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Design Basis

• ASME BPVC Section III Division 5 Subsection HB 
Subpart B for Elevated Temperature Service of 
Class A Components
− Class A metallic pressure boundary 

components
− Service loading temperatures > 800°F (425°C)
− Elastic analysis approach

• Analysis Software Roadmap



Operational Transients
Number of 
CyclesTemperature InputPressure Input (psig)DescriptionEvaluation Type

N/A1058°F (570°C)55-Design

156
952°F (512°C) Max,

Provided by CFD 
Analysis

55Normal Operating ConditionsService Level A

5
1051°F (567°C) Max,

Provided by CFD 
Analysis

55Loss of One Stirling EngineService Level B

3
1128°F (609°C) Max,

Provided by CFD 
Analysis

55
Unprotected Transient Over-
Power (UTOP)

Service Level C

1
Maximum Temperature 

from Service Level A
55SeismicService Level D



Service Level A Stress Intensity Contours

• Combined Primary and Secondary Stresses
• Maximum 24.1 ksi
• Maximum 19.6 ksi Primary Stress Only

38



Service Level B Stress Intensity Contours

• Combined Primary and Secondary Stresses
• Maximum 33.1 ksi

39



Service Level C Stress Intensity Contours

• Combined Primary and Secondary Stresses
• Maximum 36.2 ksi

40



Service Level D Stress Intensity Contours

• Maximum 23.1 ksi Primary Stress Intensity
• 0.377 g Seismic Accelerations
• Passes all rules for Level D Service Limits 

under conservative loading

41



ASME Section III 
Division 5 Code 

Calculations



ASME Section III, Division 5, Subsection HBB

• Subsection HBB
− Applicable to all Class A metallic components at elevated temperature

• > 800°F for 316
− MARVEL PCS is a Class A component

• Provides limits for various aspects of the Design
− Design Conditions

• Design Pressure and Temperature
− Service Level Conditions

• Normal operating and off-normal (accident) conditions
− Deformation-Controlled Quantities

• Applicable to Service Level A, B, and C Conditions



ASME Section III, Division 5, Design Tool

• Provided by NRC, developed under contract with ANL
• Consists of various python scripts to check the various Design/Service Level Limits

− 5 Ratcheting Tests
− 9 Creep-Fatigue Tests

• Tool implements Elastic analysis method
• Time dependent temperature and stress results 

− Results are input to an Excel template
• Metadata – Case name, Service level, Transient time, Number of Cycles
• Temperature Data
• Primary Stress Data
• Local Primary Stress Data
• Secondary Stress Data
• Peak Stress Data



ASME Section III, Division 5, Design Tool

• Sample Input for an Individual Stress Classification Line (SCL)

Temperature Input Stress Input



SCL Examples



SCL Results (Design and Service Level Limits)

D-CSCL (Max D-C)Code SectionEvaluation Type

0.36SCL-12HBB-3222.1(a)
Design

0.99SCL-22HBB-3222.1(b)
0.26SCL-12HBB-3223(a)

Service Level A 0.73SCL-22HBB-3223(c) (eqn 4)
0.83SCL-22HBB-3223(c) (eqn 5)
0.27SCL-12HBB-3223(a)

Service Level B 0.84SCL-22HBB-3223(c) (eqn 4)

0.96SCL-22HBB-3223(c) (eqn 5)
0.23SCL-12HBB-3224(a)

Service Level C 0.67SCL-22HBB-3224(c) (eqn 9)

0.92SCL-22HBB-3224(c) (eqn 10)



SCL Results (Ratcheting and Creep-Fatigue)

• All SCL’s passed Test A-3 (HBB-T-1324)
• All SCL’s passed strain range method (c) (HBB-T-1432(c)) 

and the creep damage method (HBB-T-1433 step 5 (a))

• All SCL’s treated as welds




