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ABSTRACT

The objective of this research was to study on mechanical action of springback
and to recover of springback by means of materials. Standing model which the
materials have forced to press bending to exceed Yield strength and then the materials
have to stretch and residual stress to take place a partially springback on S50C and
SPCC which mostly used in metal shaping industry. The investigation of these used
materials V-bending machine with the help of a rocking-type -tester. The testing
process commenced from testing the mechanical properties of sample materials:( a
tensile strength test, a Rackwell, Vicker hardness test) and material mixture analyzing.
The dimension of specimens was 70x50 mm, with different angles. The pneumatic
system was used as a power transmitter for bending duration and speed controller in
order to obtain the steady bendings throughout the test. After that the springback
angles of the materials were measured. It was found that both types of specimens had
their own springback properties. After the bending process it was found that the higher
stress occurred the more increasingly in springback property occurred but the angles

increases, the springback property became less. To obtain the angle required, the
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specimens bending angles had to exceed bent. But such bending angle exceeded its

tensile strength limit, the specimens were broken.
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5.45 uﬁmadm‘ﬁ"lﬁmﬂﬂﬁﬁur,uuﬁmawm’jﬁﬂ S50C WA 2 mm. 1 90 03 ... 71
5.46 UAAIRILALY Element A¥mM33ARIAMmATOANRAIAAN oo 71
5.47 uarasd AR sANa1aANTIAATY Element 484509 SPCC Y414 1 mm. 10 0981 ... 72
5.48 WaALAIANIATUANAEANTIARTY Element ¥89¥ag SPCC 4341A 1 mm. 7 20 837N .. 73
549 uARIMIATUIASIANIAANTIAATY Element ¥94709 SPCC ¥11A 1 mm. 71 30 pen ... 74
5.50 UAAIAIAIINATUANATAANATATY Element ¥095trq SPCC ¥u1a 1 mm. i 40 84717 ... 75
551 ugAsmAIBLATuANATAARTIRATY Element ¥09Taq SPCC w1a 1 mm. i 50 891 ... 76
5.52 ugAsAIAIIIASUANENARNTAATY Element v093a9 SPCC 411A 1 mn. 7 60 8371 ... 77
5.53 LERRINIIIASUANAEANTIAAIY Element 19959 SPCC U1A 1 mm. 7 70 047 ... 78
5.54 WaRIRIRIIMASIANATEANTIARTY Element 48339 SPCC ¥11A 1 mm. 80 BeR11 .. 79
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5.55 LERIAIMIUIRTEANAIAANTIAR 1Y Element 48930 SPCC YU1A 1 mm. 11 90 DR ..

5.56 UARIAIANUATUANAIANTIAA 1Y Element 18339 S50C YUIA 1 mm. 11 10 09A1 ..
5.57 uERIMANMATBANAIaARTIAR 1Y Element 489309 S50C Y11 1 mm. 11 20 B#1 ..
5.58 uarAIAIAUAToANAI1EANTINA 1Y Blement Y8979 S50C ¥11A 1 mm, 71 30 837N .

5.59 uaAsAINI RS oAnaEANTIAATY Element 42930 S50C U1H1A 1 mm. 71 40 03N .

)
a o

5.60 LAAIAIAITNIASBAND IEANTIAATY Element 189709 S50C 4119 1 mm. 1150 Dee ..

[
o ooy

5.61 udaRAIAIAINIATIANAIERNIINATY Element U93787 S50C UU1A 1 mm. il 60 par ..
5.62 ugmIAIATEAWAAANTLIA Y Element v09T19 SS0C YUIA 1 mm. 1 70 0480 .
5.63 uAAsIAIASYANAEARAIRATY Element ¥99709 S50C 1141 1 mm. 7 80 B4e01 .
5.64 ugAIIAUIASUANTIAANTIAR Y Element 49970 SS0C ¥u@ 1 mm. 7 90 9arn .

5.65 LeEAIMIAINIASBAWAIAANTIAA Y Element ¥933ag SPCC U11A 2 mm. 71 10 9371 .

.

[}
o o

5.66 UAAIAINIMIATIANAIRRNTILAA 11 Element 499709 SPCC UMM 2 mm. 1120 94N ..

5.67 uaaImMAMIATIanaaAnitialy Element v933ag SPCC 4119 2 mm. 71 30 84fN .

1
a o

5.68 LAAIAINIUIRSvANAITANTIAA 1Y Element va9 e SPCC YUIA 2 mm. i 40 DA .,

5.60 uaAITIALIATEAWREANTIAR 11 Bloment YosTag SPCC 4117 2 mm. §i 50 B4#0 .
570 LAAIAIATIUASEANAIAANTINATY Element ¥847a9 SPCC 4470 2 mm. i 60 vapn .
5.71 uanmInMASeANaaanTiIAA 1Y Element 493309 SPCC Y1419 2 mm. 7l 70 varm .
5.72 uaeamAESuAnaaAnAiAa 1 Element 189359 SPCC Y119 2 mm. i 80 part .
573 udaamAASvANaIRniAa 1L Element ¥89379 SPCC Y11A 2 mm. i 90 0am .
5.74 WaAsRIASEANATAANTIAA Y Element 484789 SS0C Y119 2 mm, it 1089 .

575 wansmnnuRssanmainiifialy Element 499389 S50C 4110 2 mm. 71 20 B9AN .

[
=

5.76 waAsnIRASvAna1a@nfia i Element ¥99 309 S50C Y1410 2 mm. 1 30 Baet ..

a o

5.77 naeNAIN VAT IANAIAANTINATY Blement 489308 SS0C UU1A 2 mm. 71 40 B3I .,

'
a o

5.78 uaesANAIoaNaaAnTiiAnly Element voeTaq SS0C UH1IA 2 mm. 7l 50 B4A1 ..

H
i o

579 UAAIAIRIUIRSBANTARTIAATY Element 499709 S50C 4410 2 mm. #1 60 B3 ..
5.80 uaasmnrmuaSsanaa@niiialy Element 83309 S50C 41710 2 mm. 1 70 Bag .
5.81 LAANAIANMATIANIFANTIAA 1Y Element 49939 S50C U11A 2 mm. #1 80 93fN ..

5.82 LAAIAMIANMATIANMIANNIAA 1Y Element ¥897%9 S50C ¥11A 2 mm. §1 90 DaeN .

' ¢/d o
5.83 LAAIANLBTIHUA Error Y99 SPCC UUIA L MM .ovvereiiieiieeiceniiieeeenerieneseeneeens

5.84 WAAIANLOTITUR Error U89 S50C WHIA 1 MIT covrerreeeererivetissteseeseisesasseeess
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5.85
5.86
5.87
5,88
5.89
5.90
5.91
592
5.93
5.94
5.95
5.96
5.97
5.98
5.99

5.100 LAAYNANISNAFOLATFASIBIAINITAANGLVDLTTE S50C YUIR 2 mm. A 50 BIF..

5.101
5.102
5.103
5.104
5.105
5.106
5.107
5.108
5.109
5.110
5.111
5.112
5.113

5.114

HEAASA UL DTIFUS Error U89 SPCC UUIN 2 MMMl veeevrereveereesissesenseeeeseeeeneeeeen.

HARIAU O ITUS Error DI SSOC UUIA 2 MM vveeerrerreeresereessneeeseeseeeeeeeeeenee.

LARIHANSNANDUMSYAIBLBILNNITAANGLYDITAS S50C YUIA 1 mm. il 10 oa1....
WETASHAN 1S NATBUNITTALTYBIFINISAANILVDI TR S50C U1 1 mm. 7 20 pemn....
HEAAIHANITNANOUN S FAYYBIAINIIAANGUVDITHE S50C Y119 1 mm. fl 30 Be....
LARINANTTNATOLMIFAUBUDIMINTAANT VD TR SS0C YHIA 1 mm. i 40 0af....
LERSHANTS AT DU FABLBIFINITAANTLVOI TR S50C ¥11A 1 mm. 7 50 B4sM..
LERIHANSNATOLATFAIBDINNITAANTLVRI TR SS0C 41A 1 mm. 71 60 B9

LEAINANITNATO UM S BAIFODIRNITAANALUDITER S50C UYUIA | mm. 31 70 BIFN....
114

HAAINANITNATOUN TS FAITIBIANITARNTUYRITTR S50C UHIA 1 mm, 71 80 DR

HAAIHANTINAT VNS FAITYBIANIIAANTLYDITHE SS0C YUIA 1 mm. 1 90 B9R1....
UHAINANITNATOUNTSTAFEBIANNTAANGU UL T SSOC YU 2 mm. i 10 041....
LIRAINAMITNATBUNISTAYEDIANITAANTLVBITAR S50C YU1A 2 mm. i 20 Da1....
HEPINDNITNATOUNT FALEBIANNISAANGUVBSING SS0C Y1UIA 2 mm, 7l 30 Daf...

HHAIHANITNATOUMIFADIMIAANAUVBI TS SSOC YUIA 2 mm. 71 40 BIF....

HEAIHANTINATOUNTFALBIAINTAANA LYY IES SS0C YUIA 2 mm. A 60 BIM.,

LEAINANITNATDLNSBAITIDIMNSAANAUUDITA S50C YUIA 2 mm. 1 70 DI

HAAIHAMINATRUNITBAYIIAINIAANALVDIIAG S50C YWIA 2 mm, i 80 Baer..
LAAIHNAN1INATDUN IS TAITYDIFINTAANGU VDI TAR SPCC 919 | mm. 1 10 Besh.
UAAIHANITNATBUNIIYABYBIFINITAANTLYRIIHR SPCC YUIA 1 mm, i 20 var.
HAAIHANTINATOUN IS FALFLBIAINITARNGUVOITAA SPCC Y11A 1 mm. i 30 namn,
HERIHANITNATBUM S PAFUDIAINTAANGL VD TAR SPCC 111 1 mm., 40 Barn,
LHAIHAMINATOUMIT BRYDIAINIAANGUYDIITg SPCC Y119 1 mm. i 50 Ban.
HEAPIHDNITNATDUNTTTAIBLOIAMIAANGUYDITER SPCC Y119 1 mm. il 60 Bam.
LEAINANITNATOLNISTATLBIAINITAANGU VIR SPCC ¥YUIA 1 mm, 7l 70 veen.
LAAINTNTTNATOUNTFAITLBIANITARNTUYDITNG SPCC 1UTA 1 mm. i 80 Barn.
UHAIHANIINATBL NI FAFIDIFMIAANTLVDIIAA SPCC U11A 1 mm., i 90 af.
LERAIHANTIINATOUNITFAFLBIFMMIAANAUYDITAY SPCC YU1A 2 mm. i 10 vam.

HEAIHDNITNARBUN I TAEDIAINSAANGLVBYITE SPCC 4119 2 mm. 91 20 DR,
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319 Wi
5.115 HAPIHANISNATOUNISTAITYBIMMSAANGUYEL T SPCC 4141A 2 mum. i 30 D97, 124
5.116 KARIHANITNARELNIFATHBIAINSAANGUBS T SPCC ¥11A 2 mm. i 40 B9FI. 125
5.117 HORIHANINATOL AT FAITIBIFMNISAANTLYDTg SPCC YU 2 mm. 7l 50 899,125
5.118 UEAIHANISNATOLMIFABYBIAMIAANGUYBITAE SPCC UUIA 2 mum. i 60 0471126
5.119 UAAIWANITNATOLNTTAIBYBIFNNSAANGUVDITE SPCC YUIA 2 mm. i 70 09r1.126
5.120 IERINANITNAABUNMITAITLRIENMSAANGUYB TG SPCC UHIA 2 mm. i 80 BIA1.127

5.121 LARMHANIINATDUATTALTLBSAINISARNGLYDITAR SPCC Y11A 2 mm. 1 90 897,127

5.122 UHAIAINTBAYEDIFINSAANTUYOITAR SPCC YA TUAT 2 MM, oo 128

5.123 LAAIAINITFALYBOINNITAANALUOITEA SS0C YUIA 1 1aE 2 mm, ..o, 128
=1 =y o 1

Y-4 13 19UF0RUATAUNANMUNIATTIHUTSNARTE G e 166
=1 =1 3 [~ as )

U-5 @159 TEUNTVAIATIVUTIATHITR T ooeiieeieiees e e reseeeenraareseesaeoienareeanen 167
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3.4.1 FuIAINNNAU - ANNATYA

3/ 9 o = 9 ) [~ .
yenndu A Ay — anuasoa  wlFUonmanuLUEE ¥ 39AIIN (Vield

¥
Strength) ANAAuggauazanAulzduudy Solduenminie g 1d8ndsil fie

3.4.1.1 ANMHHE (Ductility)
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ﬂ'Wﬂ‘If'Jﬂﬂ']'lilJLW'l!EJ’Jiw‘UfJﬂLﬂuﬂ.]ﬂﬁl‘ifuﬂ']iﬂﬂﬂ'l (Percentage Elongat:on) ae
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Lo
e L, = ATYTIVBUNINAIVINMIAIDUYIA
L, = ANUYTIVBUNDTUAY
. g i o AO_A
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e A = HUNHUIANDUAY

2

o/

URNTIRANAI NIV IR

=
il
=h

Tuma)fiidinlds %E winnhmnzazainlunsia amuniioavesiages

o =

ar & ' oA 4]
Wudrvenaaanselumstugy wuedisi Saaiianumiiedd ( %El ge) Hauise
o ¥ 1 ~ 3 ] ] P 5 . o
ldugl wu @iugd Aufluace aaq 18w uddilinaumiloadt (g, Britle) N

Hd
wiillnglon wievldld dudu

3.4.1.2 Modulus of Elasticity
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=y 4 ar ) & [ =y = a ] ] F
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a

v ¥
£ a 1

AU oRsTAUAIRIN  MIndRtiEENI1 Modulus of Elasticity (E) ©3® Young’s Modulus

W5 Stiffness SMUwIY ksi (1 ksi = 1000 psi) ¥58 kgf/mm’ n30 GPa (Funaiuilumisy

REITUNUIBUDINITNAY )

E=9 . (3.6)
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Rigidity (G) Fav1 Idainauns fadl



20

G = r - Fh_ 3.7
¥ Aa
M3ah 3.2 wansAIned £ uas G YR IAQUHAAIY 9
Materials Modulus of elasticity { 10° psi) | Share Modulus ( 10° psi)

Aluminum alloy 10.5 4.0
Copper 16.0 6.0
Steel ( Plain carbon and tow alloys ) 29.9 11.0
Stainless Steel ( 18.8) 28.0 9.5
Titanium 17.0 6.5
Tungsten 58.0 22.8

fi E iaz G vesinquanzyiinteiduniond uazdindivenanuawisonsgy
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3.5.1.1. NISNATBUANUUTILVVUTIHE {Brinell Hardness Test)

35ms3 fe Mgnueamdniimumsyuuiedisd vadurigudnats 10 uw. na

= g o ) o 51 ) o
asuuRSsuvesTagiitzda Tavldusena 3000 an. dmfuaquis wag 500 an. @My

L

= =

L4
Fagsou Tavldivat 30 Jurdihuinasgu vnduimdurigudnaisvessosyfi (Indentation)

3
1 o = 3 o @ A
AnuLians UG (Brinell Hardness Number) 93 19gasfmiuasiine

(3.8)

Bhn = F
(7D12Y(D -~ D* —d?)




21

o Bhn = Brinell Hardness Number viuaeidlunss / mizuiui
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Y = A1 Yield Stress AMH255UIU 2INTUATT
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o, ~o,=—F4=Y'=1.15Y, (3.13)
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4.1 MSNATDURUTNUANINAVBI T

WeRgnilimswdsdnuazvesnuantian 4 vesdng S50C uay SPCC Apufiash
D Any 4 | - i | da &
el i aynsnie Tusunsy ileniaAn1iAans Springback M3eAANUAUAAATY

Tunamnanag vesmsiuiag iy ldainTsunsy

4.1.1 MINAFOUHITIRNG (Tension Test)
MANTELAUNIRATRU A NMIANIaZA MRS BaYedTag IdTimInadouau
eﬁ ] = =] = ]
WIATIN ASTM E 8M-91 FailunisnaaouinduduunsauiaI snva anansiaunuig

¥ r
TasFunaaauilauns Sub size specimen 6 mm. AIUAIT A 4.1

- Xsi ETR
A15197 4.1 HEAIULIAVBIFUNUN LF INAITRATOU

Dimensions , mm.

Subsize
Standard Speciment Specimen
Nominal Width
Plate Type Sheet Type
40 mm 12.5 mm 6 mm
G - Gage length (Notes | and 2) 200.0+0.2 50.0£0.] 25001
W - Width (Notes 3 and 4) 40.0+2.0 12.5+0.2 6.0+0.1
thickness of
T - Thickness (Note 5} material
R - Radius of fillet, min (Note 6} 25 2.5 6
L - Overall length, min (Note 2 and 7) 450 200 100
A - Length of reduced section, min - 225 57 32
B - Length of grip section, min (Note 8} 75 50 30
C - Width of grip section, approximate (Notes 4 and 9) 50 20 10
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4.1.2 MINATOUMIANNUYIVDITE (Hardness Test)
Srdueumageyhiansnadeuuuyiaings (Vicker Hardness Test) #a 2 ailn Ao
ssoC uaz spee Iavldnamsagunsefiseda Synuflufmboninia Syusznhanth
donimIny 136 o Idusena 150 Alandy nagldnnine 15 Jnfiudreme lasiims
nAeL 5 90 lanuAnzaerlssuz AL IEIN 2 MITUTURINAS theil ldveaudazan

o : ] ™ o a o,
swiundnaunas @nmanageudiedu ldsuanueyanzinnnruinemans)

4.1.3 MINTIVARVINNIUsynouvedlag (Composite Test)
msasasunguauidnuaiivesiag S50C waz SPCC BMIANNLUANA1INI

] ¥
guautidvesiag 2 ¥iia  isduduanuuanisvesdagns 2 Milanuunndeiumg

ars oo Py = .Q’ o A df @
auauid  IaeTmsmadoulngldielalasioumar  Naasuiipldqieaaioiiodag
wdihmsasiudn  wavesnisnareuszuaasesny M venoniunel  Iagims
¥

ATIVABUNIMUA 3 30 lAousnzAszegranulsza 2 MmiuAas  lasasnaden

9 141ASe9 BAIRD Spectrovac 1000 Model OV4 SERIAL 2054 (BAIRD 125 MIDDLESEX

TURNPIKE BEDFORD,MA. 01730 FSCM 05234)
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4.2 IBMSHATOURIAINISING Springback

4.2.1 mamseniunulumInaaey

14 ¥ b4
msionsununageuildlunsnagevii  sudenTagfilidnnuuanaiemasii

o o 8 1m0 ' s ] ] =
ﬂ'J']lJLL‘iN"UFJ@'Jﬁ@ Tﬂﬂﬂ?ilgﬂﬂﬂﬁﬂﬁwﬂ'l Carbon UANANNNUIWTIEAT Carbon 2T1NLUDNNY

a

o o A o A a ar gt g o o o e < : =
amudeddag lieiimaifeniagldudanirioq limeda  uudunamey el

3 " 14 [ b4
10 50x70 mm.  IaeAEmawTensuanidlumsnadeuiudesgdl Jaaiinmiuian

a

ar

AMUAMYINTOMUINT s Inevia ldazshinssamuanuenvesian insenminaaey

¥
yINIRUL9Tessa  duimsRusmuuuas ez I ruatu lunisnareuinisuaniinla

Ny

422 IEImsALTaglumsnagey

¥
a a

WU fffv;mwummmaauTﬂaaaﬂ‘nmmimmu nnfuimsUuns and 3

bar #79MY | mm. 148z 6 bar ATAYYT 2 mm. UAMIMIUSY Limit Switch Tuflasen

9
]

) v V¥
MSRUAIS q Adesns HIN15na Switch amIdszuuiiou niuibhFunaaevusonidd
o &:I d'! 1] w . . . d. z - a .:;
Mnmsnagounosndussly lasmsUsy Limit Switch 1oy vioimsnagoud
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DIFUAYINUEIDAATS
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4.2.3 ﬂ§31]31&ﬂ1‘§1’i16&ﬂ1ﬂ1iﬁﬂﬂﬁﬂ

) e A o ” g W o Y @ A ¥ @ &
Waldauaunagauivimswuasouds it iaviesma tldanmsiy  em
samesen laninnsnagoy TunsnageuazlHinivanaaoy Profile Projector Model PJ 311
v FY .
wismagevrzlduaatudite  lumsiasshdunageriauniswmsegey g
@ o’: ct‘i tg‘ Yy = v gt d’l ¥ ¥ e é‘! 8t P
J¥usanses NesunagouldFafatuiduasnaey e ldudnhmafoutunagouuIon

Y ) w Y ooqyny A N ' &
ATUNUIVBD TG LLﬁ'](‘Nhl'ﬂ 1@E'ﬂllau‘luﬂ’]3ﬂﬂﬁa‘]J‘U’]Qﬂu&m'Jﬂ'lUﬂ'!‘ﬂ']ﬂlﬂ?ﬂQV]ﬂﬁﬂU

51l 4.4 n@AuATBA Profile Projector Modcl PJ 311
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4.2.4 nszuaumsmesmmsaandulaedtinludsaniun

4.2.4,1 FEM Model

91nms14 FEM Model 19avlumssiwin  doslinmsadauuusiansnsiy

2 A o 0 2 2 o o a
Fuun woiimsud Tvllyny Tnemsfiadadneuniniieaue

141 4.5 nanegtuuuves FEM Model Huy 3 U@

4.2.4.2 YUADUNITT319 Module Part

BlankHolder 2D Analytical Rigid
Die 2D Analytical Rigid
Punch 2D Analytical Rigid
Create...l Copy... I Rename..LI Delété “Lock I Urlock I Dismiss |

§ ] td L4
U7 4.6 uaasFoFudausin q vesdudmlumsnaney
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> » 1
Tud91YD3 Module Part 1 1dviin1sad9aduaauag o @1y Model 1l ladmuald

L]

. ¥
Taovimsadiiazdudiu awemsadentmiunuy 2 43

BLANK HOLDER

| BLANK

DiE PUNCH

] v
519 4.7 ueaegUFudILa1 9) 84 Part

4.2.4.3 TundUMTTI19 Module Property

] ¥ ¥
Tueamuea Module Property Aoufiazyinluduiitu doevinisasivdeusivod
Taafivziinisnansenen Taoiinmisesasaenmaussiefifaaansomld Taoainldee

mﬂuﬂ'mmm A1 Stress , Strain

Material ) SPCC
E : 21000 N/mm’
o, : 220 N/mm’
L : 0.291
Material : S50C
E : 18200 N/mm’
'} : 800  N/mm’

y
v : 0.292
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NNMINAaeIiiinfeian 92 1dnsmii1ves Stress uaz Strain thing WA lAw

wnsmnuedovuduni Taounazgaiutdewn1fuiaeiinsmia Stress 1z Strain
] Ed

yunsTMiIvInsuds mniuiinisldaia 9 aslu Property vasTusunsy Tagnislaaiesi

1 ' o @ 1 [ .
ﬂ'l‘i!.L‘lJ\‘iLLUﬂElElﬂ‘E]El'Nm‘Llllﬁ‘b'ﬂ’ﬂ %xﬁ”lumu‘um Elastic L181% Plastic

2
Stress { N/mm )
3507
-4 /'-_—--P_ .
300 — - ——]
T / 308 N/mm \
250} // y
7 230 N/mip’ \
2001 \
1504
100
501
T R R BSOS A o s s
0 5 10 15 20 5 kil 3 40 45 30

0.014 % 0.15% Strain (% )

& Sl 1 \ 3
gll‘ﬂ 4.8 LAA9ITNITHIAT Stress-Strain VUL ATIHNITNAADI



0.014% UagAvUeN 6 v 14A1 Strain 0.15%

Wl Edit Materia) |
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Fredenngliduminidt strain vinnsdsEr A 1 92 1AM Strain

Name: SPCC

~— Material Options

Plastic

}
; :n

General Mechanical  Thermal Qther EDeletsl

 Elastic

Type: IIsotropIc YI

[T Use temperature-dependent data

Mumber of field variables: I ] _,?
Maduli time scale (for viscoelasticity): [Long-term VI

¥ Suboptions I

— Data
Young's - Poisson's |
Modulus Ratio
(1] 21000 .291
!
1
OK ' Cancd‘
A

LA R

Name: SPCC

r Material Options
I | Elastic

{ Gereral Mechanical Thermal Other | Deletel
i
r Plastic -
Hardening: IIsotropic vI v Sihoptians |
™ Use strain-rate-dependent data
‘ [ Use temperature-dependent data
Number of field varlables: 03
~ Data
Yield " Plastic A
Stress Strain
_L 220 1]
2 252 0.031
<
i 277 0.059
_i 287 0.089
5 300 0.159
-
X i 308 0.15
l 3i4 0.161
i 317 0.213
£l 319 0.244
10 318 0.276
11 35 0,307
g a09 0,336
g a0 0.369
Ld 04
411y 273 0.429 :
16} 23 0.451 {
17] 196 0,463 _
|Fi8 149 0,466 Al
OK. I Cancel
B

510 4.9 uansrwosiagwila spcc fldvinnisnageu

A A9 A1Y04 Elastic

B Ao #1U04 Plastic
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W Edit Material

“Naei” SPCC.

Name: SPCC . C . . O . N
~ Material Options S  Materlal Options. 7~ TE o
Plastic
General  Mechanical -Thermal Qther o ;\(—>|=Di=l_etel “.General  Mechanical - Thetmal . Other- - . . - ':lvbdﬁl‘
7~ Elastic r Plastic -
i Type: |Isotropic ] ¥ Suboptions Hardening: Ilsotropic Vl 'WWW]
; I~ Use temperature-dependent data ™ Use strain-rate-dependent data
; Number of field variables:[ 03] [T Use temperature-dependent data
Moduli time scale (for viscoelasticity): |Lung-term v Number of field varjables; U;, :
i~ Data i — Data
L e | o | et [ Pl 3
N 18200 0.292 : 1] 400 0
i | N\ | 2] ge2 0.047
; N El 836 0.055
o - | 4 843 0.063
3 2 5] 849 0.071
: ! | 6] 853 0.679
i i | 7] 855 0.088
i | j" 8] 854 0.095
' ‘ . — : Ha| e 0.104 A+
oK Caneel I | 10 847 0.112
e T iy —— m b X
A 12 831 ¢.129
_}E 820 0.136
ﬁ 805 0.144
E 789 0.15t
18] 770 0.158 A
17] 79 0.164 -
18 726 0.17 h|

_ o | _carcd |

B

51l 4.10 uansiwesidgwila S50C N 1ANINNIIMATOY

AT

A 9 A1 Elastic

B fip A1WBY Plastic

4.2.4.4 MmuUAM Section VBITHMINIMINADLA

]
1 a e

mnsdmuasanurvesiag  uazdeveadmghiimananosasludies

Section — 1



Section-1

B Edit Section

Name: Section-i -

Type: Soli&; l-i_bm:;rgenéc_-qs_«_ R
Matenélﬁ.ﬁbc - ;l
Plane strassfstrain thickness: I t

oK I Cancell

Create...l ‘ Edit... | CopYin Rename.., Delete... Dismiss

5UT 4.1 ueaef w89 Section ¥BITEY

s
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b
Mnstmuasiaunmnwevesianaslugiu Profile Manager ludautl

4.2.45 f¥UAM Profile Manager vo33agfimimsnanns
f

@
avihnsvareunwy 20 liduiudesldaiiasly msre lddidedany X lunsmeasy

B Prafile Manager

I Edit Profile
Name: Profile-1
Shape: Rectangular

R———
OK ] . ’ Ca;lcel ]

Create...l I E&it... | Cn;::\;e.'.J P;evl:'sarﬁu...l D-ele.tu...r‘l - Dismiss |

] v ]
JUT 412 uaasiavinavesiuanildlumsmaroy
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b4 ¥ ¥
nndwiinsaugededauduaunageumeldlumsain sep mIim

7o 11

Y L d
319 4.13 uaRIPAANBIUTUNUNAT DL

4.2.4.6 VUNBUMITTI1S Module Assembly

W ] 1
Humnhunuiimsaa A ludouees Par vvimsseney awgtuuyi

Ténmseonuuer’ts

Jeb S50C1: ABAQUS-Standard coapleted succcssfully
Job S%0C1 coapleted successfully.

