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The desit criteria :.presented hcre arc based
primnarily on lin ear elastic analyses. Linear.. elastic
analyses are simpler than truc elastic-plastic analyses.

"'Copies may be obtained; from. the American. Society or
Mechanical Engineers, United Engineering Center. 345 East 47th
Street. New York. N.Y. 10017.
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I. Stress intensity' is defined as twice the maximum
shear stress and is equal to the largest algebraic difference between any two of the three principal stresses.

8. Containmeni vessel is defined as the receptacle
on which principal reliance is placed to retain the
radioactive material during transport.
C. REGULATORY POSITION

2. A primary stress is a stress that is necessary to
satisfy the laws of equilibrium of forces and moments
due to applied loadings, pressure loadings, and body
(inertial) loadings. Primary stresses are not selflimiting because local yielding and minor distortions
do not reduce the average stress across a solid section.

The following design criteria are acceptable to the
NRC staff for assessing the adequacy of designs for
shipping cask containment vessels in meeting the
structural requirements in §§71.35 and 71.36 of 10
CFR Part 71.
I. The values for material properties. design stress
intensities (Sil), and design fatigue curves for Class I
components given in Subsection NA of Section III of
the ASME Boiler and Pressure Vessel Code should be
used for the materials listed in that subsection. For
materials not listed there, the method discussed in
Article 111-2000 of Subsection NA should be used to
derive design stress intensity values. ASTM material
properties should be used, if available, to derive
design stress intensity values. The values of material
properties that should be used in the structural
analysis are those that correspond to the appropriate
temperatures at loading.

3. A secondary stress is a stress that is self-limiting.
Thermal stresses are considered to be secondary
stresses since they are strain-controlled rather than
load-controlled, and these stresses decrease as
yielding occurs.
The bending stress at a gross structural discontinuity, such as where a cylindrical shell joins a flat
head, is generally self-limiting and is considered to be
a cecondary stress. However. when the edge moment
at the shell and head junction is needed to prevent excessive bending stresses in the head, the stress at the
junction is cons'idered to be a primary stress. The
bending stress at a joint between a rectangular shell
and a flat head is unrestrained by hoop effects and
will be considered to be a primary stress.

2. Strain-rate-sensitive material properties may be
used in the evaluation of impact loading if the values
used are appropriately considered in a dynamic timedependent analysis and can be suitably justified in the
license application.

4. Primary membrane stresses are the average nor-

mal primary stresses across the thickness of a solid
section. Primar.1 bendingk stresses are the components
of the normal primary stresses that vary linearly
across the thickness of a solid section.

When strain rate sensitivity is considered in the
structural response to a combination of static and
dynamic loads, the static portion of the stresses and
strains should be analyzed separately using static
material properties and should meet the static design
criteria. The total stress and strain state resulting
from both static and dynamic loads should meet the
design criteria for which strain-rate-sensitive material
rroperties (e.g., yield strength) are substituted for
static values.

5. The alternatingstress intensity. Salt- is defined
as one-half the maximum absolute value of S 12, S,).,
S'I. for all possible stress states i and j where oa., a02
and u 3 irc principal stresses and
SC2= (Oi - frlj) - (o2i - '2j)

S!3 = (a

- a2j )" (03i - a3)

Sit.
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3. Under normal conditions the value of the stress
intensity resulting from the primary membrane stresses should be less than the design stress intensity, Sm,
and the stress intensity resulting from the sum of the
primary membrane stresses and the primary bending
stresses should be less than 1.5Sm.

• 1, etc., follow the principal stresses as their direc-

tions rotate if the directions of the principal stresses
at a point change during the cycle.
6. The phrase stresses caused b ' stress concentrations refers to increases in stresses due to local
geometric discontinuities (e.g., notches or local thermal "hot spots"). These stresses produce no
noticeable distortions.
71.

a. Salt is determined (as defined in the "Discussion"). The total stress state at each point in the normal operating cycle should be considered so that a
maximum range may be determined.
b. The design fatigue curves (Figures 1-9.0) of
Section III of the ASME Boiler and Pressure Vessel
Code should be used. These curves include the maximum mean stress effect.

