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Abstract

percentage of elongation and hardness.

As this result showed that the annealing temperature was effect on tensile strength
modulus of elasticity percent of elongation and hardness. When annealing temperature increased,

tensile strength, modulus of elasticily and hardness. The percent of elongation and grain size

increased when annealing temperatures increased.
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y, = Hasmwesmduna n MiuISURIRT i i A F3UGHAR j Tede B
y_ = Wasmvesmdunanndl (N=kin) lunisnaaes
msBaTEiaMalslsm 2 me
1. ﬁy’qﬂuqﬁgm
Hy: By =0, (2.14)
H : (B), # o, ethwies 1 #1 (2.15)
2. ANial51l5914599 (Total Sum of Squares ; Ssp
SS, = S8S; + 8S, + 8S,, + SS, | (2.16)
lao SS; = Y - YN @17
SS, = Zy./In-y./N (2.18)
$S, = 2y,/kn- y.N (2.19)
St = &Y y/0 - YN (2.20)
SS,; = 88,00~ SS,- SS, (2.21)
SS, = SS.- 88, - 8S,- S8, @.22)
34119188, S8, SS,, SS, SS, vInde 2. w1919 ANOVA
a1314f 2.8 11710 ANOVA
Source S8 df MS F,
A SS, k-1 SS, A(k-1) MS,/MS, *
B SS, I-i SS,/(I-1) MS/MS,_ * *
Interarction AB SS,. (k-1)/I-1) SS,p Ak-1)I-1) MS, /MS ***
Ertor SS; {kD/n-1) SS/(kD(n-1)
Total 8S N-1

T

F¥ i = Fa,k-l,(kl)(n-l); Q.

= * * =
Fﬂ,l-l.(u)(n-n 3 P Fa.(k-l).(l-l).(kl).(n-l)
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5. agwonadou

2.7.1 m3dmnzvinsensesifudunsaethadig (Simple Linear Regression Analysis)
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1 1 =1 LI ] L Qr 13 " QF =y (=1 oF (-1 A ar 3 (=) dy
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A o o [ ) 1 ar 3
faruaumaduasiludaumuanuduiuisen e nglsvaaessaiin

Y,= 0+ Bx+ € (2.23)

B Ae sdudsz@nfnisonany (Regression coefficient) uasdamlsdasz x;i=1,..

2 4\ "
€ Ao MANuAIAAEIU
= ar =
x A0 Anlssdse
P=) s
y fn aulsenu
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PUADUMTANT I A NANOUITUFUBE13416

k4 H
v

dui 1 Ao Sex Sev Syy
Sex = &uy — (2X )1 2.24)
Sy =2, —(Zy’¥n (2.25)
Sy = & (ZX ) Zy)n (2.26)
1udt 2 frnmm B, uaz B,
B, = S,y /S 2.27)
Bo =v - Bx (2.28)

¥ v
U 3 Wouaumsoansudadusdisde
y = Bﬂ + le (2.29)
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H: B, =0 (2.30)
H: B, # o0 (2.31)
Arana t t= [, (2.32)
O/s,
Tafi O = Sy B(S) (2.33)
n-2

= w T o e dar
B tiuna > tags, VDS H, vou3y H, uaash x uazy duiusiu

¥
o

d' P ar = -:\" o i : -
YN 5 ﬂﬂﬁﬂuﬂnﬂizﬂﬂﬁﬁﬁﬂuwuﬁ'(Sample correlation coefficient ;r )

r= Sy (234)

SXX SYY

&1 ¢ = 0 udavhilanudiuiiy r < 030 naeehiliawduiusiud
0.50<r<0.80 = 0 ugas M NUFLTLETUhusas @il iFould) r>0.8 weaehi
dfuiiuga umsi gl

= d =

2.7.2 MTinNzinseaoesFuduuuunyg
miesizRmsaateufudunuungn HunsdeumnudisiFadunse
ssv sy 1@ dudndBasznandt 1 & anuduiuivesdunlsanngeglu

yuafFuveadunlsfase ude

Y = (X, X, X, X, X, _X) (2.35)

aumsannesFud LNy gl

Y = Bo + le + Bzx + Bsx +"'+ka (2.36)
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Y, X, X, X .. X,
Y = , X= |1 X, X,..%,
Y, 1 X, X, ...%, Nx(k+1)

Bk £, nxl
2y, n 22X, 2X, 2 X,
XY = X = qu leii ZXliXIi ZinXn
z-‘Xli&)’i
2X XY fx X% | Nx(k+1)
ZinYi
B=x)'xy (2.36)

AN 2.9 Mstszanaminnualsdsiuves 3

Source SS df MS F
AUNIOANDY R Bxy —nY’ k SSy/k MSR/MSE
Error Y'Y -Bxy nk-1 SSE/n-k-1
Total n-1

anulsilsau O = MSE=[Y"Y - BX* Y1/ (nk-1)
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4.3.1 NANUNUADUTING (Tensile Strength)

T 4.3 LEASIAIADUNUADLTIAG 0 98 Yield YOAUNTN AISI 4140 (W19 : MPa)

TUNUNEHNITRUD U

Suni Sunuithimhumseusou 800 °C 1 850°C 900 °C
1 424.02 383.18 373.26 340.59
2 490.58 393.92 346.54 354.51
3 445.41 339.70 367.66 353.04
4 434.02 334,29 328.22 325.88
5 477.07 34243 362.78 338.14

funie 448.2261 358.7073 355.7017 342.4375
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4.3.3 Tugdannutiavieu

M9 4.5 waan lugaanmiangy Yeuwan AISI 4140 (1 : Mpa)

Fuanenumsousen
Fuand Fuani hirumsevseu 800 °C 850 °C 900 °C
1 1303.48 254.96 295.58 318.66
2 3865.93 361.20 338.78 268.90
3 3048.71 257.64 218.27 196.72
4 4022.49 385.43 314.27 240.59
5 287391 352.58 277.95 224.72
Andn 2603.91 311.89 281.41 144.36
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(11378 : HB)
Suaniienumsonseu
Fumi Funuihimumsevgou 800 °C 850 °C 900 'C
1 201 157 148 144
2 201 148 146 134
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4 213 152 144 138
5 209 150 142 140
Amis 204.2 152.2 144 138.4
ﬁy'aﬁmgﬁgm
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3 = o 1 . o
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M50 4.8 UARIAIANUNUADLSING W 99 Yield TDINAN AIST 4140 (W10 : MPa)

%1«!\111&#&1““1‘39“6@%
Fuaui sunuithishumsousou 800°C 850 °C 900 °C
1 424.02 383.18 373.26 340.59
2 490.58 393.92 346.54 354.51
3 445.41 339.70 367.66 353.04
4 434.02 334.29 328.22 325.88
5 477.07 342.43 362.78 338.14
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M99 4.10 uansauesidudamidanguuoanin AISI 4140 (1170 : mm.)

FunuEmsouseu
Suamii Sunuihimhumsouse 800 "C 850 °C 900 °C
1 32.53 150.29 126.28 111.25
2 12.69 109.06 102.29 131.29
3 14.61 131.85 168.45 168.45
4 10.79 86.73 104.44 135.45
5 16.60 97.12 130.52 150.47
Aunde 17.44 115.01 126.39 139.38
2 .
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MTIER 411 U913 NI ANOVA yosn o iduARTANgY
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Error 7675.625 16 479.72
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4.4.4.2 §INAn0q (Treatment) 1 4 Aananeq

] Ly
4.4.4.3 1A0ZAINADDN (Treatment) WUNITRATOUIIUIU 5 FUNUNATDOU

A1997 4.12 uaasm lugdanudangy yaundn AISI 4140 (M0 : Mpa)

TR AT
Buamh suamihimumsousou 800 °C 850 °C 900 °C
1 1303.48 254.96 295.58 318.66
2 3865.93 361.20 338.78 268.90
3 3048.71 257.64 218.27 196.72
4 4022.49 385.43 314.27 240.59
5. 287391 . | 35258 277.95 224.72
Aunic 2603.91 311.89 281.41 144.36

5
AT IY

Hy 2 Iy = Hsor™ Hyse™ Hooo

i = e v s u
M 4.13 1TAINIIAAT1EH ANOVA voas lugdannutiangu

Source SS df MS Fe
Tempering 28080827 3 9360276 31.72
Error 4721203 L6 295075.2
Total 32802029.9 19

FONSW=Fa,, , = Fop, =324

F.=3172>Fy 16 = 3.24 Ufuars Hy uozosusy H,
I o 1 ar r {1 o o w as N a {
NNMIUATIZH ANOVA fitlugdeaanudangu AanfsdAnsdunnmiieiui 95%
5 =y J A o 1 } ar L= 1 - . o
a1/ 1dhgungiiondouiioniwanoa lugdannubangu (Modulus of Elasticity) ¥8uman
] & 1 ar  ar ' a = | =4 A oy 3
nanne Mssvssuszulinndunum lugdaanudavduueanan Fsdguugilumseu

r b3
goud A lugdannuianguaz gty
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4.5 MIINTIZHMS0n00Y

4.5.1 MIHATIZYMI0a0LvaImAIMUTS

M135149% 4.14 Model Summary Y8471 NS

Model Summary

_ 8td. Error of the
Medel R R Square Adjusted R Square Estimate

1 984 869 967 4.91337

a. Predictors: {Constant), Tempering

% L] ar _y Q’ L]
M1 4.15 ardanlszaniyssdin i

T T ' "~ Coefficients®
Standardized
" Unstandardized Coefficients Coefficients
{Model \ B Sid. Error Beta t Sig.
1 {Constant) 206.411 2.256 91,501 .goqp
Tempering =073 .003 -.984 -23.700 .000

a. Dependent Variable: Hardness

VINMIMUINAIDADBIVBIA WIS qmﬂgﬁﬁﬁﬂaﬁﬂﬁmJmuﬂqmmmﬁ‘;ﬂgﬂamn
auduiuifssdudoddei 0s%

davhnssnadaney Idumsnaneude

Y =206.41 -0.073X “.1)
Taof v = aaaudls (@B)
X =qungi CC)

nnaumsmsai a8 Taemsumumuesdaunls X gz 1@ v Taod
aunsonui el esndniidesms el Faudey

ajd1dhnt R = 0.98 n3Iddeszdunnuduiutvesdulseglusedunoudrags

1o L o't 4 o 3
wshédmensalfieglumumsnenssiianumngayfienh 1 146 lunswensel 14
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4.5.2 MIIATIZHNII0AD0UUBIMIANUNUANBUSIRT

M319% 4.16 Model Summary Y83 IANUNUABLTIAY

Model Summary
_ : Std. Error of the
Model [ R 'R Square Adjusted R Square Estimate
1 .809° .826 817 21.50298

a. Prediclors: (Consfant), Tempering

ﬂi 1 q 4 1 ] =
a191dn 4.17 ﬂ'lﬂﬂﬂ‘i%ﬂﬂﬁ‘l}ﬂﬂﬂ'lﬂ'.l'mﬂuﬂﬂlﬁ-ﬂﬁQ

Coefficients"
fffff S’ e /2 . Standardized
Unstandardized Coefficients -‘Coefﬁclents
IModel ! B Std. Error Beta t Sig.
1 (Constant). 457 .554 9.872 _. 46.347 .000
Tempering -124 013 -.809} -9.254 .000

a. Dependent Variable: Tensile

MInMsANINAInAnsevaIR Iy guuglinilnadennunuABus IR NIl
silumnuduiuinsesuiodiiamn 95%
A o a ar dy
Woimsamaadavez ldaunsannoudadl
Y =457.55-0.124X “4.2)
Tagf ¥ = fanunuaonsada (Mpa)
X = gamngll CC)
vineunsasmih I e i@ laemsunumaesdauls x udr»zlda v Tash
T ] - g - }] A o s 1
FWITONTIUMVOIRNUNUAOUTIADUM ANTIdBIMT o1 T 1 ude Tl
aq1l 1391 R = 0.90 nsw Adassdunnuduiusvesdusegluszavneudaga

1o o1 - 4 o
uthihdmensainoglumimswensaliiarmngaufenh il ldlumswonsel 1§
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453 mylanzimisaseavesn e didudanutiangy

Y ' sd o ‘
ﬂ'l‘iNﬁ 4.18 Model Summary “UEl\‘lﬂ'lﬂ'l'lm‘ljﬂﬂ‘lmﬂﬂ’ﬂﬂﬁﬂﬂQ‘N

Mode! Summary

i - Std. Emor of the
Model R R Square Adjusted R Square Estimate

1 ' 923° 852 844 21.05928

a. Predictors: (Constant), Tempering

a; e o o ] a4 d o - [
@131 4.19 Mdulszantansamledudnnubangy

Coefficients®

- = - - N i = o ‘Standardized
Unstandardized Coefficients Coefficlents
Model B Std. Error Beta t Sig.
1 (Constant) 13.433 9.669 1.389 182
Tempering 134 013 923 10.199 .000]

a. Dependent Variable: Elongation

nnniAusaecesvssdunls guugiidikadennlesidudnnuanguannsa
w oo ol v o s w A
aqlsduvuanuduiusiseduiivdyh 95%
dohnmsdndisey laaunisonaoodsil
Y =13.43 +0.134X (4.3)
Tas Y = A1anunuaons e (MPa)
X = gangil CC)
sinaumzannsaih i 1Famid Taomsunuavesduns x udaezlda v Taoh
1 ¢ d o M g A A o o !
aunsannrlesduanudanguusamanhdents teti bl dause i)
a5 1839 R =092 nswl@deszduanuduiuivesdunlseglussausoudraga

1 o ot 1 i o
wilshdmonsaifiegluaumsnonsaiiinmuminzauiozsh l 14 lumsnonsel 18
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= < J LY & 1
4.54 m‘nlﬂﬂ:ﬂ‘lﬂTiﬂﬂﬂﬂEl‘ﬂGﬂﬁﬂﬂ@ﬂﬁﬂﬂuﬂﬂﬂqu

151911 4.20 Model Summary yeam lugdaaudangu

Model Summary
Std. Ervor of the
Model R R Squére Adjusted R Square Estimate
1 900° 811 800 558.26986

a. Predictors: (Constant), Tempering

M3 4.21 sdudszAndvesm Tugdanrudangu

Coefficients®
S ] Standardized
Unstandardized Coefficients | ~Coefficients
Model B Std. Error Beta t Sig.
1 (Constant) 2885.153 256.313 11.256) .000
Tempering -3.055 348 -.800 -B.785 .000

a. Dependent Variable: Modulus

vnnsfnRumeansrvoIily gunginiinaded Tugdaa nudanguannsa
apphwvanududuiissdniud o os%

dlensinnadoes Idaumsonaosid

Y =2885.15-3.05X 4.4)
Tauft Y = sanumigions s (MPa)
X =il °C)

vnaumzannzatih g R lasnsunuswesdauds x udne 8 v Taud
amnsons e Tugdanrudanguveuninideants e T 14 nudely

aq 1da1 R = 090 niw18dassdunmuduiuivesiaulsegIuszfuneudiege

1 o CE h °
wilshidamensoifieg luaumswonsaiilanmmunsmdeii h 1 lunswensel 14
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Tempering ternperature, "C
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Strength and ductility
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AISI 4140

Category

Class

Type

Common Names

Designations

Composition
Element
C
Mn
p
S
Si
Cr

Mo
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Steel

Alloy steel

Standard
Chromium-molybdenum steel

France: AFNOR 40 CD 4, AFNOR 42 CD 4
Germany: DIN 1,7225

Italy: UNI 38 CrMo 4 KB, UNI 40 CrMo 4 , UNI G 40 CrMo
4

Japan: JIS SCM 4 , JIS SCM 4 H

Sweden: SS 2244

United Kingdom: B.S. 708 A 42, B.S. 708 M 40, B.S. 709
M 40 , - L

United States: AMS 6378 , AMS 6379 , AMS 6381B,

AMS 6382, AMS 6382G , AMS 6390 , AMS 6390A ,

AMS 6395, ASTM A322 , ASTM A331 , ASTM A505,

ASTM A519 , ASTM A547 , ASTM A646 , MIL SPEC MIL-S-
16974 , SAE 1404 , SAE J412 , SAE 3770 , UNS G41400

Weight %
0.38-0.43
0.75-1.00
0.035 {(max)
0.04 {max)
0.04 (max)
0.80-1.10

0.15-0.25



Mechanical Properties
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Properties Conditions
T (°C) Treatment
Density (x1000 kg/m?) 7.7-8.03 25
Poisson’s Ratio 0.27- 25
0.30
Elastic Modulus {(GPa) 25
' 190-210
Tensile Strength (Mpa) 655.0
Yield Strength (Mpa) 417.1 25 annealed at 815°C
Elongation (%) 25.7
Reduction in Area (%) 56.9
Hardness (HB) 197 annealed at 815°C
Impact Strength(1)(/zod) 54.5 annealed at 815°C
Thermal Properties
Properties. Conditions
T (°C) Treatment
Thermal Expansion (10°/0C) 12.3 20-100 oil hardened, tempered 600°C
Thermal Conductivity {W/m-K) | 42.7 100
Specific Heat (3/kg-K) 473 150-200




Electric Properties

68

Properties

Conditions

T (°C)

Treatment

Electric Resistivity (10°0Q-m)

222

20
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Heat Treating Specialties
ANNEALING (300 - 2250°F)

The purpose for this treatment is to remove stresses or soften the material for improved
mach inability or formability, alter the physical or mechanical properties or produce a

defined structure.
Process Anneal: (500 - 1400°F)

Low temperalure anneal typically used for material (ferrous or nonferrous) that is going to
be reworked via cold rolling or drawing. This type of anneal is also applied to material to

improve formability for forming/bending operations with reduced risk of distortion

associated with intereritical or full annealing.
Subcritical Anneal: (500 - 1400°F)

Annealing process conducted at a temperature below the lower critical for ferrous material
and below the full anneal temperature for nonferrous materials. Also referred lo as “process
annealing”. This anneal is used to restore ductility to the material for subsequent cold-

working/forming operations.
Intercritical Anneal: (1335 - 1600°F)

Annealing process typically applied to ferrous material heated to and held at a temperature

between the upper and lower critical temperatures for ferrous materials.
Intermediate Auneal: (500 - 1400°F)

Annealing process conducted at a temperature below the lower critical for ferrous material
and below the full anneal temperature for nonferrous materials. Also referred to as “process
annealing”. This anneal is used to restore ductility to the material between cold-working or

hot-working operations.
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Recovery Anneal: (300 - 1000°TF)

Annealing process typically applied to cold-worked material to reduce residual stresses and
recover ductility in the material. Temperatures used are below those required for

 recrystallization or new grain formation.

Recrystallization Anneal: (330 - 1450°F)

Annealing process typically applied to cold-worked metal to produce a new grain structure

without going through a phase change in the case of ferrous materials.

Isothermal Anneal: (1300 - 1650°T}

Annealing process for ferrous materials partially of fully austenitize followed by slow
cooling to below the lower critical temperature and held for transformation to a soft, coarse

pearlite (aggregate of ferrife and iron carbide).
Spheroidize Anneal: (1200 - 1400°F)

Annealing process for ferrous materials (medium to high carbon, low alloy steel) to produce

a structure of globular carbides in a ferritic matrix for improved formability and machining.

Full Anneal: (650 - 1650°F)

Annealing process for ferrous and nonferrous materials for produce the softest, stress-free
structure for improved mach inability, cold-workability, mechanical or electrical properties,
and dimensional stability. For ferrous materials, heat to above the upper critical
transformation temperature and hold to obtain full austenitization, and slow cool to ambient
temperature. For nonferrous materials, heat at the specified alloy anncal temperature, hold

for a specified time, and furnace cool to ambient temperature.
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Solution Anneal: (900 - 2250°F)

Anncaling process for ferrous and nonferrous materials to produce a solid solution of alloy
clements for age-hardening or precipitation-hardening, or improved machining, formability,
and/or corrosion resistance. This process is comprised of heating to a specified temperature,
holding for a specified time, and cooling rapidly to ambient témpcrature. This process is

typically the precursor to an age-hardening operation for precipitation - hardenable alloys

TEMPERING (350°F - 1250°F)

This treatment follows a quenching or air cooling operation. Tempering is generally
considered effective in relieving stresses induced by quenching in addition to lowering

hardness to within a specified range, or meeting certain mechanical property requirements.

STRESS RELIEVING: (300 - 1400°F)

Thermal Stress Relieving is generally applied to metallic materials that have been cold-
worked, formed, machined, flame-cut, or weld-fabricated to reduce residual stresses for

dimensional stability or reduced risk of premature failure in service.
ASME Section I: (900 - 1300°F)

Stress relieve/Post-Weld Heat Treat in accordance with ASME Section [, PW-39 for carbon

steel weldments.
ASME Section VIII: (900 - 1300°F)

Stress relieve/Post-Weld Heat Treat in accordance with ASME Section VIII, UCS-56 for

carbon stee! weldments.

AWS D1.1: (900 - 1200°F)
Stress relieve/Post-Weld Heat Treat in accordance with AWS 121.1, 5.8. for carbon steel or

quench and tempered weldments.
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Westinghouse 83030QA: (1175°F + 25°F)

Westinghouse approved stress relieve procedure for carbon steel welded structures.

General Electric PBA-AGIL, P10G-AL-0003 & -0004: (1125 - 1275°F, 1125 - 1200°F, and

1250 - 1300°F)

General Electric approved stress relieve procedures for carbon steel.

Standard Stress Relicve: (1100 - 1200°F)

Typically applied to ferrous materials to reduce residual stresses for improved dimensional

- stability or reduced risk of premature failure in service.

Low Temperature Stress Relieve: (325 - 775°F)

Typically applied to Stainless Steel and Aluminum Welded Fabrications to reduce residual

stresses with little or no effect of the corrosion resistance and/or mechanical propertics.

NORMALIZING (1600 - 1800°K)

Normalizing is generally applied to ferrous materials to enhance the mechanical properties of
the matenal by refining the micrestructure. This treatiment will in some instances improve
mach inability and machine finish. This treatment is sometimes used as precursor fo
subsequent surface hardening to improve response to hardening, or 1o provide desirable base

subsirate hardness.

HARDENING (2250°F max)

Hardening via water-quench, oil-quench, forced- or still-air quench, or aging results in

improved mechanical properties, hardness, and toughness of the alloy material.

Water Quench (Up to 2250°F) & Tempering (350 - 1200°K):

This process is applied to water-hardening medium carbon and low carbon alloy grades of

steel for improved strength, hardness, and toughness in light to moderate sections sizes.
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Oit Quench (Up to 2250°F) & Tempering (350 - 1200°F):

This process is applied to oil-hardening medium-to-high carbon and medium-to-high carbon
alloy grades of steel for improved strength, hardness, and toughness in moderate to heavy

section sizes.
Forced-Air Quench (Up to 2250°F) & tempering (350 - 1200°F):

This process is applied to medium carbon low alloy grades of steel for improved strength,

hardness, and toughness with reduced risk of distortion.

Still-Air Quench (Up to 2250°F) & Temper (350 - 1200°F);

This process is applied to air-hardening grades of steel for improved strength, hardness, and

toughness with reduced risk of distortion.
Age Hardening (300 - 1400°F):

This process 1s applied to age-hardenable, or precipitation - hardenable ferrous and nonferrous

alloys for umproved strength, hardness, and toughness with reduced risk of distortion.
QUENCHING (2250°F max)

Quenching is an integral part of hardening via water-quench, oil-quench, forced- or still-air
quench, solution anneal and age, resulting in improved mechanical properties, hardness, and

toughness ot the alloy material.
Water Quench (Up to 2250°F) & Tempering (350 - 1200°F):

Water quenching is applied to water-hardening medium carbon and low carbon alloy grades of
steel for improved strength, hardness, and toughness in light to moderate sections sizes. This
treatment is also used in solution annealing of various ferrous and nonferrous alloys for

improved corrosion resistance, or as a precursor to precipitation or age hardening.

