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TECHNICAL

INFORMATION

Physical properties of Polyethylene

Raw Material Properties Typical Value Unit Test Method
Oensity :
Base resin 945 kg/m? ISC 1872 Annex B
Compound 958 kgfm?® IS0 1872-Annex B
Melt flow index
216 Kg 0.10 g/i0 min 1SO 1132 Cond 4
S5Kg 0.50 g/10 min 1SO 1133 Cond 18
Carbon Black Content 2200 % ASTM D 1603
MECHANICAL PROPERTIES
Tensile strength at yield 2200 Nfmm? 150/01S 6259
Ultimate elongation >600 % ISO/DIS 6259
ESCR, F, »>600 h ASTMD 1693 Cond A
Hardness 62.00 Shore D IS0 868
Charpy Impact Strength No Failure kjfm? IS0 179
Creep modulus
E, 900 MPa SS :319
E,, 200 MPa SS3519
THERMAL PROPERTIES
- Britleness temperature <70 ‘C Al 1D746
Linear thermal expansion 1.80 mmfm.*C At AD69%
(Average Value over temperature range 20-80 °C) -
Tharmal conductivity (20 °C) 0.42 wW/m. K DIN 52612 (20 °C)
Specific heat, C, 2.00 kifkg. K O5C at20 *C
Spedific heat, C, 2.70 Kifkg. K DS.., at200 *C
Crystallizne melling range 125.130 °C De
Thermal stability ~
Induction temp 254 °C ASTMD 3350
Induction time 15.00 min tsothenmal in
: Oxygen at 210 *C
Vicat softening temperature 122 °c 150 306 A-50
ELECTRICAL PROPERTIES
Volume cesistivity >10% ¥ Q.cm DIN 53482
VDI* 0303, part 3
Surface resistance >0 Q DN 53482
' 2t VDE 0303, pant 3
Dielectric strength . 700 kviem DiN 53481
VOE 0303, part 2
Dielectric constant ¢,
al2x 10°Hz 2.50 - DIN 53483; VOE 0303,
) ) part 4 immersion method)
Dielectric loss factor tan & DiN 53483
at S0 Hz 6x 10 - VDE 0303, part 4
10° Hz Sx10* -
10° Hz Sx10* -
10% Hzx 6 x 10" .
Teacking resistance KA3c stage DI 53480
KC>600 VDE 0303, part 1
Auc resistance L4 stage DIN 53484
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Designing Stress is 5.0 Nfmm?
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HDPE-BS HEAVY

NOWD YHAAIMMAUNHTR awnsvalszth vaznumnaneiald

High density polyethylene pipes (HOPE) for potabie water and géncral applications
SPECIFICATION Materdals extrusion compound conforming to ASTM D 1248

wnna @urhgudnaaaduon ANINRN usauvaliu
Nominal bore Qutside diameler Thickness Working Pressure
i 1y, figa Min. | A Max. . ﬂauﬁfjn/m.f}a ni
INCH MM, A MM, U, MM, Mg, £S51 BAR
1/2 15 21.2 21.5 3.3 265.8 18.3
3/4 20 26.6 269 33 204.5 4.1
1 25 . 33.4 33.7 ] 4.0 - 197.3 13.6
1 1/4 a3z 42.1 425 42 160.2 11.0
1 1/2 40 T 48.1 48.5 45 149.0 10.3
2 50 60.1 60.6 5.2 136.8 9.4
2 1/2 €5 75.8 76.4 5.5 i11.5 7.7
3 80 88.6 89.3 6.0 104.9 7.2
4 [ 100 113.8 1147 6.5 87.5 6.0
wnmng 1 @uiuguinniaonnio | B es-HEAVY (138300NAIT M B 3284 1967 VARG 1/2 - 200
wunsanunivdldtinsuseiulynudinanasaaaalsznu 0%, )
ARemarks HDPE B8S HEAVY BASED on ot diamezer of BS 2284 : 1967 sir~:am 12 - 2 iach could be

threaded and pressyre cating shak

Designing Stress is 6.3 Nfmm?

3 by &rorox 30%

ASTHM D 2447

SCHEDULE 40 SCHEDULE 80
nna 2auen | amm | useduveslfou | amann | wrsduvasivan
Nominal bore oD Thickness Working Pressure Thickhess Working Pressure
W INCH | 1, saM. {ane M| e PS! BAR | it mm, PSI BAR
1/2 15 21.3 28 276= 19.1 3.8 396.1 27.4
3/4 20 26.7 2.9 2226 15.3 4.0 3219 | .222
1 25 334 3.4 207.1 143 46 291.8 20.1
1 1/4 32 422 3.6 170.4 1.7 4.9 240.0 16.5
1 1/2 40 48.3 3.7 1516 10.4 5.1 215.7 - 14.9
2 . 50 60.3 4.0 1208 8.9 5.6 187.0 129
212 65 76.0 5.2 1405 97 . 7.1 188.3 13.0
3 80 86.9 5.5 1205 83 7.7 173.2 1nsg
4 100 114.3 6.1 1030 7.1 8.6 148.6 10.2
[ 125 141.3 6.6 S 6.2 9.6 133.2 9.2
"6 150 168.3 7.1 805 5.5 11.0 127.8 6.8
8 200 219.1 8.2 710 49 12.7 112.4 7.7
10 250 273.1 9.3 644 44 15.9 112.9 7.8
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TECHNICAL INFORMATION

AITNUABAISIATIUBTIOND  General guide to chemical resistance of HDPE pipe

v v 20° ¥ (68 1) €0* « (140" W)
nlifo anuvEvY 20°C (68° F) ¢0° C (140" F)
Chemicals Concenteation Good Locerate Poo Gaod toderzie Pose
resistance we nce resistance cesistance
* i [eamuhuanie] amulii@ | aenu@ [asnuthuanie | aandiya
Acclaldchyde  srvauald 100 . x X
Acelale, Bmyl  esTae ezic 100 x x
Acetate, DUyl ashea 1o 100 3 x
Aceisie, eyl  ezTue min 100 ® X
Acclone  a:ila 100 x x
Acld
Acelic A _madule ) « x
Glacial acelic ACIE  armraduresvin 96 x X2
Aromatic Atid _areazlwin x X
Bonzoic ACid  awuvieda 5231 x x
Bovic ACid  prawia sat x x
Butyric Ak  s1afiwin 100 x ®
Carbonic A _aressiveia 0 x x
Ctwomic Acid_ evaluin 20 x N 3
Chwomic Ackd _atluia 80 x x=
Cilric ACIS  armialn ' Tat x K
Dichloracelic Achd_ wialemaieziin 50 ¥ x
Oictd i A mrateaaafesis 100 x =
:ﬁa@m«l i & ) r- < X hd ¥
"~ Formic ACK madeiin 100 A x
Glycolic ACid  wialealain 50 3 x
Hydeobromic ACid  malelarlnnin 50 % L3
Hyscochlonic ACIS malttareasie 1 x 3
Hydrofuodc Ackd  waliladguin 60 [ x
Lactic ACid acmenin 100 x ) x
Maleic ACd mensain sat x x
Monochiorscetic Acid aalvlveaciosiis 100 x x
Nitric Ackd msdwndrdt 25 H x
Nitric Acid  wealudizi U & [
Nitric Acid_eafudesds 75 e ' x x=
Qleic Acd  maliiin 100 x x
Oxalic AGid  mwsrviin a1 [ x
Pacchloric Acid  sradeacale 20 K X
Perchlofic ACKS  s1advaasin S0 [ L3
Perchionc ACid  arwitasrin 0 = L
Phosphoric ALK aressadcin 50 ® x
Prosphofic ACKS scadeadsln a5 ¥ ol
PrENAKE ACIH  asadinsin 50 ® x.
Propionic ASK! ~elaiieitn <0 . «
Propiond AL eale=ideeln 90 . x
Peuzsn ACed maninds ] e "
Sl ACT araiidn 100 L [




62

. Stion 20°C (c_!a' F} 40* C (140" F}
Chemicals -
% Good bt Good Modorate Poor
tesstance resistance
Stearic ACid_araazvoin 100 x x
Succinic ACid wmniaiva 50 x - x
Sulpho-chiomic Acid arafaivlaia x
Sulphuric Al mefnciv 50 X = .
Sulphuric Acid meduaiv 98 x B ; L
Sulphixous Ack! marwzin 30 X x
TAAA06C ACH _erantatin sal x x
Trichloracetic Ackd wialmsasivsian 50 ® L
Trachi iCACIKE mal fezia 100 x x to | x
Accplonitrile  azailaluld 100 x x
Alcohs!
Allyl Alcoha!  defeweensine 9% x o
Bearyl Alcohal e msnsse 100 x x x ’
Elhyl Alcohol e esunsiss o5 X x
Fortryd Alconol  cfwmaie vesnise . 100 x L
tsopropyl Alohol elvlwineusneass 100 x x
Methoxybutyl AlCohol mieniinie vesnsise 100 x x
Methyl Alcohol  wdis easnsssa 100 ® x
Aliphatic esters esidviamamed x x x
Aluen azde feudv) 1 X X
AMMONS seuluie 1c X X
Acetic Anbyddide e:éinmeuloband 100 x Lo
Aniice_esbiu 100 L3 L]
AnGnony 1HCHOECE  aeuiled Tnneled 90 x . x
AQUa (B3 wawd Uil x
Benzaldetyde wuvesled 100 x x
Benzene wiv 100 ¥ x
BorBx _wewind sat ¥ x
Brina dunlstiune © i x
Bromine b 100 x
Butane {gas) Tumw tvke) 100 x
Calcium hypoehiorde wmaiow L lWaalsd tc x x
Camptwr s 100 x x
Catyon disuiphide « few ladaldd 100 & : x
Carbon telrachic - 3= o anyzesrbin 00 x
Caustic potash (Clearns) u.-...‘...n 40 x *
Caustic 5003 (cle™ »  Twailk %0 x X
Chiocide, alumusr .~ - ¢, Jo sechid s X x
Chiocide, Bmmonmn. seuiliew aelid £at x L3
Chiocide, Bnimony seil aslid s X x
Chioride, Calcium oo fou mevled sal x b
Chioride, Jorric whil- =salsd sl x x
Chiocide, (0rous eielsser®sd sat x x
Chionde, MagNEswn "  artiew selid sal X ¥
U —— sat x x
Chiocide, mettyleie o ¢t «eqled 100 x
Chlorida, pOtassiumm  Tudaie saelsd 3t x ¥
Chiocida, S00wm wies s = x ®
Chioride, sulphueyl desic 100
Chéorige, hionyl et arald - 1w
Chiocud, 2ioe  Awed aacihd sat [ X
Chilaring (gas] sfassly 100 bl «
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' - 20" C (88" F) a0* C (140* F)
Clomicals Concendration
Good Hodoraie Good thodocaia Poor
* esistance esstance tclance et cesistance

Chiorobdnzente sadiwwiv 160 x x
Chiocolorm _seelidee 00 x
Coppee $81S  exfanesm s2t ® x

Cresol odvse h: ] x =

Cyclohaxane Ivlaaey 100 x x

Cyclohexanol Trlaua yuea 160 x x

Cyclohexanone lvlaawsnivy 100 ® [

Decalin saiu Tclaaa 100 x x

Oetergands  arinden ciuse 100 x x

Dittyl phialatl Taygis demsen 100 x x

Dichiorethane lamssiimu 100 x x
Dictiorethylene Lamasiwitu 160 x
o icharobenzens mm-lasslardv 100 . x
Diethy! elhar tueda Lmi Lo [ 1) K x

