither initial indentation or indentation after a
specified period of time, or both,

Note 1—-Durometers with maximum reading pointers used 1o

determine initial hardness valoes may yield 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 matenal under
specificd conditions. The indentation hardress is -inversely
related 1o the penctration and is dependent on the clastic
modulus and viscoelastic behavior of the material. The shape

¥ This test method i under the jurisdiction of ASTM Committee D11 on
Rubber and is the direct itality of Subc ittee D110 on Physical Tests,

Current edition approved May 15, 1991, Published February 1992, Originally
published a3 D 2240 ~ 64 T, Last previous edition D 2240 - 86,

3 Anmual Book of ASTM Stondards, Vol G3.01,

3 Annual Book of ASTM Standards, Vol 09.0).

4 Annual Book of ASTM Standards, Yol (9.02.

of the indentor and the applied force influence the resulis
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 is an
empirical test intended primarily for control purposes. No
simple relationship is known to exist between indentation
hardness determined by this 1est method and any lunda-
mental property of the material tested. For specilication
purposes it is recommended that Test Method D 785 be used
for hard matenrial,

NoTe 2—Durometcr scale comparison chart only. This is sot and
cannot be used as a conversion reference,

Type A 10 20 30 40 50 60 70 30 %0 106

Type 8 10 20 30 40 50 60 76 80 90 100

Type € 10 20030 10 506070 20 %0 100

Ty D 10 20 3040 50 40 60 70 30 90 [0
Tyre DO 10 20 30 40 50 4 0 30 % 100
Type O 10 20 30 40 50 60 10 80 90 100

TykQO 10203040 5080 7030 90 100

5. Apparatus

5.1 Hardness measuning apparatus or duremeter 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 I{e) with its center 6 mm (9.25
in.) from any edge of the foot. .

3.1.2 Indentor, formed from hardened steel rod and
shaped in accordance with Fig. Ma), 1(b), or 1(c) with ull
extension adjustable between 2.46 10 2.54 mm {097 10 0.100
in.).

5.1.3 Indentor Exrension Indicating Device (analog or
clectronic), 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 shal}
have a pointer that moves on the scaje at a rate of onc
hardness point for each 0.025 mm (0.001 in.) of indentor
movement.

NOTE 3—Type A Shore Durometers serial numbers 1 through
16 300 and 16 351 through 16 900 and Type A-2 Shore Duremeters
numbers } through 8077 do not meet the requirement of 2,46 10 1.54
mm (0.097 16 0.)00 in.) extension of the indentor at zero reading. These
durometers will give readings which are low by ameunts oging from 3
units at 30 hardness 10 ! unit a1 90 hardness,

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

3.L.5 Calibrated Spring, for applying force to the indentor
in accordance with Fig, I.
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2.5 10,04 mm
AT IERO . e
READING 35t el
~ 02001
Q7% 10.0dmm
{a) Indenior for Type A and C Durometers
-?;; _l:uvz Smvn
' 0501008
= T 4G 1 05 mn

2.5 10.04mm

AT 1ERO
READING

\30.' }'

004 31,0005 2.
0100 ¢.012 mm R,

(O} inGentor for Type B and D Durometers

-H-?( —13.8/3.7 mem

£937 1.00)
2.3030.08mm

£972.100
2.3 $10.04 mm

READING DALT 1 0020,
117 10.05mm R

(&) noentor fex Type DO, O, and OO Duromelers.
Note —Spnng Force Combmnatons:
Force, N = 0.550 + 0075 H,
where H, = hardness reacng on Type A, B and O surometers
Force, N « 0.4445 H,
whete H, = hardgness reacng on Type C, D ana DO durometers.
Foroe, N = 0.203 + 0.00908 M,
where H_, = hardness reachn) 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 1o 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 conmact. The lateral dimensions of the specimen
shall be sufficient to permit measurements at Jeast 12 mm
(0.5 in.) from any edge unless it is known that identical
results are obtained when measurements arc 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 arca having a radius of

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

NoTe 4—The minimum requirement for the thickness of the spec.
imen ks dependent on the extent of penctration of the indentor into the
specimen; that i, thinner specimens may be used for materials having
hanrdness values at the upper end of the scale. The minimum distance
from the edge at which measurements may be made likewise decreases
as the hardness increases. For materials having hardness values above 50
Type D durometer, the thickness of the specimen should be at least 3
mm (0.12 in.) and measurements should not be made closer than 6 mm
0.25 in.) 10 any cdge.