0Oil Quench (Up to 2250°F) & Tempering (350 - 1200°F):
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This process is applied to oil-hardening medium-to-high carbon and medium-to-high carbon
alloy grades of steel for improved strength, hardness, and toughness in moderate to heavy

section sizes.
Forced-Air Quench (Up to 2250°F) & Tempering (350 - 1200°F):

This process is applied to medium carbon low alloy grades of steel for improved strength,
hardness, and toughness with reduced risk of distortion. This treatment is also used in solution
annealing of various ferrous and nonferrous alloys for improved corrosion resistance, or as a

precursor to precipitation or age hardening.
Still-Air Quench (Up to 2250°F) & Temper (350 - 1200°F):

This process is applied to air-hardening grades of steel for improved strength, hardness, and
toughness with reduced risk of distortion. This treatment is also used in solution annealing of
various ferrous and nonferrous alloys for improved corrosion resistance, or as a precursor to

precipitation or age hardening.
Selective Quench (Up to 2250°F):

Selective quench is applied to parts requiring a sclect area to be hardened without affecting the

remainder of the part.
Time-Controlled Quench (Up to 2250°F):

Time-coutrolled quench is soinetimes applied to crack sensitive parts. This process comprises
parts being quenched in a fast quenching medium for a given time period before being

quenched in a slower quench medium to avoid cracking while maintaining maximum hardness.
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Our vacuum department includes two furnaces with a range of capability second to none

in the Northeast

We have an ultimate vacuum capability of 10-5 torr. Our vacuum quench furnaces can quench
work from temperatures as high as 2300°F (1260°C}. We use nitrogen or argon for quenching
at pressures up to 60 psig (5 bar). Our continuous pressure quench furnace is unique in that it is
capable of producing cool rates approaching that of oil yet with minimal distortion associated
with gas quenching. We routinely hardens 4340, 4130 materials in section sizes up to 1/4"

nominal.

Rhode Island Heat Treating utilizes pressure quenching furnaces using 2 and 6 bar pressure,

gases are nitrogen 2 and 6 bar and argon at 2 bar.

Vacuum integral oil quenching is a specialty at Rhode Island Heat Treating. In addition to the
hardening HHT provides deep freezing as well as air, atmosphere and vacuum tempering of

your products.

Let Rhode Island Heat Treating quote you on your bearing heat treating requirements.



HAHUIN A

HANINATOUNTIAT



dhkhkkF kb hkkkhkkrdbdkhhkhhxx

Hounsfield

. Tegt Report
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Product Code ..:

Date ..........:02/04/2010
Batch Number ..:
Cperator ......: :
Test Speed..... : 100.000{mm/min}
Max Break Ext @ Brk 5.000 10.000 15.000
N N mm N N N
1 24935.00  16318.33 13.253 10308.33 23970.00 0.000
2 28083.33 18880.00  11.269 12813.33 25563.33 0.000
3 25731.67 17141.67 11.461 10045.00 23506.67 0.000
4 25826, 67 16703.33 11.079 16880.00 21805.00 0.000
5 27208.33 18360.00 11,666 8540.000 26041.67 0.000
:an' 26357.00 "17480.67 11. 745 11717.33 24177.33 0.000
dian ¥5826.67 17141.67 11.461 10308.33 23970.00 0.000

d.Dev. 1264.8487 1095.621 0.870 3268.477 1696.870 - 0.000
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Hounsfield

Test Report
Ahkkkhkddhkhkrthkhkhkkhkkithitik

.‘Product Code ..:

Date ..........:02/04/2010
Batch Number ..: :
Operator ..... Lt
Test Speed..... : 100.000{mm/min)
Max Break Ext @ Brk 5.000 10.000 15.000
N N mm N N N N
! 1 21578.33 ‘14746.67 25,029 13593.33 18966.67 21151.67 21578.33 --14935.00
2. 2105333 -15160.00 .20.906 12796.67 18466.67 20878.33 18491.67{; 0.000
3 19361.67 13073.33 23.185 8603.333 16765.00 19128.33 19238.33..  0.000
4 189B6.67 12B65.00 18.673 12921.67 17366.67 18985.00 0.000'i. 0.000
5 193B1.67 13178.33 19,712 129221.67 17761.67 -19361.67 0.000 = 0,000
an | 20072,33 1380267 21.501 12167.33 17865.33 19901.00 11861.67 .2987.000
Jian . ©°19381.67 —13178.33 20.906 12921.67 17761.67 19361.67 18491-67?%5 9.000
3.Dev, 1160.942 1064 .707 2‘590 2016 .78B4 872.451 °1030.328 10887.883 f66?9.135—
25000
22500
20000
17500
16000
12500
10000
7500
5000
2500
N
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Product Code ..:

Pate ..........:02/04/2010
Batch Number ..: -
Operator ......:

- Test Speed.....: 100.000{mm/min]}
Max Break Ext @ Brk 5.000 10.000 15.000
N N ~ mm N N N
1 ZiTBG.GT ll4365.00 22.628 12143.33 18941.67 21446.67 21181.
2 19618.33 13336.67 .20.229 14560.00 17841.67 19540.00 14106.
Fo3 21041.67 14150.00 26.845 1121.667 10375.00 18050.00 20730.00'E19513.33
4 19046 .67 12631.67 20.444 13870.00 17100.00 18945.0G0 14613.3315 " 0.000
5 20701.67 13961.6G7 ‘23.052 10895.00 17655.00 20263.33 20443 .33 G.000
in 2043%9.00 713539.00 22.639 10518.00 16382.67 19649.00 18215.00 - 3922.667
lian . 20701.67 13961.87 22.628 12143.33 17655.00 19540.00 20442 .33 ° . 0.000
1.Dev. 1102.326 704.616 2.668 G5446.,296 3424.274 “1291.637 3533.490  8771.350

22500

20000

17500

15000

12500

10000

7500

5000

2500




19429

19338,

Test Speed.....:
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Hounsfield

Test Report
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Product Code ..:
Date
Batch Number ..:
Operator

Ext @ Brk 5.000 10,000 15.000

12541 .67
15B38.32

20.000

18448.33 | -
16630.00

12691.67 - .
15838.33 -

N mm - N N N
67 13643.33 18.372 15716.67 18B01.67 20325.00
33 13586.67 .21.760 14175.00 17818.33 15173.23
33 12753.33 21,162 13970.00 17513.33 18986.67
33 12541.67 20.029 14243.33 17165.00 1B76B.33
67 13013.33 20.623 8615.000 16853.33 19296.67
.67  13107.67 20.389 -13344.00 17630.33 19310.00
33 -13013.33 20.623 14175.00 17513 .33 - 19173 .33
676 492744 1.297 2733.323 748.551 ° 601.462

15000

22500

20000

17500

15000

12600

10000

7500

5Q0CO

2500

572.
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Standard Test Methods and Definitions for
Mechanical Testing of Steel Products’

This standard is issued under the fixed d;csign.aq'on A 370; the number ji
original adoption or, in.the casc of revision, the year of last revision. A

mmediately following e designarion indicates dhe year of
Wmber in parentheses indicates the year of last redpproval, A

superseript epsilon (€) indicates an editorial change since the last revision of reapproval.

This standard has been approved for use by agencies of the Deparmnent of Defense,

1. Scope

L1 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 ro
determine properties required in the product specifications.
Variations in testing methods are (o be avoided and standard
methods of testing are to be followed to obtain reproducible
and comparable results. In those cases where the tesling
requirements for certain products are unique or at variance with
tiese general procedures, the product specification tesling
requirements shali control.

1.2 The following mechanical tests are described:

Sections

Tenslon - 5lo 13
Band t4
fardnoss is
Brnel 16
Rockerell 17
Portabla 18

Impact 19028
Keywords 29

L3 Annexes covering details peculiar to certain products
are appended to these test methods as follows:

. - - Annex
"Bar Products
Tutwidar Products
Fasteners
Round Wice Products. .
ificanco of Nolched-Bar Impact Testing
Converting Percentags Elongation of Aound Specimens 1o
Equivalents for Flal Specimens
Testing Muft-Wire Stand
Rotnding of Test Data
Mattads for Testing Steel Reinforcing Bars
Procedyrg for Use and Controf of Heal-Cycla Simulation

S AW =

-
S we~

1.4 The values stated in inch-pound units are to be regarded
33 the standard.

L5 When this document is referenced in a mctnc product
Specification, the yield and tensile values may be determined in
nch-pound (ksi) units ther converted into SI {MPa) units. The

—_—

"Thesc tost methods and definifions arc under the jurisdicion of ASTM
Commitice A-1 on Steet, Suinless Steel nd Related Afioys and are the diccet
sponsibility of Subcommittce AOL/13 on Mechanical and Chemical Testing and

sing Methods of Stoel Proddcts und Processes.

Quirent edition approved Jan. 10 and Macch 10, 1997. Published November
1997. Originally publishéd as A 370 - 53T, Last previous edition A 370 - 96,

* Foc ASME Boiler and Pressure Yessel Code spplications e rclated Specifi-
Qion SA-370 in Soction IT of that Code,

Corrmighe © ASTI, 100 Barr arbor, Detvs, West Cormstonocken, PA 19428.2959, Unitad States.

elongation determined in inci\-pound gage lengths of 2 or 8 in.
may .be reported in ST 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 ST units thea con-
verted into inch-pound units. The elongation determined in SI
unit gage lengths of S0 or 200 mm may.be repoded 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
cvaluation of testing laboratories,

L7 This standard does nor purport to address all of the
safeiy concerns, if any, associated with @s use. Ir is the
respousibility of the user of this standard fo esiablish appro-
piiate safety and health practices and determine the applica-
bility of regulaiary limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

A JO3/A T03M Specification for Steel Castings, General
Requirements, for Pressure-Containing Parts®

A TBLIA T81M Specification for Castings, Steel and Alloy,
Common Requirements, for General Industral Use?

A 833 Practice for Indentation Hardness of Metallic Mate-
fals by Comparison Hardness Testers®

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

4 Practices for Force Verification of Testing Machines®

E 6 Terminology Relating 1o Methods of Mechanical Test-
ing®

E 8 Test Methods for Tension Testing of Metallic Materials®

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

E 10 Test Method for Brineli Hardness of Metallic Materi-
als®

E [8 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials®

* Annual Bock of ASTM Siandants, Vol 01.02.
* Annual Book of ASTM Standands, Vol 01.05.
* Annual Book of ASTM Standards, Vol 01.03. ~
® Annual Book of ASTH Standards, Vol 03,01,
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E23 Test Methods for Notched Bar Imnpact Testing of
Metallic Materials®

E 29 Practice for Using Significant Digits in "Test Data 1o
Determine Conformance with Specifications?

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

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

E 190 Method 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
StecksS

E290 Test Method for Semi-Guided Bend Test for Ductility
of Metallic Materials® ’

E 1595 Practice for Evaluating the Performance of Me-

" chanical Testing Laboratories®

2.2 Other Docuument:

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

3. General Precautions

3.1 Cerain methods of fabrication such as bending, fonn-
ing, and welding, or operations involving heating, may affect
the properties of the matedial under lest. 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 nol necessarily be representa-
tive of the product alter it has been completely fabricated.

3.2 Tmproper machining or preparation of test specimens
may give erroneous results. Care should be exercised lo 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 prevision of the applicable
product specification shall govern.

3.4 If any test specimen fails because of mechanical reasons
such as failure of (esting equipmenl or improper specimen
preparation, it may be disc;'udcd and another specimen taken.

4, Orientation of Test Specimens

4.1 The lems “longitudinal test” and “transverse test” arc
used only in materal specifications for wrought products and
are nol applicable lo castings. When such reference is made 10
a test coupan or test specimen, the following definitions apply:

4.1.1 Longitudinal Test, unless specifically defined other-
wise, significs that the lengthwise axis of the specimen is
parallel o the direction of the greaiest extension of Lhe steel
duding rolling or forging. The stress applied to a longitudinal
lension test specimen s in the direction of the greatest
exlension, and the axis of the fold of a longiludinal bend test
specimen is at fight angles (o the direction of greatest extension
(Fig. 1, Fig. 2(a), and 2(8)).

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

T Annual Book of ASTM Standards, Vol 14.02.

* Available ftom American Society of Mechanical Enginocrs, 345 E 47th Street.
New Yok, NY L0017,

angles (o the direction of the greatest extension of the stce]
during rolling or forging. The steess applied to a transverge
tension lest specimen is at right angles to the greatest extes.
sion, and the axis of the fold of a transverse bend test specimen
is parallel to the greatest cxtension (Fig. I). .

4.2 The terms “radial test” and “tangential test” arc used in'
material specifications for some wrought circular products and.
are not applicable to castings. When such reference is made o
a test coupon or test specimen, the following definitions apply:

4.2.1 Radial Test, unless specificaily defined otherwise,
signifies that the fengthwise axis of the specimen is perpen-
dicular to the axis of the product and eoincident 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 specifically defined otherwise,
signifies that the lengthwise axis of the specimen is perpen-
dicular to a plane containing the axis of the product and tangent
o a circle drawn with a point on the axis of the product as a
ceater (Fig. 2{a), 2( b). 2(0), and 2(d)).

TENSION TEST

5. Descriplion

5.1 The tension test related to the mechanical testing of steel
products subjects a2 machined or full-section specimen of the
material under cxamination (o a measured load sufficient to
cause ruplure. The resulting propertics 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 exceplions to
Test Methods E & practices in the testing of steel, and these are
covered in these test methods.

6. Terminolopy

6.1 For definitions of lerms pertaining to tension testing,
including tensile strength, yield poinl, 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 lwo general types of
loading systems, mechanical (screw power) and hydraulic.
These differ chiefly in the vadability of the rate of load
application. The older screw power machines are limited to a,
small number of fixed free unning crosshead speeds. Some
modem screw power machines, and ali 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 lalest revision of
Praclices E 4. :

Note 1—Many machines are cquipped with stress-strain rocorders for
autographic ploting of stress-steain curves. It should be nated that some
recorders have a load measudng component entircly scparate [rom e

load indicator of the lesting machine. Such recorders are catibrated
sepacately.

7.3 Loading—It is the function of the gripping or holding
device of the tesling machine to transmit the load from the
heads of the machine to (e specimen under test. The essential



roquirement is that the load shall be transmitted axially. This
jmplies that the centess of the action of the grips shall bc in
slignment, insofar as practicable, with the axis of the specimen
at the beginning and during the test, and that bending or
wisting be held to a minimum. For specimens with a reduced
section, gripping of the specimen shall be restricted (o the grip
section. In the case of certain sections tested " in full size,
nonaxial loading is unavoidable and in such cases shall be
issible,

14 Speed of Testing— The speed of testing shall not be
greater than that at which load and strain readings can be made
sccurately. In production testing, speed of testing is commonly
cxpressed (1) in terms of fice running crosshead speed (rate of

—movement of the crosshead-of (he (esting machine when not
under load), or (2) in terms of mic 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 teqms of rate of straining the

geeommended as adequale for most steel products:

Note 2—Tenston tests using closcd-loop machines (with feedback
conirel of rate) should not be performed using foad control, as this mode
of testing will result in accelecation of the crosshead upon yielding and
tlevation of the measured yield strength

14.1 Any convenient speed of tesiing may be used up to
one hatf the specified yicld point or yicld strengtl. When this
goint s 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 ot having reduced sections. This speed
shall be maintained through the yield point or vield strength. In
determining the tensile strength, the free-munning rate of
separation of the heads shall nol exceed V4 in. per min perinch
of reduced section, or the distance between the grips for test
Specimens oot having reduced scctions. In any event, the
minimum speed of testing shall not be less than Vie the
specified maximum rates for determining yield point or yicld
Srength and tensile steengih, )

74.2 It shall be permissibic to set the speed of the testing
machine by adjusting the free running crosshead speed o the
dbove specified values, inasmuch as the rate of separation of
heads under load at these machine scltings is less than the
$pechicd values of free munming crosshead speed.

743 As an alternative, if the machine is equipped with a
device (0 indicate the rate of loading, the speed of the machine
ftom half the specified yield point or yield strength through the
Yleld point or yield sirength may be adjusted so that the rate of
WWessing does not exceed 100,000 psi (690 MPa)/min. How-
*¥er, the minimum rale of stressing shall not be less than
10,000 psi (70 MPa)min.

¥ Test Specimen Parameters

81 Setection—Test coupons shall be selected in accordance
¥ith the applicable product specifications.

811 Wrought Steels— Wrought steel products are usuatly
“sted in the longitudinal-direction, but in some cases, where
*2¢ permits and the service justifies it, testing is in the

, Sverse, radial, or tangédntal directions (see Fig. | and Fig.

812 Forged Steels— For apen die forgings, the metal foc

4

specimen. The following limitations on the speed of testing are )
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tension testing is usually provided by allowing extensions or
prolongations on one or both ends of the forgings, cither on all
Or a representative number as provided by the applicable
product specifications. Test specimens arc 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 ting or disk-like forgings test metal is
provided by increasing the diameter, thickness, or length of the
focging. Upset disk or ring forgings, which are worked or |
extended by forping in a direction perpendicular to the axis of
the forging, usually have their principal exténsion along
concentric circles and for such forgings tangential tension
specimens are obtained from exira metal on the periphery. or
end of the fosging. For some forgings, such as rotors, radial
tension tests are required: In such cases the specimens are cut”
or trepanned from specified Iocations.

8.1.3 Cast Stecls— Test coupons for castings from which
tension test specimens are prepaced shall be in accordance with
the requircments of Specifications A 703/A 703M or A781/
A T81M, as applicable. .

8.2 Size and Tolerances—Test specimens shall be the full
thickness or section of material as-tolied, 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 Specitiens—Specimens shall be
shearcd, blanked, sawed, {repanned, or oxygen-cut from-por-
tions of the material. They are usually machined so as to have
arcduced cross section at mid-lengtl in order (o obtain uniform
distribution of the stress over the cross section and (o localize
the zone of fracture. When test coupons are sheared, blanked,
sawed, or oxygen-cul, care shall be taken to remove by -
machining all distorted, .cold-worked, or heat-affected arcas
from the edges of the section used in evaluating the test

8.4 Aging of Test Specimens—Unless otherwise specified, it
shall be permissible 0 age tension test specimens. The time-
temperatuce cycle employed must be such that the effects of
previous processing will not 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 shall be
mcasured to the nearest 0.005 in. (0.13 mm) for the B-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 1o 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 to the nearest 0.001
in. (0.025 mm). (Sec Table 1.) ) ’

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

8.6.1 Impropecly prepared test specimens ofter cause unsat-
isfactory test resules. It is important, therefore, that care be

_exercised in the preparation of specimens, particularly 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 (6 ensure
fracture within the gage length, This. is provided for by the
taper in the gage leagth permitted for each of the specimens
described in the following sections. :

8.6.3 For britile mategals it is desirable to have fillets of
lacge radius at the ends of the gage lenglh. '

9. Plate-Type Spccilnen

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 flat material having
a nominal thickness of ¥is in. (5 mm) or over. When product
specilicalions so permil, other types of specimens may be used.

Nore 3—When called for in the product specification, the 8-in. gage
length specimen of Fig. 3 may be used for shieet and stip material,

10. Sheet-Type Specimen

10.1 The standard sheet-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 0 19 mm). When
product specifications so permit, other types of specimens may
be.used, as provided in Section 9 (see MNote 3).

11. Round Specinens

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

'11.2 Fig. 4 also shows small size specimens proportional (o
the standard specimen. These may be'used when it is necessary
" to testmaterial from which the standard specimen or specimens
shown in Fig. 3 cannol be prepared. Other sizes of small round
specimens may be used. In any such small size specimea 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 cnds of the specimens outside of the
gage length shall.be suitable to the material and of a shape 10
fit the holders or guips of the testing machine so that the loads
are applied axially. Fig. 5 shows specimens with various types
of ends that have given satsfactory results.

- 12. Gage Marks

12.1 The specimens shown in Figs. 3-6 shall be gage
marked with a center punch, scribe marks, muliiple device, or
drawn with ink. The purpose of these gage marks is to
determine the_percent elongation. Punch marks shall be light,
sharp, and accuralely spaced. The localization of stress at the
marks makes p hard specimen susceptible to starting fracture at
the punch m.zuj‘l,cs. The page marks for measuring elongation
afler fracture s}iall be made on the flat or on the edge of the Nat
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 gas
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 sct my
be approximately ceatered in the reduced section. These san,

precautions shall be observed when the test specimen is fy

section. A

I3. Determination. of Tensile Properties

3.1 Yield Point— Yield point is the first stress in a materi,
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 withe
an increase in siress. The siress-strain diagram is characterize
by a sharp knee or discontinuity. Determine yield point by o
of the following methods:

13.1.1 Drop of the Beam or Halt of the Pointer Method—
this method apply an increzsing load to the specimen a
uniform rate. When a lever and poise machine is used, keep u
beam in balance by mnaing out the poise at approximately
steady rate. When the yield point of the material is reached, v
increase of the load will stop, but run the poise a trifie beyor
the balance position, and the beam of the machine will drop f
a brief but appreciable interval of time. When a macli:
cquipped with a 1ead-indicating dial is used (here is a halt «
hesitation of the load-indicating pointer corresponding to ¢
deop of the beam. Mote the load at the “drop of the beam™ .
the “halt of the poinler’ and record the corresponding stress
the yield point.

13.1.2 Awtographic Diagramn Method—When a shar
kneed stress-strain diagram is obtained by an autograpk.
recording device, take the stress correspondirig 1o the top of ¢
knee (Fig. 7), or the stress at which the curve drops as the yic
point.

13.1.3 Total Extension Under Load Method—When testi
materal for yield point and the test specimens may not exhi.
a well-defined disproportionate deformalion that characieriz
a yicltd point as measured by the drop of the beam, haltof
pointer, or autographic diagram methods described in 13.:
and 13.1.2, a value equivalent to the yicld point in its practic
significance may be determined by the following method a
may be recorded as yield point: Attach a Class C or bet
exicnsometer (Note 4 and Note 5) to the specimen. When ¢
load producing a specified extenston (Note 6) is reached recc
the stress comresponding to the load as the yield point (Fig.

Norte 4—Automalic devices are available that determine the lead al
specified total extension without plotting a steess-strain curve 5t
devices may be used if their accuracy has been demonstrated. Muluply
calipers and other such devices are acceptable for use provided U
accuracy has been demonstirated as cquivalent to a Class C exlensome

Note 5-—Refecence should be made to Practice E 83.

Note 6—Far steel with a yicld point specified not over 80 000 psi {
MPa), an appropriate valuc is 0.005 infin. of gage length. For vat
above 80000 psi. this method is not valid unless the limitiag ¢+
extension is increased. .

Note 7—The shape of the initial poction of an autographically de
mined stress-strain {or a load-clongation) curve may be influenced
numerous [actors such as the seating of the specimen in the gops,
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gigightening of a specimen bent-duc (0 residual stresses, and the rapid
tading permitted in 7.4.1. Generally, the abberations in this portion of the
quive should be ignored when fitling a modulus lirc, such as that used 10
determine the exEcnswn -undér-load yield, to the curve.

13.2 Yield Sirength— Yield sirength 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
teqms 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 slrcnglh by
the “offset method,” it is necessary to secure data (autographic
or numerical) from which a stress-strain diagram may be
drawn. Then on the stress-strain diagram (Fig. 9) lay off Om
cqual to the specified value of (he offset, draw mn paraliel 1o
0A, and thus locate r, the intersection of mn with the
stress-strain _curve coresponding (o load R which is the
yield-strength load. In recording values of yicld strength

abtained by this method, lhe value of off sct specified or used, ~

or both, shall be stated in parentheses after the ferm Yield
strength, for example:

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

When the offset is 0.2 % or larger, the extensomeler 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
ipecify a more accurate device (that is, a Class B1 device) or
reduce the lower limit of the strain range (for example, to
.01 %) or both. See also Note 8 for automatic deviees.

