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1.0 INTRODUCTION 

Concern has been raised regarding the application of the requirements 

in ANSI B31.1-1967 related to the calculation of stresses due to Occasional 

Loads (Paragraph 102.3.3). The Occasional Load requirements have been used 

in the design of nuclear power plant piping to evaluate the acceptability 

of piping design when subjected to seismic events. In summarizing 

calculated piping stresses due to earthquake loading at the Kewaunee 

Nuclear Station, Fluor Daniel did not include the shear stress resulting 

from the torsional moment. The torsional stress is part of the calculation 

performed and is available for each node point; however, as noted above, 
the stress summary does not include this effect for earthquake loading.  

This report addresses the concern by reviewing the ANSI B31.1-1967 rules, a 

number of classical papers on the collapse phenomena of pipe, and the 

development of the existing NC-3600 rules of Section III.  

2.0 ANSI B31.1-1967 

Paragraph 102.3.3, "Limits of Calculated Stresses Due to Occasional 

Loads" states the following 

The sum of the longitudinal stresses produced by 
internal pressure, live and dead loads and those 
produced by occasional loads such as the temporary 
supporting of extra weight may exceed the allowable 
stress values given in the Allowable Stress Tables by 
the amounts and durations of time given in Paragraph 
102.2.4.  

The important word is longitudinal. Paragraph 102.3.3 is quite 
specific in defining the stress to be calculated as the sum of the 

longitudinal stresses. This is a continuation of the criteria addressed 

originally under Paragraph 102.3.2(d) Additive Stress, which states the 
following:



11

Technical Report ~'PTELEDYNE 
TR- 7078 -2- ENGINEERING SERVICES 

The sum of the longitudinal stresses due to pressure, 
weight, and other sustained loads shall not exceed the 
allowable stress in the hot condition (Sh)* 

Further, the method of calculating the pressure stress is provided as Slp = 

F/A, the longitudinal stress.  

Both paragraphs (Additive Stress and Occasional Loads) require the 
calculation of longitudinal stresses in order to provide protection against 

the mode of failure being addressed. Piping subjected to sustained loading 
such as deadweight, pressure or live loads is susceptible to a collapse 
type failure. A review of this failure mode and the stress of concern is 
provided in Section 3.0 of this report. A review of the B31.1 approach to 
providing protection and the evolution of that into nuclear piping criteria 

follows.  

Since the publication of B31.1 the Additive Stress paragraph has been 
handled by the designer in a two-step approach which did not directly 
address requirements. First, the designer would assure that all piping met 
the minimum thickness and other pressure requirements of Paragraph 104.  
This step assured that the longitudinal stress due to pressure was usually 

less than one-half Sh. The second step was to support the piping using the 
suggested pipe support spacing of Table 121.4. Since this table is based 
on a maximum longitudinal stress of 1500 PSI in a simply supported beam, 
the combination of longitudinal pressure and sustained load stress was, by 
inspection, less than Sh. It was unusual to see a calculation performed 
for sustained load stresses and even more unusual to see documented 
compliance with Paragraph 102.3.2(d). Seismic loading, if any, was 
normally handled as a percentage of deadweight (applied in three 
directions) using a modified pipe support spacing table to maintain 
longitudinal stresses at an acceptable level. Experience indicates that 
the B31.1 approach using longitudinal stresses to provide protection 
against collapse has been highly successful. The major reason for this is 
that piping systems in power plants include elbows, bends, tees and branch 
connections so that a moment at one location becomes a torque a short
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distance away. Therefore, controlling the bending moment controls the 
torque. For example, on the basis of an elastic stress analysis, limiting 

the stress intensity at point "R" in the following figure protects point

V4
M= T

T

Theoretical Limit Load is reached when either: 

M = 4tr 2Sy 

T = 7rtr 2Sy 

Therefore, limit torsional moment is T = 7rMy/4 < My.
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The elastically calculated stresses when T = Ty are: 

At Point "L"

7 = Sy/ 2 

SL = SY

(Shear Stress) 

(Stress Intensity)

At Point "R"

M 
B = - = z

Tt 

wr2t
(Max. Longitudinal Stress)

2 
7rr tS = 

B 2 Y wr t

SR = S (Stress Intensity)

So 
SR = SL 

and if the stress is limited such that 

SR <. 1.2 Sh < 1.2 (.625 SY) < 0.75 Sy

then 

SL 0.75 Sy 

The advent of commercial nuclear power resulted in more detailed 

requirements. However, the issuance of ANSI-B31.7 in 1969 was the first 

time that a piping Code defined that the concern with Additive Stresses and 

Occasional Loads was to assure that an acceptable margin on the theoretical 

limit load exists. This is defined in detail in the Foreword to B31.7.
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It is important to recognize that Paragraph 102.3.2(d) and 102.3.3 of 
B31.1 as well as 1-705.1 of B31.7 and NB-3652 of Section III are not 
intended to predict the actual stress in a piping component due to the 
applied loading but rather to perform an approximate limit load calculation 
to assure a margin on the theoretical limit load exists. This leads to a 
better understanding of why B31.1-1967 discusses only longitudinal stresses 
when addressing this phenomena.  