7. Calibration

7.1 The durometer spn'ng shall be calibrated by sup-
porting the durometer in a vertical position and applying 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 50 %
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 1o the force calculated by the
cquation in Fig. |. The measured force for Type A, Band O
durometers shall be within +£0.08 N. For Type C, D and DO
durometers if shall be within 20.44 N, and for Type 00
durometers it shall be within £0.025 N.

NOTE S—Insiruments specifically designed for the calibration of
duromclers may be wsed.?

7.2 Indentor extension and shape must be in accordance
with 5.1.2. With the durometer placed hirmly on a fla
surface the indicator should read a number cqual to the
indentor extension measured in inches % 1000, within 0.5
durometer points.

NoTE 6—When performing the procedure in 7.2 on Type B and D
durometers care should be used not 16 damage the indentor np.

7.3 Test blocks (rubber or spring tvpe) provided for
checking durometer operation are not to be relied vpon as
calibration standards. The calibravon procedures outlined in
7.% 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
matenials whose hardness depends on relative humidity, the
specamen 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 duromelers at
temperatures other than 23 = 2°C {734 = 3.46°F), Conditioning at
temperaturcs olher than the above may show changes in calibration.
Durometer use at temperatures other than the above should be decided
locally {sec Practice D 1349).

9. Procedure
9.1 Place the specimen on a hard. honzontal surface.

3 Zwick and Co., Control Equipment 7501 with serial numbens higher than WA
20301 or the Shore Durocalibrator, available from Shore Instrument Manufac-
suring Co.. 30 Commerncial 51, 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 mun (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 Jesser distance. Apply the presser foot 1o 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 8—Better repeatability may be obtained by using a mass
centered on the axis of 1he indentor. Rec ded are 1 kg for
Type A. B and O durometers, 5 kg for Type C, D and DO durometers,
and 400 g for Type CO durometers. Durometer stands using the masses

above as a constant koad and a controfled descent speed, without shock.
produce maximum repeatability.

9.2 For any material covered in 1.1, afier the presser foot
is in firm contact with the specimen, the scale reading is to be
taken within 1 5 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—Thc type of duromeier should be sciected with the knowl-
cdge that readings below 10 or above 50 are not considered reliable by
the manufaaurer. bt is suggested that readings in these @nges not be
recorded.

10. Report

10.1 Report the following information:

10.1.} Bardness value obtained,

10.1.2 Complete identification of the matenal tested.

10.1.3 Vulcanization date,

10.1.4 Description of specimen, including thickness and
number of pieces plied, if bess 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 scnal number of durometer,

10.1.8 Indentation hardness time interval at
rcading was taken, and

10.1.9 Date of 1est.

Norr 10—Readings may be reponed i the form: Af45715 where A
is the 1vpe of durometer, 45 the reading. and 15 the 1ime in scconds that
the pressurc foot is in irm contact with the specimen. Similagly, D607
indicates a reading of 60 on e Type D durometer obiained cither
within 13 or from a maximum indicator.

which

11. Precision and Bias®

11.1 These precision and bias statemenis have been pre-
pared 1n accordance with Practice D 4483, Refer 10 this
Practice for terminology and other testing and statistical
concepts.

11.2 The Type t precision for both Type A and D
methods was determined from an interlaboratory program
with three matenials of varving hardness, with six panici-
pating laboratories. Tests were conducted on 1wo scparate

.g
1029,

porting data are available from ASTM Headquaners Request RR:DIL-

TABLE 1 Type 1 Precision—Type A Durometer Method

Within Lalx C B Lat
Moterial Average
Leved SrA - ne SR Re (RY

1 514 0846 1.83 356 15 44 859
2 653 Q478 248 R ] 2.4 6.06 927
3 580 0433 .23 1.30 2228 645 949
Poced 616 0.677 192 an 2202 5n2 9.28

