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Abstract

This work was aimed to study the effect of Tempering Temperatures on
microstructure and mechanical properties of steel AIS| 1045. The material testing and
the statistic analyzing of the testing result were used to find the relation between
Tempering Temperatures effected to the hardness, the impact, the tensile strength, the
modulus of elasticity and the percentages of elongation and also the microstructure of
steel Tempering

it was found that the hardness converted with the Tempering Temperatures. The
impact force was directly proportional to_the Tempering Temperatures. The tensile
strength was inversely proportional to Tempering Temperatures. The modulus value of
elasticity was inversely proportional to Tempering Temperatures. The percentages of
elongation was directly proportional to the Tempering Temperatures.

This micro construction is depend on tempering temperature discharge. When
tempering temperature discharge to high level the solid will be reduce too. The power of
collide is high. Pulling bear is reduce, percentage of flexible will be reduce and flexible
of modulus be tose too. This is a action from grain of steel operation when there are take
a tempering temperature discharge. This process will be take a construction of steel ta

change.
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uazsgauRanet i Binnfiginduninndanfueusin uazthunans
wanhthBuuanfuewinndt 0.3 % azlignunsafineguudsld viadedinig
quudoarhiudaie Savibindelifasiiniegu Transgufiaudamingu Avuansse
o o - X & o o X -
umsquudrsundnanfniiumunBinogesmfueuiifndu Tneanansoalasdilszney
le o oo o
dadey i lisansnguudaiife
1. winidesnisguuisdadifurunfuauninndt 0.3%
2. wanazdnldfunnufauniadugomgiing® aulanailfouliifiuees
by

3. arrpudiesiigannindufafigenamany

t ’ 1 ¥
neTLLdaRUUNNSinalEse (Martempering) Wunszusunisguudsfimuneiuiu

]
1 ar

L4
nufifigdindudes WallanumnnuanseiunnT  wszddunusanandquude

a

=t o

¥ = 9 o ) =4 & 1 aa] é‘ © k-4
areAnassuan azvinbifantrdaerdausnialidte Finstiasialaenisemdnaulase
aPvdnulndliifluseauulud udrinldduioasedwmad Taansuadluasquidl
nedamaadeuldsiadaioy  andudiesguutlugruntensenazas  Tigomad
3 d 3 g & -
szanng 400 °C Tugseamilanew udedequatluin el donannsudiuig
o a . G el
nsguudsiiueeamnule’s  (Austempering) unszununisguuisitidunay
afwARi AR fnunlele  wiuansnafunssnen i lumsguadiugrania feddian
1 ] 1
wiauuilady Tassaiwldiaauaneasnuluilhfuanluiadasuysol Jaszavoaniv
1 r &
pesgiufluminiitidounanvessmty wazlilassairafhuuuylaain TTT Curve s nthuf
o g ' =4 9 ] 2 %’ ] = %’ < )
wiueneanamnginga  wanlseelidulunly  izaluennin gunglizesininfesser)

szsinns 400-600 °C Taaairegavinedldne wuluy



2.1.2 nnsauAuia (Tempering)

manmemiinrquuiasiilraterdadaajdsenaudonsnfinule’  uazaes
wnWlwivdadna (Residual austenite) dflumdnanfusuge axiiluseifanes fwmdlag
nﬁ‘:ﬁ’mmzmaagﬁb‘lﬂ uﬂﬂmni":mﬁﬂﬁcimmmuw‘ﬁw:ﬁﬂmqmﬁ?ﬂﬁmﬂlu Suilawn
mné’mmmﬂﬁuﬁqﬁﬁqmnfqmﬁnuﬁgga ArusnTRraundnauRnsnsfinanariinuuie
0 wiszmeRnuanTRsuATamilen linuseusinszunn (Poor impace strength)  uas
ndeanalufifstyaziidouinWiunulise vieasdnnsuaniinluensdmils
ﬁqﬁumﬁn‘?iw"mmﬁ*’quuﬁqriﬂuﬁq‘lﬂ’l%’a'mmsﬁﬂmﬁqmiﬂuﬁuﬁ’q iaARERAIMIATEA
melulnualyl siamResylonfian usdlurnBnfuasinliunfinuleiuandlilase
ﬁ%’w‘r"imu@ﬂ (Tempered Matensite) iwzﬁmaaaﬁqﬂf’a’qwqwﬁﬂ@mﬂuﬂﬁmmlmﬁn vy
AMNLETaRAT Lwim'mmﬁﬂwznﬁ’mga‘%u ﬁ’aﬁ%u@gjﬁummmﬁqﬁm@qmsﬂuﬁuﬁqLm:
il

msﬂuﬁuﬁqLﬂuﬁ%‘mﬂmmﬁnﬁdmmwnuﬁaﬁqmugﬁﬁﬁm"]Lz?fu A, ANENAY
deeBifuaamnunasunsuda aderlfifudiofng  aneluen niswReuulasees
mﬁwu‘taﬁttazﬂﬂamu'l,uﬁmﬁﬂﬁ’qulﬂzﬁnw@%’w?{muqaﬁqztﬁmﬁuluﬁqqgmmﬁﬁmq i

o’

N

e

gouugiidaauen  (80-200°C) Tassairanfimdlaiazumnsinbilassaraiadley
ﬁﬁﬂﬁlﬂé’@mﬂmzwgnmﬂﬁ (Pseudo cubic) éqﬁmi‘umﬂ::mﬂmg 0.25% fuanflud
1lmendanu figas Fe,C vite Fe, C, wasfimfuautlssanns 8.2% Reanfluf uaies
1917 (0.25% C) azmnu@naflsasi@on unsnszdanszarmegialilulnseatna swnsofne
Fnendasannediaansauminy nsevAuiludasgnumnitinsnuudazanasdnton ui
prAtaaneluazgminae lhfeumus

quungidasiiens (200280 °C) Tassadreeaaululismsaufeuthung
oulmildviulurnsguuds (retained austenite) azumndalilasakranesls (0.25% C)
wargwnilas (Fe, C) ﬁﬁv»muﬂ:L‘Eﬂmm:m:é'ﬁn?:maiﬂﬁa%’qqﬁﬁmng@:ﬂﬁmﬂﬁaﬁu
wndludfrsindasanaamn uwiaamioaniiniy

qoumgRdaafiann (300-500 °C) azfiamsilBeuuvadneieslsfazunndsls
weflsvTiflenfuen 0.025% uastundlas  dauendaeunflug sonlRenihdanding

(Fe, C) lassafrailiazpedvatludnunrani@nn uaznszdnnsvanafidnunisadasaflus



aoumpfidaaiia (gendn 500 °C Tultlante A, ) TnssadrefiRotuaztfufaing
anwangadiuaziinismneieaesisiuasdandladlsty Anuduanamn
eaumimanfaduludnrasadrerdaiumdniiummamaiasladi
(Incomplete annealing)

TumalfiFuttegumgidmiuniseufusaesnidly 3 449 Ae
o i - ol o ¢ A

nnseuRuAaigIMgRa (150-250 °C) fmquseasdieannonsnaiannialy uaz

Ufuilepnianianisiunmumies Iaswanensfnmanaudel NusssulndiBeasiuniy
=3 A 2 o & d n‘a & i =&

wdsirldmemdanisguude warfilduseann 1-2 1l Tana¥rreandnasRsuulaudn
24
tine

nseuhuiafiguugitunen  (350-450°C)  HdmnuszasAifelFindnilannu

L]

L)

wilenge uazlinnantiBinnsduacaiiangugs daulualddmiumninumnust® Tass
afreaninaylndifeetunglud

mmnﬁuﬁﬁqmﬁqﬁ@q (500-650 °C) "’ltﬂﬁ‘a‘:ﬁ’!I.fjﬂﬁ'ﬂﬁﬂ'liﬁ’m'lﬂﬂ‘ﬂuLﬂ?ﬂﬂﬂﬂﬁ
Tulivualyl Lmztﬁﬂiﬂﬁ’mﬁﬂﬁﬁ@mﬂuﬁﬁé’huamumﬁmz&q Taeiipanuegluinosigedan

lasefresnfinasiidneraihuislavas@anlnddeatulasea e dluy

2.3 #1%1u (Quenching Medium)

ansqumnefie fnareiinlifunudufadondmmflumnzan amananeaoyaslity
iilassaiumuaanudanismuanos  waztrznnaesnsidon fadeangnuduiug
fuszwinedmsiniaiiudy (Cooling Rate) 198 (Time) uazgaungl (Temperature) @199y
wiladne  azlragnunsalunissagnivg R livileusu ﬁa%ulunﬂiLﬁﬂnmqwu‘%Qﬂﬁ
fansountencdilsznay #ell

ARSINTEENANNIRUT IR
1. mnauazgLlinTedduang

A, anwouzlasaididiasmsmendensausguy
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TUAIRIAITYL
2.3.1 W1 (Water)
= %y 2 Yl o o & ar o
dhuansquimlédng s1angn uazasnsnszneaafeulds sidnenisdusiof
o (=) ) b [ 1.9 19 paos o T | -g: ar o
adsne WhiAsuafiy warbiudussesefufifon wititadeds Sunainasfianis
finan vrafianauaninldie arnuuddhisenainane wasiuemaiualunmeuganisey
i %’ o =3 a é 1 D‘ [ £ o’ é’
Tu wszdni ldnsmnsdivineeudivnluseuusn uwidasnndusasgeiuunlutng
= ko oA i 1 J 1 A L A
gaumgil 200-400 °C fuiflugousn Bl wezdfudosfiessmuluiidRewifhung
wndlad sz ldRnauadaannissansmdnfifidefifuafuaugs
[
2.3.2 Win&Aa (Brine)
Aty o ¥ e Y o sda Y
uasazaeffindaavanseglun - llaonudadusine  Auusnfesldtu
%’ [y, 1 A 97 L
ez 10% wnndeflnumlumsdramaafeuifnnn  Senmanndusalreunog
L] d o (-3 L & 1 1 i L3
2,300 °C sigfuni dasiiligasmnfusigegaie 400-600°C Fdlierlutaafiaammilud
1 L3
wiheuhhiunfinulef falurnansuamehidsditanss Banslinetatndinisgudon
%’ s cli 1 <A %’ =4 & Pl o g a0 b 2 o 1
1 fadeiimunien fa dunfeasinlffBendudep usrainsaline inl¥Banasynien
AENTUUI
2.3.3 ¥l (i)

s
Sl ar 1

Huasquadigasnsdamanufeusismnn 200°C sdedundl Helaigane
dwunisquieldlfandindled Tnetavnzminuansndenunalug wnefng
winfidounsugeilifesnzaudann thiuileRnsd isnmmaduifiasiue bl
AennuBenfimuacunn widhdasmafiudhsmaduio ity AaumsgUAgs
uiniuliianudenlsnnns 5080 °C sz ihusianaleiy

2.3.4 an# (Air)

dnannifueniithandnfiidounangs  iewminffdoumeusuinnedn
uazu feRmrdiimnnradunundd wiihfsatinlding Suiaenannssaiiures
2ANTAY
2.4 ANy (Hardness)

medamataudafuinimasarfiie uazdmasavlidaiinoadngunmin sz

i . c.
wiiesi limeasaumnuudastinldunnuazasnunaldagamaits
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nzdnAaaudeinat®  Hud wWiemageuuuinBued Brinel tester), Wiy
Saniaad (Rockwell), uuitAninaf (Vicker) uazuuisaed (Shore) uilufinazasndalae
sRtmamzIAemARaLLIL RLad
2.4.1 9lineasnmanagaunatduda
Tiaranmasauanuniasinunnelun@donssupe  iuanuudares
aam9 ?{q:ﬁﬂmfi’mmmmuﬁiﬂ@ﬁmm'mét"mmu&iﬁmmﬂﬁlﬂuuﬂmgﬂéqw?ﬂmm
siunusanisiiaton audrmiudeniaifiannsdend
winlun1sUfiR anunsautsaantisl
1. Aam s minnasensiinas 1 Hana (indenter) ilushnaitemanunds 1Eur
wtiiFiuad, wuuieniond, wazwnidnipes éagﬂuﬁ%’mﬁmﬁammﬂﬁu WIATNANLILRY
wiaaduay
2. AN aae iAWy spamasaLA LT LN Fnud
(Martens haardness)
3. 1flaf s andeiilan Musenssunnineunsaay WsLLgas
3.1 memegerlaansignduunds delunssmduediumninudassion
nauan uasdadhugm (29a1) 1w nmamaseviuuaalsalail (Juro scope-hardness), ki
1351 uszuvvleven
3.2 wlafil it rtounsnduuie wiuauased (Scratch hardness) WLLNS
wudaunsed (Martens Scratch hardness)
2.4.2 NIVNARDUAMINUTIRULLITIUGS
ot w.a 2443 18, 10, 1Buad (JA. Brine)) 1#finwusisnnsmesevadiuudauuy
et ua:ai‘]u‘?{ﬁﬂuﬁ'ummn%wmaluﬂﬂﬁ’u
2.4.2.1 u@nAIMIAIRNHLES wazmriranuudeuuuiFiued

L3
nmsaeaisufiuadlranisdnuec arldgassastialii

HB = ihwinildnagey (kg)
HuiRawirsaefy
= P
(qp/2)p- ©° -d?)

= 2P {2.1)
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- (O -d%)

Aviuald 11 = 22/7 (vi¥ 3.1416)
D = Wurugudnansresiang (mm)
P= ﬁwﬁnnmﬁm‘zﬁqﬁiﬂé’mq (kg)
d = Arineearetyy (mm)
Tumsdaudiauuiun Fusd fhﬁh“‘fi"lé’ﬂ@nmﬁaﬂwﬂﬁﬂﬂﬁﬁmqﬂwﬂﬁﬂu
fusen iy Arpaandafiued 53.5 Wi AT AR 53 wintu
uaziAnaaieiifaananfiqamAtiansnnnds 2 # Wdaoen 1 daadliifes 1
fawindu i TAAnsuse 35.645 WmeuiduraruuS i Busd 35.6 Winvis
2.4.3 Adiiuszzwinsdnafuniwin uezenulnes usinugudnanasiang
P37 2.1 uansm R s eTanafuT T lunmmesey (load) wazA A

1eufuruaudnatwiing

usugudnansaes | dwindild Tavelld Arydnwnd
#ne (mm) (kg)
5 750 FaanedeuLiauIn (6/750)
10 500 agiiden winflday (10/500)
10 1000 TavznannauaInay (10/1000)
10 3000 winngfidliulneu (10/3000)
HRAAUNTTH

2.4.4 dapsseialumsmaany
= o 2 v o= o
1. HowdhassTununedeusasGuuaiinaue
o X s e I
2. vAsninauailiidusenjuuda wafiariaaculnresenuasiodld
ndewenudasy  dnluresndesaclians nanadndafruniiclie o udinnieTam
& @ 1
AANTATINIFMuIIueuA TR udavAade
3

a e ¥ A ) &
3. AU N TURIZUIHNINARRU FEINAUNHINAINAIURNTRRNA

Uszang 10 win
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4 Fuimnanfauszanuemtedunumsseuasfiecauazealszn 2
wihtasauinsesiang
5. Lﬁ@ﬁ’]msnmvnm'mLL%aLﬂuﬁaﬁﬁuué’mazé’mmswmau’ﬁ’nﬂ%\ﬂﬂﬁq 9
WA fiaaliivinandraaussnnndy 4 vin sesrsminiong uasfeainsannqausnunnndn 2.5
wirrasauindong
2.5 ATUNUABUTINTIUNN (Impact Strength)

ArANmilEn  (toughness) 1Beiasatnsot lAannnimmaseLILSINTEWINN  UaY
NISVAGBLUIINTEUNNT {TNITNARBLLLY Dynamic Test ’-ﬂmmﬂn‘iﬂﬂmsﬂzﬁﬂﬂﬁﬁuﬁq
wiinAnaeLnsENLUANFathTinnqeuauiansine@evig msﬂﬁfﬂﬂlﬁﬁu‘ﬁwﬁﬂmﬂ
semnesaznaliifausnssnifeannsodonuiumdeceenaly

Andssmsasmensgnussinlfimdnsedadameasfiainfunasie i
Iaangneiuraunisnssnuuasdanisnazy uazﬁﬂwﬁqaﬁuﬁq:'%ua%iﬁuFhmquLﬁ"wm
ANTUNINTRIGNEN

2.5.1 nflemaﬂuﬁqanwﬁﬁnwmﬂﬁ! (Charpy impact Test) #14 DIN 50115

dunsmesetedanimmudiminndy wdandwse Srumiiaauazns
wiReng Tneldwdeumugl 2.1 tdetasniinssunniudumumesey (specimen) 7l
PIANIATIUANTURIBATID AR s 5-5.5 mis Lﬂ?@awmauﬁﬁmmﬁmmgm
Fausl 50-300 J A Aummaevmnadines Wiuidamagersnn 7.5-50 Ioeld

ANIFINAAEY 3.6-4 mis
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DVM-Burnewau

T ¥
U7 2.1 Anenusglieresiununagan

#1 :uneaLUTERRREMNITN LN, 2537)

U S
wanndy lasfion-ha

= 3 L
VARNNIRIUINTUR

CmEnnataidued

37 2.2 ﬁqmmﬂixmwmsﬂﬁumnﬁnmm’%umuwﬂmumé‘nné’wﬁﬂmqq
(fian TUNARBUIAAGRAIUNTIH HIUN, 2537)
2.5.1.1 meastszdiuAifenFauifisudainnismesen asfesiideyaseselui
n) ildlunish
%) ﬁ’nﬁm:gﬂéqwaﬁmuwmaﬂu
A) anmpifildnasay (eddlilduenunlmaseud 20 °C % 2°)

9
- e o
9) NiAnansRT U AReLTIgRTAAILLLA TN RmNLUIENT
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) uimunfTdault e lunimeasay
AuANFNeszwinTanfiviies Ae waAndTande-Tndia fudasfinine fe
wann& A fUen @:Lﬁu"lﬁmmgﬂﬁmsmmm?ﬂﬂumnﬁ’najfaﬁu\ﬂuwmmﬂu Fennmagey
Faeaiunsmaseuwlmniing
2.5.1.2 asfilszneuiiinasiausenszunn Ae
f) saen (notch) gulda v azuaniinlfinandrsesunngisa U
1) frgnugiifarasiagivnafiansumninungeeiding
lumamasauwanssunniifunisnanumissesinnd winwiausa
ngiu (ageing) AlsnzannAuFen aoslsrzatna i Ltazmi‘mmamm"ﬂqﬁ

HuUNEFIAEN19ANNTaY (Heat Treatment)

4
=4

@ 2 & ]
s Aefinemeserdununnseuvaneduidutanefiadeafuienmgiisie
s Agai 2.3 uameanuuanseiuaesiasmin sewing face centered cubic (foc) Waz

body centered cubic (bce)

a
¢ few
. 114 { ;
N:‘mml[ m E;J {High p’uﬁsgn.l__‘__
ﬂ'ﬁ'],{ﬂ - boe
r
\ ;
s
/ 4 :
Fr1se / ! lewlBmutas
/’ 7 fransition zone}
{Low / f ¢neen front)
partiof) II \
mytusiouFasAull
f {overheated artifical agcing)
|
——— i
l B
-0 2 ¢ +20 G
gl =¢

119 2. 3w wRruATuLSINTEMNN
(@0 Tausnen anda, 2543)
ar ar &31‘ = . L = 1
FanlasaaFs bee Wudaniiadeniu (homogeneous) axfiAasiinaan (sxudng
é | & =3 -8 ) -3
-40°C - +40 °C) uavasauwmilen SaldudTagmdnndreeailud  Gnfia  vewns

e
azgiie
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ar

Jaglasegin bec 1w wanndbiRevTeRanneiln axfiAarsivieed

:J [ . . 1 1 =4 ° é = ° 1 =l ﬂi' t
VRUNgANE (high portion) usiaziilsnz (AvAnuwilensn) Rgnmaniiss Aracumilanfion

4

sewdlruassninu@aunlas (transition zone) (Uszanns —10 °C - +10 ) ArAawmiienay

or

1 ) 1 E ] 9 2

Lineh (Hegamgiindey Apawiieandew)  Sapitiduldcudostiasiuagfurila
ar é !

293d@nTlAu wlnndmlaslsd

o & = = P , r Pu PR
RAVVLNTUALLRLA  FEHAIHLEINTIIAN (IOW DOmOﬂ) HUINNIMIEANUINTE

9 9

WY

9
AWl AnulfvresTagaunsogldainginesenunnsasde Uil (Ransan
711 2.5 dsznay)

T H t .

H
U urma S uan enuanin

af

400 - ~7t e
| Lo,
1 BDG -
=}
3
- e 0,22
& 200 ‘. R
0,31
; _ IV 1)
00— y e 0,53 13,63
/ ’ . § "5?
st |

100 =00 00

U7 2.4 dulds a-T snninnd li@e

A - b3 @
(RN: IAINTTUNITDUYLINGN, NG , 2537)



T = 25°C

gﬂ'ﬁ' 2.5 fmﬂu,ﬂrmrmqsﬁnszwnﬁgmuqﬁsmﬁu Y49 St 37
@ UNAAALIAABRFINNGTH HIUN, 2537)
'Lunwﬁﬂﬁumummmﬁqmﬁqﬁﬁmq unmadevassesld5Enssiie
dordesielald dwsy
-184 °C Mameiman
- 72 °c Wdanulszauanufurasnsanifuetinglfie + uaanased
-21 °C lddautlszannnandy indaune + inuds
-0°C $huds
- 20 °C gaumnfivaalfuena
- 100 °C #hiiten

-200°C dhain@da

17
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Fur1is

t Ld 2
711 2.7 sursmmegnilunimmagenfuamaseuuinngll snu iso 83-1976(E)

(#1 :unaseUTANIAEIMNTIN WU, 2537)

1 ¥
U 2.8 Matunmnbhducuneseusanimnazunn wazusisnilnees wanadmes
{BO 105)

af Y
(NH MUNARDUINAYARIUNTIN HIUN, 2537)
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2.5.1.3 maiuadydneainisnasgugaamnssalng
i o aloy g 1 e & o o
Wasannnanun ERsnea1eiu FununssauiidnEnicsasLNuas
v L 1
WIARETY Al murRzgugRavnsenlng feansliTucunageuiifidneneresinn
fhufa U &n 5mm 21490 10 x 10 x 55 mm usidnAn@nsessanunngils U dlvewnedu f
deudyaneallAfiedl vy
KCU 15/3 uamatienisldndsendunisnszunn 15kgm  uadSusunageviisl
&
FRBLNAN 3 mm
KCU 3073 uamstienislindsalunisnszunnenuln®fe 30 kgm wazldfuay
o &
NAGAURNALINRR 3 mm
2.5.1.4 Fansnagew
t T &
M UszneuAiaenassuinintmmegeLLLLTnl
2 o X d oy
1) AIRABLIUNIAIATUITUNARALLALI AN UM AR
v A% & 3 o o & 3 o o
A)  anAeuRIwSNateRazsTuuaseubidaniugusesiy
2 1 q} A 1 L 1 s G & ﬂi'al
laelsaennagnasiiqanenansswinagrusesi uavagmeafudnaiudauiis
é’ .l‘ . . ] o 1 A
Q) enfaudusunseiadn main pointer agjmssliamumisd Sedauas
aggalaevinygm 160 °c2s’ 227
a)  Audin idle pointer 1WagmaadiaumiaRiaae
2) mRamldesdiausd
9 wsafeuditaundaasliniedunds
%) Tuingaumgiinassusnsiugon
8
a)  dTunasevhifinnasanainiu Anresnsnszunnazligndes &

¥ k%
TARIATAFN T Fuumaseuliiinanaeenainfugaadinssunnyinle

2.6 NMINAFRUAMINATUNIIAS (Tensile test)

NINARBUANFIMTSAY  (Tensile test) Felipmudrdyiigalunisliayaifeady

ar J j i as 1 oy 9 1 o 1 4 |- i 3 :
fagwinidivuiwidmnnndladieiuinannsoiunssBigenawiamdnifinudini

Aadanndalfiviale  Wwnismeaudutdududesluansgay (specimen) Rildadoud
wmsgnuasiipusanisunsds L, fawmnndnduineudnansesiuneaay {dy)

1 i g i ci 4 ar
e 509 10 vi1 uazarmenaiilineger L = L, + d, Suneaeufiidadaniiniaty

c

H
=

1 ) g o 4’; dl i
sznuFauiisudfildanmmaseuld Mdwidinredunueniun Bwanily
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AT AIANNINAAUFIEILTIFS
- 5 = ,
- INBMIANATUNIUUINERN (Tensile test)
= 3 .
- INAWIANNNLAUATIN (yield stress)
J = & o = 1 - . .
- INEWNIARINARINLANEN (elastic limit)

| < .
- BRI AR (elongatlon)

T
|
| us
PR
w?*'—tg ST
Hf
He |
| +
| |
L]

- Py 9 =
1% 2.9 FunasauAuituusR
4 .
(M7 UNARALTAARAAMNTTN  NIUW, 2537)
2.6.1 njreEn (Hook's law)
AranusnuusrniudndiutuauEBaaasly
7 = ' d'
ANMNBIULNAY =  ANAeT
ANNLATEA

AlugdALesdls (Young's modulus) laamsiuusiieg o qalaagidgs

ANANLUSIAS ( N/mm”)

o= F/s, (2.2)
A= (L-L)x100/L, (2.3)
E = (O x100/& (2.4)



=
= WINAN

H

F
g 4; 9 b -2
S, WURNUIARNAUAS

1]

ATNEINATIBUAY

o

L.

L = AMNEIINRIFS

A = anuEe.. %

€ = suctin %

E = Tugdatiaveiu ( N/mm?)

2.6.2 Memsassnstiady (€) 0.2 %

1 E 72
FATINTEAMN (€) 0.2 % WHEde AT LT Aanistinstedunaaay

1 [ 3
fA102 % (NesaussheaamBonud) Fawduaunslésed

Ry = Foa/ S, (2.5}

e R, = Aauduiiniliifesasied 0.2 % (Nmm?)

1 2 ]
Foo = WiiildReli@umeamifinf 02 % (N) (flaasussammun)

e

& o " 2
Sp = AUNMUAARNAUAY (mm”)

Y ] 4 = o o 1 :’I
Wumstae Rl ldd R, Weliifisdnsnislioi (€)02 % wemintu

] k-7
acdpdldidFadiednacon  azdmAdnsinsiindaldte 0.05% lunisistunagausen

L]

AIBNNTUNAMIMNIN A TR Fy, Tage B dosromolifin 10 Nmm? Tuusasiund
9 2
Tosiitunsaauariiidnsnistings = szay AD)

Al 1 A)

",y
™

£

-—bl:‘
0.15% wae
Ghuge length masatiadam (A1)

¥ 2.10 dulfarswsadedmeanisfingaludae 0.2
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Lﬂﬂamuﬁwﬁ\mmﬁﬂg&uﬁ(ﬁqmmﬁuamLmﬁagnﬁs‘ms%'m«i’m)éum%mzm
Faszazann ADNNWRRsTEY ACTIRASRIERGa = 0.0% waR
A R, azliFwiiuamdugeann® , Sluntsme R, Aiitadiaammeny

1 & LY :i 15 2 1 & 1 Eooar =4 123 ar
ApAUARTInIadas billasuugaann Wdvedranudauilauminndrasyu

St 34)
8 2
AR WO R, § aziwnldidudayalunsmaudueyanaldsd

O, = R,,/vHial, = RN (2.6)
o "
a0, = ANIALAYLIs (allowance stress)
v = fanudsessi (safety factor)

] 3 -=I'-=’|' d‘ = = oy &3 T A’ :J =
mm?aﬂﬂauwuwﬁuﬁquwQnmwmm qzuma‘ﬂmmLﬂ'ﬂmummwu‘wumm

1 g o a 1 =5
TAHYA ABWUNLRLNAUNNTAS

Z = (§,-8,) x100/S, 2.7
e Z = MIAANaUnUTVAINITINe (%)
S, = Aulutihdnnaufs (mm?)
¥ o w
S, = WuURAMNAANSIRY (mm?)
e G
--"’“’;\

%z. F

B v

F B

fe— MEIRAM S TUNBBENIE  —sle— MicARR

Aranatan (Al / 1)

7# 2.1 ununmamFuLeIRe — AvaEa
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1 A ) ]
2.6.3 19919 1@ AnAu-Asateaiaulaldu

d00 AR \futaitandutiedn  nfsveciiasaasfaonuduingiussdiiin

Auluuusdunn rFundodianansmin Proportional limit #3a Limit of Proportionality
TntiaradusnadunssfananaasiFanda Young's Modulus of Elasticityifiedagtinsaaindn
ferarfeqn C fafluaafiuiiasiinsusgluunianns (Plastic deformation) Tne¥agiils
fuusapeludae  AC Lff@ﬁqnfawﬂ,mﬁﬁ’fumm:umnﬁuiﬂé’ammmqﬁium‘nmmé’aaﬁu Ty
Fannsulspiludsy AC 4 Elastic deformation  TumneLlftiR 4m B uaz C avesInAiu
wnauawsnieldiufhgaiestu dnfumdnndrafueaudlatinmaulsgisesnqs
Auduazanss  uszadilaniasanansodafhenniuUlfieslan bifeafumaudy fuilu
AantRawzaeandnndafueuin ufandianudiuiian D dreudumueee
flamA3n (Yield strength) ieReTansieannan D Wider  Araanudussrasdindy
Ls‘jm‘zﬂzﬁmﬁu%uquﬁﬁm E fufluqaiimenudugeanrensiifududn wdund
AaIALRaRildn Ao uuLseR (Tensile strength) ﬁqﬁqf‘i’mgﬂﬁm@nmﬂaﬂ D
ﬁuﬁuﬁ"\ﬁmmmmm’%ummzéuLﬁmmeﬂﬂﬂ (Non-uniform deformation) wazn1 THFLILSS
ienasathann  SeReiandeautian F famazanalufige  Susanansomdnpenn
mfaﬁi’mqﬁ'ms’i’qmn‘iﬂﬂmsﬁmm%m'mﬁﬁmmﬁiﬂﬁ’u WfIMIANENTRITRANAINTTAY
(Initial gauge length)  suMEANENRIiagiawRs (Initial gauge length)  waz?INAT
AIBIMARIERSITRESS (Percentage elongation) 1 (Aaruiinfanas (%Elongation)
= (Gauge length WAIAS- Gauge length fieusa) X 100)
2.7 Mangragaulaseasneqania (Microscope)

naAnmlageaireqania (Microscope) Tnennsingusmmaseylinfunszanemane
uazasdnasBuraulifuiuiu antussiinsiafanasaiii iAslnssadilvauda
infuiu WdeRnliRorenusiazndniaansoxaeiufounseddasnideusiiintunsom
Rvfusunagen uasasfaneansumnsnaiy mmmmmqafau‘f’:@ﬂﬁﬁauﬁmﬁmﬁu Tase
afrvrediandu vy nFuneny WiessBus msdassunug pdn nusinzzany ues
nsGeefgendianiy

L b ]
fumsumsrzmdunaaauiadnmianaiania
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< o a2 = a Al
1. NIFLRAN LASFAAIUNARAL Lﬂum?tﬂﬂﬂ%m’luwmmuwmmzﬂu LWRTARLATEN

ANsUIUNAaINe uii Tununaseuiunadniniasfidununasaudonstulaa
3- 3
widnresiuunaseuatneuengausiu uazauATessTuA TN A Ind A iuGu
NAABL
U -1
2. MIRITUTUNARDY  AITIRAEINTZANESLFILAILAT 180 240 320 400 600
1,000 AMNARL  AstRASENI3IINTEATENSEIRILUNT AU BauTadaile  visald
di ar 5 Qs cg: E 2 =1 4 & ar g, os :’/ S |
AT ALLA MUY ML I U UAdaLdale  viadadnTudR lusnsdmiussdaila
%‘ ] { g 4 ﬁ; li ] A i
wednsannsy  Walindissieandn Gdldun adany wasliedesmanldeunssany
& ] £
neautiusialnordrduanumssey i@ nunmaiissdutudumnsaiunndy . vudud
DNz HUHUgATnE
[V Y ny b3 1 = :’4 g
nzdintatwunasauATldisavelsennsliaseanussinauduly  Tellasde
nalilassaFsrasiununeageuBarmnuunnsasaurin i ansassgesiasaiaianig
Aanannld
3. medmdaansdn (Polishing)
v 2 % 1
msdafialuiumeuiiifiunsfafiafuredunumeseudoamsdafivianceagiiu
13
(Alumina Oxide) wazuNnTifes(Magnesium Oxide) VaanaazldninmasdaRaresdu
I 2 LS
nageuftiaNuiagan Tnansdawantariinundus 0.05-0.3 luaseu
ar 9 ar g Rr ar d‘ ] 9 o0 1 ar - [ 4 go;
nedmsateedall azsiasiauuanunyuiiedudrefdnatalaadaneinaaniu
WAILUANYaa uidmRnsuitluiu
4, psimAoeninen (Etching)
mmﬂwﬂm@wgmxmmﬂummmummmmqmﬂmn@aﬂ@mﬂuu%gnuﬂﬂnm
o %’ !o, :’v 9 3 1 o = ci‘s: 2
aaeninen  azdlwbenezlsiuiesiuediualiseadansiifainisamasey Wy dufly

wianfacldnsalusdnfesas 24 nansuuaanaged
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ANFIA 2.2 URAMANTARRY (TN : NITUIUNIIHRR , TARF , 2544)

15 &.A. 2549
4840502

Fuinksomue

ABns

ATUSTENE

Immersion etching

uituRazRreagausaluings

Drop etching

T - = F
MHAUIENAILUNIINU(VIIE 11T W)

Wash etching

Wirewmarassuufiony Wivewmnelvg wievn

gfdaTluuia lidne

Alternative immersing

etching

1 “; a5 = GJ i =
Jueuasiuiinen 2 siawsniaeslinfantidacarefifin

INWLTTIANTN

Swab etching

3 2

W ddvFaulnaudndguirenudonuuiiseudos

TanEanniatuantizen

Etch polishing

- e o’ ot ] ,,%’ ar
NFIFHITAARNTNITAANU Ltﬁl‘ﬁu’iﬂﬁuﬂu%ﬁﬂﬂﬂﬂﬂﬂﬂ

9 &
Huldlifatlauudueu

Tempering-etching

R
wanluenie uezdunagdiitsngiuuuiionu

iwzlnssairausiaziinaz 19a Ll autu

Warm-etching

Wihegnugiige a1apdnedunsd] Tempering
t 4
etching (upildinen viemsdanatseiiu) vielddtquas
TurhenFau