The model database has been saved ta “d;“ABAQUS NEW\Nev Test S50CL.cae” L)
Tho model databass "d:“ABAQUS HEV\Mov Test SE0C2.can” has been ~open=d. b

=
[z

37 4.14 uaas Part f1e q Minnysznouididiedu
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Qo

+ ¥ ] Vv
Mg Set sorrtusmluudazdn Wweldlumsadredidudavosduau lay

]
o G Qs @

3
InmsAmuasununilrdudaiu

LANK HOLDER SURF

/—-BLANK TOP SURF

C - J

\—BLANK BOTTOM SURF

UNCH SURF

IE SURF

’ ] td
717 4.15 uanafoveamIduAaLARZA TN YDITLATY

4.2.4.7 TUABUMSTI19 Module Step
= 4 @ a o a d" 9 dae Y o
2IPMIINTIEHNTTIONese  wsethndinae laglandn v luagtudug

L1

5
ausainnsiudanisiia [8anue 5 sep Tavimsinnedidunuy Static ladel

Step 1
- Fixed Blank , Punch
“pAouR  Blank Holder = 0.001
Die = 0.0001 Ingl¥ Load 7 100

Step 2 Load Holder
Step 3 Release , Blank
Step 4 Y14y Punch Up

Step 5 ¥ Punch Down
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4.2.4.8 TUADUNITA313 Module Interaction

-Interactian'Mar'n_ager

Name IInTlaI JaneHolderD:e'l.uadHalder |ReleaseBlank Punch Up;;'.fl"l"uﬁéhﬁi'a\wﬁ..l i
DieBotttomBlank | Propagated Propagated  Propagated  Propagated  Propagated Hove L6 I
HoldetBlankTop Created Propagated Propagated  Propagated  Propagated  Propagated Vet R:ght
PunchButtomBlank Created Propagated =~ ————
Activate

Peactivate |

Sheq procedure:
Interaction type:  Surface-to-surface contact (Standard) _ ‘_ :
Interaction status; Created in this step . N7 770 TN -

Create...l Copy I Rename, Delete...-] - o |

3N 416 udAEIRUAAUBINIIINULARE Step

w Edit Interaction

Name:- DleBotttomBlank

Type: Surl‘ace-to-surface contact (Standard)

Step:  Initial

Ao

Master surface: Die Surf E Il
o 2 5witch|'
Slave surface:  Blank Bottom Surf  Edit Region... I. _

sliding formulation: ' Finke shdlng f‘ Srnall sladmg

i~ Slave Node ad]ustment

(" Donot ad}ust slave nndes

R Ad]ust on[y overdosed nodes

e Ad)ust nodes w:thln '

("Adjustslavenndesmsel:' I e r»“'_ :I

Mote: Slave node positions will be- ad]usted tu be preclsely in cnntact
with the master surface at the beginning-of the analysis, ... -

Interaction property: [Nofric

OK I Cancel“il

gﬂﬁ 4.17 WAAINITNIMUA Master Surface U0 Slave Surface
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4 ]
Module # iflumssmuaguaniifvosdiaduia (Contact Property) wngal#i

o g w

d 1 = GJ or 3
4.14 WIHUNHITUATUDI Part NATUATAUNVNHIA 3 34

R.

Q Qr o Qr

Blank Holder 32 fTUNONL Blank
Die 3¢ dufaiy Blank
Punch 3¢ FuA@AY Blank
nngif 4.16 Wumsdmune frdudiaues Pan miaz%u%zifuag:ﬁ'u Step N3

14
ﬁNWUWH‘l@]%L‘ﬂH “Master Surface” #130 “Slave Surface”

4.2.4.9 TURBUNIIAII Module Load

ar

b ]
910 Module THUMIAIMUA Load AIWAISHIOIUAIY Step 614 9 TaofiTagasgn

wé’ Q@ o

nATLAIOUT 1000 N, uazTanazgniiuduamiaiinisnyuues Punch Taeiilduss 10,000 N.

I Boundary Condition Manager -

Name | Initial - 'Muveﬁulderbie LoadHolder': 'Réle'"aseﬂféﬁk'l'l?ilnch Up -~ ‘Pur‘u:hDown| - Edtai- -

Dieup Created Propagated  Propagated Propagated  Propagated Move Left
HolderDown Created Modified Propagated Propagated  Propagated )
Move Right
MidLeftBC Created Propagated  Inactive Inactive Inactive e
MidRight Propagated  Inactive Inactive Inattive ._AE\E__
PunchUp Created Propagated  Propagated  Modified Modfied Deattivate _
Step procedure; Static, General

Boundary condition type:  DisplacementRotation
Boundary condition status: Created in this step

Create...l Copy... | Rename...[ De]ete...‘| Dismiss i .

517 4.18 uaasmsdrunisinulugves Boundary Condition

4.2.4.10 YUABUNITAT19 Module Mesh
¥ ' 3 1
911 Module 311514 Module fii A5 M UA Element Tuduamifiimsnaaoy ms

[ ) 2 i
AU Element isuaaannu@uiiinaiuluudas Element mM3AMUA Element Alln1

o

=i dl:: o & = ~ -3
sisoaunelaan ldanisiuuudines sxlianwazidoauntiugae



;‘Innmusm\: Vcrsinn G.4-1 - Modcl Databau-' &N (opy nf Anauus umnmssnn.mo [Viewpgrt 1]

m\ammmm

O

_I X Draqhmmhavhwpﬁ&tou‘efh;bchau;&mthem .

I

Q The model database “d:“Copy of ABAQUS UPDATENSS0CL.cas” has been opened
[l

E
51N 4.19 UeAINTSLUY Element ¥845UNATDY

4.2.4.11 VUADUNITAF19 Module Job

IMUATINITONISMINANITNIATNATDY 115D 11
¥ ] L4

¥ 1
Module fiiflunisada Job i misnuaiey1Ms Running Program 1M1
Yunaud lNnagnABense

1099 Program  §1150UBA AN

i Job Manager

Model-2

FullAanalysis

Completed

Create... Edit...
| | |

Copy--;--"'

Rename,,

- Delete,... |

3517 4.20 u@AINT Create Job
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950C Monitor
Job: S50C Status:-Completed

step | Incremerit]. Att | Discon:| Tt
Iter S

1 1 1 1 4 3 1

2 1 2 0 6 6 1.25 0.25 0.25

2 2 1 0 3 3 1.5 0.5 0.25

2 3 1 0 2 2 1.75 0.75 0.25

2 4 1 1] 1 1 2 1 0.25

3 1l 1 0 3 3 3 1 1

4 1 2 0 2 2 3.0025 0.0025 0,0025

4 2 1 0 5 S 3.005 0.005 0.8025

4 3 3 1 2 3 3.00523 0,00523438 0.0002343

4 4 H 0 2 2 3.00559 0.00558594 0.0003515

4 5 1 0 1 1 3.00611 0.00611328 0.0005273

4 6 2 0 1 1 3.00631 0.00631104 0.0001977

4 7 1 10 1 11 3.00661 0.00660767 0,0002966 ¥
<] ‘ | _>_|—|
tog |Erich ourpdt:]

Submitted: Fri Jun 24 10:17:33 2005
Started: Solver Input File Processor
Completed: Solver Input File Processor
Started: ABAQUS{Standard
Completed: ABAQUS/Standard

Completed: Fri Jun 24 10:20:08 2005

£l | - ' - Dismiss’ | -

51/ 4.21 uaaawaii 1491AN13 Run Program

4.2.4.12 TUABUMSITI1I Module Visualization

Module Shdunsuaasnaf laanmiuuiaes lrvhnavoinmsnanasny

1 ¥

ddn; 1

ponuiluglvesnswl uasluglvesdiifatunnmnnuduinzanunson udasdnifiadu

lamuen luufazyavo Element
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LYADAQUS CAL ¥2ision G.4-1 - Model Database: d:-Copy of ABAQUS UPDATE S50C1.cae [ Viewport: 1] s
] e Model Vewport Wew Remk Pot fnimets Rppot Qptions  Jook eb = & x|

DeH@ ¢¢aORNm EA FTPTPT O LE »| |
Module: [Visualzation  w|  0DB: c:/Temp/SS0C30.0b |

5k
Bt
e Bs
TE

= e
e
A8
b e
== -

ﬂ}juqhmm.m_mm.mmmu—m

E] The model database "d:“\Copy of ABAQUS UPDATENSS0C1.cae” has been opened.

|

3U 422 nassrinnuduiinavmI iy Sians
4.2.4.13 MIMI0IAINIHNA Springback 917 Node
namstmuuhiaet | desihimasnimasmnisaananveside | wSeshasm

1] F4
pamvasiagiiinsiy ldudrifiesenimile Tumsmsvhunudiaesiiaisanildainas

Y
i XY TunAa Node U4 Blank mﬂﬁuﬁmu%’mnmﬂumﬁmmaam

Node2(X, , Y,)

Blank

Node 1 (X,,Y))

31N 4.23 ugaInsA1 X, Y Tuud Node
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AUNITHIATNITOIFINITRY

(7-»)

tan@ = (x2 _x]) 4.1)

4.3 FEMsvaraeInImsaaniuvesiag

4.3.1 IBMsvawesInInsanndylaeninases
MnMsnagostsdumTniiinisnasssmmmsfiantsAsnduveiag
18 Taomsiuoammsiumuiufiazesn  unsyiaesruesaandsnnnisiuliduii
&oams wielndifveniniiga nmhhmsnareudnlszim 10 8 uazhd
senefilduiins Interpolate WA ENTNVRIBIRTRINITHY
432 FBmsyaweesmnisinndvlagnangug
AR s aunsmhmsRui 18 ndnmeiuhlud
mﬂguﬁwﬂ'mqﬁwmﬁ'ﬁﬂmmﬂ"lmswmumﬁﬁﬂﬂﬁ’maﬁﬁﬂ Taons ldmaug lunmsm

] Y] 6 1 All Y 1 el 8 & =
AUIENTITUIAMN ﬂmxmuiuﬁumsmq 9 f'fllﬂ'li‘ﬂi‘li D NN 3.11

433 Tmsvampesmmsaanivlasnmsiuuudiass
MIAMSHLLE1989 A1 Error 12900 M3sauasmnsaandy lavnsviien
4 o o o o 3 a Y ¥ e ' ° hlyl
Error Mufamamsiuuuiasashmssameiu - ez if ldaads iammnsohagdlah
E ] Ed
andis antiumsyeufivieglumsnaaeuil fis mai Interpolate A1 Indifivennmsiy

Taoimaiuuuiiassmsiunazmm lndifssniniige
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5.1 wansnaneuanyazvesTagildlumenamey

5.1.1 wamInageumimstszneuluiioTay

@15199 5.1 uAarIesUsEnNoUveITag S50C

Sample : 8$50C
Alloy : LAS Mode :PA 6-Mar-2002 Time 16:52
Burn 1
Fe 98.3674 C 0.4978 St 0.2304 Mn 0.7500 P 0.0330
S 0.0151 Ni .0095 Cr 0.0230 Mo 0.0041 Cu 0.0061
vV 0.0053 Ti 0.0015 Al 0.0224 W 0.0328 Co <0.0000
Sn 0.0015
Burn 2
Fe 98.3418 C 0.5069 Sl 0.2343 Mn 0.7539 P 0.0343
S 0.0154 Ni 0.0099 Cr 0.0235 Mo 0.0044 Cu 0.0063
VvV 0.0054 Ti 0.0015 Al 0.6242 W 0.0362 Co 0.0002
Sn 0.0019
Bumn 3
Fe 98.3491 C 04933 S1 0.2337 Mn 0.7582 P 0.0350
S 0.0154 Ni 0.0099 Cr 0.0233 Mo 0.0045 Cu 0.0064
vV  0.0054 Ti 0.0015 Al 0.024] W 0.0379 Co 0.0003
Sn 0.0020
Average
Fe 98.3528 C 04993 S1 0.2328 Mn 0.7540 P 0.034]
S 00153 Ni 0.0098 Cr 0.0233 Mo 0.0043 Cu 0.0063
vV 0.0054 Ti 0.0015 Al 0.0236 W 0.0356 Co 0.0001
Sn 0.0018
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A15197 5.2 uaesAasUsznouvesiag SPCC

Sample : SPCC

Alloy :LAS Mode :PA 6-Mar-2002 Time 16:54

Burn ]

Fe 99.5139 C 0.0372 SI 0.0096 Mn 0.2079 P 0.0410
S 0.0180 Ni 0.0165 Cr 0.0467 Mo 0.0052 Cu 0.0081
VvV 0.0037 Ti 0.0015 Al 0.0535 W 0.0349 Co 0.0005
Sn  0.0018

Burn 2

Fe 89.5057 C 0.039 SI 0.0096 Mn 0.2066 P 0.0413
S 0.0182 Ni 0.0162 Cr 0.0478 Mo 0.0051 Cu 0.008t
vV 0.0037 Ti 0.0615 Al 0.0558 W 0.0389 Co <0.0000
Sn 0.0018

Burn 3

Fe 99.4909 C 0.0413 S1 0.0095 Mn 0.2094 P 0.0423
S 00184 Ni 0.0167 Cr 0.0476 Mo 0.00355 Cu 0.0084
VvV 0.0038 Ti 0.0015 Al 0.0599 W 0.0411 Co 0.0009
Sn 0.0021

Average

Fe 99.5035 C  0.0394 SI 0.0096 Mn 0.2080 P 0.0415
S 0.0182 Ni 0.0167 Cr 0.0473 Mo 0.0053 Cu 0.0082
Vo 0.0037 Ti 0.0014 Al 0.0564 W 0.0383 Co 0.0005
Sn 0.0019

- ; : 2 . 4
VINAIST 5.1 uaza1sei 5.2 wunsdseneuitiodag SPCC uaz SS0C 49
1 L D 3 a a 11 I ¥ o
aslszneunaazsiaimaisdsznonindifveiuinn  uatiegninAgaliAwensd 19 UNIN
o s T et 1 y ar =5 o o £
e miuousetnludag ssoc Avesmivouniegluiledag sxiinai I dwaiimnnu

o 24
IXIRERMIIRINE]



55

= < LAy 1Y -1
5.1.2 HAaNTTUATIEHTNUATINTUAIINIUY
a ¥ o a 4
i]"lﬂ'i'lﬂﬁ"luﬂ'ﬁﬂi']'ﬁﬁﬂﬂHﬁﬂ"liﬂﬂﬁ'ﬂﬂﬂ')‘mtwﬂﬂ'lﬂclulﬁ@?ﬁﬂ YINTHINGIINAT
o o = 2 o o o o @ 3 -~ [ 1Y) =
w33 nealldAnduayimnsy Feduduswinnennuulwesiagisaseyialdh Jagyila
ca & o s F=) o o Ao < a 1
NUAMMITULIUNIN %3‘”111’1'Jffﬂ.‘Uﬂ'J'INL!.“UQN'Iﬂﬂ'ﬂ'.]ffﬂ"flllﬂ'l‘llﬂQﬂ'ﬁUﬂuﬂlﬂuﬁﬂuﬂﬁuq}ﬂﬁ
ar o € 1o ] < [ )
Faqrlos anmaasaaeui limmuidag ssoc Tannuuisvesiaguinniriag SPCC

' =1 v ]
ﬂ']ﬂ'.-]']3J1L%Qﬂ]ﬂﬂ?ﬂﬂﬁ]ﬂ?ﬁﬂﬂqﬁﬂ'lﬂﬂﬁNﬂ'}ﬁﬂi'ﬁ]ﬁﬂﬂ'ﬁ 5.3

. o )
@13197 5.3 ueadmfn lAnINNInaTeUANLTIUDI S50C Lag SPCC

wie¥an | audiigans R°°k‘2’§gg§a'e C b vicker (HV) Brinell (HB)
SPCC WE 598 : 99.7 94.7
S50C WB.599 26.8 27786 263.29
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M99 5.4 LEAAIAA 199 INAINATOULSIAIUDITAY SPCC Uaz SPCC

Yield Strength Elastic Modulus Poisson Ratio
Material
[MPa) [GPa} [V]
SPCC 220 21 0.291
S50C 800 18.2 0.292
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5.2 HamsnaaeUMINUTaaUaznITALRIMIAANEY

5.2.1 namInageummsannduvesiagmalfia

2INAI9199 5.5 waeA13199 5.6 Wumsnadeudagyila S50C YUIA 1 mm. LAZHUIA
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A19199 5.5 HAAIBIANNINUR annINadeyTeg S50C ¥u1e | mm,

o o

30° ' 20° ° . 60 70

48°42' 1 60°17' | 72°15

1 2°06’ 7°05" | 12°49' 19°1’ 26°57" | 37°02

2 2%03" | 7°%4" | 12°46" § 19%37" | 27° | 37°03' | 48%44’ [ 60°23 | 72°12'
3 205" | 7°02" | 12°45" | 19%35" | 26%59" | 36°58’ | 48°50" | 60°18" | 72°16
4 2%03" | 7°07" | 12°50" | 19°34" | 26%57" | 36%56 | 48%a1" | 60°15" | 72°12
5 2%a’ | 7°03" | 12°48’ | 19°36" | 26%56’ | 37°03 | 48°46’ | 60°20" | 72°13’
6 293" | 794" | 12°45" [ 19°37" | 26%56" | 37°02" | 48°48" | 60°16" | 72714’
7 2%04" | 799" | 12%7" | 19°32' | 27°01" | 36°59" | 48°42" | 60°14’ | 72°15
8 2°05" | 7%4’ | 12°49" | 19°34" | 26%58’ | 37%4" | 48%47" | 60°22" | 72°13'
9 2%05" | 7905’ | 12°45" [ 19317 | 26%59 | 36°58" | 48°51" | 60°14" | 72%09

!

10 2%02" | 7907 | 128" | 19°33" [ 26°57" | 37%02" | 48°49" | 60°21

auady | 294’ | 7%s" | 12%47 | 19°34" | 26%58' | 37%1" | 48%46" | 60°18" | 72°13

aardn | 7956" | 12955 | 179137 | 20926 | 23%02" | 22°59' | 21°14" | 19°42" | 17°47'

nay




M5197 5.6 LanILIAINISHLTA IdAnInn1snaaeLTag S50C YU 2 mm.

58

1 5937" [ 12°35" | 20°14" | 28%43" | 38%26" | 48%61' | 66°01" | 71°05" -
2 5%40" 112%24" | 20°13" | 20°46" | 38°24" | 48%55" | 66° | 70°58 -
3 5934’ | 12217 | 20°17" | 28%51" | 38930 | 48°57' | 66°10" | 71°15 -
4 5938 | 12°28" | 20°15" | 28%45" | 38°29" | 48°54 | 66°05" | 70°58" -
5 59357 | 12°32" | 2020 | 29°46" | 38°28" | 48%62" | 6602 | 71°%04’ -
6 541" | 12%25" | 20°23' | 28%48" | 38%26" | 48°54" | 66°06" | 71°05 -
7 5935" [ 12%34" | 20°21" | 28%47 | 38%24" | 48%0" | 65°58" | 70°59’ -
8 5938" [12°23" | 20°17" | 29%a4" | 38°30" | 48°s8’ | 66°01" | 71°09" -
9 542" 1 12%24 | 20°11" | 28%52" | 38%25" | 48%56" | 66°03" | 71°07' -
10 5940" | 12°34" | 20°19" | 28%48" | 38°28" | 48°53" | 66°%04’ | 71°%09" | -
aunde | 5°38" | 12%28" | 20°17" | 28%47" | 38%27" | 48°57" | 60°03" | 71°05’ -
aamdn | 4%22' | 79327 | 9%a3’ | 11°13" [ 119337 | 11%03" | 9°57" | 8955 -
nay

2 mm. B ENTIUN

ar

anh
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@1319% 5.7 uaasasnmsnuh lAvinmsnaaendog SPCC 4119 1 mm,

59

b
1 7°28" | 16%29' | 27°10" | 37%58" | 48°21" [ 58°32" | 68°26" | 78%42" | 88°38’
2 7932 [ 16%33" | 27°12" | 38° | 48%10" | 58%22' | 68°34 | 78°36' [ 88%a5’
3 7°23" | 16%29' | 27°19" | 38%03' [ 48°16' | 58°23" | 68°31" | 78°30" | 88°42’
4 7922 [ 16317 | 27°18 | 37%57" | 48°14" | 58°18" | 68°35" | 78°33" | 88°40’
5 7°33" 1 16%33" | 27°15" | 37%55" | 48°22" [ 58°27" | 68°32 | 78%34" | 88°45’
6 7926" | 16°28" [ 27°11" | 37°59" | 48°13" | 58%25" | 68°29" | 78°37" | 88°38'
7 7930" | 16°34" | 27°17 | 37%58' | 48°%12' | 58°28" | 68°30" | 78°39" | 88°46’
8 7928" | 16%26" | 27°15" | 38%02" | 48°15’ | 58%21' | 68°28" | 78°32 | 88744’
9 7927" | 16%25" | 27°14" | 38%01" | 48%09" | 58°28" | 68°33" | 7836 | 88°39’
10 | 79317 | 16%32" | 27°19" | 37%57" | 48°18 | 58°26" | 68°32" | 78%41" | 88°43'
Aunde | 7°28" | 16230 | 27°15" | 37%59" | 48°15' | 58°25" | 68°31" | 78°36" | 88%42
pasn | 22327 [ 3°307 | 2%45" | 2% | 1%45" | 1°35" | 120" | 124" | 1°18'
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M5190 5.8 uaaeemn1IRUR lAninnsnageuiag SPCC vU1® 2 mm.

o ]

o o o o o o . 0

20 30 40 60 70

1 8°31" | 18920" | 27°44" | 38°10" { 48°16" | 58°25" | 68°22 | 78%52" | 89%40’

2 830" | 18°13' | 27%47" | 38%0s5 | 48°12" | 58°21" | 68°27" | 78°50" | 89°35'

3 8%26" | 18°17" | 27°45" | 38°15" | 48°16" | 58°25" | 68°33" | 78%45' | 89°36'

4 8%34" | 18°12 | 27%50" | 38%07" | 48°12" | 58°23" | 68°28" | 78%48’ | 89°41'

5 8926" | 18°21" | 27°55" | 38%09" | 48°13 | 58%24" | 68°26' | 78%51" | 89°33’

18°18" | 27953" | 38°13" { 48%08" | 58°14" | 68°31" | 78°48" | 89°31”

7 8%34" | 18°16" | 27°48" | 38°117 | 48°11" | 58°15" | 68°24" | 78%52" | 89738’

8 8%25" | 18°14" 1 27°51' | 38%08' 58°24" | 68°28" | 78%47" | 89°32

9 8%32" | 18°217 | 27°53" | 38°%09° | 48°17" | 58°19" | 68°30" | 78%44" | 89°39'

10 833" | 18°18" | 27%54” | 38°13’ 58°20" | 68°31" | 78%43" | 89°35

aunde | 8°30" | 18217 | 27°50" | 38%10" | 48°13" | 58217 | 68°28" | 78°48" | 89°36'

e | 19307 | 1%43" | 2°%10" | 150 1°39" | 1°32" | 1°12" | 0°24

= @
annai
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5.2.2 HamsnageumnIsAanduvesTagningus)
MIneuns 3.23 uay 3.24 12 1AR1 KS ¥99T09 SPCC uaz S50C ViR | mm. Uag 2
& P =1 v A n’/‘ o) 3 o o =1 1
mm B4 1ue1519% 5.9 wwiudmhesnuisaesaumsiiarlndifesdunn waagliiud

A1UB4 Poisson Ratio Ha A ldanuuand1stusenIaniswulooun

M35190 5.9 uermawamIsnaTouNsAanil laemangug

gy | e | A1 [ e spcCH1mm | spcc@izmm | ssoci1mm | ssocfizmm
o [ R T LT v | v | e | KS KS KS KS
Spce | $50C | Spee | SS0C | wowd [ woud | nou | wowd | voud | woud | nowd | wov
mm | mm { mm 4 4 4 4 & 4 4 4

124 123 w24 na3 24 123 N 24 na3

0 o |l o] o 0 0 0 0 0 0 0 0 0 0 0 0
10 7.0 1 2 220 800 21000 | 18200 | 0.782 | 0.786 | 0.800 | 0.885 | 0.193 | 0.237 | 0.553 | 0.567
20 6.5 1 2 220 800 21000 | 18200 | 0.797 | 0.800 | 0.888 | 0.892 | 0.236 | 0.276 | 0.583 | 0.583
30 6.0 1 2 220 800 23000 } 18200 | 0.812 | 0.814 | 0.906 | 0.8%9 | 0.282 | 0.318 | 0.614 | 0.610
a0 55 1 2 220 800 21000 | 18200 | 0.828 | 0.828 | 0.9t4 | 0.907 | 0.33% | 0.362 | 0.644 | 0.636
50 5.0 1 2 220 800 21000 | 18200 | 0.843 | 0.842 | 0.922 | 0.914 | 0.383 | 0.409 | 0.676 | 0.663
50 4.5 1 2 220 800 21000 { 18200 | 0.859 | 0.857 | 0.929 | 0.921 | 0.438 | 0457 | 0.707 | 0.691
70 40 1 2 220 800 21000 | 18200 | 0.875 | 0.87t | 0.937 [ 0.928 | 0.494 | 0.506 | 0.739 | 0.718
0.746

80 315 1 2 220 800 | 21000 | 18200 { 0,890 | 0.885 | 0.945 | 0.935 | 0.553 | 0.557 | 0.771

S0 a0 1 2 220 BOO | 21000 { 18200 | 0.806 ; 0.899 | 0.953 | 0.942 | 0.614 | 0.610

5.2.3 wamsnageummisdanduueddaglasIsmaniuwudiaes
naasudsaiiumsuaasesmilfnnmsioiagidanig 1 mm waz 2 mm.
Y933a9 SPCC uag S50C Aw3tnisAuwuimes Taunismial X g1 Y vedusng Node

Y o 4 AW = 3/ | & o
Liﬁ')u"lﬂ'l’l"l]lﬂﬂJ'lLL'Vlu‘luﬁiJﬂ']'i‘Vl 4.1 AV UR[VTIFINITHL

5.2.3.1 HAPTINAFBUMIAANTUVEITaE SPCC ving 1 mm. Tngdtmsiuuudiass
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5.2.3.1 HAMINATOUMIAANTUYRI TG SPCC ¥11A 1 mm. Inedsmsuuyudians

M15199 5.10 waregeamd ldanmsiuuuitaeswosdag SPCC 4119 1 mm. i 10 99fN

V10 a9
Node X vy parTH 1A
331 38.0141 -(0.470402
2695 24.9488 -0.658759 0.826
2200 14.4499 -0.810143 0.826
i 0.826

M9 5.11 waasesndl ldnnmaiuunimesunsiag SPCC 9118 1 mm. 1120 83N

=

- 20 agAn
Node X y parnfi 14
3311 37.9219 2.13991
2695 24.9047 1.00506 4.98
2200 14.4443 0.0931389 4.98
o 4.98

A15190 5.12 LARIBIATH IRaInA1sR s 1aeswnedaeg SPCC ¥1IA 1 mm. 1 30 BIFN

<

7 30 avd
Node X v pernii 14
3311 37.3533 6.43976
2695 24.5715 3.72625 11.985
2200 14.3004 1.54573 11.985
wnde 11.985

M151991 5.13 ueragesmd Idnamsiuuniinesuesiag SPCC yIa 1 mm. 1 40 09FN

Vi 40 avF)
Node X y pamin I
3311 36.0697 11.2597
2695 23.7953 6.77916 20.05
2200 13.9319 3.17867 20.05
nfn 20.05




15199 5.14 Laasasrni 1dnnnsiuuusaesvesiag SPCC 41IA 1 mm. 1 50 948N

63

7 50 aen
Node X v pernii 14
3311 33.9366 16.2436
2695 22.4905 9.94088 28.84
2200 13.2927 4.87618 28.84
i 28.84

M15197 5.15 uernaeernd ldannisiuuiiaeueeiag SPCC 1A 1 mm. N 60 D4F

<

7 60 pven
Node X v pemii 18
3311 30.8891 211118
2695 206132 14.0406 34.53
2200 12.3558 6.55478 42.19
adly 38.26

M9197 5.16 udRIBIAIR IdvInnIIRwLYSIaeIveIdg SPCC YUIA 1 mm. A 70 89N

7 70 asd
Node X v et 18
3311 28.8772 25.6686
2695 18.1252 15.966 47.95
2200 11.0923 8.16928 47.95
@i 47.95

A1919% 5.17 udadedri 1491nN1IRINUDS1089989309 SPCC U1IA 1 mm. N 80 897

7 80 aven
Node X y e 18
3311 21.9082 29.6781
2695 15.0183 18.5755 58.18
2200 9.48171 9.65384 58.18
\ad 58.18




715199 5.18 uansedenii ldninmsimuuiiassvesiag SPCC au1n 1 mm. 71 90 89N

64

90 avMm .
Node X vy pemA A
3311 15.8349 32.9617
2695 11.1941 20.7469 69.2
2200 7.46492 1.09314 69.2
(na 69.2