1322 Extension Under Load Method—For tesis lo deter-
nine the acceplance or rejection of material whose stress-strain
sharacleristics are well known from previous tests of similar
natenial in which stress-sirain diagrams were plotted, the tolal
frain corresponding (o the stress al which the specified offset
see Note 8 and Note 9) occurs will be known within
alisfaclory limits. The siress 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 melhod, the value of
extension” specificd or used, or both, shall be stated in
arentheses aftec the term yield strength, for example:

Yield suength (0.5 % EUL) = 52 000 psi (360 AMPa) (2)

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

Note 8-—-A\_xlomalic devices are available that determine offset yield
tength without plotting a suress-strain curve. Such devices may be used
their accuracy has been demonstrated.
Note 9 The \appropaate magmmdc of the extension under load will
Wiously vary with the strength range of the particular steet under test. In
weral, the value of extension under load applicable to steel at any
xngth level may be determined from the sum of (the proportional strain
d the plastic sirain expected at the specified yield strength. The
Nowing cquatin is used:

Extension p‘ndci"load_ infin. of gage length = (YSIE) + 1 (3)
there: Ay
§ = specifidd jyicld suength, psi or MPa,
"= modulus of elasticity, psi or MPa, and
limiting plastic strain, in.fin.
133 Tensile Strength— Calculate the tensile srenpth by
viding the maximum load the specimen sustains during a

I

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

134 Elongation:

134.1 Fit the cnds 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 (o 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 elongatior is the increase in
length of the gape length, expressed as & percentage of the
original gage lcngr.h In recording elongation values, give both
the percentage increase and the original gage length,

13.4.2 1f any part of the fracture takes place. outside of the
middle half of the page length or in a punched or scribed mark
within the reduced section, tlic clongation value obtained may
not-be representative of the matedial. If the ¢longation so
measured mneets e minimum requirements  specified, no
further testing is indicated, but if the elongation is less than the
minimum requircments, discard the test and retest,

13.5 Reduction of Area—Fit the ends of the fracturcd
specimen together and measure the mean diameter ot the width
and thickness at the smallest cross section to the same accuracy
as the original dimensions. The difference between (he area
thus found and tie 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 evaluatng ductility,
but it cannot be considered as a gquantitative 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 ks beat, 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, teasile properties, hardness, type, and
quality of the steel specified. Methed E 190 and Test Method
E 290 may be consulted for methods of performing the test.

142 Unless otherwise specified, it shall be permissible to
age bend lest specimens. The time-temperature cycle craployed
must be such that the effects of previous processing will not be
materially changed. It may be accomplished by aging at room
lemperature 24 1o 48 h, or in shorter time at moderately
elevaled temperatuces by boiling in water, heating in oil, or in
an oven.

143 Bend tlie test specimen at room lemperature o an
inside diamcter, as designaled by the applicable product
spectfications, to the cxtent -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 (estis a means of determining resistance to
penetration 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 hardoess measurements
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from one scale to another or to approximate teasile strength.
These conversion values have been obtained from computer-
generated curves and are presented to the nearest 0.1 poiat lo
peamit accurate reproduction of (hose 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:

15.2.1 If the product specification permits altemnative hard-
ness lesting to determine conformasce 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 recording converted hardness numbers, the
measured lardness and test scale shall be indicated in paren-

theses, for example; 353 HE (38 HRC), This means that a

hardness value of 38 was chiained using the Rockwell C scale
and converted to a Brinell liardness 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 2 hard ball of specified diameter,
The average diameter of the indentation is used as a basis for
calculation of the Brincll hardness number. “The quotient of the
applied load divided by the arca 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 = P{(=DIID — \/D? = ¢7)) )
where: .
HB = Briuell hardness number,
P = applied load, kgf, N
D = diameler of tre steel ball, mm, and
d =

average diamcter of the indentationi, mm.

Note 10—The Brnell hardness number is mom convenienly secured
from standard tables such as Table 6 which show numbers comresponding
to the various indentation diameters, usually in increments of 0.05 mm.

Note 11—Ia Test Methad E 10, the values are stated ia SI wmir
whereas in this section, kg/m units are used,

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

16.1.3 A range of hardness can properly be specified only
for quenched and tempered or normalized and tempered
material. For anncaled material a maximum figure only shoulg
be specified. For normalized materal a minimum or a max-
mum hardness may be specified by agreement. In general, no -
hardness requirements should be applied to untreated material.

16.1.4. Brinell hardness may be req
erties are not specified.

16.2 Apparatus—Equipment shall meet the following re-
quirements;

uired when tensile prop-

¥6.2.1 Testing Machine— A Brinell hardness testing ma-
chine is acceptable for use aver a loading range within which
its Joad measuring device is accurate to *+1 Y.

1622 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 (he

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

Note 12—This requircment applies to the construcion of the micro-

scope only and is not a requirerment for measurement of the indentation,
see 16.4.3.

16.2.3 Srandard Ball— The standard ball for Brnell hard-
ness testing is 10 mum (0.3937 in.) in diameter with a deviation
from this value of not mére 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 0.0l nmum (0.0004 in.) when
pressed with a force of 3000 kgf against the test specimen.
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16.3 Test Specimen— Brinc!l hardness tests are made on
repared areas and sufficient metal must be removed from the
surface to eliminate decarburized metal and olher surface
jegularities, The thickness of the piece tested must be such
that no bulge or cther marking showing the effect of the load
appears on the side of the plccc opposite the indentation,

164 Procedure:

16.4.1 It is essential that the applicable product specifica-
tions 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 onc-half times the dlamc(cr of thc
indentation. - - —

16.4.2 Apply the load for 2 minimum of 15 s.

16.4.3 Measure two diameters of the indentation at right
angles to the nearest 0.1 mun, estimate 1o the nearest 0.05 i,
and average to the nearest 0.05 mm. If the two diameters difler
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 Ifaball isused in atest of a specimen which shows

¢a Brinell hardness number greater than the limit {or the ball as
detailed in 164.4, the ball shall be either discarded and
replaced with a new ball or remeasured to ensure conformance
with the requirements of Test Method E 10

16.5 Detailed Procedure—TFor detailed requirements of this
lesl, refereace shall be made Lo the latest revision of Test
Mcthod E 10.

17. Rockwell Test

i7.1 Description:

I7.1.1 In this test a hardness value is obained by determin-
Ing the depth of pencetration of a diamond point or a siec! ball
into the specimen under cenain arbitranly fixed conditions. A
minor load of 10 kgf is first applied which causes an initial
penetration nSels the penetrator on the matenial and holds it in
position. A major load-which depends on the scale being used
is applicd increasing (he depth of indentation. The major load
is removed and with thre minor load still acting. the Rockwell
Aumber, which is proportional to the difference in penetration
between the major and minor loads is deteomined; this is
Usually done By the machine and shows on a dial, digial
display, printer. or other device. This is an arbitrary number
which |ncrcascs with increasing hardness. The scales most
[requently used™aie as follows:

A ajor tdinos
Scale
- Load, Load,
Symbol Pene_l:.itor- Kof kgl
",i
B ‘/-a-!}i Ateel bail 100 i0
[ D-_rnon? brale 150 10

17.1.2 Rockwell superficial hardness machines are used for
the testing of very thin steel or thin surface layers. Loads of §5,
30, or 45 kgf are applied on 2 hardenced steel ball or diamond
Penetrator, o cover the same range of hardness values as for

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

Major Minor
Scale Load, Load,
Symbol Penelrator kgt kgl
157 Yie-n. steel ball 15 3
30T Yie-in, steed ball 30 3
45T Yis-in. steel ban 45 3
15N Diamend brale 15 3
0N Diamond brafe 30 3
45N Diamond brale 45 3

I7.2. Reporting Hardness—In recording hardness values,
the hardness number shall always precede the scale symbol, for
example: 96 HRB, 40 HRC, 75 HRISN, or 77 HRIOT,

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

174 Detailed Procedure—For delailed requirements of this

test, reference shall be made to the [atest -revision of Test
Methods E 18.

18. Portable Hardness Test

18.1 Although the use of the standard, stadonary Brinell or
Rockwell hardness tester is generally preferred, it is not always
possible to perform the hardness test using such cquipment duc
to the part size or location, [n this event, hardness testing using

portable equipment as described in Practice A 833 or Test
Nethod E 110 shal] be used.

CHARPY INPACT TESTING
[9. Sumimary

19.1 A Charpy V-notch imipact test is a dynamic test in
which a natehed specimen is struck and broken by a stngle
blow in a specially designed lesting machine, The measured
test vatues may be the encrgy absorbed, the percentage shear
{racture, the laterat cxp.lmmn apposite the notch, or a combi-
nation thereof.

19.2 Testing winperawres other than room (ambient) tem-
perature often are specilied in product or general requirement
specifications (hercinafter referved 0 as the specificalion).
Although the testing temperature is sometimes related 1o the

expeetzd service temperature, the 1wo (emperatures need not be
identical.

20. Significance and Use

20.1 Ductile vs. Britde Behavioer—Body-centered-cubic or
ferritic alloys exiibit a significant transition in behavior when
impact tested over a range of temperatuces. Al lemperatures
above transition. impact specimens fracture by a ductile
(usually microvoid couleszence) mechanism, absorbing rela-
tively large amwounts of encray. At lower temp<aratures, they
[racwre in a briule (usvally cleavage) manper absorbing less
encrgy. Within the transition range, the fracture will penerally
be a mixture of areas of ductile {racture and brittle [racture.

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 requice a minimum test result
for absorbed energy, fracture appearance, lateral cxpansion, or

.
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- a combination thereof, at a specified test temperature.
20.2.2 The specification may reyuire the determination of
-~ the ransition temperature at which either the absorbed energy

or fracture appearance atlains a specified level when testing 1s.

..performed over a range of temperatures.
20.3 Further information on the significance of impact
_testing appears in Annex AS.

" 21. 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 penduluin is released from a fixed height. Since
the height to which the pendulum is raised pdor to its swing,
and the mass of the pendulum are known, the cnergy of the
- blow is predetermined. A means is provided 1o mdlcalc lhc

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 (esl specimen as a simple
_beam at a precise location. The fixture is armnged so that the
notched face of the specimen is ventical. The pendulum sirikes
the other vertical face directly opposite the notch. The dimen-
" sions of the specimen supponts and striking edge shall conform
_to Fia. 10

21.1.3 Charpy machines used lor testing steel generally
have capacities in the 220 to 300 [-1bf (300 10 400 ) energy
range.” Sometimes machines of lesser capacity are used: how-
ever, the capacity of the machine should be substantially in
excess of the absorbed energy of the specimens (sece Test
Methods E23). The linear velocity at the point of impact
should be in the range of 16 (0 19 fUs (4.9 10 5.8 ov/s).

21.2 Temperature Media:

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

21.22 Low temperatre media usually are chitled fuids
(such as water, ice plus walcr, dry ice plus orzanic salvents, or
liquid nitrogen) or chilled gases.

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

213 Handling Equipmeni—Tongs. ¢specially adapted to fit
th @owch in the impact specimen, nomally are used for
remoning the specimens from the medium and placing them on
the anvil (refer™o Test Methods E 23). In cases where the
machine fixture does not provide for automatic centering of the

Lest spc‘mmcn the tongs may be precision machined to provide
centering.

22, Samlﬂing and Number of Specimens

22.) Sampling:

22.1.1 ;Test location and oricntation should be addressed by
the specifigations. If not, for wrought products, the test location
shall be flieisame as that for the wensile specimen and the
orientation shall be longitudinal with the notch perpendicular
to the rnajor\surface of the product being tested.

22.1.2 Number of Specimens.

22.1.2.1 NCharpy impact test consists of all specimens
taken from a single test coupen or test location.

22.1.22 When the specification calls for a minimum aver
age test result, three specimens shall be tested.
22.1.23 When the specificalion requires determination of

transition temperature, eight to twelve specimens arc usualls
needed.

22.2 Type and Size:

22.2.1 Use a standard full size Charpy V-nolch specime
(Type A) as shown in Fig. 11, exeept as allowed in 2‘2 22,

22.2.2 Subsized SP&C!"IEM

22.2.2.1 For flat material fess than %is in. (11 mm) lhlck, ol
when the absorbed energy is expected to excced 80 % of fal’
scale, use standard subsize test specimens.

22.2.2.2. For tubular materials tested in the transverse direc.
tion, where (he relationship between diameter and wall thick.
ness does not permit a standard full size specimen, use standare
subsize test specimens or standard size specimens containing
outer diameter (0OD) curvatre as follows: '

(!} Sundard size specimens and subsize specimens may
contain the original OD surface of the wbular product as shown

in Fig. £2. All other dimensions shafl cewply with th:
requirements ol Fig, 11.

MNore 13— For materials with toughness levels in excess of about St
[t-1bs, specimens comaining the original OD surface may yield values i
cxcess of those resulting from the use of conveational Charpy speciment

22.22.3 I astandard full-size specimen cannot be prepared
the largest feasible standard subsize specimen shall be pre-
pared. The specimens shall be machined so that 1he specimer
does not include material nearcr to the surface than 0.020 in
(0.5 mm).

22224 Tolerances for sundard subsize specimens ar
shown in Fig. |1, Standard subsize 1est specimen sizes are:
10> 7.5 mm, 10 % 6.7 mm. 10 X 3 mu, 10 X733 mm. anc
10 X 2.5 mu.

22225 Notch the murrenw (ace of the standard subsiz:
specimens so that the noteh = perpendicular o the 10 miny wid.
face,

223 Notch Preparation—The machining of the notch i
critical. as 1 has been demunsuated that extremely ming
vanations in unoich radius and prolile. or tool marks at th

bottom of the noweh may result in erratic test data. (See Anne
A3).

23, Calibration

23,1 Aecuracy and Seusitivin—Calibrate and adjust Charp-
impact machines in accordince with the requirements of Te:
Methods E 23,

24. Conditioning—Temperature Control

24.]1 When a specific 1est temperature is rcquln i by th
<pecificaiion or purchaser. control the tempes
heating or cooling medium within =2°F (1°C) hL

effect of variations in (Wmpsrzture on Chiarpy test roets ean b
very great.
Note 14—For sumne stecls therz may not be a nead % £31Cte

temperature. for example, austenitic steels.

Note |5—Because the iemperature of a testing laboraz::
from 60 to 90°F (15 10 32°C) a Lest conducted at “ronm
might be conducted at any temperatuce in this range.
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35. Procedure

25.1 Temperature:

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

35.1.2 Prior to each test, taintain the tongs for handling test
specimens at the same tlempcerature as the specimen so as not (o
affect the temperature at the notch.

25.2 Positioning and Breaking Specimens:

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

2522 It the pendulum is not released within 5 s after
removing the specimen from the conditioning medium, do not
break the specimen. Retum the specimen to the conditioning
medium for the pedod required in 25.1.1.

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

254 Individual Test Values:

254.1 Impact energy— Record the impact cnergy absorbed
to the nearest ft-1bf ().

25.4.2 Fraciure Appearance:

25.4.2.1 Determine the percentage of shear fraclure area by

any of the following methods:
7 (1) Measure the length and width of the britlle portion of the
{racture surface, as shown in Fig. 13 and determine the percent
shear arca from either Table 7 or Table 8 depending on the units
of measurement.

(2) Compare the appearance of the {racture of the Specimen
with a fracture appearance charl as' shown in Fig. 14.

(3) Magnily the fraciure surface and compare it 0 a
precalibrated overlay chart or measure the percenl shear
fracture area by means of a planimeter,

{4) Photograph the fractured surface at a suitable magnili-
caiion and measure the pereent shear (tacture arca by means ol
a planimeter.

25.4.2.2 Determine the individual fraciure appearance val-
ues lo the nearest 5 % shear fracture and record the value.

25.4.3 Lateral Expansion:

254.3.1 Lhierl expansion is the increase in specumen
widih, measured in thousandths of an inch (mils), on the
compression side. opposite the notch of the fractured Charpy

-notch specimen as shown in Fig. 15.

25.4.3.2 Examine each specimen halfl o ascenain that the
plotrusions havé not been damagcd by contacting the anvil,
machine mounting sucface, and so forth, Discard such samples
since they may"'c:msc erroneous readings.

25.4.3.3 Check the sides of the specimens perpendicular o
the notch 1o ensyte that no burrs were formed on the stdes
during impact ICS!:E'f‘lér If burrs exist, remove them carelully by
ubbing on emeny-gloth or similar abrasive surface, making
iure that the prouu‘srpns being measured are nol rubbed dunng
he removal of the! biirr.

25.4.3.4 Measure the amount of expansion on each side of
tach half relative 10 ithe planc defined by the uvadelomed
wrtion of the side of the _spcci;ncn using a gage similar (o that
hown in Fig. 16 and Flg‘ 17.

25.4.3.5 Since the fracture path seldom bisects the point of
maximum expansion on both sidcs of a spechmen, the sum of
the Targer values measured for each side js the value of the test.
Arange the halves of one specimen so that compression sides
are facing each other. Usinig the 2age, measure the prouusior
on cach 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 apposite side of the specimen halves. The larger of the two
values for each side is the cxpansion of- that side of the
specimen, )

254.3.6 Measure the individual lateral expansion values 1o
the nearest mil (0.025 nun) and record the values.

26. Inferpretation of Test Result

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

26.1.1 When a minimum average test result is specified:

26.1.1.1 The test result is acceplable when all of the beilow
are met:

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

(2) The individual test value for noc more than one specimen

- measures-less than the specified minimum average, and

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

26.1.1.2 11 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 lest value of the tetested
spechinens shall be cqual o or greater than the specified
minimum average valuc,

20.2 Test Specifving a.Minimum Transition Tewperanure:.

26.2.0 Definition of Transition Temperanire-—For specifica-
How purposes, the transition lemperature §s the lemperature ag
which the designated material test value equals ot exceeds a
specified minimum test value.

26.2.2 Determinaiion of Transition Temperature:

26.2.2.1 Break onc specimen at each of a series of lempera-
tures above and below the anticipated transition emperature
using the procedures in Section 25, Rocord each tast lempera-
lre o ihe nearest 1°F (0.5C).

26222 Plot the individual test results (fi-Ibf or percent
shear) as the ordinawe versus (he corresponding test temperature

as the abscissa and construct a best-fit curve through the plotied
data points

26.2.2.3 Il transition wmperature is specilied as the tem-
perature at which a test value is achieved, detenmine the
temperature at which the plotted curve intersects the specified
test value by graphical interpolation (exteapolation is not
permitied). Record Ihis transition temperanire o the nearest
3°F (3“C). If the abulated test results clearly indicate a
transition temperature lower than specilied, it is not necessary
to plot the data. Report the lowest test temperature for which
test value excecds the specified value.

26224 Accept the test tesult il the determined fransition
temperature is equal to or lower than the specified valuc.
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26.2.2.5 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 to plot two additional curves. Accept the test
results if the temperatures determined from both additional
tests are equal to ot 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, Teble UG-84.2, or both. Greater cnergies or lower
test lemperatures may be agreed upon by purchaser and
supplier.

27. Records

27.1 The test record should contain the following informa-
tion as appropriate:

27.1.1 Fulldescription of malerial tested (that is, specifica- -

tion number, grade, class or type, size, heat number).

27.1.2 Specimen oricatation with respect to the material
axis.

27.1.3 Specimen size.

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

27.1.5 Test results.

27.1.6 Transition lemperature and criterdon for its dclcnm-.
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; churpy impact test; elon-
gation; FATT (Fracture Appearance Transition Temperature);
hardness test; portable hardness; reduction of area: Rockwell
hardness: tensile strength; ension test; yield strength

ANNEXES

{(Mandatory Information)

Al STEEL BAR PRODUCTS

Al.l Scope

ALTL.1 This supplement delincates only those details which
are peculiar o hot-rolled and cold-finished steel bars and are
not covered in the general section of these test methods.

AL2 Orientation of Test Specimens

Al.2.1 Carbon and alioy stcel bars and bar-size shapes. dua
1o their relatively small cross-seclional dimensions, are cus-
tomaaly tesled in the longitudinal direction. Tn special cases
where size permits and (he fabrication or service of a part
justifies testing in a transverse direction, the selection and

location of test or tests are a matter of agreement between the
manufacturer and the purchaser.

Al.3 Tension Test

Al.3.1 Carbon Sicel Bars—Carbon steel bars arc not com-
monly specified (o lcns:lc requirements in the as-rolled condi-
"lion for sizes of rounds. squares, hexagons, and oclagons under
Vi in. (13\ mm) in diameter or distance between parallel faces

nor for other bar-size scctions, other than ats, less than | in.2
(645 mm?) in cross-sectional area.

AL32 Alloy Sreel Bars—Alloy steel bars are uszaliy not
tesied in the as-rolled condition.

ALL3 When tension (ests are specified, the nractice for
selecting test specimens for hot-rolled and cold-f sicel
bars of various sizes shall be in accordance witk de ALl
unless atherwise specified in the product specification.

Al4d Bend Test

AT When bewd tests are specified, the reconunended
practice lor hot-rolled wnd cold-finished steel bars shail be in
accordance with Table A 1.2,

ALS Hardness Test

5 Hardness Tests on Bar Prodrea
squares. hexagons and octagons—is condi s
alier a minimum removal of 0.015 in. 10 provi
hardness penclration.

Doarice

accwale

Al STEEL TUBULAR PRODUCTS

A2l Scop‘g

AZ.11 "l}us _supplement covers definiticns and methods of
lesting pccuh;u'. to fubular preducts which are not covered in
the general scqqon of these methods,

A2172 Tuhu\lar shapes covered by this specification shall

not be llm.ltcd;lo preducts with circular cross sections but
include shapes such as rectangular structural tubing.
1 .

A2.2 Tension Tes(

A2 Full-Size Longitudinal Tess § Sne
A22.51 Ttis standard praciice
of lull-size whbular sections 2
cquipment. Soug-filling mei; nl i
enough in the end of such whula: S‘i)\.\.
testing machine j Jaws to grip the specin: :
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crushing. A desiga 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 clongation 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 clongation. -

A2.2.1.2 Unless otherwise tequired 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:

Haominal Size, &y, Gage Length, in. {mm)

e and ¥ 6 {150}
¥4 and Y& - - 4 (100}
] 2 {50)

A2.2.1.3 For seamless and electric-welded pipe and tubes
the gage length is 2 in. However, for tubing having an outside
diameter of & in. {i0 mm) or less, it is customary 10 use a’gage
length equal to four times the outside diameter when elonga-
tion values comparable (o larger specimens are required.

A2.2.1.4 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 measuremznts
of the oulside diameter and the average or mean wall thickness,
to the nearest 0.001 in. (0.025 smun) and the cross-seclional arca
is determined by the lollowing equation:

=3 14166 (D — 1) (A2.1)
where:
A = sectonal area, in?
O = outside diameter, in., and

i

t thickness ol tube wall, in.

Nore. A2.1—There exist other methods of cross-scctional area deter-
minmion, such as by weighing of the specimens, which ace equally
acucate or appropriate for the purposc.

A2.2.2 Longitudinal Sirip Test Specimens:

A2.2.21 For larger sizes of wbular produats which cannot
be tested in full-section, longitudinal test specimens are ob-
Lined from strips cut from the tube or pipe as indicated in Fig,
A2.2 and muaclined to the dimensions shown in Fig. A2.3. For
furnace-welded wbes ar 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 scamless and electric-
welded ubes or pipe, the 2-in. gage length specimen as showa
in Fig. A23 (1) is standard, the specimen being located
ipproximately90° from the weld'in the case of eleciric-welded
twbes. Spectmens of the type shown in Fig. A2.3 may be tested
with prps having a surface contour corresponding to the
Curvawure of e tubes. When grips wilh curved faces are not
available, the ¢fids of the specimens may be flattened without
heating. Standard tgasion test specimens, as shown in specimen
No. 4 of Fig. A2:3, are nominally |%in. (38 mm) wide in the
Bage length sccljapl; When sub-size specimens arc necessary
due (o the dimcnis'icﬁ‘ﬁs and character of the matcaal to be tested,

Specimens 1, 2, oy shown in Fig. A2.3 where applicable, are
censidered standacdi

s

Note A2.2—An cxact (6rmula for calculating the cross-scctional arca
of specimens of the type.shown in Fig. A2.3 taken from a circular (ubc is

given in Test Metheds E 8 oc E §M.

A2.2.22 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 (he
center measurement of the width to determine the cross-
sectional area. The center width dimension should be recogded -
to the nearest 0.005 in. (0.127 mm), and the thickness
measurement to the nearest 0.001 in.