Double muiti-etching

T = X " )
Tinenassrisawlludousdndesnnsnsmaaeusasls

Indentification etching

Wihenanizedne azdmaniadaidasninmagay

Efetrolytic {anodic) etching

Aaludwalnsiay Teeldfurududauan

Potentiostanic etching

- . i ¥ ﬂl
3% anodic etching Tnelaausisdndasi

Quantitative etching

{38 anodic etching Imemisazantdauan (41) a7
] giy ﬂ. 1
MUIUNFASINTT 1A I ENTEUAAINNMNLIINT S LALA Y

IRIBPHNTVUA
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snenfefianagat ALY Tausfinsaagan nsideu
nenlusBnuaclalns | nenlusn 3 SaRams | wEnedesile fuTunasey
AREIN lalnspadin 100adans | wlnndianfuau U 10-30 BT
uaziNiisuasneaas
1008838RT
wefnasalsduar | nanaBnasalsdly | winnd el Juudvizalin
nsalusin nralalnsanainuazld Foadnd Uy 5-
nealumsnianat 120 Funhi
Agunaly wafinaaalsd 2.5 wanviaa Fuutuy
iefiaueanaaed fiaddms, nemiiasn 5 wanadafuaugs | sz 520
Nadans , nealalaseae ud
3n 2 fiaddps,
whaueansaed 90
HaARmT
lussnuazesfin | lusnuede 30 iaddns | winndnl5atudid imdnadag
NANNIMNGN BnRnd | dousesfinfiauss n96 W 10-30
A 20 fadans Taueadifludatway | S
Xl
Indenwends- WResmmdadalid | wineiasleseuge | Aadannsaly
Falwf 15 NARAAT NANTNGY 1981 10-60
20 8addnT Aufi
Tasia lusitnuedia 1 Daddmr | wAnquulsiouaz | Aadounsaunu
naNefiaueanagd 100 | mandinlyl 10-15 Aund
Hanans
nealalaraaein nealalnsrassn e T ——
50 {addns nauwha | Ianfewueriinfa | 10-30 3unit

uaanNaaa 50 Nadans
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qalagaddranaslans (Micro structure)

ull L i3 T o té -
Tauzlaevinluudansfiusoasileznaudensy Wendnaturuuntuiaainngy
gaslavzanuiumnasifaneiinnddauutlasannissseuasaranniulavzuds  avs
wanutladigomgiuisin  Teunslisdiatomdeg azpeNftemnaBarlly
o o b e - a & o .
usstnAsel 7 Ainldiniswdeuitiens Wanmufuiuanvaslanzidn  AFands
= = =II - = = =4 - =8 J ] i
Uandas  Ragamniiasasiuadeaiinisreainatedundn S9fundy wnsw nsaene
1 ] 1
Faazdugadlasiunnaadansusamvacnuatl  walifinsfisenai Taufunsudng
Wen  wlBandn Trsesiaiidn Dendrite
TUNAIBINAN 1&7}@ma‘uﬁLﬁﬂ"?:uﬁm‘i‘]uﬂﬁmﬂﬁuﬁuﬁ'ﬁun’mtﬁuﬁ’fsmmimzm@u
wanlpenawizludaaifinnsudesia fa:wudﬁﬁmmLﬁuﬁfqﬁﬁ'ﬁmgqqzﬂmngﬁqLﬂﬁﬂmﬁﬁ
FUTUSIUIUNIN URTNIUENFITRIUAALNTUAZTIERIF NI uARINTNAs It e RaY
9 [2d ar  qf & o 4' ad o -9 Ad [ =
saslansIundususiulaundasdefidnunnm Widlavefifinsauadnaziaus
ar 8 2 ar (-3 ot B = =t éa Z 95 o
Tunsassiudnuadasmniuing Burnlousdeafifotuasties nssanass
sastainfusasfiunin i ldlavefitinalug)
raanulnteudansulinasennasiBnenaeesianiany uanuuds arw
ar 1 A ar &
WuaesInsa  wazATNAISIA fatmnilaufifuaiurnn uaznisnszataaadin
mfm@ammmﬂamnqmﬂm}ﬁmmé’ﬂqluwnﬂﬁﬁiﬁtﬂuﬂejqqmn
mrdszanniresdanswinldlasnsamasauniendaslalasala (microscopic
examination) u?-ammjsxmmﬂthwmuq Tnemsnagaunistin iwaflsasuendasan
wanniafusumideinldlinmiuioedredh 4 seumsansumsiiisansadiulfatnade
wulpensdn uazmeiaficny mszniadusioatned 7 lddawedlafiuusn e

o
N inaunarsansuld falunndusireslavelinadanimnaunseesnsudae

2.8 msiasenaamlsisau (Analysis of Variance)
2.8.1 mMslamzirnaLlnisauntsILuAnIAee (One-way and nalysis of
variance)
el a o £y g 1 ﬂi
nsiasziacuslsuunduunniadiee inasieseifayaatnwioei
A 8s g < ar 3 ar | = J [
nasedn ldanmismeaanslnelfifieakdnder wivanfumausefnideuatesiin Seresy

WiarliaresiladusengioasiFand Raaaay(Treatment)
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= ‘J [ o’ I : o’ -
anRinmiufmulegn € luudacRnanes Al

Fiid
- &, Ansuanuang

- AeRn19g g, = E(g)=0

- Anatlstlsnuaes € Fdawinfundmaney

- g, hidaszraiy

tfufe nannlaeagfeaiudenufsasioulsgy g; Wi luwsiaz@ans

nasasinTsuanaLLLng udassdefulnaiia1ags 0 uazaruudstsuilinsudn

d’ ) a ar  ad . i .
BIN919N 2.4 wasdnInaasssinndlaizyitladeaen ( experiments with single factor)

™
Treatment observations total
averge
1 Y14 Yiz o - Yin Ya,
2 Yo Yz .- Yon e,
k Vi Yo Yin Yi
Y. y

AMNEN3TA 2.4 1unsneaes 1 Thas Usenaudon k treatments usiay
treatments

1dsznaudqn n observations

y, = AYAuNA (observations) mn‘i"ﬁﬂﬁaﬁﬁ i Haenad |
v, = uamurasdrdans (observations) ynAnluisf{im 7 i
y, = Anadtrasm&uns (observations) ’Luﬁ"ﬁ'ﬂf]ﬁﬁﬁ i

y = HATNIeIAtdnm (observations) Fomunlunimagas
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= o -4 o’ é L
nisaAMsauuLsdmug uiuniletads

1. ff;l"mmgﬁgﬁu
Hy = f, = 1, =5
Hy = p # p etnties 1 4
2. ANLLTUTIUINATIIANIAIN 2 UGS
2.1 ﬂfa’muﬁ&‘ﬁif;‘l&ﬁﬁmﬁ%‘ﬂﬁﬁ (Treatment Sum of Squares: SS,_)

2.2 mmuﬂ?ﬂmuﬁtﬁﬂ%ﬂuﬂ@:u (Error Sum  of Squares: SS;)

o

MUW SS, = 8§, + SS; (2.8)
ss, =32y, - YN (2.9)
SSpu=&Z ' /0, - Y'..IN (2.10)
§S. = SS,- 8§, (2.11)

{ ° i 3 o 1 Y o amal .
e N Aa Sruauindunmiovan wez n e AwoudndanaldTUiued |
3. A9 ANOVA

d' = s e )
ANTIY 2.5 N1FitarEdaltNsdrsunLLf TN IR

WHATRIAITN FEAUUIAY neuInANdeas  AeRERIAIses F
utfilsau(sov) Anududaldn)  (SS) (MS)
Adfinnaes k-1 S, S8,/ k-1 MS,,,,/MS,
PIMARIALAREY Nk sS, SS. / Nk
$4 N-1 SS,

o

F > Faggn (Wan@asmsedd F fesduiedin O sadud k18-
4. TRz
- F > Fo Wilfws H, sendu H,
-8 F <Fayqn, Weeni H, Ufies H,
5. asUnammegany
AMFILASITIATINLLISUSIL 2 199 (Two-way ANOVA)
Hunsmeseulpensfansandentads 2 dadendantu anuateiadsfiiing

, al ¥ o PRI o e o =l

FanInasanige udathwumnimmeaseuiisnisaseuiiuansnaty udaRarsandnd
=] ]

uansEnLvsalal
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Factor A Facior B total
1 2 1 ... i
1 Y Yie {Yize | e Y Yaie Yi.
y1‘ln y122 """ yﬂn
y11n
2 Yo Yorr | Yor | Yauu Yar Y.
Yo J¥or ] e Yoin
Yoon
k Yirs Yz | Yian Yiea | oeeenn Yt Yo Y.
Y. Yo o | o e Y. Y.

anaaiiummesss 2 ada Aa tade A Tetsenaudae k treatments : thhde B

& g9 \ P . o 9 4
Feilszneumas | treatments usiey treatments & observations HAZHATUIUIBYAYNULR

N=kln
Yin
¥i.

= fduna® n FUJERR | Tade A ndBU{TRT |

ﬁmd‘

i 3 o g . ar
HATINEBIAEUNR In ALABUGTRT | {lad A

nagINERIANgInR kn AR

natourasiduna n ATWATURITRN i Jadt A FBUHR

amdﬁl

Jmn |

{la3e B

HATINTRIAEUNANNAY (N=kin} Tuntmaany

2.8.2 nMsataseaanilalse 2 we

1. AvauyRg

H, -
H,

B,

B), # o, atiresian 1 A

tlaqe B

# j fladt B




2.A713uL99usN (Total Sum of Squares : SS)
88, = 88, + 8§, + 8§, + SS;
Tne 8§, = ¥ - YN
ss, EXV /in - VN
SS, = ZZy',/kn - YN
S8, oy = && ¥ y/0 - VIN
SSu = SS.pue- SS,- SS,
SS, = SS,- SS, - SS,- SS,,
3.1 SS, SS, SS,; SS. S8, anda 2. waFrmis ANOV/;:\/
AV i{}nsw ANOVA

—
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Source S8 df MS F.
A ss, k-1 S8, H( k-1) MS,/MS, *
B S8, -1 8S,/(1-1) MSy/MS, * *
Interarction-AB____ SS, KA1 S, M)(-1)  MS,g/MS, ™
Error 85S¢ (kh/(n-1} 88 /(kI}{n-1)
Total S8, N-1
Fame = Fagagonn’ Fame = Fapen + Flame = Fapaenmonn

4. Jipsziinalae

41 8 P > Faogey  UG@E  H, sandu H, fTade A s

nseny

42 1 F* > Fapmen  WUWs H, saufu H, fade B fus
nsENL

43 8 P > Faggoes  WUDW@E  H, weusu H, fladu AB Hua
nssnL

5.87UnaNAgEY
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2.9 MmsannasBaduuasauWus (Linear Regression and Correlation)
2.9.1 msmmeinisoaneadadunseneinadne ( Simple Linear Regression

Analysis)
AeTIsintsonnesEudumsatinedne
i ] =l || 1 L d 3 et & - al Lo | a‘v :’/ =y
atsdnafiegdn AaasiwlimmuetiviulsBasafisingen Tnefidulsieanriin

WunsBnrsuduiusiFadums

k73
Hamfluanudutudiududungs
™ 1 2
pativaunadunzaiidusumra NNt wInulmsaast ity

Y= o+ P+ € (2.12)

]
2 -l

e o Ae Aesiidie x Hawflugud

b

B Aa AdudszAnintrannas (regression coefficient) 1asfaulsdas:

X;i=1,.., n
] ] d'
€ A8 ANANAIALARDY
x fa fulsddsy
| [
y P2 Aqulsmiy
o
JumaunFaszinmeanaaluduasinedig

7 1 fruams Sex Sy Sk
See = 2,0~ (2X%)n
) Sy =& —(&y*)n
Sy = &, (EX)(Zyin

§4R 2 Ao B, waz B,

ﬁa =y - ﬂ1x
:’/ ni = = ] 1
U 3 d@suannmamnasfaduetneine

y =B, + PBx
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@
o

Uil 4 naseuanyRzu

Ho B1 = 0
H,: B, # 0
ANRDR t t = (2.13)
o/ s,
Toedi o= S, (B)Sy) (2.14)

n-2

0 G > tazn, LMES Hy Ban5U H, uenadn x uayy Suwusiig
b

; < v s . .
dun 5 nagauduisrBvaanduiug (sample correlation coefficient : r)

(2.15)

1 r =0 wamdnflanuduRusiie r<0.30 wamednfimnduiusiuss

0.50<r<0.80 = 0 uamsdtAuduRusiutunane (@snsaii lildeuls)
r >0.8 uandndlduiusiugs (aunninllldeuls)

2.9.2 MsfaruinisoanesTaduniiunmans
msimmzinisoanasdaduiuunyans dunsdnmanuduiufiFadunse

sywdnsaulsenn 1 M AusulsBaszinnds 1 @ eesduiufeesdouleauaset)
Tuguiaidueesdndstasy Wude

Y = #(X, X, X; X, X, X} (2.16)

aunsoaneeTudunLLnau

(2.147)

V= B+ Bx+ fox+ Px . 4fix
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nsUlssanndinsiiinedsing o

Y, Xy Xpy X oo X,
Y = Y, X=|1 Xy Xp oo X
Y, 1T Xy Ko oo X Nx(k+1)
— B‘l 81
B = B2 8 = 82
Bk g, nx1
2y, no XX, X, 2X,
X|Y = ini\(l X = ZX‘Ei ZX‘1ii Z>(1ix2[ zxkixﬁ
_ ZxkiYi Zin szixki szixki ZX 2ki Nx(k+1)

B=007'xy
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mINA 2.8 Msdssanniaramlnliouies B

Source SS df MS F
aun1sanney R Bxy - ny® K SS/k MSR/MSE
Error Yy - Bxy n-k-1 SSE/n-k-1
Total n-1

Avtlasoy OF = MSE = v’y - X1/ (n-k-1)
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3.1 MasiFEniununagay
3.1.1 ma%ugﬂ%mmmmu
m ﬁ?ugﬂ%mﬁufi'aummwm:ﬁ’ﬂﬁqmﬂmmgm ASTM ~ A370
3.1.1.1 fumeumautunudmiunmeseiuseie
1. fawmdnaumdusiiugudngia 10 mm WillAawmena 100 mm

o & 4 . o
2. thliugdBoeedasdng CNC WTusmmmmuL

@I52

(G0

we

A o .
7#t 3.1 dedrddurmesauilinasaupaumusieusei

(BNEIINUIATTIN ASTM — A370 (1 120)
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3.1.1.2 fumsunswitaRduudIuiunimaasuruule uaznimnaseulaseaing
BNA

1 ddnanadusiugudnan 1 39 sddceeEassinldldaauana 14

2. Mnnasthant e lifisfununeaeuFausuaiuns 2
£
3. drdusuneaseusfEnIzaEvITLILaf 320 , 600, 800 , 1000 , 1200

4. dmfudonsuindnuate uarneilddane agiin (A, 0,)

2540

A ol ¥ > i
ot 3.2 firetvsiusunaaeuilinaseunnuuds wasnsAnemiaseareaania

(§14B921NNIAIEIU ASTM - A370 , widae) RaRums)
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3.1.1.3 Fupaun s AU UE LN AR LTSN TN
Jundnanslalifiaunm 10.2 x 10.2 x55.2 mm°
2. anihu AL lFTIINA 10.0 X 10.0 X 55.0 mm’

9
3. A3RULIALUTUINIUIA 2 mm ylseanng 90°

2750 10

1

]

4 . X o s .
3l 3.3 Fetsiusmeseuildvaasumnunusiewssnssunn

(ENERINUIATFIN ASTM — A370 , il Siadums) iy 122)

v
3.2 Prunidusuildlunmnsay
o g = A
AmniunuililummaseyardBannunnsgIu ASTM - A370 997naAsgIL ASTM
- A370 afadlfTunulunmmeseuanaudBidns  Ra nemagauanuuds nmmaaaLue

AN UWAZNIIVARBLILINIZUNN atitia 3 Tu uilunvads F9RuciulunisnageLNan 5

o 2 ﬂll 2 =l ] 1 ] g ar :’; L4 ¥ a’l’yn
”‘151’1’1113“@1’11@‘&%7’134'134ﬂQ’]NLLHWﬂHLL@’JLLNuEﬂN'\ﬂ’Bu quuqumiﬂmm’tuﬂﬁu@m'\ms

k3

nagasdaliauandunulunmmesauausuiBdang fall



1. duauiwnilfunmaseuusaieiomen 28 3u Tnautieenit

- $n13 Tempering 1 300 °C 41uau 7 3u

- %9n1% Tempering 7 400°C $1uau 7 T

- Mz Tempering 7 500 °C 41w 7 3y

- $7n1s Tempering # 600 °C Suan 7 Ty

. v . x v

2. Suwiunuilflunmesaursinuds uasrmsasulanaineganiaiauun 36 du

Trautisaandiy

- Mng Tempering # 300 °C 391 0 Fu

- Y1MN$ Tempering # 400 °C 47 9 3y

- $ans Tempering 7 500 °C 4142w 9 3y

- ¥an1s Tempering # 600 °C 41uu 9 u
3. dwauEnendiidlumsmagauusanszunn Kaun 28 3 Teueenidy

- %5 Tempering # 300 °C 4171 7 3

- $anns Tempering # 400 °C 41uau 7 3u

- #n7? Tempering 7 500 °C 47131 7 3w

o .- o a
- WN"s Tempering % 600 °C 4uau 7 3w

x ad
3.3 mesuguiurumaamngiinndd

3 4

ganugauiieaaniu 3 Sunausatl
z n , e X
1. MBLTUNURTHYUIN Austenitzing RINAIMONAIY

14
1.1 20uunil 800°C &1unw 92 Ty

4

=

2. idununaumuguund Austenitizing wdasnguluansguilwiten1ifi
2.1 17 4791 92 Tu

@ g a

13
3, a gJ
3. AU Tempering Ngauuniising A

The

3.1 gouugi 300 °C
& sis o & o Py
311 Funuhlinaseuusmed I 7 Ju
& -l o o
312 Fusnunlivaseuaiiuds ussamasaulasairganiadau 9 Ju
k3 t L4
313 Funuiildnasauusanssunndiuiu 7 3y
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3.2 gungii 400 °C
321 Fuendilinsseuuseiednuou 7 3u
322 Gurndildmaseunrsude uararrasuinssaieganIAd Y 9 fu
323 Fuwnuilldneseuusenszunndmin 7 u
3.3 gouugi 500 °C
331 Fuendildneaeuuseiednunu 7 3u
332 Fusnildnageunnade uazmraasaulnseareaamadium 9 fu
333 Fuendilinesevusanszunnduam 7 3y
3.4 9namaH 600 °C
341 Funuilimaseuusdiednnm 7 3u
342 Funuilldmasaupcude unzmsaaaeulanainegantadtuay 9 3

k™3 ¥ 2
3.4.3 BT HVARALILSINTIUNRNNIL 7 T

3.4 msnsraaaulaseEfIanma

%’umﬂuiumsﬂmqaﬂufnsm%aqamﬂ

1. msiden uasinmmesey Wuns@endusmaneufimanzan wasimsammase
fidaenis uﬁiﬁﬂfi?umumaﬂuﬁmmﬂLﬁnmnﬁmsﬁ’u%mmmmnﬁqﬂLﬁufmﬂﬁuﬁnﬁmmf‘;u
unagaLeg euanIacsiy uaraareasiunsiianalndFaaiuiunssey

2. MsdpRaiurmesay  pisdadianszanmmmeduudiued 320 , 600 , 800, 1,000,
1200 AmaRL  AosRdtEnIzInIYATENMEsILLN AN Badadanile vieldiries
Foutnaumuudediiuenmesoufefla iedadnlui Wanizdnfuaziasdloniey
Aeesaan ieliindssRaantsn  Seldud netans waziledaentsniRsunstamsmeseiy
selinrsintusmmager B nuumaikeduiufuametunna i FruuiBenseamsu
anving

mﬁmﬁﬁmmwmaﬂumﬂ%l.mwaﬂﬁzmm‘lﬁmsﬂﬂmw\ammmﬁu’lﬂ %@ﬁqzdmalﬁ

TnnaFrsrastununsdeuiinanuunniatauin ldifansmmasey Tanadauianisianaia

14
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3. madmsiaeseda (Polishing)
n'1ﬁ'ﬁﬁf:‘lu%’umuﬁaﬂun'\ﬁﬁﬁqﬁmﬂﬁmﬂwmauﬁ’fmmifmﬁﬁmnmaﬁﬁm

(Alumina Qxide) mﬁmé‘qﬂmﬁm%zﬁmi’muumumguﬁﬁﬂﬁ:uﬁqm:’J’aﬁ’ﬂwmmimaﬁ'ﬁmﬁ’mwﬁu
fnirinssuudnuans udadamiaau iy

4. nsiansn
%m*:uwmauﬁgn%mmﬂuﬂ’uuﬁ’qﬁ’mzﬁmé"w’x’raﬂuﬂanﬂaﬂﬁmnﬁuﬂ:gnﬁﬂﬂﬁ'ﬂﬁmnm
HNO,mosudindiu 3 % lusnsavarediunattlsvum 5 - 10 3un

5. Wiusnidunsfansasndrelumusaudaivshen ik

6. ihusunasevlinmaglassairsandasgansssl

3.5 msnagausMaNlmaBng
3.5.1 MINAKALILINAN
9 A oo &
TURBUNINARBLIUNAINATH
L b 2
1. wwaduihugudnasturunieuviedsiuacunagey
t &
2. Yuesasnguruseansuminiiduifiussazgn q 6 mm amnqnaudngns
1914 |
L4 a
3. wirsuduiasdueglusumimnemany SatanBusunasautuvedu it
3 v T % 4 a4 . =%
AP NTBNTIFIARIATEIN TR UEIA
a A4 = o 4 g e oA o o =
4. nuATRIBaNUSSAsAuNsEiInstinsiitvanan It aTadiedadiufinean

ﬂ’: '8 ] - A Q’J = ﬁ’\l o
AINTUITUATDEN LAZIAULATEIAUNTEISINANTUITUINARANIINNAY
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5. uituweuntssenanduusaiuLualin udriarsaciia  Taevinansia

1
a’ ~

razanueaRianiszeuinelinfeuisdnduiugudnansnaseniifinfigaaastususi

219

7U7 3.4 AR IMAALUTIAY

3.5.2 NENA4eLIA NI
NINARSLAMNETwLaentTu 5 Turay
or =l f,’ g U -=i Qs [
1. {amzautiminnaLoad)uazdanamuscuuildnagauninuuds
-2 E 24 [} 45
TITUIURILUULN RS U NIM R LrRauT uI RN s udang
4 >
Mnstrestuinna(Load) asuuiueuipgduan 10 Sudluntsmegau

2
3
4. \dapsu 10 3ud meﬂm*’?;nﬂﬂf_uiﬂﬂn whanfunfaniunuesnaniana
5. dheduuiinaudeilidasesna Lfiﬂ'lé’ﬁlmmté’q%ﬂﬂmmuﬁ'ﬂuqm

6

& t 74 9
MTUIAIATINLIMSII2IT UM AT TR ZA I AT AT NLT LBt tRE T UA:

3'4 k' 3 ::
3 AN ULadVIATRGE
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U 3.5 wiFnanageunaud

3.5.3 MINAABLILSINTZNN
nsnedaLusanIzunnutald 5 Tunausl
1. AMNETATNA2893 1N BLAL R IR LN T UM
¥ ¥ 4 . - 2 ;
2. ansniminiulilnnssimesiantudn  swminuaranstunmiuuganslanifie
RANTUINURTIALLATAIRLNE
3. flaudaysrnundas , Anudn uazmaumuniisumissesunn uazdasln
nezimalinszunndan
3 %l B L] r [ A b e
4. uwgmduunminuazauAwasunls
o =4 & ] I g as!l ] 9 %’ ar
5. fnwfiswdnudlifiemdumufiamdimniiliasesnuduiin uazaenie
nugasugasanife Il A A nA s unsEnLRuTa e



U7 3.6 iwFBenadaLusansEIAN

3.6 NN NATIEHAEIBNTAIUIINIIA DR
3.6.1 ATz Nl

3.6.2 Wansinironnesaasieya
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=
unn 4

HANTNIARAY LL‘&!Sﬂ']‘i%Lﬁ?’lﬁﬁﬂﬂﬂ']?ﬂﬂ‘Rﬂ-&

HanmeRaLAnaNTRIaUUan  AISI 1045 Rentmesaudianuda AnAcumusaus
NPTUNN ANUNLSaUE Tupdarauiiongu uazramduiufannganisls

snmnhAuuRamen AlS! 1045 Suauionn 36 %umﬁ'\msﬂuqumuqmmﬁ uaz
ma‘@guﬁqﬁ

1-‘3;11LL%& {Hardening) ﬁqmﬁ{}ﬁ 800°C

2.8n97u e 1

3 qnungfeuAusiafl 300°C, 400°C, 500°C, 600°C

W ldAnpnuantRiFane fll
4.1 NMINAFAUAINUTS

ASNT 4.1 UAAIAMITNARRLANLTUMAN AISI 1045 (Wilag : HB }

ued grungliauauda (esrigaidus)
300 400 500 600
1 35.3 30.8 24.7 195
2 355 29.7 253 18.3
3 35.2 29.7 24.0 19.8
4 33.3 30.0 244 18.5
5 ‘ 28.1 28.7 258 19.2
6 34.5 29.0 26.6 20.6
7 35.7 30.0 24.0 19.2
8 33.6 283 23.3 20.1
9 34.8 27.5 19.3 202
Alale 34.0 20.3 24.2 195
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% \
3c

% \
o
t o —
>
e 20 -
S
L 15
=
£ 10
5

300 400 500 600

gungllevAuda(@snngmdes)

- a

ol & =4 e
31 4.1 nsinassussuuithgrungiiavmusasine

‘Tempering temperature, °C
300 400 500 600 ; n
eSO RS it - 500

= -| aso

Hardness: 4 400"

. -4 as0

3
Brinell hardnéss. number.

~{ 300

-] 280

71 4.2 newinsnauanuuiignugileuAusosiie anmged
- . .
(N : Materials and Processes in Manufacturing , Ninth Edition ,E. Paul Degarmo ,

JT. Black , Ronal A. Konser)
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anneagh 4.1 WenFaufauneigd® 4.2 axfluwnliulndi@eetu ussaziiuld

J q = ar aal 5 ' o ; ' L4 ar d [

sudlegaufisuAuiafiuaudanuiiazanss SadumsrzdmsinmsauAusafigamgiige

azinimdntinnedaGaefareunsuinl Swcdwmalirusreansuddsuutladdy Sevinld

ardudarsavandaauulaslyfon

4.2 AINATRLLIINTSUNN
AN9WH 4.2 URAIATAINNUABLIATTUNNIMAN AISE 1045 (Wt J)

L3 [

T30 grun)RauAuda (asrtaifes)
300 400 500 600

1 8.331 44.025 45.027 46.115
2 13.993 43.093 44.648 46.115
3 6.701 46.115 44,842 45.983
4 14.446 42.051 45.027 46.115
5 8.331 40.601 44.648 45.843
6 10.450 43.003 45.027 45.843
7 11.320 46.240 44.842 45.983

Anade 10.510 43,603 44.865 45.999
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40 ,"/‘_—_—__.

30 ////
20 J///
10

ARTIUNUNRBNTINTEUND {J)

300 400 500 600

gruglavAuAl(atAtigaiina)

'
=l =

0% 4.3 navinassumLRausInszIMn g RevAuiase

Tronsition
~temp. ronge

Y.

—

D_u’ciél_e_ failures

~

Energy 10 ruplisth sy

Mired
/  failvres

Brittle lailures

-

Tempergiure —we—im-

17 4.4 neinssauusanszUINTIgUMgReURUSasNe AN
< ) . . .
()41 : The Testing of Engineering Material, Hammer E. Davies, George Earl Troxell and

George F.W. Hauck)
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anns gl 4.3 WenReufisunsviziln 4.4 asfluueulndiRest wazsaniiuld

Tnleguugliaufudaiinmy AeoamusieusnsTunnargelu ez undnfitnunisauiu

fanzlinredafaansulud Geacdeslflarad nazanimdnsrnavdnntaeunlagllfae

werunansudasuwtadli@ainlFaunuseussnssunnulaaulue uiu

4.3 NMINARBUKTING
AnATNagELNAR IRAAuaNTRIGns Al
4.3.1 AMANINRUABLTIAY

A5 1N 4.3 UARNAIANNNUEBLIRY D4 47 Yield 189AN AISI 1045 (1idas : Mpa)

13 T

Fusud gonieuAusa (e uaadag)
300 400 500 600
1 1300.833 963.854 132.395 589.166
2 1225.625 835.937 700.000 533.333
3 977.500 859.895 694.791 537.916
4 088.125 935.104 695.833 626.770
5 1113.646 839.583 808.333 526.145
6 1054.896 940.937 749.375 491.875
7 1112.292 803.020 713.125 619.583
ﬂ"lmgﬁ 1110.416 882.618 727.693 260.684




1200

1000 \\\
800 \
600

400

MRS IIMUAaLsIRAMpa)

200

300 400 500 800

auugiiavAuda(asdngades)

1]
= m

tﬂ. 3 = &4 e
7P 4.5 newinageuaumusiausams g lanAuine e

MPa  Psix 10? 0 . ::: perature {QZ?B h o0
a0t N T Y
48 N T Tensile strength o 80 ~
\/ : i : R
PET M | B ¢
o ; ¥ M =
')‘-_, P L -
o 0} -
|
100 1~ _ 2
10 8
| il

gl 1]

000 2000 300 400 500 600
Temperature (°F)

=l . 8 - o
71 4.6 navivagauAunusawsRIguReLAuFIseT anngu]
o . . , . .
(NN" : Materials and Processes in Manufacturing , Ninth Edition ,E. Paul Degarmo ,

JT. Black , Ronal A. Konser)
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annswigt@ 4.5 WeuBuuFeunsmlp 4.6 asfluuoadndBaety uay andiuld
i Heguugleufuigelumaamusaussiaranss mezdwudnidumseuiuiacd
nsdnBuannilnl feardemalilessine ussauiBiFnassandnuReuladiibon s
wnansulamuladh Ao delduty
4.3.2 Wefifudranudinveu

4 ] - e = [ < 1
R19199 4.4 usasAutefEusauEiaveuTaundn AISI 1045 (Ml - mm)

T anmu)ieuAuss (eernTsdaa)
300 400 500 600
1 4.757 4.336 4.307 5.421
2 3.256 4.421 4512 4.684
3 3.148 3.753 3.705 5.279
4 3.376 3.147 4.356 4.887
5 4.562 3.001 4.621 4753
B 3.748 4.140 4.516 6.338
7 2.956 3.951 4528 6.225
ANLafs 3.686 3.834 4.364 5.369
€
E
X 6
2
é /-0
= 4 r &

ilasifuaniu
o

300 400 500 600

AuuiauAUR(asAtTaLdes)

1
= =

Ui 4.7 newlulefidudanutiamguienmgfavusasne
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;o o . o
annavigeli 4.7 Waukeudauns g 4.6 asfluulinindifeain uszazdild

1 e o 4 e é’ 1 & 'y = 1 P é’ 1 o eil
1 Lﬂﬂ‘ﬂqmﬁgu@ﬁﬂuﬁQQﬂﬁluﬂ'ﬁl'ﬂﬂLﬁ'ﬂi‘lﬂiumﬂ’J'ﬁJﬂﬂﬁﬂqu@ﬁLﬂN‘I}u PNTIZTUBRANKIUNN

-4 s ] é QAT [-3 i
sauAufIaziinsdniFaansulul  Feavdnslilareafe uazanimFinatesndnnlfauuas

] i o 1 & -3 i A i o
e denwnansufaeuuladhiRein e fifiudnansdoneuafelilduiy

4.3.3 Wgdanntianey

m3h 4.5 uanenlugdannufiavguaaandn AlSI 1045 (wias : Mpa)

Fusn anuu)lisuAus (asrgadea)
300 400 500 600
1 273.46 222.29 170.05 108.68
2 376.42 189.08 155.14 113.86
3 310.52 229.12 187.52 101.89
4 202.69 297.14 169.74 128.25
5 24411 271.82 174,93 110.69
6 281.46 227.28 165.90 77.61
7 376.28 292.54 157.49 90.53
A" Lﬁgﬂ 307.85 24701 167.25 105.78
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B 400
S
&
e
;z \
&
’E
&7
= 0 T ; 1
H

300 400 500 600

~y =9 ot
AAplaUAUA (@A LTSITES)

717 4.8 namitugdaannfiavguiigomnliaufuiosiey

annnsgL 4.8 WawFauieunswizin 4.6 acliuuaWalndReetu uavazdulddn
A =y o’ z 1 ar ] 1 (-3 ] 1 [
mﬂfqmugmuﬁumqwummmiﬁ@Mmmﬁmqm:ﬁﬁm IWwszduAnfilunnsaLAusax
b 1 1 oAl A 4 A
AmsdnGuaunsuluy Geardenalilanaii uszautBiSanareansnudouudadiuion da

mansufeuutiadlfiein ldansadlugaanad avdun feulilmuty
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4.4 msdAnwlrsesafiesamn

Tssgfeasmanastans  awnsaglfannsdadssiaraenteddansiy nnsdaGeei
azmanseslanzazgnusuandonzatins  wayluusiazinsuasasnsnuentifinnnuudeuss
aedlovz  wszdunsulinnsdnfssuansintavefiulasuiun meznsdinnadn
szl dislocation lilemnsaiaeudiléunn uasdeRn 9 disiocation lignansaiaiiond
fretinsuusiaznauld nsdeufizasi dislocation frflnnadeuidengaasinlslansd
AnFausagetudion

Tnssadreqamafidantununagauanuuie 1w 4 3u Falidaandesqanssdaz
Wnmaegsali

H - 1 1
119 4.9 pllassa¥raqamaresiurmiisnunisaufuiai 300 esriaadsaa
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AANTALEITUINUTRINATALAY

13
=
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10 guinsen

74
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<l

500 29ATRLETRE
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q
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gﬂﬁ' 4.11 gullasag



1 & i 1
271 4.12 gulnssadnsganiaresdunufidhunisauAudai 600 asAita e

4.4.1 whtiienlassairegania

e =t a
1397 4.6 uanennanlfauifiay Microstructure of steel AlSI 1045 ANGUUNH

&

<M
BUALIE

300 °C 400 °c 500 °C 600 °C

Aﬂi e o 1
wewg anglanmaif 300 °c azldiadssane 20 win

goungi® 400 °C avldindsaeney 20 wh
500 °C azldrindeuena 20 wh

600 °Cc szl deEne 10 win
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uRruifistannguaslfin fasgudeetuwsnsinafigomgReurus azinléauns
11 e il 9 =l 73 ni = é’ 13 o 9
saansuarlivinii witlawslndifeatu fgamgfigaunsesunsuazingauuazazinli

] &
ANINLTSRARIANHANALALE WHAITNINTINGAZIRLTY

-y o
4.5 nMgiAsIERAHLU s s
4.5.1 n3masiAnsLlslmu AnAeanude (Hardness)
o & a o= [ = = o
MFATIZIAMNLLsUMRLULMNS RN denaRaAT A NI R AN luh
= = o’
fuuiaLAusa
1. flasalumstiasizianuilsilson fe amgieuRusaf 300,400,500,600 °C
2. Baeaas (Treatment) 3 4 Ramaay
3, WARINAREY (Treatment) AXNAITNAAALANUTU O TUUNAREL

P ' s = a
BTN 4.7 u,ammmmqumwﬂuumm

Fudi gounpiaLAusa (@ermsaios)
300 400 500 600
1 35.3 30.8 247 19.5
2 35.5 29.7 25.3 18.3
3 35.2 29.7 24.0 | 19.8
4 33.3 30.0 24.4 18.5
5 28.1 28.7 25.8 19.2
6 34.5 29.0 26.6 20.6
7 35.7 30.0 24.0 19.2
8 336 28.3 233 20.1
9 34.8 27.5 19.3 20.2
Aiade 34.0 29.4 24.2 195




AN 4.8 ULARIATIATIZN ANOVA 189A1A71:ME4

source S5 df ms Fc
Tempering 1,066.672 3 355.5573 123.2286
Error 92.33111 32 2.885347
Total 1,158.003 35

FAMN = Fa, . =

FD.05.3.32

Fo=123.2286 > Fypqq = 2.9011

a7uiua
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ANAEAATIZE ANOVA 1aedrpanundiidiaddyseiuanuidedu 95% aodldan

hgnunpfiauAudasne M azliBvdnsseannuudesaandn narnfe mdnariianuudanas

P - RN P T
Ltﬂzum'mmumquﬁutmﬂ'ﬂqmuﬂ“uﬂUﬂqu-ﬁ‘fm

4.5.2 nsiassdnonauuinley Aeunuseusnszunn (Impact strength)

) 5 o A t ]
NM5AAFzEAINLlsUs LR vTatade e Tideaasa AT U uRaus

[~ ﬂ‘ = =4 ar
NIEUNNIBAUUNINNH N NBLAUR?

