
REV. The Engineering Society 
For Advancing Mobility 
Land Sea Air and 5pace.R 

SURFACE 
VEHICLE 
INFORMATION 
REPORT 

:ME J413 JUN90 
I N T ERN A T ION AL ® 
400 Commonwealth Drive, Warrendale, PA 15096-0001 Issued 1932"':01 

Revised 1990-06-20 

Superseding J413 

(R) MECHANICAL PROPERTIES OF HEAT TREATED WROUGHT STEELS 

1. SCOPE: 

The figures in this SAE Information Report illustrate the principle that, 
regardless of composition, steels of the same cross sectional hardness 
produced by tempering after through hardening, will have approximately the 
same l~ngitudinall tensile strength at room temperature. 

Figure 1 shows the relation between hardness and longitudinal tensile 
strength. of 0.30 to 0.50% carbon steels in the fully hardened and tempered, 
as rolled, normalized, and annealed conditions. Figure 2 showirg the 
relation between longitudinal, tensile strength and yield strength, and 
Figure 3 illustrating longitudinal tensile strength versus reduction of area, 
are typical of steels in the quenched and tempered condition. Figure 3, shows 
the direct relationship between ductility and hardness and illustrates the 
fact that the reduction of area decreases as hardness increases, and that, 
for a given hardness, the reduction of area is generally higher for alloy 
steels than for plain carbon steels .. 

It is evident from these curves that .steels of the, same cross sectional 
hardness have about the sam~ strength characteristics, 'so that ariy one of 
several different compOSitions would yield the same results. For some 
specific application then, the first thing to be determined is what 
composition is required to obtain proper hardening in the size section 
involved. This information is not contained in mechanical property charts, 
but can be determined from published data or by means of a hardenability 
test. Methods of making this hardenability test and interpretation of the 
test results are provided in SAE J406b. 

Having selected a steel that will through harden in the size section under 
consideration, the engineer must decide from the service stresses imposed on 
the finished part what tensile properties are required in the part. These 
tensile properties may then be converted to hardness values from the figures 
given here; and from Figure 4 showing the effect of tempering temperature on 

lLongitudinal means parallel to rolling direction. 

SAE Technical Board Rules provide that: "This report is published by SAE to advance the state of technical and engineering sciences. 
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement 
arising therefrom, is the sole responsibility of the user." o SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your 
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1. (Cont1nued): 

hardness,'the appropr1ate temper1ng t~mperature to obtain this hardness can 
be selected. In Figure 4 the curves are approximate values to be used as a 
gu1de. Carbon steels and lean alloy stee,ls, when fully hardened, will fall 
s11ghtly below the curves and strongly alloyed steels will fall slightly 
above the curves. 

Figure 4 showing the effect of tempering temperature on hardness is a summary 
of 1nformation contained in a large number of mechanical property charts 
published by steel companies, alloy suppliers and users. These charts 
represent, as do the charts on tensile, yield strengths, and reduction of 
area, data on all SAE alloy and carbon steels with carbon contents of 0.30 to 
0.50%. 

Mechan1cal property values obtained from these few su'mmary figures will be as 
accurate as the information formerly available in a large number of charts, 
each representing an individual type of steel. For more exact information it 
would be necessary to make tests on samples from individual heats of steel. 

NOTE: Mechan1cal properties 1n this report are monoton1c and do not 
represent cyclic test loading conditions. Cyclic loading and cyclic 
mater1al propert1es are described in SAE Jl099. 

2. REFERENCES: 

2.1 Applicable Documents: 

SAE J406, Methods of Determining Hardenability of Steels 

SAE J1099, Technical Report on Fatigue Propertie~ 
r 
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The (R) is for the convenience of the user in locating areas where technical C 
rev1s10ns have been made to the previous.is~ueof the report. If the symbol is 
next to the report title, H;~ind~cates<a""coinplete revision of the report. . . 
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FIGURE 3 

I 

" / 

- 4 -

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 j4
13

_1
99

00
6

https://saenorm.com/api/?name=7e3e47987a294783f27e4133723016f2


SAE J413 Revision JUN90 

/~\----------------------------------------------------------------------------1 \ 

~ ~ :i! 8 :i! ~ 51 ~ 
0 § 'ii @ '" ':' ":' "" .. '" '" 1 275 

550 

~ 525 

f.4l ~ 
1800 

250 500 
I ~ I"'" 

~ S! 475 ?(~ : 
a:: f" N 1 w 

'1-9 i '600 Q. 

