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Selection and Use of Steels

1. Scope—Thg SAE system of designating steels, described in SAE J402, classifies an(Ii numbers them
according to [chemical composition. In the case of the high-strength, low-alloy steels incSAE J1392 and J1442
and the higp-strength carbon and alloy die drawn steels in SAE J935, minimum medhanical property
requirementg have been included in the designations. In addition, hardenability)data on most of the alloy
steels and sgme of the carbon steels will be found in SAE J1268.
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2.1 Applicable Publications—The following publications form a part of.this specification to thg extent specified
herein. The |atest issue of SAE publications shall apply.
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SAE J1099—Technical Report on Fatigue_ Properties
SAE J1268—Hardenability Bands for Carbon and Alloy H Steels
SAE J1392—Steel, High-Strength, Hot-Rolled Sheet and Strip, Cold-Rolled Sheet and Cpated Sheet
I SAE J1442—High-Strength, Hot-Relled Steel Plates, Bars and Shapes
SAE AE{4—Fatigue Design Handbook

2.1.2 ASM PusBL|cATIONS—Available from American Society for Metals, Metals Park, OH.
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2.2

Related Publications—The following publications are provided for information purposes only and are not a

required part

of this document.

More detailed information on the characteristics, application and heat treatment of SAE steels is given in the
SAE Information Report J412 in the SAE Handbook. References 1-4, 7, 8, and 10 are representative of
meaningful articles that have appeared in other publications. References 5 and 9 deal with the various tests
for toughness and their significance. Reference 6 details the application of linear elastic fracture mechanics.
Reference 11 fatigue strength and design.
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Selection—A material for any particular use is properly selected when a part made from it satisfies the
engineering and service requirements at the lowest final cost. Many factors enter into such a selection, the
principal ones being: the mechanical and physical properties required to satisfy the engineering and service
requirements; the cost and availability of the material; the cost of processing, such as machining, welding, or
heat-treating; and the suitability of available processing equipment or the cost of new equipment that must be
purchased. These considerations require input from the designer, the test engineer, the metallurgist, the
manufacturing or process engineer, and the buyer. Since the pertinent factors vary widely, the correct choice
of material for any set of conditions is the one that provides the best balance among all the factors. Thus, a
categorical selection for a given part is impractical. The successful use of different steels for similar parts is

ample evidence of the complexity of the problem.
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decrease that of the adjacent areas, or both, the effect in either case being to reduce the deflection and the unit
stress in the troubled area. This is because the elastic modulus (Young's modulus) is, for all practical
purposes, the same for all steels regardless of composition or condition.

It is well established that the fatigue strength of a component can often be substantially increased by inducing
compressive stresses into the outer layer in critical areas in such a way that a significant portion of the induced
stress is retained after processing. In service the algebraic sum of this residual compressive stress and the
applied stress (usually a tensile stress from a bending or a torsional load) results in a net decrease in the
stress on the component, thus increasing fatigue life. Processes commonly used to induce residual
compressive stresses are shot peening, cold rolling of radii, induction hardening, shell hardening, nitriding,
carbonitriding, and, sometimes, carburizing and hardening.
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The corollary of the previous is that any process or condition that leaves a residual tensile stress in the outer
layer of a component is usually detrimental to fatigue life.

SAE J1099 gives some basic information on the approach to fatigue problems. The fact remains, however,
that the surest guide to satisfactory fatigue resistance of a part or a structure is life testing either in actual
service or under conditions that closely simulate it. The method is expensive, but the alternative can be a
disappointing lack of product reliability.

Brittle Fracture—When improved resistance to failure by brittle fracture is of concern, toughness becomes an
important additional consideration. The principal factors in determining if a material behaves in a tough or
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results are considered to be a constant of the material for a given temperature and loading rate under
conditions of plane strain. The results are used to determine the stress required to cause a flaw of any given
size, such as a scratch, a crack, or any unfused portion of the weld, to propagate unstably.

The concepts of fracture mechanics have also been applied extensively to analyze subcritical crack growth
rates under static loading in an aggressive environment (stress-corrosion cracking), cyclic loading in a
noncorrosive environment (fatigue), and under the combined effects of cyclic loading and aggressive
environment (corrosive fatigue).
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