A2.2.3 Transverse Strip Test Specimens:

A272.3.1 In general, transverse tension tests are not recom-
mended for tubular products, in sizes smaller than 8 in. in
nominal diameter. When required, transverse tefsion  test
specimens may be taken from rings cut front ends of wbes or
pipe as shown in Fig. A2.4. Flatening of the specimen may be
done cither after separating it from the ubeas in Fig. A2.4 (q),
or before separating it as in Fig. A2.4 (b), and may be done hot
or cold: but if the fiatiening is done cold, the specimen may
subsequently be normalized. Specimens from-tubes-or pipe-for
which heal treatment is specificd, after being flattened either
hot or cold. shall be given the same wreatment as the tubes or
pipe. For tubes or pipe having a wall thickness of less tan ¥4
in. {19 mm), the transverse [est specimen shall be of the form
and dimensions shown in Fig. A2.5 and either or both sudfaces
may be machined 1o secure unifom thickness. Specimens for
transverse tension tests on welded steel wbes or pipe ©
determine strength of welds, shall be located perpendicular.io
the welded seams with the weld at about the middle of their
length.

A272.372 The widh 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 cenler and used with the
center measurcment of the width o determine the cross-
scciional arca. The center width dimension should be recorded
o the nearest 0.005 . (0.127 rmm). and the thickness
measurement (o the nearest 0.001 in, (0.023 mm).

AL24 Round Test Specinmens: }

A224 1 When provided for in the product specilication, the
round test specimen shown in Fig. 4 may be used.

A22.4.2 The diameter of the round test specimen is mea-
sured at the center of the specimen 10 the nearest 0.001 in.
(0.025 mum).

A224.3 Small-size specimens proportional to standard, as
shown in Fig. 4, may be used when it is necessary to est
material from which the standard specimen cannot be prepared.
Other sizes of small-size specimens may be used. In any such
small-size specinen, it is important that the gage length for
measurement of clongation be four times the diameter of the
specimen (sce Note 4. Fig. 4). The clongation requirements for
the round specimen 2-in. gage leagih in the product specifica-
tion shall apply 1o the small-size specimens.

A2.2.4.4 Tor transverse specimens, the section from which

the specimen is taken shall not be fAauencd or otherwise
deformed.

A2.3 Determination of Transvcrst.: Yield Strength,
Hydraulic Ring-Expansion Method
A2.3.1 Hardaess 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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! o0 obtain accurate hardress values.

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

A233 A diagrammatic vertical cross-sectional sketch of
the testing machine is shown in Fig. A2.6.

A234 In determining the transverse yield strength on this
machine, a short ring (commonly 3 in. (76 mm) in length) test
specimei 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 tumed down
tight against the specimen. A slight clearance is left beiween
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 o the interior of the rubber gasket
through the pressure line under the control of a suitable valve.
An accurately calibrated pressure page serves (o 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 siresses the specimen circumferentially. As the
pressure builds up, the lips of the rubber gasket act as a seal (o
prevent oil leakage. With continued increase in pressure, the

- Ang specimen is subjected 0 a tension stress and elongates
accordingly. The entite outside circumference of the ring
specimen is considered as the gage length and the strain is
measured with a suitable extensometer which witl be descdbed
later. When the desired total strain or extension under load is
reached on the exicnsometer, the oil pressure in pounds per

- square inch is read and by employing Barlow’s formula, the
unit yicld strength is calculated. The yicld strength, thus
determined, is a tnue result since the test specimen has not been
cold worked by flattening and closely approximales the same
condition as the wbular section from which it is cut. Further,
the test closely simulates service canditions 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,

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

(1) P=25uD (A2.2)
(2) §= PDiu (A23)
whege:
P = inlcmal-bydroslatic pressure, psi,
§ = unit circumferential siress in the wall of the tube

‘\produced by the intemnal hydrostatic pressure, psi,
t = thickness of the wbe wall, in., and
D = ouiside diameter of the tbe, in.

A23.5 A roller chain'type extensometer which has been
found satistactory for measuring the elongation of the ring
specimen is shown in Fig. A2.7 and Fig. A2.8. Fig. A2.7 shows

- the extedsometer in position, but unclamped, on a ring speci-
men. Asiﬁ_al} pin, through which the strain is transmitted to and
measured; by .the dial gage, extends through the hollow
threaded sli{'dr When the exiensemeter is clamped, as shown in
Fig. A2.8, the desired tension which is necessary to hold the
instrument ig place 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 rollecs, the roller chain may be adapted for differ:
sizes of tubular sections.

A2.4 Hacdness Tests

A2.4.1 Hardress tests are made either on the outside or :
inside surfaces on the end of the tube as appropriate. -

A2.4.2 The standard 3000-kpf Brinell load may cause
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. Brineli testing sh-
not be applicable to tubular products fess than 2 in. (51 mmj
vutside diameter, or less than 0.200 in. (5.1 mm) in w..
thickness.

A243 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 limitation. Rockw:
hardness tests are not performed on tubes smaller than s
(7.9 im) in outside diameter, nor are they -performed aa t
inside surface of tubes with less than Y 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
cold worked or heat treated rubes with walls less than 0.049
(1.24 mm) thick. For tubes with wall thicknesses less th
those permitling the regular Rockwell hardness tese, the ©
petficial Rockwell test is sometimes substinsted. Transve:
Rockwell hardness readings can be made on tubes with a w .
thickness of 0.187 in. (4.75 mm) or greater. The curvature a
(he wall thickness of the specimen impose limitations on *
Rockwell harduness test. When a comparison is.made. betwe
Rockwell determinations made on the outside surface =
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 havi
an expected hardness range of BO to B1G0. The Rockwel!
scale is used on material having an expected hardness range
C20 10 Co68. ‘

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

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

tubular products shall be specified to lensile proper-lies and
tested.

A25 Manipulating Tests

A2.5.1 The following tests are made Lo prove ductility
certain wbular products:

A2S5.LL Flattening Test— The flattening lest as commo,
made on specimens cut from tubular products is conducted
subjecting rings from the tube or pipe to a prescribed degrec
Nautening between parallel pl:;ilcs (Fig. A2.4). The seventy
the Nattening test is measured by the distance between
parallel plates and is varied according (o the dimensions of .
tube or pipe. The flattening test specimen should not be 1-
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an 2% in. (63.5 mm) in length and should be Aattened cold
1o the extent required by the applicable material specifications:

A2.5.12 Reverse Flattening Test—The reverse flattening:

test is designed primarily for application to electric-welded
wbing for the detection of -lack of penectration or overfaps
resulting from flash removal in the weld. The specimen
consists of a length of tubing approximately 4 in. (102 mm)
long which is split longitudinally 90° 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).

A2.5.1.3 Crush Tesi— The crush test, somelimes referred to
as an upseting test, is usually made on boiler and other
pressure mbes, for evaluating ductility (Fig. A2.10}. The
specimen is a ong cul from the tube, usually about 22 in. (63.5
mm) fong. Tt is placed on end and crushed endwise by hammer
or press to the distance prescribed by the applicable material
specifications.

A2.5.14 Flange Test— The flange test is intended to
determine the ductility of boiler wbes and their ability 1o
withsland the operation of bending into a be sheet. The test
is made on a fog cut from a tube, usually not less than 4 in.
(100 mm) long and consists of having a flange tumed over at
nght angles to the body of the tube 1o 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 centain types of pressuce tubes,
an altemnate 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 (b) into a section cul 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 rcqu:rcd by the
applicable material specifications.

A25.1.6 Bend Test—For pipe used for coiling in sizes 2 in.
and under a bend iest 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
mandrel having a diameter 8 times the nommal diameter of the
pipe.

A25.1.7 Transverse Guided Bend Test of Welds—This bend
test is used- o determine. the ductility of fusion welds. The
specimens used are approximately 1% in: (38 mm) wide, at
least 6 in. (152 mm) in ledgth with the weld at the center, and
are machined m accordance with Fig. A2.13 for face and oot
bend tests and in accordance with Fig. A2.14 for side bend
tests. The dimensions of the plunger shall be. as.shown in Fig.
A2.15 and the other dimensions of the bending jig shall be
substantially as given in this same ﬁwure A test shall consist of
a face bend specimen and a oot bend specimen or two side
bend specimens. A face bend lest 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 onc
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 arca of the bend, of the nature and extent
described in the product specifications.

Al. STEEL. FASTENERS

Al.1 Scope

A3.1.1 This supplement covers definitions and methods of
lesting peculiar 1o steel fasteners which are not covered in the
general section of Test Methods and Definitions A 370, Stan-
dard tests required by the individual product specifications are
0 be pecformed as oulhncd in the general section of these
methods,

Ad.1.2 These tests are sel up to facilitate production control
lesting and\acccplance testing with certain more precise tests o
be used for arbitration in case of disagreement aver test results.

A3.2 Tensio"ij Tesls

A32.1 Itis preferred that bolts be tested full size, and it is
fustomary, when so lesting bolts to specify a minimum
Ulimate load'in pounds, rather than a minimum ultimate
Strength in pouqu per square inch. Three limes the belt
Nominal dlamctcr has been established as the minimum bolt

lengty subjeet tq ‘the tests described in the remainder of this
-3ection, Secuo‘ﬁs;A3 2.1.1-A3.2.1.3 apply when testing bolls

full size; Scetion 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 “lasses of bolts it is desirable to be able to stress them, while

- in use, (o a specified value without obtaining any permanent

175

set. To be certain of obtaining this quality the proof load is
specified. The proof load test consists of stressing the bolz with
a specified load which the bolt must withstand without perma- -
nent set. An alternate test which determines yield suength of a
full size bolt is also allowed. Either of the [ollowing Methods,
1 or 2, may be used but Method 1 shall be the arbitration
method in case of any dispute as o acceptance of the bolts.

A3.2.1.2 Proof Load Testing Long Bolts—WWhen full size
tests are required, proof load 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 limes the nominal diameler,
whichever is greater, proof load Methed 2 shall be used.

(a) Method 1, Length Measurement—The overll lengih of
a straight bolt shall be measured at its true center line with an
instrtument capable of measuring changes in lengih 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 bady of the bolt shall be marked so that it can be
placed in the same position for all measurements. The boltshall
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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
bétween 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 the fasteners when the proof load is initially applied.
In such cases, the fastencr may be retested using 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
0.0005-1n. tolerance for measurement ecror).

A3.2.1.3 Proof Load-Time of Loading—The proof load is 1o
be maintained for a period of 10 s before release of load when
using Method1-— -~ —

(d) Method 2, Yield Strengthi—The bolt shall be assembled
in the testing equipment as outlined 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 siress-strain diagram.
The load or stress at an offset equal to 0.2 percent of the length
of boll occupied 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 preseribed in the product
specification.

A3.2.1.4 Axial Tension Testing of Full Size Bolts— Bolis are
to be tested in a holder with the load axially applied between
the head and a nut or seitable fixture (Fig. A3.1), either of
which shall have sufficient thread engagement to develop the
full strength of the bell. The nut or fixture shall be assembled
on the bolt leaving six complete bolt threads unengaged
belween the grips, except for heavy hexagon structural bolts
which shall have four complete threads unengaged between the
grips. To meet the requircments of this test there shall be a
tensile fajlure in the body orthreaded section with no failure at
the junction of the body, and head. If it is necessary Lo record
or report the tensile suength 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 lhreads as follows:

. A, = 0.7854[D — (0.9743/))° (A3.D)
b

where: -

A, = stress area. in.z,

D = nominal diameler, in., and

n = number of threads per inch.

A3215 Tension Tesrmg of Full-Size Bolis with a Wedge—
- The purposc of this test is to obtain the lensile sirength and
demonstrale the “head qualily” and ductility of a bolt with a
standard- head by subjecling it to eccentric loading. The
UIUmaLc\]oad on the bolt shall be determined as described in
A321 4;'exccpt that a 10® wedge shall be placed under the
same bolt:previously tesled for the proof load (see A3.2.1.1).
The bolt hidagd shall be so placed that no comer of the hexagon
or squarctakes a bearing load, that is, a flat of the hecad shall
be aligned lw-filh 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

i

nominal bolt diameter at the short side of the hole. The hote lu
the wedge shall have the following clearance over the nominal

size of the bolt, and its edges, top and bottom, shall be munded
to the following radius:

Clearance Radius on -

Nominal Boll in Holo, Comars of ~

Size, in. in. {mm) . Holo, i (am) -

Vato Y2 0.030°(0.76) . 0.030 {0.76) . -
e lo Y 0.050 {1.3) 0.050°(1.5)

. Yo 0.053 (1.5) 006015 .

Valo 1% 0.063 (1.5) 0.125 (3.2} -
1% to 1% 0.094 {2.4) Lov T 0025 (32)

A32.1.6 Wedge Testing of HT Bolts Threaded to Head—Fot
heat-treated bolts over 100 000 psi (690 MPa) minimum tensile
strength and that are threaded 1 diameter and closer to the
underside.of the head, the wedge angle shall be 6° for sizes. .(4 .
through %4"in. (6:35 to 19.0 mm) and 4° for sizes over %4 in’ -

A3.2.1.7 Tension Testing of Bolts Machined to Round Tes:
Specimens:

{a) Bolis under 1%in. (38 mun) 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 (est specimen shall use one of the
small- slzc-spccmwns‘proporUQnal-lo-standard (Fig. 4) and the
specimen shall have a reduced section as large as possible. In
all cases, the longitudinal axis of the specimen shall be
concentric with the axis of the bolt; the head and threaded
section of the belt may be left intact, as in Fig. A3.3 and Fig.

- A4, or shaped o fit the holders or grips of the testing machine

so that the load is applied axially. The gage length fo
measuring the elongation shall be four times the diameter o!
the specimen. '

{b) For bolts 1% in. and over in diameter, a standard Y2-in
round 2-in. gage length test specimen shall be med from th.
bolt, having its axis midway between the center and oulsid:
surface of the bedy of (he belt as shown in Fig. A3.5.

() Machined specimens arc to be tested In tension 1
delermine the propertics prescribed by the product specifice
tions. The methads of testing and determination of propertie:
shall be in accordance with Section 13 of these test methods

Ad.3 Speed of Tesling

A33.1 Speed of ftesting shall be as prescribed in b
individual product specifications.

A3.4 Hardness Tests for Externally Threaded Fastieners

A3.4.1 When specified, externally threaded fastencrs sha!
be hardness tesled. Fasteners with hexagonal or square head
shall be Brinell or Roclowell hardness tested on the side or 1o,
of the head. Extemnally threaded {asleners with other type ©
heads and those without heads shall be Brinell or Rockwe'
hardness tested on one end. Due to possible distortion from th
Brinel! 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 substituled. Rockwell hardness test procedures sha
conform to Section 18 of these test methods,

A3.4.2 In cases where a dispule-exists between buycr ar.
seller as to -whether externally threéaded fasieners:meet €
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exceed the hardness limit of the product specification, for
purposes of arbitration, hardness may be taken on two trans-
yerse sections through a representative sample fastener se-
fected at random. Hardness readings shalt 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 fastemers 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.

A3.5 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 lcad without sidpping or mpture. If the
treads of the mandrel are damaged during the test the
individual test shall be discarded. The mandrel shall be
treaded to American National Standard Class 3 folerance,

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

A3.5.2 Hardness Test— Rockwell harduess of nuts shall be
determined on the top or bottorn face of the nut. Bripell
hardness shall be determined on the side of the nuts. Fither -
method may be used at the option of the manufacturer, aking
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 Dars Heat Treated or Cold Drawn for Use in the

Manufacture of Studs, Nuts or Other Bolting -
Matcrial

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

A4, ROUND WIRE PRODUCTS

Adl Scope

Ad.1.1 This supplement covers the appé.mtus. specimens
and methods of testing peculiar o steel wire products which
are not covered in the general section of Test Methods A 370.

44.2 Apparatus

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

Note A4.1—Testing machines usually are equipped with wedge grips.
These wedge grips, imespective of the type of testing machine, may be
felerred 1o as the “usual type™ of wedge grips. The usc of finc (180 ot 240)
&0t abrasive cloth in the “usual” wedge type grips, with the abrasive
“ntacting the wire specimen, can be helpful in reducing specimen
sipping and brezkage at the ‘Eﬁ'p edges at tensilc loads up to about 1000
Pounds. For tesis qf specimens of wire which are liable 10 be cut at the
odges by the “usual type” of wedge grips, the snubbing type gripping
device has proved satistactocy.

Fot testing round wice, the use of cylindrical scat in the wedge pripping
device is optional.

Nowe A4.2—Any defect in a testing machine which may cause non-
Uial application of toad should be corrected,

Ad4.2.2 Pointed Micrometer—A micrometer with a pointed
*pindle and anvil «:@Lgiir:ablc for reading the dimensions of the
%ire specimen at (He fractured cnds to the nearest 0.001 in.
0.025 mm) after br Zx{ng the specimen in the testing machine
shall be used. :\4 '

1

Y]
Ad3 Test Specimez ! )
A4.3.1 Test specimens having the full cross-sectional area
O the wire they represen shall be used. The' standard gage
Ngth of the specimens shall be 10 in. (254 mm). However, if

the delermination of elongation values is-not -required, any
convenient gage length is permissible. The total length of the
specimens shall be at least equal o 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 {rom 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

A4A In determining permanent elongation, the ends of the
fractured specimen shail be carefully fitted together and the
distance between the gage marks measured fo 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 lotal elongation {elastic plus plastic
extension) autographic or extensometer metheds may be cm-
ployed.

A4.43 If fracture takes place outside of the middle third of
the gage length, the elongation value abtained may nol be
representative of the material.-

A4.5 Reduction of Area

Ad.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
micrometer. The difference between the area thus found and the
arca of the original cross section, expressed as a percentage of
the odginal area, is the reduction of area.

A45.2 The reduction of area test is notl recommended in
wirc diameters less than 0.092 in. (234 mm) due 1o the
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difficulties of measuring the reduced cross sections.

A4.6 Rockwell Hardness Test

A4.6.1 On heat—treated 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 hacrdness fest 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 preatly preferred over the
hardness test. '

Ad.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 twms. (Unless other specified, the
required number of tums shall be five.) The wrapping may be
done by hand or a power device. The wrapping rate may not
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exceed 15 tums per-min. The mandrel diameter -shall h.é
specified in the relevant wire product specification. f
-A4.7.3 The wire tested-shall be considered to have failed 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 tuem shall by
retested, as such fractures may be caused by bending the wire
10 a radius less than specified when the test starts, ¥

A48 Coiling Test i

Ad 8.1 This test is used to determine if imperfections e
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 art arbor of a specified diameter. The
closed coil is then stretched (o a specified permanent increase
inlength and examined for uniformity of pitch with no splits o
fractures. The required arbor diameter, closed coil length, and
permanent coil extended length increase may vary with wire
diameter, properties, and type. :

A5, NOTES ON SIGNIFICANCE OF NOTCHED-BAR IMPACT TESTING

AS.1 Notch Behavior

AS.L.1 The ‘Charpy and Izod type tests bring out nolch
behavior (brittleness versus ductility) by applying a single
overload of stress. The encegy values determined are quantita-
tive comparisons on a selecied specimen but cannot be
converted into energy values that would serve for engincering
design calculations. The notch behavior indicated in an indi-
vidual test applics only to the specimen size, notch geomelry,
and testing conditions involved and cannot be generalized to
other sizes of specimens and conditions.

A5.1.2 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 brttle when
notched, while il they arc ductile in tension, they will be ductile
when nolched, except for unusually sharp or decp noiches
(much more severe than the standard Charpy or Izod speci-
mens}). Even low lemperatures do not alier this characteristic of
these materials. In contrast, the behavior of the ferritic steels
under notch condiliorlg cannot be predicted from their proper-
lies as revealed by the tension test, For the study of these
materials [l\e, Charpy and Izod type tests are accordingly very
useful. Some metals that display normal ductility in the tension
test may nevertheless break in britle fashion when tested or
when used in the natched ‘condition. Notched conditions
nclude restraints to deformation in directions perpendicular to
the major stress, or multiaxial stresses, and stress concentra-
tions. Tt is inr\{_!lis field that the Charpy and Izod tests prove
uscful for detgrmining the suceptibility of a steel to notch-
brittle behavior though they cannot be dicectly used to appraise
the scrviccabili"l)_'- of a struclure.

AS.L3 The lp‘éting machine itself must be sufficiently rigid
or tests on hightsteength low-cnergy materials will result in
excessive clastic” energy losses either upward through - the
pendulum shaft or downward through the base of the machine.

A

If the anvil supports, the pendulumn striking edge, or e
machine foundation bolts are nat securely fastened, tests on
ductile materials in the range of 80 ft-1bf (108 J)-may actually
indicate values in excess of 90 to 10O fi-Ibf (122 1o 136 ). .

AS5.2 Notch Effect

A52.1 The notch results in a combination of multiaxial
suesses associatled with restraints to deformation in directions
perpendicular to the major stress, and a stress concentration al
the base of the noich. A severely notched condition is generaily
not desirable, and it becomes of real concem in those eases in
which it initiates a sudden and complete failure of the britle
type. Some metals can be deformed in a ductile manner even
down o 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 before
significant plastic deformation occurs and the fracture 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 pant crystalline and part (ibrous 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 initate
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 britile fracture.

A5.23 In testing, though not in service because af side
effects, it happens more commonly that plastic deformation
precedes fracture. In addition (o the normal stress, the applicd
load also.sets up shear stresses which are about 45° to the
normal stress. ‘The elastic behavior teaminates as soon as the
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shear stress exceeds the shear strcngth of the 'material and
doformation or plastic yielding sets in. This is the condition for
ductile failure.

A5.2.4 This behavior, whether britde or ductile, depends on
whether the iormal stress exceeds the cohesive strength before
the shear stress exceeds the shear strength. Scveral important
{acts of notch behavior follow from this. If the notch is made
sharpee or more drastic, the nommal stress at the root of the
sotch will be increased in relation to the shear stress and the
par will be more prone to brittle fracture (se¢ Table A5.1). Also,
a5 the speed of deformation increases, the shear strength
increases and the likelihood of briltle fractuce 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.

AS.2.5 Vanalions in notch dimensions will seriously affect
the results of the tests. Tests on E 4340 steel specimens® have

shown the effect of dimensional variations on Charpy resuits
(sec Table A5.1).

A53 Size Effect

AS53.1 Increasing either the width or the depth of the
specimen tends to increase the volume of metal subject to
distodtion, and by this factor tends to Increase Lhe energy
absorption when breaking the specimen. However, any in-
rease in size, particularly in width, also tends to increase the
degree of restraint and by tending (o induce brittle fracture,
may decrease the amount of energy absorbed, Where a
standard-size specimen is on the verge of britile fracture, this is
pamculaﬂy true, and a double-width specimen may actually
require less energy for rupture than one of standard width.

A53.2 In studies of such effects where the size of the
material precludes the use of the standand specimen, as for

example when the matedal is Ya-in. plate, subsize specimens

are necessarily used. Such specimens (see Fig. 6 of Test

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

A5.4.2 Some of the many definitions of ransition tempera-
ture currently being used are: (1) the lowest temperature at
which the specimen exhibits 100 % fibrous frace:we, (2) the
temperature where the fracture shows a 50 % coystalline and a
50 % hbrous appearance, (3) the temperature corresponding to,
the energy value 50 % of the difference between values

_obtained at 100% and 0% fibrous fracture, and { 4) the
_ lemperature corresponding (o 'a specific energy value,

A543 A problem peculiar to Charpy-type ‘tests occurs
when high-strength, low-energy 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 cnsure 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 (he fractured specimens into any part of the swinging
pendulum, Where design permits, the brokea specimeas may
be defllected 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-sirength steel specimens leave
impact machines at speeds in excess of 50 fi' (15.3 m)s
although they were struck by a pendulum traveling al speeds
approximately 17 fit (5.2 m)/s. Il the force exerted on the
pendulum by the broken specimens is sufficient, the pendulum

_ will slow down and erroncously Ligh energy values will be

Methods E 23) are based on the Type A specimen of Fig. 4 of - recorded: This problem accounts for many of the inconsisten-

Test Methods E 23.

A5.3.3 General comelation between the energy values ob-
Lined 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 pariicular materials
and particular specimens. On the other hand, in a study of the
Telative eflect &f process variations, cvaluation by use of some
arbitrarily selected specimen with some chosen notch will in
most instances p‘lacc ihe methods in their proper order.

