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ABSTRACT 

User gained experience resulting from trial ap­
plications of proposed structural design guidelines 
for Fast Breeder Reactor (FBR) core components is 
presented. This work was done supporting the design 
analyses process for consumable core components for 
the Fast Test Reactor (FTR) of the Fast Flux Test 
Facility (FFTF). The proposed guidelines were found 
to be more comprehensive and generally easier to 
apply than those methods previously used. Component 
evaluation required a minimum amount of detailed 
inelastic analysis, prir.arily through the use of sim­
plified inelastic analysis methods, as given in the 
guidelines. A major shortcoming of this draft cri­
teria/guidelines is a lack of supporting irradiated 
material properties. Some areas of guidance given 
seems ambiguous and may be non-conservative, particu­
larly those related to stress classification unique 
to FBR environments. Further verification of these 
areas appears to be in order. 

INTRODUCTION 

As an integral part of the development plan of 
the national working group on structural design cri­
teria for Fast Breeder Reactors (FBR) core components, 
a program of trail applications was undertaken at the 
various participating organizations. 

Work performed at the Hanford Engineering 
Development Laboratory, Richland, Washington, op­
erated by Westinghouse .^anford Company, a subsidiary 
of Westinghouse Electric Corporation, for the U.S. 
Department of Energy under Contract EY-75-C-14-2170. 

Since late 1975, Hanford Engineering Develop­
ment Laboratory (HEDL) Core Engineering, has adopted 
the use of the working2groups' draft criteria, RDT-
F9-7, F9-8, F9-9, [1] in the design analysis pro­
cess for new and existing FTR consumable core compo­
nents. To date these included several new test assem­
blies and the seismic evaluation of all major core 
components (e.g., fuel assemblies and control rods). 

Previous to the use of ROT, F9-7 and F9-8 "Struc­
tural Design Guidelines for FBR Core Components," 
design criteria v;as essentially based on the ASME 
Boiler and Pressure Vessel Code, Section III (T<SOO°F) 
[2], and the hign temperature Code Case 1331 [3] and 
later 1592 [3] rules. Here irradiated material pro­
perties were used when available and a limited con­
sideration was given to irradiation induced loss of 
ductility. This criteria had several shortcomings 
when applied to irradiated FBR consumable core com­
ponents, some of which are: 

- Inherent design margins could be very small in low 
ductility irradiated materials when applying stress 
intensity limits. 

- Strain limits do not account for loss of ductility 
due to irradiation. 

- Overly conservative when stresses are low (ductility 
based life limits). 

The "Structural Design Guidelines for FBR Core 
Components" for the most part, address the effects 
of high energy neutron irradiation on short life (1-3 
year) structural components and integrates these with 
the rules of the ASME high temperature code cases to 
'provide a comprehensive design criteria for the indus­
try. 
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It is the intent of this paper to present the 
user's "point of view" in respect to applying the 
rules of F9-7 and the guidance of F9-8 to in-core 
consumable structural members excluding fuel and 
absorber pin cladding as there was no criteria ap­
plication at HEDL in regard to the later. It is 
expected that early experience gained in FTR appli­
cation will be similar to those expected industry 
wide, as loadings and materials are expected to be 
typical. The content of this paper is based on the 
1976 draft criteria. 

EXPERIENCE - GENERAL 

Application of ROT F9-7 and F9-8 to design 
analysis at HEDL encompassed most of the rules and 
guidance set forth in these documents. Components 
analyzed and the type of analyses performed are given 
in Table 1. Noteworthy of the fact that for the ev­
aluation of steady-state operation, only stress limits 
need to be applied. This has several advantages, of 
which the most obvious is the ease of analysis. 
Here, only irradiated Yield (S ) and Ultimate (S ) 
strengths need be considered. ^This is of consid^ 
erable advantage in case of preliminary design work 
(steady-state only) where one is considering the use 
of materials which there is no or limited data on 
such properties as irradiated stress to rupture (as 
would be previously required). In many cases, evalu­
ation for off-normal conditions involved the calcula­
tion of strains. In most cases, this was done using 
simplified inelastic analysis methods (SIAM) as out­

lined in RDT F9-8. Detailed inelastic analysis were • 
rarely required. Because thermal creep in FTR core 
components is generally negligible, the required dam­
age limits, in many cases, werenot evaluated. Dam- . 
age fractions were calculated in only those cases 
where the damage fraction due to fatigue (generally 
low cycle) was significant. 