5.2.3.2 wHansnaTeUMIAARUYELIEg $50C WA 1 mm.lagismaimuudiass

M19199 5.19 LaAdedrTi 1AaInnsuuDia0svesiag SS0C YA 1 mm. A 10 BIFN

Yi 10 avd _
Node X v 9aen#i 14
3311 38.0202 -0.713423
2695 24.954 -0.749569 0.157
2200 14.4543 -0.778127 0.157
ade 0.157

M13197 5.20 LAAIDIATH M9 IANIIR UL 1909vRIIEE SS0C YUIA 1 mm. 1 20 BIFN

7 20 asn
Node X v pari 14
3311 38.0191 -0.712633
2695 24.9528 -0.774879 0.256
2200 14,4531 -0.819081 0.2566
\nae 0.256




M 31971 5.21 uaaseernd ldvinmsiuuusianauseiag S50C YA 1 mm. #i 30 BN

65

i 30 avd '
Node X y parfi 14
3311 38.0177 -0.707669
2695 24,9528 -0.811968 0.458
2200 14.4531 -0.897081 0.458
\adn 0.458

A19191 5,22 LAA909AA 1RINMSRID DT 1209989789 S50C ¥11A 1 mm. 1 40 DI

#i 40 a2
Node X v peri 18
3311 38.022 -0.337845
2695 24,9575 -0.576366 1.046
2200 14.4543 -0.768055 1.046
Wl 1.046

M191971 5.23 UaRLEIENT IF9InAs LD Ia8Iueddag SS0C YuIA 1 mm. 9 50 B3

M 50 avd)
Node X v o911 14
3311 37.8439 1.90923
2695 24.9198 0.855922 4.624
2200 14.454 0.00952876 4,624
Laae 4.624

M1919% 5.24 uaasesrn? lannmsAmuuiiasaveddan S50C vU1A t mm. 1 60 93N

i 60 avm
Node X Y pernii 19
3311 37.3047 6.28015
2695 24,5931 3.66159 11.66
2200 14.3061 1.55741 11.56
iy 11.56




MT1T1 5.25 uaagoernil idunnsiwuudiaeswediag S50C ¥H1R 1 mm. 1 70 29

66

A 70 s .
Node X Y pai 14
331 35.56584 12.7654
2695 23.4603 7.82825 22.2
2200 13.7387 3.86097 22,2
Wi 222

M319h 5.26 waneemii Idninmsiuuudinesvesiag S50C ¥ | mm. 11 80 DM

Vi 80 auf
Node X v perni 14
3311 32.5033 18.9043
26895 21.5492 11.7806 33.04
2200 12.7468 6.05632 33.04
1 33.04

M358 5.27 uaaesrn Idanmsiuuuiiaesvesiag S50C ¥HIA 1 mm. B 90 847

W 90 avm
Node X v peri 14
3311 27.9306 24.8116
2695 18.6738 15.5883 44.89
2200 11.2353 8.17866 44.89
ade 44.89

) o ¥ oy = o [
5.2.3.3 HANSNATOUNTIAANAVUBIING SPCC YHIG 2 mm, Iﬂﬂ’.]ﬁﬂﬁ‘ﬂ'llm‘ﬂﬂ']a'ﬂ@

M15197 5.28 UAABINT 1ATINMIRuuuFIa0IYeITa9 SPCC YU1IA 2 mm. 71 10 9IAN

ol

Y10 a9
Node X v per1 14
3311 38.089 -0.926346
2695 25.0281 -1.31152 1.69
2200 14.5331 -1.6234 1.69
1nde 1.69




M13199 5.29 uoasowrnd ldvinmsviwuuiiaosuesiag SPCC UIA 2 mm. 1 20 897N

67

7 20 agm
Node X y et 13
3311 37.8512 3.23747
2695 24.9249 1.33042 8.392
2200 14.5392 -0.208306 8.392
\adn 8.392

15199 5,30 uaasesrnd 1dann1siuuudiaoswssiag SPCC 4U1A 2 mm. Hi 30 DAY

|

n 30 assn
Node X v Deeni 14
3311 36.8297 8.58569
2695 24.3571 4.68935 17.35
2200 14.3319 1.5646 17.31
128y 17.33

A15197 531 uaAAI0IATN 1A91NMTRULUUI1a8990970g SPCC 4119 2 mm. 91 40 83N

A 40 aven
Node % v o1 14
3311 34,9336 13.9131
2685 23.2475 8.0653 26.58
2200 13.8507 8.37668 26.56
1 an 26.57

M0 5.32 udAseIni ldann1siiud1aeewesiag SPCC uuIA 2 mm. # 50 9971

Vi 50 Budt
Node X v pamnflid
3311 29.8821 22.1142
2695 20.2005 14.78481 37.16
2200 12.4161 8.87753 37.16
i 37.16




A19190 5.33 uaagomi lannnsiuuusineavesiag SPCC ¥uIA 2 mm. 91 60 39N

68

7 60 avAn '
Node X Y 29 14
3311 27.4071 24.8523
2695 18.6947 15.1121 48.19
2200 11.6823 7.29453 48.15
\adu 48.17

A131971 5.34 naasoemi deinmsviuuuiiasswesieag SPCC 4@ 2 mm. i 70 8RN

7 70 B
Node X v oar i 18
3311 23.5673 28.1703
2695 16.2968 16.4431 58.21
2200 10.4618 8.58661 58.19
Laaen 56.20

M151991 5.35 LAAIBIAIN 199INASTLLUSIAB4We1Tae SPCC ¥119 2 mm. 71 80 BIAN

N 80 assn
Node X y oer 1 18
3311 16.8792 32.1475
2695 12.1632 19,9374 69.13
2200 8.39908 10.1322 69.11
Lade 69.12

A A:i ot o a o ~
f19719% 5.36 LLﬁﬂﬂﬂﬂﬁ']‘ﬂ‘lﬂ‘l]']ﬂﬂ'l‘iﬂ']!t'ﬂ“lﬁl'lﬁﬂﬂm\ﬂﬂﬁ] SPCC ¥11%7 2 mm. ¥ 90 841

7 90 aven
Node X v pemitd
3311 10.7446 34.1864
2695 8.34772 21.3422 79.44
2200 6.42344 11.0191 79.44
Wan 79.44
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5.2.3.4 WanInareunsAanduvesTag SS0C v 2 mmlagdismsihuuudiaes

3199 5.37 uaaeend WannsHuuuiaewoiag S50C Y19 2 mm. 71 10 998N

A 10 avn
Node X Y perii1A
3311 38.0602 -1.45509
2695 24.9937 -1.96248 0.033
2200 14,4944 -1.9665 0.033
i 0.033

M99 5.38 uAAIoEnd 1A InMsRuUUTI8e4wedTag SS0C ¥UIA 2 mm. A1 20 89N

V20 poen _
Node X v parnHla
3311 38.0582 1.98855
2695 24,9918 -1.97888 0.043
2200 14.4922 -1.97 0.043
(ady 0.043

A19199 5.39 UAAIDIPNT 1A9INMIRUVVIINDIV8ITT S50C YUIA 2 mm. 1 30 BIA

Vi 30 aud
Node X y e 18
3311 38.0736 -0.68889
2695 25,0162 -1.18272 2.166
2200 14.522 -1.58 2.168
128 2.167

A19149 540 UAAID9AIT 1ARINMSHIMULIEBIUDITAY SSOC BU1A 2 mm. 11 40 BIMN

A 40 posn
Node X y perii I8
3311 37.9013 2.58944
2695 24.9383 0.853133 7.1794
2200 14,5248 -0.375365 7.27
s 7.232




M519h 5.41 uansesri lAnnmsinuu$aevesias S50C 410 2 mm. fi 50 99N

70

# 50 aven
Node X Y pernil1a
3311 35.5246 12.5591
2695 23.5685 7.28614 23.8
2200 13.9517 3.054 23.78
\aRe 23.79

M15199 5.42 naasaermiin ldvinmsiuwuiiasvesdog S50C 9118 2 mm. A 60 BIMN

=

n 60 aven :
Node X v 24PI7 1
3311 34.7611 14.3766
2695 23.0763 8.5295 26.583
2200 13.6977 3.81572 26.681
\aak 26.632

A19199 5.43 uaaea9rn leoinmsyhunudiseswediae S50C Y11 2 mm. H 70 998N

7 70 avdd
Node X y perIi 14
3311 31.2511 20.4487
2695 20.9329 12,4327 37.842
2200 12.6516 5.98192 37.91
el 37.876

M3197 5.44 uaaseer ldonmsnuuusneswesidg S50C 41IA 2 mm, i 80 BN

<l

i 80 avrn :
Node X Y pam# 1A
3311 26.0011 26.2974
2695 17.7358 16.1771 50.761
2200 11.0848 8.05009 50.703
1A 50.732




71

M7l 5.45 ueaveermi ldonnssuuniiassvesiag SS0C Yu1A 2 mm. 7 90 89

#_ 90 asm
Node X Y perni 14
3311 19.0056 31.2195
2685 13.4098 198.4103 64.65
2200 8.89397 0.9278 64.53
Wi 64.59

VNI UTAIBIAMIAANGUYDSTAR SPCC HAg SSOC fUUIA 1 mm. uas 2
mm. 1z Id st Innmsiuiag Taoldismaiuuysnesdisuandiumelfoa
win Aosmmsiudes  axfiuhesmidibdsunndgs  uszesteunuiieinsiud
pamANINGY  usetelsAnuA Eror fiRannmstunuiiasfidigs Waftorour9inms
utla Element wostuammageufiinavasfontioo snldmanuassanaeAnifiogluus

- =g o ¥ M oar g A o T
a2 Element Uiy vi1lmstadvosdunagoudslinsoaniton

5.2.3.5 ANITMAIEANAITANYANINGI Element TDAINNITHY
o o ay w & o Vor = A @ oa -; ¢.'§ [ a o
MMshuuutiass lagiimstuiohlndaqiamstadunaiy edagii

= ] = o L 1 =4 A ' )
MINATBUNNITIULY Element mmmmmwan"lmw Mg Element Mﬂ']‘iﬁﬂﬂ')ul‘ljm'l]lﬁ I

=l - i o J 1 & =) o o ot =3
ANNIBANDITAN (Plastic Strain) Q\?qﬂﬁlﬂﬂ‘i}uﬂ']ﬂﬂ'J']ﬂ'l‘i‘l’T‘l‘VlﬂﬂE]U"il'N ﬂﬁ$ﬂ11ﬁ?ﬂﬂlﬂﬂ

msifegy IRloiinsdu

A1519% 5.46 LAAIE MUY Element ARINITIAAINNMASEANDIAAN

A B c D E F G H I J K L vl

1381 | 1391 | 1401 | 1411 | 1421 | 1431 | 1441 | 1451 | 1461 | 1471 | 1481 | 1491 | 1501

1382 | 1392 | 1402 | 1412 | 1422 | 1432 | 1442 | 1452 | 1462 | 1472 | 1482 | 1492 | 1502

1383 § 1393 | 1403 | 1413 | 1423 | 1433 | 1443 | 1453 | 1483 | 1473 | 1483 | 1493 | 1503

1384 | 1394 | 1404 | 1414 | 1424 | 1434 | 1444 | 1454 | 1464 | 1474 | 1484 | 1494 | 1504

1385 | 1395 | 1405 | 1415 | 1425 | 1435 | 1445 | 1455 | 1485 | 1475 | 1485 | 1495 | 1505

1386 | 1396 ; 1406 | 1416 | 1426 | 1436 | 1446 | 1456 | 1466 | 1476 | 1486 | 1496 | 1506

1387 | 1397 | 1407 | 1417 | 1427 | 1437 | 1447 | 1457 | 1467 | 1477 | 1487 | 1497 | 1507

1388 | 1398 | 1408 | 1418 | 1428 | 1438 | 1448 | 1458 | 1468 | 1478 | 1488 | 1498 | 1508

1389 | 1399 | 1409 | 1419 | 1429 | 1439 | 1449 | 1459 | 14609 | 1479 | 1489 | 1499 | 1509

1390 | 1400 | 1410 | 1420 | 1430 | 1440 | 1450 | 1460 | 1470 | 1480 | 1490 | 1500 | 1510




M3197 5.47 uaasmnnuassanaIaaniinaly Element v093a9 SPCC 411a 1 mm. 91 10

BIM
A B C D E F
0 0 0.0053 0.002 0.0053 0
0 0.0012 0.005 0 0.0034 0
0 0.0024 | 0.0004 0 0 0
0.0001 0.001 0 0 0 0
0.0023 | 0.0016 0 0 0 0
0.005 0.0043 0 0 0 0
0.0068 | 0.0074 | 0.0011 0 0 0
0.007 0.0106 | 0.0049 0 0 0
0.0072 | 0.0122 | 0.0109 0 0 0
0.0089 | 0.0118 | 0.0156 | 0.0068 | 0.0009 | 0.0032

72

i

=
i1l

5.3 UAAIA Equivalent Y84AINIATEANATAN ULAAZ Node ¥BI3e9 SPPC 4114 |

mim. ﬁ 10°



M13197 5.48 wansmnunIeanaIaAniiialu Element ¥oa3aq SPCC 411@ 1 mm. 20

BN

B C D E F G H
0.0063 | 0.0053 | 0.0303 | 0.0037 | 0.0172 | 0.0261 | 0.0149
0.005 0.005 0.0096 | 0.0281 | 0.0135 | 0.0131 | 0.0117
0.0004 | 0.0004 0 0.0116 | 0.0122 | 0.0024 | 0.0058

0 0 0 0 0.0023 0 0

0 0 0 0 0 0 0
0.0044 | 0.0044 0 0 0 0 0
0.0081 0.0081 0.0017 | 0.0027 | 0.0024 0 0
0.0119 | 0.0119 | 0.0071 | 0.0097 | 0.0109 | 0.0062 | 0.0048
0.0162 | 0.0162 | 0.0149 | 0.0182 | 0.0171 0.0142 | 0.0109
0.0244 | 0.0244 | 0.0261 0.0258 | 0.0231 0.0221 | 0.0174

mm. “ﬁ 20°

-+
|
+
+

-+
+
+|
+
+

M

=)

JUN 5.4 uEAIA Equivalent v09AMMASUANATARN IuuAaz Node ¥o47a9 SPPC v11a 1

73
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A13197 5.49 LAAIAIANASIANATAANTIAATY Element Y9979 SPCC ¥11A 1 mm. 11 30

DI

D E F G H | J
0.0325 | 0.0583 | 0.0483 | 0.0535 | 0.0454 | 0.0403 | 0.0036
0.0096 | 0.0404 | 0.0407 | 0.0356 | 0.0322 | 0.0254 | 0.0028

0 0.0166 | 0.0277 | 0.0223 | 0.0162 0.014 0.0121

0 0 0.0103 | 0.0284 | 0.0035 | 0.0029 | 0.0019

0 0 0 0 0 0 0
0.0004 | 0.0002 | 0.0022 0 0 0 0

0.0061 0.0114 | 0.0165 | 0.0131 0.0081 0.0066 | 0.0052
0.0145 0.023 0.0299 | 0.0267 | 0.0207 | 0.0165 | 0.0146
0.0255 | 0.0363 | 0.0406 | 0.0399 | 0.0339 | 0.0271 0.024
0.0426 | 0.0477 | 0.0508 | 0.0524 0.046 0.039 0.033

PEEL

JUN 5.5 UEAAIA1 Equivalent Y9I MIRToANaaAN lULADE Node Y8 33a9 SPPC 41419 1

mm. $ 30°



L)

MINN 5.50 wamemnuAssana1aAnfiiialu Element voa¥aq SPCC 411A 1 mm. 40

BRI

D E F G H I J K
0.0345 | 0.0891 0.0877 | 0.0869 | 0.0807 | 0.0645 | 0.0521 0.0475
0.0094 | 0.0544 | 0.0742 | 0.0644 | 0.0536 | 0.0425 | 0.0358 | 0.0338

0 0.0219 | 0.0461 | 0.0449 | 0.0276 0.023 0.0222 | 0.0182

0 0 0.0172 0.018 0.009 0.0062 | 0.0076 | 0.0053

0 0 0 0 0 0 0 0
0.0032 0.007 0.0156 | 0.0111 | 0.0019 0 0 0

0.0107 | 0.0227 | 0.0378 | 0.0344 | 0.0202 | 0.0139 | 0.0126 0.01

0.0216 | 0.0403 | 0.0566 | 0.0543 | 0.0411 0.0294 | 0.0254 | 0.0228
0.0365 | 0.0593 | 0.0715 | 0.0727 | 0.0618 | 0.0464 | 0.0385 | 0.0347
0.0564 | 0.0751 0.0851 | 0.0889 | 0.0805 | 0.0654 0.052 0.463

31 5.6 UaAIA1 Equivalent ¥94AMIASEANA AN 1ULARE Node UBIT8g SPPC Y179 |

A o
mm. N 40



76

MaA 5.51 uaasmnuAseanaadniitialu Element v093e9 SPCC yu1a 1 mm. 1 50

RN

D E F G H | J K
0.358 0.1182 | 0.1249 | 0.1214 0.121 0.0954 0.078 0.0682
0.0092 | 0.0672 | 0.1049 | 0.0927 | 0.0784 | 0.0643 | 0.0525 | 0.0498

0 0.0263 0.063 0.0663 | 0.0399 | 0.0341 0.0337 | 0.0273
0 0 0.023 0.0259 | 0.0131 | 0.0091 0.0127 | 0.0091
0 0 0 0 0 0 0 0

0.0053 | 0.0127 | 0.0284 | 0.0249 | 0.0113 0.008 0.0066 | 0.0021
0.0143 | 0.0328 | 0.0575 | 0.0564 | 0.0379 | 0.0284 | 0.0249 | 0.0188
0.0274 | 0.0556 | 0.0813 | 0.0827 | 0.0671 0.0499 | 0.0422 | 0.0365
0.0455 | 0.0791 0.0998 | 0.1059 | 0.0942 | 0.0733 | 0.0698 | 0.0528
0.0698 | 0.0978 | 0.1171 | 0.1264 | 0.1176 | 0.0975 | 0.0782 | 0.0685

UM 5.7 uaAaA1 Equivalent ¥94A1MIATIANAIAANTHUARE Node Y8979 SPPC 4114 1

mm. ‘1‘71 50"



77

M99 5.52 udaenInAssANAIAANHIAATY Element 499379 SPCC 4119 1 mm. 1 60

B3

D E F G H | J K
0.0369 | 0.1482 | 0.1638 | 0.1568 | 0.1625 | 0.1293 | 0.1074 | 0.0932
0.0095 | 0.0793 | 0.1362 | 0.1228 | 0.1024 | 0.0862 | 0.0711 0.0695

0 0.0306 0.079 0.0879 | 0.0525 | 0.0434 | 0.0453 | 0.0385
0 0 0.028 0.0333 | 0.0168 | 0.0104 | 0.0166 | 0.0134
0.0006 0 0 0 0 0 0 0

0.0075 | 0.0182 | 0.0414 | 0.0398 | 0.0221 0.0168 | 0.0158 | 0.0106
0.0175 | 0.0424 | 0.0772 | 0.0796 | 0.0568 | 0.0431 0.0402 0.033
0.0328 | 0.0703 | 0.1052 | 0.1118 | 0.0929 | 0.0714 | 0.0626 | 0.0555
0.0545 | 0.0973 | 0.1281 | 0.1395 0.126 0.1008 | 0.0847 | 0.0758
0.0818 | 0.1197 0.149 01635 | 0.1547 0.131 0.1069 | 0.0948

3UN 5.8 warAe1 Equivalent voanunisanaradnluudaz Node voa3aq SPPC w114 1

mm. ‘ﬁ 60°



M15190 5.53 uaamIAuAssana aAniinalu Element Y8939 SPCC 4119 1 mm. 1 70

DI

D E F G H | J K
0.0389 | 0.1851 | 0.2131 0.2008 | 0.2082 | 0.1622 | 0.1373 | 0.1177
0.0096 | 0.0944 | 0.1728 | 0.1566 0.126 0.1094 | 0.0895 | 0.0847

0 0.0355 | 0.0953 | 0.1061 0.0654 | 0.0558 | 0.0549 | 0.0462
0 0 0.0295 0.036 0.0218 | 0.0127 | 0.0186 | 0.0159
0.0031 0.0054 | 0.0102 | 0.0019 0 0 0 0

0.011 0.0307 0.062 0.0588 | 0.0357 0.028 0.0246 | 0.0178
0.0237 | 0.0601 0.1027 | 0.1075 | 0.0804 | 0.0601 0.0547 | 0.0444
0.0425 | 0.0912 | 0.1354 | 0.1471 0.124 0.0944 0.081 0.0722
0.0689 | 0.1202 | 0.1625 0.181 0.1628 | 0.1299 | 0.1071 0.0969
0.0985 | 0.1455 | 0.1871 0.2089 | 0.1971 0.1644 | 0.1349 | 0.1195

31N 5.9 1A Equivalent voanmnieawa adnluuaay Node Y8 33d9 SPPC 411 1

mm. ﬁ 70°



M990 5.54 LAAIAIAIINATIANTIAANTIAA 1Y Element Y9 ¥a@ SPCC 411 1 mm. i 80

23

D E F G H I J K
0.0408 | 0.2059 | 0.2715 0.278 0.2808 | 0.2165 | 0.1641 0.1317
0.0097 | 0.1003 | 0.0214 | 0.0101 0.173 0.1359 0.103 0.0936

0 0.036 0.1037 | 0.1264 | 0.0884 | 0.2642 | 0.0624 | 0.0524

0 0 0.0288 | 0.0365 | 0.0215 0.014 0.0192 0.017
0.0043 | 0.0104 | 0.0253 | 0.0296 | 0.0188 | 0.0046 0 0
0.0124 | 0.0381 0.0873 | 0.1025 | 0.0758 | 0.0474 | 0.0321 | 0.0234
0.0257 | 0.0718 | 0.1365 | 0.1607 | 0.1319 | 0.0912 | 0.0673 | 0.0523
0.0465 | 0.1079 0.176 0.0284 | 0.1821 0.1346 | 0.1014 | 0.0811
0.076 0.1418 | 0.2099 | 0.2472 | 0.2255 | 0.1771 0.1353 | 0.1098
0.1084 | 0.1735 | 0.2404 | 0.2775 | 0.2632 | 0.2172 | 0.1701 0.1384

31 5.10 uaAIA Equivalent v0I1WIAToANAIEAN 11ARE Node Y94Tg SPPC 4114 1

mm,. “ﬁ 80°

79



M19199 5.55 wanemnuAssana1aaniiia lu Element ¥093a9 SPCC ¥171@ 1 mm. 7 90

23N

D E F G H I J K
0.0412 | 0.2093 | 0.3433 | 0.4008 | 0.4008 | 0.3101 0.197 0.1339
0.0094 | 0.1004 | 0.2202 | 0.2833 | 0.2606 | 0.1803 | 0.1113 | 0.0937

0 0.0368 | 0.1062 | 0.1486 | 0.1267 | 0.0798 | 0.0604 | 0.0528

0 0 0.0288 | 0.0363 | 0.0217 | 0.0138 | 0.0192 | 0.0172
0.0043 | 0.0124 | 0.0354 | 0.0645 | 0.0642 | 0.0253 0 0
0.0126 | 0.0392 | 0.1029 | 0.1572 | 0.1451 0.0835 | 0.0381 0.0237
0.0258 | 0.0727 | 0.1583 | 0.2309 | 0.2159 | 0.1382 | 0.0822 | 0.0531
0.0462 | 0.1093 | 0.2059 | 0.2904 | 0.2737 | 0.1907 | 0.1222 0.084
0.0756 | 0.1459 | 0.2496 | 0.3368 | 0.3195 | 0.2409 0.165 0.1167
0.1078 | 0.1831 0.2914 | 0.3691 0.3569 | 0.2874 | 0.2091 0.1513

3UN 5.11 uaAeA Equivalent vosaunioana1adinluudnz Node voaiag SPPC vu1a 1

+4.
+

+

+

+

+

+
or
+
'S
+

+
+0.

mm. N 90°

AN IANAIAANNINAR IR IULDATA

VNMTHHANTNATOY AINIILA

TUANDITR

uaglisnyuEAd1onUSHT

80

NY0IIA9 SPCC YUIA 1 mm, U

= 4 3/
W AgUINA1LA7

v ) o A A v A ! < = °
ﬂ§$§J’IUﬂﬂﬂﬂ1uﬁflﬂlﬂu1Lu35ﬁﬂ IﬂU‘ﬂﬂ’]i)guﬂfjﬂ\‘lmﬂElgulﬂﬁ"UTﬂﬂﬂﬂuﬂﬂﬂ“ﬂ'ﬂﬂlﬁﬂﬂﬂigﬂ']

&
U
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M135190 5.56 LAAIAINIMATUANAIAAN MiARTY Element ¥937a9 S50C ¥41A 1 mm. #1 10

29

OO0 |0 (C|O |-

o|lo|o|0O|O|Oo|o|lo|Oo|O|—

oo |0O|O|0O|O|Oo|o|o|(XI

Clo|0o|0O|Oo|o|O|Oo|0o |0 |O
olo|lo|o|lo|lo|lo|lo|lo|lo|m
OO0 |o|lo|lo|o |
olojlo|jlo|lo|lo|lo|lo|lolo|®

311 5.12 umAsA Equivalent vosaamnioanaiadnlunsas Node ¥09379 S50C v11a 1

mm. ‘ﬁ 10°



82

MIN 5.57 LAAIAINIUAG uANAIAAN Titinly Element ¥993d9 S50C Y11 1 mm. 71 20

D37

D E F G H | J
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

31 5.13 uaAIA1 Equivalent veanamnssanaraanluigas Node 19439 S50C v11 1

mm. 7 20°



83

M31N 5.58 uanamInIIAIeanaIaAn fnalu Element 8939 SS0C Y119 1 mm. i 30

DI

D E F G H | J
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0

U 5.14 uaaaf1 Equivalent YoenImnnseanaiaanliuans Node 184749 S50C 4119 1

& o
mm. N 30



84

MI1N 5.59 uaraamInnIoana ddn Mnalu Element ¥9a3ag SS0C 4119 1 mm. 11 40

23

D E F G H I J

0 0.0135 | 0.0074 | 0.0073 0.007 0.0045 | 0.0028

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0.0013 0 0 0 0 0
0.0098 | 0.0145 0.01 0.008 0.0048 | 0.0032 | 0.0014

WIS

':.‘.
L}
4

31 5.15 uaAIA1 Equivalent vOIAMNATEANATARN Itz Node ¥94709 SS0C U119 1

mm. N 40°
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M13199 5.60 LAAIAIAINATEANAIAAN Mifia 11 Element ¥99309 S50C ¥11A 1 mm. 91 50

239

D = F G H I J

0 0.0511 0.0476 | 0.0325 | 0.0318 | 0.0029 | 0.0211

0 0.0115 | 0.0324 | 0.0103 | 0.0094 | 0.0091 | 0.0015

0 0 0.0054 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0.0062 | 0.0079 | 0.0008 0 0 0
0.0103 | 0.0277 | 0.0256 | 0.0171 0.0114 | 0.0071 | 0.0043
0.0305 | 0.0463 | 0.0423 | 0.0364 0.026 0.0215 | 0.0169

+5
+
+
+3.
+
+
+Z
+
+
+
+
+
+

W DO 2 = T

UM 5.16 uaA3AT Equivalent vasnnunsoanaradnluuday Node veadag $50C vu1a 1

mimn. “ﬁ 50°



M 5.61 LaAIAmIAIIASIANAIEAN NtiAlu Element ¥893d9 S50C YU1A 1 mm. 7 60

23

D E F G H I J

0 0.1349 | 0.1445 | 0.0822 | 0.0693 | 0.0339 | 0.0321

0 0.0433 | 0.1067 | 0.0575 | 0.0205 | 0.0182 | 0.0078

0 0 363 0.0088 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0.0123 | 0.0245 | 0.0096 0 0 0
0.004 0.046 0.0658 | 0.0391 | 0.0095 | 0.0006 0
0.0217 | 0.0783 | 0.1074 0.068 0.0275 | 0.0147 0.012
0.0502 | 0.1056 | 0.1351 0.1 0.0491 0.0342 | 0.0257

mimn. 7 60°

U7 5.17 uamIA1 Equivalent ¥on710A3 saNa1dAn 1uLAag Node ¥937aq S0C 4174 1
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M99 5.62 uaaIRIAATEANAIaAn Miiinly Element 89309 S50C 4119 1 mm. #i 70