“ ] 13 o ]
AT 4.9 LARAIAAITHAUABLINTZUNALUAN AISI 1045 (WUt - J)

Fraemnadt anngNauAusa (eraaiios)
300 400 500 600
1 8.331 44.025 45.027 46.115
2 13.993 43.093 44.648 46.115
3 6.701 46.115 44.842 45.983
4 14.446 42.051 45.027 46.115
5 8.331 40.601 44.648 45.843
6 10.450 43.093 45.027 45.843
7 11.320 46.240 44,842 45.983
AN Lﬂ@’;ﬂ 10.510 43.603 44.865 45.998

AR 4.10 WARIATILATIZN ANOVA 184A1IANNUARULINNIZLAN
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Dependent Variable : impact energy (J)

1. fladelunsaszinouudsysou Ae gaupfiaudusa® 300,400,500,600 °C
2. RWMARDS (Treatment) 3 4 Fanaaas

t 9
3. WARIVARA (Treatment) RZANINAFOLIUIY 7 TUURAADL

source ss df ms Fc
Tempering 6,201.162 3 2,067.057 636.554
Error 77.934 24 3.247
Total 6,2798.006 27

FAWN = Fayne = Fogsam

Fo = 636.554 > Fy .0, = 3.008
INNNFIAITE ANOVA 209A1a RnusausanszunniAnled Ay ssfunaniis
4 95% aquléian
qruugleuAudiianinasdannnunusiausnszunnraandn  Mnldanunusiowss
[ d‘ ni o = ar 1 ] d; oy . 5 & ar
nszuwnnaauminulfeulifigompliauAusnd dfe Wegungl Tempering geTuasldndaem

= -1 & ] 5 A £y . é’
'Lum?ﬂﬁ‘mmnmanmnﬁu LL@:‘,L‘Hﬁﬂ’ﬂgﬂuﬁlﬂLL'i\‘lﬂi‘szﬂﬁ\%‘ﬂuLﬁJ@ﬂmﬁf‘]u Tempering AITU
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4.5.3 Msawemsdruulstang Aanunusiawsa®y (Tensile Strength)

Y - ﬂ‘ 1] ]
nsaasziArslsusutmadaaiatisdeiRuoidsnasanunusensiA
. o o .
(Tensile Strength) AianmpiiavAus

AT 4,11 WARIAIATNNUADUIIRN T 4R Yield 289MAN AIS! 1045 (wilae : Mpa)

e grun)RauAus (asAisaidea)
300 400 500 600
1 1300.833 963.854 732.395 589.166
2 1225.625 835.937 700.000 533.333
3 g77.500 859.895 694.791 537.916
4 988.125 936.104 695.833 626.770
5 1113.646 830.583 808.333 526.145
6 1054.896 940.937 749.375 491.875
7 1112.292 803.020 713125 619.583
AN Lﬂgﬂ 1110.416 882.618 727.693 560.684

3R 4.12 UEAINITIASET ANOVA RFBLAsesiAN A amuARIA (Dependent
Variable : Tensile Strength)
1. fladelumsBinssianuutsau e goupiiaufusil 300,400,500,600 °C
2. Ranaans (Treatment) il 4 Amaaes

3. WHRINARDY (Treatment) 3N INAFILRTRIY 7 TUNUNARAL

FAae = Fay,, =

Fo=68.142 > Fyo .0, = 3.008

FO .05,3,24

source S3 df ms Fc
Tempering 1,148,195 3 382,731.500 68.142
Error 134,801.9 24 5,615.578
Total 1,282,897 27
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a p : . e s e | <
RINNE3ATIZT ANOVA Aagunusiausadaniamieddcyseiuainuidiaduf o5 %
agi/lddn

= & o sl & 3

fungievausiiavEnasanunusiaussBesmdn Gemiiacnumusiaisiares

= qi ot = & o =i 1 = = ° S o ar o
wédniaeuhlideguuglisuhuiawaeuly narefe anmgilumsvineuAusiassulsunduiy

ANAINN BRI RITRUNEN

4.5.4 msdeseipnuudslsruefifudnistinga (Percent of Elongation)
N15IAFIEEANLLI I LMIRavRatlaseme N dnasalafiduinnstinga
(Percent of Elongation) ﬁgmugﬁﬂuﬁuﬁo

A1397 4.13 wansAndafifusrauiiaveuaaandn AISI 1045 (et : mm)

Fuud frunniauAusi (asraaifea)
300 400 500 600
1 4,757 4,336 4.307 5.421
2 3.256 4.421 4512 4.684
3 3.148 3.753 3.705 5.279
4 3.376 3.147 4.356 4.887
5 4.562 3.0 4621 4.753
6 3.748 4140 4.516 6,338
7 2.956 3.951 4.528 6.225
Anade 3.686 3.834 4.364 5.369




AN319T 4.14 aonudstsauntmmaaeuLsamedousaalefidusinistinse (Percent of

Elongation)

o £ s = = o A
1. thadtlunslimeziaouutlstsu Ae anupileuRrusian 300,400,500,600 °C

2. Banaand (Treatment) i 4 Fanaasd

3. WHRanARad (Treatment) a&inIMAsaLEIUIN 7 TUITUVAAeL

source $S df ms Fc
Tempering 12.18808 3 4062693 12.04485
Error 8.095131 24 0.337297
Total 20.28321 27
FR13W = Foya = Foossa
Fo=12.04485 >Fy, .., =3.008
NNFIATIZHE ANOVA Alefidusinistindnaasuan ﬁmuﬂmﬂcye:ﬁuﬁml,%

ffuft 95% agull

= o e PG| ] a3 - k- 23 A -3 L4 o
gruniieuAumiianinasawefifuinisdadaesndn o lfdefidusnnsilas

-3 i 1 = [ ‘a‘ ' o o ar o
reemdnilanulliflegugievusiaddouly ndnfe gomgflumshneufudezwlsiunse

ar ] & & & <N o o
AuAutefidusnistiafaunan
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4.5.5 miiameiananlnliudadi lugdanautiaugu (Modulus of Elasticity)

asemsiaTulslmuiuune WanvideilasuiRaifiluasancuguisalunns
Augta (Modulus of Elasticity) Tewiniaamgfiauausa

AW 4.15 wamAnlug@nmoutianguansiudn AISI 1045 (Wit : Mpa)

1 T

Fuaud grunliauRusin (avAadaa)
300 400 500 600
1 273.48 222.29 170.05 108.68
2 376.42 189.08 155.14 113.86
3 310.52 229.12 187.52 101.89
4 292.69 297.14 150.74 128.25
5 24411 271.62 174.93 110.69
6 281.46 227.28 165.90 77.61
7 376.28 292.54 157.49 99.53
ﬁﬁLﬂaﬂ 307.85 247.01 167.25 105.78

3Tl 4.16 MsitessiasmuLlsysausieAnTugdaminaEiangu (Modulus of Elasticity)
o = = o ‘J
1. fladulunsiimssiannuulsdson Ae gaupflaudusiail 300,400,500,600 °C
2. Rmaaad (Treatment) N 4 Banaang

3. UBRINAASN (Treatment) AZiiNINARALRTUIN 7 TUITUNARBL

source $3 df ms Fc
Tempering 165,165.80 3 55055.26 47.771
Error 27,659.57 24 1152.48
Total 192825.37 27

FON = Fayyn, = Foosans
Fo=47.771 > Fypsq,, =3.008
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1
o 8 g [ =4

G L 1 as 1 4 i G,/ i
[Nn53AEId ANOVA Arlugdaasnutiaugdy RAladrAtyssAuaoaisaiui
95% aqilléd

]

grungTavurusiiidvinasdeslugdamnutiaugu (Modulus of Elasticity) 94twén

wu

= o

nanafe mesuiuitazulnfusudtugfanonafiaturesnin Sedgnmailunseniu
fin AtugdmranElavguasgiu
4.6 MIARTIEANMSOADAY

4.6.1 MidAsEUnTnanatIasAIAINI

i ] A =
19N 4.17 wamsArauuiefignanglisie

Suend goumgRiauAus (aeradea)
300 400 500 600
3 353 30.8 24.7 19.5
2 35.5 29.7 25.3 18.3
3 35.2 20.7 24.0 19.8
4 333 30.0 24.4 18.5
5 28.1 28.7 258 19.2
6 345 20.0 26.6 20.6
7 35.7 30.0 24.0 19.2
8 33.6 283 23.3 20.1
9 34.8 275 19.3 20.2
FLade 34.0 20.4 4.2 19.5

©

al

Slevansmanadlfaunisnanetuuseniaim g5
Y ={-20.914) Ln{X) + 153.86 4.1
Thedi Y = AvAannuinda (HB)
X = Aaasgnimgiauauda CC)
anaxmsamsasinliedlalaensunsnaasdauds X wdesslddauls Y Taed

1 [~1 - i J o 1
ATNTANIILUANTRIANN TR nBaan1g el 1 Fanusatl




msel 4.18 nislieasinsannaeiaenisulaudieumaatia t fiae 2 anugiiie

- & ar o
NATIZRANMNAUNUS

fuu)iiauAusa( °C) t Stat (A1904) | t Critical (R1579)
300 - 400 6.2512 2.3060
300 - 500 8.3623 2.3060
300 - 600 18.0356 2.3060
400 - 500 8.7935 2.3060
400 - 600 18.8192 2.3060
500 - 600 5.8295 2.3060

2 1 = [ oY A e ] @
A1 N e P by SASNIIHANNENTUETY  WathARIRANT NG

= & or  ar rd' L - dl
NATIEHHANHAHRUTNITTALUAAATLIN 5%

nogaudndszRviandunus (sample correlation coefficient )
fin R = 0 ugmadnlmonuduiuiin R 0.30 wassdnfimonuduiudiumn 0.50< R*<0.80
uwanaflannduiudiudunate (@ansailuldeuld) R>0.8 uaavdnfiduiuiiugs (au
nsun g euld)
d‘ -] -] 24 o g
WaninnsAna R lARal
R® = 0.9876

agil Wi R*= 0.9876 > 0.8 uamsinfidninusiugs @unsvinlildemuld)



4.6.2 MMTIATIANTOANRLIIRIAIAINTIUABLINNSZUNA

AN3MR 4.19 LARIATAMUVNUARUINTZWNNIUEAN AISI 1045 (wilael - J)

Fuama goungiauruds (aemaiag)
300 400 500 600

1 8.331 44.025 45,027 46.115
2 13.993 43.093 44.648 46.115
3 6.701 46.115 44.842 45.983
4 14.446 42.051 45.027 46.115
5 8.331 40.601 44.648 45.843
6 10.450 43.093 45027 45.843
7 11.320 46.240 44.842 45.983

Aadn 10.510 43.603 44.865 45.999

or

dletnsdnunneslfsunmmanasuunaentdity G
Y =49.579 Ln(X) - 265.03 (4.2)
Taefl Y = AvAsnawusiausenszinn (J)
X = Anaasgauugfiauauda (C)
annannsaEnsaiTiUdlilaansunudreesdauls X udsazldmuls Y Toedl

' ' g oy A a 4 .
ATHITONTMUAAIMHNUFALIINTSUNNNRULUANTFBRINNT LWﬂuﬁ1ﬂ1°E€ﬂuﬁl’ﬂ1ﬂ
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nJ =y 3 &= ] Y- = £ dl
meNil 4.20 mfenzimmenes InansuBauiisumeats t ez 2 guugiiiie

AAzdANANNUS

goungRaumusa( °c) tStat (A1) | t Critical (M1579)
300 - 400 (-21.7753) 2.4469
300 - 500 (-30.7755) 2.4469
300 - 600 (-32.4077) 2.4469
400 - 500 (-2.6439) 2.4469
400 - 600 (-3.1117} 2.4469
500 - 600 (-15.6622) 2.4469

agd 7 (Aye) > G 18A9Y TAnudiofudiu Wathmainmisiannianis
Arsrziiauduiuiissfuad Ao 95%

nageuflseAvaandunusd (sample correlation coefficient )
1 R® = 0 ugmsdnlmanuduiusiu R’< 0,30 wassitmnuduiusiuga 0.50< RE<0.80

waseifianudiiustuunans @ansaiiideuld) R>08 uassiniiduiudiuge
(@sinnavin el

J o -] v o A!I
WaninnsAuIas Lieadl
2
R* = (0.7434

a7 1691 0.50< R*= 0.7434 <0.80 wamsdfimanuduiudiuthunans (@unsevin
TullFeuls)
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4.6.3 NPAMIIBNNITOARAELTBIANATTHNLABUIIAY

A1297 4.21 LARIAIAMIMNUABUSIRY 14 96 Yield TBAWAN AISI 1045 (wise : Mpa)

Fuedl fruulauAusn (esmaliea)
300 400 500 600
1 1300.833 963.854 732.395 589.166
2 1225.625 835.937 700.000 533.333
3 977.500 859.895 694.791 537.916
4 988.125 935.104 695.833 626.770
5 1113.646 830.583 808.333 526.145
6 1064.896 940.937 749.375 491.875
7 1112.292 803.020 713.125 619.583
F‘i"tlﬁ).gﬂ 1110.416 882.618 727.693 560.684

devnssmunnaslEaunsonnes Gl
Y = (-781.87}L.n{X) + 5570.30 (4.3)
o Y = AMRIUNUABLIAY (Mpa)
X = Anrasanugiiaummudi C)
rngunieattenln il denddlrensunudnrassiouds X wdaaclddawls v Taa

A 1 T & td‘ 1 o 27 1
fANNIANIILANANNLAALSAaLRARTSRINg Wiau i [ usialy



ash 422 mflassinsonnaslatnisuBauditumiAneda t fiaz 2 gomgh

iedmssimnuduiug

aungiavAudiaf °C) t Stat (ATWd) | t Critical (#13714)
300 - 400 4.6099 2.4469
300 - 500 8.4917 2.4469
300 - 600 11.3218 2.4469
400 - 500 5.4210 2.4469
400 - 600 10.5978 2.4469
500 - 600 5.6181 2.4469

A7U 8 ™ by WH8997 Reomdiingiu WeshAnannansanminng

= ar U"J 24 %4 el ot A
Amsssiraudui iR M Auf 95%

nadoudulssBnaanduniug (sample correlation coefficient )

i R = 0 wamsdriinsdaiusiiu R< 0.30 uanadrilansduiudiusi 0.50< R2<0.80
uaahilanudiiusiahunans  @ansmiiluldeonld) R%0.8 uameindiguiusiugs
(aumstin g andls)

Wevinisfnuannsldse
R® =0.9979
a71 1647 R*= 0.9979 >0.8 uspeirfldusiudiugs (aaumstiluidanls)
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4.6.4 prAunnannIzoanesasAtasidusinnstingn

#1997 4.23 uansAnlefifudiacnatiauguaaundn AISI 1045 (sl : mm)

70

A goungfievAuii (eernaades)
300 400 500 600
1 4.757 4.336 4.307 5.421
2 3.256 4.421 4512 4,684
3 3.148 3.753 3.705 5.279
4 3.376 3.147 4.356 4.887
5 4562 3.001 4.621 4.753
5 3.748 4.140 4516 6.338
7 2.956 3.951 4.528 6.225
fade 3.686 3.834 4.364 5.369

2

davmsdmnossifrumsonoesuuseniang fil
Y =23137Ln(X) - 9.7466 (4.4)
{nedl Y = Adafifurinnsting
X = ArresgnuunpRevdusia’ C)
anaumeatnsnun Wldeldlremsunusneasdouds X udaazlsmautls Y

nefaasansuslefidudnistinsnassmanidanis et luusatl




MeNR 4.24 nsdaszinisanoay leemsulsuiitumiaAiatis t ax 2 anmgiiiie

AT zARNAUNUS

gngiavawsa( °C) tStat (AMWIRW) | t Critical (A119719)
300 - 400 (-0.4244) 2.4469
300 - 500 (-2.5767) 2.4469
300 - 600 (-4.1539) 2.4469
400 - 500 (-2.2495) 2.4469
400 - 600 (-5.8794) 2.4469
- 500 - 600 (-3.6660) 2.4469

25U 8 () > tion  46A997 Tpoudiiudiu diathAranansaniinag

7t

FuarziilnuduiuE s MTdnd R 95% 81 (4, < tiue ) B8R LITALdEUTUSTY

- . &
nasaudulse8vEanduwus (sample correlation coefficient )

i1 R = 0 uamdnimouduiudiu R2< 0.30 uassinfanududusiusin 0.50< R%<0.80

ugmsidiaadiiudiudunan  @usmiclgould) R>0.8 uasdndduiudiuge

(@un1sn i dawld)

Slavnissunnadlgsed
R’ =0.8241
aqtl 1891 R = 0.8241 >0.8 uspadniidaiy

ffiuge (@aungtir i lganuld)
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46,5 nednuanennsnananeAigRanLEARE

snsned 4.25 uamantupdamoniiauduraandn Aisi 1045 (Wit : Mpa)

. gruvialAud (RaAERIER)
300 400 500 600
1 073.46 29229 170.05 108.68
2 376.42 189.08 155.14 113.86
3 310.52 229,12 187.52 101.89
4 092,69 297.14 159.74 128.25
5 244.11 271.62 174.93 110.69
6 081.46 227.28 165.90 77.61
7 376.28 292,54 157.49 99.53
el 307.85 247.01 167.25 105.78

dlevnmsdunnnasFaunsnanenaendiiy Fll
Y = (-294.57)Ln(X} + 1997 (4.5)
Tneil Y = lugAaavnitiangu (mm)
X = ArgesnamqRiaufud (C)
anaumesnsnsatT e Eiaemeunusrsessaus X ufaazlifauls Y ol

1 o’ H b3 A 1 o ]
gnnsamnuilugdsrndangursaninfitasnis Wesh i ausield
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1

AF1efl 426 miessimeaanes Tnenisufeufeaumenad t fay 2 gumaiivie

FiarrzdnNduALS

gosunfiaunusial °’c) t Stat (AMUsRY) | t Critical (R1219)
300 - 400 2.3090 2.4469
300 - 500 6.4265 2.4469
300 - 600 101025 2.4469
400 - 500 4.8588 2.4469
400 - 600 9.5306 2.4469
500 - 600 7.7682 2.4469

4 ] as  g'or A o 1 ?
AU T Ggen™ tineny 460997 Taouduiugin lativdnainansaunianig

= [ s‘l ar  ar O o ai
Fpsnzifilrnduiuiiseiiad Ay 95%

nosaudutlsrana anduiusg (sample correlation coefficient )

& R = 0 wasdnilamaduiudiu R< 0.30 uansdilanadaiudiusi 0.50< R?<0.80
udasdilanudniudfuhunans @aseiidould) R>0.8 ugmaiiduiusiuge
@uniai iifeuls)

Flatmsdmanadldsel
R? =0.9851
a71 1691 R*= 0.9851 >0.8 uamdliduiusiugs (sunailuldanls)
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AR §

i 1 ) g‘ L
Angaf 4.27 agUAENNITDANSE uATANENLsEANTAMANAUTTEIAMENURAI

AnduilsrAvaanduiug (R

Auau® ANMTOANET
AN Y = (-20.9140)Ln(x) +153.86 0.9876
AUNUFIALINTEUND Y = 49.579Ln{x} + (-265.03) 0.7434
ANTLTUARWINAY Y =(-781.67)Ln(x) + 5570.30 0.9979
wefidudmutiamgu Y =2.3137 Ln (x) + (9.7466) 0.8241
Tugfaanutiondu Y =(-294.57)Ln (x) + 1997 0.9851
Ausldl Y = Anrasnnuaadinianasing

X = AvgesgnuugRauuga (C)

anmsneagmanmsnanesansnsai euldlnenisunudngasdiinls X agléivia

ﬂ: i 1 § o i
wlsy Tagfisunsonsusaesansaniininasna 7 e lilfousiel

= 4 & ! ' £ o
Trafannsiinamdaiilumsiden andmesindinlesvaanduius (sample

comelation coefficient ) #1 R® = 0 uasasdrilaanduiudiiu R%< 0.30 uansdnfiannuduing

HuBn 0.50< RP<0.80 uarsdnfimnuduiudiutiunans @naatirlfauld) R*>08

uaadfduTusTuge @unmi il daould)
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5.1 puaNtiRBna
5.1.1 Anauds
= 0 L. b [T o = & Al = A
gounaiilumsianaseuRuisasiiaouduiudiuansuieeuvan Tnevigomniinu
o LA A -3 -3 <4 1 ) sacd  ar dy o 94 o
Aaazudsandufiuanuuisresndn wenanldidn fgomplidusagauasinidaonuuieg
23 = [7] =l = Py 2&, 1 @ oy g = o ol
wanansd viwdnazilavumileafisan dumszdy mdnidunseuAuiaaziineinia
wswlmi Teavdaalfinaulaaaeull Senl¥auuiasendnaeuliidui weens
: [ gﬂ’ cé (7 =1 ar d b 4 L3
dumezwdnieunnsguluty Seazfidasnadusagy lequudaasinli@usuunn ¥nlk
= = P - | ' = oy = t [ & o
insuiinsiingllihiFafandy Hanteadu Fsdensseanuniweandmsuiu
5.1.2 ANUNUABUINNTZUNN
AInRaNIIMAREIMSIaTzIneats agullid gomgiluniseuAudassusdunse
&
fuaunusausnszunn adnRe  framm)ilunseuAusgeaiuaiuvusieussnszunniiaz
2 1
gerumnullfien unszduudnitwnisaufusnaslnmedaidaansulml inldlaseiuas
e ] =3 A d A L 3
auimdanaseandnufasulyl  Sedemaldnuansudedll [einl¥anunuseussnszunn
1 1 & 1
wheulhilduiy wieeradulilddumdinfitumsquluiresdidammadfudags dequudain
k4
Wawewuan  viseliseainegaelumén vlfinsuliaghibFadunds fiantsadu fedans
ARATTNNUABLNNIZUNATRUNANTURY
5.1.3 AVIHNUBAALIIAR
nmmeaatmedifaslédn gamgiilumseuRusitacinonduiuifuanamu
] =£ =i‘ =y & o o as ] <5 1 =4 9 £
Aausehi TnegnmnilevAufiasulsundutiuaonnusiaussis nanke Sremmgilunisey
a g i -3 1 & i ] o’ 8 []
AUFIGITU ANUNUFALNFITAYRARY  INIzdTmEnRiunTeuRRiaez it aGeansulnd
wldlassaFruazauidinanfewly Sedensidaunnrennsu/aeuly dvinldaumusa
3 1 2 ]
ursmsdsuliduiwifesailuidduudniidounspuluhasidamnmadudoge  dequ
| 4
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5.1.4 Wafidusnastinga
annsmageueanaagUiddrgrugRlunssuivsiasiinuduinudivnlefidud

mafiaslaefigunfieuAuiaculsiunssiilefifuinmsfiasananofie dreamnilunisey
Ausagefasinllefifuinisiasgelifedumsiminfdunmeufuiacinrdados
nnulv flilassedeusseniBdnanaeull  feswalinnareunsunlfedly Soily
pammusisurAalAndl WuisideeadilliFwinfdwunmuluiheiganmadui
g¢ dlaquuninliEunuen  weilsaeiaegnrelumdn ifinsuliaglivialendn fia
NIARL AedenasiananusausnssInneaiuinuiu

5.1.5 lugdarnutinngy

amnnsansineans  apdlddn  gnumgiiluniseuduimasliaouduiusivad

TugRamnutinvguy  uwazdlugdsacnudanguasiinndiidiudianundasanunusa
ussdrnaminlufaniafiaoty  Gedwadugisauiavguasulsundufugrngfeviui
nanafia dgomgRlunseuiuigedussadugdaredavuliazenaniaminaciionis
Reigilanga
5.2 Tnssasreaana

mmﬁLﬂﬁzﬁ'\‘,ﬂﬂm%’qu%mﬂﬁwudq gmgilunisaufusinacdanasdalasaing
amenafe gaungiluniseududassiinasalanefqaneludnensulsfunsatuan
gaansy Ae SrenmgRlunsnserAusagaiasinWinnglnnalugdunalllion 3ufa
Tuananfludazmusiumedinfuasinna T umdias wazilegamgilunsey
AusgendundinfacilnnslsmuiFmnuiasainanss  wiisenszuNgRzaLIAS
amsnisdludaaesansqune £ flasfinssialanainqaniadons Aa ddrmnsndusiaze
wéngawnfasfawmsunudnusfhifuliailanely mszsusiidrdganannms

e I
AL



7

5.3 tgwdaauanus

1. msfumdeysaandn AISI 1045 e Miflufeyedredeinlfdeudreen

2, qﬂmnﬁlﬂummmaﬂmmﬂsznmnmﬂluwﬁwma"ﬂLﬁmﬁﬂﬁﬁmﬁﬂﬂwmmnmﬂ
VANHNTINENAE

3. MathaRawiduenaiieTununu naseumnadsdnhaliFaoidansly
nsdbtuumaeL

4. Mugfusrumeseuusireuinennmssivmnnagn wesndasudue
gaqiamaRaLLs AN

v B 2 g -« ‘ﬂl -g
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1. doutlsznaumaalinaanan AISI 1045 (%)

80

C Si Mn P S
0.42-0.48 0.15-0.35 0.6-0.9 13iifu 0.03 Tfiu
0.035

2. amsniRuaznsldenu saaudn AISI 1045

o L3 o &r 4 il Lk =l &
wanatFueuLhunats quuielddng numunisBueBlin Trnuudiausege many

dminiaudiuiug i vralassafrsrsssifuiuasensio 4

3. MSWELINTATANRan AlSI 1045

J8 DIN AlSI ASSAB HITACHI NIPPON KOSHUHA
S45C CK45 1045 - 545C S45C
5. m's'au'gi.umgn AISI 1045 (°C)
Normalizing Annealing Hardening Tempering
820 - 870 810 820 - 870 550 - 650
(Air cooling) {Furnace (Water {Rapid
cooling} guenching) quenching)
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QH“\, Designation: A 370 - 97a

82

Standard Test Methods and Definitions for
Mechanical Testing of Steel Products’

This standard is issued under the fixed designation A 370; the qumber immediately foll
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the
superscript epsilon () indicates an editorial change since the last revision or reapproval.

.'I_,.
2] B

ion indicates the year of
Year of {ast reapproval. A

This standard has been approved for use by agencies of the Department of Defense, . - -

1. Scope

I.1 These test methods® cover procedures and definitions
for the mechanical testing of wrought and cast steel products.
The various mechanical tests herein described are used to
determine properties required in the product specifications.
Variations in testing methods are to be avoided and standard
methods of testing are to be followed to obtain reproducible
and comparable results. In those cases where the testing
requircments for certain products are unique or at variance with
these general procedures, the product specification testing
requitements shalt control.

1.2 The following mechanical tests are described:

i Sections

Tension - 51013
Band 14
Hardness 15
Brnell 16
Rockwell i7
Portable 18

Impact 191028
Keywords 29

1.3 Annexes covering details peculiar to certain products
ar¢ appended to these test methods as follows:

. - Annex

“Bar Products’ 1
Tubular Products 2
Fasteners 3
Round Wire Products. . . 4
Significance of Notched-Bar Impact Testing 5
Converting Percentage Efongation of Round Specimens to 6

Equivalents for Flat Specimans

Testing Multi-Wire Strand 7
Rounding of Test Data 8
Methods for Testing Steet Reinforcing Bars 9
Precedure for Use and Control of Heat-Cycte Simulation 10

L4 The values stated in inch-pound units are o be regarded
as the standard.

L5 When this document is referenced in a metric product
Specification, the yield and tensile values may be determined in
inch-pound (ksi) units then converied into SI {MPa) units. The

—

‘These test methods and definitions are under the jurisdiction of ASTM
Commites A-1 on Steel, Stainless Steel and Related Alloys and arc the direct
sponsibility of Subcommiuee AOL13 on Mechanical and Chemical Testing and

sing Methods of Steel Products and Processes,

Current edition approved Jan. 10 and March 10, 1997, Publishcd November
1997. Originally published as A 370 ~ 53 T. Last previous edition A 370 — 96,

*For ASME Boiler and Pressure Vessel Code applications see related Specifi-
Cation $A-370 in Section I{ of that Code .

Copyright © ASTU, 100 Basr Harbor Drive, West Conshohocken, PA 19428-2959, Unilad States.

elongation determined in incf*l—pound gage lengths of 2 or 8 in.
may .be reported in SI unit gage lengths of 50 or 200 mm,
respectively, as applicable. Conversely, when this document is
referenced in an inch-pound product specification, the yield
and tensile values may be determined in SI units then con-
verted into inch-pound units. The elongation determined in 81
unit gage lengths of 50 of 200 mm may be reported in
inch-pound gage lengths of 2 or 8 in., respectively, as appli-
cable.

L6 Attention is directed to Practices A 880 and E 1595
when there may be a need for information on criteria for
evaluation of testing laboratories.

1.7 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to esiablish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

A 703/A 703M Specification for Steel Castings, General
Requirements, for Pressure-Containing Parts®

A TBU/A 781M Specification for Castings, Steel and Alloy,
Common Requirements, for General Industrial Use3

A 833 Practice for Indentation Hardness of Metallic Mate-
rials by Comparison Hardness Testers*

A 880 Practice for Criteria for Use in Evaluation of Testing
Laboratories and Organizations for Examination and In.
spection of Steel, Stainless Steel, and Related Aloys®

E4 Practices for Force Verification of Testing Machines®

E 6 Terminology Relating to Methods of Mechanical Test-
ingt

E 8 Test Methods for Tension Testing of Metallic Materials®

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric)®

E 106 Test Method for Brinell Hardness of Metallic Materi-
als’

E I8 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials®

* Anncal Book of ASTM Srandards, Vol 01.02.
* Annual Book of ASTM Srandards, Vol 01.05.
* Annual Book of ASTM Standards, Vol 01.03.
¢ Annual Book of ASTM Standard:, Vol 03.01.
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E 23 Test Methods for Notched Bar Impact Testing of
Metallic MaterialsS

E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specifications’

E 83 Practice for Vcnﬁcatlon and Classification of Exten-
someters®

E 110" Test Method for Indentation Hardness of Metallic
Materials by Portable Hardness Testers®

E 190 Methed for Guided Bend Test for Ductility of Welds®

E 208 Test Method for Conducting Drop-Weight Test to
Determine Nil-Ductility Transition Temperature of Ferritic
Steels®

E 290 Test Method for Semi-Guided Bend Tcst for Ductility
of Metallic Materials®

E 1595 Practice for Evaluating the Performance of Me-
chanical Testing Laboratories®

2.2 Other Document:

ASME Boiler and Pressure Vessel Code, Section VIII,
Division I, Part UG-84%

3. General Precautions

3.1 Certain methods of fabrication such as bending, form-
ing, and welding, or operations involving heating, may affect
" the properties of the material under test. Therefore, the product
* specifications cover the stage of manufacture at which me-
chanical testing is to be performed. The properties shown by
testing prior to fabrication may not necessarily be representa-
tive of the product after it has been completely fabricated.
3.2 Improper machining or preparation of test specimens
may give erroneous results. Care should be exercised to assure
good workmanship in machining. Improperly machined speci-
mens should be discarded and other specimens substituted.

" 3.3 Flaws in the specimen may also affect results. If any test
specimen develops flaws, the retest provision of the applicable
product specification shall govern.

3.4 If any test specimen fails because of mechanical reasons
such as failure of testing equipment or improper specimen
preparation, it may be discarded and another specimen taken.

4. Orientation of Test Specimens

4.1 The terms “longitudinal test™ and “transverse test™ are
used only in material specifications for wrought products and
are not applicable to castings. When such referénce is made to
a test coupon or test specimen, the following definitions apply:

4.1.1 Longitudinal Test, unless specifically defined other-
wise, signifies that the lengthwise axis of the specimen is
paraliel to the direction of the greaiest extension of the steel
during rolling or forging. The stress applied to a longitudinal
tension test specimen is in the direction of the greatest
extension, and the axis of the fold of a longitudinal bend test
specimen is at right angles to the direction of greatest extension
{Fig. 1, Fig. 2(a), and 2(b)).

4.1.2 Transverse Test, unless specifically defined otherwise,
signifies that the lengthwise axis of the specimen is at right

¥ Annual Book of ASTM Standards, Vol 14.02.