Diody! prialate Losaia diweas 102 a 4

Oioxane lavaceru 100 ¥ x

Ether i 109 x %

Elhvi acelate mas asdun 100 « x
Ethylene glycol watu e 100 : x

Fluoring  vigasiv 100 x
Formaldehyde Wefvailed <0 x x

Pl jice Juwals . x

Galatin weciv 100 v x
Glycern elumiv 100 . %
Giycedn chiorohydin  slmiu aselilealu 100 ' % 1
Glycol taense 100 x x
fdosenghanteda Gy Mt |- . .
Hydrogen peroxide Wluau ateferee 30 x x
Hydrogen Peftudde Wlanvabisenled 10 . x
Hydrogen suiphide Wlanu deldd 100 « x
fogina inclure  Renwedlalad ] x>
(scoctane Ylvesnwu 100 ¥ |3
Ketones -Elm M K"
Mamelade wntdv 5 %
Marcury dves 100 N x
Metalic suiphaies tess fucda sat * x
Kethylethylkelone aieniedle. 100 N x -
Methylglycol ass tnaee 100 [ x *
MK v M [3
Molasses ke x L]
tlopholing vl 100 x x
Naphta (heavy (action] s (driede) 100 . x
Naphialene wwwniv 100 ‘ x
Nalural gas  wiminerd 100 . x
Nicked salts  adelone sat . x
HAOUS Qas whaluaie » *
Qils

Essential Oils S 100 - .

senecal Oits digui 0o . L m e

Pacatlin Oils_déummite 100 . = 4
__Siicone Qils Juuiilaw 100 s L l

vegelabie and soimal Oils diudreacded 00 ' * 0 «
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t 20° C (68* F) 60* C (140" F}
Chiomicats Concenuaton
Good Modecsie Foac Good Moderae Poor
* resistanca. cesisipnce tosistance § cesistance resisiance fesistance

Oxygen sanine 100 *
Ozonn Telw 160 x L]
Peteol (auta) didv (rend) 100 x ® o M
Pateol (raw) o iy 100 = X
Petroloum other dlades tmel 100 x -
Phenols fuee Ic K >
Phosphales ededvenin sal x x
Phosphoric oxychlofide deadiin sedaelsd 100 [ Ll
PHOSphorous Pontoxide deasels sumentyd) 100 x x
Phosphorous tichlocdide decdele Tarnaaled 100 ® x
Photographic developers  duvlivrmis] ¥ x
Polyglycols Tuilam 10 H ¥
Polassiom eiomate hliade balaas sat X ¥
T b ngacste sa x o
Pyriding taidu 100 x x
Sea walar dineu x x
Silver 0i: ~€  Fusai luasm sal X L3
Sodium benzoate lwiewanlwn 531 x x
Sodium bicarbonate Tnier lumrivmwn P x L3
Sodium borate Twiew wura 1 ¥ x
Sodium = « sonate fyes) dlveinlt A x x
Sodium chiorie Tnlwacully 0 X x
e e Qiastiog blosctd . « _w_x
Sodium  dchioile Twfew Welfeaslld 1250 7

-t T x £
Sodiume  He Trierlomta sat * x
Sodium 77 2ate Tl Tin “ x x
Sodkum = “nhide et dubed « x X
Sogiun . sphle Inielileinde $at X x
Sugar syra Sulie © x x
Sulptwr dubu 160 X x
Sulptux diokide dudillesntel [ x x
Sulphur 165000 Sadeilusrented 00 x x
Towahydiolrang manblufin 100 x
Tetralin waniv 100 o
Triophens White 100 x * )
Toluane lngiv 100 x L
Thictlorctwene lunesluiiv 100 *
Turpeating dicueu 100 x .
Urea ole sal x x
Vasoling  vsaiu s L hd
Yoast Sod x L3 x
Xylene Vwiu 109 x x

e =

D = discokwraion Tifauy .. .
stornted aqueaus solutions a 20°¢ W3aza WA 20 BamuvaFun

aal =

4 = agueons solutions TITATHW

-~ L4
agueous solution in 2l conceatations HATAUAINY ANUVUYY
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Refrigecant 113 (1,1 2-trichlorotcifluoroethane) Properties of Saturated Liquid and Saturated Vapor

Density, Volume, Enthalpr, Entropy, SpecificHeat ¢, Yelocity of Sound, Viscosity, Thermal Coad, Surtace
Temp! Presioe, Lg/m® i kg ke K bi/ike-K) £yt bk plas Ao K Yeogan, Temp,
. MPa Liquid Vapor Liqud  Vaper [.iq-i]l Vapor- Ligeid  Vapor Vapor Liquid  Vapor Liquid  Vipor Liquid  Viper miNim C
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Refrigerant Properties

Retrigeraat 123 (1.1-dichloro-2,2,2-trifluorocthane) Propertics of Sziucated Liquid aud Saturated Vapor

Dessity, Volume,  EMlOR Esiropr,  SpedficHate,, Vo elSoand,  Vicedly  ThewalCosd, oo
Temp! Pressue, kefmd® atibg HAT  WieR WikeR~ ok,  m=4 £hes R Tdr Tem,
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q H”‘j Designation: D 2280 - 92

Standard Test Method for

Apparent Tensile Strength of Ring or Tubular Plastics and
Reinforced Plastics by Split Disk Method’

This standard is issued under the fixed designation D 2290; the number unmoda..ldy foliowing the desipnation indicates the year of
original adoption or, in the case of tvision, the ycm-oﬂu revision. A number ia pareatheses indicates the year of last reapproval. A
superseript epeilon (<) indicates 2n editorial change since the last revition or rexpproval.

This stondard has been approved for use by agencies of the Department of Doease, Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopicd by the Depaniment of Defense.

I. Scope

1.1 This test method covers the determination of the
comparative apparent tensile strength of most tibutar plastic
products utilizing a split disk test fixture, when tested under
defined conditions of pretreatment, temperature, humidity,
and test machine speed. This test method is applicable o
many types of tubular ring-shaped specimens, either pasalicl-
fiber-reinforced, extruded, or molded. Procedure A is used
for panallel-fiber-reinfarced specimens, Procedure B for cx-
truded and molded specimens and Procedure C for 114.33
min (4.5 in.) and larper diameter extruded pipe.

1.2 The values stated in inch-pound urits are 1o be
regarded as the standard.

1.3 This standard does not purport to address all of the
safety prob!ems if any, associated .with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health pracuces and determine the apphca
bifity of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards: )
D618 Practice for Conditioning Plastics and Elecinical
Insulating Materials for Testing? .

D 1599 Test Method for Short-Time Hydraulic Failure
Pressure of Plastic Pipe, Tubing, and Fittings®

122291 Practice for Fabrication of Ring Test Specimens
for Glass-Resin Composites®

E 4 Practices for Load Verification of Testing Machines®

3. Summary of Test Method

3.1 The test specimen (Fig. [, parallel-fiber-reinforced
specimens, Type A with contmlled width and thickness 2nd
Typc B with controlled width; Fig. 2, a reduced-section
specimen for extruded or molded products) is loaded
through the supgested sclf-aligning split disk test fixture (Fig.
3 or 4) which applies tensile stress to the test ring. An
apparent tensile strength rather than a true tensile strength is
obtained in this test because of 2 bending moment imposed

1 This test meﬂmd is under the jurisdiction of ASTM Commitice D-30 0a Hzg.h
Modulus Fiters and Their Compositcs and is the direct pespaasibility of
Svbcommittee D30,04 on Lamine and Laminate Test Methods.

Current cdition approved Feb, 15, 1992, Published Apel 1992, Criginally
published 25 D 2200 - 64 T.lmptmouediuon D 229087,

2 Aanual Book of ASTM Standards, Vol 03.01.

? Annual Book: of ASTM Standards, Vol 08.04.

“ Annual Dook of ASTM Standards, Vol [5.03.

# Annual Book of ASTM Standards, Vol 0301,

during test at the split between the sphe disk test fixture, Th-
moment is induced by the change in contour of the rin
between the two disk sections as they separate. The 1ec
fixture 'is designed to minimize the effect of thiz bendin
moment.

4. Significance and Use

4.1 Split disk tension tests, properly interpreted, provide
reasonably accurate information with regard to the apparen.
tensile strength of plastics wien employed under condition:
approximating those under which the tests are made.

4.2 Tension tests mauy provide data for research znd
development, engincering design, quality contro, acceptanee
or rejection under specifications, and for special purposes.
The test cannot be considered significant for applications
differing widely from the load-time scale of the standard test,

NotE 1—Procedure C has been -used on  polyethylene and
polybutylene pipe to produce results equivalent to Quick Burst results
{Test Method D 1599} for 4 in. to 8 in. pipes. .

&. Apparatus

5.1 Micrometers—Suitable ball-typc mlctomclcts. read-
ing to at least 0.025 mm {0.001 in.), for measuring the width
and thickness of the test specimens.

5.2 Testing Machine—A umversal testing machine of the
constant-rate-of-cross-head-movement type znd comprising
cssentially the following: .

35.2.1 Drive Mechanism—A drive mechanism for im-
parting to the crosshead 2 uniform controlled velocity with
mpocttothcbasc.th:svdoatytobcmgulatodasspcuﬁod
in Section 9.

522 Load Indicator—A load-indicating mechanism ¢a-
pablcofshovangtheto&ltcnsiteloadmmodbythcmt
speamcn.nlsmechan:smsbaﬂbcmnuaﬂy&ecﬁ'om
inertia lag at the specified rate of teéting and shall indicate
the Joad with an accuracy of £I % of the indicated value.

c'l‘hcaocura.cyofth«:tahngmachmcshallbcmﬁedm
accordance with Method E 4, .

5.3 Test Fixture-—Recommended test fixtures are shown
in Figs, 3, 4, and 5. The width of the split disks shown in Fig.
5 shall be 50.8 mm (2.0 in.). The split disk’s diameter (D) .
shall be 0o Jess than 6,35 mm (0250 in.) smaller than the
inside diameter of the- test.specimen. The supports for
holding the teasion test fixture shall be sclf-aligniog, that is,
they shall be attached to the fixed and movable member of
the test machine, respectively, in such a menner that they
move freely into alignment as soon as any load is applied, so
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FIG. 1 Parallel Fiber Reinforced Ring Test Specimen 0500 i)
FIG. 2 Reduced Section Specimen for Molded or Extruded
Products

that the direction of the applied pull is directly perpendicular
1o the split axis of the test fixture.

5.4 Conditioning Apparatus—Apparatus for maintaining  conditioning prior to test, as defined in Procedure A of
the standard laboratory atmospheric temperature of 23 =  Methods D618, shall be used, except 24 h will be the
2°C (73.4 % 3.6°F) and 50 % 5% relative humidity for ~ minimem time period.
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FiG. 3 Split-Disk Tensile Text Fixture for Parallel Fiber Reinforced Ring Specimens
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X 0.38! mm {max)
(0.015 n}

FiG. 4 Test Fixture for Reduced-Section Molded or Extruded Ring Specimen

6. Test Specimen

6.1 The parallcl-fiber-reinforced rings used in this test
method shall be fabricated 'in accordance ‘with ‘Practice
> 2291. The test specimen will then conform ‘to the dimen-
sions shown in Fig. 1. Specimen Type A has the dimensions
of the width and thickness controlled, 2nd Type B has the
width controlled but the thickness is maintained as wound
and cured. All surfaces of the specimen shall be free of visible
flaws, scratches, or imperfections. T

. 6.2 The extruded or molded rings used in this test method
shall be fabricated with a reduced cross section as shown in
Fig. 2. The reduced cross sections shall be located at the
point of minimum wall thickness and at 180° thereto except
when the test is used for specialized purposes {see ‘Note 2).
Figure 6 shows a fixture that may be used for this purpose. It
is suggested that specimens ¥ in. wide with a % in. wide
reduced cross section be used. The specimen must be free of
machining marks and. uniform in cross section.