03711

D E F G H I J

0 0.1665 | 0.2385 | 0.2304 | 0.1624 | 0.0397 | 0.0318

0 0.0436 | 0.1736 | 0.1797 | 0.0569 | 0.0181 0.0089

0 0.0022 | 0.0716 | 0.0689 | 0.0122 0 0

0 0 0 0 0 0 0

0 0 0 0 0 0 0

0 0.0005 | 0.0508 | 0.0436 0 0 0

0 0.0234 | 0.1361 | 0.1201 0.0113 0 0
0.004 0.0596 | 0.1954 | 0.1817 | 0.0401 0.0017 0
0.216 0.1339 | 0.2241 | 0.2146 | 0.0993 | 0.0147 | 0.0115
0.0499 | 0.1976 | 0.2339 | 0.2239 | 0.1755 | 0.0342 | 0.0263

310 5.18 uaneA1 Equivalent Y9I MASsaNa1dAN luunaz Node ¥937a9 S50C 11 1

mm. N 70°



88

MINN 5.36 uaaInIAUAIEANAIaAN Hiia 1y Element Y9937 S50C U119 1 mm. $1 80

DI

D E F G H I J
0.001 0.1829 | 0.3314 | 0.3576 | 0.2551 | 0.0747 | 0.0305

0 0.0436 | 0.2167 | 0.2692 | 0.1245 0.017 0.0088

0 0 0.0841 0.107 0.0259 0 0

0 0 0 0 0 0 0

0 0 0.0308 | 0.0357 0 0 0

0 0.0011 0.1393 | 0.1533 0.01 0 0

0 0.0209 | 0.2313 | 0.2488 | 0.0152 0 0
0.0028 | 0.0759 | 0.2931 | 0.3186 | 0.1083 | 0.0044 0
0.0175 0.175 0.3163 | 0.3513 | 0.0243 | 0.0139 0.011
0.0453 | 0.2649 | 0.3197 | 0.3496 | 0.3052 | 0.0354 | 0.0245

i

+
+
+
+
.+.
+
+
4+
+
+2.
+
+
+

i e

319 5.19 4aAIA1 Equivalent Y09AMASIANAAN TULARE Node 409789 SS0C V11A |

Ao
mm. 1 80
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M3199 5.64 aAIAINNUIATEANAIAAN Nina T Element ¥89789 S50C ¥11@ 1 mm. 1 90

DI

D E F G H I J
0.0012 | 0.2206 | 0.3729 | 0.3868 | 0.3868 | 0.1579 | 0.0323

0 0.0473 | 0.2259 | 0.4557 | 0.2055 | 0.0249 | 0.0089

0 0.0001 0.0821 | 0.3184 | 0.0306 0 0

0 0 0 0 0 0 0

0 0 0.0719 | 0.1404 | 0.0096 0 0

0 0.0012 | 0.1932 | 0.2726 | 0.0689 0 0

0 0.0218 | 0.2898 | 0.3804 | 0.1456 | 0.0007 0
0.0035 | 0.0869 | 0.3538 0.461 0.2171 | 0.0149 0
0.0201 | 0.1908 | 0.3883 | 0.4929 | 0.3174 0.038 0.0122
0.0473 | 0.2928 | 0.3996 | 0.4888 | 0.4227 | 0.0732 | 0.0267

PEEQ

y
| LT

s
+
+
+
+
+
+1
+3
“
[ %

31N 5.20 u@A9AT Equivalent voInmInTuaNIaAnTULARY Node Y9979 S50C Y119 1

mm. N 90"

InMItmuuiiaesvesiag S50C vuia 1 mm. szifiuilugransiui 10 - 30

1 L} =) a a é o o o
aem luiimanuaisanatadn niemstadioenainiagdaaudanunisnanes vuzih

a

9 ) { 3 o o g g
NINABBIITRIZHINYA Plastic ANsWy e IdTasiRan1s ey

q
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M3 5.65 udasrIANASUANAIEARTIAA U Element ¥99789 SPCC 4110 2 mm. 1 10

RN

B C D E F G H I J
0.0024 | 0.0065 | 0.0175 | 0.0192 | 0.0161 0.0145 | 0.0133 | 0.0121 | 0.0127
0.0061 | 0.0079 0.004 0.0112 | 0.0115 | 0.0099 | 0.0083 | 0.0068 | 0.0055
0.0067 | 0.0045 0 0.0009 | 0.0039 0.004 0.0029 | 0.0017 | 0.0007
0.0048 | 0.0014 0 0 0 0 0 0 0
0.0025 0 0 0 0 0 0 0 0
0.0024 0 0 0 0 0 0 0 0
0.0043 0.002 0.0004 0 0 0 0 0 0
0.0064 | 0.0046 | 0.0043 | 0.0048 | 0.0051 0.0046 | 0.0036 | 0.0024 | 0.0012
0.0092 | 0.0083 | 0.0093 | 0.0107 0.011 0.0104 | 0.0091 0.0076 | 0.0061
0.014 0.0145 | 0.0167 | 0.0171 | 0.0167 | 0.0159 | 0.0146 | 0.0129 | 0.0111

4
4
4
4
4
+

3
+ =
+ 5
ik

+

3UM 5.21 uaAIA1 Equivalent YanLmssanaradinluudaz Node ¥0938q SPCC v11A 2

mm. 9 10°
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MIN 5.66 UAAIAIAIINATEANAIAANTIAA U Element Y9379 SPCC 411 2 mm. 91 20

DI

C D E F G H I J K
0.0084 | 0.0372 0.057 0.0597 | 0.0567 | 0.0542 | 0.0505 | 0.0464 | 0.0423
0.0077 | 0.0154 0.348 0.0446 | 0.0449 | 0.0405 | 0.0363 | 0.0325 | 0.0283
0.0044 | 0.0013 0.138 0.0228 | 0.0264 | 0.0254 0.022 0.0185 | 0.0153
0.0013 0 0 0.0042 | 0.0076 | 0.0085 | 0.0073 | 0.0054 | 0.0337

0 0 0 0 0 0 0 0 0
0.0043 | 0.0034 | 0.0038 | 0.0042 | 0.0032 | 0.0011 0 0 0
0.0111 | 0.0123 | 0.0152 | 0.0175 0.174 0.0153 | 0.0127 | 0.0099 | 0.0076
0.0196 | 0.0228 | 0.0272 | 0.0301 | 0.0307 | 0.0294 | 0.0265 | 0.0226 | 0.0187
0.0301 | 0.0353 | 0.0395 0.042 0.0432 | 0.0424 | 0.0394 | 0.0353 | 0.0305
0.0429 | 0.0485 | 0.0513 | 0.0541 0.0654 | 0.0542 | 0.0514 | 0.0472 | 0.0425

U 5.22 uaALA1 Equivalent v83nmiAsoanaIadnluuaaz Node ¥993eq SPCC 911 2

mm. ﬁ 20°
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M13197 5.67 uaeemAuRsvanaaaniiialy Element ¥939389 SPCC U119 2 mm. 71 30

[RRIEN

D E E G H I J K L

0.0545 | 0.0851 0.1075 0.107 0.1042 | 0.0994 | 0.0916 | 0.0818 | 0.0718

0.0268 | 0.0511 0.0773 0.086 0.0824 | 0.0748 | 0.0659 | 0.0573 | 0.0497

0.0082 | 0.0245 | 0.0408 | 0.0522 | 0.0528 | 0.0472 | 0.0402 | 0.0339 | 0.0286

0 0.0028 | 0.0113 | 0.0183 | 0.0206 0.019 0.0157 | 0.0123 | 0.0097

0 0 0 0.0003 | 0.0005 | 0.0004 | 0.0003 | 0.0001 0

0.0106 | 0.0141 0.0165 | 0.0163 | 0.0138 | 0.0105 | 0.0071 | 0.0041 | 0.0017

0.0248 | 0.0324 | 0.0386 0.041 0.0392 | 0.0344 | 0.0287 | 0.0227 | 0.0181

0.0413 | 0.0507 | 0.0589 | 0.0633 | 0.0629 | 0.0582 | 0.0508 | 0.0431 | 0.0362

0.0586 | 0.0689 0.078 0.083 0.0838 | 0.0798 | 0.0722 | 0.0634 | 0.0546

0.0767 | 0.0867 | 0.0955 | 0.1012 0.102 0.0986 | 0.0922 | 0.0832 | 0.0734

FEEL

310 5.23 uaAsA1 Equivalent v83nunsoanatadnluudaz Node voaiae SPCC 1A 2

U

mm. 1 30°
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M13199 5.68 uansAnATEANAIAANHINATY Element v893a9 SPCC 411A 2 mm. 11 40

2471

E F G H I J K L M
0.1125 0.153 0.1596 | 0.1576 | 0.1519 0.142 0.1279 0.113 0.0984
0.0678 | 0.1099 | 0.1821 | 0.1267 | 0.1171 0.1047 918 0.0795 | 0.0687
0.0334 | 0.0604 | 0.0798 | 0.0833 | 0.0758 | 0.0651 0.055 0.0465 0.04
0.0054 | 0.0187 0.031 0.0354 | 0.0324 | 0.0269 | 0.0214 | 0.0174 | 0.0146

0 0.0001 0.0013 0.002 0.0017 | 0.0012 | 0.0007 | 0.0004 | 0.0022
0.0229 | 0.0274 | 0.0284 | 0.0257 | 0.0216 | 0.0174 | 0.0136 | 0.0104 | 0.0076
0.0494 | 0.0594 | 0.0642 | 0.0632 | 0.0577 | 0.0498 0.042 0.0353 | 0.0092
0.0758 | 0.0882 | 0.0959 | 0.0973 | 0.0922 | 0.0827 0.072 0.0618 | 0.0524
0.1013 | 0.1144 | 0.1236 | 0.1267 | 0.1227 0.113 0.1006 | 0.0877 | 0.0756
0.1255 | 0.1395 | 0.1489 | 0.1524 | 0.1492 | 0.1404 | 0.1275 0.113 0.0991

mm. ‘ﬁ 40°

31N 5.24 uAAIA Equivalent voInMATIANATAAN IuA AL Node ¥09¥ag SPCC v11A 2

G
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M319N 5.69 uaasmnNuAseanaraanfitialy Element ¥oa¥aa SPCC 1A 2 mm. 71 50

24
E F G H | J K L M
0.1067 | 0.1717 0.233 0.2531 | 0.2507 | 0.2381 0.2166 | 0.1902 | 0.1632
0.0991 | 0.1453 | 0.1949 | 0.2154 | 0.2107 | 0.1927 0.168 0.1422 | 0.1186
0.573 0.0952 | 0.1335 | 0.1516 | 0.1471 | 0.1297 | 0.1081 0.088 0.07156
0.0218 | 0.0405 0.067 0.0814 | 0.0776 | 0.0643 | 0.0502 | 0.0385 | 0.0295
0.0076 | 0.0103 | 0.0145 0.016 0.0133 | 0.0091 0.0056 | 0.0034 0.002
0.0165 | 0.0207 | 0.0256 0.029 0.0294 0.028 0.025 0.0217 | 0.0181
0.0493 | 0.0641 0.0757 | 0.0821 0.0829 | 0.0792 | 0.0714 | 0.0624 | 0.0532
0.0949 | 0.1164 | 0.1326 | 0.1413 | 0.1406 | 0.1333 | 0.1208 | 0.1089 0.091
0.1398 | 0.1633 | 0.1819 | 0.1922 | 0.1908 | 0.1816 0.166 0.1473 | 0.1279
0.1821 | 0.2069 | 0.2261 0.236 0.2342 | 0.2245 | 0.2074 | 0.1861 0.164

FEEL

31N 5.25 uaAIA1 Equivalent vosnuin3uanateinluusay Node vosian SPCC 411a 2

mm. 1 50°
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M3 5.70 uamemanunisanaradnfitinly Element voaTag SPCC vu1A 2 mm. #i 60

03N
E F G H | J K L M
0.182 0.2473 | 0.2968 | 0.3049 | 0.2955 | 0.2772 | 0.2511 0.2191 | 0.1871
0.1167 | 0.1783 | 0.2274 | 0.2421 0.2347 | 0.2154 | 0.1888 | 0.1605 | 0.1343
0.0542 | 0.1032 | 0.1404 | 0.1583 | 0.1555 | 0.1394 | 0.1178 | 0.0971 | 0.0796
0.0063 | 0.0331 0.0588 0.073 0.073 0.0634 0.051 0.04 0.0315
0.0117 | 0.0106 | 0.0102 | 0.0094 | 0.0088 | 0.0066 | 0.0045 0.003 0.0019
0.0454 | 0.0519 0.054 0.0528 | 0.0495 0.044 0.0372 0.035 0.2444
0.0911 0.107 0.1169 | 0.1194 | 0.1149 | 0.1049 | 0.0916 | 0.0775 | 0.0644
0.1344 | 0.1568 | 0.1734 | 0.1809 | 0.1771 1635 0.1455 | 0.1257 0.106
0,178 0.2016 | 0.2228 0.233 0.2299 | 0.2159 | 0.1949 | 0.1709 | 0.1466
0.2134 | 0.2435 | 0.2669 | 0.2782 | 0.2756 | 0.2618 | 0.2396 | 0.2132 | 0.1865

31 5.26 uaAaf1 Equivalent voandmin3oanatain luisay Node ya43aq SPCC 4u1a 2

mm. 9 60°
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M3 5.71 uaasiAnuAssAnaIaAniiinly Element v043ag SPCC 4119 2 mm. i 70

2
E F G H | J K L M
0.1865 | 0.2595 | 0.3477 0.398 0.3912 | 0.3629 | 0.3258 | 0.2807 | 0.2357
0.1241 0.1901 | 0.2607 | 0.3059 | 0.3119 | 0.2898 | 0.2539 | 0.2125 | 0.1728
0.0573 | 0.1108 | 0.1631 0.1948 | 0.2048 | 0.1921 | 0.1651 0.1339 | 0.1048
0.0081 | 0.0361 | 0.0692 | 0.0908 | 0.0975 | 0.0931 0.0782 | 0.05699 | 0.0436
0.0155 | 0.0204 | 0.0236 | 0.0243 | 0.0194 | 0.0135 | 0.0098 | 0.0062 | 0.0037
0.0516 | 0.0597 | 0.0669 0.069 0.066 0.0595 | 0.0506 | 0.0408 | 0.0317
0.1031 0.1237 | 0.1394 | 0.1471 | 0.1462 | 0.1374 | 0.1212 | 0.1018 | 0.0824
0.1543 0.184 0.2083 | 0.2229 | 0.2245 | 0.2131 0.191 0.1629 | 0.1345
0.202 0.2375 | 0.2683 | 0.2877 | 0.2913 | 0.2787 0.253 0.2192 | 0.1844
0.2476 | 0.2881 | 0.3217 0.342 0.3462 | 0.3339 0.307 0.2715 | 0.2334

U7 5.27 uaAa Equivalent ¥89a11mAssawaradnluuaas Node 1¥097d9 SPCC 411A 2

4 _ o
mm. N 70
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M3 5.72 waaamawnIsanataaniitialy Element 199370 SPCC 411A 2 mm. 71 80

93N
E E G H I J K L M
01905 | 0.2609 | 0.3687 | 0.5717 | 0.6892 | 0.6383 | 0.5084 | 0.3483 | 0.2668
0.1241 0.1965 | 0.2978 | 04262 | 0.5295 | 0.5018 | 0.3723 | 0.2733 | 0.2009
0.0573 0.119 0.1965 0.273 0.3197 | 0.3063 | 0.2493 | 0.1837 | 0.1268
0.0073 | 0.0388 0.089 0.1298 | 0.1545 | 0.1577 | 0.1338 | 0.0935 | 0.0582
0.0174 | 0.0318 | 0.0416 | 0.0485 | 0.0464 | 0.0436 0.033 0.0156 | 0.0068
0.058 0.0732 | 0.0871 0.0937 | 0.0926 | 0.0893 | 0.0781 0.0568 | 0.0356
0.1123 0.144 Q. 4714 0.1867 | 0.1927 0.188 0.168 0.1339 | 0.0951
01682 | 0.2128 | 0.2566 | 0.2899 | 0.3062 | 0.2964 | 0.2611 0.2101 | 0.1588
02232 | 0.2732 | 0.3289 | 0.3834 | 0.4126 0.393 0.3367 | 0.2751 | 0.2205
0.279 0.3326 | 0.3934 | 0.4827 | 0.5221 0.4894 | 0.3973 | 0.3359 | 0.2821

31U 5.28 1aA9A1 Equivalent 8RS uAwa1erin luueag Node 404 3aq SPCC ¥11A 2

mm. 80°
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M3191 5.73 uaasmInunIsanaaAniing lu Element ¥94300 SPCC ¥11A 2 mm. #1 90

DI

E F G H I J K L M

02728 | 0.2745 | 0.4074 | 0.6114 | 0.7557 | 0.8529 | 0.8069 | 0.6222 | 0.3649

0.1578 | 0.1984 0.332 0.5041 | 0.6302 | 0.6884 | 0.6116 | 0.4021 | 0.2585

0.0605 | 0.1284 0.233 0.3344 | 04176 | 0.4452 | 0.3775 | 0.2567 | 0.1591

0.008 0.0478 | 0.1181 0.1633 | 0.2146 | 0.2318 | 0.1991 | 0.1348 | 0.0798

0.0218 | 0.0507 | 0.0774 | 0.0904 | 0.0986 | 0.0983 | 0.0848 | 0.0567 | 0.0243

0.0625 | 0.0874 | 0.1131 0.1329 | 0.1439 1398 0.1205 | 0.0899 | 0.0569

0.1196 | 0.1588 | 0.2008 | 0.2403 0.265 0.2583 | 0.2223 | 0.1747 | 0.1252

0.1807 | 0.2367 | 0.3061 0.3788 | 0.4251 0.4179 | 0.3549 | 0.2728 | 0.1995

0.2452 | 0.3168 | 0.4182 | 0.5393 | 0.6014 | 0.5916 0.504 0.3649 | 0.2711

0.2946 0.374 0.5127 | 0.6423 | 0.7127 | 0.7046 | 0.5974 | 0.4308 0.323

31N 5.29 uaAse Equivalent vosnImmasuanatainluusiag Node 99 3aq SPCC ¥11A 2

-
mm. 1 90

3
1 o a o @
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M3191 5.74 uaamInUIAIEANAIEANTARA 1Y Element ¥893ag S50C Y119 2 mm. 71 10

94N
C D = F G H I J
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

3101 5.30 uaAIA1 Equivalent Y040 1ATEANA1EAN 1LLARY Node ¥897d9 S50C U110 2

mm. N 10°
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M9 5.75 uaassnnunIana1aAnfitialy Element ¥993a8 S50C 4118 2 mm. 7 20

23
C D E F G H I J
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

317 531 uenaf1 Equivalent v99nmAToana1adn luuaaz Node ¥o93a9 S50C vu1n 2

mm. 9 20°
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M990 5.76 uasAIAURIsANa1aAnAnalY Element ¥993a S50C YUIA 2 mm. 1 30

RN

C D E F G H I J K

0 0.0007 | 0.0285 | 0.0363 | 0.0374 | 0.0029 | 0.0189 | 0.0158 | 0.0131

0 0 0.0017 | 0.0148 | 0.0127 | 0.0068 | 0.0003 | 0.0013 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0.0006 | 0.0003 0 0 0 0 0
0.0055 | 0.0129 | 0.0168 | 0.0169 | 0.0142 | 0.0104 | 0.0065 | 0.0029 | 0.0007
0.0216 | 0.0297 | 0.0341 | 0.0341 0.0309 | 0.0259 | 0.0206 | 0.0158 | 0.0119

U 5.32 uaaeA Equivalent ¥04amin3uana1aanluiaas Node ¥893a9 S50C ¥11A 2

min. “ﬁ 30°
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M3 5.77 waasmnaunioanaa@niinaluy Element 0939 S50C Y119 2 mm. 1 40

RN

C D E F G H I J K
0.003 0.0015 | 0.0658 | 0.1311 0.125 0.0918 | 0.0734 | 0.0582 | 0.0439
0.0021 0.001 0.0279 | 0.0694 0.083 0.066 0.0424 | 0.0265 | 0.0174

0 0 0.0003 | 0.0114 | 0.0263 | 0.0266 | 0.0133 | 0.0018 | 0.0001

0 0 0 0 0.0001 | 0.0003 0 0 0

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0

0 0.002 0.0096 | 0.0142 | 0.0132 | 0.0072 | 0.0001 0 0
0.005 0.0207 0.038 0.0479 | 0.0468 | 0.0367 | 0.0224 | 0.0099 | 0.0019
0.002 0.054 0.0682 | 0.0843 | 0.0837 0.068 0.0474 | 0.0299 | 0.0185
0.0476 | 0.0719 0.096 0.1142 | 0.1148 | 0.0964 | 0.0735 | 0.0543 | 0.0396

310 533 uaAan1 Equivalent vesnmims sanatadnluiaag Node ¥o33eq S50C 1118 2

4 o
mm. N 40
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M99 5.78 ueraaminuAseanaa@niiine lu Element 499389 S50C 4119 2 mm. 11 50

23

D E E G H I J K ke
0.0142 0.083 0.2026 | 0.2999 0.308 0.2635 | 0.2034 | 0.1395 | 0.0728
0.0109 | 0.0486 | 0.1466 | 0.2356 | 0.3533 | 0.2027 | 0.1353 | 0.0665 | 0.0254
0.0031 | 0.0077 | 0.0692 | 0.1373 | 0.1564 0.114 0.0515 | 0.0118 | 0.0005

0 0 0.0041 0.0239 0.036 0.0166 | 0.0014 0 0

0 0 0 0 0 0 0 0 0

0 0.0017 | 0.0206 | 0.0457 | 0.0462 | 0.0203 | 0.0001 0 0
0.0073 | 0.0351 0.0871 0.1369 | 0.1421 | 0.0932 | 0.0362 | 0.0048 0
0.0364 | 0.0994 | 0.1722 | 0.2149 | 0.2153 | 0.1756 | 0.1013 | 0.0348 | 0.0058
0.0874 | 0.1733 | 0.2427 | 0.2724 | 0.2662 | 0.2327 0.176 0.0878 0.03
0.1573 0.235 0.2852 | 0.3035 0.296 0.2676 | 0.2228 0.155 0.0727

31N 5.34 1eA3AT Equivalent YDINIWIATOAWAIAAN TLAAZ Node Y9789 S50C Y11A 2

mm. 9 50°
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M99 5.79 udaenInuAIsANaI@AnIIAATY Element ¥993819 S50C 41419 2 mm. 71 60

RN

D E E G H | J K L
0.0245 | 0.0925 | 0.2016 | 0.3167 | 0.3543 | 0.3144 | 0.2379 0.154 0.0874
0.0173 | 0.0657 | 0.1565 | 0.2564 | 0.2955 | 0.2511 0.1673 | 0.0827 | 0.0319
0.0062 | 0.0222 0.068 0.1535 0.189 0.1495 | 0.0732 | 0.0205 | 0.0008
0.0005 | 0.0001 | 0.0086 | 0.0347 | 0.0542 0.032 0.0044 0 0

0 0 0 0 0.0001 0 0 0 0

0 0.0046 | 0.0254 | 0.0537 | 0.0612 | 0.0369 | 0.0057 0 0
0.0079 | 0.0412 | 0.1031 0.1559 | 0.1706 | 0.1333 | 0.0602 | 0.0135 0
0.0416 | 0.1172 | 0.1971 0.2474 | 0.2531 0.216 0.1447 | 0.0591 | 0.0117
0.1048 | 0.1962 | 0.2759 0.316 0.3121 | 0.2766 | 0.2141 0.132 0.0489
0.1786 | 0.2653 | 0.3239 | 0.3516 | 0.3492 | 0.3162 | 0.2652 | 0.1928 0.104

I

chried
+
t
-+
1
T
+
+
+
+:
+
4z
+

31N 5.35 1aAIA Equivalent voannuias sana1afinluusas Node vosian S50C v11m 2

mm. ﬁ 60°
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M39N 5.80 uaAsmIAIAIsANAIaAniAA 1Y Element ¥93389 S50C Y118 2 mm. 1 70

93

D E F G H | J K L

0215 0.0961 | 0.2503 | 0.3597 | 0.4571 | 0.4521 | 0.3669 | 0.2586 | 0.1601

0.017 0.0703 | 0.1721 | 0.2884 | 0.3683 | 0.3619 | 0.2734 | 0.1687 | 0.0128

0.0066 | 0.0148 | 0.0641 0.1804 | 0.2489 | 0.2289 | 0.1497 | 0.0587 | 0.0079

0.0003 0 0.0058 | 0.0516 | 0.0891 | 0.0672 0.021 0.001 0
0 0 0 0.0022 | 0.0033 | 0.0004 0 0 0
0 0.01 0.0432 | 0.0799 | 0.0964 | 0.0818 | 0.0449 | 0.0073 0

0.0099 | 0.0589 | 0.1437 0.208 0.235 0.2135 | 0.1494 | 0.0608 | 0.0092

0.0521 0.149 0.2496 | 0.3219 | 0.3507 | 0.3221 0.2478 | 0.1506 | 0.0515

0.1345 | 0.2431 0.3423 | 0.4113 | 0.4363 | 04037 | 0.3268 0.232 0.1274

0.2136 | 0.3204 | 0.4086 | 0.4641 | 0.4811 | 0.4527 | 0.3876 | 0.3012 | 0.2025

317 5.36 uanaf1 Equivalent vosnnuinToana1ainluusay Node yo33aqg S50C vi1a 2

mm. 7 70°
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MT19N 5.81 uaraar AT uANaIaARTIAA U Element ¥84389 S50C 411 2 mm. 71 80

2371

D E F G H I J K L

0.0154 | 0.0825 | 0.2428 0.394 0.5058 | 0.5694 0.509 0.3604 | 0.2422

0.0103 | 0.0551 | 0.1805 | 0.3201 | 0.4259 | 0.4506 | 0.3907 | 0.2729 | 0.1489

0.0033 | 0.0153 | 0.0759 | 0.0196 | 0.2967 | 0.3054 | 0.2385 | 0.1333 | 0.0347

0 0 0.0111 | 0.0747 | 0.1374 | 0.1282 | 0.0655 | 0.0117 0
0 0 0.0002 | 0.0051 | 0.0165 | 0.0103 | 0.0001 0 0
0 0.008 0.0399 | 0.0829 | 0.1175 | 0.1193 | 0.0907 | 0.0447 | 0.0034

0.0071 | 0.0543 0.149 0.2818 | 0.2794 | 0.2813 | 0.2339 0.146 0.05

0.0511 0.15556 | 0.2776 | 0.3757 | 0.4277 | 0.4229 | 0.2582 | 0.2551 0.1371

0.1451 0.2702 | 0.3941 0.494 0.5466 | 0.5294 | 0.4513 | 0.3543 | 0.2409

02357 | 0.3655 | 0.4833 | 0.5736 | 0.6158 | 0.5915 | 0.5209 | 0.4111 | 0.3007

UM 5.37 uansA Equivalent voinuas vana1adnluiidag Node 103379 S50C vu1a 2

mm. ‘I?l 80°
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M3 5.82 uanafInumIsanaraAnfiialu Element ¥o937q S50C Y118 2 mm. 1 90

DI

D E F G H I J K L

0.0166 | 0.1204 | 0.3137 | 0.5015 | 0.6165 | 0.6693 | 0.6283 | 0.5016 | 0.3364

0.0019 0.044 | 0.00941 | 0.4027 | 0.5084 | 0.5504 | 0.4907 | 0.3754 | 0.2214

0 0.0027 | 0.0906 | 0.2606 | 0.3568 | 0.3889 | 0.3206 0.201 0.072
0 0 0.0094 | 0.0989 | 0.1891 | 0.1975 | 0.1267 | 0.0394 0.001
0 0 0.0004 | 0.0178 | 0.0595 | 0.0483 | 0.0076 0 0

0 0.0144 | 0.0598 | 0.1157 | 0.1523 | 0.1513 | 0.1228 | 0.0765 | 0.0247

0.0135 | 0.0747 | 0.1842 | 0.2801 | 0.3349 | 0.3435 0.301 0.2123 | 0.1001

0.0739 | 0.1909 | 0.3281 0.4482 | 0.5164 | 0.5279 0.462 0.3466 | 0.2131

0.1812 | 0.3262 | 0.4702 | 0.5911 | 0.6638 | 0.6661 0.587 0.4648 | 0.3268

0.2598 | 0.4196 | 0.5711 0.6934 0.756 0.7488 | 0.6709 | 0.5493 | 0.4094
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15197 5.83 ugaIANlosIFUd Error 489 SPCC V1A | mm.

SPCC Size 1 mm.

