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Development of Fitness for Service Evaluation Programs
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Abstract

An effective integrity evaluation system is essential to manage the fitness for service issues on

infra-structure because the evaluation processes usually take

long times and are detrimental for

productivity point of view. In this paper, the key structures and procedures of four integrity evaluation
programs which have been developed based on currently available codes and standards are described.
The proposed programs are not only flexible to adopt advances in fitness for purpose type assessment
methodologies but also convenient for field engineers. The developed programs which will be unified
as an integrity evaluation system are expected to play a prominent role for integrity evaluation of

major infra-structure.
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Table 1 Comparison between hand calculation and
crack initiation evaluation program

Transient | Alternating Stress (ksi) | Cyele counting (cycles)
No. Hand Prog. Inff. Hand Prog. Inff.
1 el 79.161 0 965 965 0.030
2 110 110.66 0 373 367 0.009
Transient Usage Factor Cumulative Usage Factor
No. Hand Prog, Inff. Hand Prog. Inff.
1 0.083 | 0.083 0 (
2 0.16 0.163 | 0.003 0243 1 0248 11 0.004
| Location & ny

Determining Sy,

I' Design fatigue curve H Determining N,

 Stress distribution
~ for each transient

YES

Estimated residual life

Fig. 1 The algorithm of fatigue initiation evaluation

program

Fig. 2 The result window
evaluation

161
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Table 2 Cases considered

study

in the verification

 Crack Shape | Rlin] | t[in] | alin] | clin] | elin]

Surface 19.00 | 190 | 095 | 2.38 -

Subsurface 4175 | 4.00 0.90 1.05 0.60

Continuous 19.00 | 190 | 095 | 2.38 -

— 11| .

Sy . P

(a) Evaluation result (b) Crack growth

Fig.

Crack Depth (in)

Fig.

162

F.il

e

0 [
s oty

(c) Dialog box of critical crack size

3 The analysis result windows of fatigue

crack growth evaluation program

0.8618

—#—Hand Calculalion
0.5616

—#—Fatique Crack Grwoth Evaluation Program
0.0814
08612
0.9510
08608
0.5606
05504
0.5602 .

1 4 5 B 7 8 2]
Mumber ol Cycles

4 Verification of surface crack module

fatigue crack growth evaluation program
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Table 3 Classification of flaw shape

Flaw orientation | Flaw location Flaw shape
o Infinite
Longitudinal Internal o
. . Semi-elliptical
Circumferential External
Embedded

Orientation / Location / Type | —m—

J = . T
]—_E " e
. « Structure Geometry
/ Step2 : Normal A t \ Flaw Geometry

Stepl : Preliminary Assessment Step 3: Advanced Assessment

« Applied I.oalillv“i i L‘: —
= ' DrawFAL | % =——p = ¢
.—l—- Plot (L,, K)) "

I = = \—-:l o
_I—‘ Sensitivity Analysis u
The algorithm of crack integrity evaluation
program

+ Data Base : Stress-Strain
Material Properties
Fracture Toughness

C——

Fig. 5
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Table 4 Input data for evaluating crack integrity

R [mm] 350

t [mm] 17.5

a [mm] 7

¢ [mm] 112
Young's modulus [MPa] 196000
Yield strength [MPa] 448
Ultimate strength [MPa] 531
Kmat [MPa+ mm] 2100

Table 5 Comparison between hand calculation and
crack integrity evaluation program

Parameter | Hand Calculation | Program | Difference [%]
Kr 0.377 0.376 0.26
L. 0.209 0.210 0.47
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Fig. 6 The windows of graphical and text output
section
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Table 6 Comparison between experiment and
assessment by  corrosion integrity
evaluation program
ASME B31G | Mod. B31G PCORRC

MAOP 12.32 12.37 13.39
Diff.[%)] 11.09 10.67 3.33

Kanninen Sims Chell
MAOP 11.07 10.34 11.54
Diff.[%] 20.11 25.38 16.71

CORROSION LENGTH [mm]
67 400 533

EPctive Lungth [ . 80,00 Effectvp Ara fmir . 150,00

Burst Pressure

6 7 & 8 b

Maximum Safe Pressure
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