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Abstract

A brief description of liquid-metal fast-breeder reactor systems will
be given along ‘With some abttendant structural design problems associated with
inelastic material behavior. Central features of the ORNL program to develop
applicable structural desi;gn methods will be outlined, including considerations
of material deformation and failure, Activities to develop constitutive equa-
tions applicable to elastic-plastic and creep behavior will be discussed and
currently recommended methods described. Some- basic features of inelastic be-

havior of pertinent materials _(pa.rticularly type 304 stainless steel) will be

_ illustrated, along with the role they play in the development of comstitutive

equations, A number of elevated temperature structural tests will be described,

and selected ccmparisons of test results with analysis predictions will be

presented,
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Constitutive equations currently in use are based on
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, Inelastlc Analysns Guidelines
Tlme-lndependent Elastic-Plastic Behavior
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. Hardening Rule: Nonisothermal Kinematic
‘Hardening

. Stress-Strain Relation: Bilinear Relation
Required for Nonradial Loadings, with
Specific Rules Provided for Determining
the Equivalent Bilinear Curves from Actual
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INGREDIENTS OF EQUATION-OF-STATE
CREEP REPRESENTATIONS

1. Uniaxial Creep Relation
2. Multiaxial Flow Rule
3. Hardening Law for Variable Load Conditions
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TIME-DEPENDENT (CREEP) BEHAVIOR

1. Constant-uniaxial-stress creep equation:

e(0,T,1) = ¢,(0,T) ‘[ | = g0, TN ] +ép,(a,T)t.

2. Multiaxial constitutive equations:

C o (4
€5; = A 0j;
Define
o2 =3J'2 = 5 a;j O;j .
2
-2 _F: _% ¢ _c
€ = 12—3€ijelj
Write
e-c =EE(63t!T) ’
ij P) 5 ij
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Creep Strain Ratios for Combined Tension-Torsion
Loadings — Type 304 Stainless Steel (Ht. 9T2796), 1100°F

Axial Torsional  Effective  Stress Creep Strain Ratio:
Test : Torsion/Axial €, , /€
No. Stress, Stress, §_tress, Ratio, 12/€11y
o (ksi) 7 (ksi) - 0 (ksi) 7/0 Observed  Predicted
1 10.628 6.111 15.00 0.575 0.92 | 0.862
2 13.975 3.407 15.17 0.244 0.37 0.366
3 5.570 7.934 14.83 1.424 2.18 2.137
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.. Areas Requiring Research and Development

o MATERIAL BEHAVIOR ™ 77w v

. Representatlon of Multiaxial Behavior for General
Load Histories |
* Plasticity
* Creep
- Plasticity-Creep Interaction .
* Creep-Fatigue |
* Strain Limits
* Environmental Effects
* Fracture Mechanics

ANALYSIS METHODS
* Development of Efficient General Procedures for
Treating inelastic Behavior

STRUCTURAL TESTING
* High-Temperature Instrumentation

« Basic High-Temperature Tests — Deformation
and Failure
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