3.0 REVIEW OF LIMIT LOAD THEORY 

An abundance of technical literature is available on the collapse of 
piping. In nearly every case the authors deal only with pressure and 
bending moment; that is shear is not considered. A list of References is 
provided in Section 6.0 and the following is taken directly from them.

Reference 4 

Reference 7 

Reference 6 

Reference 8 -

"Neglecting shear effects is acceptable if the 
shell is sufficiently thin compared to its smallest 
surface dimension." 

At D/t < 50 shear has no appreciable effect. At 
D/t > 75 shear has some effect.  

Calculates the collapse mode by determining the 
strain in the outer fiber of the pipe due to 
ovalization and assumes the shear strain to be 
zero.  

Provides an estimate of the change in yield point 
due to bending moment as a result of applied 
torsion.

The effect of neglecting torsion in a cylinder is demonstrated in 
Attachment 1, Figure 1 which relates the ratio of applied torque, (T), over 
the torque to produce the limit load, (Tu), to the ratio of applied moment, 
(M), over the moment to produce the limit load, (Mu). In both cases,
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strain hardening is neglected. The effects of internal pressure and axial 

load on a cylinder ard far more significant than torque in reducing the 
allowable moment to produce the limit load. (Which is the reason most 
investigators include pressure and axial load but not torsional effects.) 
Figure 2 of Attachment 1 provides the effects of internal pressure on the 

value of allowable applied moment and Figures 3 provides the effects of 
axial load. In order to provide a quick comparison, the value of allowable 

applied moment is provided in the following table for various ratios of 
torque, pressure and axial load.

where: subscript u refers to the load 
specified load acting alone, 

M = applied bending moment

to cause the limit load under the

T = applied torque 

N = applied axial load 

Sm = circumferential membrane stress due to internal pressure

Sy = yield stress in simple tension

Load Ratio M/Mu 

.4 .94 

T/Tu .6 .85 

.8 .68 

.4 .73 

Sm/Sy .6 .55 

.8 .32 

.4 .86 

N/Nu .6 .68 

.8 .40
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The longitudinal stress effects of internal pressure are addressed in 

all the piping Codes including ANSI B31.1-1967. However, it is noted that 

none of the piping Codes require consideration of piping axial loads when 

determining the margin on the theoretical limit load (i.e., when satisfying 

"Additive Stress" and "Occasional Loads" of ANSI B31.1 and "Primary Stress 

Intensity" of NX-3650). The above table demonstrates the axial load effect 

is much more significant than torsion. The effect of torsion is minimal.  

4.0 SECTION III - NC-3600 RULES 

The first piping. Code developed to address nuclear power piping was 

ANSI B31.7 published in 1969. This Code provided detailed rules for the 

design of Class 1 piping which were based on the criteria document 

(Reference 9) of Section III. For Class 2 and 3 piping, the rules of ANSI 

B31.1-1967 were referenced. At the time that Section III first included 

rules for piping, Class 2 and 3 piping rules continued to reference B31.1.  

Therefore, Class 2 and 3 piping continued to be designed and analyzed using 

the criteria that had been used over the years for fossil power piping.  

That is, the longitudinal stress was the stress of concern for Class 2 and 

Class 3 nuclear piping designed to Section III prior to the 1974 issue.  

Section III rules for Class 2 and Class 3 piping (NC/ND-3600) were 

published in the Winter 1972 Addenda and were based on the rules existing 

in NB-3600. The NB-3600 rules were taken directly from ANSI B31.7 so an 

understanding of the basis for those requirements is necessary. Paragraph 

1-705.1 in B31.7 is entitled "Satisfaction of Primary Stress Intensity." 