* Available from American Society of Mechanical Engineers, 345 E. 47th Street,
New York, NY 10017.
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angles to the direction of the greatest extension of the'ste,el
during rolling or forging. The stress applied to a wansverge
tension test spccimcn is at right angles to the greatest extes.
sion, and the axis of the fold of a transverse bend test specmen
is parailel to the greatest extension (Fig. 1).

4.2 The terms “radial test” and “tangential test” are used i mj

_material specifications for some wrought circular products and

are not applicable to castings. When such reference is made to
a test coupon or test specimen, the following definitions apply:

4.2.1 Radial Test, unless specifically defined otherwise,
signifies that the lengthwise axis of the specimen is perpen-
dicular to the axis of the product and coincident with one of the
radii of a circle drawn with a point on the axis of the product
as a center (Fig. 2(a)).

4.2.2 Tangential Test, unless specxﬁca]ly defined otherwwe,
signifies that the lengthwise axis of the specimen is perpen-
dicular to a plane containing the axis of the product and tangent
to a circle drawn with a point on the axis of the product as a
center (Fig. 2(a), 2( b), 2(c), and 2(d)).

TENSION TEST

5. Description

5.1 The tension test related to the mechanical testing of steel
products subjects a machined or full-section specimen of the
material under examination to a measured load sufficient to’
cause rupture. The resulting properties sought are defined in,
Terminology E 6.

5.2 In general the testing equipment and methods are given
in Test Methods E 8. However, there are certain exceptions to
Test Methods E 8 practices in the testing of steel, and these are
covered in these test methods.

6. Terminology

6.1 For defiritions of terms pertaining to tension testing,
including tensile strength, yield point, yield strength, elonga-
tion, and reduction of area, reference should be made to
Terminology E 6.

7. Testing Apparatus and Operations

7.1 Loading Systems— There are two general types of
loading systems, mechanical (screw power) and hydrautic.
These differ chiefly in the variability of the rate of load
application. The older screw power machines are limited to a
small number of fixed free running crosshead speeds. Some
modem screw power machines, and all hydraulic machines
permit stepless variation throughout the range of speeds.

7.2 The tension testing machine shall be maintained in good
operating condition, used only in the proper loading range, and
calibrated periodically in accordance with the latest revision of
Practices E 4,

Note 1—Many machines are equipped with stress-strain recorders for
autographic plotting of stress-strain curves. It should be noted that some
recorders have a load measuring component entirely separate from the
foad indicator of the testing machine. Such recorders are calibrated

separately.

7.3 Loading—It is the function of the gripping or holding
device of the testing machine to transmit the load from the
heads of the machine to the specimen under test. The essential
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requirement is. that the load shall be transmitted axially. This
jmplies that the centers of the action of the grips shall be in
alignment, insofar as practicable, with the axis of the specimen
at the beginning and during the test, and that bending or
twisting be held to a minimum. For specimens with a reduced
section, gripping of the specimen shall be restricted to the grip
section. In the case of certain sections tested in full size,
nonaxial loading is unavoidable and in such cases shall be
permissible.

74 Speed of Testing— The speed of testing shall not be
greater than that at which load and strain readings can be made
accurately. In production testing, speed of testing is commonly
expressed (1) in terms of free running crosshead speed (rate of
movement of the crosshead of the testing machine when not
under load), or (2) in terms of rate of separation of the two
heads of the testing machine under load, or (3) in terms of rate
of stressing the specimen, or (4) in terms of rate of straining the
specimen. The following limitations on the speed of testing are
recommended as adequate for most steel products:

Nove 2—Tension tests using closed-loop machines (with feedback
control of rate) should not be performed using Yoad control, as this mode
of testing will result in acceleration of the crosshead upon yielding and
elevation of the measured yield strength.

74.1 Any convenient speed of testing may be used up to
one half the specified yield point or yield strength. When this
point is reached, the free-running rate of separation of the
crossheads shall be adjusted so as not to exceed Vis in. per min
per inch of reduced section, or the distance between the grips
for test specimens mot having reduced sections. This speed
shall be maintained through the yield point or yield strength. In
determining the tensile strength, the free-running rate of
separation of the heads shall not exceed % in, per min per inch
of reduced section, or the distance between the grips for test
specimens not having reduced sections. In any event, the
minimum speed of testing shall not be less than Yio the
specified maximum rates for determining yield point or yield
strength and tensile strength.

742 1t shall be permissible to set the speed of the testing
machine by adjusting the free running crosshead speed to the
above specified values, inasmuch as the rate of separation of
heads under load at these machine settings is less than the
spectied values of free running crosshead speed,

7.4.3 As an aliemative, if the machine is equipped with a
device to indicate the rate of loading, the speed of the machine
from half the specified yield point or yield strength through the
Yield point or yield strength may be adjusted so that the rate of
Stressing does not exceed 100,000 psi (690 MPa)/min. How-
tver, the minimum rate of stressing shall not be less than
10,000 psi (70 MPa)/min.

8. Test Specimen Parameters

8.1 Selection—Test coupons shall be selected in accordance
Wwith the applicable product specifications.

8.1.1 Wrought Sreels— Wrought steel products are usually
tested in the longitudinat direction, but in some cases, where
size permits and the service justifies it, testing is in the
12ransvcrse. radial, or tangential directions (see Fig. 1 and Fig.

).

8.1.2 Forged Steels— For open dic forgings, the metal for

tension testing is usually provided by allowing extensions or
prolongations on one or both ends of the forgings, either on all
or a represeatative number as provided by the applicable
product specifications. Test specimens are normally taken at
mid-radius. Certain product specifications permit the use of a
representative bar or the destruction of a production: part for
test purposes. For ring or disk-like forgings test metal is
provided by increasing the diameter, thickness, or Iength of the
forging. Upset disk or ring forgings, which are worked or
extended by forging in 2 directior perpendicular to the axis of
the forging, usually have their principal extension along
conceatric circles and for such forgings tangential tension
specimens are obtained from extra metal on the periphery or
end of the forging. For some forgings, such as rotors, radial
tension tests are required. In such cases the specimens are cut
or trepanned from specified locations.

8.1.3 Cast Steels— Test coupons for castings from which
tension test specimens are prepared shall be in accordance with
the requirements of Specifications A 703/A 703M or AT78Y/
A 781M, as applicable. :

8.2 Size and Tolerances—Test specimens shall be the full

- thickness or section of material as-rolled, or may be machined

to the form and dimensions shown in Figs. 3-6, inclusive. The
selection of size and type of specimen is prescribed by the
applicable product specification, Full section specimens shall
be tested in 8-in, (200-mm) gage length unless otherwise
specified in the product specification,

8.3 Procurement of Test Specimens—Specimens shall be
sheared, blanked, sawed, trepanned, or oxygen-cut from por-
tions of the material. They are usually machined o as to have
a reduced cross section at mid-length in order to obtain uniform
distribution of the stress over the cross section and to localize -
the zone of fracture. When test coupons are sheared, blanked,

sawed, or oxygen-cut, care shall be taken to remove by -

machining all distorted, cold-worked, or heat-affected areas
from the edges of the section used in evaluating the test.

8.4 Aging of Test Specimens—Unless otherwise specified, it
shall be permissible to age tension test specirnens, The time-
temperature cycle employed must be such that the effects of
previous processing will rot be materially changed. It may be
accomplished by aging at room temperature 24 to 48 h, or in
shorter time at moderately clevated temperatures by boiling in
water, heating in oil or in an oven. -

8.5 Measurement of Dimensions of Test Specimens:

8.5.1 Standard Rectangular Tension Test Specimens—These
forms of specimens are shown in Fig. 3. To determine the
cross-sectional area, the center width dimension shali be
measured to the nearest 0.005 in. (0.13 mm) for the 8-in.
(200-mm) gage length specimen and 0.001 in. (0.025 mm) for
the 2-in. (50-mm) gage length specimen in Fig. 3. The center
thickness dimension shall be measured to the nearest 0.001 in.
for both specimens. .

8.5.2 Standard Round Tension Test Specimens—These
forms of specimens are shown in Fig. 4 and Fig.- 5. To
determine the cross-sectional area, the diameter shall be
measured at the center of the gage length io the nearest 0.001
in. (0.025 mm). (See Table 1.) . e,

8.6 General—Test specimens shall be cither substantially
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full size or machined, as prescribed in the product specifica-
tions for the material being tested. :

8.6.1 Improperly prepared test specimens often cause unsat-
isfactory test results. It is important, therefore, that care be
exercised in the preparation of specimens, particutarly in the
machining, to assure good workmanship.

8.6.2 It is desirable to have the cross-sectional area of the
specimen smallest at the center of the gage length to ensure
fracture within the gage length. This. is provided for by the
taper in the gage length permitted for each of the specimens
described in the following sections. -

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

9. Plate-Type Specimen

9.1 The standard plate-type test specimen is shown in Fig. 3,
This specimen is used for testing metallic materials in the form
of plate, structural and bar-size shapes, and fiat material having
a nominal thickness of 6 in. (5 mm) or over. When product
specifications so permit, other types of specimens may be used.

Note 3—When called for in the product specification, the 8-in. gage
length specimen of Fig. 3 may be used for sheet and strip material.

10. Sheet-Type Specimen

10.1 The standard sheel-type test specimen is shown in Fig.
3. This specimen is used for testing metallic materials in the
form of sheet, plate, flat wire, strip, band, and hoop ranging in
nominal thickness from 0.005 to %&in. (0.13 to 19 mm). When
product specifications so permit, other types of specimens may
be-used, as provided in Section 9 (see Note 3).

-1L. Round Specimiens

11.1 The standard 0.500-in. (12.5-mm) diameter round test
specimen shown in Fig. 4 is used quite generally for testing
metallic materials, both cast and wrought.

'11.2 Fig. 4 also shows small size specimens proportional to
the standard specimen. These may be'used when it is necessary
lo test material from which the standard specimen or specimens
shown in Fig. 3 cannot be prepared. Other sizes of small round
specimens may be used. In any such small size specimen it is
important that the gage length for measurement of elongation
be four times the diameter of the specimen (see Note 4, Fig. 4).

11.3 The shape of the ends of the specimens outside of the
gage length shall be suitable to the material and of a shape 0
fit the holders or grips of the testing machine so that the loads
are applied axially. Fig. 5 shows specimens with various types
of ends that have given satisfactory results.

12. Gage Marks

12.1 The specimens shown in Figs. 3-6 shall be gage
marked with a center punch, scribe marks, multiple device, or
drawn with ink, The purpose of these gage marks is to
determine the percent elongation. Punch marks shall be light,
sharp, and accurately spaced. The localization of stress at the
marks makes a hard specimen susceptible to starting fracture at
the punch marks. The gage marks for measuring elongation
after fractuve shall be made on the flat or on the edge of the Aat
tension test specimen and within the parallel section; for the
8-in. gage length specimen, Fig. 3, one or more sets of 8-in.

gage marks may be used, intermediate marks within the

length being optional. Rectangular 2-in. gage length spec
mens, Fig. 3, and round specimens, Fig. 4, are gage marke
with a double-pointed center punch or scribe marks. One ,
more sets of gage marks may be used, however, one set my
be approximately centered in the reduced section, These sax,

precautions shall be observed when the test specimen is fiy
section,

eI
13. Determination. of Tensile Properties

13.1 Yield Point— Yield point is the first stress in a materia
less than the maximum obtainable stress, at which an increas,
in strain occurs without an increase in stress. Yield point ;
intended for application only for materials that may exhibit ¢
unique characteristic of showing an increase in strain withor
an increase in stress, The stress-strain diagram is characterize
by a sharp knee or discontinuity. Determine yield point by or
of the following methods:

13.1.1 Drop of the Beam or Halt of the Pointer Method—}
this method apply an increasing load to the specimen at
uniform rate. When a lever and poise machine is used, keep t-
beam in balance by running out the poise at approximately
steady rate. When the yield point of the material is reached, th
increase of the load will stop, but rua the poise a trifle beyor.
the balance position, and the beam of the machine will drop f
a brief but appreciable interval of time. When a machir
equipped with a Ioad-indicating dial is used there is a halt «
hesitation of the load-indicating pointer comresponding to (-
drop of the beam. Note the load at the “drop of the beam” «
the “halt of the pointer” and record the corresponding stress
the yield point.

13.1.2 Autographic Diagram Method—When a shan
kneed stress-strain diagram is obtained by an autograph
recarding device, take the stress corresponding to the top of t+
knee (Fig. 7), or the stress at which the curve drops as the yie
point.

13.1.3 Total Extension Under Load Method—When testi:
material for yield point and the test specimens may not exhil
a well-defined disproportionate deformation that characteriz
a yield point as measured by the drop of the beam, halt of ©
pointer, or autographic diagram methods described in 13.1
and 13.1.2, a value equivalent to the yield point in its practic
significance may be determined by the following method ar
may be recorded as yield point: Attach a Class C or bett
extensometer (Note 4 and Note 5) to the specimen. When t!
load producing a specified extension (Note 6) is reached reco.
the stress corresponding to the load as the yield point (Fig.

Note 4—Automatic devices are available that determine the load at+
specified total exiension without plotting a stress-strain curve. St
devices may be used if their accuracy has been demanstrated. Multiply!
calipers and other such devices are acceptable for use provided th
accuracy has been demonstrated as equivatent to a Class C extensomet

Note 5—Reference should be made to Practice E 83.

Note 6—For steel with a yicld point specified not over 80 000 psi (£
MPa), an appropriate value is 0.005 infin. of gage length. For vab
above 80000 psi, this method is not valid unless the fimiting u
extension is increased.

Nove 7—The shape of the initial portion of an autographicaily de:
mined stress-strain (or a load-elongation) curve may be influenced
numecrous factors such as the seating of the specimen in the £rips,
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stizightening of a specimen bent due to residual stresses, and the rapid
loading permitted in 7.4.1. Generally, the abberations in this portion of the
curve shonld be ignored when fitting a modulus line, such as that used to
determine the extension-under-load vield, to the curve,

13.2 Yield Strength— Yield strength is the stress at which a
material exhibits a specified limiting deviation from the pro-
portionality of stress to strain. The deviation is expressed in
terms of strain, percent offset, total extension under load, ete.
Determine yield strength by one of the following methods:

13.2.1 Offset Method— To determine the yield strength by
the “offset method,” it is necessary to secure data (autographic
or pumerical) from which a stress-strain diagram may be
drawn. Then on the stress-strain diagram (Fig. 9) lay off Om
equal to the specified value of the offset, draw mn parallel to
OA, and thus locate r, the intersection of mn with the
stress-strain, curve comresponding to load R which is the
yield-strength load. In recording values of yield strength
obtained by this method, the value of off set specified or used,
or both, shall be stated in parentheses after the term yield
strength, for example:

Yield strength (0.2 % offset) = 52 000 psi (360 MPa) (4]

When the offset is 0.2 % or larger, the extensometer used
shall qualify as a Class B2 device over a strain range of 0.05 to
1.0%. If a smaller offset is specified, it may be necessary to
specify a more accurate device (that is, a Class B1 device) or
reduce the lower limit of the strain range (for example, to
301 %) or both. See also Note & for automatic devices.

13.2.2 Extension Under Load Method—For tests to deter-
nine the acceptance or rejection of material whose stress-strain
haracteristics are well known from previous tests of similar
naterial in which stress-strain diagrams were plotted, the total
train corresponding to the stress at which the specified offset
sec Note & and Note 9) occurs will be known within
atisfactory limits. The stress on the specimen, when this total
train is reached, is the value of the yield strength. In recording
alues of yield strength obtained by this method, the value of
extension” specified or used, or both, shall be stated in
arentheses after the term yield strength, for example:

Yield strength (0.5 % EUL) = 52 000 psi (360 MPa) 2)

The total strain can be obtained satisfactorily by use of a
lass Bl extensometer (Note 4, Note 5, and Note 7).

Note 8&—Automatic devices are available that determine offset yield
fength without plotting a stress-strain curve. Such devices may be used
their accuracy has been demonstrated.

Note 9-—The appropriate magnitude of the extension under Joad will
wiously vary with the strength range of the particular steel under test. In
neral, the value of extension under load applicable to steel at any
ength level may be determined from the sum of the proportional strain
d the plastic strain expecied at the specified yield strength. The

llowing cquation is used:
Extension under load, in./in. of gagelength =(YS/E}+r (3)

there:
5 specified yield strength, psi or MPa,

) modulus of elasticity, psi or MPa, and

limiting plastic strain, in.fin.

13.3 Tensile Strength— Calculate the tensile strength by
viding the maximum load the specimen sustains during a

I

tension. test by the original. cross-sectional area of the speci-
men.

13.4 Elongation: .

13.4.1 Fit the ends of the fractured specimen together
carefully and measure the distance between the gage marks to
the nearest 0.01 in. (0.25 mm) for gage lengths of 2 in. and
under, and to the nearest 0.5 % of the gage length for gage
lengths over 2 in. A percentage scale reading to 0.5 % of the
gage length may be used, The elongation is the increase in
length of the gage length, expressed as a percentage of the
original gage length. In recording elongation values, give both
the percentage increase and the original gage length, -

1342 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, thie elongation value obtained may
not -be representative of the material, If the elongation so
measured meets the minimum requirements specified, no
further testing is indicated, but if the elongation is less than the
minimum requirements, discard the test and retest,

13.5 Reduction of Area—Fit the ends of the fractured
specimen together and measure the mean diameter 6r the width
and thickness at the smallest cross section to the same accuracy
as the original dimensions. 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 area.

BEND TEST

14. Description

14.1 The bend test is one method for evaluating ductility,
but it cannot be considered as a quantitative means of predict-
ing service performance in bending operations. The severity of
the bend test is primarily a function of the angle of bend and
inside diameter to which the specimen is bent, and of the cross
section of the specimen. These conditions are varied according
to location and orientation of the test specimen and the
chemical composition, tensile properties, hardness, type, and
quality of the steel specified. Method E 190 and Test Method
E 290 may be consulted for methods of performing the test.

14.2 Unless otherwise specified, it shall be permissible to
age bend test specimens. The time-temperature cyéle employed
must be such that the effects of previous processing will not be
materially changed. It may be accomplished by aging at room
ternperature 24 to 48 h, or in shorter time at moderately
elevated temperatures by boiling in water, heating in oil, or in
an oven.

14.3 Bend the test specimen at room temperature to an
inside diameter, as designated by the applicable product
specifications, to the extent specified without major cracking
on the outside of the bent portion. The speed of bending is
ordinarily not an important factor,

HARDNESS TEST
15. General

15.1 A hardness test is a means of determining resistance to
penctration and is occasionally employed to obtain a quick
approximation of tensile strength. Table 2, Table 3, Table 4,
and Table 5 are for the conversion of hardness measurements
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from one scale to another or 1o approximate tensile strength.
These conversion values have been obtained from computer-
generated curves and are presented to the nearest 0.1 point to
Permit accurate reproduction of those curves. Since all con-
verted hardness values must be considered approximate, how-
ever, all converted Rockwell hardness numbers shall be
rounded to the nearest whole number.
15.2 Hardness Testing: :

152.1 If the product specification permits alternative hard-
. Ress lesting to determine conformance to a specified hardness
© requirement, the conversions listed in: Table 2, Table 3, Table 4,

and Table 5 shall be used, - .

15.2.2 When tecording converted hardness numbers, the
 measured hardness and test scale shall be indicated in paren-
. theses, for cxample: 353 HB (38 HRC). This means that a

hardness value of 38 was obtained using the Rockwell C scale
and converted to a Brinell hardness of 353.

16. Brinell Test
16.1 Description:

16.1.1 A specified load is applied to a flat surface of the
specimen to be tested, through a hard ball of specified diameter.
The average diameter of the indentation is used as z basis for
calculation of the Brinell hardness number. The quotient of the
applied load divided by the area of the surface of the
indentation, which is assumed to be spherical, is termed the

Brinell hardness number (HB) in accordance with the follow-
ing equation: ’

HB = PR(=DR)D - \/DT = 3%} - @
where ‘ -
HB = Brinell hardness number,
P = applied load, kef, - e
D = diameter of the steel ‘ball,-mm, and
d =

average diameter of the indentation, min”

Note 10—The Brinell hardness number is more conveniently secured
from standard tables such as Table 6 which show numbers corresponding
to the various indentation diameters, usually in increments of 0.05 mm.

‘Note 11—In Test Method E 10, the values are stated jn SI wny
whereas in this section, kg/m units are used,

16.1.2 The standard Brinell test using a 10-mm ball e
ploys a 3000-kgf load for hard materials and 2 1500 or 500-kg,
load for thin sections or soft materials (see Annex on Stee
Tubular Products). Other loads and different size indentors ma,
be used when specified. In recording hardness values, the
diameter of the ball and the load must be stated except when
10-mm ball and 3000-kaf load are used.

16.1.3 A range of hardness can properly be specified only
for quenched and tempered or normalized and tempereqd
material. For annealed material a maximum figure only shoul¢
be specified. For normalized material a minimum or a maxj-
mum hardness may be specified by agreement. In general, g
hardness requirements should be applied to untreated materia]

16.1.4. Brinell hardness may be required when tensile prop-
erties are not specified.

16.2 Apparatus—Equipment shall meet the following re.
quirements:

16.2.1 Testing Machine— A Brinell hardness testing ma-
chine is acceptable for use over a loading range within which
its load measuring device is accurate o X1%.

16.2.2 Measuring Microscope—The divisions of the mi-
Crometer scale of the microscope or other measuring devices
used for the measurement of the diameter of the indentations
shall be such as to permit the direct measurement of the

diameter to 0.1 mm and the estimation of the diameter to 0.05
mm.

Note 12—This requirement applies 1o the construction of the micro-
scope enly and i5 not a requirement for measurement of the indentation,

| see 1643,

16.2.3 Standard Ball— The standard ball for Brinell hard-
ness testing is 10 mm (0.3937 in.) in diameter with a deviation
from this value of not more than 0.005 mm (0.0004 in)) in any
diameter. A ball suitable for use must not show a permanent
change in diameter greater than 0.01 mm (0.0004 in.) when
pressed with a force of 3000 kgf against the test specimen.
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16.3 Test Specimen— Brinell hardness tests are made on
prepared areas and sufficient metal must be removed from the
surface to eliminate decarburized metal and other surface
irregularities. The thickness of the piece tested must be such
that no bulge or other marking showing the effect of the load
appears on the side of the piece opposite the indentation.

16.4 Procedure:

16.4.1 It is essential that the applicable product specifica-
dons state clearly the position at which Brinell hardness
indentations are to be made and the number of such indenta-
tions required. The distance of the center of the indentation
from the edge of the specimen or edge of another indentation
must be at least two and one-half times the diameter of the
indentation.

16.4.2 Apply the load for a minimum of 15 s.

16.4.3 Measure two diameters of the indentation at right
angles to the nearest 0.1 mm, estimate to the nearest 0.05 mm,
and average to the nearest 0.05 mm. If the two diameters differ
by more than 0.1 mm, discard the readings and make a new
indentation.

16.4.4 Do not use a steel ball on steels having a hardness
over 450 HB nor a carbide ball on steels having a hardness over
650 HB. The Brinell hardness test is not recommended for
materials having a hardness over 650 HB.

16.4.4.1 Ifaballisusedinatestofa specimen which shows
a Brinell hardness number greater than the limit for the ball as
detailed in 16.4.4, the ball shall be either discarded and
repiaced with a new ball or remeasured to ensure conformance
with the requirements of Test Method E 10.

16.5 Detailed Procedure—For detailed requirements of this

test, reference shall be made to the latest revision of Test
Method E 10,

17. Rockwell Test
17.1 Descripiion:

17.1.1 In this test a hardness value is obtained by determin-
ing the depth of penetration of a diamond point or a steel ball
into the specimen under certain arbitrarily fixed conditions. A
minor load of 10 kaf is first applied which causes an initial
penetration, sets the penetrator on the material and holds it in
position. A major load which depends on the scale being used
is applied increasing the depth of indentation. The maijor load
is removed and, with the minor load still acting, the Rockwell
number, which is proportional to the difference in penctration
between the major and minor lpads is determined; this is
usually done by the machine and shows on a dial, digital
display, printer, or ather device. This is an arbitrary number
which increases with increasing hardness. The scales most
frequently used are as follows:

Scalo ‘s, Losa

Symbal Penetrator kgt kgt
8 Viasin. steel ball 100 10
c Déamond brate 150 10

17.1.2 Rockwell superficial hardness machines are used for
the testing of very thin steel or thin surface layers. Loads of 15,
30, or 45 kgf are applied on a hardened steet ball or diamond
Penetrator, to cover the same range of hardness values as for

the heavier loads. The superficial hardness scales are as
follows:

Major Minor
Scals Load, Load,
Symbol Penetrator kgt kgt
15T Vae-in. steel ball 15 3
30T Vie-in. steel ball 30 3
45T “ae-in. steel ball 45 3
15N Diamond brala s 3
2N Diamond brale 30 3
45N Diamond brale 45 3

17.2 Reporting Hardness—In recording hardness values,
the hardness number shall always precede the scale symbol, for
example: 96 HRR, 40 HRC, 75 HR15N, or 77 HR30T.

17.3 Test Blocks— Machines should be checked to make
certain they are in good order by means of standardized
Rockwell test blocks.

174 Detailed Procedure—For detailed requirements of this

test, reference shall be made to the latest revision of Test
Methods E 18.

18. Portable Hardness Test

18.1 Although the use of the standard, stationary Brinell or
Rockwell hardness tester is generally preferred, it is not always
possible to perform the hardness test using such equipment due
to the part size or location. In this event, hardness testing using

portable equipment as described in Practice A 833 or Test
Method E 110 shall be used.

CHARPY IMPACT TESTING
19, Summary

19.1 A Charpy V-notch impact test is a dynamic test in
which a notched specimen is struck and broken by a single
blow in a specially designed testing machine. The measured
test values may be the energy absorbed, the percentage shear
fracture, the lateral expansion opposite the notch, or a combi-
nation thereof,

19.2 Testing temperatures other than room {ambient) tem-
perature often are specified in product or general requirement
specifications (hereinafier teferred to as the specification).
Although the testing temperature is sometimes related to the

expected service temperature, the [wo temperatures need not be
identical.

20. Significance and Use

20.1 Ductile vs. Briule Behavior—Body-centered-cubic or
ferritic alloys exhibit a significant transition in behavior when
impact tested over a range of temperatures. At temperatures
above transition, impact specimens fracture by a ductile
(usually microvoid coalescence) mechanism, absorbing rela-
tively large amounts of energy. At lower temperatures, they
fracture in a brittle (usually cleavage) manner absorbing less
encrgy. Within the transition range, the fracture wil generally
be a mixture of areas of ductile fracture and brittle fracture.

20.2 The temperature range of the transition from one type
of behavior to the other varies according to the material being
tested. This transition behavior may be defined in various ways
for specification purposes.

20.2.1 The specification may require a minimum test result
for absorbed encrgy, fracture appearance, lateral cxpansion, or
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«;a combination thereof, at a specified test temperature,
2022 The specification may require the determination of
~ the transition temperarure at which either the absorbed energy
"or fracture appearance altains a specified level when testing is
.. performed over a range of temperatures.

" 20.3 Further information on the significance of impact
_ lesting appears in Annex AS.

" 2L Apparatus

21.1 Testing Machines:

21.1.1 A Charpy impact machine is one in which a notched
specimen is broken by a single blow of a freely swinging
pendulum. The pendulum is released frony a fixed height. Since
the height to which the pendulum is raised prior to its swing,
and the mass of the pendulum are known, the energy of the
., blow is predetermined. A means is provided to indicate the
~energy absorbed in breaking the specimen.

21.1.2 The other principal feature of the machine is a fixture
"(See Fig. 10) designed to support a test specimen as a simple
. beam at a precise location. The fixture is arranged so that the
"notched face of the specimen is vertical. The pendulum strikes

the other vertical face directly opposite the notch. The dimen-
" sions of the specimen supports and striking edge shall conform
. to Fig. 10.
© 21.1.3 Charpy machines used for testing steel generally

have capacities in the 220 to 300 ft-1bf (300 to 400 I) energy
. range. Sometimes rnachines of lesser capacity are used; how-
"ever, the capacity of the machine should be substantially in
excess of the absorbed energy of the specimens (see Test
Methods E 23). The linear velocity at the point of impact
should be in the range of 16 to 19 fi/s (4.9 10 5.8 m/s).

21.2 Temperature Media:

21.2.1 For testing at other than room temperature, it is
necessary to condition the. Charpy specimens in media at
controlled temperatures.

21.2.2 Low temperature media usually are chilled fluids
(such as water, ice plus water, dry ice plus organic solvents. or
liquid nitrogen) or chilled gases.

21.2.3 Elevated temperature media are usually heated lig-
uids such as mineral or silicone oils. Circulating air ovens may
be used.

213 Handling Equipment-—Tongs, especially adapied 10 fit
the moteh in the impact specimen, normally are used for
removing the specimens from the medium and placing them on
the anvil (refer 1o Test Methods E 23). In cases where the
machine fixture does not provide for automatic centering of the

test specimen. the tongs may be precision machined to provide
centering.

22. Sampling and Number of Specimens

22.1 Sampling:

22.1.1 Test location and orientation should be addressed by
the specifications. If not, for wrought products, the test location
shall be the same as that for the tensile specimen and the
oricntation shall be longitudinal with the notch perpendicular
to the major surface of the product being tested.

22.12 Number of Specimens.

22.1.2.1 A Charpy impact test consists of all specimens
taken from 2 single test coupon or test location.

22.1.2.2 When the specification calls for a minimum aver
age test result, three specimens shall be tested. .

22.1.2.3 When the specification requires determination of ;
transition temperature, eight to twelve specimens are usuall
needed.

22.2 Type and Size:

22.2.1 Use a standard full size Charpy V-notch specime,
(Type A) as shown in Fig. 11, except as allowed in 2222,

22.2.2 Subsized Specimens.

22.2.2.1 For flat material less than s in. (11 mm) thick, or
when the absorbed energy is expected to exceed 80 % of ful!
scale, use standard subsize test specimens. -

22.2.2.2 For tubutar materials tested in the transverse direc
tion, where the relationship between diameter and wall thick.
ness does not permit a standard full size specimen, use standard
subsize test specimens or standard size specimens containing
outer diameter {(OD) curvature as follows:

(1} Standard size specimens and subsize specimens ma,
contain the original OD surface of the tubular product as showr
in Fig. 12. All other dimensions shall comply with th:
requirements of Fig. 11,

Note 13=For materials with toughness levels in excess of about S
ft-1bs, specimens containing the original OD surface may yield values jr
excess of those resulting from the use of conventional Charpy specimens

22.2.2.3 If a standard full-size specimen cannot be prepared
the largest feasible standard subsize specimen shall be pre-
pared. The specimens shall be machined so that the specimer
does not include materiat nearer o the surface than 0.020 in
(0.5 mm).

22.2.2.4 Tolerances for standard subsize specimens  an
shown in Fig. 11. Standard subsize test specimen sizes are
0 X 7.5 mm, 10X 6.7 mm, 10 X 5 mm, 10 % 3.3 mm. an
10 X 2.5 mm.

22.2.2.5 Notch the nirrow face of the standard subsiz
specimens so that the noteh is pempendicular to the 10 mm wid:
lace.

21.3 Notch Preparaion—The machining of the notch i.
critical, as it has been demonstrated that extremely ming
variations in notch radius and profile, or wol marks st th,
bottom of the notch may result in erratic test data. (See Anne:
A5).

23, Calibration

23.1 Accuracy and Sensitiviy—Calibrate and adjust Charp
impact machines in accordance with he requirements of Tes
Methods E 23,

24, Conditioning—Temperature Control

24.1 When a specific test temperature is requirad by th.
specification or purchaser. control the tempersteiz of ok
heating or cooling medium within *£2°F (1°C) because th.
effect of variations in temperature on Churpy test r2eilis can b
very great.

Note 14-—For some stzels there may not be a nezd ©
temperature, for example, austenitic steels.

Note 15—Because the temperature of a lesling laboratory often varie-
from 60 to 90°F (15 to 32°C) a test conducted at “rcom eiperature”
might be conducted at any temperature in this range.

ILatricte



90

gh A 370

25. Procedure

25.1 Temperarure:

25.1.1 Condition the specimens to be broken by holding
them in the medium at test temperature for at least 5 min in
liquid media and 30 min in gaseous media.

25.1.2 Prior to each test, maintain the tongs for handling test
specimens at the same temperature as the specimen 5o as not to
affect the temperature at the notch.

25.2 Positioning and Breaking Specimens:

25.2.1 Carefully center. the test specimen in the anvil and
release the pendulum to break the specimen.

25.2.2 If the pendulum is not released within § s after
removing the specimen from the conditioning medium, do not
break the specimen. Return the specimen to the conditioning
medium for the period required in 25.1.1.

23.3 Recovering Specimens—In the event that fracture ap-
pearance or lateral expansion must be determined, recover the
maiched pieces of each broken specimen before breaking the
next specimen.

25.4 Individual Test Values-

25.4.1 Impact energy— Record the impact energy absorbed
to the nearest ft-Ibf (J).

254.2 Fracture Appearance:

25.4.2.1 DPetermine the percentage of shear fracture area by
any of the following methods:

(1} Measure the tength and width of the brittle portion of the
fracture surface, as shown in Fig. 13 and determine the percent
shear area from either Table 7 or Table 8 depending on the units
of measurement.

(2) Compare the appearance of the fracture of the specimen
with a fracture appearance chart as shown in Fig. 14.

(3) Magnify the fracture surface and compare it to a
precalibrated overlay chart or measure the percent shear
fracture area by means of a planimeter,

(4) Photograph the fractured surface at a suitable magnifi-
cation and measure the percent shear fracture area by means of
4 planimeter.

25.42.2 Determine the individual fracture appearance val-
ues 10 the nearest 5 % shear fracture and record the value.

2543 Lateral Expansion:

25.4.3.1 Lateral expansion is the increase in specimen
width, measured in thousandths of an inch (mils), on the
compression side. opposite the notch of the fractured Charpy
V-notch specimen as shown in Fig. 15.

25.4.3.2 Examine each specimen half to ascertain that the
Protrusions have not been damagéd by contacting the anvil,
machine moumting surface, and so forth, Discard such samples
since they may cause erroneous rcadings.

25.4.3.3 Check the sides of the specimens perpendicular to
the notch to ensure that no burs were formed on the sides
during impact testing, If burrs exist, remove them carefully by
tubbing on emery cloth or similar abrasive surface, making
sure that the protrusions being measured are not rubbed during
he removal of the bur.