The criteria has been applied extensively to 
type 304 and 316 (both annealed and cold worked) 
stainless steel and to a lesser degree to Develop­
mental Alloys of the Solid Solution (Austenitic), 
ferritic and precipitation strengthened types of 
metals. 

In general, much of the irradiated material 
properties were not generally available in the of­
ficial source, the Nuclear Systems Material Handbook 
[4], and had to be compiled or developed-^ independent 
of this document. In cases where a limited data base 
was only available for irradiated material properties, 
the nominal values were reduced to account for uncer­
tainties. 

EVALUATION FOR NORMAL OPERATION 

As mentioned earlier, only elastic irradiation 
creep and swelling analyses needed to be performed 
for the steady-state operating condition. This is 
probably typical of the majority of FBR core compo­
nents, as loadings in FTR are expected to be fairly 

Developed in accordance with F9-8. 
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Nl "0" Thermal 
Creep. 
N2 Only Needed for 
Off Normal (Tran­
sient) Operation. 
N = Equivalent 
Loading ID Cyl­
inder Analysis 
(Above Core, High 
Ten-p. Evaluation). 

Req'd on Non-Std. 
Sub-Component Only. 

N2 " 0 " Thermal 
Creep. 
Nl Rarely Required.; 

X » Required 
N = Required, See Note 

*As of 2/79 

••Generally Negligible Theraal Creep; Damage Fraction Generally Only Evaluated When There is Signi f icant Low Cycle Fatigue 
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representative of commercial plans. One might typi­
cally expect only minor design changes to meet stress 
limits. Listed below are typical loadings and clas­
sification of stresses seen for FTR core components 
at steady-state operation. 

TYPICAL LOADINGS AND STRESS CLASSIFICATIONS 
FOR FTR CORE COMPONENTS, 
STEADY-STATE OPERATION "* 

Similar cases can be shown for restrained axial ex­
pansion, though very rarely are these expected :D n-t 
as primary. For the case of a temperature drc/or fiux 
gradient through the wall, there generally exists a 
smooth continuum of flux and temperature so that con­
tinuous stresses caused by internal constraints are 
not transferred to other regions of the structure, 
and hence, the stresses act as true secondary stresses 

Stress Origin 

Internal Pressure 

Stress Classification 

Duct Bowing ' 

Gradient Through Wall 

Weight 

Restrained Axial Expansion 

Interaction With Adjacent 
Component5>° 

Discontinuity 

Stress Consentrations 

5.6-

Qb'Pb 

Qm-fm 

Q.P 

Q 

Peak 

Note the dual classification, i.e., primary (P) and 
secondary (Q), for loading which might normally be 
considered as secondary for these deformation con­
trolled conditions. This is a unique characteristic 
associated with the fast neutron environment related 
to irradiation creep and swelling. Here the behavior 
of in-core components is differentiated from those 
of other environments. This has a direct bearing on 
the classification of stresses used in the evalua­
tion. In many instances, irradiation induced swell­
ing produces a driving potential which is, in many 
respects, analagous to elastic follow-up. Hence, 
some stresses generally classified as secondary 
should be considered as primary. This is illustrated 
in Figure 1 for the case of duct tube bending stress, 
showing classification used at HEDL. As shown, clas­
sification is primarily dependent on in-core resi­
dence tire, and the ratio of the swelling to creep 
strain rates at equilibrium conditions. This ratio 
is primarily a function of material and the in-core 
environment (temperature, and fast neutron flux). 

