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Table C.2-1 
DEFORMATION LIMIT 

 
 
Either One of (Not Both)  General Limit 
 

  

a. 
Permissible Deformation, DP

Analyzed Deformation

Causing Loss of Function,  DL



















  ≤ 
0 9.

minSF
 

 
 

b. 
Permissible  Deformation,   DP 

Experimental  Deformation

Causing  Loss of Function,   DE


















   ≤ 1.0

SFmin

 

 
where     
 

DP = permissible deformation under stated conditions of normal, upset, 
emergency, or faulted 

 
DL = analyzed deformation which would cause a system loss of function(1) 

 
DE = experimentally determined formation which would cause a system loss of 

function(1) 
 
(1)  "Loss of Function" can only be defined quite generally until attention is 

focused on the component of interest.  In cases of interest, where 
deformation limits can affect the function of equipment and components, 
they will be specifically delineated.  From a practical viewpoint, it is 
convenient to interchange some deformation condition at which function is 
assured with the loss of function condition if the required safety margins 
from the functioning condition can be achieved.  Therefore, it is often 
unnecessary to determine the actual loss of function condition because this 
interchange procedure produces conservative and safe designs.  Examples 
where deformation limits apply are:  control rod drive alignment and 
clearances for proper insertion, core support deformation causing fuel 
disarrangement, or excess leakage of any component. 
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Table C.2-2 

PRIMARY STRESS LIMIT 
 
Any One of (No More than One Required)   General Limit 
 

a. 
Elastic Evaluated Primary Stresses, PE

Permissible Primary Stresses,  PN       









   ≤ 

2.25

minSF
 

 

b.   
Permissible Load, LP                         

Largest Lower Bound Limit Load,  CL









   ≤ 

1.5

SFmin

 

 

c. 

Elastic Evaluated                    

Primary Stress,  PE

Conventional ultimate strength

at Temperature,  US



















    ≤ 
0 75.

minSF
 

 

d. 

Elastic Plastic Evaluated

Nominal Primary Stress,  PE

Conventional ultimate strength

at Temperature,  US

−

















    ≤ 
0 9.

minSF
 

 

e.  
Permissible Load,  LP       

Plastic Instability Load,  PL









     ≤ 

0 9.

minSF
 

 

f.  
Permissible Load,  LP                                

Ultimate Load From Fracture Analysis,  UF









   ≤ 

0 9.

minSF
 

 

g.   
Perm issible  Load,   LP                   

U ltim ate  Load  or  Loss  of  Function

Load  from  Test,   LE



















  ≤ 
1.0

SFmin
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Table C.2-2 (continued) 

PRIMARY STRESS LIMIT 
 
where 
 
PE = Primary stresses evaluated on an elastic basis.  The effective membrane 

stresses are to be averaged through the load carrying section of interest.  
The simplest average bending, shear or torsion stress distribution which will 
support the external loading will be added to membrane stresses at the 
section of interest. 

 
PN = Permissible primary stress levels under normal or upset conditions under 

applicable industry code. 
 
LP = Permissible load under stated conditions of emergency or faulted. 
 
CL = Lower bound limit load with yield point equal to 1.5 Sm, where Sm is the 

tabulated value of allowable stress at temperature of the ASME III code or its 
equivalent.  The "lower bound limit load" is here defined as that produced 
from the analysis of an ideally plastic (nonstrain hardening) material where 
deformations increase with no further increase in applied load.  The lower 
bound load is one in which the material everywhere satisfies equilibrium and 
nowhere exceeds the defined material yield strength using either a shear 
theory or a strain energy of distortion theory to relate multiaxial yielding to 
the uniaxial case. 

 
US = Conventional ultimate strength at temperature or loading that would cause a 

system malfunction, whichever is more limiting. 
 
EP = Elastic-plastic evaluated nominal primary stress.  Strain hardening of the 

material may be used for the actual monotonic stress strain curve at the 
temperature of loading or any approximation to the actual stress strain curve 
which everywhere has a lower stress for the same strain as the actual 
monotonic curve may be used.  Either the shear or strain energy of distortion 
flow rule may be used. 