0

Nove 2—The reduced sections for the extruded or molded Spec
mens can be located at any points on the periphery of the specime
provided they are 130° apant, that is, even at the weld or *knit™ line -
the specimen if the strength of these areas is being investigated,

6.3 Large diameter extruded pipe specimens shall be o
normal to the pipe axis with paralle] sides. The width of t
specimen shall be nominally 44.4 mm (1.75 in.) to 50.8 m

- {2.00 in.}. Two areas, ‘one of which includes the minimu

pipe wall thickness and the other 180 deg opposite, shall t
wet sanded 10 remove cutting marks; care must be exercise
to retain the rectangular ¢ross-section of the prepared area:
64 Number of Test Specitnens—The number of te
specimens is optional; however, a minimum of five spec
mens is needed to obtain a reliable average for a sample.

7. Conditioning ]

7.1 Conditioning—Condition the test specimens at 23
2’C{(73.4 £ 3.6°F) and 50 + 5 % relative humidity for nc
less than 24 h prior to test in accordance with Procedure A «

Measured T
Areas

F1G.. 5. : Test Fixture-for Large Diameter Extruded Pipe
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Methods D 618 for. those tests where conditioning is re-
quired. In cases of disagreement, the tolerances shall be £1°C
(£1.8°F) and 2 % relative humidity.

7.2 Test Conditions—Conduct tests in the standard Iabo- U

ratory atmosphere of 23 & 2°C(73.4 + 3.6°F) dnd 50+ 5%
relative humrdlty, unless otherwise specified' in .the test
methods or in this specification. In cases of dmgmemcnt, the
tolerances shall be £1°C (=1.8'F) and *2 % relative’ hu-
midity.

7.3 Special conditioning procedures may.be used by'

agreement between cooperating iaboratoﬁts.

8. Speed of Testing.

8.1 Speed of testing is vcloaty of separauon -of the two
members of the testing machine when running idle {undér
no load).

8.2 The standard speed of .testing shall be 1.0 * 50% .

mm/min for fiber-reinforced thermeoset specimens, and 12.7
mm/min for extruded or molded specimens.

9. Procedure

9.1 Procedure A (paralicl-ﬁbcr-rcmforoed spommens)

9.1.1 Mark the ring at two randomly selected pomts 180°
apart, In marking the specimen, use a soft wax crayon or
indian ink. Scratching the surface of the specimen’ can cause
weakness and premature fracture and should be avoided.

9.1.2 Measure the width and thickness of the randomly. .
sclected points to the nearest 0,025 mm (0.001in.) using a-

ball-type micrometer. Record the smgle width and thickness
from the point whose product gives the minimum cross-
sectional ‘area,

9.1.3 Mount the test specuncn on the outsxdc pcnphery of
the split disk test fixture (Fig:-3) with the randomly seletted
puints at the split in the fixture. Lubrication of the periphery.
is optional. The test fixture should be dwgned to-align the

test ring posmvciy on the test fixture so that it s centered on’
the line joining the-points of attachment of the’ ﬁxturc tothe -

test machine,

9.1.4 Set the speed control at 2.5 mm/min (0.10 m./mm).

and start the test madhmc. .

9.1.5 Record the ma.xlmum load camed by the specimen
during the test.

9.2 Procedure B (extruded or molded specimens):

9.'2.1 Measure the width and thickness of the reduced
scctions to the nearest 0.02 mm (0.001 in.) using a ball-type
micrometer or a dial indicator instrument such as shown in
Fig. 7. Record the width and thickness of both cross-
sectional areas,

9.2.2 Mount the test specimen on the split disk test fixture
(Fip. 4) with the reduced sections at the split in the fixture.
Align the test specimen on the spht disk specimen holder so
that it is centered on the line joining the pomts of attachment
of the fixture {0 the-test machine, -

9.2.3 Set the speed control at 12.7 mm/min {0.50 i in [mm)
and start the test machine.

9.2.4 Record the vield and ultimate loads carded by lhe
specimen dusing the test.

9.3 Procedure C (extruded large dlameter pipe):

9.3.1 Measure the width and thickness of the prepared
arcas to the nearest 0.02 mm (0.001 in.) using a ball anvil
type micrometer. Record the width and thickness of both

prepared cross-sectional areas.
932 Mouat the test specimen on the outside of the split
disk fixture as shown in Fig. 5, with the prepared and
measnured arcas located at the split in the fixture. Align the
test specimen on the test fixture so that it is centered on the
Yine joining the points of aftachment to the test machine.

9.3.3 Setthe speed control at 12.7 mm/min (0.50 in./min)
and start the machine.

9.3.4 Record the yield point and maximum load carried
by the specimen during the test.

9.3_5 Record the crosshead separation required to rupture
the test specimen.

10. Calculation-

10.1 Calculate the apparent tensile strcnglh (at yield or
fupture, or both) of ‘the specimen using the appropriate
equation and report to three significant figures; an optional
,calmlauon of the apparent tensile strength of reinforcement

" is piven in Note 3'

_ PbIZAm (Procedure A)

or: P,,/(gf.b1 + dyb;) (Procedure B or C) m
where:
o, = _apparent yield or ultimate tensile stress of the

spccxmcn, MPa (or psi),

Py = maximum or breaking load, or both, N (or tbf),
A, = minimum cross-scctional area of the two measure-
_ _ meats, d X b, mm? (or in.?), -
d - = thickness at minimum area, mm (or in.),
d,, d,. = thickness at reduced or test sections, mm (or in.),
b . = width at minimum area, mm (or in.), and

bl, bz N\ width of reduced or test sections, mm (or in.).

Ncrrs 3—0plmna! Ca!adauon—Appamu Tensile Streng!h of Rein-
forcemenl—'fo compare composiies that have differing tesin contents,

_an appamul tenstle strength of reinforcement may be caleulated from

resin contcnt using the following oquauons These assume that the resin
matrix au'ned 1o load, and Tequire that the specific gravities of the
composite material 2nd of the rcmforocmcnt material be known.

op= Pof24;’
A A .;G;x 100—r &
:‘r' m G 100 -
where: )
o = apparent tensile stréngth of reinforcement, MPa (or
psi),
Pp = brcaking load, N {or Ibf),
A,, = minimem composile cross-sectional area of the two
measured, mm? (in.%),
Ay = area of reinforcement only {excluding resin matrix),
" mm? (in2),
r = content of resin and other filler materials, weight %,
G, = specific gravity of reinforcement matenal, and
G. = specific gravity of composite material.

Recommended values for specific gravity of two commonly
used glass reinforcement materials are:
“E™ Glass 2,55
~5" Glass 2485
10.2 Foreach series of tests, calculate the arithmetic mean
of all values obtained to three significant figures and report
as the “average value” for the particular property in question.
10.3 Calculate the standard deviation as follows and
report to two significant figures:
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may 21386  2.1555|  0.0169] 0.7912

SD 0.0862( 0.0888] 0.0026 0.0920

3 ) v r
@17 N U-11 ¥18v89¥UIU HDPE Anglue sy R123 Anaiiaiu 500 ¥3Tus auvgidsinu 60 °C

1AvBITUNIL (1)
Fuawd | fou A | HAEN [%HaaN
| 2.12927  2.1392] 0.0i100] 0.4697
2 2.0271 2.0359] 0.0088] 0.4341
3 218741 2.2014] 0.0140] 0.6400
4 2.0328| 2.0411] 0.0083] 0.4083
5 21748 2.1886] 0.0138] 0.6345
g 21103 21212 00110 05203
SD 0.0765| 00790 0.0027] 0.1117

» 1] T '
A19N U-12 1AYeIFUNIU HDPE ingluasyianu R123 #3anwiiaiu 500 43 Tus gumgiivheu 80°C

WIAUDIFUNY (ATY)

¥ ]
Fuaun| fau N HOAN |%MRAN

l 2.1478]  2.1609; 0.0131) 0.6099
2 217071 21810 0.0103] 0.4745
3 220141 2.2129] 0.0115] 05224
4 21055 21112 (.0057} 0.2707
5 2.2572(  2.2706) 0.0134] 0.5937

wmae | 21765] 2.1873] 00108 04962

SD 0.0571 0.0594 0.0031 0.1364
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td v ' 3
A151 ¥-13 WIAVBIFUIY HDPE Anglumssiety R 123 inaiiatu 1000 42 Tus guugiie 40 °c

YIAVDIFUGTIU (ATN)

Fuadt| deu na9 | WA [%emanng
| 2,0361y 2.0516] 0.0155] 0.7613
2 2.1974] 22168 0.0194] 0.8829
3 220131 2.2216{ 0.0203] 09222
4 2.02201 2.0367! 0.0147] 0.7270

5 2.04731  2.0632| 0.0159] 0.7766

e 2.1008] 2.1180] 0.0172] 08168

SD 0.0904( 0.0929] 0.0025] 00840

» ¥ 1 1
A1974 =14 WIRVBIFUIY HDPE Bt huensvhan R 123 Anawhiau 1000 93 7ue gumpfiviie 60 °C

WIAUBIFUIIY (A51)
Fuand | row WA | MaaN | %Hanis

! 2.2121) 2.2318] 0.0197| 0.8906

2 1.9735]  2.0017| 0.0282 1.4289

3 2.1617{ 2.1831| 0.0214| 0.9900

4 2.0287 2.0498| 0.0211| 1.0401

5 2.0352) 2.0558] 0.0206] 1.0122
PER 2.0822|  2.0977] 0.0155| 0.7444
SD 0.1001{ 0.0979] 0.0034| 02072

o . . 1
®19N 915 ¥IAVBIFUNY HDPE g lumisihiane R123 innavien 1000 91719 quugiivieu so °c

UIAVDITULIU (AT )

¥ 4
Fuaui| Aou nad HORA [YRRNT

1 2.005 [ 2.0368] 0.0317t 1.5810
2 2.0698( 2.0885] 0.0187} 0.9035
3 2.0942) 21358 0.0416] 1.9864
4 2.1347) 21756 0.0409] 19160

5 2.0492)  2.0728| 00236 1.1517

m?itl 2.0706( 2.0843] 0.0137] 0.6626

SD 0.0485] 0.0544| 0.0102| 0.4725
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¢ ] . '
A9 U-16 ¥IAVIFUYU HDPE AusTuaisiiiu R123 inaivitaty 3000 %2 Tus quugivieu 40°

12AYBIF U (A1)
Fuawd| rou A | WAl [%Rase

| 2.1151 2.3125 0.1974] 9.3329

2 2.1981 240371 0.2056] 9.3535

3 2.1741 237751 0.2034] 9.3556

4 22073} 2.4132] 02059 93281

5 2.10461 230101 0.1964] 9.3319
lﬂ?;ﬂ 21598 2.3616] 0.2017] 9.3405
SD 0.0474] 0.0519{ 0.00451 0.0131

¥ 3 1 ]
AT Y-17 WIAYBIFUOIW HDPE s luensdineiu R123 fan ey 3000 9 Tue quuqiiviau 6o

WIRYOIFUIIY (ATH)

¥ [
FHHNUN nau Wad HAM1Y |YHDRN

1 2.0918) 2.2752| 0.1834 8.7676

203764 2.2148] 0.1772} 8.6965

21914  2.3655] 0.1741] 7.9447

2
3 2.06981  2.2489] 0.1791 8.6530
4
5

21968 2.4798] 0.2830( 12.8824

mie | 2.1175| 23168 0.1994] 94150

SD 0.0726( 0.106%9| 0.0469] 1.9810

b d ] ] ]
AI9N U-18 WIAUBAFUIY HDPE Muglumsinay R 123 fnamine 3000 2 Tus guugiidiou 8o C

UIRVDIFUIIU (PTN)