IRRADUTIOn 1 H K i i u r i o i i 
( . I M E K I A D T 5-ELlIfrG 

CREEP 

HECto-i ! iLA,;•':•;':•« 

Fig. 1 Classification of Bending Stress Used at HEDL 
Due to Duct Bowing. Temperature and Neutron Flux 
Gradient Across Flats. 

EVALUATION FOR OFF-NORMAL EVENTS 

In the course of evaluating design transients, 
analytical effort in many cases requires the C2'c-j-
lation of inelastic strains where elastically calcu­
lated stresses exceeded the allowable limits. In 
most cases, SIAM were usea to calculate strains. 
Typically for FTR components evaluation, the fjllowing 
can be said: 

** P denotes Primary Stress. 
Q denotes Secondary Stress. 
Subscripts m and b denote membrane and bending 

stresses, respectively. 

These are due to temperature and fast neutron 
flux gradients which give rise to thermal, irradia­
tion creep and swelling strain gradients. 

Q if AT only. 
• Q if irradiation creejj dominated. 
P if irradiation swelling dominated. 

.1. Steady temperatures are low enough or hold tices 
at high temperatures are short enough the f.erral 
creep strains are negligible (in general f^ere is 
a minimum amount of primary creep). 

2. For ther'nal transients (e.g., scram, loss of elec­
trical power) primary stress intensities '.̂ ere 
found to be witnin allo.vable limits. 

3. For thermal transients when primary + secondary 
stress intensities exceeded the allowable li~its, 
simplified inelastic analysis methods (SI;̂ 'l) '.ere 
used to determine strains and the character (i.e., 
cyclic plasticity or ratchetting). 

4. Inelastic analyses were only required for Tcsign 
Case Fjrthqu.ite (Orn; seismic events ..̂•••ii r"'' -i-
i-y stress iiitoiisity I H M L J were • ^̂ oel)̂ ;d or in­
elastic deformation needed tj be Culculjted. 



5. Inelastic analysis, using equivalent one-
dimensional cylinder analysis has been found 
to be an effective, conservative method for core 
component analysis. 

DETERMINATION OF CRITICAL CROSS SECTION FOR EVALU­
ATION 

The FBR environment give rise to a unique situ­
ation in the determination of the cross section most 
subject to failure. Here, one must consider both 
ductile and brittle modes of failure in the evalua­
tion. In general, for the overall assembly, the 
critical sections were found to be at welds. This 
is primarily due to the annealed state of the mater­
ial (as opposed to the cold worked ducts) and stress/ 
strains concentrations (note that work hardening 
during operation is not taken into account). .Minor re­
design of the weld in question is usually sufficient 
to overcome any potential problems. 

Except for welds, the selection of critical 
cross section for evaluation .is not always obvious. 
For-most standard component ducts (channel), the 
highest stressed location is adjacent to the ACLP 
(adjacent to top load pad for some FTR head hung 
components). This, however, is not necessarily the 
most critical section because irradiated material 
properties, primarily loss of ductility, effectively 
reduce the strength of other sections. Here the 
critical section is usually between the top of the 
core and the Above Core Load Pad (ACLP) wnen consider-
. ing ductile failure mode, and near the top of the core 
when brittle m,odes of failure are evaluated. 

The effect of tenperature and irradiation en­
vironment on material tensile properties is illustra­
ted in Figures 2 and 3. This behavior can sometimes 
exhibit drastic changes over the assembly length and 
should be looked at in detail so that critical cross 
sections are not overlooked. Note that minim.um pro­
perties, irrespective of time, are used in evalua­
tion and could add considerable conservatism in evalu­
ation.. Figure 2 illustrates the combined effect of the 
neutron flux and temperature profiles on yield strength 
of 20% CW 316 SS. Here Sy increases'with' irradiation 
at temperatures below, and decreases with irradiation 
for temperatures higher than approximately 450°C 
(842*F). Component evaluation of the type shown 
graphically in Figures 4 and 5 overcomes the chance 
of missing this critical section. 