29 %Error Y%Error % Error
AsWL | en.24 | eq.23 | Simulation | Experiment {eq.24) (2q.23) Simuiation
10 0.782 | 0.788 0.083 0.747 -4.69 -5.22 88.89
20 0.797 | 038 0.249 0.825 3.39 3.03 69.82
30 0.812 | 0.814 0.399 0.908 10.57 10.35 56.08
40 0.828 | 0.828 0.501 0.95 12.84 12.84 47.26
50 0.843 { 0.842 0.577 0.965 12.64 12.756 40.21
60 0.859 | 0.857 0.639 0.974 11.81 12.01 34.39
70 0.875 1 0.871 0.685 0.979 10.62 11.03 30.03
80 0.89 [ 0.885 0.727 0.983 9.46 9.97 26.04
90 0.906 | 0.899 0.769 0.986 8.11 8.82 22.01




A15197 5.84 LaaIfUosIFUA Error 9949 S50C YH1A 1 mm.

109

S80C Size 1 mm.

avdn %Error %Error % Error

15wy | eq.24 | eq.23 | Simulation | Experiment {eq.24) (2g.23) Simulation
10 0.193 | 0.237 0.015 0.207 6.76 -14.49 92.75
20 0.236 | 0.276 0.012 0.354 33.33 22.03 96.61
30 0.282 [ 0.318 0.015 0.426 33.80 25.35 96.48
40 0.331 [ 0.362 0.026 0.489 32.31 25.97 94.68
50 0.383 | 0.409 0.092 0.539 28.94 24.12 §2.93
60 0.438 | 0.457 0.183 0.617 29.01 25.93 68.72
70 0.494 | 0.506 0.317 0.697 29.12 27.40 54.52
80 0.553 | 0.557 0.413 0.754 26.66 26.13 45.23
g0 0.614 | 0.61 0.499 0.802 23.44 23.94 37.78

15197 5.85 waneA1osiSust Eror 499 SPCC 419 2 mm.
SPCC Size 2 mm.

a9 %Error %Error % Error

ATwy | eq.24 | eq.23 | Simulation | Experiment {eq.24) {eg.23) Simulation
10 0.89 | 0.885 0.168 0.85 -4.71 -4.12 80.12
20 0.898 | 0.892 0.421 0.914 1.75 2.41 53.94
30 0.906 | 0.899 0.578 0.928 2.37 3.13 37.72
40 0.914 | 0.907 0.664 0.954 4.19 4.93 30.40
50 0.922 | 0.914 0.743 0.964 4.36 5.19 22,93
60 0.929 | 0.921 0.803 0.973 4.52 5.34 17.47
70 0.973 [ 0.928 0.831 0.978 4.51 5.11 15.03
80 0.945 | 0.935 0.864 0.985 4.086 5.08 12.28
90 [0953|0942| 0.883 0.996 4.32 5.42 11.35




A13197 5.86 uﬁmﬁuﬂaﬁﬂ?uﬁ Error #8494 §50C 9118 2 mm.

110

S50C Size 2 mm.

a9¢n %Error %Error % Error

n1sWL | eq.24 | eq.23 | Simulation | Experiment (eq.24) {eq.23) Simulation
10 0.553 | 0.557 0.004 0.564 1.95 1.24 99.29
20 0.583 | 0.583 0.002 0.624 6.57 6.57 99.68
30 0.614 | 0.61 0.072 0.676 9.17 9.76 89.35
40 0.644 | 0.636 0.181 0.72 10.56 11.67 74.86
50 0.676 | 0.663 0.336 0.769 12.09 13.78 56.31
60 0.707 | 0.691 0.444 0.816 13.36 15.32 45.59
70 0.739 1 0.718 0.541 0.858 13.87 16.32 36.95
80 0.771 ] 0.746 0.634 0.889 13.27 16.09 28.68

5.2.5 N'ﬂﬂ15ﬂﬂﬁi’]ﬂﬂ1ﬁ$ﬂ!‘]ﬂlﬂ1ﬁﬁﬂﬂ€fﬂ

5.2.5.1 ﬂﬁlﬂ’l‘iﬂﬂ'ﬁﬂ‘uﬂ'l‘i‘liﬂmf]ﬂ'l‘a'aﬂﬂﬁﬂ‘ﬂﬂd%’ﬂ@ S50C v 1 mm.

A151941 5.87 LAAINANIINATDUNIFAYBDIAINITAANAUVBITAR S50C Y119 | mm. 91 10
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2961 A ldInnsmaaad
As Aada
wo | 2 4 5 6 7 8 9 10
17°00" | 9°01” 9°02’ 900" 850/ 8°58' 9°01" 9°01" 9°59 9°00" ges59 9°00"
17930 | 10°09° | 10°09' | 10°10° | 10°11° | 10°011° } 10°127 } 10°09 | 10°08" | 10°11" | 10°10° 10°19°
18°00° | 10°48" | 10°52" | 10°50° | 10°51" | 10°52'° | 10°47 | 10°48" | 10°53" | 10°49' | 10°50* 10°50°

INN1INARDINIWY TraosAIBEBImMNITAANAULeITan S50C 41 1 mm.
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M13199 5.88 LAAINANITNATOUMIYAIBEDIMNITAANALUVEITHE S50C 411@ 1 mm. 91 20
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2967 AN ldannIsAaaY

A3 dais
Wu ! 2 3 4 5 6 7 8 9 10

34°00° | 19°08' | 19°10° | 19207 | 19°011° [ 19°10° | 19°09" | 19°14" | 19°11" | 19°12" | 19°08" | 19°10’
34°30' | 19°36' | 19°32° | 19°34' | 19°33 | 19°37 | 19°35° { 19°31" | 19°36" | 19°34' | 19°32" | 19°34'
35°00° | 20°07" | 20°13" | 20°10° | 20°08' | 20°11° § 20°13' | 20°09' | 20°10" | 20°08" | 20°11" | 20°09'

VN1 NARBILT 34 09en, 34 0971 30 AUA1 waz 35 aern i lvmswaei

Indifuadiy 20 perunn fierimisnaasudIvIARAEEiINIG Interpolate HIANITAY

¥eure0IaIn1saanauf 20 oam Iduszunw 34 o981 50 Adan

A151971 5.89 LAAINENINATBUNMI VALTUBIFIMSIAANALVBITAE SS0C ¥R 1 mm. 71 30

2970
—— avrfldaInnTsvanae
S b dadn
wu 1 2 3 4 5 6 7 8 9 10
45°00" | 28°43' | 28°47 | 28°46' | 28045’ | 28°43 | 28°46' | 28°43" | 28°48" | 28°45' | 28°%44' | 28°45
45°30° | 29023 | 290227 | 29°24' | 29°26' | 29°27 | 29°23" | 29°21" | 29°24" | 29°27" | 29°23' | 29°24°
46°00' | 30°05' | 30°01° | 30°00° { 30°03' | 30°06" | 30°04" | 30°03* | 30°02 | 30°05* | 30°01" | 30°03

WIMINADINUT 45 099, 45 0471 30 aat uag 46 99 NildnTwA1esrmN

IRty 30 BIFNNIN GIBTINIINARDAIMNIAURALUATYIING Interpolate MIAIMTHY

FAFEDIAINITAANSLN 30 09r 1dUIIM 45 098 57 e
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3197 5.90 LAMIHANINATOLNMITAVIBIAINISAANTLVBITHY S50C YU 1 mm, 71 40

2971
. A ldaNnANARRY
As Aadn
Wy ] 2 3 4 5 6 7 8 9 10
60°00° | 38°47' | 38°48° | 380527 | 38051 { 380507 | 38°52° | 38048 | 38°53' | 38°49° | 38°5¢ | 38°5(’
60030" | 39527 | 39°20' | 39020 | 30026’ | 390257 | 39°24' | 39028 | 39°26° | 39°26" | 39°30" | 39727
61000 | 41055 | 41°57' | 41060 | 41°58" | 41959" | 41o56' | 41°54' | 41°56* | 41°60" | 41°55' | 41°57"

MMSNATDINUT 60 Der, 60 898 30 Alla1 uaz 61 89m Mlvntuaeemn

Tndifoery 40 parwin WS AaBwAIIAIRRBLAZTINIG Interpolate MIAINTTHL

FAYEDIFNIIAANGUT 40 varn latlszuns 45 0381 57 Ada

Q151991 5.91 LAAIHANISNATOLNIFYALFBOIAIMSAANTLUBI T SS0C UUIA 1 mm. 7 50

EG
296 asmlgananisvaaas
A1s Anady
wu 1 2 3 4 5 6 7 8 9 10
74000' | 49°03' | 49°05' | 49°07" | 49°06" | 49°04 | a9°05' | 29202’ | 49°03" | 49°07" | 49°08' | 49°05'
74030 | 49°19" | 49°22' | 49°23' | 490207 | 49°24' | 49°22" | 49°21" | 49°20 | 49°21" | 49018 | 49o21”
75°00' | 50°09° | 50011’ | 50012 | 50°14' | 50085 | see117 | 50010° | 50°137 | 50°10° | 50°09' | 50°12

¥imsvnaaosuf 74 0arn, 74 a4en 30 AUan wag 75 pem i ldmsuA1e9N

1ndiRvedy 50 aermn  Wekimsnansudiminundouagiinig nterpolate MIAIMSHY
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A131971 5.92 URAIHANTNAGDUAITFAIEDINTANNGUYBITAG S50C VU@ | mm. 71 60

24901
B e laannITMARDY
A9 PGED
Wy | 2 3 4 5 6 7 8 9 10
86°00° | 59°45' | 59°43" | 59°46' | 59°48' | 59°44' | 5942’ | 59°43' | 59°45' | 59°46' | 59°48' | 59045
86230’ | 60°14° | 60213 | 60°16' | 60°17 | 60°14° | 60°15' | 60°18" | 60°137 | 60012’ | 60°18" | 60°15"
87°00' | 61°01" | 51°03' | 6§°05' | 61°02' | 61°03* { 61°05° | 61°03 | 61°01" | 6102’ | 61°05" | 61°03"

WIMINAROINLT 86 D951, 86 B4A1 30 Aka1 uag 87 varm T l¥nsuateed

InAReady 60 8ernuIA  WBYMINARBWEIMIAURALGLRINTG Interpolate ¥IAINITHU

FABBDIANITAANTUN 60 D9F1 19Uz 86 BIM 28 A1lan

MW 5.93 LAPIHANTNATOUNTYALTLBIAINISAANTUYRITAR S50C YHIA 1 mm, 7t 70

G
296 asefildainnsvaaas
Ay ALaAY
nu | 2 3 4 5 6 7 8 9 10
97°00' | 6902’ | 69°0t" | 69°04’ | 69°06" | 69°04" | 69°02" | 69°03' | 69°01" | 69°02' | 69°05' | 69°03'
97°30° | 69727 | 69°25" | 69°24" | 69°30° | 69°20" | 69°26' | 69°24' [ 69°20" | 69°30" | 69°26' | 69°27'
98°00° | 70°05’ | 70°02" | 70°06" | 70°07* | 70°07 | 70°03' | 70°05’ | 70°08" [ 70°03 | 70°04" | 70°05'

FININARDIRUT 97 0971, 97 048N 30 alle1 uag 98 aasn ldnsuatesen®

Tndifusfu 70 esrmunndieriinmsnaasaudmaundouaziinis Interpolate MIAINITHY
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A151971 5.94 LARIKAMTNATDUMIYALBLBIAINITAANAUVBITAA S50C V11A 1 mm. 11 80

049e
298 a9 ldaINAITVIRA Y
N3 Anadn
iy i 2 3 4 5 6 7 8 9 10
106000 | 790127 | 790117 | 700100 | 79°14 | 79012 § 79013 | 79015 | 79011 | 79009 | 79013 | 7912
106°30° | 79°40" | 79°42' | 79°45 | 79°44’ | 79°43" | 79°a0r | 79°41" | 79044’ | 79°42° | 79°39" | 79°42
107°00" | 80°12* | 80°11° | 80°08" | 80°09 | 0°12' | 8007 | 80°10° | 80°11° | 80°13 | 80°17' | 80°10

FIMTNARDINUR 106 847, 106 9971 30 Addauaz 107 seen M lvmsueivam

AlndiReany 80 2NN WaIMInAasu@ A NRAINAZT1N1S Interpolate HIAMNITWY

FALYUDIAINITAANALA 80 848 IAU32u101 106 04 52 Ailan

A1519%1 5.95 UARINANINATOUMIBATVIIAINIIAANAVUDIIAY S50C VIR 1 mm. 7 90

DIF
8961 aednlaanmisnasng
Ay ANadn
Wu I 2 3 4 5 6 7 8 9 10
111°00" | 88°56" | 88°58" | 88°55' | 88957 | 88°58" | 88°60 | 88°56' | 88°54' | 88°57' | 88°59" | 88°57'
111°30" | 89045 | 89°41" | 89°40’ | 89°43 | 89°42 | 89°39' | 89240’ | 89°42' | 89°43' | 89°45' | §9°42’
112°00° | 90°07" | 90°09* | 90°05' | 90°08" | 90204 | 90°10° | 90°09' | 90°06' | 90°05' [ 90°07" | 90°07"

FImsnaaoeRuf 111 89, 111 8381 30 aUa1 waz 112 89 i ldns e

garni IndiResdy 90 sernuin Wehmsnaaewd A uRaoNazR NI Interpolate M1AINTI
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5.2.5.2 HANINATBLMIIFAFLNMIAANTLVBIIER SS0C YUIR 2 mm.

A151991 5.96 LAAIHANIINATOUNITRIBUBIAMNSARNTUYBI TG SS0C 1A 2 mm. 1 10

8971
29AN avdldannnlsvinaas
ans Auads
Wy 1 2 3 4 5 6 7 8 9 10
15°00° | 9°09 | 9°11" | 9°10° | 9°08 | 9°13' | 9°12" | 9°07" | 9°12' | 9°08' | 9°10" | 9°10

15°20" | 9°51" | 9°49° | 9°54" | 9°53' | 9°50° | 9°52° | 9°51" | 9°53' | 9°55" | 9°5% 9e52'

16°007 | 10°16° | 10°15° | 10°13" | 10°12" | 10°14" | 10°L6' [ 10°18" | 10°15" | 10°14" [ 10°17" | 10°15°

.
=y

NnmMsnaassmRuTagiisrawesirnIsAAndesITgh S50C Y1IA 2 mm.

L]

h.

i 10 pern 8¥MSNAREIWLT 15 pag. 15 aafn 30 Avan ez 16 aem i lvnswdeemh
IndiRvstu 10 peemuIn  IavMInagedamAuRGoUagiIngg Interpolate MIAMTHY

FOBIDIEAITAANAUN 10 09 TaUszrnae 15 0 39 AU

M15197 5.97 WEAAIHANITNABUMIYAIBHDIAMIMTAANAUVBITRE S50C 319 2 mm. 91 20

B3N
2967 aveitldatnasnasas
Ag dnadn
nu 1 2 3 4 5 6 7 8 9 10

27°00° | 18°52' | 18°53" | 18°56" | 18°58’ { 18°57" | 18°54' | 18°56' | 18°52' | 18°54' | 18°58’ | 18°5%

27°30° | 19°49 | 19°52' | 19950 | 190537 | 19°49' | 19°48" | 19°50" | 19952" § 19°53" | 19°54" | 19951

28°00 | 20°34" | 20°33° | 20°31° | 20°35° | 20°34° | 20°36" | 20°37' | 20°35' | 20°32' | 20°33' | 20°34

FIA1sNaaediUR 27 oasn, 27 par 30 Aua1 uaz 28 vern i lvmswAeen®
nddoed 20 perIn  WBMININARBUEINIANRALAZTINS Interpolate NIAINITRY

FALFIDIFINS AANEVT 20 03 18Usznm 27 aem 35 Adlen
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A15199 5.98 LEAIHDNITNATDLNIFAITIBIMNNIAANTLVBITHA SSOC YW1A 2 mm. 7 30

097
296 A ldaInATNaaaY
ms ANaaL
Wu ] 2 3 4 5 6 7 8 9 10

38°007 | 28°53' | 28°54" | 28°56' | 28°58' | 28°57' | 28°56' | 28°55" | 28°52' | 28°54" | 28°55' | 28°55'

38°30" | 29°287 | 29°31' [ 29°29° [ 29033 | 29°29' | 29°32° | 29°3(¢ | 29°27' | 29°31"' | 29°30" | 29°3(/

39°00° | 30°13" | 30°12' | 30°15° | 30°18' { 30°17' | 30°14’ | 30°15" } 30°17' | 30°13' | 30°16' | 30°15

MiN1Inaaoawu 38 sam, 38 a3 30 adar uaz 39 ver1 ¥ linswsoeni
Tndieany 30 pernuInEeNIsnAsemd IR uRTonasIn1g Interpolate WIAINITHY

FEUBBRIFINITAANTUN 30 B9 19Ussu1n 38 8ee 47 Aan

M191991 5.99 UAPIHANIINATBUNITYAITHOIAINTAANAVYDITEA S50C YUIA 2 mm. ¥ 40

29F7
2967 g ldIAnsMaAaaY
avs Aiadn
v ! 2 3 4 5 6 7 8 9 10

51°00° | 38°41" | 38°43' | 38°42' | 38°40 | 38°39' | 38°44' | 38°45' | 38°42" | 38°41' | 38°43' | 38°4Y

519307 | 41217 | 41°19° { 41°16° | 41°17' | 41°18 | 41°21" | 41°19" | 41°16’ | 41°20" | 41°17" | 41°18

52°00° | 43°15" { 43°17" | 43°12" | 43°14' | 43°14" | 43°13° | 43°16" [ 43°18" | 43°15" | 43°16" | 43°1¥

MIMINAavIRUR 51 037, 51 04en 30 aUar uag 52 oae Mlvnswaowni
Indifisafy 40 earnuin  WeviimsnaaewdIniAnndouagiinig Interpolate MIAINITNY

FAFIDIAIMIAANAUN 40 897 1AUsEUIM 51 898 20 AU
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A15199 5.100 LAAIHAMINATOUMTYABYOIANNSAANALVBITAE S50C UUIA 2 mm. 71 50

D4
B9R avAPldnATAREY
ng ANady
Wy ] 2 3 4 5 6 7 8 9 10

60°00° | 46°23° | 46°25" | 46°20° | 46°24" | 46°28' | 46°27' | 46°22' | 46°24' | 46°26" | 46°25" | 46°25'

60307 | 48°36" | 48°37' | 48°35' | 48°38" | 48°35" | 48°33" | 48°39' | 48°37" | 48°34" | 48°36" | 48°36'

61°00' | 50046" | 50°47 | 50°43° | 50°45' | 50°44' | 50°42' | 50°44' | 50°46" | 50°45° | 50°48’ | 50°4%

RIN1sNaanaRUf 60 898, 60 95N 30 Adlen uaz 61 aern Hlwnswaessh
TndiReeny 50 BarnuIN  HBVINIINARBINAMIANNAONAZYIINTG Interpolate HIATN1IHL

FAFYBIFINITAANALN 50 8ar 1AYTeuiar 60 948 57 aden

M99 5.101 LAAINANITNATDUATIBALBLBIMAITAANTLVBITAG SS0C YA 2 mm. 91 60

B
AdE asdIlgNMITNAaaY
ms Anan
Wi ! 2 3 4 5 6 7 8 9 10

72000 | 56°35' | 56°34" | 56°38" | 56°37' | 56°34' | 56°39' | 56°36' | 56°33' | 56°35' | 56°39" | 56°36'

72°30' | 59°0 1" | 59°09’ [ 5913 | 59°12' | 59°14' | 59°10° | 59°11" | 59°13' § 59°15" | 59°12' | 59°12

73°00° | 63°46' | 63°49' | 63°47" | 63°45' | 63°51’ | 63°50" | 63°46' | 63°47" | 63°48" | 63°51" [ 63°48'

INSNARDINUN 72 99r, 72 B9e 30 A1l uag 73 vaen M linswdweN
ndifsafu 60 esrnuin  eiimInaaewd A undouaziinig Interpolate MIAMIHY

FAFEBIRNTAANELN 60 03r 1dtlszunm 72 oem 35 AYan
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M151971 5102 LAAINAMINATBLNMSBAITUDIANASARNGLVRITAE SS0C YU1A 2 mm. §i 70

B9F1
B9 29AR1HIINNITVARDY
s ALaaL
Wy | 2 3 4 5 6 7 8 9 10

83900 | 68°49' | 68°45" | 68230’ | 68°47' [ 68°51' | 68°46' | 68°47 | 68°51" | 68°46" | 68°48' | 68°48"

83°30" | 70°52' | 70°50" | 70°48° | 70°47' { 70°51* | 70°33" | 70°47° | 70°52' | 70°49" | 70°51" | 70°50’

84°00° | 71°44' | 71°47" | 71°46" | 71°43* | 71°48" | 71°45" | 71°46" | 71°43° | 71°46' | 71°42" | 71°4%

RMsNABEIRUT 83 Dar. 83 B4en 30 Gla1 uag 84 asen hlfinswaeseny
Indeady 70 asenuin oINS NAaBLEIMIRImANLAZiINS Interpolate YIAINTHY

FOUBHBIFINITRANALT 70 898 1@USEYIM 83 09pn 22 A

A151971 5.103 UFAIHANITNATOLMIYALBUBIANITAANGLUBITHG S50C YHIA 2 mm. 1 80

DI
ave avAmldannismaxay
s Aadn
Wy 1 2 3 4 5 6 7 8 9 10

90°00" | 78°39" | 78°36" | 78°34" | 78035 | 78°37' | 78°33¢ | 78°35' | 78°38" | 78°37' | 78°36' | 78°3¢’

90°30° | §0°10° | 80°09* | 80°11° | 80°12' | 80°13' | 80°10° | 80°09' | 80°11’ § 80°12" | 80°13" | 80°IV’

91°00" | 82°12' 82“];4' 82015' | 82°16" | 82°14’ | 82°15 | 82°13" | 82°18' | 82°17" | 82°l6' | 82°1¥

FinsnaasRufi 90 ear, 90 8am 30 Fa wag 91 veen TN wABIRT
Indifisedu 80 vasnn  Wevhminanswdmiaundonaziinis Interpolate MAINITHY

¥OUFUDIFNITAANALN 80 I 1HUTeI 90 9arn 26 alla




5.2.5.3 HAMIINATBUMITATEIMsAAndUYeITag SPCC 1WA 1 mm.
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A15197 5.104 LAAIHANTNATOLNITFALBIAMNSAANTULEITarg SPCC YWIA 1 mm, i 10

DI
296 avdldannnisvaaas
A1s fadn
wu 1 2 3 4 5 6 7 8 9 10
11200 | 9°13' | 9°14r | gerer | veust | 9016 | 9ol | 902 | 9ol | 914 | 9°1st | 9°13
11°30° | 9%46' | 9045 | 9o50' | 9°48' | 9°aa" | 9ea7 | 9°48" | 9°45' | 9°50' | 9°47 | 9°47
120007 | 119327 ] 119310 | 11°33" | 11°36° | 11°35° | 11°31* | 1§°30" | t1°34" | 11°33" | 11°35° 11°33*

nnMInaassmsiuiagRerawesrnnisaanduvesiagh SPCC vu1A | mm.

7 10 sernld¥iimsnaassiud 11 esrn, 11 89eh 30 adat uag 12 o Thldnsusoend

T&Reefy 10 99NN IEMINISNARLAIMIAURROLALHINIT Interpolate WIAINITHU

=1 ar :.; g -
PYRIFUDIFMNITAANAUN 10 BN ‘1ﬂﬂﬁzmm 1 847 38 avan

A151971 5.105 LFAIHAMINATOUNMIYAITLDIAANIARNGLVBITER SPCC YUIA 1 mm. Fi 20

(NN
. 29FI A 1ARNAITVARDY
Ag Flade
i ] 2 3 4 5 6 7 8 9 10
21°00° | 18223 | 189227 | 18°20" | 18°21" | 18°24" | 18°20' | 18°22" [ 18°24' | 18°23' | 18°21" [ 18°21’
21030’ | 20°09’ | 20011 | 20°14 | 20°12¢ | 20083’ | 20°117 | 20°08' | 20°10° | 20°42" | 20°10" | 20°11'
22000 | 20°87° | 20°89" | 20°90" [ 20°91" | 20088’ | 20°85" | 20°87 | 20°86" | 20°91 | 20°86' | 20°88’

FImIneasavuf 21 eer, 21 0af 30 Sa uag 22 asen Mlvnswd e

Tndfvsfin 20 pernuin  WewinisnanowdmaAnRdonaziing Interpolate ¥MIAINITHY

¥FoRIFNIAanduT 20 o 1dUszui 21 oash 28 Aum
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A19199 5.106 UAAINAMNITRATDUNITVAIBINMIAANTUYDITAR SPCC ¥U1 | mm. 7 30

DI
2967 avATTA1ldIINATTVARRY
s . Aadn
wu 1 2 3 4 5 6 7 8 9 10

31°00" | 28°54" | 28°58" | 28°55' | 28°52' | 28°56" | 28°5¢° | 28°57" | 28°53' | 28°34’ | 28°55' | 28°5%

J1°307 | 290387 | 29°36° | 297357 | 299337 | 29°32' | 29°34" | 29°35' | 29°37" | 29°33" | 29°37" | 29°35°

32°000 | 31°22° | 31°21° | 31°26° | 31°27° | 31°24" | 31°21 | 31°25" | 31°24° | 31°27 | 31°23' | 3I1°24'

Yiin1snaaeawuh 31 84, 31 83r 30 HUar uay 32 e i ldnswaeend
TndiRoeiu 30 samun  @WeinsnAReUAIMIATIRADIAZYIINS Interpolate HIAINITHL

= o :E k4 =
FEUBUBIFMIAANAUN 30 agen 19alseuial 31 09R1 37 alan

A15191 5.107 UEAIHANISNATO LA YAIBUDIFINITAANGUYDIIAR SPCC ¥UIA 1 mm. A 40

D97
2967 29AITARIANITNAR DY
A9 A1ndn
Wu I 2 3 4 5 6 7 8 9 10

42°00" | 38°43' | 38°44" | 38°42' | 38°45’ § 38°39' | 38°40' | 38°44' | 38°40" | 38°41' | 38°42" | 38°42

42930° | 39°35" | 39°37 | 39°40" | 39937 | 39°39' | 39°41’ | 39°36' | 39°39° | 39°40" | 39°36" | 39°38’

43°00° | 41°10" | 41°08" | 41°12" | 41°11" | 41°06' | 41°07" | 41°09' | 41°06" | 41°10° | 41°11" | 4109

MNINARBINUR 42 BeeNn, 42 89rN 30 aUa7 1oz 43 oee Mrldmsuateseni
Tndifueiy 40 ospunn  dioinsnaasdmAundouaziinig Interpolate HIAINISHY

YALFUBIAINISAANAUR 40 Been 1dszuime 42 vsrn 37 ddan
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M151971 5.108 UARIHAMIINATOUMIFALFBBIAINISAANTUVBI g SPCC Y119 1 mm. Hi 50

D97
a9A avdf1dannn1IviaRas
ns Aady
Wi I 2 3 4 5 6 7 8 9 10

52°00° | 47°127 | 47°1% | 47°1t° | 47°10° | 47°07° | 47°09" | 47°07° | 47°11" { 47°12' | 47°08" | 47°1¢

52°30° | 48°46' | 48°47" | 48%44’ | 48°42" | 48°45' | 48°48' | 48°46° | 48°44" | 48°43' | 48°45" | 48°4%’

53°00° | 50°38' | 50°35° { 50°40" | 50°41' | 50°36' | 50°37' | 50°39" { 50°40" | 50°38' } 50°36" [ 50°38

RIMSNARDINUT 52 9ar, 52 8961 30 da1 uaz 53 asm Hl¥msumioenh
Tndifsady 50 pernuIn  WeviimsnaasaudIIAIRAoLaziIng Interpolate HIAINIINY

FOUBUDIATNITAANAUN 50 DI 1AUTEIIN 52 0971 55 dUM

M1519% 5.109 LAAIHANINARDLAITBAIBOBIFINIAANGUUDITHA SPCC ¥UIA 1 mm. $ 60

B4
. avIMldannIaaR.
Ag Anadn
W ] 2 3 4 5 6 7 8 9 10

62°00" | 59°33° § 59937° | 59°32' | 59°38' | 59°35' | 59936’ | 59°36' | 59°34' [ 59°37" | 59°32" [ 59°35'

62°30° | 61°21" | 61°20° | 61°19" | 61°20° | 61°17" | 61°22' | 61°23" | 61°18° | 61°19" [ 61°21" | 61°20

63°00" [ 62°d4' | 62°42" § 62°44" | 62°46" | 62°41' | 62°43' | 62°45' | 62°47' | 62°42' | 62°46" | 62°44'

MIn1sNAReIRLR 62 0er, 62 89F 30 Aila1 uas 63 sem l¥mswdeEn
1ndifusfn 60 sernuIn  WOMINMINARBAAIMIAURTOLAZRINT Interpolate MIAINTIWY

¥AUFDIFAINITAANGUT 60 03 1aulszual 62 vesh 8 8ven
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M990 5,110 UAAINANTINATIUNIBATLDIFHINMIAANALUBITEA SPCC YUIA 1 mim. $1 70

D971
. asmAldanmsvaad
A5 AaaL
Wu ] 2 3 4 5 6 7 8 9 10

73°00° | 68°32' | 68°33' | 68°34’ | 68°36' | 68°34' | 68°37' | 68°36' | 68°35" | 68°31" [ 68°32" | 68°34"

73°30° | 71°47 | Ti°51’ | 71°52° | 71°48' | 71°53 | 71°50" | 71°49" | 71°5(¢ | 71°4%" { 71°51" | 71°5(

74°00" | 73°13' | 73°17 | 73°16' | 73°16’ | 73°19' | 7317 [ T3°UST | 73%14' | TI°LET | 3°1Y | V3010

MININARBINLT 73 8ee, 73 D97 30 drlen uay 74 asrn hlvinswaiseni
Indieeny 70 semuin  Weimsneassudmnuniiaz¥ins Interpolate MIAINITAY

YABHBIFINITAANALN 70 8 IAUTENIT 73 0371 14 Balan

M5197 5111 UAAIHANITNATBUAISFAITLBIMNISAANAYYBITER SPCC YMA 1 mm. 71 80

99817
. v ldainnisvasas
ns Anndn
Wy i 2 3 4 5 6 7 8 9 10

83°00' | 78°43" | 78°45' | 78°46" | 78°49' | 78°48' | 78°44' | 78°47' | 78°46' | 78°47' | 78°45 | 78°4¢’

83°30° | 79°05' | 79°06' | 79°03" | 79°07' | 79°09" | 79°05' | 79°06' | 79°08" | 79°04" [ 79°07" | 7%°0¢’

84°00° | 80°30° | 80°31" | 80°33' { 80°34’ | 80°36" | 80°30" | 80°32’ | 80°33" | 80°35" | 80°36" | 80°33'

MIMTNAaeIRURl 83 aam, 83 04N 30 AUa1 uag 84 pam Mil¥nsumoesmn
Indifsafy 80 sermuIn  diohnisnasewd A nniouazyiins Interpolate HIAINIIRY

FUBHBIFIMTAANAUN 80 897N l1TeuTDl 83 B4FN 50 AUA1
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M3197 5,112 LEAINANTNATOUNITTAIYIBIANITAANTLVBIIEY SPCC Yu1A | mm. #1 90

B4
296 2N 1GAINAITVAADY
Ag dundn
Wi ! 2 3 4 5 6 7 8 9 10

92°00" | 89°50' | 89°52' | 89°48" 1 §9°49° | 89°51' | §9°53' [ 89°51" | 89749’ | 89°47" | 89°50" | 89°50

92°30" | 90°30' | 90°31’ | 90°32" | 90°36" | 90°33° | 90°34" | 90°32" | 90°33" | 90°30%' | 90°36" | 90°33"

43°00° | 91°20° 1 91°22° 1 91°26" | 91°25' [ 91°23" | 91°20" [ 91°21" | 9)°24" | 94°26" | 9i°23" } 91°2¥

MIMINARDINUN 92 BaA7, 92 BIF 30 Blar oz 93 93rm hl¥mIuatesm
IndiRuey 90 peFNIN  WRMINMINAABILAIMIAURABAZRINS Interpolate HIAINTTWL

YREOIFANITAANELUN 90 89r TAUssuier 92 8 11 den
5.2.5.4 HANINATOUNIITAWEMSANNTVVRITT] SPCC 1A 2 mm.

