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HHA-3000
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ASME BPVC HHA-3000: CALCULATES COMPONENT 
STRESS LIMITS AND RELIABILITY VALUES BASED 
ON MATERIAL RELIABILITY TARGETS
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DESIGN BY ANALYSIS
OUTPUTS

Component reliability value 
(POF) compared to SRC 
reliability target (design 
allowable POF)

1. Graphite material reliability curve and grain size

2. Component 
stress distribution

3. Component SRC limit

Full 
Assessment

Simplified 
Assessment

1. Component 
membrane 
stresses 
compared to 
allowable 
tensile stress 
limit

2. Component 
peak stress 
compared to 
allowable 
flexural stress 
limit, based on 
SRC

INPUTS

OR



Task Group on Graphite Design Analysis, meeting/collaborating since 2022, 
official in 2023

The Graphite Design task group will correct, clarify, and modify to 
function as intended the Design Code rules for the use of graphite 
core components within a nuclear application, specifically within 
the article HHA-3000: Design. The Graphite Design Task Group 
will not write new Code. Specific strategic objectives include 
evaluating and modifying the Full and Simplified Assessment 
methodology along with the supporting sub-articles necessary to 
accurately complete the Design rules. 

Design Task Group Members

Andrea Mack (Chair)
Adam Walker, Westinghouse
Gwennael Beirnaert, MPR
Jarryd Potgieter, USNC
Jesse Quick, USNC
Joseph Bass, NRC

Michael Saitta, MPR
Owen Booler, formerly Jacobs
Pierre-Alexandre Juan, Kairos
Sam Baylis, X-Energy

The task group will sunset once its strategic objectives are met.
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How to modify existing Code: Hierarchy 
of ballot voting process

Section III

WG-NMDM

Design 
Task Group

No voting rights.

SG-HTR SC-D

To make Code changes, a proposal file and 
background documents are submitted to the voting 
committees.
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Meetings and Conferences

Aug 
2023 
Code 
Week

Feb. 
2024 
Code 
Week

INGSM 
2023

Nov. 
2023 
Code 
Week

May 
2024 
Code 
Week

PVP 
2024PVP 

2023
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Papers and presentations
[1] Mack, A., Hoffman, W., Bass, J., & Windes, W. 2023. Finite element model mesh refinement effects on qualification of nuclear grade graphite components, Proceedings of the ASME 2023 Pressure Vessels &
Piping Conference, PVP2023-107369.

[2] Mack, A., Hoffman, W., Quick, J., & Windes, W. 2023. Qualifying nuclear graphite components using ASME guidelines, International Graphite Specialists Meeting 2023.

[3] Mack, A. & Hoffman, W. 2024. Understanding the semi-probabilistic approaches in structural reliability used to set design reliability targets for graphite components using ASME BPVC methods, Proceedings of 
the ASME 2024 Pressure Vessels & Piping Conference, PVP2024-123395.

[4] Walker, A. & Mack, A. & Hoffman, W. 2024. Evaluation of the simplified assessment peak equivalent stress design limit probability of failure, Proceedings of the ASME 2024 Pressure Vessels & Piping Conference,
PVP2024-123465.

[5] Saitta, M. & Beirnaert, G. 2023. Simplified Method for Adjusting the Shape and Characteristic Strength Parameters of the Weibull Strength Distribution of Graphite Materials, Proceedings of the ASME 
2023 Pressure Vessels & Piping Conference, PVP2023-105207

Memos
03/16/2023 Conservatism of full and simplified assessments. Memorandum to William Windes answering the NRC inquiry from January 2022, from Andrea Mack.

06/07/2023. Request for additional testing to complete the tuning Vm and delta subtask. Memorandum to William Windes and Wilna Geringer from Andrea Mack.

09/07/2023. WG-NMD: Design Task Group Internal Memo or Stress Delta from Jarryd Potgieter. 

10/25/2023. Supporting information for R23-2066. Memorandum to Gerhard Strydom from William Hoffman.

12/08/2023. Theoretical Vm for R23-2066. Memorandum to Michael Saitta from Andrea Mack.

12/29/2023. Background information on the procedure for the calculation of probability of failure (HHA-3217) in the ASME Boiler & Pressure Vessel Code (BPVC), Section III, Division 5. Memorandum to the ASME 
Working Group on Nonmentallic Design and Materials from Gwennael Beirnaert.

01/30/2024. Interpretations of the full and simplified assessments in ASME BPVC. Memorandum to ASME WG-NMDM from the ASME Design Task Group.

02/30/2024. Evaluating the effects on margin from updating the threshold and shape parameters in the full assessment (HHA-3217, ASME BPVC Section III Div. 5). Memorandum to ASME WG-NMDM from Andrea 
Mack.

Design Task Group Papers, Presentations, and Memorandums



Record Title Record Number Project Manager Status

Modify notation and definitions R20-1308 Andrea Mack (INL) Approved

Update shape parameter in the 
full assessment

R21-1581 Andrea Mack (INL) In-process

Correct notation and equations in 
HHA-II-3200

R23-170 Andrea Mack (INL) Approved

Stress terminology in the 
simplified assessment

R23-473 Pierre-Alexandre Juan (Kairos 
Power)

In-process

Full assessment flow chart R23-1349 Gwennael Beirnaert Approved

Modify Vm R23-2066 Michael Saitta (MPR) In-process

Assessment interpretations: 
POF vs. POCI

R24-432 Andrea Mack (INL) In-process

Design Task Group Records
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R24-432: 
Assessment Interpretations 

*Information copied from: Interpretations of the full and simplified assessments in ASME BPVC
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Tensile
failure

Bending 
failure

Compressive 
failure

Shear failure

Component Failure 
Modes

ASME 
BPVC 
HHA-3000

Why does the Code 
only consider 
tensile failure in 
design of graphite 
core components? 