25.4.3.4 Measure the amount of expansion on each side of
*ach half relative to the plane defined by the endeformed
sortion of the side of the specimen using a gage similar 1o that
thown in Fig. 16 and Fig. 17,

254.3.5 Since the fracture path seldom bisects the point of
maximum expansion on both sides of a specimen, the sum of
the larger values measured for each side is the value of the test.
Arrange the halves of one specimen so that compression sides
are facing each other, Using the gage, measure the prowrusion
on each half specimen, ensuring that the same side of the
specimen is measured. Measure the two broken halves indi-
vidually. Repeat the procedure to measure the protrusions on
the opposite side of the specimen halves. The larger of the two
values for each side is the expansion of that side of the
specimen, .

25.4.3.6 Measure the individual lateral expansion values to
the nearest mil (0.025 mm) and record the values,

26. Interpretation of Test Result

26.1 When the acceptance criterion of any impact test is
specified (o be a minimum average value at a given tempera-
ture, the test result shall be the average (arithmetic mean) of the
individual test values of three specimens from one test Joca-
tion. )

26.1.1 When a minimum average 1est result is specified:

26.1.1.1 The 1est result is acceptable when all of the below
are met:

(1} The test result equals or exceeds the specified minimum
average (given in the specification),

{2) The individual test value for not more than one specimen
measures less than the specified minimum average, and

(3} The individual test value for any specimen measures not
less than two-thirds of the specified minimum average.

26.1.1.2 If the acceptance requirements of 26.1.1.1 are not
met, perform one retest of three additional specimens from the
same test location. Each individual test value of the retested
specimens shall be equal 10 or greater than the specified
minimum average value,

26.2 Test Specifving a Mininum Transition Temperature:

26.2.1 Definition of Transition Temperamre—For specifica-
tion purposes, the transition temperaiure is the témperature at
which the designated material test value equals or exceeds a
specified minimum test value,

26.2.2 Determination of Transition Temperature:

26.2.2.1 Break one specimen at each of a series of tempera-
tures above and below the anticipated transition lemperature
using the procedures in Section 25. Record cach re<t tempera-
ture to the nearest 1°F (0.5°C),

26.2.2.2 Plot the individual test results {fi-1bf or percent
shear) as the ordinae versus the corresponding test temperature
as the abscissa and construct a best-fit cupve through the plotied
data points.

..... 3 If transition temperature is specitied as the tem-
perature at which a test value is achieved, determine the
temperature at which the plotted curve intersects the specified
test value by graphical interpolation (extrapolation is not
permitted). Record this transition lemperatine {0 the nearest
5°F (3°C). If the tabulated test results clearly indicate a
transition temperature lower than specified, it is not necessary
1o plot the data. Report the lowest test temperature for which
test value exceeds the specified value.

26.2.2.4 Accept the test result if the determined transition
lemperature is equal 1o or lower than the specificd value,
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26.22.5 If the determined transition temperature is higher
.than the specified value, but not more than 20°F ( 12°C) higher
‘than the specified value, test sufficient samples in accordance
with Section 25 1o plot two additional curves, Accept the test
Tesults if the temperatures determined from both additional
tests are equal to or lower than the specified value.

26.3 When subsize Specimens are permitted or necessary, or
both, modify the specified test requirement according to Table
9 or test temperature according to ASME Boiler and Pressure
Vessel Code, Tohle U ~84.2, or both. Greater energies or lower
test temperatures may be agreed upon by purchaser and

“supplier. a

27. Records

27.1 The test record should contain the followirg informa-
tion as appropriate;

27.1.1 Full description of material tested (that is, specifica-
tion number, grade, class or type, size, heat number).

27.1.2 Specimen orientation with respect to the materia]
axis.

27.1.3 Specimen size.

27.1.4 Test temperature and individual test value for each
specimen broken, including initial tests and retests.

27.1.5 Test results,

27.1.6 Transition temperature and criterion for jts determi.
nation, including initial tests and retests.

28. Report

28.1 The specification should designate the information to
be reported.

29. Keywords

29.1 bend test; Brinell hardness; charpy impact test; elon-
gation; FATT (Fracture Appearance Transition Temperature);
hardness test; portable hardness; reduction of area; Rockwal]
hardness; tensile strength; tension test: yield strength

ANNEXES

(Mandatory Inl‘ormation)

Al. STEEL BAR PRODUCTS

ALl Scope

ALLI This supplement delineates only those details which
are peculiar to hot-rolled and cold-finished steel bars and are
not covered in the genera! section of these test methods.

Al.2 Orientation of Test Specimens

Al.2.1 Carbon and alloy steel bars and bar-size shapes, due
1o their relatively small cross-sectional dimensions, are cus-
tomarily tested in the longitudinal direction, In special cayes
where size permits and the fabrication or service of a part
justifies lesting in a transverse direction, the selection and
location of test or tests are a matter of agreement between the
manufacturer and the purchaser.

AL3 Tension Test

AL3.1 Carbon Steel Bars—Carbon steel bars are not com-
monly specified to tensile requirements in the as-rolled condji-
tion for sizes of rounds, squares, hexagons, and oclagons under
Yain. (13 mm) in diameter or distance between paralle] faces

nor for other bar-size sections, other than flats, less than | ip.2
(645 mm®) in cross-sectional area.

AL32 Alloy Steel Bars—Alloy steel bars are usvally not
tested in the as-roljed condition.

ALX3 When tension tests are specified, the practice for
selecting test specimens for hot-rolled and celd-i
bars of various sizes shall be in accordance with Tuble A 1.,
unless otherwise specified in the product specification.

AL4 Bend Test
AL41 When bend ey are specified, the recommended

practice for hot-rolled and cold-finished steel bars shall be in
accordance with Table A ]2,

ALS Hardness Test

ALS.1 Hardness Tests on Bar Prodye:e..o
squares, hexagons and octagons—is conductad o s ik
after a minimum removal of 0.015 in. to provide - .- aceurate
hardness penetration,

roumds,

A2, STEEIL, TUBULAR PRODUCTS

A2.1 Scope

A2.1.1 This supplement covers definitions and methods of
testing peculiar 10 tubular products which are not covered in
the general section of these methods,

A2.1.2 Tubylar shapes covered by this specification shall

t be limited 10 products with circular cross sections but
include shapes such as rectangular structural tubing.

A2.2 Tension Test

A22.1 Full-Size Longitudingl Tesr Specine
A22.1.1 Itis standard praciice o ; ‘

of full-size whufar sections withip

equipment. Snug-fitting mery] plugs

enough in the end of such tubular spe ¥

testing machine jaws 10 grip the specimen, . -
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crushing. A design that may be used for such plugs is shown in
Fig. A2.1. The plugs shall not extend into that part of the
specimen on which the elongation is measured (Fig. A2.1).
Care should be exercised to see that insofar as practicable, the
load in such cases is applied axially. The length of the
full-section specimen depends on the gage length prescribed
for measuring the elongation,

A22.1.2 Unless otherwise required by the individual prod-
uct specification, the gage length for fumace-welded pipe is
normally 8 in. (200 mm), except that for nominal sizes in.
and smaller, the gage length shall be as follows:

Nominal Size, in. Gage Length, in, {mm)
¥ and 2 6 (150)
3% and V4 4 (100}
Y 2 {50)

A2.2.1.3 For seamless and electric-welded pipe and tubes
the gage length is 2 in. However, for mbing having an outside
diameter of % in. (10 mm) or less, it is customary to use a gage
length equal to four times the outside diameter when elonga-
tion values comparable to larger specimens are required.

A22.1.4 To determine the cross-sectional area of the full-
section specimen, measurements shall be recorded as the
average or mean between the greatest and least measurements
of the outside diameter and the average or mean wall thickness,
to the nearest 0.001 in. (0.025 mm) and the cross-sectional area
is determined by the following equation:

A =314160(D - 1) (A2.1)
where:
A = secctional area, in.2
D = outside diameter, in., and

t thickness of tube wall, in.

Note A2.1—There exist other methods of cross-sectional area deoter-
mination, such as by weighing of the specimens, which are equally
accurate or appropriate for the purpose.

A2.2.2 Longitudinal Strip Test Specimens:

A222.} For larger sizes of tubular products which cannot
be tested in full-section, longitudinal rest specimens are ob-
tained from strips cut from the tube or pipe as indicated in Fig.
A2.2 and machined to the dimensions shown in Fig. A2.3. For
furnace-welded tubes or pipe the 8-in. gage length specimen as
shown in Fig. A2.3 is standard, the specimen being located at
approximately 90° from the weld. For seamless and electric-
welded tubes or pipe, the 2-in. gage length specimen as shown
n Fig. A2.3 (1) is standard, the specimen being located
approxirnately 96° from the weld in the case of electric-welded
tubes. Specimens of the type shown in Fig. A2.3 may be tested
with grips having a surface contour corresponding to the
curvature of the tubes. When grips with curved faces are not
available, the ends of the specimens may be flattened without
heating. Standard tension test specimens, as shown in specimen
No. 4 of Fig. A2.3, are nominally I'%in. (38 mm) wide in the
gage length section. When sub-size specimens are necessary
due to the dimensions and character of the material to be tested,

specimens 1, 2, or 3 shown in Fig. A2.3 where applicable, are
considered standard.

Nore A2.2—An exact formula for calculating the cross-sectional area
of specimens of the type shown in Fig. A2.3 raken from a circular tube is

given in Test Methods E 8 or E 8M.

A22.2.2 The width should be measured at each end of the
gage length to determine parallelism and also at the center. The
thickness should be measured at the center and used with the
center measurement of the width to determine the crogs-
sectional area, The center width dimension should be recorded
to the nearest 0.005 in. (0.127 mm), and the thickness
measturement to the nearest 0.001 in.

A2.2.3 Transverse Strip Test Specimens:

A22.3.1 In general, transverse tension tests are not recom-
mended for tubular products, in sizes smaller than 8 in. in
nominal diameter. When required, transverse tension test
specimens may be taken from rings cut from ends of tubes or
pipe as shown in Fig. A2.4. Flattening of the specimen may be
done either after separating it from the tube as in Fig. A2.4 (a),
or before separating it as in Fig. A2.4 (b), and may be done hot
or cold; but if the flattening is done cold, the specimen may
subsequently be normalized. Specimens from tubes or pipe for
which heat treatment is specified, after being flatiened either
hot or cold, shall be given the same treatment as the tubes or
pipe. For tubes or pipe having a wali thickness of less than %
in. (19 mm), the transverse test specimen shall be of the form
and dimensions shown in Fig. A2.5 and either or both surfaces
may be machined to secure uniform thickness. Specimens for
transverse tension tests on welded steel tubes or pipe to
determine strength of welds, shall be located perpendicular to
the welded seams with the weld at about the middle of their
length.

A2.2.3.2 The width should be measured at each end of the
gage length to determine parallelism and also at the center. The
thickness should be measured at the center and used with the
center measurement of the width 1o determine the cross-
sectional area. The center width dimension should be recorded
to the nearest 0.005 in. (0.127 inm), and the thickness
measurement 1o the nearest 0.001 in. (0.025 mm).

Al.24 Round Test Specimens:

A2.2.4.1 When provided for in the product specification, the
round test specimen shown in Fig. 4 may be used.

A2.24.2 The diameter of the round test specimen is mea-
sured at the center of the specimen to the nearest 0.00! in.
(0.025 mm).

A2.243 Small-size specimens proportional to standard, as
shown in Fig. 4, may be used when it is Necessary o test
material from which the standard specimen cannot be prepared.
Other sizes of smatl-size specimens may be used. In any such
small-size specimen, it is important that the gage length for
measurcment of clongation be four times the diameter of the
specimen (see Note 4, Fig. 4), The elongation requirements for
the round specimen 2-in. gage length in the product specifica-

tion shall apply to the small-size specimens.

A2.2.4.4 For transverse specimens, the section from which

the specimen is taken shall not be flatened or othenwise
deformed,

A2.3 Determination of Transverse Yield Strength,
Hydraulic Ring-Expansion Method

A2.3.1 Hardness tests are made on the outside surface,
inside surface, or wall cross-section depending upon product-
specification limitation. Surface preparation may be necessary
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| to obtain accurate hardness values.

A23.2 A testing machine and method for determining the
transverse yield strength from an annular ring specimen, have
been developed and described in A2.3.3 through A2.3.5.

A2.3.3 A diagrammatic vertical cross-sectional sketch of
the testing machine is shown in Fig. A2.6.

A23.4 In defermining the transverse yield strength on this
machine, a short ring (commonly 3 in. (76 mm) in length) test
specimen is used. After the large circular nut is removed from
the machine, the wall thickness of the ring specimen is
determined and the specimen is telescoped over the oil resistant

" rubber gasket. The nut is then replaced, but is not turned down
tight against the specimen. A slight clearance is left between
the nut and specimen for the purpose of permitting free radial
movement of the specimen as it is being tested. Oil under
pressure is then admitted to the interior of the rubber gasket
through the pressure line under the contro! of a suvitable valve.
An accurately calibrated pressure gage serves to measure oil

. Pressure. Any air in the system is removed through the bleeder
line. As the oil pressure is increased, the rubber gasket expands
which in turn stresses the specimen circumferentially. As the
pressure builds up, the lips of the rubber gasket act as a seal to
prevent oil leakage. With continued increage in pressure, the

- ring specimen is subjected to a tension stress and elongates
accordingly. The entire outside circumference of the ring
specimen is considered as the gage length and the strain is
measured with a suitable extensometer which will be deseribed
later. When the desired total strain or extension under load is
reached on the extensometer, the oil pressute in pounds per

"~ square inch is read and by employing Barlow’s formula, the
unit yield strength is calculated. The yield strength, thus
determined, is a true result since the test specimen has not been
cold worked by flattening and closely approximates the same
condition as the tubular section from which it is cut. Further,
the test closely simulates service conditions in pipe lines. One
testing machine unit may be used for several different sizes of
pipe by the use of suitable rubber gaskets and adapters.

Note A2.3—Barlow’s formula may be stated two ways:

(1Y pP=28D {A2.2)
(2) S = PDI2t (A2.3)
where:
£ = internal hydrostatic pressure, psi,
§ = unmit circumnferential stress in the wall of the tube
produced by the internal hydrostatic pressure, psi,
{ = thickness of the tube wall, in., and
D = outside diameter of the tube, in.

A2.3.5 A roller chain type extensometer which has been
found satisfactory for measuring the elongation of the ring
specimen is shown in Fig. A2.7 and Fig. A2.8. Fig. A2.7 shows

- the extensometer in position, but unclamped, on a ring speci-
men. A small pin, through which the strain is transmitted to and
measured by the dial gage, extends through the hollow
threaded stud. When the extensometer is clamped, as shown in
Fig. A2.8, the desired tension which is necessary to hold the
instrument in piace and to remove any slack, is exerted on the
roller chain by the spring. Tension on the spring may be
regulated as desired by the knurled thumb screw, By removing

or adding rollers, the roller chain may be adapted for differ-
sizes of tubular sections.

A2.4 Hardness Tests

A2.4.1 Hardness tests are made either on the outside or 1
inside surfaces on the end of the tube as appropriate, -

A24.2 The standard 3000-kgf Brinell load may cause t
much deformation in a thin-walled tubular specimen. In ¢
case the 500-kgf load shall be applied, or inside stiffening
means of an internal anvil should be used. Brinell testing sk-
not be applicable to tubular products less than 2 in. (51 Ty
outside diameter, or less than 0.200 in. (5.1 ram) in w.
thickness.

A2.4.3 The Rockwell hardness tests are normally made
the inside surface, a flat on the outside surface, or on the w.
cross-section depending upon the product Kmitation. Rockw:
hardness tests are not performed on tubes smaller than %s .
(7.9 mm) in outside diameter, nor are they performed on t
inside surface of tubes with less than % in. (6.4 mm) ins’
diameter. Rockwell hardness tests are not performed on :
nealed tubes with walls less than 0.065 in. (1.65 mm) thick
cald worked or heat treated tubes with walls less than 0.049
(1.24 mm) thick. For tubes with wall thicknesses less th
those permitting the regular Rockwell hardness test, the £
perficial Rockwell test is sometimes substituted. Transve:
Rockwell hardness readings can be made on tubes with a w.
thickness of 0.187 in. (4.75 mm) or greater. The curvature
the wall thickness of the specimen impose limitations on :
Rockwell hardness test. When a comparison is made betwe
Rockwell determinations made on the outside surface a
determinations made on the inside surface, adjustment of 1
readings will be required to compensate for the effect
curvature. The Rockwell B scale is used on all materials hav;
an expected hardness range of B0 to B100. The Rockwel!
scale is used on material having an expected hardness range
C20 to C68.

A2.4.4 Superficial Rockwell hardness tests are norms
pecformed on the outside surface whenever possible 2
whenever excessive spring back is not encountered. Otherw:
the tests may be performed on the inside. Superficial Rockw
hardness tests shall not be performed on tubes with an ins’
diameter of less than Yin. (6.4 mm). The wall thickn.
limitations for the Superficial Rockwell hardness test are giv
in Table A2.1 and Table A2.2.

A2.4.5 When the outside diameter, inside diameter, or v
thickness precludes the obtaining of accurate hardness valu.

tubular products shall be specified to tensile proper-ties and
tested.

A2.5 Manipulating Tests

A25.1 The following tests are made to prove ductility
certain tubular products:

A25.1.1 Flattening Test— The flattening test as commo.
made on specimens cut from tubular products is conducted
subjecting rings from the tube or pipe to a prescribed degrec
flattening between parallel plates (Fig. A2.4). The severity
the flattening test is measured by the distance between
parallel plates and is varied according to the dimensions of
tube or pipe. The flattening test specimen should not be 1
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than 2%2 in. (63.5 mm) in length and should be flattened cold
to the extent required by the applicable material specifications.

A2.5.1.2 Reverse Flattening Test—The reverse flattening:

test is designed primarily for application to electric-welded
tubing for the detection of lack of penetration or overlaps
resnlting from flash removal in the weld. The specimen
consists of a length of tubing approximately 4 in. (102 mum)
Jong which is split longitudinally 9%0° on each side of the weld.
The sample is then opened and flattened with the weld at the
point of maximum bend (Fig. A2.9).

A25.1.3 Crush Tesi— The crush test, sometimes referred to
as an upsetting test, is usually made on boiler and other
pressure tubes, for evaluating ductilitcy (Fig. A2.10). The
specimen is a ring cut from the tube, usually about 2% in. (63.5
mm) long. It is placed on end and crushed endwise by hammer
or press to the distance prescribed by the applicable material
specifications.

A25.1.4 Flange Test— The flange test is intended to
determine the ductility of boiler tubes and their ability to
withstand the operation of bending into a tube sheet. The test
is made on a ring cut from a tube, usually not less than 4 in.
(100 mm) long and consists of having a flange tamed over at
right angles to the bedy of the tube to the width required by the
applicable material specifications. The flaring tool and die
block shown in Fig. A2.11 are recommended for use in making
this test.

A2.5.1.5 Flaring Test— For certain types of pressure tubes,
an alternate to the flange test is made. This test consists of
driving a tapered mandrel having a slope of 1 in 10 as shown
in Fig. A2.12 (a) or a 60° included angle as shown in Fig.
A2.12 (&) into a section cut from the tube, approximately 4 in.

" (100 mm) in length, and thus expanding the specimen until the

inside diameter has been increased to the extent
applicable material specifications.

A2.5.1.6 Bend Test—For pipe used for coiling in sizes 2 in.
and under a bend test is made to determine its ductility and the
soundness of weld. In this test a sufficient length of full-size
pipe is bent cold through 90° around a cylindrical ‘mandrel
having'a diameter 12 times the nominal diameter of the pipe.
For close coiling, the pipe is bent cold through 180° around a
mandre] having a diameter 8 times the nominal diameter of the
pipe.

A2.5.1.7 Transverse Guided Bend Test of Welds—This bend
test is used to determine the ductility of fusion welds. The
specimens vsed are approximately 1% in. (38 mm) wide, at
least 6 in. (152 mm) in lenigth With the weld at the center, and
are machined in accordance with Fig. A2.13 for face and root
bend tests and in accordance with Fig. A2.14 for side bend
tests. The dimensions of the plunger shall be as.shown in Fig.
AZ.15 and the other dimensions of the.bending jig shall be
substantially as given in this same figure, A test shall consist of
a face bend specimen and a root bend specimen or two side
bend specimens. A face bend test requires bending with the
inside surface of the pipe against the plunger: a root bend test
requires bending with the outside surface of the pipe against
the plunger; and a side bend test requires bending so that one
of the side surfaces becomes the convex surface of the bend
specimen.

(a) Failure of the bend test depends upon the appearance of
cracks in the area of the bend, of the nature and extent
described in the product specifications.

required by the

A3. STEEL FASTENERS

A3.1 Scope

A3.L1 This supplement covers definitions and methods of
testing peculiar to steel fasteners which are not covered in the
general section of Test Methods and Definitions A 370. Stan-
dard tests required by the individual praduct specifications are
0 be performed as outlined in the general section of these
methods.

A3.1.2 These tests are set up to facilitate production control
lesting and acceptance testing with certain more precise tests to
be used for arbitration in case of disagreement over test results.

A3.2 Tension Tests

A3.2.1 Tt is preferred that bolts be tested full size, and it is
“Ustomary, when so testing bolts to specify a minimum
ulimate load in pounds, rather than a minimum ultimate
strength in pounds per square inch. Three times the bolt
Dominz]l diameter has been established as the minimum bolt

length subject to the tests described in the remainder of this
, Section. Sections A3.2.1.1-A3.2.1.3 apply when testing bolts
‘full size. Section A3.2.1.4 shall apply where the individual
: Product specifications permit the use of machined specimens.

A3.2.1.1 Proof Load— Due to particular uses of certain
i Classes of bolts it is desirable to be able to stress them, while

* in use, to a specified value without obtaining any permanent
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set. To be certain of obtaining this quality the proof load is
specified. The proof Ioad test consists of stressing the bolt with
a specified load which the bolt must withstand without perma-
nent set. An alternate test which determines yield strength of a
full size bolt is also allowed. Either of the following Methods,
1 or 2, may be used but Method 1 shall be the arbitration
method in case of any dispute as to acceptance of the boits.

A3.2.1.2 Proof Load Testing Long Bolts—When full size
tests are required, proof Ioad Method 1 is to be limited in
application to bolts whose length does not exceed 8 in. (203
mm) or 8 times the nominal diameter, whichever is greater. For
bolts longer than 8 in. or 8 times the nominal diameter,
whichever is greater, proof load Method 2 shall be used.

(a) Method 1, Length Measurement—The overall length of
a straight bolt shall be measured at its true center line with an
instrument capable of measuring changes in length of 0.0001
in. (0.0025 mm) with an accuracy of 0.0001 in. in any 0.001-in:
(0.025-mm) range. The preferred method of measuring-the
length shall be between conical centers machined on the center
line of the bolt, with mating centers on the measuring anvils;
The head or body of the boit shall be marked so that it can be
placed in the same position for alf measurements. The bolt shail
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be assembled in the testing equipment as outlined in A3.2.1.4,
and the proof load specified in the product specification shall
: be applied. Upon release of this load the length of the bolt shall
- be again measured and shall show no permanent elongation. A
" tolerance of *0.0005 in. (0.0127 mm) shall be allowed
between the measurement made before loading and that made
after loading. Variables, such as straightness and thread align-
ment -(plus measurement error), may result in apparent elon-
gation of thé fasteners when the proof load is initially applied.
In such cases, the fastener may be retested vsing a 3 percent
greater load, and may be considered satisfactory if the length
after this loading is the same as before this loading (within the
- 0.0005-in. tolerance for measurement error).

A3.2.1.3 Proof Load-Time of Loading—The proof load is to
be maintained for a period of 10 s before release of load when
using Method 1.

(d) Method 2, Yield Strength—The bolt shall be assembled
in the testing equipment as cutlined in A3.2.1.4. As the load is
applied, the total elongation of the bolt or any part of the bolt
which includes the exposed six threads shall be measured and
recorded to produce a load-strain or a stress-strain diagram.
The load or stress at an offset equal to 0.2 percent of the length
of bolt cccupied by 6 full threads shall be determined by the
method described in 13.2.1 of these methods, A 370. This load
or stress shall not be less than that prescribed in the product
specification,

A3.2.1.4 Axial Tension Testing of Full Size Bolts—Bolts are
to be tested in a holder with the load axially applied between
the head and a nut or suitable fixture (Fig. A3.1), either of
which shall bave sufficient thread engagement to develop the
full strength of the bolt. The nut or fixture shall be assembled
on the bolt leaving six complete bolt threads unengaged
between the grips, except for heavy hexagon structural bolts
which shall have four complete threads unengaged between the
grips. To meet the requirements of this test there shall be a
tensile failure in the body orthreaded section with no failure at
the junction of the body, and head. If it is necessary to record
or report the tensile strength of bolts as psi values the stress
area shall be calculated from the mean of the mean root and
pitch diameters of Class 3 external threads as follows:

A, = 0.7854[D — (0.9743/n)]? (A3D)

= stress area, in.,
D = pominal diameter, in., and
= number of threads per inch.

A3.2.1.5 Tension Testing of Full-Size Bolts with a Wedge—

- The purpose of this test is to obtain the tensile strength and
demonstrate the “head quality” and ductility of a bolt with a
standard head by subjecting it to eccentric loading. The
ultimate load on the bolt shall be determined as described in
A3.2.1.4, except that a 10° wedge shall be placed under the
same bolt previously tested for the proof load (see A3.2.1.1).
The bolt head shall be so placed that no comer of the hexagon
or square takes a bearing load, that is, a flat of the head shall
be aligned with the direction of uniform thickness of the wedge
(Fig. A3.2). The. wedge shall have an included angle of 10°
between its faces and shall have a thickness of one-half of the
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nominal bolt diameter at the short side of the hole. The hole ili
the wedge shall have the following clearance over the noming]
size of the bolt, and its edges, top and bottom, shall be roundeg

to the following radius: 4

Clearance - Radius on 1

Nominal Bolt in Hola, Comers of
Size, in. in. (mm) Hole, in. {mm) )
Yato %% 0.030°{0.76} - 0.030 (0.76) . -1
Yo to ¥ 0.050 {1.3) 0.060 {1.5) 3
Yato 0.063 (1.5} 0.060 (1.5) .
e to 1% 0.063 (1.5) 0.125 (3.2) i

13 to 1% 0.034 (2.4) 0.125 (3.2)

A3.2.1.6 Wedge Testing of HT Bolts Threaded to Head—For
heat-treated bolts over 100 000 psi (690 MPa) minimurm tensilé
strength and that are threaded 1 diameter and closer to-the
underside of the head, the wedge angle shall be 6° for sizes ¥
through % 'in. (6.35 to 19.0 mm) and 4° for sizes over % in’

A3.2.1.7 Tension Testing of Bolis Machined to Round Tesi
Specimens:

(a) Bolts under Li4in. (38 mm) in diameter which require
machined tests shall preferably use a standard ¥%-in., (13-mm»
round 2-in. {50-mm) gage length test specimen (Fig, 4).
however, bolts of small cross-section that will not permit the
taking of this standard test specimen shall vse one of the
small-sme-specnnens propomonal-to-standard (Fig. 4) and the
specimen shall have a reduced section as large as possible. I
all cases, the longitudinal axis of the specimen shall’ be
concentric with the axis of the bolt; the head and threaded
section of the boit may be left intact, as in Fig. A3.3 and Fig.
A3.4, or shaped to fit the helders or grips of the testing machinc
so that the load is applied axially. The gage length fo
measuring the elongation shall be four times the diameter of
the specimen.

{b) For bolts 14 in. and over in diameter, a standard %-in
round 2-in. gage length test specimen shall be turned from th.
bolt, having its axis midway between the center and outsid:
surface of the body of the bolt as shown in Fig. A3.5,

(c) Machined specimens are to be tested in tension t
determine the properties prescribed by the product specifice
tions. The methods of testing and determination of propertie:
shall be in accordance with Section 13 of these test methods

A3.3 Speed of Testing

A33.1 Speed of testing shall be as prescribed in th
individual product specifications.

Al.4 Hardness Tests for Externally Threaded Fasteners

A3.4.1 When specified, externally threaded fasteners sha
be hardness tested. Fasteners with hexagonal or square head:
shall be Brinell or Rockwell hardness tested on the side or to,
of the head. Externally threaded fasteners with other type ¢
heads and those without heads shall be Brinell or Rockwe!
hardness tested on one end. Due to possible distortion from th
Brinell load, care should be taken that this test meets th
requirements of Section 16 of these test methods, Where -th.
Brinell hardness test is impractical, the Rockwell hardness tes
shall be substituted. Rockwell hardness test procedures shs»
conform to Section 18 of these test methods.

A3.4.2 In cases where a dispute exists between buyer ar.
seller as to .whether externally threaded fasteners meet o
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exceed the hardness limit of the product specification, for
purposes of arbitration, hardness may be taken on two trans-
verse sections through a representative sample fastener se-
lected at random. Hardness readings shall be taken at the
locations shown in Fig. A3.6, All hardness values must
conform with the hardness limit of the product specification in
order for the fasteners represented by the sample to be
considered in compliance. This provision for arbitration of a
dispute shall not be used to accept clearly rejectable fasteners.

A3.S Testing of Nuts

A3.5.1 Proof Load— A sample nut shall be assembled on a
hardened threaded mandrel or on a bolt conforming to the
particular specification, A load axial with the mandrel or bolt
and equal to the specified proof load of the nut shall be applied.
The nut shall resist this load without stripping or rupture. If the
threads of the mandrel are damaged during the test the
individual test shall be discarded. The mandrel shall be
threaded to American National Standard Class 3 tolerance,

except that the major diameter shall be the minimum major
diameter with a tolerance of + 0.002 in. (0.051 mam).

A3.5.2 Hardness Test— Rockwell hardness of nuts shail be
determined on the top or bottom face of the nut. Brinell
hardness shall be determined on the side of the nuts. Either
method may be used at the option of the manufacturer, taking
into account the size and grade of the nuts under test. When the
standard Brinell hardness test results in deforming the nut it

will be necessary to use a minor load or substitute a Rockwell
hardness test.

A3.6 Bars Heat Treated or Cold Drawn for Use in the
Manufacture of Studs, Nuts or Other Bolting
Material

A3.6.1 When the bars, as received by the manufacturer,
have been processed and proved to meet certain specified
properties, it is not necessary to test the finished product when
these properties have not been changed by the process of
manufacture employed for the finished product.

A4. ROUND WIRE PRODUCTS

Ad.1 Scope

A4.1.1 This supplement covers the appératus. specimens
and methods of testing peculiar to steel wire products which
are not covered in the general section of Test Methods A 370.

A42 Apparatus

A4.2.1 Gripping Devices—Grips of either the wedge or
snubbing types as shown in Fig. A4.1 and Fig. A4.2 shall be
used (Note A4.1). When using grips of either type, care shall be
taken that the axis of the test specimen is located approxi--
mately at the center line of the head of the testing machine
(Note A4.2). When using wedge grips the liners used behind
the grips shall be of the proper thickness.

Note Ad.1—Testing machines usually are equipped with wedge grips.
These wedge grips, irmespective of the type of testing maachine, may be
referred to as the “usual type™ of wedge grips. The use of fine (180 or 240)
grit abrasive cloth in the “usual® wedge type grips, with the abrasive
contacting the wire specimen, can be helpful in reducing specimen
slipping and brzakage at the grip edges at tensilc loads up to about 1000
pounds. For tests of specimens of wire which are liable to be cut at the
edges by the “usual type” of wedge grips, the snubbing type gripping
device has proved satisfactory.

For testing round wire, the use of cylindrjcal seat in the wedge gripping
device is optional. '

Note Ad.2—Any defect in.a testing machine which may cause non-
axial application of load should be corrected.

A4.2.2 Pointed Micrometer—A micrometer with a pointed
spindle and anvil suitable for reading the dimensions of the
wire specimen at the fractured ends to the nearest 0.001 in.

{0.025 mm) after brezking the specimen in the testing machine
shall be used.

A4.3 Test Specimens

Ad4.3.1 Test specimens having the full .cross-sectional area
of the wire they represent shall be used. The standard gage
length of the specimens shall be 10 in. (254 mm). However, if

the determination of elongation values is not required, any
convenient gage length is permissible. The total length of the
specimens shall be at least equal to the gage length (10 in.) plus
twice the length of wire required for the full use of the grip
employed. For example, depending upon the type of testing
machine and grips used, the minimum total length of specimen
may vary from 14 to 24 in. (360 to 610 mm) for a 10-in. gage
length specimen.

A432 Any specimen breaking in the grips shall be dis-
carded and a new specimen tested.

Ad.4 Elongation

A4.4.1 In determining permanent elongation, the ends of the
fractured specimen shall be carefully fitted together and the
distance between the gage marks measured to the nearest 0.01
in. (0.25 mm) with dividers and scale or other suitable device.
The elongation is the increase in length of the gage length,
expressed as a percentage of the original gage length. In
recording elongation values, both the percentage increase and
the original gage length shall be given.

A4.42 In determining total elongation {elastic plus plastic
extension) autographic or extensometer methods may be em-
ployed.

Ad.4.3 If fracture takes place outside of the middle third of
the gage length, the elongation value obtained may not be
representative of the material.

Ad.5 Reduction of Area

A4.5.1 The ends of the fractured specimen shall be carefully
fitted together and the dimensions of the smallest cross section
measured to the nearest 0.001 in. (0.025 mm) with a pointed
niicrometer. 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 area. )

A4.5.2 The reduction of area test is not recommended in
wire diameters less than 0.092 in. (234 mm) due to the
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difficulties of measuring the reduced cross sections.

_ Ad.6 Rockwell Hardness Test

A4.6.1 On heat-ireated wire of diameter 0.100 in. (2.54
" mm) and larger, the specimen shall be flattened on two parallel
sides by grinding before testing. The hardness test is not
recommended for any diameter of hard drawn wire or heat-
treated wire less than 0.100 in. (2.54 mm) in diameter. For

round wire, the tensile strength test is greatly preferred over the
hardness test.

A4.7 Wrap Test

A4.7.1 This test is used as a means for testing the ductility
of certain kinds of wire.

A4.7.2 The test consists of coiling the wire in a closely
spaced helix tightly against a mandrel of a specified diameter
for a required number of turns. (Unless other specified, the
required number of turns shall be five.) The wrapping may be
done by hand or a power device. The wrapping rate may not

a7

exceed 15 tums per.-min. The mandrel diameter shall
specified in the relevant wire product specification, ¥
-A4.7.3 The wire tested shall be considered to have faited it
the wire fractures or if any longitudinal or transverse cracks’
develop which can be seen by the unaided eye after the firgt’
complete tum. Wire which. fails in the first turn shall be |
retested, as such fractures may be caused by bending the wire

o
F

to a radius less than specified when the test starts, Y

AdS Coiling Test o

A4.8.1 This test is used to determine if imperfections ark
present to the extent that they may cause cracking or splitting
during spring coiling and spring extension. A coil of specified
length is closed wound on an arbor of a spécified diameter. The
closed coil is then stretched to a specified permanent increase
in length and examined for uniformity of pitch with no splits or
fractures. The required arbor diameter, elosed coil length, and
permanent coil extended length increase may vary with wire
diameter, properties, and type.