M95197 5.113 UAAIWANITNATBUMIFAIILBIMMIARNAULeITag SPCC 4118 2 mm. 1 10

DIF
2967 a9ARGINMITVARDY
As Aade
T L 2 3 4 5 6 7 8 9 10

11°00% | 9°43" | 9°41" | 9939 | 9°40" | 9°40° | 9°38' | 9°42' | 9°37 | 9939" | 9942’ 9e40

112307 { 11°05° | 11°06' | 11°11" | 11°10" | 11°09* | L1°08* [ 11°10" | 11°07" § 11°06" | 11°08" [ 11°08'

129007 1 11°337 | 11°35° | 11°34' { 11°35° | 11°38" [ 11°36" | 11°32° | 11°34" | 11°37" | 11°3¢" | 11°35"

1INNTINATBINTIHU TP DBAITEDIAINITAANTUYDIITTAN SPCC YU1A 2 mm.
P % o @ o - o gt ' a
10 2 1A IMINAaeIR U 11 een, 11 94 30 Ala uaz 12 sem M lvnsumoei
Tndifeedy 10 seruin  WevimMsnaaewdIninunaouaziIns Interpolate BIAINISHY

YAIBIFINISARNEUN 10 9aen TAszuinr 11 938 7 vl
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A19197 5.114 LUTAINANITNATOUMITALYEOIFNMSAANTLVDIIag SPCC ¥U1A 2 mm. 11 20

BN
A9 avdrldarnmsmaaas
a1g d@adn
Wy ] 2 3 4 5 6 7 8 9 10
21°00° | 19°47" | 19948 | 19°52* | 199517 | 19°50" | 19°46' | 19°49" | 19°47* | 19°49" { 19°51* | 19°49’

21°30° | 210097 | 21°12° | 21°117 | 21°07' | 21°12' [ 21°08" | 21°10" | 21°13" | 21°1}" | 21°07" | 21°10

22°007 1 21°30° | 21°317 | 21°27" 1 21°29° | 21°33° | 21°29" | 21°32° | 21°28" | 21°30" | 21°31" | 21°30’

WIMInaaoIRLyl 21 84en, 21 09r 30 Aat ag 22 s M liwnsiuAeAM
Indifeedu 10 asenmn  WehmsnaaeadamiAunauasiinig Interpolate MIAINITHY

= o c; Iy ¥ =
FABUDIATNISARNALN 10 Dar 1adszuin 21 981 8 alan

M3187 5.115 LEAIHANITNATOUNITTAYEDIFANNITANNAUYBITAR SPCC Y11A 2 mm. 91 30

D9
296 avdldainnsnaaas
ms Anade
Wy | 2 3 4 5 6 7 8 9 10

31°00" | 28°13" | 28°15' | 28°18" | 28°16' | 28°19’ | 28°14' | 28°17" | 28%19" | 28°13" | 28°16¢’ | 28°1¢'

31°307 | 30°30° | 30°32° | 30°33" | 30°34' | 30°29' | 30°31" | 30°35' | 30°32’ { 30°31" | 30°33" | 30°32

320000 ) 31°14° § 31°08' | 31°19° | 31°15" | 31°13" | 31217 | 31°19° | 31°16" | 31°13" | 3I°16" [ 31°16°

WINSNAaoIRUN 31 04, 31 9971 30 BUa1 waz 32 sam i l¥inswaeewhd
Tndifoady 20 semnn  ievitmsnaapudIviAunasasiin1g Interpolate MIAINITHY

FAIBHDIFINITAANGUN 20 896 1815z 31 0490 24 el
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M5 5,116 LAAIWONIINATOUNISTAIBEBIFINITAANT VBTG SPCC 4UIR 2 mm. 7 40

9971
. avATldanaisvinand
ANs Auadn
Wy | 2 3 4 5 6 7 8 9 10

41°007 | 38°34" } 38°37' | 38°35' | 38°39' | 38°35' | 38°36' | 38°36' [ 38°37' | 38°38" | 38933 | 38°36

41°30" | 40°29" | 40°28' | 40°24" | 40°27" | 40°28" | 40°30° | 40°26' | 40°25' | 40°30" | 40°24" | 40°27

42°00° | 41°07" | 41°14' | 41°16 | 41°15° [ 412157 | 41°14' | 4]1°12" | 41°13" } 41°18’ ] 41°16" | 41°15

WINTNARBINLT 41 9971, 41 RN 30 Ala1 uazd2 aermn M idmsusavami
Indipeiy 30 semuin  WerimInanowaIMIANRALLEENINT Interpolate HIAINITWU

FABHDIAINITAANDLN 30 0IA1 I9ilszuial 41 v 24 adan

M15190 5.117 UAAIHANITNARDUMISHATTBIAINITARNAYYEITAE SPCC U119 2 mm. A 50

B9FN
206 a9AT1HA1ANITNARDY
As Anadn
Wy ] 2 3 4 5 6 7 8 9 10

51°00° | 49°14' | 49°15' | 49714 | 49213 | 49916 | 49°17' | 49°16° | 49°15" | 49°12" | 49°18" | 49°15’

51°30° } 49°58" | 49°56" | 499537 | 49°54' | 49°52' | 49°55' | 49957 | 49°55’ [ 49°53' | 49°57' | 49°55°

52°00° | 41°45" | 41°47' | 41°46' | 41°44" | 41°47" | 41°50° [ 41°49' | 41°47" | 41°48" | 41°49" | 41°47"

MINTINARDINUN 51 038N, 51 9af1 30 Allat uazs2 eem M lvmswaiesmn
1ndifosy 40 ssmwin  Weinmanssudmaunioiazyiinig Interpolate MIAIAITHL

YAPHDIFINTITAARUN 40 99f1 1atlszanm 51 9ern 31 aden
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A19197 5.118 LHEAIHANTNATOUNIITALLDIMNITAANALYBITAR SPCC YU1A 2 mm. 1 60

0977
. availdatnnisvaaag
a9 Anade
Wy 1 2 3 4 5 6 7 8 9 10

61°00° | 58°55" | 58957 | 58°60' | 58°38" | 58°56' | 58°57' | 58°59" | 58°58' | 58°54" | 58°56" | 58°57

61°307 | 59°26° | 59°27' | 59°24' | 59°28' | 59°29" | 59°26" | 59°25" | 39°30 | 59°27" | 59°28' | 59°27

62°00" | 61°40" | 61°44° | 61°43" | 61°41" | 61°38" | 61°42' | 61°40" | 61°39" | 61°41" | 61°42" | 61°41"

HIMINARBINUN 61 8377, 61 DR 30 AUA LAL62 pIm ¥ 1FNT LA
Indifioeiy 50 aernuin  ierhmsvesasdImANndonaER1Ng Interpolate MIANMINY

YAIBBBIFMIARNTUN 50 BIF ladseuins 61 0arn 38 avUma

M3199 5,119 UAAIHANTISNAFBUNITFAITHBIANNIARNAUUBITEE SPCC YU1IA 2 mm. 1 70

2471
ey
el pudMidannasnaang
A5 ANSAE
Wy 1 2 3 4 5 6 7 s | 9 10

71°00" | 69°11" | 69°12" | 69°15° | 69°17" | 69°13' | 69°16' | 69°12" | 69°14’ | 69°17" | 69°13" | 6&9°14’

71°30° | 70°06” | 70°10" | 70°09° | 70°05' | 70°07 | 70°11° | 70°08’ | 70°06" | 70°10° | 70°08" [ 70°08'

72°007 | 70°50' | 70°49" | 70°54’ | 70°55° | 70°52' | 70°54' | 70°53" | 70°51" § 70°53" | 70°49" | 70°52

AN INARBINUT 71 B9, 71 0971 30 a1 uaz72 vem hlvinsiwsiesen
Tnamoediu 70 serun lleviinisnaasudiminundouasiins Interpolate MIAIMISHL

FAUBUDAFIMIAANAUN 70 0377 IAdszume 71 99s 26 dlan




A13199 5.120
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HARINANITNATOUN IS FABEDIANATTAANTUVBIIAR SPCC ¥UIA 2 mm. 71 80

GNGE
3961 asFldarnmsvaaay
s ALade
n | 2 3 3 5 6 7 8 9 10
$1°00° | 79°38 | 79°39' | 79°37 | 79°37 | 79°38' | 79°40* { 79°30" | 79°37 [ 79°39" | 79°36' | 79°38"
§1°30' | 80°02' | 80°01" | 79°58' | 79°59' | 79°59’ | 80°00° | 80°01’ | 80°02' | 79°59' | 79°59" | 80°00"
82°00' | 80°33' | 80°35' | 80°37' | 80°36' | 80°36" | 80°34’ | 80°34' | 80°33‘ | 80°36' | 80°36' | 81°35'

MIN1INARDIRUN 81 84N, 81 B 30 AUAY A2 adrm HildnTuareemi

Tndifueiy 80 Bernu1n  WeMINsNARBWAIMIANRABLAZYING Interpolate YIAIMINY

¥AERIAINIIAANAUN 80 Bas 1dussuim 81 Bern 30 dlm

19197 5.121 LAAINANITNATOLNISYAITIDINNIAANAUUDAITS SPCC YUIA 2 mm. 71 90

D97
e avdldRinasvinaas
a5 Atady
Wi ! 2 3 4 5 6 7 8 9 10
90°00" | 89°41" | 89°42' | 89°45' | 89°44" | 89°39' | 89°40" | 89°43' | 89042’ | 89cad | g9°40r | 89°42’
90°30° | 90°05" | 90°08' | 90°06* | 90°10" | 90°08" | 90°07" | 90°11" | 90°06' | 90°09' | 90°10” | 90°08’
91°00° | 90°58' | 90°57* [ 90°59" | 90°55' | 9053 | 90°57* | 90°54’ | 90°58° | 90°56* | 90°53¢ | 90°56’

MIMTNARBIRLA 90 84en, 90 84f1 30 AUAT A1 BIFN M 1¥NTIWATEIRN

Indifoery 90 eerin  WeimsnansaudamaAunasuaziingg Interpolate MIAIAITHY

YAUFLDIAINITAANDUN 90 B 18U T2a 90 048 29 Aalen
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AI197 5,122 LAMIAINITHAPLBIFNNSARNTLUVOI T SPCC UHIA 1 LA 2 mm.

<
SPCC % 2 mm 2NAMNNITRLTE

89A7 SPCC i 1 mm a3rMITALTE

W UJUR | woufj1 | vgwd2 | Simulation | R | voui 1 | nawd 2 | Simulation
0 0 0 0 0 0 0 0 0
10 | 1164 | 1218 | 1214 27.17 11.12 11.1 11.15 21.8
20 | 2146 | 2406 | 24.00 40.00 21.14 | 2204 | 2215 32.87
36 | 3182 | 3563 | 35.58 51.23 31.4 3282 | 3302 | 4324
40 42.62 46.88 46.87 61.80 41.4 43.45 43.73 52.68
50 | 52.91 57.83 | 57.88 72.00 51.52 | 53.92 | 54.31 62.28
60 62.14 68.46 68.60 81.65 61.64 64.24 64.74 72.94
10 73.23 78.88 79.04 90.73 71.43 74.4 76.03 80.85
80 | 8383 | 8378 | 89.19 81.5 844 | 8517 50.54
90 | 9218 | 9847 | 99.05 90.49 | 94.24 | 9518

M131991 5,123 RAASAINISTAITLBIFMIMSAANTUVOITH] S0C VIR 1 LA 2 mm.

$50C A 1 mm nAsEALTE

S50C 91 2 mm BIAINITTALDY

B9A7
W URR | woud 1 | nqwd 2 | Simulation | URUR | ved 1 | wqws2 | simulation
0 0} 0 0 0 0 0 0 0
10 17.45 18.07 17.63 57.75 15.65 14.47 14.43 41.67
20 34.83 36.28 34.47 67.93 27.58 28.34 28.33 47.71
30 45.95 51.53 50.45 77.20 38.79 41.69 41.71 62.99
40 60.69 66.75 65.5 81.75 51.33 54.22 54.54 71.65
50 74.85 80.84 79.57 60.95 66.22 66.83 79.43
60 86.47 93.75 92.61 72.59 77.57 78.57 86.68
70 97.96 1054 104.57 83.37 88.27 89.74
80 106.87 11576 | 11542 90.43 98.32 100.36

g0

111.84 124.78 | 12612
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31 539 uaamIMIAanay (Ks) Nasrmnisius1s ) veaag SPCC 4118 1 mm.
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3UN 5.40 waemIMsfandy (Ks) NoernnIswuae 9 voeddg SPCC Y11A 2 mm.
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HaENavaIMINILLIIAed NAANIANMIAANAUYDITAY SPCC Y11A 2 mm. 1n3Uvzifiud
Hamanguuaznavesnsiuuusnesliluiamauferdu Taoniswavesnisnaacauaz
sy Y w = 4 4 4
Havesnguimlnamesiuuinlasi 10 uaz 20 09PN UAZNNNITNATDIVLANTUITOY 9 U
iuldndumanged daluduwansiuouiines selianuuendianlugag 10-70
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SPCC 4419 1 mm. U9g 2 mm. WU ITAUREIAULAANINHUIATNNY mmﬁmﬂmsﬁﬂ
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Tension Testing of Metallic Materials [Metric]’

This standard s issued under the fixed designation E 8M: the number imemediately following the designation indicates the year of
arigiral adoption or, in the case of cevision, the year of tast revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (+} indicates an editorial change since the fast revision or reapproval.

This standard has }reen approved for use by agencies of the Department of Defense to replace method 211.1 of Federal Test Method
Standard No. 151b. Constt the DoD Index of Specifications and Standards jor the specific yeor of isiue which has been adopted by the

Depariment of Defense.

1. Scope

1.1 These test methods cover the tension testing of
metallic materials in any form at room temperature, specifi-
cally, the methods of determination of yield strength, yield
point, tensile strength, elongation, and reduction of area.

NOTE (—These test methods are the metric companion of Test
Methods E 8.

NoTe 2—These metric test methods are essentiaily the same as those
in Test Methods E 8, and are compatible in technical content except that
gage lengths are required to be 3D for most round spacimens rather than
4D as specified in Test Methods E 8, Test specimens made from powdsr
metallurgy (PAM) matecials are exempt from this requirement by
industry-wide agreement to keep the pressing of the materfal to a specific
projecied area and density.

MNote 3—Exceptions 1o the provisions of these test methods may
need to be made in individual specifications ar test methods for a
part:eular material. For examples, see Test Methods and Definitions
A 370 and Methods B 377M.

NoTe 4—Room temperature shall be considered to be 10 to 38°C
unless otherwise specified.

1.2 This standard does not purport to address all of the
safety problems. if any, associated with its use. [t is the
responsibility of the user of this standard io establish appro-
priate safety and health practices and determine the applica-
bifity of regulatory limitations prior to use.

Y. Referenced Documents

2.1 ASTM Standards:

A 336/A 356M Specification for Heavy-Walled, Carbon,
Low Alloy, and Stainless Steel Castings for Steam
Turbines®

A 370 Test Methods and Definitions for Mechanical
Testing of Steel Products?®

B 357 Methods of Tension Testing Wmught and Cast
Aleminum- and Magnesium-Alloy Products {Metric]*

E 4 Practices for Load Verification of Testing Machines?®

E'é Terminology Relating to Methods of Mechanical
Testing?

! These test metheds are under the jursdiclion of ASTM Committee E-28 on
Mechanical Testing and are the direct responsibility of Subcommitiee E28.04 on
Uniaxsal Testing,

Curreat edition appraved July 15, 1991, Published September 1951, Originally
puhlished as E §M = 34, Lust previous edition E 3M - 90a.

= Annual Book of ASTM Standurds, Vol 01,02,

N trrwesd Bowk of ASTM Standards, Vols §1.01-01.08 and 03.01.

3 Al Bouk uf ASTM Stundards. ¥ols 02,02 and 03,01,

 Annval Buok of ASTM Stendards, Yol 03.01.

E 29 Practice for Using Significant Digits in Test Data 1p
Determine Conformance with Specifications®

E 83 Practice for Verification and Classification of
Extensometers®

E 177 Practice for Use of the Terms Precision and Bias in
ASTM Test Methods’

E 343 Test Methods of Tension Testing of Metallic Foil®

E 691 Practice for Conducting an [nterlaboratory Study to
Determine the Precision of a Test Method’

E 1012 Practice for Verification of Specnmcn Ahgnmem
Under Tensile Loading?

3. Terminclogy

3.1 Definitions—The definitions of terms relating to 1er-
sion testing appearing in Terminology E 6 shall be consid-
ered as applying 1o the terms used in these mcrhods of
tension testing,

4. Significance and Use

4.1 Tension tests provide information on the strength and
ductility of materials under uniaxial tensile stresses. This
information may be useful in comparisons of matenials, aljoy
development, quality control, and design under certain
circumstances.

4.2 The results of tension tests of specimens machined to
standardized dimensions from selected portions of a part or
material may not totally represent the strength and ductility
properties of the entire end product or its in-service behavior
in different environments,

4,3 These test methods are considered satsfactory for
acceptance testing of commercial shipments. The test
methods have been used extensively in the trade for this

purpose.

5. Apparatus

5.1 Tesiing Machines—Machines used for tension testing
shall conform to the requirements of Practices E 4. The loads
used in determining tensile strength, yield strength, or yield
point shall be within the verified loading range of the testing
machine as defined in Practices E 4.

5.2 Gripping Devices:

5.2,1 General—VYarious types of gripping devices may be
used to transmit the measured load applied by the testing
machine to the test specimens. To ensure axial tensile stress
within the gage length, the axis of the test specimen should

S dmnaal Book of ASTM Standards, Vols 03.01 and 14.02.
? it Book W ASTM Standards, Yol 14.02,
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coincide with the center line of the heads of the testing
machine. Any departure from this requirement may intro-
duce bending stresses that are not inciuded in the usual stress
computation {load divided by cross-sectional area).

Note 3—The elfect of this eccentric foading may be illustrated by
catculating the bending moment and stress thus added. For a standard
12.5-mm clameler specimen, the stress increase is 1.5 % tor each 0.025
mm of eccentricity, This error increases to about 2.5 %/0.025 mm for a
y.mm diameter specimen and to about 3.2 %/0.025 mm for 2 §-mm

diameter specimen,
NoTE 6--Alignment methods are given in Practice E 1012,

523 Wedge Grips—Testing machines usually are
equipped with wedge grips. These wedge grips generally
furnish a satisfactory means of gripping long specimens of
ductile metal and flat plate test specimens such as those
shown in Fig. 1. If however, for any reason, one prip of a
pair advances farther than the other as the grips tighten, an
undesirable beading stress may be introduced. When liners
are used behind the wedges, they must be of the same
thickness and their faces must be flat and parallel. For best
results, the wedges should be supported over their entire
tengths by the heads of the testing machine. This requires
that liners of several thicknesses be available to cover the
range of specimen thickness, For proper gripping, it is
desirable that the entire length of the serrated face of each
wedge be in contact with the specimen. Proper alignment of
wedge grips and liners is illustrated in Fig. 2. For short
specimens and for specimens of many materals, it is
generally necessary to use machined test specimens and to
use a special means of gripping to ensure that the specimens,
when under load. shall be as nearly as possible in uniformly
distributed pure axial tension (see 3.2.3, 5.2.4, and 5.2.5).

3.2.3 Grips Jor Threaded and Shouldered Specimens and
Brittle Materials—A schematic diagram of a gripping davice
for threaded-end specimens is shown in Fig. 3, while Fig. 4
shows a device for gripping specimens with shouldered ends.
Both of these gripping devices shoufd be attached to the
heads of the testing machine through properly lubricated
spherical-seated bearings, The distance between spherical
bearings should be as great as feasible.

524 Grips for Sheet Materials—The self-adjusting grips
shown in Fig, 5 have proved satisfactory for testing sheet
materials that cannot be tested satisfactorily in the usual type
of wedge grips.

3.2.5 Grips for Wire—Grips of either the wedge or snub-
bing types as shown in Figs. 3 and 6 or flat wedge grips may
be used,

3.3 Dimension-Measuring  Devices—Micrometers  and
other devices used for measuring linear dimensions shail be
accurate and precise to at least one half the smallest unit to
which the individual dimension is required to be measured,

6. Test Specimens

8.1 General:

8.1.1 Test specimens shall be either substantially full-size
OF machined, as prescribed in the product specifications for
the material being tested.
re:;-l.l [mproper_ly prepared test specimens often are the
i on for unsat_lsfactory and incorrect test results. It is
liopon_ant. tperelorc, !hflt care pc exercised in the prepara-

N of specimens. particularly in the machining, to assure

the desired precision and bias in test results.

6.1.3 It is desirable to have the cross-sectional area of the
specimen smallest at the center of the reduced sectior 10
ensure [racture within the gage length. For this reason, a
small taper is permitted in the reduced section of each of the
specimens described in the following sections,

6.1.4 For brittle materials it is desirable to have fillets of
large cadius at the ends of the gage length.

6.2 Plate-Type Specimens—The standard plate-type spec-
imen is shown in Fig. 1. This specimen is used for testing
metallic materials in the form of plate, shapes. and flat
material having a nominal thickness of 5 mm or over. When
product specifications so permit, other types of specimens
may be used, as provided in 6.3, 6.4, and 6.3.

6.3 Sheet-Type Specimens:

6.3.1 The standard sheet-type test specimen is shown in
Fig. 1. This specimen is used for testing metallic materials in
the form of sheet, olate, flat wire, stnp, band, hoop,
rectangles, and shapes ranging in nominal thickness from
0.13 1o 16 mm. When product specifications so permit. other
types of specimens may be used as provided in 6.2, 6.4, and

€.3.
NoTe T—Test Methods E 345 may be used for lension lesting of
materials in thicknesses up 10 0.130 mm.

6.3.2 Pin ends as shown in Fig. 7 may be used. In order to
avoid buckling in tests of thin- and high-strength materials. it
may be necessary to use stiffening plates at the grip ends.

6.4 Round Specimens:

6.4.1 The standard |2.5-mm diameter round test spec-
imen shown in Fig. 8 is used quite generally for testing
metallic materials, both cast and wrought,

$4.2 Figure 8 also shows small-size specimens propor-
tional to the standard specimen. These may be used when it
is necessary 1o test material from which the standard
specimen or specimens shown in Fig. | cannot be prepared.
Other sizes of small, round specimens may be used. [n any
such small-size specimen, it is important that the gage length
for measurement of elongation be five times the diameter of
the specimern.

6.4.3 The shape of the ends of the specimen outside of the
gage length shall be suitable to the material and of a shape to
fit the holders or grips of the testing machine so that the
loads may be applied axially. Figure 9 shows specimens with
various types of ends that have given satisfactory results.

6.5 Specimens Jor Sheet. Plate, Flat Wire, and Strip—In
testing sheet, plate, flat wire. and strip one of the following
types of specimens shall be used:

6.5.1 For materiaf ranging in nominal thickness from .13
10 16 mm, use the sheet-type specimen described in 6.3,

Nore 8—Alention is called to the faet that either of the fat
specimens described in 6.2 and 8.3 may be used for materia! from 3 to
16 mm in thickness, and one ol the round specimens described in 6.4
may also be used for material 12.5 mm or more in thickness,

§.3.2 For material having 2 nominal thickness of 5 mm or
over {Note 8), use the plate-type specimen described in 6.2,

6.5.3 For material having 2 nominal thickness of [2.5 mm
or over (Note 8), use the largest practical size of specimen
described in 6.4,

6.6 Specimens for Wire, Rod, and Bar:

6.6.1 For round wire, rod, and bar, test specimens having
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the full cross-sectional area of the wire, rod, or bar shall be
used wherever practicable, The gage length for the measure-
ment of elongation of wire less than 4 mm in diameter shall
be as prescribed in product specifications. [n testing wire,
rod, or bar that has a 4 mm or larger diameter, unless
otherwise specified, a gage length equal to five times the
diameter shall be used. The total length of the specimens
shall be at least equal to the gage length pius the length of
material required for the full use of the grips employed.
6.6.2 For wire of octagonal, hexagonal, or square cross
section, for rod or bar of round cross section where the

specimen required in 6.6.1 is not practicable, and for red or

bar of octagonal, hexagonal, or square cross section, one of
the following types of specimens shall be used:

6.6.2.1 Full Cross Section (Note 9)—It is permissible 1o
reduce the test section slightly with abrasive cloth or paper,
or machine it sufficiently to ensure fracture within the gage
marks. For material not exceeding 5 mm in diameter or
distance between flats, the cross-sectional area may be
reduced to not less than 90 % of the original area without
changing the shape of the cross section. For material over 3
mm in diameter or distance between flats, the diameter or
distance between flats may be reduced by not more than 0.23
mm without changing the shape of the cross section. Square,
hexagonal, or octagonal wire or rod not exceeding 3 mm
between flats may be turned to a round having a Cross-
sectional area not smaller than 90 % of the area of the
maximum inscribed circle. Fillets, preferably with 2 radius of
10 mm, but not less than 3 mm, shall be used at the ends of
the reduced sections. Square, hexagonal, or octagonal rod
over 5 mm between flais may be tumned to a round having a
diameter no srnaller than 0.25 mm less than the onginal
distance between flats,

NotE 9—The ends of copper or copper altoy specimens may be
Matiened 10 to 50 % from the originel dimension in a jig similar to that
shown in Fig. 10, to facilitate fracture within the gage marks. In
fiantening the opposite ends of the test specimen, care shall be taken lo
ensure that the tour Rattened surfaces are parallel and that the two
parallel surfaces on the same side of the axis of the test specimen lie in
the same plane,

6.6.2.2 For rod and bar, the largest practical size of round
specimen as described in 6.4 may be used in place of a test
specimen of full cross section. Unless otherwise specified in
the product specification, specimens shall be parallel to the
direction of relling or extrusion.