4 Sr = repeatabiity standard deviation, measurement units.

® ¢ = repeatabity = 2,83 % S, measurement units,

€ {f) = repeatability, relative, (that is, in percent),

2 SA = reproducibility SLandard GEviation, measurermnent LS.
£R w reproducibility = 2.83 3 SR, measurement wists.

# (R) = reproducibility, relative, {that B3, i percent).

TABLE 2 Type 1 Precision—Type D Durometer Method
Within Ladoratanes Between Latoralones
Sea ” e SO R Ry

Average
Materiat

1 426 0M6 084 210 282 798 107
2 545 0T 224 AN 154 10.0 8.4
3 823 1.0 2.86 347 A54 100 122
Pooled 538 0762 216 as 332 340 157

A Sr = tepealabity SLANCHD Gvialion, Measurement s,

B = epeatabaty = 2.83 % Sv, meastrement unils,

T {r} = repeatabaty, refative, (that &, in percent).

# SA = reproduchdty SN SEnalion, Measurement umts
Cf = reproducibaty = 2. 83 x SA, measurement unns

# {A} = teproducihhty, felatree, [INAL 5, N percent),

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

11.3 A 1est result for hardness (both A and D) was the
median of five individual hardness readings on cach day in
cach laboratory.

11.4 Table 1 shows the precision resulls for Tvpe A
method. Table 2 gives the precision resulis for Type D
methed. -

11.5 The precision results in this precision and bias
section give an estimate of the precision of this 1est method
with the matenals (rubbers}) used in the particular
interlaboratory program as described above. The precision
parameters should not be used for acceptance or rejection
icsting. or both, of any group of materials without documen-
tation that they are applicable 10 those particular matcnials
and the speeific wsting protocols that include this test
mcthod.

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

11.6.1 Repeatability—The repeatability, ., of this test
method has been established as the appropriate value 1abu-
lated in Tables ) and 2, Two single 1est resulis, obtained
under normal 1est method procedures, that differ by more
than this tabulated r (for anv given level) must be considered
as denved from different or ponidentical sample popula-
tions. :

11.6.2 Reproducibility—The reproducibility, R, of this
test method has been established as the appropriate value
tabulated in Tables 1 and 2. Two single test results obtained
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FiG. 2 Apparatus for Calibration of Duromester Spring

in two different laboratories, wnder normal test method
procedures, that differ by more than the 1abulated R (for any
given level) must be considered 1o have come from different
or nonidentical sample populations,

11.6.3 Repeatability and reproducibility expressed as a
peccentage of the mean level, (r) 2nd {R), have cquivalent
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 propenty 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.
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%3 Twa igun il 40, 60 1Az 80 °C

% Creep .
40°C STD 60°C stp | 80°C | stp
Heat Flux High 0.680 0.68 0.984 0.69 1.236 | 0.09
Heat Flux Low 0.773 0.05 1.237 0.10 1.514 0.04

M5 -2 nanaledifudmsiiansAuussnsiidy R123 Tunwasail na1 3000

3 Ta Nan il 40, 60 uag 80°C

% Creep .
40°C STD 60°C STD | 80°C | stp
Heat Flux High 0.602 0.56 0.861 007 | 1.110 | 0.05
Heat Flux Low 0.738 0.06 1.069 0.07 1.323 | 0.17

15N v-3 wanalediFudmuianisavvesmsiuiy R113 Juswasnes fnai

3000 2133 Figunil 40, 60 1Ay 80 °C

% Creep { .
40°C STD 60°C STD 80°C | stD
Heat Flux High 0.598 0.05 0.851 0.07 1.019 { 0.04
Heat Flux Low 0.717 0.10 1.028 0.14 1.193 (.18
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3000 %3 Tua Nigaungil 40, 60 118z 80 °C

% Creep . . .
4 C STD 00 C STD S0 C STD
Heat Flux High 0.556 0.06 0.807 0.05 0.953 0.09
Heat Flux Low 0.662 0.03 0.939 0.06 1.091 0.09
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@19 V-5 HamsnLAnasveulefIFudmsidanisan a1l R113 uas R123

=

(Creepg,,; - Creepg,,=AC Yunuasail figungil 40, 60 uaz 80 °C Aruntynarawmiluna

3000 %3139
40°C 60°C 80°C
Heat Flux
Ac, STD | Ac, | STD | Ac, | STD
High 13.93 4.16 | 14218 | 441 1125 | 3.76
Low 9.64 6.75 13.88 | 2.65 14.16 | 3.49