¥ 1
Fuaui nau Wi HAaANN |%HAANN

! 19931} 248501 0.1919] 9.6282

2.0096] 2.2038| 0.1942{ 9.6636

2.0383] 2.2359] 0.1976] 9.6944

2
3
4 2,1294]  23339F 0.2045 9.6036
5 21610 23731 0.2121] 9.8149

e 2.0663] 2.2663] 0.2001| 9.6821

sSD 0.0747| 0.0828] 0.0082] 0.0824




AT 119 ANAHUELARINUaITMAGReURNE luatsvinudu R113

78

= -

N

40°C 1981 500 $214

S o
HUN

Fapee|  AvINMWIASABA (mm) ANNTsARAaA (mm) szezEn | max. load | Tensile Strength
Buft | Fwt | dmz | whe | it | dw2 | wde | om2) | em) N " N/mm2
1 356 | 358 | 357 | 666 | 663 | 665 | 4745 | 14.54 | 47088 9.92
2 3.61 359 | 360 | 686 | 669 | 668 | 48.08 NA NA NA
3 3.33 3.34 3.34 6.62 B.64 6.63 4422 13.47 446,36 10.09
4 357 | 358 | 358 | 666 | 6.51 6.64 | 47.44 | 1350 | 470.88 9.93
5 357 | 354 | 356 | 674 | 665 | 670 | 4760 | 1454 | 470.88 9.89
wie | 353 | 353 | 353 | 667 | 664 | 665 | 4695 | 14.01 464.75 .96
s | 011 0.11 0.11 004 | 003 | 0.03 1.55 0.61 12.26 0.09
M1 220 AarudunnantedimAssTLT i AW R113 Aignuugfl 60°C a0 500 Falis
phatin|  AuMIABARA (Mm) AMINEARABH (mm) fdl | szexdia | max load | Tensile Strength
Sl | dwt | dwz | wAe | dwi | w2 | whe (mm2) | (mm) N N/mm2
1 3.38 3,35 3.37 6.59 6.60 6.60 44,38 12,53 448.81 10,11
2 331 3.30 KRY] 6.54 6,59 6.57 43.39 NA NA NA
3 335 | 333 | 334 | 654 | 662 | 658 | 4395 | 11.80 | 443.90 10,10
4 328 | 328 | 328 | 674 | 670 | 672 | 4408 | 12.41 451,26 10.24
5 370 373 3.72 8.70 6.60 6.65 49.41 11.58 492,95 9.98
LﬂgE] 3.40 3.40 3.40 8.62 6.62 6.62 45.04 12.08 459.23 10.11
sD 0.17 0.19 0.18 0.09 0.04 0.06 2.47 0.46 22.68 0.1

713N 1-21 Ae LA nresiunaseuist luatsiniiu R113 Agnauni

=

u

80°C 1281 500 Tl

& o
Wun

sinasing AHNRIAAABA (Mm) ANNNINEATABA (Mmm) seeiziln | max. load | Tensile Strength
ff | Fut | w2 | wle | dwd | G2 | wde {mm2) | (mm) N N/mm2
1 3.72 3.79 376 8.53 6.61 6.57 49.34 11.40 492.95 9.99
2 3.68 3.71 3.70 6.51 8.47 6.49 47.96 10.87 507.67 10.59
3 3.68 3.85 3.67 6.46 6.51 6.49 47.53 10.59 483.14 10.16
4 3.74 3.74 3.74 6.45 8.57 6.51. 48.69 12,72 495.41 10.17
5 NA NA NA NA NA NA NA NA NA NA
L‘aglitl 3.7 3.72 3.7 6.49 6.54 6.51 48.38 11.35 494,79 10.23
sSD 0.03 0.06 0.04 0.04 0.08 0.04 0.80 0.99 10,09 0.25




7%

. 3 :-’ =J ] = i = .l/
Arn 122 AponsdaussranaasunaseLfiuglusnsvin iy R113 Nigrunafl 40°C 1981 1000 Fala

Fnaeing ATHMUNABABA (mm) AYNNG19ABABA (mm) %uﬁ sxeizfln |max. load| Tensile Strength
fufl frut | dwz | wae | dwt | dwz | wde | mm2) | (mm) N N/mm2
1 3.58 3.54 3.56 6.72 6.72 6.72 47.85 13.30 | 475.79 9.94
P 3.34 3.33 3.34 6.60 6.65 6.63 44,19 12.01 456.17 10.32
3 3.23 3.22 3.23 6.65 6.63 6.84 42.83 10.43 | 441.45 10.31
4 3.30 3.31 3.31 6.68 8.60 6.64 43.89 14.13 | 436.56 9.95
5 3.28 3.29 3.29 6.64 6.65 6.65 43.66 NA NA NA
Lﬂalﬂ 3.35 3.34 3.34 6.66 6.65 6.65 44,48 12.47 | 45249 10.13
sh 0.14 0.12 0.13 0.04 0.04 0.04 1.85 1.61 17.63 0.21

979 923 Arannuudnssnanuesiunaneuugtuansvinidu R113 Hgnamgi 60°C 1987 1000 Falua

FneEng AHUABADR (Mm) AMINNINABABA (mm) ﬁuﬁ szeiztin |max. load| Tensile Strength
S gt | gz | was | dwma | dwmz | wle | mm2) | mm) N N/mm2
1 3.65 3.63 3.64 6.53 6.59 6.56 47.76 11,87 | 470.88 9.86
2 3.32 3.31 3.32 6.56 6.50 6.53 43,29 11.40 | 434.09 10.03
3 3.64 3.65 3.65 6.60 6.63 6.62 48.22 10.08 | 473.33 9.82
4 3.36 3.34 3.35 6.62 6.57 8.60 4419 11.91 446.36 10.10
5 3.40 3.42 3.41 6.62 6.62 6.62 45,15 NA NA NA
m&iﬂ 3.47 3.47 3.47 6.59 6.58 6,58 4572 11.32 45617 9.95
SD 0.16 0.16 0.16 0,04 0.05 0.04 2.18 0.85 19.10 0.14

AN 1-24 ArArnnuiassesnTesiunaseuntuansindiu R113 Aigaaugit 80°C 191 1000 Falus

Aaaeing ATIHUUABASA (mm) AN 9ABABA (mm) ffl | svesdie |max. load! Tensile Strength
T Gt | dwz | owle | dwet | dw2 | wRe | mm2) | (mm) N N/mm2
1 N 3.35 3.33 6.56 6.57 6.57 43.72 10.94 441,45 10.1¢
2 347 | 341 | 344 | 669 | 660 | 865 | 4572 | NA NA NA
3 3.33 3.32 3.33 6.80 6.55 6.58 43.72 10.68 | 441.45 10.10
4 3.32 3.33 3.33 6.62 5.68 6.65 44,22 11.68 441.45 9,98
5 3.35 3.26 3.3 B.52 6.57 6.55 43,26 10.65 431.84 9.98
L‘ﬁfﬁiﬂ 3,36 3.33 3.35 6.60 6.59 6.60 4413 10.99 439.00 10.04
sD 0.07 | 005 | 005 0.06 | 005 0.05 0.95 0.48 4.91 0.07




20

R3S 225 ArAHkisuAsInTesuasaLiug luansh uihi R113 Aignamgil 40°C e 3000 ol

FNeET AHUUIARABA (MM} AR WNABABA (mm) i svezdla |max. load) Tensile Strength
37 | it | w2 | wle | dms | fm2 ] wie | m2) | m) N N/mm2
1 3.46 3.45 3.46 6.87 6.79 6.83 47.20 11.75 378.7 7.98
2 3.66 3.68 3.67 6.38 6.45 6.42 47.09 11.36 386.7 8.21
3 3.43 3.39 3.41 5.35 528 5.32 36.25 10.42 295.0 8.14
4 3.63 3.63 3.63 522 5.14 518 37.61 12.30 312.9 8.32
5 3.43 3.43 3.43 B8.77 68.71 6.74 46.24 NA NA NA
LﬂgB 3.52 3.562 3.52 6.12 8.07 6.10 42,90 11.46 342.83 8.16
sD 0.11 0.13 0.12 0.78 0.80 0.79 5.45 0.79 45.86 0.14

A9 126 ArArsudausaainuasiunaseufutluan iy R113 figniugll 60°C a1 3000 Falug

feed|  AuwABARA (Mm) Armndemenan (mm) ff | szedla |max. load| Tensile Strength
guil | dm1 | dwz | wes | s | dwe | wie | mm2) | (mm) N N/mm2
1 3.37 3.39 3.38 6.76 6,68 6.72 45.43 11.25 364.34 8.02
2 3.31 3.35 3.33 6.54 6.48 6.51 43.36 10.98 356.99 B.23
3 3.63 3.65 3.64 6.88 6.91 6.90 50,20 11.75 423.99 8.45
4 3.33 3.28 3.31 6.93 6.90 6.92 45,71 10.22 400.93 8.77
5 _ 3.75 3.61 3.68 6.65 6.75 6.71 49.34 NA NA NA
L’ilaitl 3.48 3.46 3.47 6.75 8.74 8.75 46.80 11.05 386.56 8.37
sD 0.20 0.18 0.18 0.16 0.18 0186 2.87 0.64 31.49 0.32

A9 127 Fansudausmanvesiunasauingluaisvindu R113 Aigaumadl 80°C s 3000 Gl

Aneing AMNWUAEARA {mm) AN NIARARA (mm) "ﬁu‘ﬁ sveirfin [max. load| Tensile Strength
$uf | At | gz | wde | Fmt | dw2 | wee | mm2) | mm) N N/mm2
1 3.44 3.44 3.44 6.67 8.71 6.69 48.03 9.14 394.07 8.56
2 3,39 3.32 3.36 6.7C 6.63 6.67 44,72 11.47 | 363.85 8.14
3 3.63 3.60 3.82 6.62 6.68 6.65 48.08 10.75 | 425.46 8.85
4 3.44 3.43 3.44 6.71 6.61 6.66 45.75 11.66 | 398.48 8.71
5 3.30 3.37 3.34 8.73 3.66 520 34.54 NA NA NA
Lﬂ%‘ﬂ 3.44 3.43 3.44 6.69 6.06 6.37 43.79 10.76 395.47 8.56
SD 0.12 a.11 0.11 0.04 1,34 0.66 533 1.15 25.23 0.31
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A9 228 Arrnuiusnatnestunaaauiugluanmvinidu R123 iguunil 40°C e 500 4ol

Aoaeing ATTHIUNABABR AYTHNIIABADA %uﬁ szex8in [ max, load| Tensile Strength
St | dma | dwz | wAe | dm1 | dwz | wRe | mm2 | (mm) N N/men2
1 3.38 3.35 3.37 6.57 6.54 6.56 44,12 17.59 451.26 10.23
2 3.53 3.53 3,53 6.65 6.64 6.65 46.91 18.61 492.95 10.51
3 3.58 3.57 3,58 65.66 8.60 6.63 47.40 NA NA NA
4 3.25 3.29 3.27 6.69 8.60 6.65 43.46 18.73 453.71 10.44
5 3.22 3.23 3.23 6.62 6.54 65.58 42.44 23.91 439,00 10.34
Lﬂgﬁl 3.3¢ 3.39 3.39 6.64 6.58 6.61 44.86 19.96 459.23 10.38
sD 0.16 0.15 .15 0.05 .04 0.04 2.18 2.76 23.38 012

9 129 AnArsuddusinanuesiunageuut luansvindu R123 igumgl 60°C 11a1 500 Falue

Feeng ANHUUNABADA AnAtAenan 'ﬁuﬂ seavfin { max. load | Tensile Strength
3 | fwt | dwz | wdm | Fwt | dw2 | weRe | mm2 | (mm) N N/mm2
1 3.59 3.62 3.61 6.52 6.58 6.55 47.23 11.90 478.24 0.00
2 3.36 3.37 3.37 6.50 6.52 6.51 43.81 NA NA NA
3 3.48 3.45 3.47 8,59 6.51 6.55 45.39 12.94 470.88 10.37
4 3.40 3.35 3.38 6.55 6.48 6.52 43,98 12.24 443.90 "10.09
5 3.36 3.35 3.38 6.55 6.52 6.54 43.85 13.53 453.71 10.35
LQEIEJ 3.44 3.43 3.43 6.54 6.52 B8.53 44,85 12.65 461.68 7.70
SD 0.10 .11 0.11 0.03 0.04 0.02 1.48 .73 15.69 5.14