AS. NOTES ON SIGNIFICANCE OF NOTCHED-BAR IMPACT TESTING

A5.1 Notch Behavior

A5.1.1 The Charpy and Izod type tests bring out notch
behavior (brittleness versus ductility} by applying a single
overload of stress. The energy values determined are quantita-
tive comparisons on a selected specimen but cannot be
converted into energy values that would serve for engineering
design calculations. The notch behavior indicated in an indi-
vidual test applies only to the specimen size, notch geometry,
and testing conditions involved and cannot be generalized to
other sizes of specimens and conditions.

A35.1.2 The notch behavior of the face-centered cubic met-
als and alloys, a large group of nonferrous materials and the
austenitic steels can be judged from their common tensile
properties. If they are brittle in tension they will be brittle when
notched, while if they are ductile in tension, they will be ductile
when notched, except for unusually sharp or deep notches
(much more severe than the standard Charpy or Izod speci-
mens). Even low temperatures do not alter this charactetistic of
these materials. In contrast, the behavior of the ferritic steels
under notch conditions cannot be predicted from their proper-
ties as revealed by the tension test. For the study of these
materials the Charpy and Izod type tests are accordingly very
useful. Some metals that display normal ductility in the tension
lest may nevertheless break in brittle fashion when tested or
when used in the notched ‘condition. Notched conditions
include restraints to deformation in directions perpendicutar to
the major stress, or multiaxial stresses, and stress concentra-
tions, It is in this field that the Charpy and Izod tests prove
useful for determining the suceptibility of a steel to notch-
brittle behavior though they carnot be directly used to appraise
the serviceability of a structure.

A5.1.3 The testing machine itself must be sufficiently rigid
or tests on high-strength low-energy materials will result in
excessive elastic energy losses either upward through - the
pendulum shaft or downward through the base of the machine.

If the anvil supports, the pendulum striking edge, or the
machine foundation bolts are not securely fastened, tests on
ductile materials in the range of 80 ft-Ibf (108 J) may actually,
indicate values in excess of 90 to 100 fi-Ibf (12210 136 J). .

AS5.2 Notch Effect

A5.2.1 The notch resulis in a combination of multiaxial
stresses associated with restraints to deformation in directions
petpendicular to the major stress, and a stress concentration at
the base of the notch. A severely notched condition is generally
not desirable, and it becomes of real concern in those cases in
which it initiates a sudden and complete failure of the brittle
type. Some metals can be deformed in a ductile manner even
down to the low temperatures of liquid air, while others may
crack. This difference in behavior can be best understood by
considering the cohesive strength of a material (or the property
that holds it together) and its relation to the yield point. In cases
of brittle fracture, the cohesive strength is exceeded beforc
significant plastic deformation occurs and the fracmure appears
crystalline. In cases of the ductile or shear type of failure.
considerable deformation precedes the final fracture and the
broken surface appears fibrous instead of crystalline. In inter-
mediate cases the fracture comes after a moderate amount of
deformation and is part crystalline and part fibrous in appear-
ance.

A5.2.2 When a notched bar is loaded, there is a normal
stress across the base of the notch which tends to initiate
fracture. The property that keeps it from cleaving, or holds it
together, is the “cohesive strength.” The bar fractures when the
normal stress exceeds the cohesive strength. When this occurs
without the bar deforming it is the condition for brittle fracture.

A523 In testing, though not in service because of side
effects, it happens more commonly that plastic deformation
precedes fracture. In addition to the normal stress, the applied
load also.sets up shear stresses which are about 45° to the
normal stress. The elastic behavior terminates as soon as the
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shear stress exceeds the shear strength of the ‘material and
deformation or plastic yielding sets in. This is the condition for
ductile failure,

AS5.2.4 This behavior, whether brittle or ductile, depends on
whether the normal stress exceeds the cohesive strength before
the shear stress exceeds the shear strength. Several important
facts of notch behavior follow from this. If the notch is made
sharper or more drastic, the normal stress at the root of the
notch will be increased in relation to the shear stress and the
bar will be more prone to brittle fracture (see Table AS.1). Also,
as the speed of deformation increases, the shear strength
increases and the likelihood of brittle fracture increases. On the
other hand, by raising the temperature, leaving the notch and
the speed of deformation the same, the shear strength is
lowered and ductile behavior is promoted, leading to shear
failure.

A5.2.5 Variations in notch dimensions wil} seriously affect
the results of the tests. Tests on E 4340 steel specimens® have

shown the effect of dimensional variations on Charpy results
(see Table AS5.1).

AS8.3 Size Effect

A53.1 Increasing either the width or the depth of the
specimen tends to increase the volume of metal subject to
distortion, and by this facter tends to increase the energy
absorption when breaking the specimen. However, any in-
crease in size, particularly in width, also tends to increase the
degree of restraint and by tending to induce brittle fracture,
may decrease the amount of energy absorbed. Where a
standard-size specimen is on the verge of brittle fracture, this is
particularly true, and a double-width specimén may actually
require less energy for rupture than one of standard width.

A5.3.2 In studies of such effects where the size of the
material precludes the use of the standard specimen, as' for.

example when the material is Y4-in. plate, subsize specimens

are necessarily used. Such specimens (see Fig. 6 of Test -
Methods E 23) are based on the Type A specimen of Fig. 4 of -

Test Methods E 23.

A5.3.3 General correlation between the energy values ob-
tained with specimens of different size or shape is not feasible,
but limited correlations may be established for specification
Purposes on the basis of special studies of particular materials
and particular specimens. On the other hand, in a study of the
relative effect of process variations, evaluation by use of some
arbitrarily selected specimen with some chosen notch will in
most instances place the methods in their proper order.

AS4 Effects of Testing Conditions

A5.4.1 The testing conditions also affect the notch behavior.
So pronounced is the effect of temperature on the behavior of
Steel when notched that comparisons are frequently made by
xamining specimen fractures and by plotting energy value and
fracture appearance versus temperature from tests of notched
bars at a serics of temperatures. When the test temperature has
been cartied low enough to start cleavage fracture, there may

* Fahey, N. H., “Effects of Variables in Charpy [mpact Testing,” Materials
Rescarch & Standands, Vol 1, No. 11, November, 1961, p. §72.

be an extremely sharp drop in impact value or there may be a
relatively gradual falling off toward the lower temperatures.
This drop in energy value starts when a specimen begins to
exhibit some crystalline appearance in the fracture. The tran-
sition temperature at which this embrittling effect takes place
varies considerably with the size of the part or test specimen
and with the notch geometry.

A5.4.2 Some of the many definitions of transition tempera-
ture currently being used are: (I) the lowest temperature at
which the specimen exhibits 100 % fibrous fracture, ( 2) the
temperature where the fracture shows a 50 % crystalline and a
50 % fibrous appearance, (3) the temperature corresponding to
the energy value 50% of the difference between values
obtained at 100 % and 0 % fibrous fractuse, and ( 4) the

_ temperature comresponding to-a specific energy value.

A543 A problem peculiar to Charpy-type tests occurs
when high-strength, low-cnergy specimens are tested at low
temperatures. These specimens may not leave the machine in
the direction of the pendulum swing but rather in a sidewise
direction. To ensure that the broken halves of the specimens do
not rebound off some component of the machine and contact
the pendulum before it completes its swing, modifications may
be necessary in older model machines. These modifications
differ with machine design. Nevertheless the basic problem is
the same in that provisions must be made to prevent rebound-
ing of the fractured specimens into any part of the swinging
pendulum. Where design permits, the broken specimens may
be deflected out of the sides of the machine and yet in other
designs it may be necessary to contain the broken specimens

. within a certain area until the pendulum passes through the

anvils. Some low-energy high-strength steel specirmens leave
impact machines at speeds in excess of 50 ft (15.3 m)/s
although they were struck by a pendulum traveling at speeds

. approximately 17 ft (5.2 m)/fs. If the force exerted on the

pendulum by the broken specimens is sufficient, the pendulum

. will slow down and erroneously high energy values wili be

recorded: This problem accounts for many of the inconsisten-
cies in Charpy results reported by various investigators within
the 10 to 25-ft-Ibf (14 to 34 J) range. The Apparatus Section
(the paragraph regarding Specimen Clearance) of Test Methods
E 23 discusses the two basic machine designs and a modifica-
tion found to be satisfactory in minimizing jamming.

- A5.5 Velocity of Straining

AS5.5.1 Velocity of straining is likewise a varable that
affects the notch behavior of steel. The impact test shows
somewhat higher energy absorption values than the static tests
above the transition temperature and yet, in some instances, the
reverse is true below the transition temperature.

AS5.6 Corvelation with Service

A5.6.1 While Charpy or Izod tests may not directly predict
the ductile or brittle behavior of steel as commonly used in
large masses or as components of large structures, these tests

~ can be used as.acceptance tests of identity for different lots of

the same steel or in choosing between different steels, when
cormrelation with reliable service behavior has been established.

It may be necessary to make the tests at properly chosen
temperatures other than room temperature. In this, the service
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temperature or the transition temperature of full-scale speci-
mens does not give the desired transition temperatures for
Charpy or Izod tests since the size and notch geometry may be
so different. Chemical analysis, tension, and hardness tests may

A6. PROCEDURE FOR CONVERTING PERCENTAGE ELONGATION OF A STANDARD ROUND TENSION TEST
SPECIMEN TO EQUIVALENT PERCENTAGE ELONGATION OF A STANDARD FLAT SPECIMEN v

A6.1 Scope

A6.1.1 This method specifies a procedure for converting
percentage elongation after fracture obtained in a standard
0.500-in. (12.7-mm) diameter by 2-in. (51-mm) gage length
test specimen (o standard flat test specimens V5 in. by 2 in, and
1% in. by 8 in. (38.1 by 203 mm). '

A6.2 Basic Equation

A6.2.1 The conversion data in this method are based on an
equation by Beriella,'® and used by Oliver!! and others. The
telationship between elongations in the siandard 0.500-in.

diameter by 2.0-in. test specimen and other standard specimens
can be calculated as follows:

e= e, [447 (\/AWL} (AG.T)
where:
€, = percentage elongation after fracture on a standard test

specimen having a 2-in. gage length and 0.500-in.

diameter,

€ = percentage clongation after fracture on a standard test
specimen having a gage length L and a cross-sectional
area A, and -

a = constant characteristic of the test material.

A6.3 Applicatien

A6.3.1 In applying the above equation the constant a is
characteristic of the test material. The value ¢ = 0.4 has been
found to give satisfactory conversions for carbon, carbon-

" manganese, molybdenum, and chromium-molybdenum steels

® Bentella, C. A., Giornale det Genio Civile, Vol 60, 1922, p. 343.

" Oliver, D. A., Proceedings of the Institution of Mechanical Engineers, 1928, p.
827.

not indicate the influence of some of the important processing
factors that affect susceptibility to brittle fracture nor do the

comprehend the effect of low temperatures in inducing brittl;
behavior, .

ie

within the tensile strength range of 40,000 to 85,000 psi (275
to 585 MPa) and in the hot-rolled, in the hot-rolled and
normalized, or in the anncaled condition, with or withodi
tempering. Note that the cold reduced and quenched and
tempered states are excluded. For annealed austenitic stainless
steels, the value a = 0.127 has been found to give satisfactory
conversions. -

A6.3.2 Table A6.1 has been calculated taking a = 0.4, with
the standard 0.500-in. (12.7-mm) diameter by 2-in. (51-mm)
gage length test specimen as the reference specimen. In the
case of the subsize specimens 0.350 in. (.89 mm) in diamete;
by l.4-in. (35.6-mm) gage length, and 0.250-in, (6.35- mm)
diameter by 1.0-in. (25.4-mm) gage length the factor in the
equation is 4.51 instead of 4.47. The small error introduced by
using Table A6.1 for the subsized specimens may be neglected.
Table A6.2 for annealed austenitic steels has been calculated
taking @ = 0.127, with the standard 0.500-in. diameter by 2-in’
gage length test specimen as the reference specimen. -

A6.3.3 Elongation given for a standard 0.500-in. diameter
by 2-in. gage length specimen may be converted to elongation
for % in. by 2 in. or 1% in. by 8-in. (38.1 by 203-mm) flat
specimens by multiplying by the indicated factor in Table A6.1
and Table A6.2,

A6.3.4 These clongation conversions shall not be used
where the width to thickness 1atio of the test piece exceeds 20,
as in sheet specimens under 0.025 in. (0.635 mm) in thickness.

A6.3.5 While the conversions are considered to be reliable
within the stated limitations and may generally be used in
specification writing where it is desirable to show equivalent
elongation requirements for the several standard ASTM tension
specimens covered in Test Methods A 370, consideration must

be given to the metallurgical effects dependent on the thickness
of the material as processed.

A7. METHOD OF TESTING MULTI-WIRE STRAND FOR PRESTRESSED CONCRETE

A7.1 Scope

A7.1.1 This method provides procedures for the tension
lesting of multi-wire sirand for prestressed concrete. This
method is intended for use in evaluating the strand properties
prescribed in specifications for* prestressing steel strands.”

A7.2 General Precautions

A7.2.1 Premature failure of the test specimens may result if
there is any appreciable notching, cutting, or bending of the
specimen by the gripping devices of the testing machine.

A7.2.2 Emors in testing may result if the seven wires
constituting the strand are not loaded uniformly,

A7.2.3 The mechanical properties of the strand may be
materially affected by excessive heating during specimen
preparation. A

A7.2.4 These difficulties may be minimized by. following
the suggested methods of gripping described in A7.4. 1
A73 Gripping Devices i

A7.3.1 The true mechanical properties of the strand are

determined by a test in which fracture of the specimen occurs-
in the free span between the jaws of the testing machine.
Therefore, it is desirable to establish a test procedure with?
suitable apparatus which will consistently produce such resultst
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Due to inherent physical characteristics of individual ma-
chines, it is not practical to recommend a universal gripping
proccdurc that is suitable for all testing machines. Therefore, it
is neeessary to determine which of the methods of gripping
described in A7.3.2 to A7.3.8 is most suitable for the testing
equipment available.

A73.2 Standard V-Grips with Serrated Teeth (Note A7.1).

AT7.3.3 Standard V-Grips with Serrated Teeth (Note A7.1),
Using Cushioning Material—In this method, some material is
placed between the grips and the specimen to minimize the
notching effect of the teeth. Among the materials which have
been used are lead foil, aluminum foil, carborundum cloth, bra
shims, etc. The type and thickness of material required is
dependent on the shape, condition, and coarseness of the teeth.

Al.3.4 Standard V-Grips with Serrated Teeth (Note A7.1),
Using Special Preparation of the Gripped Portions of the
Specimen—One of the methods used is finning, in which the
gripped portions are cleaned, fluxed, and coated by multiple
dips in molten tin alloy held just above the melting point.
Another method of preparation is encasing the gripped portions
in metal bing or flexible conduit, using epoxy resin as the
bonding agent. The encased portion should be approximately
twice the length of lay of the strand. '

A7.3.5 Special Grips with Smooth, Semi-Cylindrical
Graoves (Note A7.2)—The grooves and the gripped portions of
the specimen are coated with an abrasive slurry which holds
the specimen in the smooth grooves, preventing slippage. The
slurry consists of abrasive such as Grade 3-F aluminum oxide
and a carrier such as water or glycerin.

AT7.3.6 Standard Sockets of the Type Used for Wire Rope—

The gripped portions of the specimen are anchored in the

sockets with zinc. The special procedutes for socketing usually
employed in the wire rope industry must be followed, o
A73.7 Dead-End Eye Splices—These devices are available
in sizes designed 1o fit each size of strand to be tested.
A1.3.8 Chucking Devices—Use of chucking devices of the
type generally employed for applying tension to strands in
casting beds is not recommended for testing purposes.

Nove A7.1—The number of teeth should be approximately 15 to 30 per
in., and the minimum effective gripping length should be approximately 4
in. (102 mm),

Note A7.2—The radius of curvature of the grooves is approximately
the same as the radius of the strand being tested, and is iocated Y2 in:
(0.79 rum) above the flat face of the grip. This prevents the two grips from
closing tightly when the specimen is in place.

A74 Specimen Preparation
ATA L If the molten-metzl temperatures employed during

hot-dip tinning or socketing with metallic material are too high,
over approximately 700°F (370°C), the specimen may be heat
affected with a subsequent loss of strength and ductility.
Careful temperature controls should be maintained if such
methods of specimen preparation are used.

A7.5 Procedure
A7.5.1 Yield Strength— For determining the yield strength

use a Class B-1 extensometer (Note A7.3) as described in

Practice E 83. Apply an initial load of 10 % of the expected
minimum breaking strength to the specimen, then attach the
extensometer and adjust it to a reading of 0.001 in./in. of gage
length. Then increase the load until the extensometer indicates
an extension of 1 %. Record the load for this extension as the
vield strength, The extensometer may be removed from the
specimen after the yield strength has been determined.

A7.5.2 Elongation— For determining the elongation use a
Class D extensometer { Note A7.3), as described in Practice
E 83, having a gage length of not less than 24 in. (610 mm}) (
Note A7.4). Apply an initial load of 10 % of the required
minimum breaking strength to the specimen, then attach the
extensometer (Note A7.3) and adjust it to a zero reading. The
extensometer may be removed from the specimen prior to
rupture after the specified minimum elongation has been

exceeded. It is not necessary to determine the finat elongation
value.

A1.5.3 Breaking Strength—Determine the maximum load at
which one or.more wires of the strand are fractured. Record
this load as the breaking strength of the strand.

Nore A7.3-The yield-strength extensometer and the elongation ex-
tensometer may be the same instrument or two separate instnuments. Two
separate instruments are advisable since the more sensitive yield-strength
exterisometer, which could be damaged when the strand fractures, may be

* removed following the determination of yield strength. The elongation

extensometer may be constructed with less sensitive parts or be con-
structed in such a way that little damage would result if fracture occurs
while the extensometer is attached to the specimen.

Note A7.4—Specimens that break outside the extensometer or in the
jaws and yet meet the minimum specified values are considered as
meeting the mechanical property requirements of the product specifica-

_ tion, regardless of what procedure of gripping has been used, Specimens

that break outside of the extensometer or in the jaws and do not meet the
minimum specified values are subject to retest. Specimens that break
between the jaws and the extensometer and do not meet the minimum

specified values are subject to retest as provided in the applicable
specification.

A8. ROUNDING OF TEST DATA

A8.1 Rounding

A8.L.1 An observed value or a calculated value shall be
rounded off in accordance with the applicable product specifi-
Cation. In the absence of a specified procedure, the rounding-
Off method of Practice E 29 shall be used.

A8.L.L.1 Values shall be rounded up or rounded down as

determined by the rules of Practice E 29,

AB.1.1.2 In- the- special case of rounding the number 5"
when no additional numbers other than “0™ follow the “5,"

.rounding shall b¢ done in the direction of the specification

limits if following Practice E 29 would cause rejection ofma-
terial.



101

(i a 370

A8.1.2 Recommended levels for rounding reported values
of test data are given in Table A8.1. These values are designed
to provide uniformity in reporting and data storage, and should
be used in all cases except where they conflict with specific
requirements of a product specification.

Note AS8.1-—To minimize cumulative errors, whenever possible, values

AS. METHODS FOR TESTING STEEL REINFORCING BARS

A9.1 Scope

A9.L.1 This annex covers additional details specific to
testing steel reinforcing bars for use in concrete reinforcement.

A9.2 Test Specimens

A9.2.1 All test specimens shall be the full section of the bar
as rolled. .

A9.3 Tension Testing

A9.3.1 Test Specimen— Specimens for tension tests shall be
long enough to provide for an 8-in. (200-mm) gage length, a
distanice of at least two bar diameters between each gage mark
and the grips, plus sufficient additional length to fill the grips
completely leaving some excess length protruding beyond each
gnp.

A9.3.2 Gripping Device— ‘The grips shall be shimmed so
that no more than % in. (13 mm) of a grip protrudes from the
head of the testing machine.

A9.3.3 Gage Marks— The 8-in. (200-mm) gage length shall
be marked on the specimen using a preset 8-in. (200-mm)
punch or, alternately, may be punch marked every 2 in. (50
mmj) along the 8-in. (200-mm) gage length, on one of the
longitudinal ribs, if present, or in clear spaces of the deforma-
tion pattern. The punch marks shall not be put on a transverse
deformation, Light punch marks are desirable because deep
marks severely indent the bar and may affect the results. A
bullet-nose punch is desirable.

A9.3.4 The yield strength or yield point shall be determined
by one of the following methods:

A9.3.4.1 Extension under load using an autographic dia-

should be-carried to at least one figure beyond that of the final (roundedq);
value during intervening calculations (such as calculation of stress from
load and area measurements) with rounding occuming as the finay
operation. The precision may be less than that implied by the number of
significant figures. )

!

+ gram method or an extensometer as_dcscﬁbed in 13.1.2 and
13.1.3, —
~ A9.3.4.2 By the drop of the beam or halt in the gage of the;
testing machine as described in 13.1.1 where the steel tested as'
a sharp-kneed or well-defined type of yield point.
A9.3.5 The unit stress determinations for yield and tensile

strength on full-size specimens shall be based on the nominal
bar area. :

A9.4 Bend Testing

A9.4.1 Bend tests shall be made on specimens of sufficient
length to ensure free bending and with apparatus which
provides: .

A94.1.1 Continuous and uniform application of force
throughout the duration of the bending operation, :

A9.4.1.2 Unrestricted movement of the specimen at points
of contact with the apparatus and bending around a pin free to
rotate, and L.

A9.4.1.3 Close wrapping of the specimen around the pin
during the bending operation. .

A9.4.2 Other acceptable more severe methods of bend
testing, such as placing a specimen across two pins free to
rotate and applying the bending force with a fix pin, may be
used. :

A9.4.3 When re-testing is permitted by the product specifi-
cation, the following shall apply:

A9.4.3.1 Sections of bar containing identifying roll marking
shall not be used.

A9.4.3.2 Bars shall be so placed that longitudinal ribs lie in
a planc at right angles to the plane of bending.

Al0. PROCEDURE FOR USE AND CONTROL OF HEAT-CYCLE SIMULATION

Al10.1 Purpose

Al0.1.1 To ensure consistent and reproducible heat treat-
ments of production forgings and the test specimens that

represent them when the practice of heat-cycle simulation is
used.

Al0.2 Scape

A10.2.1 Generation and documentation of actual production
tine—temperature curves (MASTER CHARTS).
Al10.2.2 Controls for duplicating the master cycle during

heat treatment of production forgings. (Heat treating within the
essential variables established during A1.2.1).

A10.2.3 Preparation of program charts for the simulator
unit,

Al10.2.4 Monitoring and inspection of the simulated cycle
within the limits established by the ASME Code.

Al0.2.5 Documentation and storage of all controls, inspec-
tions, charts, and curves.

A10.3 Referenced Documents

Al10.3.1 ASME Standards'?:

ASME Boiler and Pressure Vessel Code Section III, latest
edition. :

2 Available from American Socicty of Mechanical Engineers, 45 E. 47th S,
MNew York, NY 10017
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ASME Boiler and Pressure Vessel Code Section VIII,
Division 2, latest edition.

Al0.4 Terminology

Al10.4.1 Definitions:

A10.4.1.1 master chart—- a record of the heat treatment
received from a forging essentially identical to the production
forgings that it will represent, It is a chart of time and
temperature showing the output from thermocouples imbedded
in the forging at the designated test immersion and test location
or locations.

A10.4.1.2 program chart— the metallized sheet used to
program the simulator unit. Time-temperature data from the
master chart are manually transferred to the program chart.

Al10.4.1.3 simulator chart— a record of the heat teatment

that a test specimen had received in the simulator unit. It is a
chart of time and temperature and can be compared directly to
the master chart for accuracy of duplication.

A10.4.1.4 simulator cycle— one continuous heat treatment
of a set of specimens in the simulator unit. The cyele includes
heating from ambient, holding at temperature, and cooling. For
example, a simulated austenitize and quench of a set of
specimens would be one cycle; a simulated temper of the same
specimens would be another cycle.

Al10.5 Procedure

Al0.5.1 Production Master Charts:

Al0.5.1.1 Thermocouples shall be imbedded in each forg-
ing from which 2 master chart is obtained. Temperature shall be
monitored by a recorder with resolution sufficient to clearly
define all aspects of the heating, holding, and cooling process.
All charis are to be clearly identified with all pertinent
information and identification required for maintaining perma-
nent records.

Al0.5.1.2 Thermocouples shall be imbedded 180 deg apart

if the material specification requires test locations 180 deg

apar.

Al0.5.1.3 One master chart (or two if required in accor-
dance with A10.5.3.1) shall be praduced to represent essen-
tially identical forgings (same size and shape). Any change in
size or geometry {exceeding rough machining tolerances) of a
forging will necessitate that a new master cooling curve be
developed.

Al0.5.1.4 If more than one curve is required per master
forging (180 deg apart) and a difference in cooling rate is
achieved, then the most conservative curve shall be used as the
master curve.

Al05.2 Reproducibility of Heat Treatment Parameters on
Production Forgings:

Al0.5.2.1 All information pertaining to the quench and
temper of the master forging shall be recorded on an appro-
iriate permanent trecord, similar to the one shown in Table

10.1.

Al10.5.2.2 All information pertaining to the quench and
lemper of the production forgings shall be appropriately
Tecorded, preferably on ‘a form similar to that used in
A10.5.2.1. Quench records of production forgings shall be
Tetained for future reference. The quench and temper record of
the master forging shall be retained as a permanent record.

Al0.5.2.3 A copy of the master forging record shall be
stored with the heat treatment record of the production forging,

Al0.5.24 The essential variables, as set forth on the heat
treat record, shall be controlled within the given parameters on
the production forging.

Al0.5.25 The temperature of the quenching medium prior
to quenching each production forging shall be equal to or lower
than the temperature of the quenching medium prior to
quenching the master forging. )

Al0.5.2.6 The time elapsed from opening the furnace door
to quench for the production forging shall not exceed that
clapsed for the master forging.

Al10.5.2.7 If the time parameter is exceeded in opening the
fumace door to beginning of quench, the forging shall be
placed back into the furnace and brought back up to equaliza-
tion temperature.

Al0.5.2.8 Al forgings represented by the same master
forging shall be quenched with like orientation to the surface of
the quench bath.

Al10.5.2.9 All production forgings shall be quenched in the
same quench tank, with the same agitation as the master
forging.

Al0.52.10 Uniformity of Heat Treat Parameters—{(1) The
difference in actual heat treating temperature between produc-
tion forgings and the master forging used to establish the
simulator cyele for them shall not exceed +25°F (=14°C) for
the quench cycle, (2) The tempering temperature of the
production forgings shail not fall below the actual tempering
lemperature of the master forging. (3) At least one contact
surface thermocouple shall be placed on each forging in a
production load. Temperature shall be recorded for all surface
thermocouples on a Time Temperature Recorder and such
records shall be retained as permanent documentation,

- Al0S3 Heat-Cycle Simulation:

A10.53.1 Program charts shall be made from the data
recorded on the master.chart. All test specimens shall be given
the same heating rate above, the ACI, the same hoiding time
and the same cooling rate as the production forgings.

Al0.5.3.2 The heating cycle above the ACI, a portion of the
holding cycle, and the cooling portion of the master chart shall
be duplicated and the allowable limits on ternperature and time,
as specified in (a){c), shall be established for verification of
the adequacy of the simulated heat treatment.

(a}) Heat Cycle Simulation of Test Coupon Hear Treatment
for Quenched and Tempered Forgings and Bars—If cooling
rate data for the forgings and bars and cooling rate control
devices for the test specimens are available, the test specimens
may be heat-treated in the device.

{b) The test coupons shall be heated to substantially the same
maximum temperature as the forgings or bars. The test coupons
shail be cooled at a rate similar to and no faster than the cooling
rate representative of the test locations and shall be within 25°F
(14°C) and 20 s at all temperatures after cooling begins. The
test coupons shall be subsequently heat treated in accordance
with the thermal treatments below the eritical temperature
including tempering and simulated post weld heat treatment.

(c) Simulated Post Weld Heat Treatment of Test Specimens
(for ferritic steel forgings and bars}—Except for carbon stecl (P
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Number 1, Section IX of the Code) forgings and bars with a
nominat thickness or diameter of 2 in. (51 mm) or less, the test
specimens shall be given a heat treatment to simulate any
thermal treatments below the critical temperature that the
forgings and bars may receive during fabrication. The simu-
lated heat treatment shall utilize temperatures, times, and
cooling rates as specified on the order. The total time at
temperature(s) for the test material shail be at least 80 % of the
total time at temperature(s) to which the forgings and bars are
subjected during postweld heat treatment. The total time at
temperature(s) for the test specimens may be performed in a
single cycle.

A10.53.3 Prior to heat treatment in the simulator unit, test
specimens shall be machined to standard sizes that have been
determined to allow adeguately for subsequent temoval of
decarb and oxidation,

Al0.5.3.4 At least one thermocouple per specimen shall be
used for continuous recording of temperature on an indepen-
dent external temperature-monitoring source. Due to the sen-
sitivity and design peculiarities of the heating chamber of
certain equipment, it is mandatory that the hot junctions of

. control and monitoring thermocouples always be placed in the
'same relative position with respect to the heating source

(generally infra red lamps).

Al0.5.3.5 Each individual specimen shall be identified, and
such identification shall be clearly shown on the simulator
chart and simulator cycle record.

A10.5.3.6 The simulator chart shall be compared to the
master chart for accurate reproduction of simulated quench in
accordance with A10.5.3.2{a). If any one specimen is not heat
treated within the acceptable Limits of temperature and time,
such specimen shall be discarded and replaced by a newly
machined specimen. Documentation of such action and reasons
for deviation from the master chart shall be shown on the

simulator chart, and on the corrcspondmg noncmformancgg
report. P
Al0.5.4 Reheatr Treatment and Retesting: =§

Al(.54.1 In the event of a test failure, retesting shall be

handled in accordance with rules set forth by lhc matenal
specification:

Al10.54.2 If retesting is penmssnble, a new ftest s;m:nmen
shall be heat treated the same as previously. The producuqn(
forging that it represents will have received the same héat
treatment. If the test passes, the forging shall be acceptable, If
it fails, the forging shall be rejected or shall be subject to rehea:
treatment if permissible.

A10.54.3 If reheat treatment is permxsmble, proceed | as
follows: {1} Reheat treatment same as original heat treatment
(time, temperature, cooling rate): Using new test specimens
from an area as close as possible to the original specimens,
repeat the austenitize and quench cycles twice, followed by the
tempering cycle (double quench and temper). The production
forging shall be given the identical double quench and temper
as its test specimens above. (2) Reheat treatment using a new
heat treatment practice. Any change in time, lemperature, of
cooling rate shall constifute & new heat treatment practice, A
new master curve shall be produced and the simulation and
testing shall proceed as originally set forth.

Al0.544 In summation, each test specimen and its corre-
sponding forging shall receive identical heat treatment or heat
treatment; otherwise the testing shall be invalid.

A10.5.5 Storage, Recall, and Documentation of Heat-Cycle
Simtelation Data—All records pertaining to heat-cycle simula-
tion shall be maintained and held for a period of 10 years or as
designed by the customer. Information shall be so organizec

that all practices can be verified by adequate documentec
records.
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TABLE 1 Mulliplylng Factors to Be Used for Various Diameters of Round Test Specimens
Standard Specimen Small Size Specimens Proportional to Standard
0.500 in. Round 0.350 in. Round 0.250 in, Round
Actual s Actual . - Actual |
Area, Muitiplying . Area, Multiplying y Area, Muttiplyin
Dlaﬁeter, in2 Factor Dta::eter, in2 Factor D|a$eter. in? Fagtlz'r o
0.490 0.1886 5.30 0.343 0.0924 10.82 0.245 0.0471 21.21
0.491 © 0.1883 528 0.344 0.0923 10.76 0.246 0.0475 21.04
0.492 01901 5.26 0.345 0.0935 10.70 0.247 0.0479 20.87
0.493 0.1903 5.24 - 0.3468 0.0840 10.64 0.248 0.0483 20.70
0.494 0117 5.22 0.347 0.0946 1057 0.249 0.0487 20.54
0.495 0.1924 5.20 0,348 0.0951 10.51 0.250 0.0491 20,37
0.436 0.1932 5.18 0.349 0.0957 1045 0.251 0.0495 20.21
(0.05)4 {20.0)*
0.497 0.1940 5.15 0.350 0.0962 10.39 0.252 0.0499 20.05
{0.05)* {20.0)*
0.498 04,1948 513 0.351 0.0968 10.33 0.253 0.0503 19.89
: (0.05)* {20.0)*
0.499 0.1956 5.1 0.352 0.0973 1028 0.254 0.0507 19.74
0.500 0.1963 5.09 0.353 0.0979 1022 0.255 0.0511 19.58
0.501 0.1971 5.07 0.354 0.0984 10.16
0.502 0.1979 5.05 0.355 0.0990 10.10
0.503 0.1987 5.03 0.356 0.0995 10.05
(LR} 100
0.504 0.1995 50 0.357 0.1001 9.99
.2 (5.004 (0.1} (10.0)4
0.505 0.2003 4,99
o4 (5.0)*
0.506 0.2011 4,97
24 5004
0.507 02018 4.95
0.508 0.2027 4,93
0.509 0.2035 4.9
0.510 0.2043 4.80

4 The values in parentheses may be used for ease in calcutation of siresses, In pounds per square Inch, as permitted In Note 5 of Fig. 4.