6.7 Specimens for Rectangular Bar—In lesting rectan-
gular bar one of the following types of specimens shall be
used:

6.7.1 Full Cross Section—It is permissible to reduce the
width of the specimen throughout the test section with
abrasive cloth or paper, or by machining sufficiently to
facilifate fracture within the gage marks. but in no case shall
the reduced width be less than 90 % of the oniginal. The
edges of the midlength of the reduced section not less than 20
mm in length shall be parallel to each other and to the
longitudinal axis of the specimen within 0.05 mm. Fillets,
preferably with a radius of 10 mm but not less than 3 mm,
shall be used at the ends of the reduced sections.

6.7.2 Rectangutar bars of thickness small enough to fit the
grips of the testing machine but of too great width may be
reduced in width by cuiting to fit the grips, after which the

cut surfaces shail be machined or cut and smoothed to
ensure failure within the desired section. The reduced width
shall be not less than the original bar thickness. Also, one of
the types of specimens described in 6.2, 8.3, and 6.4 may be
used.

6.3 Shapes, Structural and Other—In testing shapes other
than those covered by the preceding sections, one of the
types of specitmens described in 6.2, 6.3, and 6.4 shalt be
used.

6.9 Specimens for Pipe and Tube (Note 10):

6.9.1 For all small tbe (Note (0), particularly sizes 23 mm .
and woder in nominal outside diameter, and frequently for
larger sizes, except as limited by the festing equipment, it is
standard practice 1o use tension test specimens of full-size
rubular sections. Snug-fitting metal plugs shall be inserted far
znough into the ends of such tubular specimens to permit the
testing machine jaws 10 grip the specimens properly. The plugs
shall not extend into that part of the specimen on which the
elongation is measured. Elongation is measured over a length of
5D unless otherwise stated in the product specification. Figure
11 shows 2 suitable form of plug, the lecarion of the plugs in the
specimen, and the location of the specimen in the grips of the
testing machine.

NoTe 10—The term “tube” is used to indicate wbelar products in
general. and includes pipe., tube, and tubing.

6.9.2 For large-diameter tube that canaot be tested in full
section, longitudinal tension test specimens shall be cut as
indicated in Fig. 12. Specimens from welded tube shall be
located approximately 90° from the weld. If the tube-wall
thickness is under 20 mm, either a specimen of the form and
dimensions shown in Fig 13 or one of the small-size
specimens proportional to the standard 12.3-mm specimen,
as mentioned in 6.4.2 and shown in Fig. 8, shall be used.
Specimens of the type shown in Fig. 13 may be tested with
grips having a surface contour correspanding to the curva-
ture of the tube. When grips with curved faces are not
available, the ends of the specimens may be flattened without
heating, If the tube-wall thickness is 20 mm or over, the
standard specimen shown in Fig. § shall be used.

6.9.3 Transverse tension test specimens for tube may be
taken from rings cut from the ends of the tube as shown in
Fig. 14. Flattening of the specimen may be either after
separating as in A, or before separating as in B. Transverse
tension test specimens for large tube under 20 mm in wall
thickness shall be either of the small-size specimens shown in
Fig. 8 or of the form and dimensions shown for Specimen 2
in Fig. 13. When using the latter specimen, either or both
surfaces of the specimen may be machined lo secure 2
uniform thickness. provided not more than 15 % of the
normal wall thickness is removed from each surface. For
large tube 20 mm and over in wall thickness, the standard
specimen shown in Fig. 8 shall be used for transverse tension
tests. Specimens for transverse tension lests on large welded
tube to derermine the strength of welds shall be located
perpendicular to the welded seams, with the welds at about
the middle of sheir lengths.

6.10 Specimens for Forgings—For testing forgings, the
largest round specimen described in 6.4 shall be used, If
round specimens are not feasible, then the largest specimen
described in 6.5 shail be used.

6.11 Specimens for Custings—In lesting castings either
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TABLE 1 Details of Test Coupon Design for Castings {See Fig. 16)
Note 1—Test Coupon:: for Largs and Heavy Steel Castings: The test coupons in Fig, 16 are o be used for large and heavy steef caslings, However, 3t the option of
tha loundry the crass-seclicnal area and length of the standard coupon may be increased as desied. This provision does not apply to Specification A 356/A J56M.
Nore 2—8end Bar; It a bend bar is required, an aliemate design (as shown by dolted lines in Fig. 15) is ingicated,

Log Design {125 mm) Riser Design
1, L{length A $25-mm minimum length will be used. This 1,4 flenglh) Tha length of the riser at the base will be the same as
length may be increasad at the option of the the top fength of the leg. The length of the riser al
foundry to accommodale additional test bars the top therefore depends on the amount of laper
{s2e Note 1), added to the riser,
9, End taper Use of and siza of end taperis at the option of the 2, Widlh The width of the riser al the basa of 3 multipleJeg
foundry. coupen shal be a (57 mm) — 16 mm where @
equais the number of legs artached lo the coupon,
The width of lhe riser at the 'op is therefore
dependent on the amount of taper added o Ihe
fiser.
3. Height 32 mm
4. Width {at top) 32 men {see Nota 1).
3, Radius (at bottom) 13 mm max
5. Spacing berween legs A 13-mm radius wit be used batween the fegs,
7. Location of test bars The lensile, berd, and impact bars will be taken
from the lower portion of the leg-(see Nota 2).
8. Number of legs The number of legs attached lo the coupon is at 3. T [riser taper} Use of and sze s a! the option of the foundry,
the cptien of the foundry providing they ara Height The minimum haight of ihe riser shall be 51 mm. The
equispaced according [o Item 6, maximum height is at the option of the foundry tor
the loliowing reasens: () many risers are cast
open, (b} different compositions may require varia-
ton in rigering for soundness, of (¢) different
pouring temperatures may require vasation in
nisering for soundness,
o A, Radius frerm 0 to approximately 2 mm

the standard specimen shown in Fig. 8 or the specimen
shown in Fig. 15 shall be used unless otherwise provided in
the product specifications.

6.11.1 Test coupons for castings shall be made as shown
in Fig. 16 and Table 1.

6.12 Specimen for Mafleable Iron—For testing malleable
iron the test specimen shown in Fig. 17 shall be used, unless
otherwise provided in the product specifications.

6.13 Specimen for Die Castings—For testing die castings
the test specimen shown in Fig. 18 shall be used unless
otherwise provided in the product specifications,

6.14 Specimens for Powder Metallurgy (P/i) Materials—
For testing powder metallurgy (P/M) materials ‘the test
specimens shown in Figs. 19 and 20 shall be used, unless
otherwise provided in the product specifications, When
making test specimens in accordance with Fig, 19, shallow
transverse grooves, or ridges, may be pressed in the ends to
allow gripping by jaws machined to fit the grooves or ridges.
Because of shape and other factors, the fat unmachined
tensile test specimen (Fig. 19) in the heat-treated condition
will have an uitimate tensile strength of 50 % to 85 % of that
determined in a machined round tensile test specimen (Fig.
20) of like composition and processing,

8.15 Gage Length of Test Specimens:

_6.15.1 The gage length for the determination of elonga-
ion shall be in accordance with the preduct specifications
for the material being tested. Gage marks shall be stamped
lightly with a punch, scribed lightly with dividers or drawn
With ink as preferred, For material that is sensitive to the
¢ffect of slight notches and for small specimens, the use of
fayout ink will aid in locating the original gage marks after
fracture,

6.15.2 Extensometers with gage lengths equal to or shorter
than the nominal gage length (dimension shown as “G-Gage

Length” in the accompanying figures) of the spectmen may
be used to determine the yield phenomenon.

6.16 Location of Test Specimens:

6.16.1 Unless otherwise specified, the axis of the test
specimen shall be located as follows:

6.16.1.1 At the center for products 40 mm or less in
thickness, diameter, or distance between flats.

6.16.1.2 Midway from the center to the surface for
products over 40 mm in thickness, diameter, or distance
between {lats,

6.16.2 For forgings, specimens shall be taken as provided
in the applicable product specifications, either from the
predominant or thickest part of the forging from which a
coupon can be obtained, or from a prolongation of the
forging, or from separately {orged coupons representative of
the forging. When not otherwise specified, the axis of the
specimen shall be parallel to the direction of grain flow.

6.17 Surface Finish of Specimens—When materials are
tested with surface conditions other than as manufactured,
Jthe surface finish of the test specimens shall be as provided in
the applicable product specifications.

NoTE | [—Particular attention should be given to the uniformity and
quality of surface finishes of specimens lor high strength and very low
ductility materials since this has been shown to be a factor in the
variability of test results.

7. Procedures .

7.1 Measurement of Dimensions of Test Specimens:

7.1.1 To determine the cross-sectional area of a test
specimen, measure the dimensions of the cross section at the
center of the reduced section. For referee testing of speci-
mens under 5 mm in their least dimension, measure the
dimensions where the least cross-sectional area is found.
Measure and record the cross-sectional dimensions of ten-
sion test specimens 5 mm and over to the nearest 0.02 mm:
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the cross-sectional dimensions less than 5 mm and not less
than 2.5 mm to the nearest §.01 mmy; the cross-sectional
dimensions less then 2.5 mm and not less than 0.50 mm to
the nearest 0.002 mm; and when practical, the cross-
sectional dimensions less than 0.50 mm to at least the
pearest | % but in all cases 1o at least the nearest 0.002 mm.

NoTE 12—Rough surfaces due to the manufacturing process such as
hot rolling, metallic coating, etc, may lead to inaccuracy of the
computed areas greater than the measured dimensions would {ndicate.
Thereflore, cross-sectional dimensions of tension test specimens with
rough surfaces due to processing may be measured and recorded to the
uearest 0,02 mm,

7.1.2 Determine cross-sectional areas of full-size test spec-
imens of nonsymmetrical ¢ross sections by weighing a length
not tess than 20 times the largest cross-sectional dimension
and using the value of density of the material. Determine the
weight to the nearest 0.5 % or less.

7.1.3 When using specimens of the type shown in Fig. 13
taken from tubes, the cross-sectional area shall be deter-
mined as follows:

If D/ W < 6:
A= {W[4) x (D2 = W) + ((DP14)
X aresin{ WjD)] - (W/4) x (D — 2T P - w317}
= [{(D = 2T)/2) x arcsin{WHD - 21}

where:

4 = exact cross-sectional area, mm®,

W = width of the specimen in the reduced section, mm,
D = measured outside diameter of the tube, mm, and
T = measured wall thickness of the specimen, mm.

arcsin values to be in radians
If D/ > 6, the exact equation ar the following equation
may be used:

A=sWxT

= approximate cross-sectional area, mm?,

W = width of the specimen in the reduced section, mm,
and

T = measured wall thickness of the specimen, mem.

7.2 Zeroing of the Testing Machine:

7.2.1 The testing machine shall be set up in such a
manner that zero force indieation signifies a state of zero
force on the specimen. Any force (or preload) imparted by
the gripping of the specimen (see Note 13) must be indicated

by the force measunng system unless the preload is physi-

cally removed pricr to testing. Artificial methods of re-
moving the preload on the specimen, such as taring it out by
a zero adjust pot or removing it mathematically by software,
are prohibited because these would affect the accuracy of the
test cesults.

Note |3—Preloads generated by gripping of specimens may be
either tensile or compressive in nature and may be the result of such
things as:

= grip design

= malfunction of gripping apparatus (sticking, binding, etc.}

= gxcessive gripping force

= sensitivity of the control loop

1.3 Speed of Testing:
7.3.1 Speed of testing may be defined {a) in terms of rate

of st;aining the specimen, (6} in terms of rate of stressing the
specimen, (c) in terms of the elapsed time for completing

part or all of the test, () in terms of rate of separation of the
two keads of the testing machine during a test, or {€) in terms
of free-running crosshead speed (rate of movement of the
crosshead of the testing machine when not under load),

NoTE |4—For some materials. the free-tunning crosshead speed,
which is the least accurate, may be adequate, while for other matenials
one of the others, listed in decreasing order of precision, may be
necessary in order to obtain fest values within acceptable Limits,

7.3.1.1 Specifying suitable numerical limits for speed and
sefection of the method are the respansibilities of the product
committees. Suitable limits for speed of testing should: be
specified for materials for which the differences resulting
from the use of different testing speeds are of such magnitude
that the test results are unsatisfactory for determining the
acceptability of the material. In such instances, depending
upon the material and the use for which the test results are
intended, one or more of the methods described in the
following paragraphs is recommended for specifying speed of
testing,

Note [5—Speed of testing can affect test values because of the rate
seasitivity of materials and the lemperature-time effects.

7.3.2 Rate of Straining--The allowable limits for rate of
straining shall be specified in metres per metre per second,
Some testing machines are equipped with pacing or indi-
cating devices for the measurement and control of rate of
straining, but in the absence of such a device the average rate
of straining can be determined with a timing device by
observing the time required 10 effect a known increment of
strain,

7.3.3 Rate of Stressing—The allowable limits for rate of
stressing shall be specified in megapascals per second. Many
testing machines are equipped with pacing or indicating
devices for the measurement and control of the rate of
stressing, but in the absence of such a device the averege rate
of stressing shall be determined with a timing device by
observing the time required to apply a known increment of
Stress.

7.3.4 Elapsed Time—The allowable limits for the elapsed
time from the beginning of loading (or from some specified
stress) 1o the instant of fracture, to the maximum load, or to
some other stated stress, shall be specified in seconds. The
elapsed time can be determined with 2 timing device.

1.3.5 Free-Running Crosshead Speed—The allowable
limits for the rate of movement of the crosshead of the
testing machine, when not under load, shall be specified in
metres per metre of length of reduced section (or distance
between grips for specimens not having reduced sections) per
second. The limits for the crosshead speed may be further
qualified by specifying different limits for various types and
sizes of specimens. The average crosshead speed shall be
experimentally determined by using length-measuring and
timing devices. )

1.3.6 Rate of Separation of Heads During Tests—The
allowable limits for rate of separation of the heads of the
testing machine during a test shall be specified in millimetres
per millimetre of length of reduced section (or distance
between prips for specimens not having reduced sections) per
second. The limits for the rate of separation may be further
qualified by specifying differsnt limits for varicus types and
sizes of specimens, Many testing machines are equipped with
pacing or indicating devices for the measurement and
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control of the rate of separation of the heads of the machine
during 4 test, but in the absence of such a device the average
rate of separation of the heads shall be experimentally
gerermined by using length-measuring and timing devices,

7.3.7 Unless otherwise specified, any convenient speed of
resting may be used up to one half the specified yield strength
or yield point. or up to oae quarter the specified tensile
srength, whichever is smaller. The speed above this point
shall be within the limits specified. If different speed limita-
tions are required for use in determining yield strengt, yield
poiat, tensile strength, elongation, and reduction of area,
they should be stated in the product specifications. [n the
absence of any specified limitations on speed of testing the
fallowing general rules apply:

73.7.1 The speed of testing shall be such that the loads
and strains used in obtaining the test results are accurately
indicated.

7.3.7.2 During the conduct of the test {0 determine yield
strength or vield point the rate of stress application shall not
exceed 12 MPafs,

73.7.3 Afer the yield strength or vield point has been
determined, the speed may be increased to correspond to a
maximum strain rate of 0.01 m/m/s. The exiensometer and
strain rate indicator may be used to set the strain rate prior o
its removal, If the extensometer and strain rate indicator are
not used to set this strain rate, the speed should be set not to
exceed 0.01 m/m of the length of the reduced section (or
distance between the grips for specimens not having reduced
sections) per second.

7.4 Determination of Yield Strength—Determine yield
strength by either of the methods described in 7.4.1 or 7.4.2.

74.1 Offset Method—To determine the yield strength by
the “offset method,™ it is necessary to secure data (auto-
graphic or numerical) from which a stress-strain diagram
may be drawn, Then on the stress-strain diagram (Fig. 21)
lay off Om equal to the specified value of the “offset,” draw
mn parallel to O4, and thus locate 7, the intersection of mn
with the stress-strain diagram (Note 17). In reporting values
of vield strength obtained by this method, the specified value
of offset used should be stated in parentheses after the term
yield strength,

Thus:

Yield strength (offset = 0.2 %) = 360 MPa

In using this method a Class B2 extensometer (see Practice
E 83) would be sufficiently sensitive for most materials.
NoTe 16—There ate two general types of exiensometers, averaging
and non-zveraging, the use of which is dependent on the product tested.
For most machined or reduced section specimens, there are minimal
Giflerences, However, for some materials such s some forgings and tube
Ketians, signilicant diffarences in measured yield strength can occur.
For these cases it is recommended that the averaging type be used. .
142 Extension-Under-Load Method—To determine the
yield strength by the extension-under-load (EUL) method, it
15 necessary to secure data as follows: (/) by autographic or
Mumerical devices so that a stress-strain {or load-elongation)
diagram may be drawn from which the value of the stress
Occurring at the specified value of extension may be ascer-
Wined: or {?) by a device attached to or part of an
extensometer that indicates when the specified extension
9Curs so that the stress then occurring may be ascertained—
tither or both the devices attached to the extensometer or the

load-indicating device may be automatic. This method s
illustrated in Fig. 22, The extension can be satisfactonly
determined by the use of a Class B extensometer {see
Practice E83). The siress that occurs at the specified
extension shall be reported thus:

Yield steength (EUL = .t = ZZ MPa
where XX is the specified value of extension.

Note 17—IF the load draps before the specified offset or extension-
under-load is reached, tzchaically the material does not have a yield
strengih (for that offset or axtension-under-load), but the stress at the
maximum load before the specified offser o evension-under-load is
reached may be reparted instead of the vield strength,

NoTE |8—When thers is disagreement over the resulis of this wst,
the offset method ior determining vield sirength s recommended 15 the

referee method.

1.5 Determination of Yield Point:

7.5.1 For materils that exhibit discontinuous vietding,
determine the yield point by either of the methods described
in7541or7.51.2

7.5.1.1 Halt-ofthe-Load Method—Apply an increasing
load to the specimen at a uniform deformation rate. When
the yield point of the material is reached. the increase of the
load stops. At that time, there is 2 halt or hesitation of the
load-indicating mechanism. When the increase i load stops
or_hesitates. record the corresponding suress as the vield
point.

NOTE 19—This method was formerly known as the halt-of-the-
pointer method and also as the drop-of-the-beam method.

7.5.1.2 Autographic Diagram Method—Obrain a stress-
strain (or load-elongation) diagram by an autographic device.
Record the stress (or load) corresponding to the maximum
point at the onset of discontinuous vielding, as the yield
point. This method is illustrated in Fig. 23.

7.5.2 When test specimens do not exhibit well-defined
disproportionate deformation that characterizes a vield point
as measured by the drop-of-the-beam, halt-of-the-pointer, or
autographic diagram methods described above, a value
equivalent to the yield point in its practical significance may
be determined by the following methods and may be
substituted for the yield point:

7.52.1 Swrain  Rate  Method—Auach a Class B2
extensometer to the specimen at the gage marks, When the
specimen is in place and the extensomeler attached, increase
the load at a reasonably uniform rate. Watch the elongation
of the specimen a5 shown by the extensometer and note for
this determination the load at which the rate of elongation
shows a sudden increase.

75.2.2 Evtension-Under-Load Method—To determine
the yield point by the extension-under-load (EUL) method, it
is necessary to secure data as follows: (/) by autographic or
numerical devices so that a stress-strain diagram may be
drawn from which the value of the stress occurring at the
specified value of extension may be ascertained; or {2) by a
device attached to or part of an exiensometer that indicates
when the specified extension oceurs 5o that the load then
occurring may be ascertained--either or both the devices
attached to the extensometer or the load-indicating device
may be automatic, This method is illustrated in Fig. 22. The
extension can be satisfactorily determined by the use of a
Class C extensometer. The stress that occurs at the specified
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extension shall be reported as the vield point,

Note 20—The appropriaie value of the total extension should be
specified. For steel with vield point specified not over 550 MPa, an
appropriate value is 0.005 mm/mm of gage length. For higher strength
steels, vield sirength should be specilied in preference to vield poiet.

7.6 Tensile Strength—Calculate the tensile strength by
dividing the maximum load carried by the specimen during a
1ens§on test by the original cross-sectional area of the
specimen,

1.7 Elongation:

7.7.1 In reporting values of elongation, give both the
original gage length and the percentage increase.

Example: elongation = 30 % increase (50-mm gage length)

7.7.2 When the specified elongation is greater than 3 %,
fit ends of the fractured specimen together carefully and
measire the distance between the gage marks to the nearest
0.25 mm for gage lengths of 50 mm and under, and to at
least the nearest 0.5 % of the gage length for gage lengths
over 30 mm. A percentage scale reading to 0.5 % of the gage
length may be used.

7.1.3 When the specified elongation is 3 % or less, deter-
mine the elongation of standard round spectmens (see Fig. 8)
using the following procedure, except that the procedure
given in 7.7.2 may be used instead when the measured
elongation is greater than 3 %,

7.7.3.1 Measure the original gage length of the specimen
to the nearest 0.05 mm.

7.7.3.2 Remove partly torn fragments that will interfere
with fitting together the ends of the fractured specimen or
with making the final measurement.

7.7.3.3 Fit the fractured ends together with matched
surfaces and apply an end load along the axis of the specimen
sufficient to close the fractured ends together, If desired, this
load may then be removed carefully, provided the specimen
remains intact.

Note 21—The use of an end load of approximately 15 MPa has been
found 1o give satisfacrory results on test specimens of aluminum altoy.

7.7.3.4 Measure the final gage length to the nearest 0.05
mm and report the =longation to the nearest 0.2 %.

7.7.4 Specimens other than the standard specimen de-
scribed in Fig. 8 are exempt from the requirements of 7.7.3
except as required by the applicable product specification.

7.7.5 If any part of the fracture takes place outside of the
middle half of the gage length or in a punched or scribed
mark within the reduced section, the elongation value
cbtained may not be representative of the material. In
acceptance testing, if the elongation so measured meets the
minimum requirermnents specified, no further testing is re-
quired, but if the elongation is less than the minimum
requirements, discard the test and retest.

7.7.6 In determining extension at fracture (elastic plus
plastic extension), autographic or autornated methods using
extensometers may be employed.

7.7.6.1 In determining percent elongation from extension
at fractere data, only the plastic extension shall be used. The
elastic portion can be estimated graphically or by calculation,
and then subtracted from the total extension at fracture.

7.8 Reduction of Area:

7.8.1 Specimens With Originally Circular Cross Sec-
tions—Fit the ends of the fractured specimen together and

measure the reduced diameter to the same accuracy as the
original measurement.

NoTz 1—Berause of anisouropy, ciccular cross sections often do nat
remain circular during straining in sension, The shape is usuaily
elliptical, thus, the area may be calculated by x-df - daf4, where o, and
dy are the major and minor dizmeters. respectively.

7.83.2 Specimens With Originally Rectangular Cross Sec.
tions—Fit the ends of the fractured specimen together and
measure the thickness and width at the minimum Cross
section to the same accuracy as the original measurements,

NoTe 23—Because of the constraint to deformation that eccurs at
the carners of reclangular specimens, the dimensions at the center of the
original Mt surfaces are less than those at the comers. The shape of these
surfzces are often assumed to be parabolic. When this assumpion is
made, an effective thickness, f,, may be calculated by: (¢, +Hyi0)/6,
where ¢, and {, are the thicknesses at the corners, and fy is the thickness
at the mid-width, An elfective width may be similacly calculated.

7.8.3 Calculate the reduced area based upon the dimen-
sions determined in 7.8.1 or 7.8.2. The difference between
the area thus found and the area of the original cross section
expressed as a percentage of the original area, is the
reduction of arez.

7.8.4 If any part of the fracture takes place outside the,
middle half of the reduced section or in a punched ar seribed
gage mark within the reduced section, the reduction of area
value obtained may not be representative of the material. In
acceptance testing, if the reduction of area so calculated
meets the minimum requirements specified, no further
testing is required, but if the reduction of area is less than the
minimur requirements, discard the test results and retest.

7.3.5 Results of measurements of reduction of area shalt
be rounded using the procedures of Practice E 29 and any
specific procedures in the product specifications. In the
absence of a specified procedure, it is recommended that
reduction of area test values in the range trom 0 to 10 % be
rounded 1o the nearest 0.5 % and test values of 10 % and
greater to the nearest | %.

7.9 Rounding Reported Test Data for Yield Strength,
Yield Point, and Tensile Strength:

7.9.1 Test data should be rounded using the procedures of
Practice E 29 and the specific procedures in the preduct
specifications. In the absence of a specified procedure for
rounding the test data, one of the procedures described in the
following paragraphs is recommended.

7.9.2 For test values up to 500 MPa, round to the nearest
1 MPa: for test values of 500 MPa and up fo [000 MPa,
round to the nearest 3 MPa; for test values of 1000 MPa and
greater, round to the nearest i0 MPa.

NoTE 14—For steel products, see Test Methods and Deiinitions
A 370
7.9.3 For afl test values, round to the nearest 0.5 MPa,

NOTE 25—For aluminum- and magnesium-alloy products. sec
Methads B 337M.

79.4 For all test vatues, round 1o the nearest 5 MPa,

7.10 Replacement of Specimens—A test specimen may be
discarded and a replacement specimen selected from the
same {ot of material in the following cases:

7.10.1 The onginal specimen had a poorly machined

surface, .
7.10.2 The original specimen had the wrong dimensions,
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Dimens:ons, mm
Standard Spegimens Subsize Specimen
Nominal Widih Plata-Typa Sheet-Type & mm
40 mm 125 mm
G—Gage fength {Notes 1 and 2) 200.0 £ 9.2 50.0+00 250+ 01
w—widih [Notes 3 ang 4) 400 =20 12502 6.0+ 01
T— Thickness (Nota 3) thickness of malerial
A— Radius ol fiet, min (Note &) 25 12.5 G
{— Overall length, min (Notes 2 ang 7) 450 200 100
A—Length of reduced seclion, min 225 57 32
g Length of grip section, min (Note 8) 75 50 30
10

C—width of grip section, approximate (Notes 4 and 9) - 50 20

Nare 1—rar the 40-mm wide specimen, punch marks for measucing elongation after fracture shall be made on the flat or on the edge of the specimen and within the
reduced section. Either a set of nina or more punch marks 25 mm apart, of one or move pairs of punch marks 200 mm apat, may be used.

Note 2—When elongation meastrements af 40-mm wide specimens are not required, a minimum length of reduced section (4) of 75 mm may be used with all ather
dimensions simiar 1o the plate-type specimen, .

Nore 3—For ihe [vee sizes of specimens, the ends of the reduced section shail not differ in width by more than .10, .05 or ¢.02 mm, respectively. Also, thers may
be a gradual decrease in width Irom the ends to the center, but the widlh at each end shall not ba more than 1 % farger than the width at the center.

Nate d—For each of Ihe three sizes of specimens, narower widths {W and C) may be used when necassary. In such cases the width of the reduced section should
ba as large as the width ol the material being tested permits; however, unkoss stated specifically, the requiremants for elongation in a product specification shal not apply
when these narrower specimens are used. ,

Nare 5—The dimension T is the thickness of the lest specimen as provided for in the applicable material specifications. Minimumn thickness of 40-mm wide specimens
shail b2 § mm. Maximum thickness of 12.5-mm and G-mm wide specimens skall be 19 mm and 6 mm, respectivety.

Mote 6—For the 40-mm wide specimen, 3 13-mm minimum radius a1 tha ends of the reduced section is permitted for sleel specimens under §30 MPa in tensila strength
whert a profie cutter is used to machina the reduced section,

Nare 7-To aid in obtaining axial loading during testing of 6-mm wide specimens, (he overall length should be as large as the material wif permif, up to 200 mm.

Note B—Itis desirable, if possibie, to make the length of the grip section large enough 1o aliow the specimen 0 extend into the grips a distance equal to two thirds or
more of the length af the grips. If the thickness df 12.5-mm wide specimens is over 10 mim, longer grips and comespondingly fonger grip sections of the specimen may be
necessary to prevent fafiure in the grip section, :

Note §—For the threg sizes of specimens, the ends of tha specimen shall be symmetrical in width with the center line of the reduced section within 2.5, 0.25, and 0.13
mm, respectively. Howaver, for releres testing and when required by product specifications, the ends of the 12.5-mm wide specimen shall be symmetrical within 0.2 mm.