ATIN V-6 HAAIANNIANA NVBIl S IFUSMITIAAMIAY a15¥iuiy R113 uay R123

e

(Creepy,, - Creepy,,,=AC,) Tuanuer figauingil 40, 60 uaz 80 °C frhunsnareily

au

(981 3000 F3 1149

40°C 60°C 80°C
Heat Flux
Ac, | sTD | Ac, | STD | Ac, | STD
High 14.16 10.46 8.75 5.38 9.26 4.83
Low 10.34 6.86 8.88 4,25 7.67 3.62

3N 97 nammanandwusalefifudmsfamsauiaindaiudeudidiu
AL UAT 1!azﬁﬁhﬂﬁ'ﬂﬁﬂ'sm%’auﬁfr"mmumiuqa (Creep,,, — Creepy,,=AC,) vo4m3
v R113 Tumndal naglunanuem faomad 40, 60 uaz 50 °C Arhumsnarewiy
11 3000 #3734

o

. 40°C 60°C 80°C
MINTNIU R113

Ac, | sTD | Ac, | STD | Ac, | sTD

H

D 18.87 10.01 22.63 5.34 21.27 5.12

22,02 9,10 18.52 5.71 14.66 4.67
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' s d o a - N, ¥
AN V- uaasnNuuanavedlesidudnsiiansAuinidndanuFeouiidiy
muiiud nazfimddndanudeuiidaumiuniugs (Creep,,, - Creepy,,=AC,) Y0303

W R123 Tunniad naghuuaariuen fguvani 40, 60 1ag 80 °C Arunismeaewdy

1181 3000 %2 T4

) 40°C 60°C 80°C
MU R123
Ac, | s | Ac, | STD | Ac, | STD
D 2280 | B8.06 | 2285 | 7.03 | 1860 | 5.37
25.16 | 1136 | 1839 | 651 | 1607 | 6.15

' S22 a A Ay woa oy
#1519 V-9 l!ﬂﬂ\iﬂ?]“l!@ﬂﬁ’l\i‘“i’]\ﬂﬂﬂiicﬂuﬁﬂ'ﬁ!ﬂﬂﬂ’]'iﬂ‘l]ﬂﬂ-luiﬁullﬁzﬂﬁ'luﬂ?']ﬂ

81 (Creep, — Creep=AC,) vosvianagevildensiu R113 i aldndaimiougs naz

[
=

amdndarmioudr fawmai 40, 60 nax 80 °C Aruntsnarewdunat 3000 9 Tug

q

40°C 60°C 80°C
Heat flux
Ac, | STD | Ac, | STD | Ac, | STD
High 9.86 10.22 | 1031 6.56 12.39 6.78
Low 6.70 4.42 14.81 6.51 19.26 5.60

' s o = & Ay aoa o g
ATTN U-10 !!ﬁ@l\iﬂ?1”llﬁﬂﬂ']\iflli’)\uﬂﬂilnlfuﬁﬂ']‘ilnﬂﬂ']'jﬂﬂ'ﬂﬂ']u'iﬁlluﬂzcﬂﬂ_luﬂq'lﬂ

8713 (Creep, — Creep, =AC,) vosvionanauilfmayhay r123 i aldndniudougs iy

Adndanuieudr fignugil 40, 60 uaz 80°C Airunisnageuiuna 3000 42 Tuq

"40°C 60 °C 80°C
Heat flux
Ac, | STD | Ac, | STD | Ac, | STD
High 10.84 7.40 4.70 6.01 10.51 6.21
Low 7.46 4.80 9.93 6.54 13.08 7.15
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AR V-1 4AAIAUADUA (a) AIUFAT dmSVadeaunIsh (4.8) i1 (4.15)

figaungiiao, 60 1oz 80 °C Tsdagmmni 60 °c dhudeyadredaiiemaunisvesmadans
fusta

FUATITVOIV U 9NN 40°C UMY 60 °C RNl 80°C

R 113 Heat Flux High 0.138 1 6.5

R 113 Heat Flux Low 0.066 1 5.29

R 123 Heat Flux High 0.222 1 29.16

R 123 Heat Flux Low 0.074 1 12.5

A1TN V12 HARIRANBUAT (a) SR WETY MFA AT (4.8) T (4.15)

auwRi40, 60 uaz 80 °C Tastingamnd 60 °c iThudeyadrsduiomaumsvesmsifanmsiy

11}
yliamavearitgu gund 40 °C gUNN 60 °C 2UM Qi 80 °C
R 113 Heat Flux High 0.125 1 12
R 113 Heat Flux Low 0.065 | 5.29
R 123 Heat Flux High 0.19 1 22
R 123 Heat Flux Low 0.017 1 22.33

