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e Objective
* Background on cladding residual stress
* Existing FAVOR cladding stress model

e Alternative cladding stress model
* Analysis Results
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Coefficient of
thermal expansion
(CTE) mismatch SS

clad and ferritic base

Deposition of
cladding during
fabrication

Thermal strain
during operation
near clad-base
interface

Residual stress in
clad, HAZ and base
metal near interface

www.bruck-forgings.com

High crack driving
forces for shallow,
internal surface
breaking flaws

e Shallow ID surface flaws therefore dominate failure

probabilities for normal cool-down transients
* Important to model clad stress accurately !



Existing FAVOR Model

* The effects of cladding
(deformation and
stresses) are captured by
a finite element model
incorporated in FAVOR

* Stress-Free Temperature
(SFT) Approach for
cladding residual stress:
— Assumption: At the SFT,

the RPV shell is free from
thermal strain

e CTE stresses & clad residual
stresses offset each other
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* SFT determined through combination of experimental
measurements and finite element analysis

Cladding (previously Cladding (previously
under tension) contracts - 5 N\, under tension) contracts

)
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Machine
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* Direct application of measured or simulated

cladding residual stress

— Possibility of more accurate spatial distribution of
stress along shallow crack front

e Used linear elastic finite element models to

investigate the effect of this approach on
applied stress intensity factor for cool-down

transient



Model and Loading

* Loading

— 50°F/hr cool-down from 532°F with
applied internal pressure calculated
using the EPRI-MRP-250 risk-

informed guidelines
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* Geometry:
— R =86in.
- twa”=8.75 |n

- tclad=0'25 |n
* Flaw:

— Orientation:
circumferential

— Depth:0.03 t,,,

— Aspect ratio (2¢/a): 3
* Temperature-

dependent thermal-

mechanical material

properties
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Prescribed Residual Stress

Network for
Evaluation of
Structural
Components
(NESC)-IV ring-core
measurements on
RPV shell section

Stress applied at
room temperature,
model allowed to
reach static
equilibrium
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e 2D axisymmetric LEFM analysis of 0.03t fully
circumferential flaw
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Results — Stress Intensity

Factor

e 3D LEFM of
circumferential flaw
with a/t = 0.03;
aspect ratio 2¢/a=3

* Reduction of about
1.5 ksi-in1/2
throughout transient
(¥10% at peak)

 Does not eliminate
ate-peaking
oehavior at low
temperature
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* Application of NESC-IV measured stresses reduced the
applied K, for the 0.03t flaw throughout the transient;
however, the reduction did not reduce the magnitude
of the second K, peak below that of the first peak.

— Possibility of high CPI and CPF still exists for these flaws

— reductions in CPl and CPF may result from the reduction in
applied K, throughout the transient

* Further work
— Elastic-plastic fracture mechanics model
— Evaluate different applied residual stress profiles

— Assess modifying FAVOR for spatially-varying clad residual
stress as an alternative to SFT