 
PL = Plastic instability load.  The "plastic instability load" is defined here as the 

load at which any load bearing section begins to diminish its cross-sectional 
area at a faster rate than the strain hardening can accommodate the loss in 
area.  This type analysis requires a true stress-true strain curve or a close 
approximation based on monotonic loading at the temperature of loading. 
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Table C.2-2 (continued) 

PRIMARY STRESS LIMIT 
 
 
UF = Ultimate load from fracture analyses.  For components that involve 

sharp discontinuities (local theoretical stress concentration > 3) the use 
of a "fracture mechanics" analysis where applicable, utilizing 
measurements of plain strain fracture toughness may be applied to 
compute fracture loads.  Correction for finite plastic zones and 
thickness effects as well as gross yielding may be necessary.  The 
methods of linear elastic stress analysis may be used in the fracture 
analysis where its use is clearly conservative or supported by 
experimental evidence.  Examples where "fracture mechanics" may be 
applied are for fillet welds or end of fatigue life crack propagation. 

 
LE = Ultimate load or loss of function load as determined from experiment.  

In using this method account shall be taken of the dimensional 
tolerances which may exist between the actual part and the tested part 
or parts as well as differences which may exist in the ultimate tensile 
strength of the actual part and the tested parts.  The guide to be used 
in each of these areas is that the experimentally determined load shall 
use adjusted values to account for material properties and dimension 
variations, each of which has no greater probability than 0.1 of being 
exceeded in the actual part. 
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Table C.2-3 
BUCKLING STABILITY LIMIT 

 
Any One of (no more than one required)    General Limit 
      

a.   
Permissible Load,  LP               

Code Normal Event Permissible

Load,  PN



















   ≤ 
2.25

minSF
 

 
     

b.  
Permissible  Load,  LP        

Stability Analysis Load,  SL









     ≤ 

0 9.

minSF
 

 

c.   
Permissible Load, LP                

Ultimate Buckling Collapse Load

from Test, SE



















   ≤ 
1.0

SFmin

 

 
where: 
 
LP = Permissible load under stated conditions of emergency or faulted. 
 
PN = Applicable code normal event permissible load. 
 
SL = Stability analysis load.  The ideal buckling analysis is often sensitive to 

otherwise minor deviations from ideal geometry and boundary 
conditions.  These effects shall be accounted for in the analysis of the 
buckling stability loads.  Examples of this are ovality in externally 
pressurized shells or eccentricity of column members. 

 
SE = Ultimate buckling collapse load as determined from experiment.  In 

using this method, account shall be taken of the dimensional 
tolerances which may exist between the actual part and the tested 
part.  The guide to be used in each of these areas is that the 
experimentally determined load shall be adjusted to account for 
material property and dimension variations, each of which has no 
greater probability than 0.1 of being exceeded in the actual part. 
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Table C.2-4 
FATIGUE LIMIT 

 
           General 
              Limit    
 
Summation of mean fatigue(1) a.  Fatigue cycle usage 
usage including emergency or       from analysis   ≤ 0.05 
faulted events with design and 
operation loads following      b.  Fatigue cycle usage 
Miner hypotheses....        from test    ≤ 0.33 
either one (not both) 
 
(1) Fatigue failure is defined here as a 25% area reduction for a load 

carrying member which is required to function or excess leakage 
causing loss of function, whichever is more limiting.  In the fatigue 
evaluation, the methods of linear elastic stress analysis may be used 
when the 3Sm range limit of ASME Code, Section III has been met.  If 
3Sm is not met, account will be taken of (a) increases in local strain 
concentration, (b) strain ratcheting, and (c) redistribution of strain due 
to elastic-plastic effects.  The January 1969 draft of the USAS B31.7 
Piping Code may be used where applicable, or detailed elastic-plastic 
methods may be used.  With elastic-plastic methods, strain hardening 
may be used not to exceed in stress for the same strain the steady-
state cyclic strain hardening measured in a smooth low cycle fatigue 
specimen at the average temperature of interest. 
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TABLE C.3-1A, 1B, 1C (Cont'd) 

 
Nomenclature 
 
P = Design Pressure, psi. 