However, stress intensity, based on Reference 9 and the Foreword to B31.7, 

is defined as "twice the maximum shear stress and is equal to the largest 

algebraic difference between any two of the three principle stresses." For 

example, for a thin-walled cylinder subject to internal pressure, remote 

from any discontinuities, the hoop stress is twice the axial stress and the 

radial stress on the inside surface is equal to the pressure (P) and is 

compressive. Setting the hoop stress equal to ch, the three principal 

stresses are:
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S1 = Uh 

S2 = ah/2 

S3 = -P 

Maximum shear stress theory results in a controlling stress intensity of 

S1 - S3 equal to ch + P (largest algebraic difference) and maximum stress 
theory results in a controlling stress of ch. For a thin-walled cylinder 
there is little difference since ch is much larger than P. However, when 

one includes bending stress due to applied moments the results can be 
different. For a single applied moment on a cylinder, the bending stress 
is axial and is maximum tensile at one location on the diameter and maximum 

compressive 180 degrees away. Setting this bending stress, ± ob, equal to 

(0h) and combining with pressure results in the following: 

Principal Stress Pressure Moment Total 

S1 ch 0 ch 

S2 ch/2 h 1.5 ah or- ah/ 2 

S3 -P 0 -P 

the stress differences are: 

S1 - S2 = -0h/2 or 1.5 ah 

S2 - S3 = 1.5 ah + P or - ah/2 + P 

S1 - S3 = ah + P 

and the maximum stress intensity is S2 - S3 = 1.5 ah + P versus S- S3 " 

ah + P for the pressure case alone. Maximum stress theory results in a 
controlling stress of 1.5 ah, again little difference from maximum shear 
stress theory for a thin-walled cylinder.  

The theory of failure for Class 1 piping rules in B31.7 and Section 
III is maximum shear stress. However, a close look at 1-705.1, Equation 
(9), indicates that a modified longitudinal bending stress is being used as
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a reasonable approximation to a limit load analysis. In order to comply 

with established Section III criteria, the margin on the theoretical limit 

had to be determined using maximum shear stress theory. As discussed in 

2.0, this is defined in the Foreword to ANSI-B31.7 where the margin on the 

limit load for straight pipe is compared with Equation (9) in Figure 1.  

Note that the internal pressure used in that formulation is such that the 

hoop stress is equal to 2/3 of the yield strength of the pipe material.  

Equation (9) is written as follows: 

B1 PDo + B2 D Mi < 1.5 Sm 
2t 21 

Setting B1 equal to 1.0, the first term results in an expression for the 

hoop stress in a thin-walled cylinder, PDo/2t.- However, Bl-for a straight 

pipe, remote from welds and other discontinuities, is 0.5. Therefore the 

pressure stress calculated is really longitudinal (PDo/4t) rather than 

hoop. This stress is added to the bending stress due to the resultant 

moment and compared with an allowable of 1.5 Sm. Appendix D, Paragraph D

101 points out the general definition of a stress index, B, as 

B = a/S 

where: 
a = elastic stress due to load, L 

S = nominal stress due to load, L 

and for B indices, a represents the stress magnitude corresponding to a 

limit load. Therefore, 1-705.1 is really satisfaction of limit load rather 

than primary stress intensity. The only difference then between B31.1-1967 

and B31.7 or Section III for Class 1 piping is the inclusion of the 

torsional moment in the term Mi. As discussed in Section 3.0 above, this 

effect is minimal.
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Having served as Chairman of the Ad Hoc Task Force for Design of B31.7 

and of the Working Group Piping Design of Section III, it is my 

understanding that one of the reasons for inclusion of the torsional moment 

in Mi in Class 2 and 3 piping was for simplicity. In the formulation of 

Class 1 rules, the committee determined that only one stress index (C2) 
would be specified for calculation of stress due to a thermal expansion.  

This was different than B31.1 which did not intensify the torsional stress 

and allowed the use of different intensification factors for in-plane and 

out-of-plane bending moments. Once the decision to use a single stress 

index was arrived at, there was no need to separate bending from torsional 

moments. When rules for Class 2 and Class 3 piping were developed, the 

committee followed the formulation established in Class 1 primarily because 

separation of the torsional moment from the bending moments was an 

unnecessary complication and would require changes to existing computer 

programs currently in use to perform Class 1 analysis.  

5.0 CONCLUSIONS 

It is our opinion that excluding torsion from the evaluation of 

Occasional Loads in B31.1 is complying with the 1967 Edition of that Code.  

The Code is specific with respect to requiring the calculation of 

longitudinal stresses only for both Additive Stresses, Paragraph 102.3.2(d) 

and Occasional Loads, Paragraph 102.3.3. Experience indicates the 

effectiveness of this approach. ANSI B31.1 requires inclusion of the 

torsional moment only for thermal expansion stress calculation.  

A review of a number of papers and reports on piping collapse supports 

the use of only longitudinal stress when determining the stress magnitude 

corresponding to a limit load.  

The inclusion of the torsional moment in Equation (9) of B31.7 and NB

3600 was to comply with the theory of failure established by Section III.  

The inclusion of the torsional moment in the Class 2 and 3 piping rules was 

a matter of convenience and simplicity rather than a matter of technical 

concern.