EXPERIENCE IN APPLICATION OF CRITERIA LIMITS 
(See Appendix for Design Rules) 

-, are typically low in FTR core 
Primary Membrane Stress Intensities 

These stresses P; 
component and, consequently, result in high design 
margins. 

Primary Membrane and Bending Stress Intensity 
For steady-state normal operatic:, and rost 

design transients, stress intensities Mere witr.in 
allov/able limits (in some cases these stress limits 
were exceeded for the Design Basis Earthquakes). 

Prim.ary •*• Secondary Stress Intensities 
In evaluating design transients, many cases 

exceeded the allowable stress limits. A dual evalu­
ation of "low" and "hign" ductility failure mooes is 
generally required for each component. No general­
ization can be ir.ide cis to which is iiiOSt liniting. 
In most cases, simplified inelastic analysis i.ethods 
could be used to evaluote strains and damage limits. 

Evaluation using the modified shakedown diagram, to 
assure that the stresses are elastic or shakedown to 
elastic stresses in the first cycle (see appendix 
Figure Al), generally reduces the overly conserva­
tive approach taken in earlier evaluation mpthnds 
used based on Code Case 1592. 

Maximum Principal Stress (R.A.<10r.) 
This is generally not as limiting as the P, ̂  

Pfci+Q limit for minimum uniform evaluation (!:,j)<lv. for 
normal design configuration. This limit was found 
to be limiting in the case where there are stress 
concentration such as holes in duct for instrument 
attachments. 

Strain Limits (optional or required if stress limits 
are exceeded) 

As menitoned earlier, thermal creep strains 
for FTR components are generally negligible. In 
the FTR the maximum steady-state structural component 
temperature rarely exceeds 550°C (1020=F) for a 3cO°C 
(680°F) initial core inlet temperature. Because of 
this, the maximum membrane strain limit is usually 
based on plastic strain only. The maximum plastic 
membrane strain is generally due to the accumulation 
of strain due to ratchetting (generally seismic in­
duced), and the maximum of the "non-accumulative" 
strains (generally due to the most severe thermal 
transient). 
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Fig, 3 Nominal Uniform Elongation - Driver Fuel 
Assembly Duct (Assumes Hottest and Highest Irradi­
ated Assembly). Conversion Factors: (cm.)=(.3937) 
(inches) 

POSITION fPOM BOnOI Of DUCT lUBt C'.CHES) 

,0.66 S- LIMIT 

I iO 60 3U 

POSITION r? r i p5no.i of ouci lusE (n.curs) 

Fig. 4 Driver Fuel Asssnbly Duct - Primary Membrane 
+ Bending Stress IntersUy and Limit for Design 
Basis Earlluiujkc. Coi'vt-rsion Factors: (cm. ) = (. 3937] 
(inches);(MP3) = (6.S94)(KSI) 

Fig. 5 Driver Fuel Assembly Duct - Primary + Secon­
dary Stress Intensity Limits for Section Where 
Eu<l% Design Basis Earthquake. Conversion Factors: 
(cm. )=(.3937) (inches) •,(MPa)= (6.894)(KSI) 
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Damage Limits (Required) 
Since thermal creep is negligible for current 

FTR operating conditions, damage is primarily due 
to low cycle fatigue. 

Deformation Limits for Functional Adequacy 
These limits are currently more life limiting 

for FTR core components than any of the stress or 
strain limits imposed. This may change with the use 
of advanced alloy materials. Duct dilation, duct 
axial swelling, and duct bow limits are generally 
evaluated with elastic irradiation creep and sv.eiling 
analysis, and are usually perforii:ed prior to any 
stress/stain evaluation. 



Fracture (Unstable Crack Propogation) and Buckling 
Limits 

These limits are optional and are applied on 
an "as needed basis". 