99 3-30 ArasudusnanussTuesauuslusnsiidu R123 Agomgil 80°C 1an 500 Falia

Anating ATIHUUABAER ATINGIAEARA ﬁuﬁ' sxeizElm | max, load| Tensile Strength

3 | At | dwz | wan | dmt | dw2 | wds | mm2 | (mm) N N/rnm2

1 NA NA NA NA NA NA NA NA 0.00 NA,

2 3.58 3.56 3.57 6.50 6.45 6.48 46,23 11.27 480.69 10.40

3 3.40 3.40 3.40 6.66 6.47 6.57 44.64 10.02 475.79 10.66

4 3.63 3.68 3.66 6.53 6.68 6.61 48.29 12.00 502.27 10.40

5 364 3.68 3.66 6.47 6.55 6.51 47.65 9.80 480.69 10.09
!.'a?\";l 3.56 3.58 3.57 6.54 6.54 6.54 46.70 10.77 484.86 10.39

sD o.11 0.13 0.12 0.08 0.10 0.06 1.62 1.04 11.84 0.23
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AN 2-31 AveoundaussranrasiunaseLugluasitifiu R123 Aignamgil 40°C 1aen 1000 Falug

Fating|  AVIULIRRAEA (Mmm) AMHNIWARASA (Mm) #aft | szecdln {max. load| Tensile Strength
it | Fwt | dwz | whe | dwt | gz | wde (mm2) | (mm) N N/mm32
1 3.27 3.29 3.28 6,68 6.69 6.69 43.85 14.41 451.26 10.29
2 3.61 3.56 3.59 6.55 6.64 6.60 47.28 16.02 490.50 10.37
3 3.59 3.60 3.60 6.65 6.60 6.63 47.83 10.18 488.05 10.25
4 3.62 3.61 3.62 6.63 6.72 6.68 48.26 10.76 492,95 10.21
5 3.27 3.29 3.28 6.52 6.58 8.55 42.97 NA NA NA
mﬁ'ﬂ 3.47 3.47 3.47 6.61 6.65 6.63 46.00 12.84 480.69 10.28
sD 0.18 0.17 G.17 0.07 0.06 0.06 2.41 2.83 19.72 0.67

A9 1-32 ArArmLiuNAANTesEAsauuglua1 vl R123 Aigauual 60°C 1aan 1000 Falia

FRBEN | ANMVWIABABA (Mm) ATNNISARABA (mm) W | svefin | max. load| Tensile Strength
auil | dwt | dwz | wdg | dw1 | dwe2 | eas (mm2) | (mm) N N/mm2

11 3.42 3.40 34 6.57 6.62 6.60 44.98 11.31 470.88 10.47

21 3.28 3.24 3.26 6.63 | 6.69 6.66 | 43.42 | 1263 | 441.45 10.17

37 3.6t 3.82 3.62 6.59 6.68 6.64 47.97 10.50 510.12 10.63

4] 327 3.24 3.26 6.61 6.63 6.62 | 43.10 NA NA NA

5/ 3.63 3.60 3.62 6.58 | 6.59 8.59 | 47.81 | 12.33 | 500.31 10.51
mﬁ"ﬂ 3.44 3.42 3.43 6.60 6.684 6.62 45.42 11.69 480.69 10.44
SD 0.17 0.19 0.18 0.02 | 0.04 0.03 2.29 0.98 31.02 0.20

AN 1-33 ANATHLTNKINARNTBSTUMARALALT lua iy R123

Tigrumgdfl 80°C 1981 1000 1l

fhadn]  AvNuIARABA (Mm) AN 9REAaA (mm) fd | axesdie [max load| Tensile Strength

$u@ | dmat | Fwz | whe | et | dwz | el (mm2) | ¢(mm) N N/mm2

l1 3.65 3.68 3.67 8.65 6.61 6.63 48.60 10,49 492,95 10.14

2 3.41 .37 3.39 6.70 6.61 6.66 4512 NA NA NA

3 3.57 3.59 3.58 6.65 6.69 6.67 47,76 10.91 480.69 10,07

4 3.27 3.29 3.28 6.70 6.63 6.67 43.72 10.44 436.55 .98

5 3.60 3.83 3.62 6.65 6.63 6.64 48.01 9.86 485.60 10.12
L‘ﬂ‘ﬁ‘ﬂ 3.80 3.51 3.51 6.67 6.63 8.65 46,64 10.43 473.95 10.08
SD 0.16 0.17 0.16 0.03 0.03 0.02 2.1 0.43 25.44 0.07
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AT 234 ArAnaiiaussaanuesBumaseLfugluansindu R123 fianumgl 40°C 1wan 3000 Falua

Fnaei e AHUUABABA (Mmm) ATENY9RBAAR (Mmm) ﬁuﬁ szeizfln [ max. load| Tensile Strength
fuf | dwt | dmz | wAe | dwr | dwez | wRe | (om2) | mm) N N/mm2
1 3.57 3.62 3.60 6.69 6.67 6.68 48.03 0.82 416,14 B.66
2 3.33 3.30 3.32 6.65 6.64 6.65 44.06 10.66 419,08 9.51
3 328 3.22 3.25 6.55 B.65 6.60 42.90 11.26 387.580 9.27
4 3.26 3.26 3.28 6.62 6.75 6.69 43.59 10.08 420.75 9.65
5 3.64 3.61 3.83 6.69 6.65 6.67 48.36 NA NA NA,
tﬂgﬂ 3.42 3.40 3.41 6.64 6.67 B.66 45.38 10.68 413.37 9.27
sD 0.18 0.20 0.19 0.06 0.04 0.03 2.60 0.62 10.75 0.44

M3 1-35 AnmuniusiranuasTunaaalAugluansvinidiu R123 Nignamgil 60°C 1981 3000 Falua

Fagtaf  AIHWWIABABA (MmM) ANNNA9ABABA (Mm) ‘ﬁu“?; szedin | max. load| Tensile Strength
ault | dwt | dwz | wie | dwr | dwe | wle | om2 | m) N N/mm2
1 3.34 3.30 3.32 6.64 6.56 6.60 43.79 8.94 420,75 9.61
2 3.33 3.34 334 6.58 6.61 6.60 43.99 10.32 400.64 2.1
3 3.38 3.32 3.35 6.65 6.52 6.59 44,12 9.08 383.96 8.70
4 3.32 3.34 3.33 6.65 6.59 6.62 44,09 9.21 401.62 9.11
5 3.71 3.7 3.71 6.82 6.85 6.64 48.23 NA NA NA
e 3.42 3.40 341 6.63 8.58 6.51 45.04 9.39 401.74 9.13
sD 0.17 0.17 0.17 0.03 0.05 0.02 2.34 0.83 15.04 0.37

kd H H . 1
7117 3-36 ArAUIdusAsINTEsTuMAReLLT luansviudu R123 figaumanll 80°C 1an 3000 $alus

foeend|  ANMUNASABA (Mmm) AMNNAIAEAER (Mm) fd | szezda | max load| Tensile Strength
Suit | gt | Bz | wln | dwt | Az | R mm2) | (mm) N N/mm32
1 3.47 3.45 3.46 6.64 6.62 6.63 45.88 .71 398.68 8.69
2 3.32 3.32 3.32 6.64 6.62 6.63 44,02 8.85 378.86 8.61
3 3.38 3.38 3.37 6.63 6.65 6.64 44,75 7.89 390.34 8.72
4 3.62 3.64 3.63 6.75 6.59 6.67 48.42 9.40 439.88 9.08
5 3.56 3.58 3.58 6.80 8.64 6.62 47.33 NA NA NA
Lﬂ‘ﬂiﬂ 3.47 3.47 347 6.65 6.62 €6.64 48.08 8.96 401.84 8.78
sb 0.12 0.14 0.13 0.06 0.02 0.02 1.81 0.80 0.21

26.57
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; 3 o pagm ' =l o
A9 B-37 mmmu‘nqus‘mmnﬂmmuﬂmaaunmmﬂnwﬂm@ﬁu‘l'ﬂwﬂuw'l"ﬁmmmﬁu R113

=

197 40 °C 1a1vinend 500 92Tue heat flux An

Vigniun
Anagng AMNUUIABABR {Mmm) AN IIRaAAE (Mm) ﬁuﬁ' max. load| Tensile Strength
fadt ot | ez | wie | dwt | dmz ] wle | mmd) N MN/m
1 341 3.42 3.42 6.25 5.18 572 39.03 348.26 8.92
2 .52 3.60 3.56 7.93 8.48 8.21 58.44 524.84 B.98
3 3.29 3.33 3.31 7.41 6.36 6.89 45,56 407.12 B.94
4 3.55 3.60 3.58 7.53 7.95 7.74 55.35 510.12 9,22
5 335 3.38 3.37 7.51 6.89 7.20 48.45 456,17 9.42
wht | 342 | 347 | 345 | 733 | 697 | 7.15 | 4937 | as9.30 9.09
sD 0.1 0.13 0.12 0.63 1.31 0.95 7.75 73,21 0.22

M99 U-38 ﬂ"1F}’)’mLLﬁ\"LL‘i\‘lﬂﬂ’lﬂﬁJ’D'&%uﬂﬂﬂﬂUﬁ 4

ar

anvione s W lgWaui Idanmindu R113

fignumniivinatu 60 °C a1 500 Falue heat flux #i

Faang ANIHMUABABR (mm) AN IAEABE (Mm) fxwu“?'i max. load| Tensile Strength
Sl | dr | dwz | wde | dwt | dwz | wie | om) N MN/m
1 3.53 3.58 3.56 6.23 7.10 6.67 47.41 421.83 8.90
2 3.74 3.67 3.7 4.85 6.11 5.48 40.56 333.54 8.22
3 370 3.61 3.66 7.65 6.39 7.02 51.37 416.93 8.12
4 3.65 3.72 3.69 7.61. 6.85 7.23 53.26 430.50 9.21
5 3.34 34 3.38 6.21 4.98 5.60 37.72 328.84 8.71
L'aﬁlﬂ 3.59 3.60 3.60 6.51 6.29 6.40 46.07 398.29 8.63
sD 0.16 0.12 0.14 1.17 0.83 0.81 6.74 67.91 0.46

#1314 1-39 ﬂ"ﬁﬂ’JWNLlﬁQLLNﬂﬂ’m‘IJﬂQ%u‘a’lﬂﬁﬂUﬁmﬂ
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anvisnafilowewi [daimindu R113

Hignungiivinen 80 °C avinau 500 1T heat flux i

fiapeine | A9INMWIARABA (MmM) AINIWARARA (mm) #ufl | max. load| Tensile Strength

$R | Awmt | dwm2 | wle | dwt | sz | wle | o) N MN/m’

1 3.18 3.20 3.18 3.65 4,95 4.30 27.45 279.59 10.19

2 3.62 3.60 3.61 5.84 6.35 6.10 44.00 446.36 10.14
3 3.68 3.68 3.68 6.67 5.80 6.2¢ 48,26 495.41 10,71

4 3.28 3.28 3.28 874 | 6.70 6.72 | 44.08 | 451.26 10,24

5 3.25 3.33 3.29 6.54 | 6.62 6.58 | 43.30 | 444.39 10.26
\why | 3.40 3.42 3.41 589 | 610 6.00 { 41.02 | 423.40 10.31
sb 0.23 0.1 0.22 1.30 0.72 0.98 7.67 83.08 - 0,23
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AIN T-40 ATANRTINLTIAANTEITUIMAgaLRFRRANviame Slulawaun tianmingiu R113

MNgnuUivinaTu 40 °C 1iamine 1000 Fale heat flux i

FIIRE ANHNUABRABA (Mm) ATUNAARARA {rmm) ﬁuﬁ max. load[ Tensile Strength

S | dw | dwmz | wle | St | Bz | @l | om) N MN/m”
1 3.23 3.23 3.23 6.51 6.27 6,39 41.28 | 387.50 9.39
2 3.49 3.33 3.41 5.70 5.81 5.78 39.24 | 38553 9.82
3 3.52 3.57 3.55 5.93 6.28 6.11 4329 | 42477 9.81