AS4 Ellects of :I'cslirlg Conditions

A5.4.1 The lcitmg condilions also affect the notch behavior.
So pronounced isithe effect of temperature on the behavior of
Steel when nolch’cd 1hat comparisons are frequently made by
CXamining, spccu.rncn fractures and by plotting energy value and
fracrure appcamncc versus temperature from tests of notched

a3 at a series of Emperatures. When the test temperature has
been carried low cntjugh to start cleavage fracture, there may

*Fahey, N, H., “Efficcts 'of Variables in Charpy Tmpact Testing.” Materials
Research & Srandards, Vol 1, No. |1, November, 1961, p. 8T2.

cies in Charpy results reported by various investgators witlin
the 10 to 25-ft-Ibf {14 to 34 I) range. The Apparatus Section
(Lhe paragraph regarding Specimen Clearance) of Test Methods
I 23 discusses the two basic machine designs and a modifica-
tion found to be satisfactory in minimizing jamming.

. AS5.5 VYelocity of Straining

A5.5.1 Velocity of straining is likewise a variable that
affects the notch behavior of steel. The impact lest shows
somewhat higher encrgy absorption valucs than the static Lests
above the transition temperature and yet, in some instances, the
reverse is true below the transition temperatute.

A5.6 Correlation with Service

AS5.6.1 While Charpy or Tzod 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 Lests

- can be used as acceptance tests of identity for different lots of

the same steel or in choosing between different stecls, when
corelation with teliable service behavior has been established.
It may be necessary to make the tests at properly chosen
temperatures other than room temperature. [n this, the service
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temperatuce or the transition temperature of full-scale speci-
mens does not give the desired transition temperaturcs for
Charpy or {zod 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 TENSIO
SPECIMEN TO EQUIVALENT PERCENTAGE ELONGATION OF A STANDARD FLAT SPECIMEN

A6.1 Scope

A6.1.1 This method specifies a procedure for convertling
percentage elongation after fracture obtained in a standard
0.500-in. (12.7-mun) diameter by 2-in. (51-mm) gage length
test specimen to standard flat test specimens ¥ in. by 2in. and
1%: in. by B in. (38.1 by 203 mm).

A6.2 Basic Equation- — - v/ ¥

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

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

e =¢ {447 (\ AYLY (AG 1)
where:
€, = percentage elongation after fracture on a standard test
specimen having a 2-in. gage length and 0.500-in.
diameter, _
e = percentage elongation after fracture on a standard test

specimen having a gage length L and a cross-sectional
arca A, and

a = constant characteristic of the test material.
A0.3 Application

A6.3.1 In applying the above equation the constant a is
characteristic of the test matedial. The value @ = 0.4 has been
found 10 give satisfactory conversions for carbon, carbon-

- manganese, molybdenum, and chromium-molybdenum sicels

" Bertella, C. A., Giomale del Genia Civile, Vol 60, 1922, p. 343,

" Oliver, D, A, Proceeding s of the [nstiiuiion of Mechanical Engineers, 1928, p.
827 7

A

not indicate the influence of some of the important processin,
factors that affect susceptibility to britde fracture nor do the

comprehend the effect of low temperatures in inducing brisyl-
behavior.

N TEST- +
within the tensile strength range of 40,000 to 85,000 psi (27¢
to 585 MPa) and in the hot-rolled, in the hot-rolled and
nomalized, or in the annealed condition, with or with
tempering. Note that the cold reduced and quenched ang
tempered states are excluded. For annealed austenitic stainless

stecls, the value a = 0.127 has been found to give satisfactory .
conversions. '

A6.3.2 Table AG.E has been calculated taking a = 0.4, with
the standard 0.5004n. (12.7-mm) diameter by 20 (S1-mum)
gage lenglh test specimen as the reference specimen. In the
case of the subsize specimens 0.350 in. (8.89 mm} in diamete:
by 1.4-in. (35.6-mm) gage length, and 0.250-in. (6.35- mum-
diameter by [.0-in. (25.4-mm) gage length the factor in the
equation is 4.51 instead of 4.47. The small error introduced Ly
using Table A6.1 for the subsized specimens may be neglected.
Table A6.2 for annealed austenitic steels has been caleulated
taking @ = 0.127, with the standard 0.500-in - diameter by 2-in:
gage length lest 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 o ¢longation
for ¥z in. by 2 in. oc 1% in. by 8-in. (38.1 by 203-mum) flar
specimens by multiplying by the indicated Factor in Table A6.1
and Table AG.2.

A6.3.4 These elongation conversions shall not be used
where the widih o thickness tatio of the test piece excecds 20,
as in sheet specimens under 0.025 in. (0.635 mum) in thickness.

AG3.5 While the conversions are considered to be reliable
within the stated limitations and may genefally be used -in
specification writing where il is desirable to show equivalent
elongation requirements for the several standard ASTM tension
specimens covered in Test Methods A 370, consideration must

be given (o the metaliurgical effects dependent on the thickness
of the material as processed.

N AT. METHOD OF TESTING MULTI-WIRE STRAND FOR PRESTRESSED CONCRETE
A

A7.1 Scope

A7.1.1 Tlis method provides procedures for the tension
testing of muli-wire strand for prestressed concrete. This
method id intcnded for use in evaluating the strand properties
preseribed ’i? specifications for"* prestressing steel strands.”

A7.2 Gen&al Precautions

AT2.1 P_i'ér;l'at’ﬂrc failuce of the lest specimens may result if
there is any appreciable notching, cutting, oc bending of the
specimen by;'l.ﬁé gripping devices of the testing machine.

A72.2 Erols in testing may result if the seven wires
constituting the strand are not loaded uniformly.

5,

AT.23 The mechanical properties of the strand may be
materially affccted by excessive heating during specimen
preparation. - 2

A7.24 These difficulties may be minimized by. following
the suggested methods of gripping described in A7.4. e

o

AT13.1 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:

suttable appacatus which will consistently produce such results™

AT} Gripping Devices
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pue to inherent physical characteristics of individual ma-
chines, it is not practical to recommend a universal gripping
ure that is suitable for all testing machines. Therefore, it
is necessary to determine which of the.methods of gripping
described in A7.3.2 0 A7.3.8 is most suitable for the festing
cquipment available,
A13.2 Standard V-Grips with Serrated Teeth (Note A7.1).
A7.3.3 Standard V-Grips with Serrated Teeth (Note A7.1),
Using Cushioning Material—In this method, some material is
ptaced between the grips and the specimen to minimize the
potching 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.

A7.34 Standard V-Grips with Serrated Teeth (Note A7.1),

Using Special Preparation of the Gripped Portions of the
Specimen—OQue of the methods used is tinning, in which the
gripped portions are cleancd, fluxed, and coated by multiple
dips in molten tin alloy held just above the melling point:
Another method of preparation is encasing the gripped portions
in metal tubing or flexible conduit, using epoxy resin as the
bonding agent. The encased portion should be approximately
twice Lhe length of lay of the strand. '

AT13.5 Special Grips with Swmooth, Semi-Cylindrical
Graoves (Note A7.2}—The grooves and the gripped portions of
the specimen are coated with an abrasive slumry which holds
th'specimen in the smooth grooves, preventing slippage. The
slury consists of abrasive such as Grade 3-F aluminum oxide
and a carricr such as water or glycerin.

A13.6 Standard Sockeis of the Type Used for Wire Rope-

The gripped portions of the specimen are anchored in the

sockets with zine. The special procedures for socketing usually
employed in the wire rope industry must be followed,
AT.3.7 Dead-End Eye Splices—These devices arc available
in sizes designed (o fit cach size of strand to be tested.
A138 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.

Note A7.1—The number of teeth should be approximately L5 to 30 per
i, and the minimum cffcctive gripping length should be approximatcly 4
. {102 mm).

Nowe A7.2—The radius of corvature of the grooves Is approximately
the same as the radius of the strand being tested, and is focated Yia in:
(.79 mm) atve the Aat face of the grip. This prevents the two grips from
Closing tightly when the specimen is in place.

A74 Specimen Preparation

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

A7S5 Procedure
Al.5.1 Yield Strength— For determining the yield strength

use d Class B-1 éxtensometer (Note AT.3) as descobed in

Practice E 83. Apply an initial load of 10 % of the expected
minimum breaking strength to the specimen, then attach the
cxtensometer and adjust it to a reading of 0.001 infin. of gage
length. Then increase the load until the extensometer indicates
an extension of I %. Record the load for this extension as the
yield strength. The extensometer may be removed from the
specimen after the yield strength has been determined.,
Al1.5.2 Elongation— For detcrmining the elongation use .a
Class D extensometer ( Note AT.3), as described in Practice
E 83, having a gage length of not Iess than 24 in, (610 mm) (
Note A7.4). Apply an initial load of 10 % of the required
minimum breaking strength to the spectmen, then atiach the
extensomeler (Note A7.3) and adjust it to a zero reading. The
extensometer may be removed from the specimen prior to
nupture after the specified minimum elongation has been

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

AT53 Breaking Sirength—Determine the maximum joad at
which one or.more wires of the strand are fractured. Record
this load as the breaking strength of the strand,

Mote A7.3—The yield-strength extensometer and the elongation ex-
tensomeler may be the same instrument or two separate instrumems. Two
Scpa.rél_c instruments are advisable since the more sensitive yield-smength
cxlensometer, which could be damaged when the strand fractures, ma y be
removed following the determination of yield stwength. The elongatdon
extensometer may be constructed with' léss scnsitive parts or be con-
structed in such a way that litde damage would cesult if fracture oceurs
while: the extensometer is attached to the specimen.

Note AT4—Spccimens that break outside the extensometer or in the
jaws and yet mcet the minimum specified values are considered as
meeting the mechanical property requirements of the product specifica-
tion, regacdicss of what procedure of gripping has been used. Specimens
that break outside of the extensometer or in the jaws and do not mcel the
minimum specificd valves are subject (o retest. Specimens that break
between the jaws and the extensomeler and do not meet the minimuim

: specified values are subject 10 retest as provided in the applicable
A7A1 Il the molten-metal temperatures employed during  specification,
;“-
i A8. ROUNDING OF TEST DATA

P
b

S

AB.1 Rounding A%

AB.1.1 An obscrvfed_'valuc or a calculated value shall be
founded off in accordance with the applicable product specifi-
Clion_ [n the absence of a specified procedure, the rounding-
f method of Practice E 29 shall be uscd.

AB.1.1.1 Values shall b rounded up or rounded down as

determined by the rules of Practice E 29.

A8.1.1.2 Tn- the-special case of rounding the number *5™
when no additional numbers other thar “0” follow (e **5,”

_rounding shall bé done in the ‘direction of the specification

limits if following Practice E 29 would cause rejection ofma-
terial,
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AB.1.2 Recommended levels for rounding reported values
of test data are given in Table AB. 1. These values are designed
to provide uniformity in reporting and data siorage, and should
be used in all cases except where they conflict with specific
requirements of a product specification.

Nom: AB.1—To minimize cumulalive errors, whenever passible, values

A9. METHODS FOR TESTING STEEL REINFORCING BARS

A9.1 Scope

A9.1.1 This annex covers additional details specific to
testing steel reinforcing bars for use in concrete reinforcement.

A9.2 Test Specimens

A9.2.1 Alltest specimens shall be lhc full section of the barc
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
distance of at least lwo bar diameters between each gage mark
and the grips, plus sufficicnt additional length to fill the grips
completely leaving some excess length protruding beyond each
grip.

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
mm} along the 8-in. (200-mm) gage length, on one of the
longitudinal gibs, 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 resulis. A
bullet-nose punch is desirable.

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

A934.1 Extension under load using an autographic dia-

\

should be'carmied to at least one figure beyond that of the final (roundeq)?
value during iatervening calculations (such as calculation of stress [mm{
load and area measurements) with rounding occurting as the ﬁna]l

operation. The precision may be less than that implied by the numbee o{:
sqgmﬁcanl figures.

by

(N O P

1

gram mcthod or a extcnsometcr as descnbed in 13.1.2 a.nd
13.13,
A9.34.2 By the drop of the beam or halt in the gage of lhm
tesling machine as described in 13.1.1 where the steel tested as: -
a sharp-kneed or well-defined type of yield point. oo
A9.3.5 The unit sress delerminations for yield and Icnsdc

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

ot i s

A9.4 Bend Testing

A94.1 Bend tests shall be made on specimens of sufficient
length to ensure free bending -and with apparatus which
provides:

A9.4.1.1 Continuous and uniform application of force
throughout the duration of the bending operation,

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

A9.4.13 Close wrapping of the specimen around the pm

. during the bending operation.

A9.42 Other acceptable more severe methods of bcnd
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 permilted by the product specifi-
cation, the following shall apply:

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

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

A10. PROCEDURE FOR USE AND CONTROL OF HEAT-CYCLE SIMULATION

i
A
A10.1 Purpose

AlLD.L.1 Jo ensure consistent and reproducible heat treat-
ments of production forgings and the tesl specimens that

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

G
e

A10.2 Scope: *

Al021 Ge,'rx“mtion and documentation of actual production
umc—acmp-cr,al [c curves (MASTER CHARTS).

Al0D.2.2 Conprols for duplicating the master cycle during
heat treatment of production forgings. (Heat treating within the
essential variables established during A1.2.1).

3

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.

Al10.2.5 Documentation and storage of all controls, inspec-
tions, charts, and cucves.

A103 Referenced Documents

A10.3.1 ASME Siandards':

ASME Boiler and Pressure Vcssc[ Code Section III, latest
cdition.

11 available from American Society of Mechanical Enginocrs_ 345 E. 4Th S¢
New York, NY 10017
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ASME Boiler and Pressure Vessel Code Section WVIII,
pivision 2, latest edition.

A10.4 Terminotogy

A10.4.1 Definitions:

AL0A L] master charr— a record of the heat treatment
received from a forging essentially identical to the production
forgings that it will represent. It is a chartt of time and
temperature showing the output {rom thermocouples imbedded
in the forging at the designated test immersion and test location
“or locations.

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

Al04.1.3 simulator chari— a record of the heat reatment |

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 aceuracy of dugplication. -

A104.1.4 simulator cycle— one continuous heat treatment
of a sel of specimens in the simulator unit. The cycle includes
teating from ambient, holding at temperamure, and cooling. For
example, a simwlated austenitize and quench of a set of
specimens would be one cycle; a simulated temper of the same
spectmens would be anollier cycle.

A10.5 Procedure

fA10.5.1 Produciion Master Charts:

Al0.5.1.1 Thermocouples shali be imbedded in cach forg-
ing ltom which a master chart is obtzined. Temperatuce shall be
monitored by a recorder with resolution sufficient to clearly
define all aspects of the heating, holding, and cooling process.
All charts are to be clearly identified with all pertinent
information and identification required for maintaining perma-
gl records,

Al0.5.1.2 Thermocouples shall be imbedded 180 deg apant

il the material specification requires test locations 180 deg .

apart.

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

Al05.1.4 If nore than one curve is required per master
forging (180 deg apart) and a difference in cooling rate is
achicved, then the most conservative curve shall be used as the
master curve. Y

Al0.5.2 Reproducibility of Heat Treatment Parameters on
Production Forgings:

AlD52.1 Al ilformation pertaining to the quench and
Cmper of the masié_r Jorging shall be recorded on an appro-
Priage permanent récord, ssimilar to the one shown in TFable
Aloy. i

Al0522 All in[o?g'lalion pertaining to the quench and
mper of the prod\tlizlion forgings shall be appropriately
*corded, preferably ‘on a form similar to that used in
A10.5.2.1. Quench records of production forgings shall be
felained for future reference. The quench and temper record of

¢ master forging shall be retained as a permanent record.

Al0.523 A copy of the master forging record shall be
stored with the heat treatment record of the production forging.

A10.5.2.4 The essential variables, as set forth on the heat
treat record, shall be controlled within the given parameters on
the production forging. .

Al05.2.5 The temperature of the quenching medium prior
to quenching each production forging shall be equal to or lower
than the temperatuce of the quenching medium prior to
quenching the master forging. ; ;

A10.5.2.6 The time elapsed from opening the furnace door
to quench for the production forging shall not exceed that
elapsed for the master forging. ‘

Al0.52.7 If the time parameter is exceeded in opening the
furnace door to beginning of quench, the forging shall be
placed back into the fumace and brought back up to equaliza-
Uon temperature.

A1052.8 All forgings represented by the same master
forging shall be quenched wilh like oriéatation to the surface of
the quench bath.

A10.5.2.9 All production forgings shall be quenched in the
same quench rank, with the samec agitation as the master
forging.

AlL0.5.2.10 Uniformiry 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 eycle for them shall not exczed *25°F (£14°C) for
the quench cycle. (2) The tempering temperature of the
production forgings shall not fall below the actual tempenng
temperature of the master [orging. (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 Temperare Recorder and such
tecords shall be retained as permanent documentation.

Al05.3 Hear-Cycle Simulation: .

Al0.53.1 Program charis 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 holding time
and the same cooling rale as the production forgings.

Al10.5.3.2 The heating cycle above the ACI, a portion of tie
holding cycle, and the cooling portion of the master chart shall
be duplicated and the allowable limits on temperature 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 Tesi Coupon Hear Treaiment
Jor Quenched and Tempered Forgings and Bars—If cooling
rate data for the forgings and bars and cooling rate control
devices for e test specimens are available, the test speceimens
may be heal-treated in the device,

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

(c) Simulated Post Weld Heat Treatment of Test Specimens
(for fermitic steel forgings and bars)—Except for carbon steel (P
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Number I, Section 1X of the Code) forgings and bars with a
nominal thickness or diameter of 2 in. (51 mm} oc less, the test
specimens shall be given a heat reatment o simulate any
thermal ftreatments below the critical temperature that the
forgings and bars may receive during fabdcation. The simu-
lated heat treatment shall utlize temperatures, times, and
cooling rates as specified on the order. The fotal time at
temperature(s) for the test material shall 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.

A10.533 Prior to heat treatment in the simulator unit, test
specimens shall be machined to standard sizes that have been

determined to allow_adequately for subsequent removal of

decarb and oxidation.

A10.5.3.4 At least one thermocouple per specimen shall be
used for continuous recording of femperature on an indepen-
dent extemnal 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
coatrol and monitoring thermocouples always be placed in the
same relative position with respect to the heating source
(generally infra red lamps).

A10.53.5 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 queach 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 shzll be shown on the

ot

simulator chart, and on the correspondmg nonconfonnaneq'
report. ifl
Al0.54 Rehear Treatment and Retesting: E

Al10.5.4.1 In the event of a test failure, retesting shall bff

handled in accordance with mules set forth by the malcnal
specification”

A10.5.4.2 If retesting is permissible, a new test .specnmen
shall be heat trcated. lhc same.as previously. The producuqm
forging that it rcprcscms will have received the same hcar
treatment. If the test passes, the forging shall be acceptable. Ii'
it fails, the forging shall be izjected or shall be subject'to rcheab
treatment if permissible.

A10.54.3 If reheat treatment is permissible, pro-cced as
follows: {1} Reheal treatment same as original heat uca(mcnt -
(time, temperatuce, cooling rate): Using new test specimeas -
from an arca as close as possible Lo 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 dovble quench and temper
as its test specimens above. (2) Reheat treatment using a ncv;_'
heat reatment practice. Any change in time, tcmperature, or
cooling rate shall constitufe a new heat (reatment practice. A
new master curve shall be produced and the simulation and
testing shall proceed as originally set {orth. )

A10.5.4.4 In summation, cach test specimen and its corre-
sponding forging shall receive identical heat treatment or heat
trealment; otherwise the testing shall be invalid.

A10.5.5 Storage, Recall, and Documeniation of Heat-Cycle
Simulartion Data—All records pertaining to heat-cycle simula-
tion shall be maintained and held for a'period of 10 years oras
designed by the customer. information shall be so organized

that all praclices can be verified by adequate documented
records.
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TABLE 1 Multiplylng Factors to Be Used for Various Diameters ot Round Test Specimens
Slandard Specimen Small Size Specimens Progoriional lo Standard
0.500 in. Round 0.350 In. Round 0.250 k. Round
Actual ) L Adual o Actual
N Area, Multiptying y Asea, Kulti . Area, Mualtiplyi
0.490 01886 5.30. -0.343 00324 10.82 0.245 0.0471 21
0491 . © 0.1893 528 0344 0.0929 10.76 0.246 0.0475 21.04
0492 0.1901 5.26 0.345 0.0935 1070 0.247 0.0479 20.87
0.493 0.1909 524 0,346 0.0%40 10.64 0.244 0.0483 20.70
0.494 01917 522 0,347 0.0946 1057 0.249 0.0487 2054
0.495 0.1924 5.20 0.348 0.0951 10.5¢ 0250 0.0491 2037
0.496 0.1932 5.18 0.349 00957 10.45 0.251 0.0495 2021
(0.05)4 (20.0p*
0.497 '0,1940 515 0.350 0.0962 10.39 0.252 0.0439 20.05
(0.05)* {20.0p*
0.498- 0.1948 — - — 513 0.351 0.0968 10.33 0.253 0.0503 19.39
(0.05)* (200
0.499 0.1956 ) 511 0.352 0.0973 1028 - 0254 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 507 0.354 00984 10.16
0.502 0.1979 5.05 0.355 -0.09%0 10.10
0.503 0.1987 5.03 0.356 -~ 0.0995 10.05
{o.1n* (10.0)*
0.504 0.1995 5.01 0.357 0.1001 9.99
0.2)* 5.0* 1" (10.0)*
0.505 0.2003 4.99
" (5.0
0.506 0.2011 497
(i .0
0.507 02019 4,95
0.508 0.2027 493
0.509 0.2035 491
7 0510 0.2043 4.90

“The values in parentheses may be used for ease in calculation of slresses, In pounds per square Inch, as paimitted [n Nole 5 of Fig. 4.

A
.