SUPPORTING IRRADIATED MATERIAL DATA 

This is perhaps the most disturbing area a 
user will face when he ipplies RDT F9-7, Our exper­
ience over the past fev, years regarding the availabil­
ity of irradiated material data has been frustrating 
at the least. Until just recently, the Nuclear Sys­
tem's Material Handbook, the official source of this 
information, contained no irradiated material pro,-
perties. Material properties had to be obtained 
through other means, mostly through communication 
with HEDL metallurgist or from recent publications. 
In many cases, the information available is non-user 
oriented, i.e., had to be further processed to be of 
direct use. Some of the properties used in evalu­
ation where generated with the guidance of RDT F9-8 
and other sources. Figjres'6 and 7 shows examples' 
of this for irradiated design fatigue curves. 

The user needs minimum material properties 
when applying F9-7. However, the limited data, at 
best, represents nominal values. Here the user must 
reduce the values to account for the uncertainties. 
Hopefully, this situation will change when expanded. 
data base becomes available. Typical conservative 
reduction factors applied to "nominal" values are 

80-90" on S ,S 
y u 

50-80~ on c , R.A., stress to rupture data. 

INSUFFICIENT GUIDANCE 

There are certain areas of RDT F9-8 where the 
guidance may not explicitly meet the analysts need 
or m.ay be in question. These are: 

-1) Cldissifioation of stress for cases Dkere irradi­
ation si:ellir.g can act as a driving potential. 

The current guidance is to classify the stresses 
as secondary unless there is a large amount of 
elastic follow-up involved in which case the 
stresses should be treated as primary. This is 
somewhat ambiguous, since irradiation swelling, 
in many cases, can act like elastic follow-up. 
It is our experience that stresses should be 
treated as discussed earlier in this paper. 

• 2) So~.e of the uses of sirrplified inelastic cmalysis, 
based on analysis ĉ  Sree [6] a:nd O'Donnel and 
Pcrovski [7] of tidy: vailed cylinder subject to 
axisyrr-.etric loa^ir.c, nay not be appropriate 
or non-conssrvative 'Snen applied to certain load­
ing e^erienoe by l-'BR core ccrponents. These 
loadings are: 

a) Short term cyclic primary stress such as seismic 
disturbance with constant secondary stress. 
There is no guidance given for this type of 
loading. Application'of SIAM may not be 
appropriate here. 

b) Non-axisymmetric beam bending stresses can, 
under the Guidelines, be classified as secon­
dary when applying SIAM. This classificition , 
in many cases, have been shown to be non-con­
servative [5]. Classification as a primary 
stress, however, has been shown to give ultra-
conservative results. Recent work at HEDL sug­
gests that factors applied to stress classified 
as secondary will give reasonable results. 

Verification of the above a & b would appear to 
be worthwhile. 

OTHER EXPERIENCE 

1. The use of varying design margins to account for 
component reliability (classification) and event 
classification is useful in that it gives the ana­
lyst flexibility in treating his unique system. 

2. There are no design margins associated with ex­
tremely unlikely faulted conditions (1976 draft 
only). One method of treating this condition is 
to use design margins assigned to unlikely faulted 
(emergency) conditions. When these limits are 
exceeded, additional analyses are performed as 
needed (e.g, limit analysis) to ensure safe re­
actor shutdown, maintenance of a coolable geom­
etry, and to ensure that radioactive releases 
are within acceptable limits. 

CONCLUSION 

Trial applications at HEDL have shown RDT F9-7 
and F9-8 to be a valuable tool in the structural ev­
aluation of FBR core components. The criteria/guide­
line is generally comprehensive in addressing the uni­
que structural problem of the FBR core environment. 
Our experience suggests that core component evaluation 
could be accomplished with a minimum amount of detailed 
inelastic analysis when applying the criteria/guide­
lines. It is our experience that deformations related 
to functional adequacy be evaluated before the detail 
stress and strain analysis is performed. These de­
formation limits are generally the life limiting miech-
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anism for present day component design and materials. 
The current lack of irradiated material properties 
greatly "handicaps" both the usability and the effec­
tiveness of the proposed criteria, but this will be 
overcome in time as more in-reactor data becomes 
available. Several areas of guidance given are 
questionable and need further verification either 
through a program of detailed inelastic analysis or 
in-reactor experiments. The applicability of the 
criteria as is to materials which behave grossly 
different than 304 and 316 stainless steel is ques­
tionable. 