7. TIpe B quantitv isdefined in §71.4(q)of 10CFR
Part

4. The fatigue analysis for stresses under normal
conditions should be performed as follows:

Normal conditions of transport and

hypothetical accident conditions are defined in Appendices A and B, respectively, to 10 CFR Part 71.
7.6-2

c. Salt should be multiplied by the ratio of the
modulus of elasticity given on the design fatigue
curve to the modulus of elasticity used in the analysis
to obtain a value of stress to be used with the design
fatigue curves. The corresponding number of cycles
taken from the appropriate design fatigue curve is the
allowable life if only one type of operational cycle is
considered. If two or more types of stress cycles are
considered to produce significant stresses, the rules
for cumulative damage given in Article NB-3222.4 of
Section III of the ASME Boiler and Pressure Vessel
Code should be applied.
d. In the analysis of high cycle fatigue where the
number of cycles exceeds 104 cycles, the ASME
design fatigue curves should be extended using a 4%
decrease in the allowable stress per decade, starting
from the IO0 cycle value. High cycle fatigue could be a
potential problem due to vibration during transportation.
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Low Alloy Steel

2.0

0.2

700

Martensitic Stainless Stec

2.0

0.2

700

Carbon Steel

3.0

0.2

700

Austenitic Stainless Steel

1.7

0.3

800

Nickel-Chromium-Iron

1.7

0.3

800

c. The temperatures do not exceed those listed
in the above table for the various classes of materials.

6. Buckling of the containment vessel should not
occur under normal and accident conditions.

5. The stress intensity, Sn, associated with the
range of primary plus secondary stresses under normal conditions should be less than 3Sm. The calculation of this stress intensity is similar to the calculation
of 2 Salt; however, the effects of local stress concentrations that are considered in the fatigue calculations are not included in this stress range.

7. Under accident conditions, the value of the
stress intensity resulting from the primary membrane
stresses should be less than the lesser value of 2.4Sm
and 0 .7Su (ultimate strength): and the stress intensity
resulting from the sum of the primary membrane
stresses and the primary bending stresses should be
less than the lesser value of 3 .6Sm and Su.

The 3 Sm limit given above may be exceeded if
the following conditions arc met (these conditions
can generally be met only in cases where the secondary bending stresses are a substantial portion of the
total stress):

. 8. The extreme total stress intensity range between
the initial zero stress state, fabrication, normal operation. and accident conditions should be less than
twice the adjusted value (adjusted to account for
modulus of elasticity at the highest temperature) of
Sa at 10 cycles given by the appropriate design fatigue
curves.

a. The range of stresses under normal conditions excluding stresses due to stress. concentrations
and secondary bending stresses yields a stress intensity, Sn, that is less than 3 Sm.

A value of 4 should be used as the maximum
stress concentration factor in regions where this factor is unknown.

b. The value Sa used for entering the design
fatigue curve is multiplied by the factor Ke, where:
Ke = 1.0 (Snr < 3 Sm)

=1n

n

d. The ratio of the minimum specified yield
strength of the material to the minimum specified
ultimate strength is less than 0.80.

e. A value of 4 should be used as the maximum
stress concentration factor in regions where this factor is unknown.

(I-n) (Sn
_I
=1.0+ n(m- ik3Sm 1 _(3 Sm<Sn<

m

9. In some cask designs. shielding materials apply
loads through differential thermal expansion or supply additional strength to the containment vessel. In
such cases, shielding materials that have low yield
strengths (e.g., lead) may be structurally analyzed using an elastic-plastic technique while the inner shell is
analyzed by a linear elastic analysis. When uranium is
used for shielding and is needed to add strength to the
containment vessel, the fracture behavior of the
uranium shielding should he considered.

3 mSm)

(Snn -. 3 mSm)

Sn is as described in a.
The values of the material parameters m and n are
given for the various classes of materials in the following table:
7.6-3
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