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Case Study
• Small Segment of a Piping System

– Medium Head Safety Injection Discharge
– Class 2 portion between pump and penetration 

(see Page 3)
– Code plus additional requirements must be met

• Code design ensures pressure boundary 
integrity, not functionality of the pipe or 
other components
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Case Study - Input

• Design Specification defines:
– Code of Record
– Design Pressure and Temperature
– Loadings (Service and Test) 
– Load Combinations and Service 

Conditions (Level A/B/C/D, Test)
– Operability (via reference to other 

documents)
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Case Study - Input

• NC-3112:
– Design Pressure = 1525 psig
– Design Temp = 340oF/250oF

• Material:
– SA-312 Type 304L (pipe)
– SA-403 WP304L (fittings)
– S (ASME II, Part D) = 16.3/16.7 ksi



6



7

Case Study - Input

• Design Specification requires:
– Flanges per ANSI B16.5
– Fittings per ANSI B16.9
– Meets NC-3132 requirements

• Need to check against NC-3612 
requirements (matching fittings, rated 
flange pressure at temperature)
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Case Study – Input

• Piping and fittings are 6 inch NPS
– No corrosion allowance specified
– Material is 304L
– Dimensions per SA-312
– Manufacturer’s under tolerance 12.5% 

per Table 3, SA-312 (attached)
– Branch Connections (1/2” and 1”) 

made using socket half couplings
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Case Study – Input

• Loads
– Weight (pipe, contents, insulation)
– Thermal Load Case (N) Normal
– Thermal Load Case (F) Faulted
– Reactor Building Pre-Stress
– Reactor Building Creep/Shrinkage
– Reactor Building Pressure Test
– Safe Shutdown Earthquake 
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Case Study - Input

• Loads (con’t)
– Test Pressure – 1906 psig at 70oF

• Test = 1.25*PD per NC-6221

– Thermal anchor movements at pump
– Seismic anchor movements at 

penetration, pump, and supports (if 
applicable)
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Case Study - Input

• Other Considerations
– Functional Capability
– Break Postulation
– Nozzle Loads/Valve Accelerations
– Penetration Loads
– Support Loads
– Displacements/clearances
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Case Study

• Since this is Pipe under internal 
Pressure, we can skip:
– NC-3133 (External Pressure)
– NC-3200 (Vessels/Alt. Rules)
– NC-3300 (Vessels)
– NC-3400 (Pumps)
– NC-3500 (Valves)
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Case Study – Pressure Design

• NC-3641.1 (Next Slide)

– A = Additional Thickness (Threading, corrosion) = 0.0 inches
– P = Design pressure = 1525 psig
– Do = Outside diameter = 6.625 inches for 6” NPS (Table X1.1, SA-312)
– y = 0.4, unless Do/tm < 6
– tm = Minimum required Thickness, which is increased later to account for tolerances
– S = allowable stress at design temperature = 16.3 ksi at 340oF
– tm = 0.3 inches
– Tolerance = 12.5%
– treq = 1.125*0.3 = 0.34 inches
– Do/tm = 19.4 > 6, therefore y = 0.4 is OK
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Case Study – Pressure Design

– Pipe normally bought to standard size (SCH 40, 
SCH 80, SCH 160)

– SCH 40 = 0.28” < 0.34”, NG
– SCH 80 = 0.432” OK, marginal 
– SCH 160 = 0.719” is chosen (Do/t = 9.2 > 6)
– NC3642.2 - Elbows purchased to B16.9 are 

acceptable without further review
– NC-3643 – Intersections – see attached figure
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Case Study – Pressure Design

• Branch Connections – NC-3643
– NC-3643.2 (next slide) – If made using half 

coupling, require no added reinforcement if:
• Dnom < 2” NPS (1/2” and 1” are OK)
• Dnom < Drun/4 = 1.5” NPS (1/2” and 1” are OK)
• Weld in compliance with Fig NC-3643(b)-1 or 2, 

certain sketches
• Coupling at least 3000 lb (used 6000 lb half 

coupling)
• Therefore, no additional check required
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Case Study – Pressure Design

• NC-3644, -3645, -3646 not applicable
• NC-3647 – Flanges (SA182, 304L)

– Flanges purchased to B16.5
– B16.5 provides ratings vs. temperature, since 

flanges resist pressure differently
– Material and temperature dependent

• 900 lb rated at 1330 psi at 340oF (Table F2-2.3, att)
• 1500 lb rated at 2210 psi at 340oF (ibid)
• 1330 < 1525 < 2210 psig; Choose 1500 lb

• NC-3648 (reducers) and -3649 (other) NA
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Case Study – Piping Analysis

• NC-3650 – Analysis of Piping Designs
– Analysis side typically done using computer 

programs
– Static analysis for weight, thermal expansion, 

anchor motion
– Response Spectrum (usually enveloped) for 

seismic analysis
– Result is bending moments at model joints, 

deflections, accelerations, support/nozzle 
forces and moments
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Case Study - Piping Analysis

• 4 basic equations
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Case Study – Piping Analysis

• Nomenclature:
– Do – nominal OD
– tn = nominal thickness
– Z = section modulus
– B1, B2 = stress indices (Fig. NC-3673.2(b)-1
– i = stress intensification factor (same figure)
– Ma = moment due to weight, other sustained loads
– Mb = Moment due to occasional Level B (or Level       

D) loads
– Sh = stress allowable at temperature
– SA = allowable stress range (NC-3611.2)
– Sy = yield stress at temperature
– P, Pmax = design or maximum pressure



26

Case Study – Piping Analysis

• Stress indices
– Primary stresses (mechanical loads only)
– “correct” straight pipe stresses to 

component/joint

• Stress Intensification Factors (SIFs)
– Secondary stresses/fatigue (strain controlled)
– “correct” the fatigue life of a standard butt 

weld to component/joint
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Case Study – Piping Analysis

• Example Indices/SIF – Elbow
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Case Study – Piping Analysis

• Allowable stresses
– Eq 8, 9 – Primary stress check

• Prevent burst/collapse
• Higher limits (lower margin) as load becomes less 

likely

– Eq. 10, 11 – Secondary/Fatigue check
• Prevents through wall crack
• Allowable stress also provided to ensure 

“shakedown”
• Allowable stress based on 7000 cycles, reduces as 

number of cycles increases (NC-3611.1)
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Case Study – Piping Analysis

• Sample Results entire system
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Case Study – Piping analysis

– In addition, must meet pressure requirements
• For Level B, < 1.1Pa per NC-3611.2(c)(1) 
• For Level D < 2Pa per NC-3655(a)(1)
• Pa is the maximum allowable pressure calculated 

IAW Equation (5) of NC-3641.1:

• t = actual wall thickness, less tolerance and 
corrosion/erosion/threading allowances
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Case Study – Piping Analysis

• Flange Check (NC-3658) – based on 
work by Everett Rodabaugh for ORNL
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Case Study – Other Items

• The pressure boundary design is 
complete

• Other items would still be checked:
– Supports (NF)
– Nozzle Loads (pump, penetration DS)
– Valve Accelerations (Valve DS)
– Clearances
– Regulatory checks
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YOUR QUESTIONS &  
COMMENTS  
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