Pm = Max (Peak) Pressure, psi. 
 
Pn = Maximum operational or scram pressure for the Hydraulic System Pump Pressure for CRDH 
   System only. 
 
Do = Outside Pipe Diameter, in. 
 
Di = Nominal Inside Pipe Diameter, in. 
 
i = Stress Intensification Factor from B31.1.0 - 1967. 
 
Sh  = Basic material allowable stress at maximum operating temperature. 
 
Sc = Basic Material Allowable Stress at Ambient Temperature. 
 
SA = Allowable expansion stress defined in B31.1.0 - 1967. 
 
U,E,F = Added Suffixes for differentiation between Upset, Emergency, and Faulted. 
 
Z = Pipe section modulus (in3). 
 
DW = Deadweight. 
 
E1 = Operating Basis Earthquake (OBE) Inertia Effect. 
 
E2 = Design Basis Earthquake (DBE) Inertia Effect. 
 
WH = Steam/Water Hammer. 
 
Ti = Thermal mode i (i = mode number). 
 
SD = Thermal Anchor Movements. 
 
S1 = OBE Seismic Anchor Movements. 
 
BS = Differential movement between the soil and building structure for buried piping or relative  
   differential building settlement for piping attached to two buildings. 
 
VT = Valve Thrust (Main Steam Relief Valve Actuation). 
 
JI = Jet Impingement. 



BFN-27 

 

                                                           Sheet 8 of 8 
TABLE C.3-1A, 1B, 1C (Cont'd) 

 
Notes 
 
 1. ASME Boiler and Pressure Vessel Code, Section III, Division 1, 1971 edition, through Summer 

1973 Addenda and Code Case 1606-1.  Material allowables and SIFs from USAS B31.1.0 - 
1967 

 
 2. The sequence of events, consistent with the system operational requirements, is considered in 

establishing which load sources are taken as acting concurrently. 
 
 3. Seismic anchor movements are included in the evaluation of either equation (9) or equation 

(10), but need not be included in both. 
 
 4. All secondary load sources resulting from plant normal or upset conditions are identified and 

evaluated for the limiting operating modes of the system.  The effects of these load sources 
are used in evaluating equipment loading, support loading, and type. 

 
 5. The largest loads from either DBE or Jet Impingement are used.  Jet impingement loading 

requirements for piping inside and outside of containment are described in Appendix M. 
 
 6. If more than one dynamic load source is involved, such as earthquake, valve thrust, and water 

hammer, the SRSS method will be used to combine resultant moments from individual load 
sources.  In the event that the dynamic load sources are determined to act nonconcurrently, 
then they can be considered independently. 

 
 7. For Mc, the effects of Ti and corresponding SD are combined algebraically first, and then 

combined absolutely with S1. 
 
 8. Only inertia term of earthquake effect to be considered. 
 
 9. Exceptions from the requirements in Table C.3-1A, -1B, and -1C may be allowed with proper 

justification and NRC concurrence. 
 
10. Additional stresses caused by hydrostatic testing weight are evaluated when applicable. 
 
11. Fire events are evaluated as separate emergency loading conditions.  No dynamic loads are 

postulated to occur simultaneously with these events.  Piping is evaluated for pressure plus 
deadweight effects of the events. 
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 TABLE C.3-2 Sheet 1 of 5 
LOAD COMBINATIONS AND ALLOWABLE STRESSES 

FOR CLASS I PIPE AND TUBING SUPPORTS 

 

Support Category Load Condition Direction Design Load 
Combinations1,2,9 

Allowable3 
Stresses 

Linear Type 
Support 

Normal + 

- 

DW + Ti+ 

DW + Ti- 

1.0S AISC 

 Hydrotest  DW 1.0S AISC 

 Upset + DW + Ti+ + SRSS[VT+, WH+, 
E1, S1] 