Mate 10~Specimens with sides paraliel throughout thair langth are penmiitted, except for referee testing, provided: (a) the above tolerances are used; {b) an adequate
number of marks are provided for determination of elongation; and {c} when yield strength is determined, a suitable extensomater fs used. f the fracture occurs al a
distance of less than 2 from (he edga of the gripping device, the tenske properties determined may not ba representative of tha material. In acceptance teskng, if the
gropenies meet the minimum requirements specified, no further testing is requiced, but if they are less than the minimum requirements, discard the test and retest,

FIG. 1 Rectanguiar Tension Test Specimens

Wedge Grips

Uoper Head of
Testing Machine

Liﬁ':fs-Thic!:ness Yaried
Aceording lo Specimen Thick-
ness ta Xe2p Wedge Grips
lrom Protruding Above ar
Below Head of Tasting
Machine

Flot Specimen—

FiG. 2 Wedge Grips with Liners for Flat Specimens

7.10.3 The specimen’s properties were changed because of
poor machining practice,

1.10.4 The test procedure was incorrect,

7.10.3 The fracture was outside the gage length,

7.10.6 For elongation determinations, the fracture was
Outside the middie half of the gage length, or

7.10.7 There was a malfunction of the testing equipment.

Nove 26—The tension specimen is inappropriate for assessing some
types of imperfections in a material. Other methods and specimens
tmploying cltrasonics, dye penetrants, radiography, ete., may be consid-
&red when flaws such as cracks. (lakes, porosity, 2t¢.,, are revealed during
3 est and soundness is 4 condition of acceptance.

8. Report

8.1 Test information on materials not covered by a
product specification should be reperted in accordance witit
8.2 or both 8.2 and §.3. '

8.2 Test information to be reported shall include the
following when applicable:

8.2.1 Material and sample identification.

8.2.2 Specimen type (Section 8). .

2.2.3 Yield strength and the method used to determine
yield strength (see 7.4),

8.2.4 Yield point and the method used to determine yield
point (see 7.3). -

8.2.5 Tenstle strength (see 7.6).

8.2.6 Elongation (report both the original'gage length and
the percentage increase) {se¢ 7.7).

8.2.7 'Reduction of area {see 7.8).

8.3 Test information to be available on request shall
include; ’

8.3.1 Specimen test section dimension(s).

8.3.2 Formula used to calculate cross-sectional area of
specimens taken from large-diameter tubular products.

8.3.3 Speed and method used to ‘determine speed of
testing (see 7.3).

8.3.4 Method used for rounding of test resuits (see 7.9),
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8.3.5 Reasors for replacement specimens (see 7.10),

9, Precision and Bins®

.1 Precision—An interlaboratory test program’ gave the
following values for coefficients of vadation for the most
commonly measured tensile properties:

Coefficient of Varation, %

Tensile Yield Yield - Elongation Reduction
Suength  Strength  Sirength  Gage Length  of Area
Ofier=  Offet= = 5 Diame-
0.02% 0.2% ters
CY %, I 2.1 1.4 30 23
Ve 1 45 23 64 46

Y %, = repeatobility coefTicient of variztion én percent within a laberatery
CV %y = repeatatitity coeflicient of variation in percent betwesn laboraterivs

9.1.1 The values shown are the averages from tests on six

® Supparting datz can be found in Appendix | and additional data are available
from ASTA Headquarters, Request RR: E23-1004 and E28-1006,

~ Sphericat
Becring

Upper Head
of
Testing
Machine

Specimen
with
Threaded.
Ends

IR
LA

PZ7777,

FiG, 1 Gripping Davice for Threaded-End Specimens

frequently tested metals, selected 10 include most of the
normai range for each property listed abave. When these
materials are compared, a large difference in coefficient of
variation is found. Therefore, the values above should not be
used to judge whether the difference betwesn duplicate tests
of a specific material is larger than expected. The values are
provided to allow potential users of this test method to
assess, in general terms, its usefulness for & proposed
application.

9.2 Biags—The procedures in Test Metheds E 8M for
measuring tensile properties have no bias because these
properties can oaly be defined in terms of a test method.

10. Keywords

£0.1 accuracy; bending stress: discontinuous yielding;
drop-of-the-beam: eccentric loading; elastic extension; elox-
gation; extension-under-load: extensometer; force; free-
running crosshead speed; gage length; halt-of-the pointer,
percent elongation; plastic extension; preload; rate of
stressing; rate of straining; reduced section; reduction of area;
sensitivity: strain; stress; taring; tensile strength; tension
testing; yield point; yield strength
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FIG. 4 Gripping Device for Shaﬁldered-End Specimans
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Dimensions, mm

G—Gage length

W—Width (Nate 1)

— Thickness, max {Note 2}

R~ Radius of filat, min (Note 3)

L— Overal length, min

A— Length of reduced section, min

8= Length of grip section, min

C— Width of grip section, approximate
0~ Olameter of hela lar pin, mi (Note 4)
E— Edge distance from pin, approximate
F— Oistance from hole 1o Met, min

MOTE §.—The ends of the recuced section shall differ in width by not more than 0.1 mm. There may be & grad

3 each end shail ba not more than 1 % greatar than the width at the center.

ual taper in width from the ends to the center, but the akith

Note 2 _Tha dimensicn T is he thicknass of ths test spacimen as stated in the applicable product specifications,

:075 4—For some materials, a filat radius A larger 1han 13 mm mey ba needed.
0Tz 4—Holes must be on center fine of recucad section, within = 0.1 mm.

Nate 5variations of gimensions C, 0. €, F, and L may ba used that will permit feiture within tha gage length.
FIG. 7 Pln-Loaded Tenslon Test Specimen with 50-mm Gage Length
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G fl
Cimensians, mm
$tandard Specimen Small-Size Specimens Propertional To Standard
125 9 & 4 25

G—Gage length : §2.5 = 0.1 450+ 0.1 300 =041 200=£0.1 125=01
D— Ofameter {Note 1} 125+ 02 9.0x0.1 6001 4001 25=01
R— Radius of fifet, min 10 8 ] 4 2
A— Length of reduced section, min [Note 2) 75 54 6 24 2

Note 1—The reduced section may'have aqradual taper from the encs loward the center, with the ends not more than 1 % larger in diameter than the center {cantreling

dimension).
NMoTE 2—If desicad, the length of the reduced section may be increased (0 accommodale 0 extensomeler of any convenient gage length. Reference marks for the

measusament of elongation shouk, nevertheless, be spaced at the indicated gage length.
Note 3—The gage length and fiets shall ba as shown, but the ends may be of any form ta fit the hoiders of the testing machine in such @ way that the load may be
axial [see Fig, 9). If the end's are to be heid in wedge grips it is desirable, if possible, 10 make the length of the grip section great enough (o allow Lie specimen 10 extend

into the grips a distance equal to two thirs or more of the length of the grips.
NoTE 4—0n the round specimens in Figs. 8 and 9, the gage tengths are equal to five times the nominal diameter. in some product specifications other specimens may

ba provided for. but the 5-te-1 ratio is maintained within dimensional tolerances, the elongation values may not ba comparable with those obtained from the standard lest

specmen. )

NoTe 5—The use of specimens smaller than & mm in diameter shall ba restricted to cases when the material o be tested is of insufficient size 1o cbtain larger

specimens ar when all parties agree to their use for acceptanca testing, Smaller specimens sequire suilabia equipment and greater siillin bath machining and testng. .

FIG. 8 Standard 12.5-mm Round Tension Test Specimen with Gage Lengths Five Times the Diameters (S0}, and Examples of Small-Size
Specimens Proportianal to the Standard Specimen
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Dimeﬂsions.}h‘n
Spacimen 1 Specimen2 | " Specmend Specionen ¢ Specimen 3
G—Gagelengih 82601 , 625 £ 0.1 625 0.1 5252 0.1 625 0.1
0—Ciametes (Note 1) 125x02 12502 125+ 02 12502 . 12502
A=—Radiusof fillet, min -10 . . 10 2 10 10
A—lenglh of reduced seetion . TSmin _ 75, min 100, approximately 75, nin 75. min
L— Overai length, approximate 145 155 140 140 255
B—Length of end section {Note 3) 35, approximately 25, approximately 20, approximately 15, approximately 75, min
C—Diameter of end section 20 2 20 2 2
E—Length of shoulder and ffet 15 20 15
saction, approximate
F— Diameter of shoulder e H 15 15

ameler than the center.

Note. 1—The reduceq section mey have a gradual taper Irom the ends laward the center vith the encs not more than 1% targer in di
pecimen will break within the

engz 2—0n Specimans 1 and 2, any standard thread is parmissibie that provides for propar alignment and aids In assuring that the s|
reduced sectien,
Note 3—0n Specimen § it s desirable, i possible, Lo make the length of the grip section great enough 1o allow the specimen to extend fnlo the grips a distance equal
1o two thirds o more of the langih of the grips.

FIG. 9 Various Types of Ends for Standard Round Tension Test Spacimens
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6. 10 Squeezing Jig for Flattening Ends of Full-Size Tension?? Note—The diameter of the plug shall iave 3 siight taper frem the line imiting
’ Test Specimens the testing maching jaws to the curved section.
FIG. 11 Metal Plugs for Testing Tubtlar Specimens, Proper
Lacation of Plugs in Specimen and of Specimen in Heads of Testing
Machine

NoTe—The edges of the blank for the specimen ;naﬂ be cut parallel to each
athar.
FIG. 12 Location Irom Which Longitudinal Tension Test
Specimens Are fo Be Cut from Lacge-Diameter Tube

._BAH | T
e

Z0be
|

6 R
Dimensions, mm
Specimen 1 Spacimen 2 Specmen 3
Nominal Width Y 0 m

— .
g~Gage length i 50.0 0.1 50,0 £ 0.1 2000 = 0.2
r-nglm {Note 1) 1252902 40.0£20 40.0£20
H"Thlckness measured thickness af specimen
A'-Radius of filet, min 125 25 25

~-Length of reduced section, min 60 60 230
c Length of grip section, min {Nole 2) 75 ‘ 75 . 15

—~Wlith of grip sectian, approximate {Note 3} 20 50 50

Nars 1—The ends of the reduced section shall not differ in width by more than 0.7 mm for specimens 1,2, and 3, Theve may bea gradual taber in width from tha ends

h:i‘“ canter, byt the widih 3t aach end shall ba ol more than 1 % graater than the widh at the center.
0Tz 2t is dasirable, if possibla, lo make the length of 1fia grip section great encugh 10 allow the specimen to extend inta the grips a distance equal lo twa Uirds or

"‘“"NB of the langth of the grips.
QTE 3—Tha ends of tha specimen shall be symmetrical with tha center line of the reduced section within 1.0 mm for specimen 1 and 2.5 mm for specimens Zand 3.

ab:"“ 4—Spacimens with sides paraliel throughout their length are pemitid, axceps for meferee tasting and wherg prohibiled oy product spacification, provided: (3) the

9 lolerancas are used; (0} an adsquate number of marks are proviced for determination of glongalion; and {c) when yield stength 9 detgemingd, a siitable

of ;“:Dmatgr is use,  tha Iracture ocours at @ dstance of less han 2W fram the ecge of the gripping device, the tensls properties detarmined may not be representallve

lagy an";‘i::-‘lﬂalt. Il the propertias mest the minimum requirements specified, no further tasting ia required, but il they are ass than the minimum requizements, discard the
51,

FIG. 13 Tenslon Test Specimans far Large-Diameter Tubular Products



FIG. 14 Location of Transversa Tension Test Specimen in Ring
Cut from Tubular Producis

Dimensions, mm
3 z men
ok b Specimen 1 Specimen 2 Specimen 3
125 20 30

G—Length of parailel Shall be equal 1o or greater than diameter O
O—Diameter 12502 200 =04 30.0=0.6
R—Racius of filet, min 25 25 50
A—Length of reduced secilon, min 3z 38 60
L— Overall tength, min 95 100 160
8—Length of end section, approximare 25 25 45
C-—Diameter of end section, approximate 20 30 48
E—Length of shoulder, min § ] 8
F— Diameter of shoulder 16.0 £ 04 24.0 =04 365 % 04

Note—The reduced section and shouiders [dimensions A, D, E, . G, and £) shall bg as shown, but the ends may be of any form 1o fit the halders of the testing maching
in such 2 way that the koad shall be axial, Cemmonly the ends are hreaded and have the dimensions 8 and € given abave.

FiG. 15 S$tandard Tensicn Test Specimen for Cast [ron
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ALTERNATE DESIGH FOR BEND BAR SIDE ViEwW WEEL BLOCK COUPON

{a) Design lor Double Keel Block Coupon
fe——— L+27
213mm+2T
EADDING 1 ] I"—‘-(Wﬁm‘m MlN)__‘I I)}'
213men m\ 4 5
p &
‘£ -

ALTERNATE DESIGM
EDR .BENT BAR

. / [
x Z13ym RAD.
ALTERNATE DESIGN FOR BEND BAR

(b} Design tor Mulliple Keel Block Coupon (4 Lags) (¢) Bosign for “Attached” Coupon
FIG. 16 Test Coupons for Castings {see Table 1 for Details of Design)

Dimensions, mm

D—Diameter 16
A—~Racius of filet 8
A—Langth of reduced sectlon 64
L—Cveralt length 190
8—Length of end section -T2
C—Dlamater of and section 20
E—Length of filet 5

FIG. 17 Standard Tension Test Specimen for Maileable Iron
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W ] w F e
£ rod I-—A —te— 4 —-I 1
N i 3 T T e
[P |
G Rrad T
8
" " ! L |
Cimensions, mm
Pressing Area = 645 mm?
G—=Gage length 50.0= 0. NoTe—Dimensions specified, except G and T, are those of iha dia.
D— Diametar {see Nots) 6.4=01 - :
R--Aadius of fikel, min 75 Dimensions, mm
A— Langth of reduced secilon, min 60 G-—-Gage length 254008
[ O‘Verall lengih, min ) . 230 O— Width at center 572%0.03
8— Distanca between gnps, min 13 W—Width at end of reguced section 597 £0.03
G Ciameter of end section, approximate 10 T— Compact to this thickness 3.56 t0 6.35
! A— Hadius of fillet 254
Nate—Thae reduced section d y
A e 5 may have a gradua taper from tha encs toward 4— Haillength of reduced section 15.88
the center, with the ends not more than .1 mm lager in diameter than the center. 8— Grip length 80.95 + 0.03
FIG. 18  Standard Tension Test Specimen lor Die Castings [ — Overal lgmgm 89:64 ; 0:03

£— Wiath of grip section 8.71=0.03

F— Hall-wigth of grip section 434 =0.03

E— End radius 434 =003

FIG. 19 Standard Flat Unmachined Tension Test Specimen lor
Powder Metallurgy (P/M} Producis
FH H F

'__}_
W

| 21
f8
" AOTARNIAY? e
—%
Lo gomfe A B B —
L

Appraximate Pressing Area of Unmachined Compact = 752 mnid
Machining Recommendations

1. Rough machine reduced section 19 6.35 mm ciameter
2, Finish tum 4,75/4.83 mm diameter with radii and taper
3. Pofish with 00 emery cloth

4. Lap with crocus cloth

Dimensicns, mm

G—Gage length 2540 = 0.8

D—Diameter at center of reduced secticn 4752003
H—Diameler 8t ends of gage length . 4,85 =003
R—Radius of Wlat 635 =013
A—Langth of reduced section 47,63 2033
L—{verall length (die cavity iength) 75, nominal

B—Length of end section 788 =013
C~Compact to this end thickness 10,03 = 0.13
W—Dia cavity width 10,03 = 008
E—Length of shoulder 6.35 = 0.13
F—Diamster ol shoulder 7.88 =003
J—End fillet radlus . 1.27 =013

Note 1—Tha gaga length and filets of tha specimen shall bg as shown. Tha
ends as shown ara designed 10 provide a practical minimum prassing area, Other
end dasigns ara acceplabie, and in soma c2ses are required for high-strength
sintered materials.

Note 2—It i3 recommended that Lhe test specimen be gripped with a spiit
callet and supported Lnder tha shoukders. The radius of the caflat support cirular
edga is to ba nat less than the end filet redius of tha test specimen,

Note 3-=Diamalers O and H are to be concentric within 0.08 mm total
indicator runout (T.LAL}, and free of scratchies and locl marks.

FIG. 20 Standard Round Machined Tension Test Spacimen for
Powdar Matailurgy (P/M) Products
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APPENDIX

(Nonmandatory Information)

X1, FACTORS AFFECTING TENSION TEST RESULTS

X1.] The precision and bias of tension test strength and
ductility measurements depend on strict adherence to the
stated test procedure and are influenced by instrumental and
material factors, specimen preparation, and measurement/
testing errors.

X1.2 The consistency of agreement for repeated tests of
the same material is dependent on the homogeneity of the
materizl, and the repeatability of specimen preparation, test
conditions, and measurements of the tension test parame-
ters.

X1.3 Instrumental factors that can affect test results
include: the siffness, damping capacity, natural frequency,
and mass of the tensile test machine, the accuracy of loading
and the use of loads within the verified range for the
machine. speed of loading, alignment of the test specimen
with the applied load, parallelness of the grips, grip pressure,
aature of the load control used, appropriateness and calibra-
tion of extensometers used, and so forth.

X1.4 Material factors that can affect test results inciude:
representativeness and homogeneity of the test matenal,
sampling scheme, 2nd specimen preparation (surface finish,
dimensional accuracy, fillets at the ends of the gage length,
taper in the gage [ength, bent specimens, thread quality, and
so forth). .

X1.4.1 Some materials are very sensitive to the quality of
the surface finish of the test specimen (see Note 11) and must
be ground 0 a fine finish, or polished to obtain correct
results.

X1.4.2 Test results for specimens with as-cast, as-rolled,
as-forged, or other non-machined surface conditions can be
affected by the nature of the surface {see Note 12),

X1.4.3 Test specimens taken from appendages to the part
or component, such as prolongs or risers, or from separately
produced castings {for example, keel blecks) may produce
test results that are not representative of the part or compo-
nent,

X1.4.4 Test specimen size can influence test results, For
cylindrical specimens, changing the test specimen size gener-
alty has a negligible effect on the yield and tensile strength
but may influence the vield point, if one is present, and will
influence the elongation and reduction of area vaiues. In
general, increasing the specimen size reduces the % elonga-
tion and % reduction in area, although some studies have
shown no effect, or the opposite effect. For rectangular
tensile test specimens, increasing the width or thickness
generaily increases the % elongation and decreases the %
reduction in area,

X1.4.5 Use of a taper in the gage length, up to the allowed
1 % limit, can result in fower ¢longation values, Reductions
. of as much as 15 % have been reported for 2 | % taper.

X1.4.6 Some materials are highly strain-rate sensitive,
Changes in the strain rate can affect the vield strength and
elongation values, especially for strain-rate sensitive mate-

rials. In general, the yield strength and clongation wij
increase as the strain rate increases.

X1.4.7 Brittle materials require careful specimen preparz.
tion, high quality surface finishes, large fillets at the ends of
the gage length, oversize threaded grip sections, and caneot
tolerate punch or scribe marks as gage length indicators,

X1.4.8 Flatiening of tubular products to permit testing
does alter the material properties, generally nosunilormity,
in the flattened region which may affect test results,

X1.5 Measurement errors that can affect test resuls
include: venfication of the test force, extensometers, mi
crometers, dividess,-and other measurement devices, align.
ment and zeroing of chart recording devices, and so forth,

X1.3.1 Measurement of the dimensions of as-cast, as
rolled, as-forged, and other test specimens with non-ma-
chined surfaces may be imprecise due to the imregularity of
the surface flatness.

X1.5.2 Matenals with anisotropic flow characteristics
may exhibit non-circular cross sections after fracture and.
measurement precision may be alfected, as a result {see Note
24).

X1.3.3 The cocners of rectangular test specimens ar
subject 1o constraint during deformation and the originally
fat surfaces may be parabolic in shape after testing which
will affect the precision of final cross-sectional area measure-
ments (see Note 25).

X1.3.4 If any portion of the fracture occurs outside of the
middle of the gage length, or in a punch or scribe mark
within the gage length, the elongation and reduction of area
values may not be representative of the materdal. Wir
specimens that break at or within the grips may not produce
test results representative of the material,

X1.5.5 Use of specimens with shouldered ends (“button-
head”" tensiles) will produce lower 0.02% offset yield
strength values than threaded specimens.

X1.6 Because standard reference materials with certified
tensile property values are not available, it is not possible 10
rigorously define the bias of tension tests. However, by th
use of carefully designed and -controlled interfaboratory
studies, 2 reasonable definition of the precision of tension
test results can be obtained.

X1.6.1 An intertaboratory test program® was conducted
where six specimens each, of six different matedials were
prepared and tested by each of six different laboratories
Tables 2.1 10 2.6 present the precision statistics, as defined in
Practice E 691, for: tensile strength, 0.02 % yield swength,
0.2 % yield strength, % elongation in 5D, and % reduction 12
area. In each table, the first column lists the six materials
tested, the second column lists the average of the average
results obtained by the laboratories, the third and fiftb
columns list the repeatability and reproducibility standard
deviations, the fourth and sixth columns list the coefficients
of varjation for these standard deviations, and the seventh
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gnd eighth columas list the 95 % repeatability and reproduc-
ipility limits.

X1.6.2 The averages {below columns four and six in each
wble) of the coefficients of varation permit a relative
comparison of the repeatability (within-laboratory precision)
and reproducibility (between-laboratory precision) of the
iension test parameters. This shows that the ductility mea-
surements exhibit less sepeatability 2nd reproducibility than
the strength measurements, The overall ranking from the
[east 10 the most repeatable and repreducible is: % elonga-
ton in 3D, % reduction in area, 0.02 % offset vield strength,
0.2 % offset yield strength, and tensile swength. Note that the
sankings are in the same order for the repeatability and

reproducibility average coeflicients of variation and that the
reproducibility {between-laboratory precision) is poorer than
the repeatability {within-laboratory precision), as would be
expected,

X1.6.3 No comments about bias can be made for the
interlaboratory study due to the lack of certified test results
for these specimens. However, examination of the test results
showed that one laboratory consistently exhibited higher
than average strength values and lower than average ductility
values for most of the specimens. One other laboratory had
consistently lower than average tensile strength results for all
specimens.

TABLE X1.1 Precisian Statistics—Tensile Strength, MPa
Materia) X 5, 504, % 5 Saf¥. % r R
£C-H19 1775 0.63 245 0.63 2.45 1.76 176
2024-T351 4929 0.28 1.24 0.6 1.34 2.47 2.68
ASTM A105 598.8 0.5 0.70 1237 1.46 168 3.55
ASEIE 646.9 0.33 0.9 1.21 1.20 1.09 3.39
inconel 600 688.3 0.42 0.43 0.72 072 1.19 2.02
SAE 51410 1257.0 0.96 0.25 1.14 0.63 129 3.20
Averages: .91 1.30

Note: X is the average of ine cell averages, that is, the grang mean for the lest parameter,

5,15 the repeatabiily standard deviation {withinJaboratory precision),

5% {5 the coefficient of variation in %,

sa Is the reproducibility standard deviation {between-laboratary precision),
syfX is the coafficient of variation, %,

tis the 95 % repeataniity fimis.

B is the 95 % ceproduchility limils,

TABLE X1.2 Precision Statistics—0.02 % Yield Strength, MPa

Materal 4 5 s{X. % SR Sa/X, % r A
EC-H18 11.8 0.65 33¢ 1.19 7.36 1.81 3.33
2241251 355.4 0.8¢ .64 089 1.7 2.36 249
ASTM A105 127 1.2 2.2 1.89 3.18 337 LR
AlSI 316 336.3 239 491 461 9.49 6.68 1291
incangi $00 268.0 0.45 1.13 0.76 1.96 1.28 213
SAE 15010 725.6 2.40 2.29 17 302 6.73 8.88

Averages: 2.67 445

TABLE X1.3 Precision Statistics—0.2 % Yield Strength, MPa

Matenal X 5 5%, % Sm Safh. % T A
ECH19 158.0 .47 2.06 0.48 207 1.33 1.3
241351 364.1 0.74 141 0.73 149 2.08 2.20
ASTM A105 W03.7 0.83 1.42 1.4 247 231 4,03
A8 316 481.5 094 1.35 2.83 407 263 7.93
Inconel §gg 269.1 036 - 0.3 0.85 218 1.0 2,37
SAZ 51419 970.7 1.29 092 2.30 164 150 6.45

Averages: 1.35 232
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TABLE X1.4 Precision Statistics—% Elongation in 5D

161

Malerd X 5 S5 N " r R
EC-H19 14.61 0.5¢ 403 0.66 4,52 1.65 185
2024.1351 18.04 064 357 1.2 9.53 1.81 441
ASTM A105 29.683 X 29 1.3 5.06 215 183
AiS) 316 593 on 1.98 2.68 745 200 749
lnconel 600 4158 067 163 150 3166 1.88 449
SAE 51410 1239 045 361 0.9 175 1.2 269

Averages: 297 6.3
Noze A1—Length of reduced section = 60.
TABLE X1.5 Precision Statistics—% Reduction in Area

Matera X 5 5% % S5 st 3 ( '
EGH19 7014 1% 245 202 256 544 5
2024-1351 RIK]| 207 6.82 358 1.40 519 1001
ASTM A105 65.59 064 1.28 1.28 192 235 333
AIS1 316 7149 099 1.3 151 225 o 450
tncanel 600 9.04 067 1.4 070 1.18 1.9% 197
SAE 51410 048 1.96 369 3.9 18 5.21 11.05

Averages: ZR0 4.5

Tho American Society for Testing and Material fakes no pasition respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard. Users of this standard are expressly advised that defermination of the valiiy of any such

patent sights, and the risk of infringement of stch rights, are entirely their own responsibifty.

This standiard s subfict 1o revison at any time by the responsible technical commitee and must be reviewed every five years and
if not sevised, either reapproved or withdrawm, Your comments areinvited aiher for revision of this standard or for adifonalstandards
and shoukd be sddressed to ASTM Headquarters, Your comments will receive careful consideration at & meeting of the respansibie
technical commites, which you may altend, i you feel that your comments hav not received @ far hearing you should make your
views known to the ASTM Commitze on Standards, 1916 Race St, Phifaeiphia, PA 16103,
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BRINELL HARDNESS
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Hardness Number Conversion Chart

SHORE HARDNESS

30 4 50 60 70 80 90
22 24 28 32 34 38 55 | 65 | 75 85 95
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1
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220
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240
250
260
270
280
290
300

10

310
320

330

H 10 20 30 40 50 60 70

ROCKWELL "C* HARDNESS
{Repioducas by courtesy ol tnlainational Nicket Co.}

TENSILE STRENGTH THOUSAND POUNDS PER SQUARE INCH
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Abstract

The objective of this research was to study on mechanical
action of springback and to recover of springhack by means of
materials. Standing model which the materials have forced to
press bending to exceed Yield strength and then the materials
have to stretch and residual stress to take place a partially
springback on S50C and SPCC which mostly used in metal

shaping industry. The investigation of these used materials V-

bending machine with the help of a rocking-type tester. The
testing process commenced from testing the mechanical
properlies of sample materials:{ a tensile strength test , a

Rackwell, Vicker hardness test) and material mixture analyzing.
The dimension of specimens was 70 x 50 mm, with different
angles, The pneumalic system was used as a power transmitter
for bending duration and speed controller in order to obtain the
steady bendings throughout the test. After that the springback
angles of the materials were measured. [t was found that both
types of specimens had their own springback properties, After the
bending process it was found that the higher stress occurred the
more increasingly in springback property occurred but the angles
increases, the springback property became less. To obtain the
angle required, the specimens bending angles had to exceed
bent. But such bending angfe exceeded its tensile strength limit,

the specimens wera broken,
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9-1 MIATHINHIMMISIAANS Springback

Ks =1-3@,Y,)/E /1)

v ale,r, ) @

TN

flo Ks flo A1n151ARANIS Springback

R
Y, A8 Yield Stress
E 2

A8 Young’s Modulus
o ATUMUIDITEY

f20819N 15U I

TagyhmsmmuasnesmnishanduvesTag SPCC ANIHY 10 BarM

Ks=1-3(7x220)/(21000/1)
+4[(7%220)/(21000x1)]°

UNUA I UANATT
ﬂ’: ] = = o« [ -
WS IERLUUAINISINARTAANELMINY Ks = 0.782
2-2 NITAIUINYAUBNISNA Springback

INANNIT Ks=1-52¢2
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Ks fim AIN19NANTS Springback
- 1 £ P .
Aa A9 ANUUANAINYDINTWBINUNTIONNAIINATT Springback
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