./ .l.l

o
-~

Cmais
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TABLE 2 Approximate Hardness Converslon Numbers for Nonaustenltic Steels” (Rackwell C to other Hardness Numbers)
Rockwell Supetfidlal Hardness
Rockowel C Brinell Knaop Rockwell
Vickers A Scale 1SN Scale, 30M Scala 45N Scalg, .
Scale, 150-kgl Hardness, Hardness, ‘ Approximale
Load. Diamond Hardness 3000-kaf L 80-kgt Load, 15-kgf J0-kgf 45kl T
y Numbet gf Load, S00-gf Load Diamond Load, Load, Load, ensdo
Penelrator 10-mm Ball and Cver Penetiator Diamoad Diamond Dlamond .
Penetrator Penelralor Penefrator .N {(MPa)
68 840 — 920 85.6 932 84.4 75.4 -
67 900G 895 B850 929 838 742 —
66 B85 - 270 4.5 925 . 828 733 .
65 832 739 846 83.9 922 819 720 -
64 800 722 8x2 83.4 918 811 © 7.0 -
63 2 706 799 B82.8 914 801 699
62 746 688 76 82.3 911 79.3 68.8
61 720 670 754 818 90.7 78.4 677 -
60 697 654 732 81,2 90.2 775 66.6
59 674 634 710 80.7 89.8 76.6 655 351 (2420)
58_ - — 653 615 690 80.1 89.3 5.7 64.9 238 (2330}
57 633 693 670 9.6 88.9 748 63.2 326 (2240} .
55 612 577 650 79.0 80.3 739 62.0 M3 (2160)
55 585 560 630 78.5 a7.9 73.0 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 71.2 58.6 ....283 (1950)
52 544 512 576 76.8 86.4 70.2 574 273 (1880)
51 528 495 558 76.3 85.9 62.4 56.1 264 (1620)
50 513 442 542 759 B5.5 £8.5 : 550 255 (1760)
49 498 468 526 75.2 85.0 67.5 538 246 (1700)
48 484 455 510 - 74.7 B4.5 66.7 525 238 (1640)
47 471 442 495 741 83.9 65.8 51.4 229 (1580)
46 458 432 480 736 “B3.5 G4.8 503 221 {1520)
45 445 421 466 73.1 83.8 64.0 49.0 215 (1480)
44 434 409 452 725 825 £3.1 47.8 208 (1430)
43 423 400 438 72.0 82.0 62.2 467 201 (1350}
42 412 390 426 71.5 B1.S 61.3 455 . 194 (1340}
41 402 381 a14 70.8 280.9 60.4 44.3 ' 188 {1300)
40 392 71 402 70.4 80.4 59.5 431 182 (1250)
39 382 362 3% 63.9 79.9 585 41.9 177 (1220}
a8 a2 353 380 69.4 79.4 577 40.8 © 171 (1180)
ar 363 344 k¥ ' 66.9 78.8 56.8 396 166 {1140)
a6 354 36 60 68.4 783 55.9 8.4 161 (1110)
35 45 327 351 &7.9 T 55.0 2172 _ . 156 (1080}
34 336 319 342 67.4 772 54.2 26.1 152 {1050)
a3 327 an 334 66.8 75.6 533 34.9 149 (1030)
a2 318 301 326 66G.3 76.1 521 337 146 (1010)
a 310 294 28 65.8 75.6 513 32.5 141 (970}
30 302 2B6 At 653 750 50.4 .3 138 {950)
29 294 279 204 64.6 ; 745 - 495 36.1 135 (930}
28 286 271 297 64.3 739 48.6 28.9 131 (900)
27 279 264 290 628 73.3 477 27.8 128 (860)
26 272 258 284 633 728 46.8 26.7 125 (860}
25 266 253 278 G268 72.2 459 25.5 123 (850}
24 260 247 2n 62.4 e 45.0 243 119 (820)
23 254 243 266 62.0 71.0 44.0 23.1 117 {810}
2{ 248 237 261 61.5 70.5 432 220 15 (790)
2 - 242 231 256 610 69.9 42.3 207 uz27o
20 238 226 251 60.5 69.4 415 19.6 110 {760)

* This Lahle gives the approximate inlemelationships of hardness values and approximate leasile strenglh of steels. Il is possibla thal steels of varicus compositions an
processing histoties will deviate in hardness-tensile strength refationship from the data presented in this table. The data in this labla should not b used toc austenits
stainless steels, bud have beea shown o be applicable foc femitic and martensitic stainless sleels, The data in this labla should not be used 10 eslablish a relationshi

between hard(\ess values and lensile strength of hard drawm wire. Where more precise conversions are required, they should ba developed specially for each sted
compasition, higal reatment, and part.
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TABLE 3 Approximate Hardness Converslon Numbers for Monaustealtic Steels* (Rockweli B to other Hardness Numbrerg)

ockwell R Rodovell Superdidal Hardnass
R ‘
Scale, 100- Vickers Brinel Knoop Rm:’ A “"g:“d':“ F 15T Scale, 30T Scate, 45T Scale, Approdmata
kgl Load Vie- Hardness Hardness, Hatdness, Gu-kg( . 15kgl 30-kgt 45-kot Tansha
In. (1.588- Number 3000-kgf Load,  500-gf Load Load, Diamend m:du kgv Hn' Load, Load, Load, Strength.
mimy) 10-mam Ball and Over o Yissn. Vie dn. Viedn Yis-in. ks{ (MP&)
gall Penelralor (1.588-mm) Ball (1.588- (1.588- (1.588-
- ’ mum) Bal mmy) Bak mm) Ball
100 240 249 251 61.5 931 8ad 728 116 (800)
99 234 234 245 60.9 928 825 79 114 (785) -
98 228 228 241 602 925 81.8 709 109 (750} -
97 222 222 235 595 92,1 8i.1 69.9 104 {715)
96 216 216 23 58.9 91.8 B0.4 68.9 102 (705}
g5 210 210 226 583 91.5 79.8 679 100 (650}
94 205 205 221 57.6 iy 912 79.1 66.9 98 (675)
93 200 200 216 57.0 - 90.8 784 659 | 84.(650)
g2 195 195 an 56.4 90.6 778 648 92 (635)
91 190 190 206 558 902 771 63.8 90 {620)-
90 185 185 201 §52 £9.9 76.4 2.8 89 {615)
a9 180 T80 196 54.6 89.5 75.8 61.8 88 (605)
88 176 176 192 540 89.2 75.1 60.8 86 (580)
87 172 172 188 53.4 88.9 744 59.08 84 (580)
86 169 169 184 .52.8 88.6 738 saB "83'(570)
85 165 165 180 52.3 - 882 731 57.8 82 (565)
84 162 162 176 517 B7.9 72.4 568 81 (560)
%] 159 159 173 k= o 87.6 718 55.8 .80 {550)
B2 156 156 170 50.6 87.3 711 548 77 (530)
B 153 153 167 50.0 £6.9 70.4 538 73 (505)
80 150 150 154 495 86.6 69.7 528 72 (495)
79 147 147 161 48.9 86.3 69.1 518 .. 70 {485}
78 144 144 158 48 4 86.0 56.4 508 69 {475)
77 141 141 155 47.9 856 677 49.8 68 (470)
76 139 139 152 47.3 85.3 67.1 488 67 {460)
r 75 127 137 150 46.8 99.6 85.0 66.4 478 “66 (455)
74 135 135 147 46.3 99.1 847 657 468 65 (450)
73 132 132 145 45.8 98.5 84.3 55.1 458 64 (440)
72 120 130 143 453 98.0 £4.0 64.4 44.8 63 (435)
T 127 127 141 448 97.4 83.7 637 438 62 (425)
70 125 125 139 44,3 96.8 83.4 63.1 42.8 61 (420)
69 123 123 137 438 96.2 a3.0 62.4 418 60 {415)
&8 2 124 135 433 95.6 82.7 6137 408 - 59 {405)
&7 19 119 133 42.8 95.1 82.4 61,0 398 58 (400}
66 1y 7 131 42.3 94.5 82.1 60.4 387 57 (395)
85 16 TG . 129 41.8 93.9 81.8 59.7 377 56 (385)
64 14 fna - 127 41.4 934 814 590 367 .
63 "2 112 125 40.9 92.8 a1 58.4 357
62 e 110 . 124 10.4 922 80.8 57.7 47
61 os 108 122 40.0 917 B0O.5 57.0 a7
60 107 107 120 395 91§ 801 56.4 327
59 106 106 118 39.0 905 79.8 557 317
58 104 104 17 38.6 900 79.5 55.0 30.7
57 103 103 15 28.1 89.4 79.2 544 297
56 101 101 114 377 8a.a 76.8 53.7 287
55 Yoo 100 1z 7z 8.2 785 53.0 277
54 . - 111 368 87.7 78.2 524 26.7
3 . 10 36.3 87.1 779 51.7 25.7
52 i . 109 35.9 86.5 775 510 247
51 . 108 355 85.0 72 50.3 237
50 . 107 350 85.4 76.9 49.7 227
49 - 106 .6 848 76.6 43.0 2.7
48 ; . 105 341 843 762 48.3 207
47 . 104 37 837 759 477 19.7
46 . - 103 a3 831 75.6 470 187
45 102 329 826 75.3 46.3 177
a4 * . 101 2.4 az0 749 457 167
43 5 100 a0 814 T4.6 450 157 .
42 . 99 36 e0.8 74.3 442 147
41 . 98 3i.2 80.3 74.0 437 136
a0 . 57 T 797 736 43.0 12.6
39 96 30.3 79.1 733 42.3 116
38 -95 29.9 78.6 73.0 416 10.6 -
37 N 94 295 760 2.7 410 9.6
a5 93 29.1 774 723 403 86
35 - 92 8.7 769 0 396 7.6
24 e 9 28.2 76.3 717 39.0 &6
a3
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R B . Rockwell Supedicial Hacdness -
Scale, 100- Brinet! Knoop Rockwell A Rockwell £ 157 Scalo, 30T Scale, 45T Scale, Approx &
o L Vickers Scale, Scale, 15%gl °  80-kg 45 3"
gt Load Vae- Hardness Hardness, Hardness, 60 kol Loacg|1 Loag N kgt Tensilg ~,
i 3 A oad,
in. {1.584- Number 3000-kgl Load, 500-gt Load Load, Diamond Load, Yiein. Vig - Vied v
n) 10-mm Balf and Over e -l tein. hedn. ksl (MPg)
. Ball Penelrator (1 588-mm) Ball {1.588- (1.588- (1.588-
. mm} Ball tmm) Balf mm) Balt
R - a9 27.4 752 71.0 376 46 .
a1 - &8 27.0 74.6 707 aro 36 -
0 - 87 26.6 40 704 353 26
“This table gives the approximate Inlerrelationships of hardness vakies and

procassing his

stainless steels, but hava been shown 1o be applicable for feqitic and marens|

TABLE 4 Approximate H.

approximate tensile strength of steels. It Is possibla that steeks of vasious compastions ar
tories will deviate ln hardness-lensfie strenglh reationship from (he data presented in this table. The dala In this table shoutd not be used for austonh

itic stalnless sfeets. The data In this tabla shoutd not be used ta 2stablish a relationsh
¢ MG precise conversions ara required, they should be developed spedalty for each ste

ardness Converslon Nombers for Austenillc Steels (Rockwell C to other Hacdness Numbers) -

Rockwell C Scale, 150-kgf
Load, Diamond Penetrafor .

Rockwell A Scate, 60-kgf

Rockwell Supericlal Hardness

Load, Diamond Penatralor

15N Scale, 15-kgf Load,

Diamond Penetralor

30N Scale, 30-kgf Load,

45N Scale, 45-kgf Load,

Diamond Penelrator Diamond Penelralor
44 74.4 ~ 841 66.2 52:1
47 739 B3.6 653 50.9
46 734 831 64.5 49.8
45 729 B2.6 636 48.7
44 724 821 627 47.5
43 719 81.6 61.8 46.4
42 7.4 B1.0 61.0 452
41 70.9 80.5 60.1 441
40 70.4 800 592 43.0
39 69.9 795 58.4 41.8
38 69.3 79.0 57.5 407
a7 68.8 785 56.6 396
36 68.3 780 557 38.4
35 67.8 775 54.9 373
34 67.3 T7.0 540 6.1
33 66.8 76.5 534 aso
32 663 159 523 339
31 658 75.4 514 32.7
30 653 749 50.5 16
29 648 74.4 49.6 30.4
28 64.3 739 48.8 293
27 638 734 479 28.2
26 633 729 47.0 27.0
25 62.8 724 46.2 259
24 623 7.9 45.3 24.8
23 61.8 713 44.4 216
22 61.3 70.8 43.5 225
2% 60.8 70.3 427 21.3
20 60.3 69.8 418 20.2
3
e
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L

Rockwell Supedficial Hardness

Rockwell B ) .
Scale, 100- Vickers Brinel Knoop “g::“ A “mw:" F 15TScale, 30T Scale, 45T Semle, Apncoxiniie
%gf Load Vie- Hardnes Hardness, Hardaess, 60kl 60kgt iSkal ~ 30-kgl 45-kgf Tonsda -
in. {1.588- oo J000kgiLoad,  SO0gtloas . Td o S Load, Load, Load, Swength,
mm) umber 10-mm Ball and Over y oacs Ve, Yis In. iedn. Yie-in. ksl (MPa)
fan Penetralot (1.588-mm) Ball (1.588- (1.588- (1.5688-
B mm) Ball mmj) Ball mmy) Ball
aa ] a9 27.4 752 710 are 45 i
31 88 270 746 707 a7 36
30 87 266 740 704 a63 26 -

“ This table gives tha approdmate inlervelationstips of hardness values and approximate tensile strength of sleels. itis possiblo
processing histodes will deviate In hardness-lensile strenglh relationship from the data prasenied In this table. Tha data In this
stainlass steels, but have been shovn lo be applicabla for femitic and martensitic stalnless steels. The data in this 1abla sheuld
between hamdness values and tensile sicength of hard drawn wire.
compasition, heat lreatment, and par,

hat sieels of various compaositions ar,
table shoutd nol be used Tor austeni,
not be used to-astablish a relati
Where more precise conversions are required, they should be developed spedlalty for each stee

- TABLE 4_ Appraximale Hardness Conversion Numbers for Austenltic Steels {Rockwell G to other Hardness Numbers)

Rockwel C Scale, 150-kgl
Load, Diamond Penetrator

Rockwell A Scalae, 60-kof

Rockwell Superficlal Hardness

Load, Diamond Penclralor

15N Scale, 15-kgf Load,
Diarnond Penelrator

30N Scale, 30-kgf Load.

45N Scale, 45-kgt Load,

Diamond Penctralar Diamand Penetralor
48 T4 N B4.1 66.2 521
47 73.9 83.6 65.3 50.9
46 734 83.1 64.5 49.8
45 729 826 63.6 487
44 724 821 62,7 475
43 719 B1.6 518 46.4
42 T4 810 51.0 452
41 70.9 805 60.1 4.1
40 704 80.0 59.2 43.0
sl 69.9 795 58.4 41.8
38 69.3 72.0 51.5 40.7
ar L) 785 55.6 336
36 68.3 78.0 557 38.4
a5 67.8 s 54.9 3
34 673 77.0 40 36,1
33 66.8 76.5 53.1 35.0
a3z 66.3 759 523 339
3 65.8 75.4 514 327
32 65.3 149 50.5 . .36
29 648 744 496 304
28 64.3 79 4B.8 293
27 63.8 714 479 282
26 6332 729 470 27.0
25 62.8 724 46.2 239
24 £2.3 9 45.3 248
23 61.8 713 44 4 23.6
22 61.3 708 43.5 22.5
21 60.8 703 42.7 21.3
20 603 6358 4i.8 20.2
A
-1



110

b A 370

TABLE 5 Approximale Hardness Converslon Humbers for Austenttlc Steels {Rockwell B 1o other Hardness Numbars)

Rockwell B Rockwedl Supedidal Hardness

Scale, 100 Brinell Indeniation Brinell Hardness, Rockwell A Scala, 15T Scale, 30T Scale, 4ST Scalo,
kgf Load, ¥ia- Ofameler. mm 3000-kgf Load, 60-kgf Load, 15+kgl Load, 30-kgf Load, 45-kgf Load,
. In (1588~ - ) 10-mm Ball Olamond Penetraltor Viedn. (1.588- Yiein. {£.568- Viedn. {1.588-
) Bal - mm) Bal mm} Ball mm) Ball
00 379 256 615 9i5 80.4 702
99 aes . 248 609 912 797 69.2
28 3.91 : 240 603 908 79.0 682
97 ass 233 59.7 90.4 783 67.2
96 402 228 59.1 - 90.1 rrdrd 66.1
95 4.08 . 219 585 B89.7 70 65.1
94 414 213 8.0 8sa 763 64.1
92 420 207 574 809 756 63.1
92 424 202 558 80.6 74.9 62.1
91 : 420 197 56.2 882 74,2 61.1
50 435 192 55.6 878 73.5 60.1
_ 89 o _ Ado_ 187 55.0 ar.5 728 59.0

88 445 183 545 e 724 58.0
ar 4.51 178 539 857 FAR. 57.0
86 ass 174 533 BG4 70.7 56.0
85 460 170 527 85.0 700 55.0
84 4.65 167 521 856 69.3 540
83 470 163 - 515 852 60.6 529
a2 4.74 160 50.9 B4.9 57.9 5139
a1 479 155 504 845 67,2 0.9
80 4,84 153 496 84,1 665 49.9
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(Ball 10 mm in Diameter, Applied Loads of 500, 1500, and 3000 kal}

111

Diameler  Brined Hardness Number

) Brinel Hardnoss Number  Diameler  Brined Hardaoss Number Brinell Hardnass Number £
of Indeata- Diameter of Indenta- Diameter he
lion, mm 500~ 1500~ 3000~ o lndenta- 1500- 3000 Yon, mm 500- 1500-  3000- of tndenla- 1500~ 3000-
: gt kol k' jon mm  kaf kgl kgl ) kgt kgl kgl gon, mm kgt kgl kgl
Load Lead {ocad load load  Load toad Load Load ) load  load  Loag-
200 158 473 945 2.60 926 278 555 3.20 605 182 363 3.80 42.4 127 255
201 156 468 936 2.61 a1.8 276 551 321 60.1 180 361 as 422 127 253
202 154 463 926 - 262" 911 273 547 322 59.8 179 359 382 42.0 126 253’
203 153 459 17 263 904 271 543 323 59.4 176 as6 3.83 41.7 125 250 °
204 151 454 $08 2,64 89.7 269 538 324 §9.0 177 354 384 415 125 249
2.05 150 450 899 2.65 83.0 267 534 3.25 58.6 176 as2 3.85 413 124 paa
2.06 148 445 890 266 804 265 530 326 58.3 175 350 3.86 411 125° 24,
2,07 147 441 882 2.67 877 263 526 K¥-74 579 174 347 3.87 40.9 123 245 ;
208 146 437 873 2.68 87.0 261 522 328 57.5 173 345 388 40.6 122 244
2.09 144 432 865 2.69 B5.4 259 518 229 S7.2 172 343 3.89 40.4 121 242
210 143 428 as6 2.70 85.7 257 514 3.30 56.8 170 341 3.90 402 az1 241
2.11 4t 424 848 271 85.1 255 510 a3t 56.5 169 339 391 40.0 120 240
212 140 420 840 272 84.4 253 507 a2 56.1 168 337 392 39.8 g 239
2.13 139 416 83z 2,73 a3a 251 503 333 55.8 167 335 393 39.6 s’ 237
2.14 137 412 824 2.74 832 250 493 3.34 554 166 333 3.94 30.4 118 236
2,15 136 408 817 275 826 248 495 a3s 55.1 165 a3 ags 391 17 215
21§ 135 404 809 276 81.9 246 492 3.6 54.8 164 329 3.96 38.9 uz 21
217 134 401 802 237 813 244" 488 337 54.4 163 326 397 387 116 252
2.18 132 397 794 2.78 80.6 247 485 3.38 541 162 325 3.98 38.5 116 231
2.19 131 393 787 2.79 80.2 240 481 339 538 161 323 3.99 3823 115 230
220 130 390 750 286 79.6 239 477 3.40 53.4 160 321 4.00 301 114 229°
221 129 386 772 281 79.0 237 474 341 521 158 ag 401 37.9 114 228
292 28 383 765 2.82 78.4 235 471 3.42 52.8 158 7 402 37.7 13 226
2.23 126 379 758 2.83 779 234 467 343 525 157 315 4.03 375 13 225
224 125 376 752 2.84 77.3 232 464 344 522 156 5313 4.04 37.3 112 224
2.25 124 a7z 745 285 76.4 230 461 3.5 si.a 156 an 4905 -374 M 23
226 123 369 738 2.86 762 229 457 346 518 155 109 4.06 7.0 111 222
227 122 366 732 2.87 757 227 454 3.47 51.2 154 307 4.07 25.8 110 221
2.28 121 353 725 288 751 225 451 348 50.9 153 306 400 36.6 110 219
239 120 359 71y 2.89 746 224 448 3.49 50.6 i52 304 4.09 6.4 09 218
2.30 19 356 712 290 74.1 222 444 3.50 50.3 151 302 4.10 36.2 109 2
231 118 as3 706 2.91 736 221 441 51 50.0 150 300 411 36.0 108 2%
232 1ur 3s0 700 292 73.0 219 430 352 a7 149 290 492 as.e 108 215
233 16 347 594 2.93 725 218 435 353 a%.4 148 297 4.13 357 107 214
2.34 s 344 688 2.94 72.0 216 432 3.54 49.2 147 295 414 35.5 106 213
235 t4 341 582 2.95 s 215 429 355 4.9 147 293 4.5 35.3 106 212
2.36 113 338 676 296 710 213 426 3.56 48.6 146 292 4.16 35.1 105 211
237 12 a3s 670 297 70.5 212 423 357 480 145 260 417 349 105 210
238 11f 332 665 298 70.1 210 420 3158 18.0 144 208 4,18 34.8 104 209
239 10 330 659 2.99 69.6 209 417 359 arg 142 286 4.19 346 104 208
2.40 109 327 653 3.00 69.1 207 415 3.60 415 142 285 4.20 34.4 103 201
241 108 324 648 2.01 68.G 206 412 3161 472 142 283 4.21 34.2 103 205
242 107 a2z 647 302 682 205 409 362 46.9 141 282 422 34,1 102 204
2.43 106 318 637 3.03 67.7 203 406 363 46.7 140 280 4.23 33.9 102 203
2.44 105 316 632 3.04 673 202 404 364 6.4 139 278 424 237 101 202
245 104 313 627 3.05 £6.0 200 401 365 46.1 138 277 425 336 101 201
2.45 104 an 621 3.06 66.4 199 398 3.66 45.9 138 275 4.26 3.4 100 - 200
247 103 308 &6 307 65.9 198 395 3.67 45.6 137 274 427 33.2 9.7 199
248 102 306 611 2.08 65.5 136 393 168 45.4 136 272 420 331 992 198
2.49 101 303 606 3.09 65.0 195 330 3.69 451 135 271 429 329 98.8 198
250 100 304 601 3.10 64.6 194 388 3.70 449 ] 269 4.30 328 98.3 197
2.51 99.4 298 557 .11 642 193 a5 an 44.6 134 268 4.31 326 97.8 196
252 90.6 296 592 3.2 638 191 383 372 44.4 133 266 4.32 2.4 97.3 195
2.53 arh 294 s87 313 63 190 280 373 44.1 132 265 433 32.3 96.8 134
2.54 97.1 291 582 a4 629 189 arn 3.74 439 132 263 4.34 32.1 96.4 193
255 196.3 289 578 215 62.5 168 s a7s 436 131 262 435 3z.0 959 192
256 g55 287 573 216G 62.1 186 ara 375 434 130 260 4.36 31.8 95.5 191
257 948 284 569 317 617 185 370 377 421 129 259 437 317 95.0 190
2.58 84.0 282 5G4 318 613 184 368 378 42.9 129 257 428 31.8 94.5 189
2.59 B2 280 560 3.19 60.9 183 366 a7e @27 128 256 439 ar.4 94.1 188
4.40 32 916 187 5.05 233 698 140 5.70 17.8 535 107 635 14.0 42.0 8400
4.41 LTRN 932 186 5.06 22.2 €9.5 139 5N 17.8 533 107 6.36 13.9 41.8 83.7
4.42 0.9 . 927 185 5.07 231 £9.2 138 572 177 53.1 106 6.37 13.9 417 a3+
4.43 06 92.3 185 5.08 230 68.9 128 5.73 17.6 529 106 6.38 12.8 415 831
4.44 30.'6\ o918 184 5.09 229 68.6 137 S.74 176 527 105 6.32 13.8 41.4 82.8
445 05 914 182 5.10 228 68.3 137 575 175 52.5 105 £.40 13.7 412 82.5
4.46 30, ! 910 182 5.1 27 68.0 136 5.76 7.4 52.3 105 6.41 13.7 411 822
447 30.2 905 181 5.12 226 67.7 135 577 i7.4 521 104 6.42 13.6 40.9 819
4.48 30.0 SG1 180 5.13 225 67.4 135 578 17.3 51.8 104 65.43 13.6 40.4 81.6
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Dizmeler Brinef Hardness Number