1.33S AISC4 

  - DW + Ti- - SRSS [VT-, WH-,  
-E1, -S1] 

 

 Emergency + DW + Ti+ + SRSS [VT+, WH+, 
E2, S2] 

1.5S AISC4 

   or  

   DW + Ti+ + SRSS [VT+, WH+] 
+ PR+ 

 

   or  

   DW + Ti+ (fire event)  

  - DW + Ti- - SRSS [VT-, WH-,  
-E2, -S2] 

 

   or  

   DW + Ti- - SRSS [VT-, WH-] + 
PR- 

 

   or  

   DW + Ti- (fire event)  

Faulted  + DW + Ti+ + SRSS [VT+, WH+, 
E2, S2] + PR+ 

1.5S AISC4 

  - DW + Ti- - SRSS [VT-, WH-,  
-E2, -S2] +PR- 
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 TABLE C.3-2 (CONTINUED) Sheet 2 of 5 
 

Support Category Load Condition Direction Design Load 
Combinations1,2,9 

Allowable3 
Stresses 

Snubbers     

Hydraulic     

 Upset ± Same as Linear VLR 

 Emergency ± Same as Linear 1.2 VLR 

 Faulted ± Same as Linear 1.2 VLR 

Mechanical     

Pre-NF Upset ± Same as Linear VLR 

 Emergency ± Same as Linear The lesser of 
1.33 VLR or 
LCD Level 'C' 

 Faulted ± Same as Linear The lesser of 
1.33 VLR or 
LCD Level 'C' 

Post-NF Upset ± Same as Linear LCD Level 'B' 

 Emergency ± Same as Linear LCD Level 'C' 

 Faulted ± Same as Linear LCD Level 'C' 
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 TABLE C.3-2 (CONTINUED) Sheet 3 of 5 
 

Support Category Load Condition Direction Design Load 
Combinations1,2,9 

Allowable 
Stresses3,5,6 

Standard Support 
Components 

Normal ± Same as Linear S58 

 Hydrotest  Same as Linear 2.0S58
8 

 Upset ± Same as Linear 1.2S58 

 Emergency ± Same as Linear (See Note 7) 

 Faulted ± Same as Linear (See Note 7) 
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 TABLE C.3-2 (CONTINUED) Sheet 4 of 5 
 

Notes:  

1. Signs for Load Evaluation 

 DW - Carries the actual analysis signs. 

 Ti - Thermal load shall be evaluated for both hot and cold conditions. 

2. Design value for (+) direction is the larger of zero and the value calculated; (-) direction is the 
smaller of zero and the value calculated. 

3. S AISC =  The basic allowable stresses defined in Part I of the 
AISC Specification for the Design, Fabrication, and 
Erection of Structural Steel for Buildings, November 
1978.  (Excluding the 1.33 factor). 

S58   =  The basic allowable load as defined by the vendor in accordance 
with MSS SP-58, 1967 edition, Pipe Hangers and Supports. 

Fy   =  The minimum yield stress of support member at elevated 
sustained temperature (i.e., normal operating temperature 
exceeds 150°F). 

VLR  = The basic load rating supplied by the vendor. 

LCD  = Load capacity data sheet as levels supplied by the vendor. 

4. Linear Allowables shall not exceed 0.9Fy for tension or 0.9Fy/√3 = 0.52Fy for shear. 

5. Load rated allowables established according to ASME section III subsection NF are acceptable 
using the appropriate load level. 

6. Linear support allowables may be used for detailed analysis of standard support components. 
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 TABLE C.3-2 (CONTINUED) Sheet 5 of 5 
 

Notes:  

7. Allowable stress shall not exceed the lesser of 2.0558 or the linear support allowance.  However, 
the lesser shall not exceed available LCD Level 'D' limits. 

8. Maximum allowable stress for hydrotest condition shall not exceed 0.8Fy. 

9. SRSS combinations shall be consistent with the provisions of Section C.3.1.2. 
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