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Stress Relief Cracking

Susceptibility in High Temperature Alloys

Many alloys that are used at high temperature exhibit stress relief cracking (SRC) during welding and/or service.

This form of cracking typically occurs along the grain boundaries and results in a low ductility fracture. There are few proposed

mechanisms for this fracture.

‒ The problem is often associated with precipitation strengthened alloys in which a locally soft precipitate free zone forms along

the grain boundaries. In this case, the residual stress from welding is relieved by localized plastic deformation along the grain

boundaries.

‒ In few other alloys, SRC is related to grain boundary precipitation of carbides and segregation of impurities. When failures occur

in service, the applied stresses combine with the welding residual stress to promote failure.

‒ Several tests have been developed to investigate SRC susceptibility and the influence of alloy and process parameters, no

work has been conducted to develop a standardized test(s) that provides reproducible results between different laboratories.

Little effort has been done to correlate laboratory test results to actual cracking

behavior under field conditions. Also, results do not exist that provide a uniform

comparison on the cracking susceptibility and cracking mechanisms for the wide range

of alloys used in high temperature service.

‒ A test procedure and ranking methodology has been developed that simulates the

cracking mechanism and provides a robust method for ranking alloys based on six

measures of cracking susceptibility

‒ Following alloys were tested with and without strain: Gr22, Gr22V, 740H, 347H,

HY230, HY282, In617 at a range of PWHT temperatures.

‒ Susceptible Alloys/Conditions: Gr22V (0.2%@ 500, 600 & 700°C), Gr22 (0.2%@

600°C), Haynes 282 (10%@ 800, 700°C), 347H (10%@ 700, 800°C) and 740H (0.2%,

10% @800°C)

‒ Moderately Susceptible Alloys/Conditions: Haynes 230 (10%@ 700, 800°C), Haynes

282 (0.2%, 10% @900°C), 740H (0.2%, 10% @900°C), Gr22 (0.2%@700°C).

‒ 1000°C followed by 900°C, was found to be the most SRC resistant temperature for all

alloys.

Future Work
‒ Detailed microstructural characterization to establish SRC mechanisms.
‒ “Zener-Wert-Avrami” analysis to determine activation energy for thermally activated

stress relaxation. This information is critical for developing predictive tool for SRC.

‒ Develop standard tests that accurately simulate the SRC mechanism under well

controlled conditions.

‒ Determine the relative SRC susceptibility of alloys, namely, Grade22V, Grade22,

347H, Inconel740H, Inconel617, Haynes230 & Haynes282.

‒ Identify the cracking mechanism of each alloy through detailed microstructural

characterization studies that are aided by modeling.

‒ Design welding procedures that help minimize the cracking problem during welding

and subsequent service.

347H tube failed in service due to Stress Relaxation
cracking in Heat Affected Zone of weld.
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Procedure#2 (10%)

‒ Figure above shows the SRC test procedures developed to study the effect of cold

working and a range of post weld heat treatment(PWHT) temperatures on SRC

behavior of alloys.

Thermal and mechanical cycle in SRC tests (Left) Procedure#1 (0.2%) (Right) 

Procedure#2 with 10% cold working

Results & Discussion
Table on right shows more than 50

successful SRC tests and 80 tensile

tests were done as part of this study.

From SRC test results, six measures of

SRC were identified:

‒ Ductility

‒ Percentage Stress Relaxed

‒ Hardness increase at fracture as

compared to base metal

‒ Failure Time

‒ Fracture Mode

‒ Secondary cracks below fracture

Both Fracture mode & Secondary cracks (Qualitative measures) were characterized in

four groups based on the observations from test results

Type I: IG (smooth grain facets)
(Gr22V, 600°C, 0.2%)

High Susceptibility

Type II: IG (MVC on grain facets) 

(Gr22V, 700°C, 0.2%)

High Susceptibility

Moderate Susceptibility

Type IV: MVC
(347H, 0.2%, 900°C)

Not Susceptible

Type III: IG + MVC
(347H, 0.2%, 900°C)

Type I: IG (no deformed grains)
((347H, 800°C, 10%)

High Susceptibility

Type II: IG (deformed grains) 
(Haynes 282, 900°C, 10%)

Low Susceptibility

Type IV: Voids
(In 617, 1000°C, 0.2%)

Not Susceptible

Type III: IG + voids 
(In 617, 800°C, 10%)

Moderate Susceptibility

Measures of SRC susceptibility are combination of Quantitative & Qualitative aspects.

Both qualitative measures were classified in four groups.

Ranking Methodology was derived from Risk Priority Number(RPN), a FMEA tool
In FMEA, 

RPN = Occurrence* Severity * Detectability 

In this study, 

Susceptibility Number= σP1
P6 Pn ∗ Severity ∗ Detectability

Occurrence, probability of product failure 

during its life

Severity, impact of that failure mode on 

product performance

Detectability, Ease of Detection 

Parameter (Pn), experimentally measured values of 

ductility, percentage stress relaxed, hardness at 

fracture, etc. (6 parameters)

Severity & Detectability, same as in FMEA

Material/ Temp Ductility
(P1) 

% Stress 
Relaxed

(P2)

Hardness 
at fracture

(P3)

Failure 
time 
(P4)

Fracture 
Mode
(P5)

Intergranular 
Secondary Cracks 

(P6)

Susceptibility 
Number

Severity (x/10)
-Effect on output

8 5 6 10 10 10 X

Detectability (x/10)
-Ease of detection 

9 10 8 10 8 8 X

347H, 10%, 700°C  
(Example) (Pn)

-6 -35 47 -47 100 100 11374

Parameter 
Value

The entire spectrum of susceptibility numbers were transferred to a scale from 0 to 100,
shown below. Higher # meaning high SRC susceptibility.

Fracture Modes

Secondary Cracks