4 3.30 3.28 3.29 6.68 6.75 6.72 44,18 446,36 10.10
5 3.34 3.30 3.32 6.60 6.63 6.62 43.92 431.64 9.83
Lﬂgﬂ 3.38 3.34 3.36 6.28 6.35 6.32 42.38 415.16 9.79
SD 0.12 0.13 0.12 0.44 0.37 C.39 2.09 27.30 0.26

A9 2-41 AN LIRS INUa T unARaLARRS Tnviame s loWewi e mvingdu R113

=l

0N 60 °C 1aeieme 1000 Falua heat flux AN

Vigaun
Fatne | AHUIABARA (Mm) ATINNTNABABA (Mm) A |max load| Tensile Strength
dull | dwet | dwo | wle | Fwa | w2 | wie | e N MN/m-
1 3.59 3.58 3.59 4.96 5.19 5.08 36.39 375.72 10.33
2 3.25 3.14 3.20 €.53 6.44 6.49 41.44 436.55 10.53
3 3.15 323 | 3.9 6.86 | 6.68 6.77 | 43.19 | 461.07 10.68
4 3.36 340 | 3.38 5.57 5.62 560 | 37.82 | 377.6% 9.99
5 3.40 342 | 3.4 5.60 5.56 558 | 38.06 | 387.50 10.18
Vﬂ“ﬁ:ﬂ 3.35 3.35 3.35 5.90 5.80 5.90 39.38 407.70 10.34
SD 0.17 017 | 017 0.77 0.63 0.70 2.82 38.77 0.27

w

AT 1-42 AREHLTILRARNIeTunasaLRsmanviawmasiyloveuR lansinfiu R113

- Py o 2 s
VMUY 80 oC AN 1000 9T heat flux fin

FoE | AnaMUIABASA (mm) mﬁunf'i_"mﬂaﬂam (mm) faft | max. load Tensile Strength

B | dwor | Az | wle | dwr | dwz | el (mm’) N MN/m°

1 3.53 3.57 3.55 - 5.32 2.02 5.17 36.70 382.59 10.42

2 3.30 3.25 3.28 872 5.08 5.40 35,39 375.72 10.62

3 3.25 3.28 3.27 6.09 6.89 6.49 42.39 441,45 10,41

4 a3 3.35 3.33 5.56 5.52 b.b4 36.90 305,34 10.72

5 3.47 3.41 3.44 6.69 6.60 6.65 { 4572 | 510.12 11.16
Lﬂﬁ;ﬂ 3.37 3.37 3.37 5,88 5.82 5.85 39.42 42,92 10.67
sh 0.12 0.13 0.12 0.53 0.87 0.67 4.43 5.71 0.30
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AT 143 ArANLELsIARINTaYTUnadeLdiRa Tnviawe sl ltweun iaimindu R113

i
= o0

Agouunvingmu 40 °C 1awing 3000 Falig heat fiux 6

FRLN | AYNVWIABABR (mm) AUNANsABARA (Mm) #F | max. load| Tensile Strength
duid | gt | dmz | wle | Hwmr | dwz | wie | mmd) N MN/m
1 3.41 3.51 3.46 .89 5.08 5.94 41,07 34227 B.33
2 3.73 3.74 374 6.35 6.28 6.32 47,17 440.86 9.35
3 3.36 3.36 3.36 5.94 5.79 5.87 39.41 376.61 9.56
4 3.65 3.63 3.64 6.53 6.77 6.65 48.41 NA NA
5 3.55 3.49 3.52 5.86 5.64 575 40.49 357.97 8.84
l’dgﬁl 3.54 3.55 3.54 6.1% 6.09 8,10 43.31 38.68 9.02
sD 0.16 0.14 0.15 0.31 0.45 0.37 4,16 4.41 0.55

AN 1-44  ANAINNLINLTARINTENTUNAGaUNFARa 1nYieme T ioWaun Mdatevingiu R113

Agrumnilvinenu 60 °C ainauw 3000 $ale heat flux #in

faaeing|  AHUUIRBAEA (Mm) AeniAeAan {mm) #ufl | max. load| Tensile Strength
Sufl | dmt | dwz | wly | dw | fw2 | wie | (mm) N MN/m’
1 3.63 3.58 3.61 6.61 6.67 6.64 47.87 447.83 9.35
2 3.0 3.36 3.19 5.26 5.07 517 32.87 NA " NA
3 3.58 3.61 3.60 6.28 8.25 6.27 45.04 427 .91 9.50
4 3.29 3.19 3.24 5.368 5.57 5.47 35.40 345.80 9,77
5 3.58 3.81 3.59 4,78 4,98 4.88 34.99 357.28 10.21
L'a%tiﬂ 3.41 3.47 3.44 5.66 5.71 5.68 38.24 394.71 9,71
SD 0.26 .19 0.21 0.76 0.74 0.74 8.74 50.72 0.38

It = ﬂ" A et 1 i o
N 145 AnnwiunasInunsiumagaunsnanviema i laweun 1damnde R113

Agrumnfivinatu 80 °C 1aviiens 3000 Fate heat flux 6

]

Fastne]  ANMMIASARA (Mm) aranivesees (mm) F4A | mex. load] Tensile Strength
A | dwr | Awz | wle | Awt | dwz | wie | @m) N MN/m’
1 13 3.23 3.27 7.06 7.18 7.12 46.56 474.51 10.19
2 3.30 3.05 3,18 6.68 6.58 6.63 42,11 432.33 10.27
3 3.60 3.47 3.54 6.70 6.84 6.77 47.85 | 475.79 9.94
4 NA NA NA NA NA NA NA NA, NA
S NA NA NA NA NA NA NA NA NA
Vaﬁlﬂ 3.40 3.25 3.33 6.81 6.87 6.64 45,51 460.87 10.13
sD 0.17 0.21 0,19 0.21 0.30 0.25 KN 24.73 0.17
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AN 9-46  ANAHLILTARINIEEUNARaUTIERanvieme T laweun ansviniu R113

Agnmnilineu 40 °C awinau 500 $9Te heat flux g4

FInBEig AVIHWUNABAEA (Mmm) ANNIWABAER (Mmm) load | Tensile Strength
S | gt | w2 | wAe | dwt | w2 | wle | eomd) N MN/m”
1 3.58 3.56 3.57 4,62 4.00 4.31 30.78 259,97 8.45
2 3.46 3.58 3.52 5.96 6.04 6.00 42.24 372.78 8.82
3 371 3.65 3.68 3.90 5.30 4.60 33.81 269.78 7.98
4 3.62 3.81 3.62 6.63 672 6.68 48.26 446,94 9.26
5 3.27 3.29 3.28 6.52 6.98 68.75 44,28 320.93 8.83
I.ﬂ'?i‘EI 3.63 3.54 3.53 5.63 5.81 567 39.88 348.08 8.67
SD 0.17 0.14 0.15 1.21 1.20 1.15 7.33 80.80 0.48

AN 1-47  AAHLINLTIRRINTaT LI ERLTNFRA TYisme T laWat idansiadiu R113

Frgnmnininau 60 °C niawinau 500 $al heat flux g9

e
=
=

fretine | AnumnABAaA (mm) ANNAARREA (Mmm) max. load| Tensile Strength
fufl | gt | sz | wle | dw | dwz | wle | mm) N MN/m’
1 3.50 3.46 3.48 4,93 3.85 4.39 30.58 258.00 8.44
2 3.66 3.67 3.67 6.18 6.91 6.55 47.98 412.02 8.59
3 3.41 3.27 3.34 5.65 5.68 5.67 37.87 299,21 7.90
4 3.27 3.29 3.28 6.70 5,63 6.17 40,43 346.29 8.56
5 :3.60 3.63 3.62 5.94 5.98 5.96 43.09 377.69 8.76
mﬁ'a 3.49 " 3.46 3.48 5.88 5.61 5.75 38.99 338.64 8.45
sD 0.15. 0.19 017 0.66 111 0.82 6.46 61,29 0.33

AN 1-48  A1ANLINLNARINAAITUNARILNG

o

A

Pgaumniivinau 80 °C 1awnam 500 9l heat flux g

' 4 b7 a o
annviamef i loweun e mvinifiu R113

plaaeing AHUUIALABA (Mmm) AMUNA9ABASA (mm) ﬁuﬁ max, load] Tensile Strength
it | w1 | dwz | whe | dwr | Fwz | e {mm’) N MN/m’
1 3.60 3.565 3.58 312 3.30 321 22,95 213.86 9.32
2 3.62 3.60 3.61 5.81 4.35 5.08 36.69 348,26 9.49
3 3.62 3.70 3.66 5.43 5.64 5.54 40,52 367.88 9.08
4 3.4 3.37 3.39 8,70 6.63 5.67 4519 431.64 9.55
5 3.57 3.59 3.58 6.70 6.61 6.66 47.85 456.17 9.57
' l.’d"a‘ﬂ 3.56 3.56 3.56 5.55 531 5.43 38.60 363.56 9.40
SD 0.09 0.12 0.10 1.47 1.48 1.42 9,72 84,70 0.21
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A5 1-49  AANLTaisAANTasTunasaLNFRanviama il lawenn Idan i R113

]
=l =

Figrusniiinan 40 °C 11aviname 1000 Fali - heat flux g

Aneeing AYIHMUIARADRA (Mm) AN RABABA (Mm) ‘ﬁuﬁ' max. load] Tensile Strength
i | dwt | Fmz | wle | Awr | dw2 | wle | mm) N MN/m’
1 3.58 3.53 3.58 8.05 6.75 6.40 45.49 431.64 9.49
2 3.55 3.51 3.53 537 5.74 5.56 39.21 362.87 2.26
3 3.24 3.21 3.23 5.91 5.89 5.95 38.38 350.54 9.37
4 3.28 3.30 3.29 6.74 6.70 68.72 44.22 42477 9.61
5 3.64 367 3.66 6.70 6.65 6.68 48.79 485.60 9.95
t'ﬁ?&iﬂ 3.48 3.44 3.45 6.15 6.37 6.26 43.22 412.90 9,53
SD C.18 ‘ 0.19 0.18 0.58 0.47 0.50 4.38 52.72 0.27

o

AN B-50  A1ANNLTMLIIAR INTBITIAGaUsinanviawa flu loweui e minfiu R113

AQRMYINNIL 60 “C 1aavineu 1000 G2t heat flux g9

P ATNUIABABA (Mmm) ANNNIAEAER (Mmm) #i | max. load| Tensile Strength
duil | dmr | dm2 | wle | dwt ] dwm2 | @iy | mm) N MN/m’
1 3.56 3.55 3.58 6,92 7.03 6.98 49,59 493,44 .95
2 3.47 3.51 3.49 5.01 4.98 5.00 34.86 326.67 9,37
3 | 3.37 3.39 6.20 6.37 6.29 42.61 424,77 9.97
4 3.68 3.65 3.67 6,46 6.51 6.49 47.53 458,03 9.64
5 3.74 376 3,75 6.45 B8.57 6.51 48.83 478.53 9.80
Lﬁgﬂ 3.57 3.57 3,57 6.21 6,29 6.25 44 69 436.29 8.75
sD 0.14 0.15 0.14 0.72 0.77 .75 6.13 66.47 0.25

ar

AT 1-51 AR udaseanIasTunasaufisaanvieme A lswewin Wanmingu R113

fignangiineTu 80 °C aminemy 1000 Fal heat flux g

fnegns | AruvuiReAsm (mm) AN InaRaR (mm) faf | max. load] Tensile Strength
i | Kt | Fuz | wde | dwr | w2 | wle | o) N MN/m’
1 3.48 3.49 3.49 5.93 6.13 6.03 42.03 421.83 10.04
2 3.45 3.36 3.41 5.02 4.85 4.94 33.62 343.35 10.21
3 3.60 3.60 3.60 5.22 6.31 577 41.51 421.83 10,16
4 3.68 3.65 3.67 6.46 6.51 6.49 47.53 459,11 9.66
5 3.74 3.74 3.74 6.45 6,57 6.51 48.69 480.69 9.87
t’ilg‘&l 3.59 3.57 3.58 5.82 6.07 5.95 42,68 425,36 9.99
sD 0.12 0.15 0.13 0.67 071 | 085 5.99 52.32 0.23
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Hnumniinnaiu 40 “C a1 3000 olHe heat flux g