105

{h A 370

TABLE 2 Approximate Hardness Conversion Numbers for Nonaustenttic Steels” (Rockweli G to other Hardness Numbers)
Rockwei! Superficlal Hardness

Rockwell
Roclwell Brinell Knoop 16N \ Scale 45N Scale, ,
Scala, 150-kgt pakers Hardness, Hardness, m’f‘kgft';d o 5.Sk§'e % 545,,‘9( *  Approximate
Load, Dizmond bephmiag 3000-kg! Load,  500-gt Load Diamond Load, Load, Load, Tensile
Penetrator 10-mm Ball and Cver Penetrator Biamond Diamond Diamond mg::)
Penetrator Penetrator Penetrator
68 940 920 85.5 932 844 754 -
67 00 895 85.0 92.9 83.6 742
[ 865 870 B4.5 g2.5 82.8 73.3
65 832 739 845 83.8 92,2 819 720
&4 800 722 822 83.4 81.3 811 710
63 772 706 799 82.8 91.4 80.1 69.9 -
62 746 688 776 82.3 91.1 79.3 68.8
&1 720 670 754 81.8 80.7 78.4 67.7
60 697 654 732 812 80.2 775 66.6
59 674 634 710 80.7 B9.8 768 65.5 351 (2420)
58 €53 615 680 80.1 £9.3 787 4.3 338 (2330)
57 633 595 670 79.6 88.9 74.8 €3.2 325 (2240)
56 613 577 €50 79.0 83.3 73.9 62.0 313 (2160)
55 595 560 630 78.5 87.9 730 60.9 301 (2070)
54 577 543 612 78.0 874 72,0 59.8 292 {2010)
53 560 525 594 77.4 86.9 2 58.8 283 (1950)
52 544 512 576 76.8 86.4 702 57.4 273 (1880}
51 528 496 558 6.3 859 69.4 56.1 264 (1820)
50 513 482 542 75.9 85.5 68.5 55.0 . 255 (1760)
49 498 468 526 75.2 85.0 67.6 53.8 246 (1700}
48 484 455 510 74.7 84.5 66.7 525 238 (1640)
47 47 442 495 74.1 839 65.8 514 229 (1580)
46 458 432 480 738 835 64.8 50.3 221 (1520)
45 446 421 466 73.1 83.0 64.0 49.0 215 (1480)
44 434 409 452 725 82.5 83.1 47.8 208 (1430)
43 423 400 438 720 820 62.2 457 201 {1350)
42 412 380 426 71.5 815 61.3 455 184 {1340)
41 402 381 414 70.9 80.9 60.4 443 188 (1300)
40 392 371 402 704 804 59.5 43.1 182 {1250)
39 2 362 391 69.9 79.9 58.6 41.9 177 (1220}
38 3rz2 353 380 69.4 794 57.7 40.8 171 (1180)
37 363 344 aro 68.9 78.8 56.8 9.6 166 (1140}
36 354 336 380 68.4 783 55.9 384 161 (1110)
35 345 - 327 351 67.9 T 55.0 3r.2 156 (1080)
34 336 319 342 67.4 72 54.2 36.1 152 {1050)
33 327 311 334 66.8 76.6 53.3 349 149 {1030}
32 318 301 326 66.3 76.1 52.1 337 146 (1010}
31 310 294 318 65.8 75.6 51.3 32.5 141 (970}
30 302 286 3i1 65.3 75.0 504 313 138 (950)
29 294 279 304 64.5 745 49.5 3041 135 (930}
28 286 271 297 64.3 73.9 48.6 28.8 131 {800)
27 278 264 290 62.8 73.3 4.7 27.8 128 (880)
26 272 258 284 633 72.8 46.8 26.7 125 {860)
25 266 253 278 62.8 722 45.9 255 123 (850)
24 260 247 272 62.4 716 45.0 24.3 119 (820}
23 254 243 266 62.0 71.0 44.0 231 N7 (810)
22 248 237 261 61.5 70.5 432 22.0 115 (790)
21 243 231 258 0] 69.9 423 20,7 112 frroy
20 238 226 251 60.5 69.4 415 19.6 110 (760)
* This table gives the approximata Interrelationships of hardness values and approximate tensile strength of steels. i is possible that steels of varicus Ccompaositions and
processing histories will deviate in hardness-tensi strength relationship from the data presented in this table. The data in this table should not be used for austenitic

stainiess steels, but have been shown 1o be applicable for ferritic and mariensitic stainless steels. The data in this table should not be used to estabiish a relationship

between hardness valyeg and tensile strength of hard drawn wire. Where more precise conversions arg required, they should be developed specially for each stee!
composition, heal treatment, and part.
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TABLE 3 Approximate Hardness Converston Numbers for Nonaustenitlc Steelg? (Rockwell B to other Hardness Numbers)
Rockwell Superficial Hardness
Rockwell B Rockwall A Rockwell £
Seale, 100- Brinell Knoop ) 15T Scale, 30T Scale, 45T Scals, Approximata
Vickers Scals, Scala, 15kgt 30-kgt 45kgf
kgf Load Vie- Hardness, Hardness, Tensile

: Hardness 60-kgf 60-kgt Load Load, Load.

n. {1.588- 8000-kgf Load,  500-gf Load iy ) R Strength
mm) Number 10-mm Ball andQver  LoadDiamond - Load, Viedn. Yaedn. Vieln. ol (MPa)
Aail Penetrator {1.588-mm) Ball (1.508- {1.588- {1.585-

: mm)Bal  mm) Ball  mm) Ball
100 240 240 251 61.5 93.1 83.1 729 116 (800}
99 234 234 245 60.9 92.8 825 71.9 114 (785)
88 228 228 241 60.2 925 81.8 708 109 (750)
97 202 : 222 : 235 59.5 92,1 81.1 69.9 104 (715)
86 216 216 231 58.9 91.8 80.4 68.9 102 (705)
85 210 210 226 58.3 915 79.8 67.9 100 {690}
84 205 205 221 57.6 91.2 79.1 66.9 98 (675)
93 200 200 216 57.0 80.8 784 65.9 94 (650)
52 195 195 21 56.4 $0.5 778 64.8 82 (635)
91 1%0 - - 190 206 55.8 9G.2 771 63.8 90 (620)
90 185 185 20 55.2 89.9 76.4 62.8 89 (615)
83 180 180 196 546 89.5 758 61.8 88 (605)
88 176 176 192 54.0 8g.2 75.1 60.8 86 (590
87 172 172 188 534 88.9 74.4 59.8 84 (580)
86 169 169 184 508 83.6 738 58.8 83 (570)
85 165 165 180 523 88.2 731 57.8 82 (565)
84 162 162 176 5.7 87.9 724 56.8 81 (560)
&3 159 159 173 " 514 87.6 71.8 55.8 80 (550}
a2 156 156 170 50.6 87.3 711 548 77 (530}
81 153 153 167 50.0 86.9 70.4 538 73 {505}
80 150 150 164 49,5 86.6 69.7 528 72 (495)
79 147 147 161 48.9 B6.3 69.1 51.8 70 {485}
78 144 144 - 158 484 86.0 68.4 50.8 69 (475)
77 141 141 155 47.9 856 67.7 498 68 (470
76 139 139 152 47.3 85.3 67.1 483 67 (460)
75 137 137 150 458 99.6 85.0 66.4 47.8 66 (455)
74 135 135 147 46.3 99,1 84.7 65.7 46.8 85 (450)
73 13z 132 145 458 98.5 84.3 65.1 45.8 64 {440)
72 130 130 143 453 98.0 84,0 64.4 448 63 (435)
sl 127 127 ) 141 44.8 97.4 83.7 63.7 438 62 (425)
70 126 - 125 139 443 96.8 83.4 63.1 42.8 61 (420)
69 123 123 . 137 438 96.2 83.0 62.4 418 60 (415)
68 121 121 135 43.3 956 827 61.7 40.8 59 (405)
67 19 119 133 42.8 95.1 82.4 61.0 39.8 58 (400}
66 117 . 7. £ 423 4.5 82.1 604 38.7 57 (395)
65 16 T 11 C 129 41.8 93.9 B1.8 59.7 37.7 S6 (385)
64 114 14 - 127 41.4 93.4 B4 59.0 36.7
63 12 12 125 40.9 92.8 81.1 58.4 357
62 10 110. . 124 40.4 92.2 80.8 57.7 347
61 108 108 122 400 91.7 80.5 57.0 337
60 107 167 120 39.5 91.1 80.1 56.4 327
59 106 106 118 39.0 90.5 79.8 55.7 N7
58 104 104 17 386 50.0 79.5 55.0 30.7
57 103 103 115 38.1 89.4 79.2 54.4 29.7
] 1 101 LB 37.7 ess 78.8 53.7 28.7
55 100 100 112 372 es.2 78.5 53.0 27.7
54 11 36.8 817 78.2 52.4 26.7
53 o I § [/ 36.3 87.1 77.9 517 257
52 109 35.9 86.5 775 51.0 24.7
51 108 355 86.0 77.2 50.3 237
50 107 35.0 854 76.9 497 227
49 o 106 346 84.8 76.6 490 217 .
48 105 24,1 B4.2 76.2 483 20.7
47 104 337 837 75.9 47.7 18.7
46 103 33.3 83.1 75.6 47.0 8.7
45 102 32.9 82.6 75.3 463 7.7
44 101 324 82,0 74.9 457 16.7
43 100 32,0 814 74.5 45.0 15.7
42 99 3186 80.8 74.3 443 147
41 98 312 80.3 74.0 437 136
40 97 an.7 79.7 736 43,0 126
38 96 80.3 79.1 733 423 18
38 -85 299 78.6 73.0 416 10.6
37 94 295 78.0 72.7 41.0 9.6
36 .93 29.1 774 72.3 40.3 8.6
as L 92 28,7 76.9 72,0 39.6 7.5
34 ‘e a1 28.2 76.3 "y 39.0 6.6
a3 - 80 273 75.7 71.4 38.3 5.6
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TABLE 3 Continved o o - -
X Rockwell Supetficial Hardness
Rockweil 8 Fockwell A Rockwell F 5
Scale, 100- Brinell Knoop 15T Scale, 30T Scale, 45T Scale, Approximate
Vickers Scale, Scale, 1 30-kgt 45-kgl i
gf Load Vie- Hardness, Hardness, Skgf g Tensila .
d Hardness 60-kgf 60-kgf Load, Load Load 4
in. (1.588- 3000-kgt Load,  500-gf Load ) , d, \
mm) Number 10 Ball and Over Load, Diarnond Load, Viedn. Vi Hn. Vieriny. Yiedn. ksi (MP&)
Badl Penetrator (1.588-mm) Bail (1.588- {1.588- (1.588- a)
mm) Ball mm) Ball mm) Bail
32 83 274 752 71.0 37.6 4.6 .
3 . 83 27.0 74.6 70.7 37.0 3.6 .
30 - 87 266 740 704 36.3 26

“This table gives the approximate interrelationships of hardness values and approximate tensile strength of steels. It is possible that steels of various compositions ar,
processing histories will deviate in hardness-tensile strangth relationship from the data presented in this table. The data in this table should not be used for austens

TABLE 4 Approximate Hardness Conversion Numbers for Austenitic Steels (Rockwell C to other Hardness Numbers)

Rockwell Superficial Hardness
Rockwell G Scate, 150-kgt Rockwell A Scale, 60-kgf
Load, Diamond Penetrator Load, Diamond Penetrator 15N Scale, 15-kgf Load, 30N Scale, 30-kgf Load, 45N Scale, 45-kaf Load,
Biamond Penetrator Piamond Penetrator Diamaond Penetrator
48 74.4 84.1 66.2 52.1
47 739 83.6 653 50.9
46 734 831 64.5 49.8
45 729 82.6 63.6 -48.7
44 724 82.1 62.7 475
43 71.9 ) 816 618 46.4
42 714 81.0 61.0 452
41 70.9 80.5 60.1 44.1
4G 704 80.0 59.2 43.0
39 69.9 79.5 5B.4 41.8
8 69.3 78.0 57.5 40.7
37 63.8 785 56.6 336
36 63.3 78.0 857 354
35 §7.8 77.5 54.9 373
34 67.3 77.0 54.0 36.1
33 668 76.5 531 35.0
32 66.3 75.9 . 52.3 33.9
a1 . 658 75.4 .4 32,7
30 65.3 749 50.5 31.6
29 64.8 744 43.6 304
28 64.3 73.9 43.8 293
27 63.8 73.4 47.9 282
26 63.3 725 470 270
25 62.8 72.4 46.2 259
24 62.3 71.8 45.3 248
23 61.8 3 44.4 236
22 61,3 70.8 43.5 225
21 60.8 70.3 42.7 21.3

20 60.3 £9.8 41.8 20.2
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TABLE 5 Approximate Hardness Converslon Numbers for Austenitic Steels (Rockwell B to other Hardness Numbers)
T Rockwell B Rockwell Suparficial Hardness
Seale, 100- . Brinell Hardness, Rockwell A Scale, 15T Scale, 30T Scale, 45T Scals,
kgt Load, i Brinel Indemtaton - Cappn ot cag, 80-kgf Load, 15-4kef Load, 30kt Load, 45 kgt Load,
in. (1.588- ' 10-mm Ball Diamond Penetrater Vie-dn. {1,586 Vieln. (1.588- Viedn. {1.588-
mm} Ball mm) Ball mm} Ball mm) Balt
100 3.7¢ 256 61.5 915 . B80.4 702
99 3.85 248 60.9 a2 79.7 692
88 3.0 240 60.3 90.8 79.0 68.2
97 3.96 233 59.7 904 783 67.2
96 4.02 228 59.1 90.1 77 65,1
95 4.08 219 58.5 89.7 77.0 65.1
94 414 2i3 58.0 89.3 : 76.3 644
93 420 207 574 8g.9 75.6 631
92 424 202 56.8 886 749 621
9 4.30 197 §6.2 882 742 61.1
80 435 192 55.6 87.8 735 60.1
89 4.40 187 55.0 87.5 72.8 56.0
88 4.45 183 54.5 &r1 - CoT2d 58.0
87 4.51 178 53.9 867 714 57.0
86 455 174 53.3 86.4 70.7 56.0
85 4.60 170 52.7 86.0 70.0 55.0
84 4.65 167 52.1 85.6 69.3 54.0
83 4.70 163 51.5 85.2 68.6 52.9
82 474 160 50.9 B4.9 67.9 51.9
81 479 156 50.4 845 67.2 50.9
80 4.84 153 49.8 84.1 66.6 48.9
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(Ball 10 mm in Diameter, Applied Loads of 600, 1500, and 3000 kgf)

109

Diameter Brinell Hardness Number

Brinell Hardness Number

Diameter Brinell Hardness Number

Bi t Diameter et ’
- ameter Indenta- i —_t
°;£d‘:n":: 500- 1500  3000- of jnderta.  S00- 1500~ 3000- °If].°nf‘:1’ m  500-  1500-  3000- of jngenta- 500-  1500- 3000,
. kgt kgt fon,mm kot kgt kg kit kgl kgt jonmm kot kgt kgt
Load Load Load Load Load Load Load Load Load Load Load Loag-
200 158 473 945 260 926 278 555 320 605 182  g63 3.0 424 127 25§
201 156 468 936 2.61 918 9276 551 321 601 180 361 381 422 127 o253.
202 154 463 926 262 911 273 647 322 588 179 359 282 420 126 253
203 153 459 917 263 904 271 543 823 594 178 356 383 417 125 25
204 151 454 908 264 897 269 538 324 590 177 354 3.84 45 125 249
205 150 450 899 265 890 267 534 325  s86 176 352 385 43 124 48
206 148 445  g9g 266 884 265 530 326 583 175 350  * 3.85 M1 123 235
207 147 441 882 267 877 263 526 327 578 174 47 387 409 123 245
208 146 437 873 268 870 281 522 3286 575 173 45 3.88 408 122 24
2090 144 43z 865 269 864 259 518 320 s72 172 343 3.89 404 121 242
2.10 143 428 856 2.70 B5.7 257 514 3.30 56.8 170 341 3.90 - 402 121 241
2.11 41 4z4 848 271 851 25§ 510 331 565 168 339 391 400 120 240
212 10 420 840 272 844 253 507 332 s6% 168 337 2.92 308 19 239
212 139 416 saz 273 838 251 503 333 558 167 335 393 396 119 237
214 137 412 @z 274 832 250 499 334 554 166 333 3.94 394 118 206
215 135 408 817 275 826 248 495 335 551 165 aas 3.95 304 17 235
216 135 404 809 276 B19 246 492 336 548 164 329 3.96 89 117 238
217 134 401 8oz 277 81.3 244 488 3.ar 544 163 226 3.97 38.7 116 232
2.18 132 397 784 2.78 80.8 242 485 3.38 54.1 162 325 3.98 385 116 231
218 13 35 787 279 802 240 481 339 538 161 323 2.99 383 115 230
220 130 a9 780 280 796 @39 477 340 534 180 32 400 381 . M4 29~
221 129 38 772 281 790 237 474 341 531 159 319 4.01 375 114 o8
222 128 383 765 282 784 235 471 342 528 158 @317 4.02 a7y u3 22
223 126 a3 758 283 778 234 467 343 525 157 315 403 75 13 22
224 125 376 752 28¢ 773 232 44 344 522 156 313 404 873 M2 224
225 124 aze 745 285 768 230 481 345 518 156 311 405 71 W 223
226 123 389 738 286 762 228 457 346 515 155 509 4.06 370 i o
227 122 368 732 287 757 237 454 347 512 154 307 407 368 10 221
228 121 363 725 288 754 225 451 348 509 153 308 408 386 110 219
220 120 359 719 239 746 224 448 349 506 152 ap4 400 364 109 218
2.30 119 356 712 290 741 222 444 3.50 503 151 felerd 4.10 362 109 a7
2.3 ng 353 706 2.91 736 221 44 351 500 150 300 41 8o 0B 213
232 17 zs0 700 292 7a0 218 438 352 487 149 298 412 358 108 215
2.33 16 347 654 293 72.5 218 435 3.53 454 148 297 413 35.7 107 214
234 115 34 688 204 720 216 432 354 482 147 295 414 355 106 213
. 2.35 114 341 682 2.95 71.5 215 429 3.55 48.9 147 293 4.15 35.3 106 212
236 113 338 676 296 e 213 426 as6 486 148 292 415 351 105 211
237 12 a5 6w 297 705 212 423 357 483 145 290 417 3489 105 210
2.38 111 332 665 2.98 0.1 210 420 3.58 48.0 144 288 4.18 248 104 209
2.3% 110 330 659 2.99 69.6 209 417 3.59 477 142 286 419 346 104 208
2,40 109 327 653 3.00 89.1 207 415 360 475 142 285 4.20 344 103 27
2.41 108 324 548 am 68.6 206 412 3.61 47.2 142 283 4.21 242 103 205
242 07 322 843 202 66.2 205 409 362 469 141 282 422 a1 102 204
243 106 319 637 3.03 67.7 203 406 3.63 46.7 140 280 4.23 33.9 102 203
244 15 315 g3 304 673 202 404 364 464 139 278 424 337 101 202
245 104 33 627 305 668 200 401 366 461 138 277 425 386 101 201
246 14 an 621 306 664 199 398 366 458 138 278 426 334 100 200
2.47 103 308 616 3.07 65.9 198 395 3.67 45.6 137 274 4.27 33z 9.7 199
2.48 102 306 514 3.08 65.5 186 393 3.68 45.4 136 272 4,28 3341 89.2 198
2.49 0% 303 606 .09 65.0 195 390 3.69 45,1 135 271 4.29 3249 98.8 198
250 100 301 601 3.10 646 194 388 3.70 44.9 135 269 4,30 328 98.3 197
2.51 99.4 2938 597 3n 64.2 193 385 a7 44,6 134 268 431 328 978 186
252 98.6 296 592 < 4 €3.8 ™ 383 3.72 44 .4 133 266 4.32 32.4 97.3 185
253 o7k 294 587 3.13 632 190 380 373 441 132 285 433 323 968 184
254 974 201 52 314 629 1as 38 374 438 132 o283 434 321 964 193
2.55 96.3 289 578 3.15 62.5 183 375 a.7s 43.6 131 262 435 32.0 959 192
2.56 955 287 573 3.16 62.1 186 373 376 43.4 130 260 436 JciN-) 95.5 hi-a]
257 948 284 569 3.7 B61.7 185 370 3.77 43.1 129 259 4.37 31.7 85.0 190
258 840 282 564 318 613 184 368 378 429 128 257 438 M5 945 1s9
250 933 280 560 319 609 183 366 379 427 128 9256 439 314 541 188
4.40 312 936 187 5.05 23.3 69.8 140 570 17.8 53.5 107 6.35 4.0 420 84.0
441 311 93z 18 506 23z 695 139 57 178 533 107 6.36 139 418 837
4.42 30.9 927 185 5.07 23.1 639.2 138 5.72 1.7 53.1 106 8637 i3.9 £1.7 =
443 308 923 185 508 230 689 138 573 176 529 106 6.38 138 415 g3t
4.44 306 918 184 5.09 229 686 137 .74 176 527 105 639 138 414 @28
445 305 914 183 510 228 €83 137 575 175 525 105 6.40 127 412 a2s
445 303 910 182 5.11 27 680 138 5.76 174 522 105 6.41 187 411 g2z
447 302 %05 181 512 226  67.7 135 5.77 174 524 104 6.42 136 409 814
448 309 901 180 513 25 674 135 5.78 173 518 104 6.43 126 408  §1.8
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110

Diameter Brinel Hardness Number

Diameter

Bringll Hardness Number

Diameter Brinetf Hardness Number

Diameter

Brinefl Hardness Number

dmr::: " 530- 1500 3000- of pndenta- 500- 1500 o:icl,?,d ::: 500~ 1500-  3000- of |ndenta- 500~  1500- 3000
gt kgt kgt ton,mm kot kgt kgf " kof kgt kgl qon,mm kgt kgl ket

Load foad Load Load Load {oad Load Load Load Load Load toad

4,49 29.9 8a.7 179 5.14 2.4 67.1 134 5.79 17.2 5.7 103 6.44 13.5 40.6 813
4.50 298 89.3 179 5.15 223 66.9 134 5.80 7.2 515 103 6.45 135 40.5 81.0
451 29.6 88.8 178 5.16 222 66.6 133 5.81 171 51.3 103 6.46 134 404 80.7
4.52 29.5 88.4 77 517 221 65.3 133 5.82 170 511 102 6.47 134 40.2 80.4
453 293 88.0 176 5.18 22.0 66.0 132 5.83 17.0 50.9 102 6.48 13.4 40.1 80.1
454 ‘202 87.6 175 . 5.19 21.9 658 132 5.84 16.9 50.7 101 6.49 13.3 38.9 79.8
4.55 281 a8~z 174 5.20 218 65.5 13 5.85 16.8 50.5 101 6.50 13.3 33.8 78.6
455 28.9 86.8 174 £.21 21.7 €52 130 586 i6.8 50.3 101 8.51 13.2 39.6 78.3
457 288 86.4 173 522 216 64.9 130 5.87 6.7 50.2 100 652 122 38.5 78.0
458 28.7 86.0 172 5.23 216 64.7 129 5.88 16.7 50.0 99.9 653 3.1 394 78.7
459 285 85.6 ATkl 524 215 644 129 5.89 16.6 49.8 995 6.54 131 39.2 78.4
460 284 85.4 170 5.25 214 64.1 128 5.90 16.5 49.6 89.2 6.55 13.0 39.1 78.2
4.61 28.3 84.8 170 5.26 213 63.9 128 591 16.5 43.4 98.8 8.56 13.0 358.9 78.0
462 281 84.4 169 527 212 63.6 127 5,92 16.4 432 98.4 557 12.9 38.8 776
463 28.0 840 168 528 211 63.3 127 5.93 16.3 430 98.0 6.58 12.8 38,7 77.3
4.64 27.9 83.6 167 5.29 21.0 631 126 5.94 16.3 48.8 97.7 6.59 12.8 38.5 771
4.65 27.8 83.3 167 5.30 20.8 628 126 5.95 6.2 48.7 97.3 6.60 128 384 768
4.66 27.6 829 166 53 209 62.6 126 5.96 16.2 485 96.9 6.61 12.8 38.3 76.5
4.67 225 825 165 5.32 208 62.3 125 5497 16.1 48.3 966 6.62 2.7 38.1 762
4.69 27.4 82.1 164 533 20.7 62.1 124 5.98 16.0 48.7 962 6.63 12.7 368.0 76.0
4.69 27.3 818 164 534 20.6 61.8 124 5.99 16.0 47.9 95.9 8.64 12.6 37.9 75.7
4.70 271 81.4 163 535 205 61.5 123 6.00 15.9 47.7 95.5 B8.65 12.6 37.7 75.4
4. 27.0 81.0 i62 536 204 61.3 123 6.01 15.9 47.6 95.1 6.66 125 37.6 75.2
472 26.9 80.7 161 537 20.3 61.0 122 6.02 15.8 47.4 94.8 6.67 12.5 37.5 74.9
473 268 B80.3 161 5.38 203 50.8 122 5.03 15.7 472 94.4 .68 124 3r.3 74.7
4.74 266 799 160 539 202 60.6 121 6.04 15.7 47.0 94.1 6.69 12.4 37.2 4.4
4.75 26.5 79.6 159 5.40 2041 60.3 21 6.05 5.6 46.8 93.7 8.70 124 37.1 4
4.76 26.4 79.2 158 541 200 601 120 6.06 15.6 467 934 671 123 35.9 73.9
477 263 78.9 158 £.42 19.8 £9.8 120 6.07 15,5 46.5 93.0 672 2.3 36.8 73.6
4,78 2682 78.5 157 5.43 18.9 59.6 119 6.08 154 483 92,7 6.73 2.2 36.7 73.4
4.79 26.1 78.2 156 544 198 59.3 119 6.09 154 46.2 92.3 6.74 122 36.6 73.1
4.80 25.9 778 156 5.45 19.7 59.1 1i8 6.10 15.3 46.0 92.0 8.75 2.1 35.4 728
4.81 258 775 155 546 196 589 118 6.11 15.3 458 9.7 6.76 2.1 36.3 726
4.82 25.7 7741 154 547 19.5 586 17 6.12 152 45.7 91.3 8.77 12.1 36.2 723
4.83 256 76.8 154 ‘548 19.5 58.4 117 6.13 152 45.5 91.0 6.78 36.0 721
4.54 255 76.4 153 5.49 19.4 £8.2 1i6 6.14 5.1 45.3 K6 8.79 35.9 71.8
4.85 25.4 7641 152 5.50 183 579 116 6.15 15.1 45.2 90.3 6.80 35.8 71.6
4.86 253 758 152 5.51 18.2 57.7 115 6.16 15.0 45.0 90.0 6.81 35.7 1.3
4.87 251 75.4 15 552 18.2 875 115 6.17 14.9 448 89.6 6.82 35.5 711
4.88 25.0 75.1 150 5.53 191 572 114 5.18 14.9 4.7 89.3 683 35.4 70.8
4.89 249 748 150 5.54 19.0 570 114 519 14.8 445 89.0 5.34 353 70.6
4.90 248 74.4 149 5.55 189 56.8 114 5 20 r4.7 A44.3 £88.7 £.86 L 35.2 70.4
4.91 247 741 148 5.56 18.9 56.6 113 5.21 4.7 44.2 88.3 .86 itz 35.1 o
4.92 24.6 738 148 5.57 18.8 56.3 113 6.22 4 44.0 88.0 §.87 e 34.9 £9.9
4,93 245 735 147 5.58 18.7 56.1 132 623 14.6 43.8 87.7 5.88 ils 3.8 69.6
4.94 244 73.2 146 5.59 18.6 55.9 112 6.24 T4.6 437 87.4 .89 e 34.7 69.4
4.85 24.3 728 146 5.60 186 557 i 5.25 14,5 43.5 87.1 $.60 s 34.6 59.2
4.96 24.2 725 145 5.61 185 5556 M 6.26 14.5 434 26.7 £.91 g 245 68.9
4,97 221 72.2 144 562 16.4 55.2 112 5.27 T4, 432 56.4 £.92 T 4.3 &8.7
4.98 2z 719 144 5.63 133 550 110 g2z 1.4 433 6.1 £.93 i .2 &84
4,99 239 7i.6 143 5.64 18.3 548 110 25 4.3 429 858 5.04 341 582
S5.00 238 713 143 565 18.2 546 109 5.30 4.2 427 855 5.95 .0 &8.0
5.01 227 7.0 142 5.66 18.1 54.4 109 £.31 4.2 426 85.2 5.96 BN 539 67.7
5.02 236 70.7 141 5.67 181 B42 108 6.32 7a.1 42.4 84.9 5.97 T 33.8 §7.5
5.03 235 70.4 141 ' 5.68 18.0 54.0 108 6.33 14.1 423 846 £.98 o izs 67.3
5.04 234 701 140 5.69 17.9 53.7 107 5.34 4.0 421 24.3 §.99 35 &7.0

“Prepared by the Engineering Mechanics Section, Institute for Standards Technology.



Note 1—Since this table is set up for finite measurements or dimension:
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TABLE 7 Percent Shear for Measurements Made In Inches

111

5 A and B, 100% shear is to be reported \.;hcn cither A or 8 is Zero.

I
Dimen- Dimenslon A, in. -
;ﬁ:_ 0.05 010 | 012 | 0.14 18 1:3 D.t8 .20 0.22 0.24 0.26 0.28 0.30 0.3z 0.34 0.3 0.38 0.4y
0.05 88 96 95 84 94 93 92 9N 90 %0 B9 88 87 86 85 85 84
0.10 96 92 90 89 87 85 84 82 81 79 7 76 74 73 7 69 68
0.12 95 80 88 84 85 a3 81 79 7 75 73 71 69 67 65 63 61
0.14 94 89 86 84 82 80 7 75 73 71 68 66 64 62 59 57 5§
0.16 94 87 85 82 79 77 74 72 69 67 64 61 59 56 53 St 48
0.18 93 85 83 B0 7. 74 72 68 65 62 59 56 54 51 48 45 4
020 92 84 81 7 74 72 68 65 &1 58 55 52 48 45 42 39 B
a.22 E:l 82 79 75 72 68 65 61 57 54 50 47 43 40 36 33 29
0.24 90 81 77 73 69 65 &1 57 54 50 45 42 38 34 30 a7 23
0.26 ] 73 75 71 67 62 58 54 50 46 41 37 33 23 25 20 16
.28 a9 7 73 68 64 59 85 50 46 41 37 32 28 23 18 14 10
0.30 88 76 k! 66 61 56 52 a7 42 37 32 27 23 18 13 9 3
0.31 ] 75 70 65 60 55 50 45 40 35 30 25 20 18 10 5 0

Note 1—Since this table is set up for finite measurements or dimensions

TABLE 8 Percent Shear for Measurements Made in Millimetres

A and B, 100% shear is to be reported when either A or & is zero.

Dimen- Dimension A, rm
si

B, ;nm 1.0 1.5 2.0 25 3.0 35 4.0 45 5.0 55 6.0 6.5 7.0 75 8.0 a5 9.0 as 10
1.0 99 98 98 7 96 96 95 94 9“4 93 a9z 92 91 N 90 89 89 88 88
1.5 98 97 98 a5 94 83 92 92 N 90 B9 88 87 86 83 84 83 82 B1
2.0 a8 96 95 94 92 a1 80 89 B8 86 85 84 82 a1 80 78 77 76 75
25 97 95 94 a2 91 89 88 86 B84 83 81 B0 78 77 75 73 72 70 &9
3.0 96 94 92 91 89 87 85 83 81 79 7 78 74 72 70 &8 66 64 62
3.5 96 93 9 89 87 85 82 80 78 76 74 72 69 67 65 63 61 S8 56
4.0 95 92 90 88 85 82 80 77 75 72 70 67 65 62 60 57 55 52 50
45 94 92 89 86 83 80 77 75 T2 69 €6 63 61 58 55 52 45 46 44
5.0 94 ¢ 88 85 &1 78 75 72 69 66 62 59 56 53 50 47 44 41 az
5.5 93 o0 86 B3 79 76 72 69 66 62 59 55 52 48 45 42 38 35 3
6.0 c2 89 85 81 7 74 70 66 62 59 55 51 47 44 40 36 33 29 25
6.5 a2 88 84 80 76 72 87 63 59 55 51 47 43 39 as 3 27 23 19
7.0 9% a7 82 78 74 69 65 &1 56 52 47 43 39 34 30 26 23 17 12
7.5 21 86 8t 77 72 67 62 58 53 48 44 39 34 ao 25 20 333 11 [}
8.0 90 85 a0 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0

TABLE 9 Charpy V-

Notch Test Acceptance Criteria for Various Sub-

Size Specimens

Fult Size, 10 by 10 mm

¥ Size, 10 by 7.5 mm

% Size, 10 by 6.7 mm

Ve Size, 10 by 5 mm

“4Size, 10 by 3.3 mm Ya Siza, 10 by 2.5 mm

H-bf [} tt1of )] ft-1bt [N itdof )] ft-tof 4] 111t [*5
40 [54] 30 [41] 27 {37) 20 [27] 13 £1g] 10 [14)
35 {48] 26 [35) 23 {31] i8 [24] 12 116} 9 12
30 [41) 22 [20] 20 [27) 15 [20) 10 {14] 8 111
25 [34] 19 126] 17 23] 12 [18) 8 t11] 5 4

20 {27) 15 [20} 13 (18] 10 [14] 7 {10 5 |
16 27 12 18] 11 [15] 8 i 5 7] it i5]

15 [20] 1 [15] 10 [14) 8 {1 5 in 4 i5

13 {18] 10 [14] 9 2] 5 18] 4 {5} a 14]

12 155 9 112] 8 1] 6 8] 4 (5] 3 {2}

10 [14] 8 [11) 7 {10 5 7 3 (4] 2 3

7 [i0] 5 7 5 7 4 5] 2 {31 2




Note 1-—For bar sections where it is difficult to determine the cross

i A 370

-sectional area by simple measuremeR, the area in s

112

TABLE A1.1 Practices for Selecting Tension Test Speclmens for Steel Bar Products

by dividing the weight per linear inch of specimen in pounds by 0.2833 (weight of 1 in.? of steel) or by dividing the wei ght per linear foot of specimen

by 3.4 (weight of steel 1 in. square and 1 ft long).

Thickness, in. (mm) Width, in. (mm} Hot-Rolled Bars Cold-Finished Bars
Flats
Under ¥s (16} Up to 11%(38), incl Full section by 8-in. {203-mm) gage Mill reduced section to 2-in, (51-mm) gage
. length {Fig. 4). length and approximately 25% less than

58 t0 1% {16 to 38),
excl

Cwer 1% (38)

Up to 1% (38), inc

Full section, or mill to 1% in. {38 mm)
wida by 8-In. (202-mm) gage length {Fig.
4},

Full section by 8-in. gage tength or ma-
chine standard % by 2-in. {13 by 51-mm)
gage length specimen from center of sec-

test specimen width,

Mill reduced section to 2-in. gags length
and 1% In. wide.