It is the most 
conservative.

Degradation: 
corrosion and 

irradiation
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WHY DOES ASSESSMENT 
INTERPRETATION MATTER?
• Interpretation matters to ensure proper use of the 

assessment output. For example, if crack initiation is 
different from full tensile fracture (failure), then 
theoretically, the POCI would be “plugged” in to further 
calculate a component POF. That is NOT the intended 
use of the assessment outputs and is NOT 
recommended. 
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CRACK 
INITIATIONWHAT IS MOST 

CONSERVATIVE?

CRACK 
PROPAGATION

TENSILE 
FRACTURE/
FULL 
CRACKING
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DOES CRACKING LEAD 
TO LOSS OF SAFETY 
FUNCTIONALITY?

EXPERIENCE SAYS, IT 
DEPENDS. IT IS 
CONSERVATIVE TO SAY 
CRACKING DOES LEAD 
TO LOSS OF SAFETY 
FUNCTIONALY, OR 
ENGINEERING FAILURE.
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Pre-existing ASME interpretations

• Semi-probabilistic 
• It is not possible to ensure absolute 

reliability, defined as the absence of cracks
• The probability of failure values used as 

design targets may not be precisely 
accurate predictions of the rate of cracking 
of components in service

• The Designer is required to evaluate the 
effects of cracking … and ensure the 
assembly is damage tolerant
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FURTHER CLARIFICATIONS & 
SUMMARY
• Simplified assessment

• There are TWO limits and checks in the simplified assessment
• If the membrane stress exceeds the tensile stress limit and the peak equivalent stress 

exceeds the flexural stress limit, it does NOT mean a crack initiated. It means the 
stresses exceeded our reliability limits.

• Full assessment
• The full assessment provides a conservative estimate of the probability of cracking.

• The Design Task Group’s consensus is that the methods do not allow claims that a crack will only initiate and will not propagate. 
Conclusions about severity nor location of cracking cannot be determined from the assessments.

• The failure mode assessed in both assessments is tensile fracture or cracking.
• While some cracks may initiate and arrest before through wall cracking in some components, 

a general statement cannot guarantee this will always happen. It is conservative to assume 
full cracking.

• Full cracking or partial cracking may result in loss of component functionality, depending on the design.

• The assessments are not meant to predict where or how cracks occur in graphite. The Design 
by Analysis methods make simplifying and conservative assumptions to determine whether 
component reliability targets are met. 
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R21-1581: 
Update the shape 
parameter in the full 
assessment

*Information copied from: Evaluating the effects on margin from updating the threshold and 
shape parameters in the full assessment (HHA-3217, ASME BPVC Section III Div. 5) 



Update shape parameter in the full assessment
R21-1581

FEA MODELING

Grade Young’s modulus (GPa) Poisson’s Ratio
NBG-18 14.93 0.230
NBG-17 13.71 0.230
IG-110 11.00 0.209
2114 10.72 0.204
PCEA 13.05 0.178

Dogbone tensile specimen modeled using 8th symmetry.
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Threshold reduction step changes the 
strength distribution

N=508
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Update shape/scale parameters if 
threshold updated
• Current: This step is not currently in the code. It will be 

inserted after the step (2) where the threshold is updated.
• Revision: Update the shape (𝑚𝑚00.05

′ ) and scale (𝑆𝑆𝑐𝑐0
′
0.05

) lower bounds using the reduced 
threshold. If the threshold was not reduced, set 𝑚𝑚00.05

′ = 𝑚𝑚00.05  and 𝑆𝑆𝑐𝑐0′ 0.05 =  𝑆𝑆𝑐𝑐00.05.

• Justification: Shape/scale parameters are dependent on 
the threshold. 
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METHODS
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NBG-18 
RESULTS
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IG-110 
RESULTS



Record Title Record 
Number

Project Manager Status

Modify notation 
and definitions

R20-1308 Andrea Mack 
(INL)

Approved

Update shape 
parameter in the full 
assessment

R21-1581 Andrea Mack 
(INL)

In-process

Correct notation 
and equations in 
HHA-II-3200

R23-170 Andrea Mack 
(INL)

Approved

Stress terminology 
in the simplified 
assessment

R23-473 Pierre-Alexandre 
Juan (Kairos Power)

In-process

Full assessment 
flow chart

R23-1349 Gwennael 
Beirnaert

Approved

Modify Vm R23-2066 Michael Saitta 
(MPR)

In-process

Assessment 
interpretations: POF 
vs. POCI

R24-432 Andrea Mack 
(INL)

In-process

Section III

WG-NMDM

Design 
Task Group

No voting rights.

SG-HTR SC-D
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The American Society of Mechanical Engineers Boiler 
and Pressure Vessel Code (ASME BPVC)

https://www.linkedin.com/pulse/codes-standards-specifications-abhishek-singh/
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