A3 U-13 LaRIFUABUAT () MSAT dmsuadaaunsh (4.16) T @.23)

fgnimpiio, 60 naz 80 °C Tavgnguingil 40 °c Hudeyadwsuiemaumsvesmaifianis
fustaly |

FHAT T VDI IY ¥l 40°C UMY 60°C MM 80 °C

R 113 Heat Flux High 1 8.33 50

R 113 Heat Flux Low 1 35 310

R 123 Heat Flux High 1 4 g5

R 123 Heat Flux Low { 15 100
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AT N U-14 BAAIAATDUAI (a,) IUATINEN dMTBadaun1si (4.16) fa (4.23)

figaingiio, 60 uaz 50 °c TavBagungd 40 °c WuteyadredauRomaunisvesmsifans
sy

FHUATITUBINNIY AUNNN 40°C UMY 60 °C NNl 80°C

R 113 Heat Flux High I 8.33 125

R 113 Heat Flux Low | 15.625 230

R 123 Heat Flux High 1 5 70

R 123 Heat Flux Low 1 15 150

M54 -15 ManundfiiouenvssvienAToUANINATI I ASTM D2240-9

Neruen 1 2 3 4 5 6 7 8 9 10| STD |AVERAGE
Standard 60 a0 65 60 56 36 60 65 60 60| 3.011091 60.2
R11380°C 55 56 60 35 58 60 58 56 54 56| 2.097618 56.8
R12380°C 60| 60{ 56 s8] 56| S8 s6| 571 57 60| 1.686548 57.8
] [~ 1o 7 1
A15N Y-16 MANVUTINEY TUveINBNATOUAINIATFIU ASTM D2240-9
neflu 1 2 3 4 5 6
Standard | 56| 50| 54| 56| 54| 52| s3] s5| 52| s3] s5( 58| 54| 52| s2| s5| s0| sE
- 53.33 54 53.33 54.66 52.66 53.66
Ruzgo’cl 44| 46| 48| 42| 45| 43| 24| 45| 46| a4g]| as| 4s| 48| as| 48| 45| 47| 45
e 4533 43.33 45 45.66 46.333 45.66
R123s0°c| 46| 48| 46| 49| s8] 45| 47| 48| 47| 53| s0| 49| 48| s0| 48| 4s| s0| 47
- 46.66 50.33 4733 50,66 48 47.33
] ] =1 Jea 7 [
M13719 ¥-17 (8) AR T UUDIVIONATOU AU IATFIU ASTM D2240-9
el 7 8 9 10 STD AVERAGE
Standard | 52| 55| 53| 55| 57| 55| 53| 58| 52| s3] =8| 55
. 0.83 53.8
- 53.33 55.66 53.66 5466
ri1aso'c| 43| 48] 48| 48| 41| 42| as| 46| 48| 48| 45| 45
; 1.17 45.1
nan 4466 43 45,66 4533
rRizaso‘c| 5ol 45| s8| 47| 48] 47| a7l s0| as| e8| 48} 46
. 1.70 48.26
ey 51 47.33 47.33 46.66
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Medulus (N/m )

N (Pas)
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t T T T T 1

0 500 1500 2000 2500 3000 3500
Time(hr)

a

a

]

duseil vearianadeudilfasviau R113 dndanufeudidaunruuiug

200E-09 -

1.50E+09

1L.ODE+09

5.00E+08

0.00E+0¢

v = 544297x - 9E-07

R =0.9947

—

300

1500

Time (hr)

2000 2500 3000 3500

11 A-2 namsn AUt funawess anwmile

dudeil vosenaaeuitldmssiu R113 Wandaiwieoundiuauiuga



o

Modulus (N/m )
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Modulus (N/m )
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Modulus (N/m )
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Modulus (N/m )
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Modulus (N/m )

T (Pas)
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