Brinell Hardness Number

Diameter Bdnell Hardness Number

Diamet Ednel Hardness Mumber
. C - ameter =
oflndentd 600.  1500- 3000 gfindenta- 500+ 1500 3000, et Tann T ehn T w0 lindenae | SO0 1500 3000
vont. - ket kgt kot gon, mm kgl kgl kgl ) kgt kgt tion, mm kgl kgt kgt
Load Load Load Load Leoad Load Load Load Load Load Load Load
449 299 897 179 5.14 224 614 134 579 w2  st7 103 6.44 155 406 ar3
450 298 893 179 5.15 223 669 134 580 172 Si5 103 6.45 135 405  aro
451 296 888 178, 516 222 666 133 581 171 513 103 £.46 134 40.4 80.7
452 5 88.4 177 57 221 663 133 5.82 17.0 511 02 G.A7 13.4 40.2 80.4
453 293 880 176 518 220 660 132 5.83 1720 soe 102 6.48 134 401 go.x
454 292 876 175 5.19 219 658 12 5.84 168 507 101 6.49 133 399 798
455 200 872 174 520 218 655 13 585 16.8 505 101 5.50 133 398 796
4.56 2849 85.8 174 521 21.7 65.2 130 5.86 16.8 50.3 L1} 6.51 13.2 a3 79.3
4.57 288 . 86.4 173 522 2186 649 130 5.87 16.7 502 10G 5.52 132 335 750
4.58 28.7 86.0 172 523 21E 4.7 129 588 16.7 500 999 653 131 394 78.7
4.59 28.5 85.6 171 524 215 644 129 5.89 16.6 498 995 6554 RERH 392 78.4
460 284 B54 170 5.25 214 64.1 128 5.50 165 49.6 99.2 6.55 13.0 3.1 78.2
4.61 283 B4.0 170 5.26 213 63.9 128 591 165 49.4 9&a 6.56 13.0 38.9 78.0
462 281 84.4 -169 527 21.2 6316 127 592 16.4 49.2 38.4 657 12.9 38.8 776
4.63 280 840 168 528 211 6313 127 592 16.2 49.0 98.0 5.58 12.9 38.7 773
4.64 27.9 836 167 5.29 21.0 63.1 126 594 163 48.8 977 5.59 12.8 385 77
4.65 278 833 167 5.30 20.9 624 T126 595 16.2 48.7 973 6.60 12.6 Jad 76.8
4.66 27.6 829 166 521 209 626 25 596 162 8.5 959 6.61 28 38.3 76.5
467 27.5 82.5 165 5.32 204 623 125 597 161 40.3 96 6 652 2r 361 76.2
4,68 27.4 821 164 533 207 62.1 124 558 15.0 481 96.2 5.53 z2r 38.0 760
4.69 273 818 164 534 206 61.8 124 5.99 160 479 8959 6.64 126 J79 757
4.70 27.1 81.4 163 535S 205 61.5 123 6.00 15.9 47.7 95.5 6.65 126 37.7 754
47 270 a1.0 162 5.36 204 61.3 123 6.0V 5.9 47 6 5.1 5.66 125 376 752
472 269 B0.7 161 537 20.3 51.0 (22 602 158 47 .4 94.8 5.67 12.5 37.5 74.9
473 26.8 80.3 161 5.38 20.3 508 122 6.03 15.7 472 94.4 .68 124 a7.3 747
4.74 26.6 799 160 539 202 0.6 i21 6.04 15.7 47.0 o4 % .69 24 372 Fa.4
4,75 26.5 796 159 5.40 201 €0.3 21 605 156 46.8 9317 570 124 ar.i 74 [
476 Z0.4 792 158 541 20.0 60.1 120 6.06 156 46.7 9.4 8.7 122 Jsa 73.9
4771 263 78.9 158 5.42 19.9 59.8 120 607 15.5 46.5 93.0 612 23 36.8 736
478 262 785 157 543 99 59.6 119 6.08 5.4 46.3 927 6.73 12.2 36.7 734
479 261 78.2 155 544 19.8 593 1g 6.09 154 46.2 923 5.74 22 36.6 730
4.80 259 778 56 545 19.7 59.1 fi8 6.10 153 460 g92.0 675 23 354 728
4.81 258 715 155 546 196 289 118 6.1 53 45.8 a7y 676 121 363 72.6
482 25.7 FEA| 154 547 195 58.6 mv 512 15.2 45.7 913 677 121 362 72.3
4.83 256 7638 154 548 19.5 58.4 17 6.13 52 455 1.0 6.78 12.0 6.0 72.1
484 255 76.4 153 549 194 582 116 614 5.1 45.3 20.5 6.79 12.0 359 718
485 254 76§ 152 5.50 193 51.9 16 6145 151 452 90.3 5.BD 1.e 5.8 71.6
4.86 25.3 758 152 551 192 57.7 115 6.16 15.0 450 90.0 £.21 35.7 1.3
487 251 75.4 151 552 19.2 %15 115 6.17 149 44.8 896 £.82 ! 35.5 711
4.88 25.0 751 150 552 19.1 57.2 114 618 14.9 447 833 .63 I J5.4 0.8
489 219 718 150 554 19.0 57.0 114 H519 s 44.5 290 B i3 353 T0.6
490 248 74.4 149 5595 18.9 38 114 %20 147 441 ga7 5.55 iy 352 o4
491 21.7 74.1 148 5.56 18.% 6.6 13 6.21 14.7 4472 841 5.8 H as.1 o
41.92 46 738 148 557 iBe 563 153 622 4.7 44.0 2350 587 LG 34.9 599
4.93 24 735 147 558 18.7 36.1 112 6.23 14.6 43.8 B7.7 5.E3 H.e 348 636
4,94 24 732 146 553 18.6 559 2 0.24 116 437 87.4 .89 BN M7 .69.4
4.95 243 728 146 5.60 18.6 55.7 11t 525 14.5 435 87 5,50 s JH.6 63.2
436 V242 725 145 5.61 18.5 555 m 6.26 14.5 43.4 8s 7 st : 5 £a.9
4.97 241 722 144 5.62 168.4 55.2 12 527 14.4 432 B6G.4 Sz 3 £3.7
498 240 e 144 5.63 18.3 50 LA 1Y) cie 144 930 LR 272 212 8.+
4.59 259 716 143 5.64 183 51.8 10 679 14.3 424 csa KER) 53.2
5.00 2\5_‘_8 712 143 565 18.2 .6 103 530 142 qaz2.7 €5 A0 S8.0
50 227 1.0 142 5606 1d.1 544 1G7 =N 12 42.& 83.2 319 7.7
5.02 23.6 707 141 5.67 18.1 512 g2 .32 141 42 2 849 o ExN.] 575
5.03 23% 704 141 568 18.0 540 103 633 I 42732 g4 6 ) £7.3
504 23.4 701 140 3.69 17.9 53.7 107 (] 14.0 421 £3 1 i35 57.0

*Prepared by the Enginecring Mechanics Section. Institute for Slandards Technology.
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TABLE 7 Percent Shear for Measurements Made In Inchas

Note 1—Since this table is set up for finite measurements or dimeasions A and B, 100% shear is to be reported when cither A or B is zero,

.

Dimen-’ Dimensicn A, In. E
;ﬁ:. 005 | 010 | 012 | o014 | 016 0.18 0.20 022 | 024 026 | 028 | 040 0.32 0.34 0.35 038 | 04
0.05 98 96 95 o4 94 93 92 91 90 20 a9 88 87 86 85 as B4
0.10 96 92 s a9 a7 85 84 82 8 79 77 16 74 73 4| 63 68
012 | 95 90 88 86 85 83 81 19 7 75 13 71 69 67 65 63 |' &1
0.14 94 89 BS B4 82 80 T 75 73 | 63 66 64 62 53 67 | ss
0.16 94 87 85 a2 79 7 74 72 &9 &7 64 51 59 56 53 51 4
o.18 93 85 83 80 7 74 72 &8 &5 62 59 56 54 51 48 45 4
020 92 a4 81 ks 74 12 (] 65 &1 58 55 52 48 45 42 39 3%
022 91 a2 Fi 75 T2 68 65 61 57 54 50 47 43 40 36 a3 29;
024 90 Bl 77 73 63 65 61 57 54 0 46 42 38 34 30 27 n
026 90 79 75 7 67 62 58 54 50 48 41 a7 33 29 25 20 16
0.20 89 7 7 68 64 59 55 50 45 41 37 a2 28 23 18 14 i0
0.30 88 76 n 73 61 56 52 47 42 37 32 27 23 18 13 9 3
0.1 85 75 0 6S 60 55 50 45 40 as 30 25 20 18 10 5 0

TABLE 8 Percent Shear for Measurements Made in Millimetres

Norte 1-—Since this lable is set up for finite nicasurements or dimensions A and B, 100% shear is to be reported when either
Dimen-

A or Bis zero.

Dimension A, mm

;l:‘m 19 15 2.0 2.5 3.0 3.5 40 _ 45 5.0 5.5 6.0 6.5 7.0 r.5 8.0 a5 9.0 2.5 10
140] 99 a8 98 ar 95 86 85 94 94 43 o2 92 91 LD 90 a9 a3 Liti] 88
1.5 a8 a7 96 95 94 pix ] 92 82 91 90 a9 88 ar as 85 84 a1 &2 81
20 98 96 a5 94 92 a1 90 89 a8 86 B85 B4 g2 a1 8a 79 77 76 is
25 a7 95 94 92 91 83 88 86 B4 B3 81 80 78 77 75 73 72 70 6%
3.0 96 94 g2 91 as &7 a5 83 a1 79 7 76 74 7z 70 6B 56 64 62
as o6 9 91 89 a7 as 82 60 ;] 76 74 12 Lit] 67 65 63 61 58 56
49 a5 92 20 68 B85 a2 80 7 75 T2 0 LT 65 62 60 57 55 52 >0
4.5 2 9z a8 86 -H] 80 Er 75 72 69 &6 63 61 58 55 52 43 46 44
50 94 2 a8 85 81 78 75 72 69 66 62 59 56 53 50 47 44 41 a
5.5 93 a0 a6 83 79 76 72 69 66 62 59 55 52 48 45 42 38 35 a
6.0 e 89 a5 81 77 74 70 66 62 59 55 51 47 44 40 36 32 29 25
6.5 92 a8 84 a0 % 72 67 63 59 55 51 47 43 39 35 H 27 23 19
70 91 87 B2 78 74 63 65 61 56 52 a7 43 39 34 ao 26 21 17 12
75 a1 1] a1 77 72 67 62 58 53 48 44 39 kI 30 25 20 16 " 6
8.0 50 85 a0 75 70 65 60 55 50 45 <0 as 30 25 20 15 10 3 i}

TABLE 9 Charpy V-Notch Test Acceplance Criteria for Various Sub-Size Specimens
Full Size, 10 by 10 mm ¥, Size, 10 by 7.5 mm ¥ Size, 10 by 6.7 memn % Size, 10 5y 5 mm viSize, 10 by 3.5 mm YA Size 10 By £ 5 mm
ti-lb 4 LR ] fiibt ] ftint [} . tibt ] teinf i
40 {541 30 [41) 27 [a7] 20 [27] P & | {18] 10 Al
35 {48y .26 [35) 23 {31} 18 [24] 2 f16) 9 2]
30 g 22 {30) 20 {271 15 [20] 10 {14] 8 1
25 {34) 19 126) 17 23] 12 18] [:} [&4H 3 |
20 27 1% [20] 13 18] 10 [14) kd {50 3 A
16 {22) 12 {16] 11 {15] a i11] 3 71 B i)
15 120} 1 {15] 10 [14) 8 [11] 3 71 4 i3
13 0 [18] 10 114] 9 2] 6 18] q 51 3 1]
12 {16] ~= ] 2] 8 1] & Ith 4 15} 3 4]
10 14 8 (1] 7 (o] 3 7] 3 S]] 2 )
7 . (0] 5 {7} 5 17 4 [El] 2 13 3 X
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TABLE A1.1 Practlces for Selecting Tenslon Test Speclmens for Steel Bar Products

Note 1—Foc bar secdons where it is difficult to detemming the ceoss-sectional area by ﬂmplc measuremeiil, the area in square inches may be calculated

by dividing the weight per linear inch of specimen in pounds by 0.2833 (weight of 1 in of steel) or by dividing 1he weight per linear foot of specimen
by 3.4 {weight of steel 1 in. square and 1 [t long).

Thickness, in. (mm}

Width, in. {(mmj

Hot-Rolled Bars

Cold-Finished Bars

Fals
Undet % (16} Up 1o 1%{38), indd Full section by 8-in, (203-mm) gage Hill reduced section 1o 2-n, {S1-mm) gage
- : length {Fig. 4). length and approximately 25% loss than
test specimen widd:_
Over 1¥% (38) Full section, or mill to 1% In. {38 mm) Mill reduced seclion (o 2-in. gaga tongth

56 1o 1¥2 (16 to 38),

exd

1% (38) and over

Up lo 1% (38}, incd

Over 14 (38)

wide by 8-n. (203-mm} gage length (Fig.
4).

Full section by B-n. gage feagth or ma-
chine standard %2 by 240 (13 by S1-mum)
gaga length specimea from center of sec-
tion {Fig. 5}

Fulk section, of mill 1% In. (38 mm] width
by B-n. (203-mm} gage feagth {Fig_ 4) or
machine standard Yby 2-in. gage (53 by
S1-mm) gage length specimen from mid-
way between edge and center of section
{Fig. 5).

Full section by B-in. (203-mm) gage
length, or machine standard ¥4 by 2-n.
(13 by S1-ram) gage length specimen
from midway between sudace and center
{Fig. 5).

and 1% in. wide.

Mill reducad section Lo 2-in. {51-mm) gago
fengih and approximalely 25% tass than
lest specimen width or machine standard
% by 2-n. {13 by 51-mmn} gage length
specimen [rom center of section (Fy. 5).-
Mill reduced section to 2-in. gage length
and 1Yz in. wide or machine standad %
by 2-in. gage lengih specimen from mid-
way berween edge and cenler of section
{Fig. 5).

Machine standard % by Z4n. {13 by 51-
mm) gage lenglh specimen from midway
between surface and center (Fig. 5).

Rounds, Squares, Hexagons, and Octagons

Diameler or Distance

- Detween Paraftet
Faces, in. (mm)

Hol-Rolled Bars

Cold-Finished Bars

Under %

¥ 1o (%2 (16 10 38), exd

1% (38) and over

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

Full section by Bin {203-mm} gage length or ma-
chine standard %zin. by 2-in, (13 by 51-mm) gage

Machine lo sub-size specimen (Fig. 5).

Machine slandard ¥z in. by 2-in. gage length specimen from

length specimen from center of section (Fig. 5).
Full section by 8-ia. (203-men) gage length or ma-
chine slandard % in. by 2-in. (13 by 51-mm) gage
length specimen from migway between surface and
cenler of section (Fig. 5).

center of seclion (Fig. 5).

Machine standard vz in. by 2-in. {13 by 51-mm gage lengih
specimen from midway behween surface and center of sec-
tion {Fig. 5.

Olher Bar-Size Sechons

All sizes

Full seclion by B-in. (203-mm] gaga lenglh or gre.
pare lest specimen 1% in. (3B fmm) wide (il possible)

by 8-in_ {203-mm) gage lenglh

LA reziead socnion 1 24, ($1-imm
PIGKIMrately 25%

less ihan sl spec
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TABLE Al.2 Recommended Practice tor Selecting Bend Test Speclmens tor Steel Bar Products
More 1—-The leogth of all specimens is 1o be pot less than 6 in. (150 mm). -
Nore 2—The edges of the specimen may be rounded to a radius not excecding Yis in. (1.6 mm).
fats
Thicknass, k. Widih, la. ]
(e {mm) , Recommended Siza .
Up to ¥z (13), incl Up 1o ¥4 (19}, Full section, . -
Incl Full gection or maching to not less than -
Qver ¥{19) Yo in, (19 mm} In widih by thickness of .
' speckmen.
Over A2(13) Al

Full section of achine lo by ¥ ln. {25
by 13 mm) specimen from midway be-
tween cenler and surface,

Rounds, Squares, Hoxagons, and Oclagons

Drametar or Distanca
Between Paraflel
Faces, in. (mm}
T Upio 1% (38), ind
Ower 1¥2(38)

Recommended Size

Full séﬁion.
Machine lo 1 by Y—in. (25 by 13-mm} specimen
from midway between cenler and surface.

TABLE A2.1 Wall Thickness Limlitalions of Superficlal Hardness Tesl on Annealed or Ductile Materlals
for Steel Tubular Products®
{T" Scale (¥ie-in, Ball))

Wall Thickness, in. {mm)

Load, kg!
Over 0.050 {(1.27) 45
Orver 0.035 (0.89) 30
0.020 and over {0.51) 15

“ Tha heaviest load recommended for a given wall thickness is genemfly used.

TABLE A2.2 Wall Thickness Limllatlons of Supesficlal Hardness Test on Cold Worked or Heal Treated Materlal
for Steel Tubular Products®
{"N" Scale (Diamond Penelralor))

Wall Thickness, . (nmn)

Load, kgt
Orver 0.035 {0.89) 45
Over 0.025 (0.51} 30
0015 and over (0.38) L5

A Tha heavies! load recommended for a given wall thickness is gencrafly used.

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

High-Energy High-Ene:gy Low-Energy
Specimens, fiibl {J) ‘Specimens, ot (1) Specinens, Hb! ()
Specimen with standard dimensions 76.0 = 3B (1030 = 5.2) 445 = 22 (60.2 = 3.0} 125 = 10169 = + -}
Depth of notch, 0,084 in. (2.13 mm)* 72.2 {97.9) 413 {56.0) 14,4 {15.9)
Dcepth of nolch, 0.0805 in_ {2.04 mm)* 75.1 (101.8) 422 (57.2) 12.4 {16.8)
Depth ot nolch, .0775 in, (£.77 onm)* 76.8 (104.1) 45.3 (61.4) 2717
Depth of netch, 0.074jn. {1.57 mm)* 796 (107.9) 46.0 (62.4) 128 (17.2)
fadius al base ol notch, 0.005 in_ {0.127 mem)? 723 (98.0) 11.7 {S6.5) 10.8 (145}
Radius at base of nolch, 0.015 in. (0.381 mm}® 80.0 (108.5) 47.4 (64.3) 15.8 {21.4)

4 Standard 0.079 = 0.002 in. (200 = .05 mm). :
& Standard 0.610 = 0.001 in. (3.25 = 0.025 mm)
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TABLE AG.1 Carbon and Alloy Steels—Material Constant a = 0.4.
sultiplication Factors for Converting Percent Elongation from
1410, Dameter by 2-ln. Gage Length Standard Tenslon Test
speclmen ta Standard ¥ by 2-in, and 114 by 8-In. Flat Specimens

TABLE A62 Anncaled Austenliic Stalnless Steels—Materfal
Constant & = 0.127. Multlplicatlon Factors for Coaverting Percent
Elengatlon (rom Y-ln. Olameter by 2-n, Gage Length Standard

Tenslon Test Speclmen 1o Standard ¥ by 2-n. and 1% by 8-1n.
: by by s vy Fiat Speclmens
Thickness, 24 B-in, Thickn 8-n. by 1%by sy
a. Specimen Specimen - Specimen 1 mdh" eSS, 2.0, B-icv. Th‘dl:r\wss. Py
0,025 0574 R 0.800 0.822 Specmen  Specimen Specimen
0.030 0596 e 0.850 0.832 025 0.839 0.800 0.840
0.035 0.614 0.500 0.841 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 0.646 1.000 0.859 0.040 0.864 0.950 0.850
0050 0.660 1.125 0.880 0.045 0.670 1.000 0.953
0.055 0672 1250 0.898 0.050 0.876 1.125 0.960
0.060 .0.684 1.375 0.916 0.055 0.882 1.250 0.966
0.065 0.695 T 1.500 0.932 0.060 0.866 © 1375 0.572
0070 _ 0705 1.625 L0947 0,065 0.891 1.500 0.9768
" 0.075 0715 1.750 0.961 0.070 0.895 1.625 0.983
0.080 0.725 1.875 0.974 0.075 0.899 1750 . 0987
0.085 0.733 : 2.000 0.987 0.0380 0.903 1.875 0.992
0.090 0.742 0.531 2125 0.9%9 0.085 0.906 2.000 0.996
0100 0758 0.542 2250 1010 0.080¢ 0.909 o.e14 2.125 1.000
0.110 0.772 0.553 2.975 1.021 0.095 0.913 0.82§ 2.250 ©-1.003
0.120 0.78G 0.562 2500 1.032 0.100 091G 0.823 2315 1.007
0.130 0.793 0.571 2,625 1.042 0.110 0.921 0.828 2.500 1010
0.140 0810 0.560 2.750 1.052 0.120 0.926 0833 2625 1013
0.150 0821 0.588 2.875 1.051 0.130 0.931 0837 2.750 1.016
0.160 0.832 0.596 3.000 1.070 0.140 0935 0.841 2.875 1019
0.170 0.843 0.603 3.125 1078 0.150 0.940 0.845 3.000 1022
0.180 0.852 0610 3250 1.080 0.160 0.943 . 0.848 3.azs 1.024
0.190 0.862 0616 3.375 1.096 0.170 0.947 0.852 3.250 1.027
0.200 0.870 0.623 3500 1.104 0.180 0.950 0.855 3.975 1029
.. 0225 0.891 0.638 3625 1312 0.190 0.954 0858 1.500 1,032
0.250 0910 0.651 3.750 L9 0.200 0.957 . BGO 3625 1.034
0275 0.928 0.664 3875 1.627 0.225 0,964 0.867 3.750 1.036
0.300 0.944 0.675 4.000 1134 0.250 0.970 0.873 3.875 1.038
0125 0.959 0.686 0275 0.976 0.878 4,000 1.041
0.350 0.972 0.696 . 0.300 0.982 0.883 .
0.375 0.987 0.706 - 0325 0.587 0.887 .
0.400 1.000 0.715. 0.350 0.991 0.892 .
0.425 1.012 0724 iy 0.375 0.995 0.895
0.450 1.024 0.732 by 0.400 1.000 ¢ B39
0.475 1.035 0.740 0.425 1.004 0903
0.500 1.045 0.748 . 0.450 1.007 0905 ..
0.525 1.056 0.755 A\ 0.475 1.01% 0.509
0.550 1.066 762 0.500 1.014 - 0.912 .
0.575 1.075 0.770 0.525 1.7 2915 B
0.500 1.084 0.776 0.550 1.020 0917
0625 1093 0.702 0.575 1.023 5,220 . .
0.650 i.101 0.788 0.600 1.026 0.522 .
0.675 1.110 . 0.625 1029 0925
0700 1.118 0.800 . 0.650 1.031 0.927 .
0725 | 1.126 . 0.675 1634
0.750 1.134 0.811 . . 0.700 1.036 n.a3
= 0725 1.038 1
) 0.750 103 0235 | B

<

At
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TABLE A8.1 Recommended Values for Rounding Test Data

117

Test Quantity Test Data Ranga - Rounded Yalua™
Yield Point, up 10 50 000 psy, excl (up to 50 k) 100 psl (0.1 ksi) '
Yield Strength, 50 000 to 100 000 ps, exd (50 to 100 ksi) 500 psi (0.5 ksi) .
Tensile Streagth 100 000 ps! and abve (100 ksl and abova) 1000 psl (1.0 ksi)
up to 500 MPa, excl 1 MPa i
500 10 1000 MPa, exd 5 MPa
1000 tPa and above 10 MPa
. 0to 10 %, exc 05%
Efongation 10 % ond above 1%
. 0to 1G %, exc 05 %
Roduction of Area 10 % and above 1%
_impact Energy . . _ Qo 240 bl {or 0 10 325 .9 1 fetot for 1 )
Brinell Hardness all values . = . labular vatue®
Rockwell Hardness all scales h 1 Aockwell Number

4 Round tesl data to the nearest integral mulliple of the values in this column. if the data vatuo ls exactly midway betwecn two rounded values, round in accordanc

ith AB.1.1.2

® These units aro nol equivalent bul tha rounding ocos in tha samo numaerical ranges for each, {1 #Abl = 1.356 ENg
€ Round the mean diameler of the Brinell impresslen to the nearest 0.05 mum and repad the comesponding Brinell haminess number read from the lable wilhout turthe

rinding.

TABLE A101 Heat-Treel Record-Essentlal Varlables

Yogram chad number

Master Production Production Pooduction Production Productlon
Forging Foiging 1 Farging 2 Fotging 3 Forging 4 Forging 5

[wma at temperature and actual temperalure of
heat treatment

dethod’ol cooling

“orging lhickness

Memocoupla Immersion

Jeneath bufler (yes/no)

Forging numbec

Product

Waterial

Thermocouple localion—0 deg

Theamocouple location—180 deg

Quench lank No

Dale of heal treatment

Fumace number

Cydle number

Heat Ireater

Stading quench medium lemperatuce

Time [rom [umace lo quench

Heating rate above 1000°F {538°C}

Temperature upon removal from quench afier 5
min

Oifentalion of forging in quench
¥
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DIMENSIONS
Standand Specimens Subsiza Specimen
Plale-Type, Sheet-Type,
14, Wido vedn. Wida Yeetn. Wide
) . . mm in. mm in. mm
G—Gage langth (Motes 1 end 2) 8.00 = 0.01 200 £ 025 2.000 = 0,005 50.0 x 0.10 1.000 = 0.003 25.0 > 0.08
W-Width (Notes 3, 5, and 6} 1%+ % 404+3 0.500 = 0.010 125 = 0.25 0.250 = 0.002 6.25 = 005
) . " -~ Y -6

T—Thickness (Nola 7)

: thickness of malerial
A—Radius of filet, min {Note 4} 15 13

Ve 13 Va 6
L—Over-afi length, min (Nofes 2 end 8) 18 450 8 200 4 100
A—Length of reduced sedion, min 9 225 2% 60 14 {2
8—Length of grip section, min {Nols ) 3 75 2 50 1% 32
C—Width of grip section, approxmate 2 50 ¥ 20 ¥ 10
(MNoles 4, 10, and 11} -

Note 1-—For the 1%-in. (40-mm) wide specimen, punch marks for measurin
specimen and within the reduced section. Either a set of nine or more
mm) apart may be used, .