89

o

&

aanviane i lswWeuiliarsvatiu R113

Faagia|  ATNUWABAEAR (mm) AMNINIABADA (mm) #ufl | max. load| Tensile Strength
dui | g | gz | wie | e | Az | wle | mm) N MN/m’
1 3.51 3.48 3.50 7.29 7.16 ?;23 50.50 433.31 8.58
2 3.45 3.47 3.46 5,39 5,25 5.32 36.81 292,73 7.95
3 3.23 3.38 3.31 6.10 6.08 6.09 40.25 NA NA
4 3.68 3.56 362 | 672 6.75 6.74 48.76 42203 8.66
5 3.46 3.42 3.44 5.95 5.82 5.89 40.49 326.87 8.07
Lﬂgﬂ 3.47 3.46 3.46 _6.29 6.21 6,25 43,36 368.73 8.31
sD 0.16 0.07 .11 0.73 0.76 0.74 5.94 69.62 0.35

AN 1-53  AtArnidauNAsInIastunasausmRnviame iy lawenn e R113

Pnunaiiinau 60 "C e 3000 Falia heat flux g9

FINBEN ATHUUIABARA (Mm) ANUNIIABABR (Mm) 'ﬁuffi max. load| Tensile Strength
Fuit | At | dwmz | el | dwt | dm2 | wie | (mm) N MN/m
i 3.53 3.47 3.50 6.25 8.10 6.18 43.23 379.55 8.78
2 3.27 3.42 3.35 6.68 6.66 B8.67 44,82 NA NA
3 3.66 3.64 3.65 6.05 6.05 6.05 4417 410.25 9.29
4 3.75 3.64 3.70 5.25 5.31 528 39.02 344.72 8.84
5 3.43 3.48 3.48 6.31 6.09 6.20 42.84 392.30 9.186
L‘agﬁ 3.53 3.53 3.53 6.11 6.04 6.08 42.77 381.71 9.02
st 0.19 0.10 0.14 0.53 0.48 0.50 2.22 27.69 0.25

AI99 1-54  AransiiusAaneastunagauRfnanviama o ldansiudu R113

Nanamniiinnau 80 "C tiawinen 3000 4ol heat flux g9

mastwl  AuvuIABADR (mm) AMHNGARAan (mm) #u# | max load| Tensile Strength

3ult | dmt | dmz | wRe | dwt | dwz | wle | ) N MN/m’
i 3.61 3.60 3.61 5,66 5.71 5.69 40.99 389,85 9.51
2 3.63 3.71 3.67 7.29 7.14 7.22 52.95 NA NA

3 3.65 3.67 3.66 632 | 640 | 636 | 4656 | 47579 10.22
4 3.7 3.38 3.55 5,88 5.72 5.80 41,15 379.06 .21
5 3.61 3.59 3.60 612 | 6.07 6.10 | 43.88 | 416.63 0.49
mﬁ:ﬂ 3.64 3.59 362 1. 625 6.21 623 | 4511 415.33 .61
sh 0.04 0,13 0.05 0.63 0.59 0.61 '4.94 43.29 0.43
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Agnuugiineu 40 °C vavinend 500 Sl heat flux 6

et | ATIARAERA (mm) ATNMANIABABRA (Mmm) ffl | max load| Tensile Strength
$5 | dwr | dwz | wle | dwt | dwz | wde | mm) (N) (MN/m)
1 3.62 3.53 3.53 6.43 5.86 6.15 ’43.32 372.78 8.61
2 3.73 3.62 3.68 7.30 6.05 6.68 49.13 414.96 B.45
3 3.58 3.57 3.58 6.56 6.60 6.58 47.05 407.12 B.65
4 3.25 3.29 3.27 £6.59 6.54 6.57 42.93 365.91 8,52
5 3.22 3.23 3.23 6.62 6.58 6.60 42.57 362.¢7 8.53
Lﬂﬁlﬂ 3.46 3.45 3.45 6.70 6.33 6.51 45.00 3B84.75 8.55
St 0.22 0.18 0.20 0.34 0.35 0.21 2.93 24,42 0.08

AT 156 AN LLNARINIasTuneasURERRnYiema i loneun 1Eamvinitiu R123

il
=t

= o

1160 “C a1 500 G91id heat flux min

Ngnamnivin
mAradt | ATINWIABARR (Mm) AMNNEIARAEs (mm) #ufl | max. load| Tensile Strength
$ui | gt | duz | owie | dwr | du2 e (mm) () (MN/m)
1 3.62 3.57 3.55 6.20 8.23 6.22 44.07 372.78 8.46
2 3.51 3.48 3.50 4,82 4.23 453 | 31.64 | 264.87 8.37
3 3.60 3.70 3.65 4.24 3.31 3.78 | 27.51 | 230.54 8.38
4 3.63 3.65 3.64 6.53 6.68 6.61 48.09 | 434.58 9.04
5 3.34 3.34 3.34 6.47 6.55 6.51 43.49 | 367.88 8.46
Lﬁaﬂ 3,52 3.55 3.53 5.65 5.40 5.53 38.96 334.13 8.54
SD 0.11 0.14 0.13 1,08 1.53 1.29 8.87 84.04 0.28

AW B-57 ANAIH LL%QLL?Qﬂ@Wﬂ‘HﬂQ%UV\mﬂﬂUﬁ

ar

By

figraugiivinen 80 °C 1aa v 500 F9l9 heat flux 6in

' A o &
amviae Slu loweninldanginidu R123

fneee | ANMIIARAA (mm) AN NASABA (M) #ufl | max load| Tensie Strength
Fuid | dwt | dmz | owie | dwt | dwz | wie ] om)) (N) (MN/m’)
1 3.26 3.27 3.27 5.37 529 5.33 34.80 392.40 11.27
2 3.09 3.36 3.23 3.33 3.47 3.40 21.95 220.73 10.06
3 3.74 3.64 3.69 4,22 5.98 5.08 37.48 407.12 10.86
4 3.82 3.57 3.55 5.61 6.56 6.09 43.47 473.82 10.98
5 3.60 3.63 3.62 6.63 5.48 6.06 43.76 4B5.60 11.10
Lﬂgﬂ 3.44 3.49 3.47 5.03 5.35 5.19 36.23 395.83 10.85
sb 0.26 0.17 0.21 1,28 1.16 1.09 884 106.00 0.47
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ANTN 1-58 ANANNLISLNARNUENTUAgaURsinA I NViawma fin liWaui tdanminigiu R123

AgrunnTivnaTu 40 °C 1aminau 1000 2T heat flux #in

3 4
N

faaeing AHMLIARRRA (mm) AMNRAARARA (mm) max. load{ Tensile Strength
i | dwit | Fuz | owle | dwt | go (2R (mm’) {N) (MN/m’)
1 317 3.22 3.20 8.03 5.86 5.95 37.98 38b.53 10.15
2 3.24 3.22 3.23 6.92 6.82 6.87 44.38 454.20 10.23
3 3.23 3.23 3.23 6.02 6.53 6.28 40.54 382.59 9.44
4 3.25 3.33 3.2% 6.54 6.62 6.58 43.30 426.74 9.86
5 3.28 3.28 3.28 6.68 6.60 6.64 43,56 436.55 10.02
Laﬁ‘ﬂ 3.23 3.28 3.25 6.44 6.49 6.46 41.95 41712 9.94
sD 0.04 0.05 0.04 0.40 0.37 0.36 2.65 31,76 0.31

: o & = o : a2 s @
BT 2U-59 Fﬂﬂ')"lllLL‘lI\‘ILL?\‘lﬂﬂ’]ﬂ‘H‘EN‘EuVlﬂﬂﬂUV]ﬁlm@’lT'WI‘EJLVI’E]ir‘TN‘l‘I]WﬂuV]fL‘TJﬂ'ﬁ‘W’]LFJH R123

PNt 60 °C 1awinaTw 1000 Falie heat flux A

PP
bARRYY

fatiha|  AMMNABASA (M) AMNAIABARE (mm) max. load | Tensile Strength
il | dw1 | Ao | wie | dwr | w2zl wids | om) (N) (MN/m’)
1 3.40 3.37 3.38 6.71 8.64 65.68 45.19 461.07 10.20
2 3.59 3.61 3.60 5.65 5.41 5.53 39.81 385.53 9.68
3 3.55 3.59 3.57 6.11 6.51 6.31 45.06 446.38 g9
4 3.68 3.71 3,70 6.51 8.47 6.49 47.96 485.60 10.12
5 3.68 3.65 367 6.46 6.51 6.49 47.53 470.88 .M
L’ﬂgﬂ 3.58 3.59 3.58 ‘ 6.29 6.31 6.30 45.11 445.89 9.96
SD 012 | 013 | 012 | 042 | 0.51 0.45 3.24 38.71 0.21

AN 360 ATAIHUINUNAR NUDITUNARELVIFR

S| -0 o o s
Agoamgiiineu 80 °C a1 1000 Al heat flux oin

ar

annviame T lawauinidansindu R123

A ol
WUN

fraeing|  AsmimeAen (mm) AUNdsAaAas (mm) max. load | Tensile Strength
fun | At | Bwz | wle | Fwt | dw2 | i (mm’) () (MN_/mz)
1 3.61 3.60 3.81 - 6.04 6.13 6.09 43.87 473.82 10.80
2 3.85 3.63 3.64 4.35 4,78 457 33.23 385.53 11.60
3 3.25 3.27 3.26 8.40 6.77 6.59 42,94 | 493.44 11.49
4 NA NA NA NA NA NA NA NA NA
5 NA NA NA NA NA NA NA NA NA
Lﬂ?ﬁ“ﬂ 3.50 3.50 3.580 5.60 5.89 5.75 40,01 450.93 11.30
sD 0.22 0.20 0.21 1.09 1.02 1.05 5.89 57.48 0.43
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AT T-61 AAMNLTINLNARINTEITUAgELRRPRINVinme Tl leWewnldansinigiu R123

]
=

Hgnaunvinau 40 °C wavinems 3000 499 heat flux 5in

satnd|  AouvuARARA (mm) AUNgaARASR (mm) Wi [max toad| Tensile Strength
uil | g | dwz | wle | gt | dwo ] i (mm’) N) (MN/m)
1 3.6 3.71 3.66 5,39 5.32 5.36 39.14 345.70 B.83
2 3.2¢% 3.32 CRCY 5.81 6.09 5.95 39.33 362.97 9.23
3 3.70 372 37 £.83 6.9 6.87 50.94 478.24 9.39
4 3.36 3.37 3.37 6.73 6.76 6.75 45.3% 438.21 9.65
5 3.56 3.62 3.59 6.36 6.33 6.35 45.56 NA NA
Lﬂgﬂ 3.50 3.55 3.53 6.22 6.28 6.25 44,07 406.28 0.28
sD 0.17 .19 .18 0.61 0.63 0.62 4,95 54.18 0.30