Service experience on FTR core components will 
be available soon and can provide the needed feed­
back which will aid in the confirmation of the val­
idity of the criteria/guidelines. 

APPENDIX - BASIC DESIGN RULE SUMMARY (1976 DRAFT) [1] 

Prim.ary Stress Intensity Limits 
Tne following li,",its on the primary general 

membrane stress intensity, Pm, and combined primary 
(general or local) memorane plus bending stress 
intensity {P^_ + Pg) shall be satisfied: 

ra — ' 

(PL * PB' - *̂̂  ̂ F 

where: K = 1 if the ratio (Sy/S^j) is greater than 
0.5 for the material at the time under con­
sideration. 

K = 1 + (K^-1) (1 - P^/s,) if the ratio 
(Sy/Sy) is lower than O.b for the material 
at the time under consideration, where 
S^ = aSp. 

a = the design margin for the class of com­
ponent under consideration specified as 
a function of event condition. 

Sp = A time-independent stress intensity limit 
based on material behavior in short-term 
loading. Sp shall be taken as the lesser 
of 1.66 Sy and S at the given material 
temperature for the exposure at the tim.e 
under consideration. 

K. = A quantity dependent on the geometry of 
the component used to account for the 
stress redistribution from the elastically 
calculated stresses to that in the plastic 
condition. 

Primary Plus Secondary Stress Inensity Limits 
The following limits on the con-oined primary 

(general or local) membrane plus benaing plus second­
ary stress intensity range shall be satisfied. 

When e <1*, the combination of (Pi 
(QR)max/Sy Stress 

(PL + PB/*^t)/S,, and 
intensities shall be 

restricted to within 80'. of the shake­
down boundary based on an elastic-per-
fectly plastic model of material behavior 
with the flow stress taken to be S,,. For 
axisymmetric structures away from 'dis­
continuities, the modified shakedown dia­
gram shown in Figure A-1 can be used. 
Here (Qĵ ) max is the maxiiium range of 
secondary stress intensity. 

If the above is not satisfied, a simpli­
fied inelastic analysis may be conducted 
based on the guidelines given in F9-8. 
The resulting strain contributions fror 
thermal creep and time i^deDenden^ piastic 
deformation sliall then '-e used to satisfy 
the strain limits 
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P - PLASTIC CYCLING 
E - ELASTIC DEFORM'-

MODIflEO 
SHAKEDOWN 
eOUNOARY 

PRIMARY STRESS PARAMETER, x = (Pĵ  + P / ^ , ) ^ / ' 

Fig.A-1 Modified Shakedown Diagram used for 
Primary + Secondary Stress Evaluation. Also 
Shown are Stress Regimes Based on Bree's Analysis. 
[6] 

When eu<li 

Where c. 
u 

(P| + PR "̂  'Ĵ max ̂  °-^5 S for normal 
•- ^ ^^^ and an\:icipated 

faulted conditions 

< 0.9 S for unlikely 
faulted conditions 

Minimum uniform elongation in a tension 
test, specified as a function of temp­
erature and fluence. 

Peak Stress Limit 
The peak principal tensile stress including 

the effect of stress concentrations shall be limited 
to be below the mimmu'n ultimate strength for ma­
terial with a reduction in area of less than 10*, 
as measured in a tension test. 

Deformation Limits for Functional Adequacy 
Deformation limits for functional adequacy 

shall meet the requireients of the Equipment Spec­
ification. Distortion in service due to elastic, 
plastic, thermal creep, irradiation creep and 
swelling and ratchetting shall be limited so as 
not to impair functional adequacy of the assembly. 