Nome 2—For the Y5-in. (12.5-mum) wide specimen, gage marks for measuring the elongation after fractuce shall be made on the Y2-inch (12.5-mm) face
or on the edge of the specimen and within the reduced section, Either a set of three or more marks £.0 in, (25 [im) 2parm or one
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 0.625 num), respectively. Also, there may be 2 gradual decreasc in width feom the ends to the cente, but the width at either end shall at be more than
0.015 in., 0.005 in., or 0003 in. (0.40, 0.10 or 0.08 mm), respectively, larges than the width at the center.

Note 4—For cach specimen type, the radii of ali fillets shall be cqual to cach other with a tolecance of 0.05 i, {1.25 mm), and the centers of curvature
of the two fillets at a particular end shall be {ocated across from ¢ach other (on a line perpendicular ta the centerline) within a tolecance of 0.10 in. 2.5
tnm). .

Nore 5—For cach of the three sizes of specimens, narower widths
section should be as large as the width of the matcrial being tested peanits; however, unless stated

g clengation afier [racture shall be made on the flat or on the edge of the
punch marks 1 in. (25 mm) apart, or one or more pairs of punch marks 8 in. (200

of more pairs of marks

the length of the specimen.

Note 6—The specimen may be modified by making the sides paraliel throughout the lengih of the s
as those specified above, Wiien necessary a narrower specimen may be used, in which case the w
tested permits, If the width is 114 in, (38 mm) or less, the sides may be parallel throughout th

Note 7—The dimension T is the thickness of the test specimen as provided for in the applcable marerial specifications. Miniimum nominal thickness
of 1%4-in. (40-mm) wide specimens shall be Yi6 in. (S mm), except as penuitted by the produet specification. Maximum nominal tuckness of %-in.
(12.5-mm) and Vi-in. (6-mm) wide specimens shall be %in, (19 mm) and % in. (6 mm), respectively.

Note 8--To aid in obtaining axial leading during testing of Ye-in. (§-mm) wide specimens, the over-

MNors 9—Itis desirable, if possible, to make the length of the grip scction large enough to allow Uie s
10 two thirds or more of e length of the geips. If the thickness of %-in, (13-mm}) wide specimens is over
longer grip sections of the specimen inay be necessary (6 prevent failure in the grip section.

Note 10—For standard sheel-type specimens and subsize specimens the ends of the specimen shall be symmelrical with the center line of the reduced
section within 0.01 and 0.04)5 in. {0.25 and G.13 mm), respectively. However, for steel if the ends of the
Wwithin 0.05 in. (1.0 mm) a specimen may be considered satisfactory for all but referee testing.

Nore |t—For standard plate-type specimens the ends of the specimen shall be symmetrical

(6.35 mm} except for teleree testing in which case the ends of the specimen shall be symmetri
w. (2.5 mm).

fecimen, the width and 1olerances being the same
idih should be as great as the width of the material being
¢ length of the specimen.

all length should be as the materiai wiil permit.
pecimen 0 exicad into the grips a distance cqual
Y& in. (10 mum), longer grips and correspondingly

Ya-in. (12.5-mm) wide specimen are symmetrical

with the center line of the reduced section within 025 in.
cal with the center linc of the reduced section within 0.10
* FIG. 3 Rectangular Tenslon Test Speclmens

-
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DIMENSIONS
Standard Spedmen Small-Size Spacimens Propodtional o Standard ,
Nominal Dlameler ' . n. mm n. mm in mm tn, . mm in. mm
- 0.500 12.5 0.350 875 0.250 625 0.160 400 0.113 2.50
G~Gage length 200> 500 = 1.400x A0 = 1.000+ 250 = G540+ 160 = 0450  10.0x
0,005 .10 G.005 0.10 0.005 0.10 0.005 ’ a.10 0.005 a10
D—Diameter {Nole 1) 0.500* 125+ 0350+ B7IS = 0250+ 6325+ 0.160> 400 = 0.113% 250
o.010 025 0.007 0.18 0.005 0.12° 0.003 0.08 0.002 a.05
A—Radius of fillel, min ¥ 10 Ve G Fie 5 2 4 ¥ 2
A—t ength of reduced section, . 2V (] 1% 45 1% J2 Ya 20 b 16
min (Hote 2) .

Note 1--The reduced section may have a gradual taper from the ends toward the center, with the ends not more than | percent lasger in diameter than
the center (controlling dimension).

Note 2-—If desired, the length of the reduced section may be increased to accommodate an extensometer of any convenfent gage length. Reference
marks for the measurement of clongation should, neveriheless, be spaced at the indicated gage length. \

Nore 3—The gage length and fillets shall be as shown, but the ends may be of any form ta fit the holders of the testing machine in such. a.way.thar
the load shall be axial {see Fig. 9). If the ends are 1o be held in wedge prips it is desirable, if possible, 10 make the len
to allow the spocimen to extend into the grips a distance cqual to two thirds or more of the length of the grips.

ote 4—0On the cound specimens in Fig. 5 and Fig. 6, the gage lengths are equal to four times the nominal diameler. In some product specifications
other specimens may be provided for, but unless the 4-to-1 ratio

is maintained within dimensional tolerances, the elongation values may not be comparable
with those obtained from the standard 1est specimen. i : . '
Note 5—The use of specimens smallec than 0.250-in. (6.25-mm) diameter shall be resiricted (0 cases when the matedial to be tested is of insufficient
sizc to oblain larger specimens o when all parties agree (o their use for acceptance tesling. Smaller specimens require suitable cquipment and greater
skill in both machining and testing.
Note 6—Five sizes of specitens ofien used have diameters of approximately 0.505, 0.357, 0.252, 0,160, and 0.113 in., the reason being 1o permit easy
calculations of stress from loads, since the cormesponding cross sectional areas are equal or close to 0.200;0.100, 0.0500, 0.0200, and D:0100 iaZ,
respectively. Thus, when the actual diameters agree with these values, Lhe stresses {(or suengths) may be computed using the stmple multplying factors

5,10, 20 50, and 109, respectively. (The metdic equivalents of these fixed diameters do not result in cocrespondingly convenient cross sectional area and
multiplying factors.)

FIG. 4 Standard 0.500-In. (12.5-mm) R

gth of the grip section great enough

ound Tenslon Test Speclmen with 2-In. (50-mm) Gage Length and Examples of Small-Slze
Specimens Proportlonal to the Standard Speclmens
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DIMENSIONS
. Specimen 1 Specimen 2 Specimen 3 Specimen 4 - Specimen §
In. m . I, 0 In. mm - inS nm I, mm
3-Gage length 2.000+ 500 > 2.000* 500 = 2.000= 500 = 2.000x 5040 = 200> ~ 500
0,005 0.10 0.005 0.10 0.005 0.10 0.005 0.10 0.005 Q.10
J)—Diameter (Nota 1) 0.500 + 12.5% 0.500 = 125 0.500 = 125% 0.500 = 12.5x 0.500+ 125 =
0.010 025 0.010 025 - 0.010 0.25 0.010 0.25 0010 025
¥—Radius of filel, min ¥ 10 I 10 - Vis 2 ¥ 10 kS 10
+—Lenglh of reduced 2%, min G0, min 2Ve, min 60, min 4, ap- 100, ap- 2V, min 60, min 2%, min &0, min
section prox- proxd-
__malely mately
—Oveac-all length, approximate 5 i25 5¥2 140 Sz 140 4% 120 9% 240
3—Grip section 1¥%:, ap- 35, ap- 1, ap- 25, ap- ¥, ap- 20, ap- Y2, ap- 13, ap- a3, min 75, min
(Nota 2) prox- praxi- pioxd- prox- prox- proxi- prod- proxi-
mately malefy malety mately maiely mately malely mately
C-—Ciameter of cod section ¥ 20 - £ 20 ¥ 18 Vs 22 ¥a 20
ELengih of shoulder and Yo 16 ¥ 20 5% i6
ﬂlleys'edion. approximate
F—Diameler of shoulder Y 16 ¥ 16 L - 15

Nore L —The reduced section may have a gradual taper from the ends toward the center witl the ends not more than 0.005 in. {0.10 mmy) largec in
fiamcter than the center.

Note 2—On Specimen 5 it is desirable, il possible, to make the length of the grip scction great enough to allow the specimen to extend into the grips
& distance equal (o 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 1est specimen; similar types can be used for subsize

specimens. The use of UNF sedies of threads (¥iby 16, ¥ by 20, % by 24, and V4 by 28) is suggested for high-strength brittle materials w avoid {racturc
in the thread portion. '

FIG. 5 Suggesled Types of Ends for Standard Round Tenslon Test Speclmens
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N st 14 IO P .
1%Ly
Fod
fa
DIMENSIONS
. Specimen 1 Specimen 2 Spedcimon 3
] In. mm I, mm in, " mm
G—Leagth of parallel Shall ba equal 1o or grealor than dlameler O
D—Dlameter 0.500 = 0010 125+ 025 0750 = Q.015 20.0 = 040 125 = 0.025 300 > 0f
R—HRadiys of [iet, min 1 25 1 25 2 50
A—Length of reduced section, min 1ve a 1% a9 2vL )]
L—Over-all length, min 3Ye - 4 100 6% 160
© B—Gdp seclion, apgroximata 1 25 1 25 1¥e 45
C—Dlameler of end section, approximate ¥ 20 1% 30 174 48
E—Leagth of shoulder, min Vi 6 va 6 e 8
F—Diameter of shoulder 50 = Vo 16.0 = 0.40 Wie = Yo 24.0 = 0.40 1%s = Ve 365 04

Note 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 1o.fit.the holders
the testing machine in such a way that the load shall be axial. Commonly the cnds are threaded and have the dimensions B and C given above.
FIG. 6 Standard Tensilon Test Speclmens for Cast lron

el B N7 Pl )
|
1 .
(..
" 1.2
s &
e
+ I=
uy <
I+
|
|
|
Strain ¥
(8] m

FIG. 7 Stress-Straln Dlagram Showing Yield P
with Top of Knee

At

Alnt

Ccrrespondlng

-

-y

.

Stress

om= Specified Extension Under Lood

FIG. 8 Stress-Straln Dlagram Showlng Yleld Polnt or Yield
Strenglh by Extenslon Under Load Neihod
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FIG. 8 Stcess-Sirain Dlagram for Determination of Yleld Sirength
by the Offset Method

v B-rom cod {0.3(57)

STRIKING EOGE Q.2 5-mm d .00
4mm {0,157 ")
SPECIMEH

R =

.2'
Cantecafl
fenem 44 Strikg ARV
{00397

7775
SPCCILEN
; (
. oY Gooero
+4 el
Py reiman
i Supput
y

Al dimensional tolerances shal ba 0,05 mm (0.002 In) ualess otherwise
speafied.

Note [—A shall be pamatiel to B within 2:1000 and coplanar with B
within 0.05 mm (0.002 in.).
Note 2—C shall be parallel to D within 20;1000 and coplanar with D
within 0.125 mm (0.005tin.).
Nore 3—Finish on uninarked parts shall be 4 pm (125 pin)
FIG. 10 Cﬁaﬂ]y {Simple-Beam) Impact Test

SBmm

(0-093 m.l to. l30m.)
IO mm
{0.394 in)

124

T.5mm
€0.295{n})

6. Tmm A
@lSTml ;(0 264 m-) X i
l.._

2 mm {0.Q079 in)

Note 1—Permissible variadons shall be as follows:

Nolch leagth to edgo
Adjacent sides shat! be at
Cross-section dimensions

80 x2°
90° * 10 min
=0.075 mm {x0.003 in.}

Longth of specimen (L) +0,~25mm{+0,-031001n)

Centeriag of notch ([/2) =1 mum {0039 n)

Angla of nolch =1

Radius of notch =0.025 mm {+0.001 in)

Noteh depth =0.025 mm {+0.001 in)

Finlsh requirements 2 pm (63 pin.} on notched surface and
opposita

face; 4 pm {125 pin) on other two

surfaces

(a) Standard Full Slze Speclmen

=2 —]

2 == (DOTY ) 023 mm
N s R ) =N Nt
ln_hu-d
33 mem | I ] |
(2163 ) (3 aye
L8

0394 1)

Note 2-—On subsize specimens, all dimensions and tolerances of the
standard specimen remain constant with the exception of the widih, which

- varics as shown above and for which the tolerance shall be =1 %.

- {b) Slandard Subslzea Speclmens

FIG. 11 Champy (Simple Beam) lmpact Test Speclmens



125

@t A 370

B Il A } g

l t

I
Dimension escription Requirement

A Machined Suclace 28 mam Mioimwa
B Original 0D Surfice 3.5 mm Maximum
T Specimen Thickness Figure 11
t End Thickness % T Minimum

F1G. 12 Tubular Impact Speclmen Contalnlng Qriginal OD Surtace

Notch

- Shear Acrea 7 ey
{dutl)——___ |

Cleavage Area
_ {shiny}) ————

1
ul

[ /)
/ %

/
]<——A—>-

Note |—Measure average dimensions A and 8 (o the nearest 0.02 in. or 0.5 mm.

Note 2—Detcrmine the percent shear fracture using Table 7 or Table 8.
FIG, 13 Deteanination of perceat Shear.Fracture

FIG. 14 Fracture Appearance Charls and Pecrcent Shear Fracture Comparator
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FIG. 15 Halves ol Broken Charmpy V-Nolch Impact Speclmen Jolned for the Measurement of Lateral Expanslon, Dimenslon A

B FIG. 16 Lateral Expanslon_Gage for Charpy lmpact Speclmens
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BILL OF MATERIAL :
TEH S RrTIoN bestema wr saq
LV Dasme f‘."ﬁ?.‘."fll“ms““""‘“
| 2 | 1 jease PLATE Tuedad fSTECL s4E 000
o | s ¢ lean Erea lmun& RUBBER
s | - T T I e
i Ji [ [ 4 | 2 |S5FE Sofrer STEEL wa-20% ¢y
I W20 GG
3 ! s L3 Pl ST etz
: € | ol inowcatoe (SEE HOTE 21
b B | 3s _,[Loszs
“ £25
-pA0 (D
R .
_ o HOTE: TtESE SURFACES TO BE ON SAME
SEE DCTar B - HE— LAP AT ASSEMGLY
| —Ho.2 STARRETT CONTALT POWT
E i = ' B 3 GeATYEY
= R T ﬁl '
T Ay .,‘ - S 8
- ¥ | T
g L
; €2
45"
: DETAIL, B (ENLARGED)
DETAIL 4 [ENLARGED) _ _oagy & tap 14 -20 ne o2
SEE DETAIL A DAILL {.281) s,
| - HOTES:
L; e LY FLASH CHROME PUATE ITEMS (8 1
J:g‘ =] T10IAL INOICATOR - STARAETT M -
H RAKGE DOf - .2%0
-/AI)L:‘""” DRILL (2811 DI, & Coorr BACK-ADJUSTABLE BRACKET
- AT DAy (. COHTACT POINT.HO. 2
“TRETER asS'Y. O ITEMS 18 2, CEMEHT DRLL 143N Bi4 262 L ‘ NS

RUBBER PAD (ITEM 31 TO 8aSC

Sk j Tesfing machine Jams -
ihowid not cxlend
- beyond the hmut

FIG. A2. 1 Metal Plugs for Testing Tubular Specimens, Proper Locatlon ot Plugs in Speclmen and of Specimen In Heads of Teslting
Machlne
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Note |—The edges of the blank for the specimen shall be cut parallel

(o cach other?
FIG. A2.2 Location of Longltudinal Tenslon-Test Specimens In
Tublng
o
" Reduged

I_ Seclion I l}in.Min
o I—;—FA_/_— t
I: ERr.ld Tin. Min —3)" _.U‘—

G
Gage
Lenglh
DIMENSIONS
. Dimensloas, in,
. pecimon No.
/7 A 8 o) o
1 e * 0015 Wie approdmalely 2 * 0.005 2Va min
2 ¥ = 0.031 1 approxdmately 2 > 0.005 2V4 min
4 x 0.005 4%%min
3 1= 0.062 1Yz approimatety 2 * 0005 2% min
4 * 0005 4% min
4 1V = % 2 approxmalely 2 * 0.010 2% min
4 = 0015 4% min
8 * 0.020 9 min

Nore —Cross-sectional arca may be calculated by multiplying A and ¢ Jf

Nore 2—The dimension 1 is the thickness of the test specimen as provided for in the applicable material specifications.
Note 3—The reduced section shall be parallel within 0,010 in, and may-have a gradual taper in widih from the cnds loward the center. with the ends
a0t more than 4L.010 in. wider than the ceater. i

Nome 4—The ends of the specimen shall be symmetcical with the center line of the reduced scction within 0.10 in.

NoTte 5—Melric equivalent: | in. = 254 mm.

Note 6—Specimens with stdes parallel throughout their leagth are permitted, except for refecee testing, provided: (a) the above lolerances are used;
(b} 20 adequate number of marks are provided for determination of elongation; and (¢) when yield strength is determined, a suitable extensometer is used.

If the fracwre océurs at a disl@cc of less than 24 from the edge of the gripping device, the tensile properties determined may not be representative of
the matcrial. If the propedtics meet the minimum requirements specified, no fucther testing is cequired, but if they are less than the minimum requirements,
discard the test and retest.

FIG. A2.3 Dimensions and Tolerances for Longltudinal Sirdp Tenslon Tr.--sl Spetflmens for Tublag

(=)

;‘, B

. A

o FIG, A2.4 Locatlon of Transverse Tenslon Test Specimens In
. Rlng Cut from Tubufzr Products.
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Reduced

Section -
ﬂppmxzn 2% Min , ,. 3" Mia
7 | (B!
A !"’e/ - Eﬂod € ain B
2004 10.003*
Gage Length

Nore {—The dimension ¢ is the thickness of the test specimen as
provided foc in the applicable material specifications.

Nome 2—The reduced section shall be pasallel within 0.010 in. and may
have a gradual taper in width from the ends toward the center, with the
ends not moce than 0010 in. wider than the center,

Note 3—The ends of the specimen shall be symmetrical with the center
line of the reduced section within .10 in.

Note 4—DMetric equivalent: 1 In. = 254 mm.

FIG. A2.5 Transverse Tenslon Test Specimen Machlned from Ring
Cut from Tubular Products -

Rt :

Hydraulic Pressore Lina

FIG. A2.6 Testing Machine tor Determlaation of Transverse Yleld
Steength from Annular Rlng Speclmens

F1G. A27 Roller Chaln Type Extensometer, Unclamped
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FIG. A2,10 Crush Test Speclmen

Posifion .
aflerllving & ra
f/an'q! tal-

S
A=Oufs. Diam.ofﬁ&c;b:ﬁ‘

A=Outs. Diam. of Tobe Jess 5°
B=0uts. Diam. of Tube fess 3°
C=0uls. Diam.of Tube pfu:fzr'

Flaring Tool ' Die Block

Note I-—Metric equivalent: 1 in. = 25.4 mm,
FiG. A2.11 Flaring Tool and Die Block for Flange Test

-

FIG. A2.3 Reverse Flaltening Test

-:— Slope Ling
r
. FIG. A2.12 Tapered Mandrels for flaring Test
3 .
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i Bod Y was &' % war
T L
0 !
i %
.!_ l F"'""""'_!"""“““"“'}_[ .
b\ |5 | \7 Kk

Feté Bord Spacimda Roel Bend Specieun

Nome 1—Metric equivalent: 1 in, = 54 mm

Pipe Wall Thickness {f). In. - . Tesl Specimen Thickness, in.
Up to %, Ind! ) t
Over % Ye

FIG. A2.13 Transverse Face- snd Root-Bend Test Speclmens

r:r FLAME CUT, MOT LESS THAH -.L'
SHALL BE WACHHED FROM COGES !

————— T = pore [ Tom
\ / LA Rrothl o
3 4 >ty |sec ot

— When t exceeds 1k uze one of the following:
1. Cut along linec indicaced by sarTovw. Edge
may be flame cut and may or may DOL be

machined.

Specimens may be cut finto spproximately
equel stoips between 3/¢ in. and 14 in.
wide tor testimg oz the specipens may be
bent ar full width (see regquirements on
jig width in Fig. 32)

Note 1-—Meuic equivatent: 1 in. = 254 mm.
FIG. A2.14 Side-Bend Speclmen for Ferraus Mateclals
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Tapi?ed hole to suit Hardened rollers, l}i"daam may be
testing machine ~ substituted for jig shouldecs T~
f« As required -i } b= A.sreqmred *-1 \
- v 1
i i 3_ i |4
~ 4 Y P !
Plunger member "
. Shoulders hardened «—}..| | * |‘ e i
% - : and greased \ ™~ 1 % 1
. ) H ™~ -
:’I[ - ’ i
E L] {— 1BRIC N E
‘-J -
; w
K rad
W% - E -—E- - A
T = l L
Ll Y
D rad y
- T By 74 N d ‘;B rad "z —F/
e
L ] = |44 3 ]
| f 7 7
I..*z--__l - - —]
-
Yoke-""~ A
f——3X" I g 1
Note |—Metric equivalent: 1 in. = 25.4 mm.
Tosl Specimen Thickness, In. A 8 < D
¥a 1% ¥ 2% 1¥is
! 41 21 6f+% 3+ Vi
i Matedal
Ya 2Ve W I e Malerals with a spectfied minimum tansile streagth of 95 ksi oc
¢ t &%t 3% 8%+ Ve 4%l + Yo groater.

FIG. A2.15 Gulded-Bend Test Jig
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A —— —= B _ "142 radius i
1/2 radius — —
D nom =iy l
__ J{mmmlj @
D nom D riom .
: ~<>-I-—/ SeclionB-B  Section A-A
A -~ —» B

=Location of Hardness Impres:ions
FIG. A3.6 Hardness Test Locatlons for Bolis In a Dispute

iy

LECTIO A4
FIG. A4.1 Wedge-Type Gripping Device
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Ylnlmun Raflus Aecommendes
“fn byl nod Lass [aon -}-ln.

L

2°10.905" Gage Lengih for
Eloagaten olles Frocluiy

I
7

Note I—-Metric equivaleat: L in. = 254 mm.
FIG. A3.3 Tenslon Test Specimen for Boll with Turned-Down
Shank

Reduced  Secrion

1 min

337700057
400" £0.004™

a
_ Goge Length

Reduced Section

TN
Iz ma

20 . (Rod Lria
0.005% 4
Goge Leagih

Note 1-—Metic equivaleat: 1 in. = 254 mm.
FIG. Al.4 Examples of Small Slze Specimens Proportionat to
Standard 2-In. Gage Length Specimen

FIG, A3.5 Location of Standard Round 2-in-Gage Lenglh Tension
Test Specimen When Turned from Large Size Boit
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learance of wedgo holo
jameler of ot
tadius

hickness of wedga at short slde of hole equal 1o oae-hall diameter of bolt

FIG. A3.2 Wedge Test Detall
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FIG. Ad4.2 Snubbing-Type Giipplng Device

- T?le A;n;erfcan Soclely lor Testing and Matedials takes no position respecting tha validity of any patent rights asserted in connaction
with any #em mentioned in ihis standard, Usars of this standard aro expressly advised that defermination of fhe validity of any such
patenl righls, and the dsk of infringement of such rights, are ealirely their awn responsibitity.

This standard is subject lo revision al any time by tha responsible technical committee and musl be reviewed every five years and
it nol ravised, either reapproved or withdrawn. Your comments are nvited either for ravision of this standard or lor additional standards
and should be addressed o ASTM Headquartecs. Your CoMimients will receivo careful consideration at a meeling of the responsibis
fechnical coramittes, which you may aftead. If You feel that your comments have nol received a faic hearing you should maka your
views known o the ASTM Commintaa on Standands, 100 Bamr Harbor Onva, West Consholiocken, PA 19428

This slandard is copyrighied by ASTM, 100 Bam Harbor Drive, West Conshohocken, PA [ F428-2859, United Statas. Individual
repints (single or multipla copias) of this standard may bo oblained by contacting ASTM af the above address or al 610-832-9585
{phone). 610-832-3555 (fax), or servica @astm.org (e-mail); or through the ASTM website (hitpShrww.astim.ong).
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