M99 1-62  AANRTLNAaNIesTuegauRsrR nviamafiu loweaun Manmingiu R123

Pgnumniivinau 60 °C e 3000 Falue heat flux 5in

Aoaeing AMHUNUABABA (Mmim) ATINNSNIReABR (mm) 'ﬁuﬁ max. load| Tensile Strength
R | gt | dwz | wde | dw | Ew2 | el (mm’) (N) (MN/m )
1 3.63 3.57 3.60 B.73 6.86 6.80 48.92 475.79 9.73
2 3.26 3.28 3.28 5.53 5.74 5.64 36.91 354.34 9.60
3 3.3 3.31 .31 5.68 6.64 5.66 374 326.38 B.72
4 3.58 3.61 3.60 5.86 5.73 5.80 41.72 NA NA
5 3.43 3.56 3.50 5.97 5.90 -5.94 41.48 404.56 9.75
lﬂ‘ﬂJH 3.44 3.47 3.48 5.95 5.97 5,96 ' 41.29 3980.27 9.45
Sh 0.17 0.15 0.16 0.47 0.50 0.48 4.81 56.77 0.49

Pgounniivinau 80 °C vawinau 3000 dalue heat flux i

o

A1919 2-63  A1AHLTNUMNARINT BT UNARBLITIG

. . . o
anviawmafinlonauildanmingiu R123

fnate}  ATNMUNABABA (mm) AMsnTAeAan (mm) #afi | max. load| Tensile Strength
i | gt | dmz | wde | g | Bz | wde (mm) N) (MN/m’)
1 3.40 3.37 3.39 6.31 6,34 6.33 42.82 461.07 10.77
2 3.17 3.22 3.20 5.53 5.46 5.50 35.11 385.53 10.98
3 3.22 3.22 3.22 5.62 5.48 5.85 35.74 402.21 11.25
4 33 3.23 3.27 6.96 6.64 6.80 44,45 474,51 10.67
5 3.64 3.67 3.66 6.70 6.65 6,68 48.79 NA NA
e | 3.35 3.34 3.35 6.22 6.11 6.17 41.39 | 430.83 10.92
sD 0.19 0.19 0.19 0.64 0.60 0.62 5.87 37.73 0.26
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A19N 1-64  ArAaiiduARNUasTUnageLRRRanvisna T mWaun iansingiu R123

Pgnamniivina 40 °C wawhnens 500 490N heat flux g9

pagete  ANMUABRASA (Mm) AIHNANARABA (mMm) A [ max. load | Tensile Strength

Bl | A | dmz | wde | dwt | dwz | wde (mm”) (N) (MN/m”)
| 1 3.52 3.54 3.53 514 6.56 5.85 41,32 348.26 8.43
2 3.29 3.27 3.28 6.55 6.36 6.46 4235 | 367.88 8.69
3 3.58 3.61 3.59 5.65 B.72 | 6.19 44,37 367.88 8.29
4 3.60 3.59 3.60 6.63 5.05 5.84 42.00 362.97 8.64
5 3.61 3.65 3.63 6.52 5,06 6.24 45.29 382.59 8.45
wie | 352 3.53 3.52 6.10 6.13 6.11 43.06 | 365.91 8.50
SD 0.13 0.15 0.14 0.67 0.67 0.27 1.69 12.31 0.16

AN U-65 ANANLINLNARNIRST At URFRaInviame ST laweun atmvindu R123

Fignannfivinam 60 °C awina 500 49T heat fiux g
foaenel  AINMLIAAARA (Mmm) AINNTNSABABA (MM) fuf | max. load| Tensile Strength
G | gt | dwmz | owie | gwr | dwz | i (mm°) (N) (MN/m’)
1 346 | 335 | 3.41 4.01 5.41 4.71 32.00 | 255.08 7.97
2 387 | 359 | 358 | 665 | 649 6.57 | 47.04 | 416.93 8.86
3 3.51 355 | 353 | 633 | 837 5.35 | 44.83 | 37278 8.32
4 336 | 334 | 335 | 862 | 6.10 6.36 | 4262 | 382.97 8.52
5 340 | 342 | 3.41 564 | 6.34 5.9¢ | 40.86 | 328.84 8.04
e | 346 | 345 | 348 | 585 | 6.4 5.00 | 41.47 | 347.27 8.34
sD | 008 | oM 0.10 | 1.1 0.43 0.75 5.78 6041 0.36

AN T-66  ANANMNKINUTNARNIEI TN AGELT

]
=

NN

4

L]

@,

ar

1 A a 13
arviawafltawaun a1 sy R123

#1974 80 "C e Wi 500 Fali heat flux g4

faetine  AIENLIARAAA (Mmm) AMUNIWABABA (Mm) faft | max. load| Tensile Strength

3udt | Fw | dwz | wde | At | dwe2 | el | omd N) (MN/m’)

1 3.38 3.42 3.40 6.04 5.99 6.02 40,90 421.83 10.31

2 3.38 3.47 3.43 5.68 6.34 6.01 41.20 | 41087 10.19 -

3 3.22 3.26 3,24 278 4.56 3.68 23,85 240.35 10.08

4 3.60 3.63 3.62 5.70 5.63 5.67 40.96 | 414.96 10.13

5 3.57 3.42 3.50 6.54 5.39 5.97 41,78 438,02 10.48
L‘naﬂ 3.43 3.44 3.44 5.35 5.58 5.47 37.74 387,00 10.24

SD 0.16 0.13 0.14 1.47 0.68 i.01 7.77 82.44 0.16
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1 .G l: 4 Br 1 | < o
M3 U-67 ﬂ’]ﬂ']'u.lLl.‘iNLti‘dﬂﬂ’]ﬂﬂjﬂd'ﬁuﬂﬂﬁﬂuvmﬂﬁ"Iﬂ'ﬂﬂmﬂmi‘ﬁﬂﬂlﬁfl‘l‘ﬁﬂ’ﬁ‘ﬂ'ﬂﬂu R123

MMM 40 “C Lia e 1000 Fali heat flux g9

Foee|  ANVMIARABR (Mm) ATIHNAISRBABEA (Mmm) #u# I max toad| Tensile Strength
i | Fwr | Fwz | wde | dwr | dwm2 | wie (mm°) (N) (MN/m°)
1 3.59 3.81 3.60 6.05 5.95 6.00 43,20 392.40 9.08
2 3.41 3.33 3.37 5.48 5.50 5,49 37.00 362.97 9.81
3 3.40 3.38 3.39 6.19 6.15 6.17 41.83 387.50 9.26
4 3.25 3.29 3.27 6.49 6.60 6.55 42.81 405.15 9.46
5 3.22 3.22 3.22 6.02 6.08 6.05 38.96 402.21 10.32
%’ﬂ?;ﬂ 3,37 3.37 3,37 6.05 6.06 6.05 40.76 380.05 9.59
SD 0.15 015 | 0.5 0.37 0.40 0.38 2.68 18.74 0.49

M9 1-68  A1ATNLINLNARINIBITUARRELTSER Inviama TN lawWe R ldaavingiu R123

figaumgiiniemy 60 °C e Wi 1000 §2T49 heat flux g

T T
= =

pioaeing|  AYRUUIAEADR {Mm) ATNNA9ABARA (mm) #un | max. load| Tensile Strength
it | dwt | dwz | el | dw | dwz | wde (mm’) (N) MN/m)
i 3.23 3.27 3.25 6.60 7.65 7.13 46,33 461.07 9.95
2 3.23 3.27 3.25 7.47 6.86 7.02 45.69 461.07 10.11
3 3.56 3.53 3.55 3.91 4.02 3.7 28.11 264.87 9.42
4 3.41 3.37 3.39 680 | 6.94 8.87 46.58 | 485.60 10.43
5 3.57 3.59 3.58 7.12 6.96 7.04 50.40 | 493.44 a.79
wie | 340 | 341 | 340 | 632 | 649 | 640 | 4340 | 43321 9.94
SD 0.17 0.15 0.16 1.37 1.41 1.37 8.75 85.21 0.37

AN 1-69  ArPRuiusAf N UsITungeLRFRRnviame Siu laweud 1 dansinidiu R123

PynamgTnnems 80 C amau 1000 $al heat flux g4

FanENg ATUVUNABABA (MMm). AanuniuAsAaA (mm) ﬁ'ta‘m'J max. load| Tensile Strength
| gt | gz | whe | dwt | dwz | Wi | e (N) MN/m’
1 3.65 3.63 3.64 6.53 6.59 6.56 47.76 515.03 10.78
2 3.32 a3 3.32 5.43 531 5.37 35.60 377.69 10.61
3 33 3.35 3.33 6.76 6.65 6.71 44.65 500.31 11.20
4 3.32 3.36 3.34 8.57 6.69 6.63 44,29 488,54 11.03
5 NA NA NA NA NA NA NA, NA NA
why | 340 3.41 3.41 6.32 6.31 6.32 43.08 | 470.39 10.91
sD 0.17 0.15 0.16 0.60 0.67 0.63 522 62.75 0.26




AN T-70  APTIHLINUNARINUBITUNARALT

Ngmgiivinau 40 °C 1awinau 3000 92Tua heat flux g9

95

ar

ARATINYIDIVE

Aulonawnitarmingiu R123

X o
Win

Aoaeig AVINVUABADRA (Mm) ATINNISABADA (Mm) max. load| Tensile Strength
Bufl | At | Az | wedle | dw | dwz | wie | oom) (N) (MN/m’)
1 3.58 3.52 3.55 7.50 7.43 7.47 53.00 NA NA
2 3.48 3.45 3.47 5.91 5.67 5.79 40.13 358.75 8.94
3 3.47 3.41 3.44 6.05 6.10 6.08 41.79 355.02 8.49
4 3.61 3.57 3.59 5.66 5.59 5.63 40.39 368.76 8.13
5 33 3.35 3.33 5.84 6.11 5.98 39.74 NA NA
L’ﬂﬁlﬂ 3.49 3.46 3.47 6.19 6.18 6.19 43.1 360.84 8.85
3D | 0.12 0.09 0.10 0.74 0.74 0.74 5.64 7.10 0.33

ANTN 71 ATAMNUI L NARINIBITUN AGELIVG

VgunTiviieu 60 “C 1aminad 3000 Falie heat flux g

o

g

anviamafluloweuii liansvindiu R123

fapeine | AaNuABARA (Mm) AVINTNABABA (Mm) fuft | max. load|Tensile Strength
S | it | dm2 | wle | dw ] Fwz | el | o) (N} (MN/m’)
1 3.35 3.31 3.33 5.79 5.67 573 38.16 338.64 8.87
2 3.38 3.40 3.39 5.67 5.55 5.61 38.03 358.95 9.44
3 3.5 3.72 3.61 6.55 6.86 B.71 48,44 452.14 8.33
4 3.53 3.44 3.49 5568 5.41 5.50 38.31 356.99 89.32
5 33 3.37 3.34 7.47 7.35 7.41 49,50 NA NA
Lﬂgﬂ 34 3.45 3.43 6.21 6.17 6.19 42.49 376.68 9.24
SD 010 | 016 | 012 | o080 | o088 0.83 5,93 51.13 0.25

1 4 [ 1
ANTN B-72  ANANNITUNAR NI TUNAgaLRFRRnvia e lulawWaun ldarminidiu R123

Ngouuniivinaiu 80 "C e maeu 3000 F2lue heat flux g

FinBe ATHBUIARARR (Mm) AHNANSAEREA (mm) ﬁuﬁ max. load | Tensile Strength
Sudl | gt | dwz | wle | dwt | &z | el (mm’) (N) MNim’)
1 3.68 3.53 3.61 7.32 7.30 7.31 52.71 538.96 10.23
2 3.57 3.50 3.54 7.51 7.681 7.56 53.45 NA NA
3 3.4 3.41 3.4 5.25 5,36 5.31 36.13 365.32 0.1
4 3.14 3.26 3.20 5.96 5.94 5.95 38.08 405,84 10.66
5 3.32 3.15 3.24 5.66 5.82 5.74 37.12 NA, NA
\afe 3.42 3.37 3.40 5.34 6.41 6.37 43.50 436.71 10.33
sD .21 (.16 0.18 1.02 0.89 1.00 8.78 290.84 0.28
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