ID 225 450 c~ 
i 

, ..J I,,~ ~I ~ 0 
0 
2 425~ ~ \-r~ I w 
1: Z "\.- ,,"S) 1400 .... 200 400~ 

~. ~ " z « 
l('1, '1'..:. w :I: 

a:: 375..J l('c 0 .... ..J .~o '\& III w 
w 

350~ ..J 175 {? ~ 1200 U5 z m ~ ~ w 
325~ 01- ~ .... 

.... -; \ z Q. 

~ w 150 300~ 1"-9 ..J 
~ ~~1-_-~ 

1000 

:5 
275 0 

w 

~ x 
~ 125 250 

/ Q. 

" " 
Q. 800 « 225 

100 200 I 

175 
600 

300 400 500 600 700 800 900 1000 1100 1200 1300 
TEMPERING TEMPERATURE - F 
'ONE HOUR AT TEMPERATUREI 

FIGURE 4 

- 5 -

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 j4
13

_1
99

00
6

https://saenorm.com/api/?name=7e3e47987a294783f27e4133723016f2


J4l3 JUN90 

RATIONALE: 

Not applicable. 

RELATIONSHIP OF SAE STANDARD TO ISO STANDARD: 

Not applicable. 

APPLICATION: 

The figures in this SAE Information Report illustrate the principle that, 
regardless of composition, steels of the same cross sectional hardness produced 
by tempering after through hardening, will have approximately the same 
longitudinal l tensile strength at room temperature. 

REFERENCES: 

SAE J406, Methods of Determining Hardenability of Steels 

SAE J1099, Technical Report on Fatigue Properties 

COMMITTEE COMPOSITION: 

DEVELOPED BY THE SAE IRON AND STEEL TECHNICAL COMMITTEE DIVISION - CARBON AND 
ALLOY STEELS: 

P. A. Speer, Inland Steel Co., Chicago, IL - Chairman 
G. A. Beaudoin, Stelco Steel, Hamilton, Ontario, Canada 
R. Binoniemi, Eaton Corporation, Kalamazoo, MI 
D. E. Bowman, Caterpillar Inc., East Peoria, IL 
R. H. Cobbett, Matco Tools, Stow, OH 
M. L. Frey, Leesburg, FL 
M. E. Head, Stelco Steel, Hamilton, Ontario, Canada 
C. J. Keith, Navistar Intl. Transport Corp., Ft. Wayne, IN 
T. G. Oakwood, Inland Steel Co., E. Chicago, IL 
M. A. Piedra, Timken Company, Canton, OH 
J. E. Tripp, Dana Corp., ottawa Lake, MI 

SPONSORED BY THE SAE IRON AND STEEL TECHNICAL COMMITTEE: 

F. J. Arabia, General Motors Corp., Warren, MI 
R. J. Belz, Bloomfield Hills, MI 
R. D. Bennett, White Farm Equip. Co., Charles City, IA 
F. Bens, Kolene Corp., Detroit, MI 
E. T. Bittner, Pressed Steel Tank Co. Inc., Milwaukee, WI 
H. N. Bogart, Traverse City, MI 
R. W. Buenneke, Caterpillar Inc., East Peoria, IL 
E. F. Chojnowski, Jackson, MI 
A. G. Cook, Oakmont, PA 
D. D. Day, Meenanite Worldwide, Fairlawn, OH 
S. Denner, National Steel Corp., Livonia, MI 
W. E. Dickerson, Motor Wheel Corp., Lansing, MI 
J. S. Dickey, Mack Trucks Inc., Hagerstown, MD 

lLongitudinal means parallel to rolling direction. 
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