Mill reduced section 10 2-n, (51-mm} gage
length and approximately 25% less than
lest specimen width or machine standard

tion (Fig. 5). 2 by 2-in. (13 by 51-mm) gage tength
specimen from center of section {Fig. 5).
Orver 1% (38) Full section, or mill 1% In. (38 mm) width Mill reduced section to 2-in. gags length
by 8-n. (203-mm) gage length (Fig. 4) or and 1% in. wide or maching standard %
machine standard by 2-in. gage (13 by by 2-in. gage length specimen from mid-
51-mm) gage length specimen from mid- way between edge and center of section
way between edge and center of section {Fig. 5).
(Fig. 5).
1% (38) and over Full section by 8-in. (203-mm}) gage Machine standard ¥% by Z-in, (13 by 51-
length, or machine standard % by 2-n. memy gage length specimen fram midway
{13 by 51-mmj) gage length specimen between surface and center {Fig. 5).
from rridway between surface and center
(Fig. 5).
Rotinds, Squares, Hexagons, and Octagons

Diameler or Distance

Between Parallel Hot-Rolled Bars Cold-Finished Bars

Faces, in. (mm)

Under %,

¥e 10 12 {16 1o 38), exd

1% (38} and over

quare inches may be ealculated

Full section by 8-in. (203-mm) gage length on ma-
chine lo sub-size specimen {Fig. 5).

Full section by 8-in_ (203-mm) gage length or ma-
chine standara %in. by 2-In, (13 by 51-rvm) gage
length specimen from center of section {Fig. 5).
Full section by 8-in. (203-mm) gage length or ma-
chine standard Y% in. by 2-in, {13 by S1-mm) gage
length specimen from midway between surface and
center of section (Fig. 5).

Machine to sub-size specimen {Fig. 5).

Machine standard '% in. by 2.in, gage length specimen from
cenler of section (Fig. 5).

Machine standard ‘% in. by 2-in. (13 by 51-mm gage length
specimen from midway between surface and center of sec-
fion (Fig, 5)}.

Other Bar-Size Seclions

Al sizes

Full section by 8-in. (203-mm} gage tength or pre-
pare lest specimen 1%2 in. (38 mm) wide (if possible)
by 8-in. (203-mm) gage length,

tl recured section 1o 2-in. (S1-mm) g
proximalely 25% less than test specimen «
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TABLE A1.2 Recommended Practice for Selecting Bend Test Specimens for Steel Bar Products

Note 1—The length of all specimens is to be not less than 6 in. (150 mm). -
Note 2—The edges of the specimen may be rounded to a radius not exceeding Yie in. (1.6 mm).

Flats
Thickness, in. Wadth, in, .
{mm) {mm) Recommended Size
Up to ¥ (13), incl Up to ¥ (19), Full section.
Incd Full section or machine to not ess than
Over ¥{19) ¥ in. (19 mm} in widih by thickness of
specimen.
Cver (13} Al Full section or machine to 1 by % in. (25
by 13 mm) specimen from midway be-
. tween center and surface.
Rounds, Squares, Hexagons, and Octagons
Diametar or Distance

Between Parafiel
Faces, in. (mm)

Recommended Size

Up to 1% (38), ind
Over 1{38)

Full section,
Machine to 1 by %-in, (25 by 13-mm) specimen
from midway between center and surface.

TABLE A2.1 Wall Thickness Limitations of Superficial Hardness Test on Annealed or Ductile Materials

for Steel Tubutar Products*
{'T" Scale (Ye-in. Ball))

Wall Thickness, in. (mm)

Load, kgf
Over 0.050 (1.27) 45
Over 0.035 (0.89) 30
0.020 and over (D.51) 15

“ The heaviest load recommended for & given wall thickness is generalty used,

TABLE A2.2 Wall Thickness Limitations of Superficlal Hardness Test on Cold Worked or Heat Treated Material

for Steel Tubular Products”®
(*N" Scale (Diamond Penetrator))

Wall Thickness, in. (mm)

Load, kgt

Qver 0.035 (0.85)
Over 0,025 (0.51)
0.015 and over (0.38)

45
30
15

* The heaviest load recommended for a given wall thickness is generally used.

TABLE AS.1 Effect of Varying Notch Dimensions on Standard Specimens

High-Energy

High-Energy
Specimens, it.ibf (J}

Low-Engrgy
Specimens, ft-ib! 1))

Specimens, ttibf (J)

Specimen with standard dimensions

Depth of notch, 0.084 in. (2.13 mm)*

Depth of notch, 0.0805 in. (2.04 mm)4

Depth of notch, 0.0775 in. (1,77 mm)*

Depth of notch, 0.074 in, (1.57 mm)*

Radius at base of notch, 0.005 in, (0.127 mm)¥
Radius at base of notch, 0.015 in. (0.381 mm)®

76.0 = 3.8 (103.0 = 5.2)

445 = 2.2 (60.3 = 3.0)
722 (97.9)

125 100169 + 1 2

41.3 {56.0) 1.4 (15.5)
75.1 {101.8} 422 {57.2) 12.4 {16.8)
76.5 (104.1) 45.3 (1.4} 12.7 (17.2)
79.6 (107.9} 46.0 (62.4} 128 (17.3)
72.3 (98.0) 41.7 {56.5) 10.8 {14.5}
80.0 (108.5) 47.4 (64.3) 15.8 (21.4)

“ Standard 0.079 = 0.002 in, {2.00 = 0.05 mm),

#Standard 0.010 = 0.001 in. {0.25 = 0.025 mm).

.
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TABLE A6.1 Carbon and Alloy Steels—Material Constant g = 0.4.
Multipllcation Factors for Converting Percent Elongation from
Y-in. Dlameter by 2-In. Gage Length Standard Tensfon Test

TABLE A62 Annealed Austenitic Stalnless Steels—Material
Constant & = 0.127, Muitiplication Factors for Converting Percent
Elongation from %-in. Dlameter by 2-In. Gage Length Standard

Specimen 1o Standard %2 by 2-in. and 1% by 8-in. Flat Speclmens Tensior Test Specimen to Standard 1% by 2-n. and 114 by 8-in.
—— Flat Specimens
) veby 11by ) 1%by
Thickness, 24n. B-in, Thickness B-in. ] Veby %&by Thickn 1%by
in. Spegimen Specimen . Specimen T""’f:‘""ss- 2. 8ein, ness, g1n.
0.025 0574 0.800 0622 Specimen _ Specimen Specimen
0.030 0.596 0.850 0.832 0.025 0.839 0.800 0.940
0.035 0.614 0.800 0.84% 0.030 0.848 0.850 0.943
0.040 0.631 0.950 0.850 0.035 0.857 0.900 0.947
0.045 0.546 1.000 0.859 0.040 0.864 0.950 0.950
0.050 0.660 1,125 0.880 0.045 0.870 1.000 0.953
0.055 0.672 1.250 0.898 0.050 0.876 1125 0.960
0.060 0.684 1.375 0.916 0.055 0.882 1.250 0.966
0.065 0.695 ©1.500 0.932 0.050 0.886 1.375 6.972
0.070 0.706 1.625 0.947 0.065 0.891 1.500 0978
0.075 0.715 1.750 0.961 0.070 0.895 1.625 0.983
0.080 0725 1875 0.974 0.075 0.899 1.750 0.987
0.085 0.733 2.000 0987 0.080 0.903 1875 0892
0.090 0.742 0.531 2125 0.999 0.085 0.906 2,000 0.956
0.100 0.758 0.542 2250 1.010 0.050 0.309 0.818 2125 1000
0.110 0.772 0.553 2375 1.021 0.095 0.913 0.821 2.250 1.003
0.120 0.786 0.562 2.500 1,032 0.100 0.916 0.823 2375 1.007
0.130 0.799 0.571 2,625 1.042 0.110 0.921 0.828 2.500 1010
0.140 0.810 0.580 2.750 1.052 0120 0.926 0.833 2.625 1.013
0.150 0.821 0.558 2.875 1.061 0.130 0.931 0.837 2.750 1.016
0.160 0.832 0.596 3.000 1.07¢ 0.140 0.935 0.841 2.875 1.01g
c.170 0.843 0.603 a.125 1079 0.150 0.940 0.845 3.000 1022
0.180 0.852 0.610 3.250 1.088 0.160 0.943 0.848 3125 1.024
0.190 0.862 6.615 3.375 1.096 0.170 0.947 0.852 3.250 1.027
0.200 0.870 0.623 3.500 1104 0.180 0.950 0.855 aars 1.028
0.225 0.891 0.638 3625 1.412 0.190 0.954 0.858 3.500 1,032
0.250 0.910 0.651 750 1.119 0.200 0.957 0.860 3.625 1.034
0.275 0.928 0.664 3.875 1427 0.225 0.964 0.867 3.750 1,086
6.300 0.944 0.675 4.000 1.124 0.250 0.970 0.873 3875 1.038
0.325 0.959 0.686 0.275 0.976 6.878 4,000 1.041
0.350 0.973 0.696 0.300 0.982 0.883
0.375 0.987 0.706 0.325 0.987 .887
0.400 1.000 0715 0.350 0.9% 0.892
0.425 1.012 0.724 0.375 0.996 0.895
0.450 1.024 0.732 0.400 1.000 0.899
0.475 1.035 0.740 0.425 1.004 0903
0.500 1.045 0.748 0.450 1.007 0.906
0.525 1.056 0.755 0.475 1011 0.509
0.550 1.066 0.762 0.500 1.014 0.912
0575 1.075 0.770 0.525 107 8915
0.600 1.084 0.776 0.550 1.020 0.917
0.625 1.093 0,782 0575 1.023 0.920
0.650 1101 0.788 0.600 1026 0.922
0.675 1110 0.625 1.02% 0925
0.700 118 0.800 0.650 1.031 0.927
0.725 1.126 0675 1.034
0.750 1134 0.81 6.700 1.036 0.932
— 0.725 1.038
0.750 1.041 0.936
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TABLE AB.1 Recommended Values for Rounding Test Data
Test Quantity Test Data Ranga - Rounded Valug*
Yield Point, up to 5¢ 000 psl, exdl (up o 50 ksi} 100 psi (0.1 ksi) .
Yield Strength, 50 000 to 100 000 psi, exdl {50 to 100 ksi) 500 psi (0.5 ksi) -
Tensile Strength 100 000 psi and above (100 ksl and above) 1000 pst (1.0 ksi)
up to 500 MPa, exd 1 MPa
500 to 1000 MPa, excl 5 MPa
1000 MPa and above 10 MPa
. G 10 10 %, exc! 05%
Elmaum 10 % and above 1%
. 010 10 %, exd 0.5%
Reduction of Area 10 % and abave 1%
Impact Energy 0 to 240 fitbf (or O to 325 J) 18001 (or 1 J)°
Brinell Hardness all values tabular value©
Rockwell Hardness all scales 1 Rockwell Number

“ Round test data to the nearest integral muttiple of the values in this column. i the data value Is axacty mid

with A8.1.1.2.

b

¥

5 These units are not equivalent but the rounding occurs in the same numerical ranges for each. (1 ftibf = 1.356 J)
€ Aound the mean diameter of the Brinell Impression 1o the nearest 0.05 mm and report the corresponding Brineil hardness number read from the table withott furthe

rounding.

TABLE A10.1 Heat-Treat Record-Essential Varlables

two

ded values, round In accordanc

Master Production Production Production Production Production
Forging Forging 1 Forging 2 Forging 3 Forging 4 Forging5
Program chart number

Time al temperature and actual temperature of
heat treatment

Method of codling

Forging thickness

Thermocouple immersion

Beneath buffer (yas/no)

Forging number

Product

Material

Thermocouple location—0 deq

Themocouple focation—180 deg

Quench tank No.

Date of heat ireaiment

Fumace number

Lycle number

Heal trealer

Staning quench medium temperature

Time from fumace to quench

Heating rale above 1000°F {538°C)

Temperature upon removal from quench after 5
min

Orientation of forging in quench
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LONGITUDIMAL SPLCAFEN
LOMGTUDINAL TUAT TEWSIHR TC3T
LONCTUDIGL ROUND TENSRN TEST

LONGITUDINAL
BEND TLIT

=== MDICATEL ABLLMC
OA [xTEmson

LOWGITUDemeAL
(LPACY TCAT

TRANIVERSIE IALCRACH .
TRANSVERST FLAT
/ R
TRANSVIASL
MO TCST
TRANIVLRSE

WAPACT TEST

FIG. 1 The Retation of Test Coupons and Test Specimens to
Rolling Direction or Extension (Applicable to General Wrought

Products)
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DIMENSIONS
Standard Spacitmens Subsize Specimen
Plate-Type, Sheel-Type,
1%-In. Wide vdn, Wida Vedn. Wide
in. } mam In. mm in. mm
G—Gage length {Notes 1 and 2) 8.00 = 0.01 200 £ 0.25 2000 = 0.005 500 x 0.10 1.000 = 0.003 25.0 *+ 0,08
W—Width {Notes 3, 5, and 6) 1%+ % 40+3 0.500 > 0.010 125 %+ 025 0.250 = 0.002 6.25 + 0.05
' N ’ - Y -6
T—-Thickness {Note 7) thickness of material
F—Radiys of fillet, min (Note 4) % 13 % 13 Ya 6
L—Over-all length, min (Notes 2 and 8) 18 450 8 200 4 100
AL ength of reduced section, min -] 225 2V 80 1% 32
B—Length of grip section, min (Note 9) 3 75 2 50 1V 32
C—Width of grip section, approximate 2 5Q ¥ 20 £ ] 10
(Notes 4, 10, and 11)

Note 2-—For the 5-in. (12.5-mm) wide specimen, gage marks for measuring the elongation after fracture shal] be made on the ¥
or on the edge of the specitmen and within the reduced section, Either a set of three or more marks L0 in. (25 mm) apart or one o
2 In. (50 mm) apart may be used. :

Note 3—For the three sizes of specimens, the ends of the reduced section shall not differ in width by more than 0.004, 0.002 or 0.001 in. (0.10, 0.05
or 0.025 mm), respectively. Also, there may be a gradual decrease in width from the ends to the cetiter, but the width at either end shall not be more than
0.015 in., 0.005 in., or 0.003 in. (0.40, 0.10 or 0.08 mm), respectively, larger than the width at the center.

-inch (12.5-mm) face
r more pairs of marks

mm),

Note S5-—For each of the three sizes of specimens, narrower widths ( W and C) may be used when necessary. In such cases the width of the reduced
section should be as targe as the width of the mategal being tested permits; however, unless stated specifieally, the requirements for elongation in a product
specification shatl not apply when these narfower specimens are used. If the width of the material is less than W, the sides may be parallel thronghout
the length of the specimen. < -

Note 6—The specimen may be modified by making the sides paralle] throughout the length of the specimen, the width and tolerances being the same
as those specified above. Whien necessary a narrower specimen may be used, in which.case the width should be as great as the width of the marerial being

lested permits. If the width is 1% in, (38 mm) or less, the sides may be parallel throughout the length of the specimen.

Note 7—The dimension T is the thickness of the test specimen as provided for in the applicable material specifications. Minimum nominal thickness
of 1%.in. (40-mm) wide specimens shall be %6 in. (5 mum), except as permitted by the product specification. Maximum nominal thickness of Y-in.
(125-mm) and V4-in. (6-mm) wide specimens shall be %in, (19 mm) and ¥4 in. (6 mm), respectively.

Note 8—To aid in obtaining axial loading during testing of Ya-in. {6-mm) wide specimens, the over-all length should be as the materiad wij permit.

Nore 9—niis desirable, if possible, to make the length of the grip section large enough o allow the specimen 1o extend into the grips a distance equal
1o two thirds or more of the length of the grips. If the thickness of Y-in. (13-mm) wide specimens is over ¥ in, (10 mm), longer grips and correspondingly
longer grip sections of the specimen may be necessary to prevent failure in the grip section.

Note 10—For standard sheet-type specimens and subsize specimens the ends of the specimen shall be symmetrical with the center line of the reduced
section within 0.01 and 0.005 in. (0.25 and 0.13 mm}, vespectively. However, for steel if the ends of the Y-in. (12.5-mm) wide specimen are symmetrical
within 0.05 in, (1.0 inm}) a specimen may be' considered satisfactory for all but referec testing.

Note 11—For standard plate-type specimens the ends of the specimen shall be symmetrical with the center |ine of the reduced section within 0.25 in.
_(6-35 mm} except for referee testing in which case the ends of the specimen shall be symmetrical with the center line of the reduced section within .10
. (2.5 mm).

FIG. 3 Rectangular Tension Test Specimens
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DIMENSIONS
Standard Specimen Smalt-Size Specdimens Proportional to Standard
Nominal Diameter In. mm n. mm in. mm in. . mm in. mm
0.500 125 0.350 8.75 0.250 625 0.160 4.00 0.113 2.50
G—Gags length 2.00+ 500 = 1.400% 350> 1,000 250 0.640x 16.0 0450+ 10.0 %
0.005 0.10 0.005 0.10 0.005 0.10 0005 010 0.005 0.10
D—Diameter (Nota 1) 0.500+ 125 0.350=+ 875 - 0250+ 625 = 0.160> 400 = 0.113> 250 +
0.010 025 0.007 0.18 0.005 012" 0.003 0.08 0.002 0.5
R—Radius of fitet, min 36 10 Y 3 ¥a 5 Tz 4 Y5 2
A—Length of reduced section, 2% 60 1% 45 kR 32 ¥ 20 F 16
min (Note 2)

-

Notve I—The reduced section may
the center {controlling dimensicn).

Note 2—1If desired, the length of the reduced section may be increased to accommodate an extensometer of any convenient gage length. Reference
marks for the measurement of elongation should, nevertheless, be spaced at the indicated gage length.

Nowe 3—The gage length and fillets shall be as shown, but the ends may be of any form to fit the holders of the testing machine in such a way that
the load shall be axial (see Fig. 9). If the ends are to be held in wedge grips it is desirable, if possible, to make the length of the grip section great enough
to allow the specimen 1o extend into the grips a distance equal to two thirds or more of the length of the grips.

ote 4—On the round specimens in Fig. 5 and Fig. 6, the gage lengths are equal to four fimes the nominal diameter, In some product specifications

0 is maintained within dimensionat tolerances, the elongation values may not be comparable
with those ebtained from the standard test specimen. : :

Note 5—The use of specimens smaller than 0.250-in. (6.25-mm) diameter shall be restricted to cases when the material to be tested is of insufficient
size to obtain larger specimens or when all parties agree to their

use for acceptance Iesting. Smaller specimens require suitable equipment and greater
skill in both machining and testing.

have a gradual taper from the ends toward the center, with the ends not more than 1 percent larger in diameter thap

Note 6—Five sizes of specimens often used have diameters of approximately 0.505, 0.357, 0.252, 0.160, and 0,113 in., the reason being to permit easy
calculations of stress from loads, since the comesponding cross sectional areas are equal or close to 0.200, 0.100, 0.0500, 0.0200, and 6.0100 in,
respectively, Thus, when the actual diameters 2gree with these values, the stresses (or strengths) may be computed using the simple multiplying factors
5,16, 20 50, and 100, respectively, (The metric equivalents of thesc fixed diameters do not result in correspondingly convenient ¢ross sectional area and
multiplying factors.)

FIG. 4 Standard 0.500-In. {12.5-mm) Round Tenslon Test Specimen with 2-In. (50-mm} Gage Length and Examples of Smali-Size
: Speclmens Proportional to the Standard Specimens
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DIMENSIONS
Specimen 1 Specimen 2 Specimen 3 . Specimen 4 Specimen 5
n, mm . in, mm in. mm B | mm In. mm
G—Gage length 2.000+ 50.0 = 2000 500 = 2,000+ 50.0 = 2,000 500 = 200+ 50.0 =
0,005 0.10 0.005 0.10 0.005 0.10 0.005 0.10 0.005 0.10
D—Diameter (Note 1) 0.500 = 125> 0.500 = 125+ 0.500 = 125+ 0.500 = 125> 0.500x 125 =
0.010 025 0.010 025 0.010 025 0.010 0.25 0010 .25
A—Radius of fillet, min % 10 ¥ 10 Vie 2 3% 10 ¥ 10
A—Length of reduced 2%, min 60, min 2¥%, min 60, min 4, ap- 100, ap- 2V, min 60, min 2%, rmin 80, min
section proxi- proxi-
. .mately mately .
L—Over-all lengtt:, approximate s 125 5% 140 512 140 4% 120 g% 240
. B—Grip section 1%, ap- 35, ap- 1, ap- 25, ap- %4, ap- 20, ap- %, ap- 13, ap- 3, min 75, min
{Note 2) proxi- prox- proxi- peoxd- proxi- proxi- proxi- prox-
mately mately rately mately mately mately mately mately
C—Diameter of end section ¥ 20 - Y 20 s = 18 % 22 ¥ 20
E—Length of shoulder and % 16 ¥ 20 ko 16
filet section, approximata
F—Diamater of shoulder koY 16 — Y 16 042 15

Note 1—The reduced section may have a gradual taper from the ends toward the center with the ends not more than 0.005 in. (0.10 mm} larger in
diameter than the center.

Note 2—On Specimen § it is desireble, if possible, to make the length of the grip section great enough to allow the specimen to extend into the grips
a distance equal to two thirds or more of the length of the grips.

Note 3-—The types of ends shown are applicable for the standard 0.500-in. round tension test specimen;

similar types can be used for subsize
specimens. The use of UNF series of threads (by 16, ¥2 by 20, 3% by 24, and Y by 28) is suggested for high-strength brittle materials to avoid fracture
in the thread portion.

FIG. 5 Suggested Types of Ends for Standard Round Tenslon Test Specimens
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DIMENSIONS
Specimen 1 Specimen 2 Specimen 3
i in. mm in. ©mm in. mm
G-Length of parafiel Shall be equal to of greater than dlameter D ’
D—Diameter 0.500 + 0.010 12,5 0.25 0.750 = 0.015 20.0 = 0.40 125 = 0.025 30.0 = 0.6
R—Radius of fillet, min 1 25 1 25 2 50
A—Length of reduced saction, tmin L a2 1% 33 2va 6
L—Over-all length, min I .95 4 100 % 160
B—Grip section, approximate 1 25 1 25 1% 45
C—Diameter of end section, approximate ¥ 20 1% 30 174 48
E—Length of shoulder, min A 6 Va 6 Yie 8 -
" F—Diameter of shoulder a + Vi 16.0 = 0.40 Wie t Vs 24,0 = 0.40 176 £ Vie 365 %04

Nore 1-—The reduced section and shoulders (dimensions A, D, E, F, G, and R) shall be shown, but the ends may be of any form to fit the holders
the testing machine in such a way that the load shall be axial. Commonly the ends are threaded and have the dimensions B and € given above,

Stress

Yield Point

g o — —

Stroin

0 m

FIG. 7 Stress-Strain Diagram Showing Yield Point Correspondin

with Top of Knee

FIG. 6 Standard Tension Test Specimens for Cast fron

-l

-
—

Stealn

Stress

E]

- —
om=Specified Extension Under Lood

FIG. 8 Stress-5train Dlagram Showing Yiefd Polint or Yield
Strength by Extenslon Under Load Method
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Stresa

s Strain
obe~aim ,
om=Specified QOffset

FIG. 9 Stress-Strain Diagram for Determination of Yield Strength
by the Offset Method

B-ron eod 10,3137
30"

STRIKING _EOGE

Ju.

Cinkr of

0.25-mm rad (0.0107)
4 mm (0.157")

T/SPECIMEN

|1 ' .

ANYIL

(0.039% -—40mn(l.574

N

2.5mm
i[0.0SH n}

10 mm
{0.394 in) k

|

73.3 mm
{0.130in)

- -

2 mm {0.079 in)
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7.5mm
Y-'ISTMJ EZGA in) \10.295in)
u

Note 1—Permissible variations shall be as follows:

Netch length to edge
Adjacent sidas shall be at
Cross-section dimensions
Length of specimen (L)
Centering of notch (L/2)
Anggle of notch

Radius of notch

Notch depth

Finish requirements

90 22

90° = 10 min

*0.075 mm (+0.003 in.)

+0,-25mm (+0,-0.100 in)

*1 mm (+0.039 in.)

*=1*

=0.025 mm (20.001 in.)

*0.025 mm (+0.001 in,}

2 pm (63 gin.) on notched surface and
opposite

face; 4 ym (125 pin.) on other two

surfaces

{2} Standard Full Size Speclmen

|\i

5% mm
(2-‘58 )
i

2 —f 2 o {0,078 in)
ﬁ“ I L_J W,
uusa pY)

m.\u in)

Note 2—On subsize specimens, all dimensions and tolerances of the
standard specimen remain constant with the exception of the width, which
varies as shown above and for which the tolerance shall be +1 %.

(b) Standard Subslze Specimens

FI1G. 11 Charpy (Simple Beam) Impact Test Specimens

"

SPECIMEN

N

e

“\”

'5 1000! Ceater of
Stnkcl

ANVYIL-

Véunwi

\\\\ hY

All dimensional tolerances shall ba =

Specified.

Nove 1—A shall be paralel to B within 2:1000 and coplanar with B

within 0.05 mm (0.002 in,).

Nots 2—C shall be parallel to D

within 0.125 mm (0.005 in).

aallaam Vo W

Note 3—Finish on unmarked parts shall be 4 pm (i25 pin.).
FIG. 10 Charpy (Simple-Beam) Impact Tesi

0.05 rom (0.002 in} unless otherwise

within 20:1000 and coplanar with D



) : 123

{i A 370

- — B l A

1)

BN

f—— o ——

-
t
i
Dimension Description Requirement
A Machined Surface 28 mm Minimum
B Originaf OD Surface 13.5 mm Maximum
T Specimen Thickness Figure 11
t End Thickness ¥% T Minimum

FiG. 12 Tubular Impact Specimen Containing Original OD Surface

Notch
Shear Are¢ //

(dutl)—u___ | —f‘
Cleavage Area B
{shiny) ————_| /_l

L/ é

ya'd

—— f——y]

" Nowe |—Measure average dimensions A and & 10 the nearest 0.02 in. or 0.5 mm.
Nore 2—Determine the percent shear fracture using Table 7 or Table 8.

FIG. 13 Determination of percent Shear Eracture
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FIG. 15 Halves of Broken Charpy V-Notch Impact Specimen Jolned for the Measurement of Lateral Expansion,

FI1G. 16 Lateral Expansion 'Gage for Charpy Impact Speclmens

124

Dimension A
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FIG. A2.1 Metal Plugs for Testing Tubular Specimens,

Proper Location of Plugs in Sﬁeclmer; and of Specimen In Heads of Testing

Machine
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Note 1—The edges of the blank for the specimen shall be cur parallel

to each other,
FIG. A2.2 Locatlon of Longitudinal Tenslon-Test Specimens in
Tubing )
2]
Reduced
L. Section { |3 . Min

===y W

El'\'c:d lin. Min

c
Gage
Langth
DIMENSIONS
Speci N Dimensions, in.
imen No.
pec P B ¢ )
1 %+ 0.015 Wis approdmately 2= 0005 2% min
2 ¥ = 0.031 1 approximately 2 % 0,005 2% min
4 * 0.005 4¥min
3 1+ 0.062 1% approximatety 2 0,005 2% min
4 = 0.005 4% min
4 1 * % 2 approximately 2=*0010 2% min
4 * 0.015 4%%min
8 * 0.020 9 min

Note 1-—Cross-sectional area may be calculated by multiplying 4 and £ )

Note 2—The dimension f is the thickness of the test specimen as provided for in the applicable maaterial specifications.

Note 3—The reduced section shall be parallel within 0.010 in. and may have a gradual taper in width from the ends toward the center, with the ends
fiet more than (.010 in. wider than the center. ’ :

Note 4—The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.10 in,

Note 5—Metric equivalent: 1 in. = 25.4 mm.

Nore 6—Specimens with sides parallel throughout their length are permitted, except for referee testing,
(5) an adequate number of marks are provided for determination of elongation; and (¢) when yield strength is
If the fracture occurs at a distance of less than 24 from the edge of the gripping device, the tensile
the material, If the properties meet the minimum requirements specified, no further testing is required,
discard the test and retest,

FIG. A2.3 Dimenslons and Tolerances for Longitudinal Strip Tension Test Speélméns for Tubing

o=

FIG. A2.4 Locatlon of Transverse Tension Test Specimens In
Ring Cut from Tubu!ar Products.

provided: (a) the above talerances are used;
determined, a suitable extensometer is used.
properties determined may not be representative of
bt if they are Iess than the minimum requirements,
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Reduced
Section

r/ approx 2° ] 24" Min 3" Min | U
1y 2% ~ tRad "min 1!

2.00J10.005°
Gage Length

Note 1-—The dimension t is the thickness of the test specimen as
provided for in the applicable material specifications.

Note 2—The reduced section shall be parallel within 0.010 in. and may
have a gradual taper in width from the ends toward the center, with the
ends not more than G.010 in, wider than the center.

NoTE 3—The ends of the specimen shall be symmetrical with the center
line of the reduced section within 0.10 in.

Nowe 4—Metric equivalent: | in. = 25.4 mm.

FIG. A2.5 Transverse Tenslon Test Specimen Machined from Ring
Cut from Tubular Products

szznﬂen 2 4 g.ﬁ‘?f&'
Air H R\\ b
Bleeder— 1" II E
Line [§‘\.§.\\\\\§\\ N
N k\\\\\?_‘% :i‘

Hydraulic Pressure Lini

FIG. A2.6 Testing Machine for Determination of Transverse Yield
Strength from Annular Ring Specimens

ks % _ : il . - P ..‘.,A'
G XIVDRSID s A

FIG. A2.7 Roller Chaln Type Extensometer, Unclamped
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FIG. A2.10 Crush Test Speclmen

Positien 4
Sty duynd - Gf?ﬂ‘aﬂ}l”’
YV Flaving Tool

. 1L

o < b 3
E) T
‘ . i i

FIG. A2.8 Roller Chaln Type Extensometer, Clamped = .._::._L

R
gt
AeQufs, Diam. of Tube Jess 5°

B~ 0uts. Diam. of Tobe legs &° AeQuts. Diam, ofﬁfﬁe;b:‘é
C=0uls. Diam. of Tobe plys 5

Flaring Tool Die Block

Note 1—Metric equivalent: [ in, = 25.4 mm.
FiG. A2.11 Flaring Tool and Die Block for Flange Test

-

60°
FIG. A2,9 Reverse Flattening Test

4‘—| Slope linto
]

FIG. A2,12 Tapered Mandrels for Flaring Test
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Note 1—Metric equivalent: 1 in, = 25.4 mm.
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Pipe Wall Thickness (1, in. . _Test Specimen Thickness, In.
Up to %, incl : t
Cver % ) Yo

FIG. A2.13 Transverse Face- and Root-Bend Test Specimens

—IF FLAME CUT, MOT LESS THAN r
SHALL BE MACHINED FROM EOGES
5% MIN

orfe,
| 4

2 N

= D s S ———

[ -r! - tm | T
\l ] Ko 1

} >1Y2 [SEE MOTE]

-

--s-u-
(i
;r'ﬂ
il #
ok,
E
»n

When t exceeds 1k use one of the following:
1. Cut along line indicated by arrew. Edge
way be flame cut and may or may not be

machined.

2. Specimens may be cut inro approximately
equzl strips hetween 3/¢ in, and lk in.
wide for testimg or the specimens may be
bent at full width {see requirements on
Jig width in Fig. 32)

Note 1—Metric equivalent: 1 in. = 25.4 mm.
FIG. A2.14 Side-Bend Specimen for Ferrous Materials
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Tapped hole to suit

testing machine
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Hardened roflers, 14" diam may be
substituted for jig shoulders s

™, =
lq As required —l } A% fe———— As required ———a] \\
s T £
i H HH A
7 v !
Plunger member "
e Shoulders hardened 1| 15" ,’
and greased A . A
z ) ™, e
g -
] 5
0
}{"——| e
w
E 1 N N
yd
| S L}« .
¥ ? T 1
-— D . (O e
Yoke/’ 7hn
- 3 ;ﬁ » l gll
Note 1—Metric equivalent: 1 in. = 25.4 mm.
Test Specimen Thickness, in. A B o] D
ED) 1% EA 2% 1%
! 4t 2t 61+ % H+ Vie
Material
Y 2% 1% 3% 11%e Materials with a specified minimum tensiie strength of 95 ksi or
! E%t 3wt B%i4 Va 4%t 4+ Vi greater,

FIG. A2.15 Guided-Bend Test Jig

FIG. A3.1 Tension Testing Full-Size Bolt
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o= oo =

¢ = Clearance of wedge hole
d = Diameter of bott
A = Radius

* T = Thickness of wedge at short side of hole equal to one-half diameter of bolt
FIG. A3.2 Wedge Test Detall
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Uinimum Refive Recommended

*insbut nol tass thon Lo,
Pormilied

[‘-———2 ——e]
\ PoroueI*Sec!lon
e e

2°10.005" Gage Length for
Elongotion aller Froctura

Note 1—Metric equivalent: 1 in. = 25.4 mm.,
FIG. A3.3 Tenslon Test Specimen for Bolt with Turned-Down
Shank

Reduced Section
l}"mif\

0I57720.008" (R ¥
L400"10.005" od 3 min
00" 2000 Gage Length s

Reduced Section

azs2%+0005 | t|::¢..1J'C'min
LOOO"20.005" “
Goge Lengih

Note 1—Metric equivalent: 1 in. = 25.4 mm.
FIG. A3.4 Examples of Smatl Size Specimens Proportional to
Standard 2-in. Gage Length Specimen

<
L
b
<
===
*
P
P

FIG. A3.5 Location of Standard Round 2-in. Gage Length Tension
Test Specimen When Turned from Large Size Bolt
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A —= B "1/2 radius |

1/2 radius L>l
D NOM ——-ltim
j T
D nom l D nom ‘
"'l‘/B Section B-B  Section A-A

X=Locaticn of Hardness Impressions
FIG. A3.6 Hardness Test Locations for Bolts In a Dispute

SECTION A-p
FIG. A4.1 Wedge-Type Gripplng Device

133



|
SPECIMEN "]

FIG. A4.2 Snubbing-Type Gripping Device

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any item mentioned in this standard, Users of this standard are expressly advised that determination of the vatidity of any such
Ppatent rights, and the risk of infingement of such rights, are entirely their own rasponsibility,

This standard is subject to revision at any tima Dy tha responsible technical committee and must be reviewed every five years and
ifnot revised, aither reapproved or withdrawn. Your comments ara in vited either for revision of this Standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committes, which yott may aftend. If you feef that your comments ha ve not recelved a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, Wast Conshohocken, PA 19428

This standard is copyrighted by ASTM, 100 Bar Harbor Drive, West Conshohocken, PA 19428-2959, United States. Individual
reprints (single or multiple copies} of this standard may be obtained by comacting ASTM at the above address or at 610-832-9585
{phone). 610-832-9555 {fax), or service @astm.org (s-mail); or through the ASTM website {hitpfwww.astm.org).
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