Strain Limits (Required if Stress Limits are not 
Satisfied) 

Membrane Strain Limit. The principal membrane 
plastic and thermal creep strain increments shall be 
summed on a normalized basis over the lifetime of the 
component and limited to: 

5:( Ae -) + M- -) < s 

Where: Ae , Lt are principal membrane plastic and 
thermal creep strain increment 
averaged across the section, re­
spectively. 

p 
e. : A membrane plastic strain limit, 

specified as a function of temp­
erature and fluence, which shall be 
taken as £ M / 2 , but not to exceed 
0.02. 

e. : A thermal creep strain limit, spec­
ified as a function of temperature, 
fluence, and stress state. The un-
axial value of this limit, (e^/o 
shall be taken as either: 

(i) the minimum creep strain at failure 
when tertiary creep is absent, 

or (ii) the minimum creep strain at a point de­
termined by projecting the portion of 
the creep strain versus time curve at 
the secondary creep strain rate to the 
rupture time. 

c c 
£. shall be determined from (c. ) as a function of 

stress state dependent on the value m denotes the 
exponent in the creep relation. 

.c 
//here: e = Ao 

3: A design margin applied to strains 
which is a function of component and 
event classification. 

Local Strain Limit. The total accumulated local 
plastic strain at any point in the structure shall be 
limited according to: 

^max - U.F.'' ^'f' 

^max " ̂ ^® maximum principal plastic strain. 

(e,) = the true strain at fracture in a 
tension test as a function of fluence 

Where: 

and temperature. 

T.F. = triaxiality factor. 



Damage Limits (Required) 
The following total damage limit shall be sa­

tisfied: 

Total damage, D = o'̂  + p^ < 3 

where: D*" is, the thermal creep damage 

D is the fatigue damage 

6 is the design margin 

Thermal Creep Damage D 
The damage que to thermal creep deformation 

D*" shall be computed as follows: 

= t At summed over the lifetime of 
the component 

Where At = a small time incremient over which the 
applied and environmental variables 
such as temperature, stress and fluence 
remain relatively constant. 

t? = the design allowable time to rupture in 
thermal creep based on the maximum prin­
cipal tensile stress from primary and 
secondary stress sources for the oper­
ating temperature and fluence at the 
time under consideration. 

2. ASME Boiler and Pressure Vessel Code. Section III. 
American Society of Mechanical Engineers, New 
York. 

3. ASME Boiler and Pressure Vessel Code, Case Inter­
pretations, Code Case SFries 1331 and 15977 
American Society of Mechanical Engineers, New 
York. 

4. Nuclear Systems Material Handbook, TID 26606, 
Vol. 1, Hanford Engineering Development Labor­
atory, 1976. 

5. McAfee, W. J. and Pickel, T. W., "Preliminary 
Elevated - Temperature Core Structures Design 
Criteria," ORNL/TM-4932, Oak Ridge National 
Laboratory, March, 1976. 

6. Bree, J., "Elastic-Plastic Behavior of Thin Tubes 
Subjected to Internal Pressure and Intermittent 
High-Heat Fluxes with Application to Fast-Nuclear-
Reactor Fuel Elements," Journal of Strain Analy­
sis, Vol. 2, No. 3, P. 226, 1967. 

7. O'Donnel, W. J. and Porowski, J., "Upper Bounds 
for Accumulated Strains Due to Creep Ratchetting," 
WRC Bulletin No. 195, P. 57, 1974. 

Fatigue Damage, D 
The dama'ge to varying cycles of strain shall 

be computed from the relation: 

r(n./N.) 
J •' -̂  

Where: accumulated fatigue damage 

"j 
number of cycles at loadi_ng condition 
" j " , corresponding to {Lc)-. 

( A ? ) - equivalent strain range at loading 
condition " j " . 

Other Rules 
Protections against unstable crack propogation 

and buckling and instability limits as given in 
Reference [1] are not present here since they do not 
directly support the body of the paper. 
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