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A Study on Fatigue Crack Growth Resistance of Multi—Path
Flux Core Arc Welded Offshore Structural Steel

Sang-Hoon Sohn

Department of Mechanical Design Engineering
Graduate School

Pukyong National University

Abstract

Fatigue cracking of structural-details in._ship and offshore ‘steel structures
due to cyclic loading has gained considerable attention in recent years.
Numerous research works have been conducted in this field on both theoretical
and practical aspects. Consequently, 'a great deal of studiesi have been
published resulting in various topics relating to fatigue crack 'initiation and
propagation problems.

Welding is most~widely utilized as a joining. method for steel structures.
Among many welding processes, the Flux Cored Arc Welding (FCAW) process
has grown in use in recent times as a function of its characteristics of high
productivity, good quality and low cost, associated with suitable mechanical
properties in welded joint, especially in ship and offshore structure fields.
However, the welded joints often contain defects such as slag inclusions,
incomplete fusion, gas pores, undercuts at weld toes, etc.

The welded joint consists of three zones from the material’s microstructural
viewpoint : weld metal (WM), heat affected zone (HAZ) and base metal (BM).
The individual zones exhibit different mechanical behavior such as hardness,

and fatigue properties. Several researchers have revealed that no significant



variations exist in the fatigue crack propagation properties for the three zones,
however some others showed that these three zones had significant differences
in fatigue crack propagation behavior.

For practical application, it is important to understand the fatigue crack
propagation behavior of cracked welded structures. Fatigue crack growth rate
data of welded structures should be determined accurately so that the fatigue
crack propagation life of the welded structure can be accurately evaluated.
Several fatigue crack growth data for the welded joints are available but very
few data are available for the welded structures in the stress range viewpoint.
And also, it is widely recognized that ~the fatigue crack growth is
fundamentally a probabilistic phenomenon. Several studies have demonstrated
the inherent randomness of fatigue crack growth beyond crack initiation. Risk
assessment and remaining fatigue crack growth life prediction require accurate
probabilistic fatigue crack growth models.

Therefore,| there are tow main aims in this study. The first one is to
investigate the effects of ‘the load range on fatigue crack growth behavior in
three different’ zones, WM, HAZ and BM for API2W Gr. 50 steel. The second
aim of this study.is to'investigate the effects of the lead range on the spatial
variation of fatigue ‘erack growth resistance in three -different zones, WM,
HAZ, and BM for API 2W Gr.-50_steel ‘using -the stochastic model based on
reliability theory.

Experimental fatigue crack propagation test were performed on ASTM
standard CT specimens. The results indicates that the load range have strong
dependency on fatigue crack propagation for the three different zones WM,
HAZ and BM, and also, on spatial variation of fatigue crack propagation

resistance.
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Nomenclature

Crack length
Specimen thickness
Constant of Paris’ law

Positive random  variable describing the
behaviour deviation in different specimens

Random process which models the deviation of
the crack growth rate within each specimen

Fatigue crack growth rate

Elongation

Micro-Vickers hardness number
Frequency

Stress intensity factor

Fracture toughness

Maximum stress intensity factor
Minimum stress intensity factor
Stress intensity factor range
Threshold stress intensity factor range
Exponent of Paris’ law

Number of cycle

Load

Load range

Stress ratio

Safety factor

Specimen thickness

Specimen width

Shape parameter of Weibull distribution
Scale parameter of Weibull distribution
Tensile strength

Yield strength
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Table 2-1 Classification of fracture mechanic parameter

Fracture mechanic

Fracture condition

Limited condition

parameter
Strain energy release rate
G=G c=2)
G=— oU ¢ Surface energy by Griffith crack
Y resistance force by Irwin
Stress intensity factor KC
K K, =K,
ch
Crack tip opening displacement . . .
5 — 5 (5 Ccrltlcal crack tip opening

o)

displacement

Stretch zone width: szw
Stretch zone width: szd

(SZ’LU) ¢
Critical stretch zone width

Jie
J-integral J: J ! (1 A UZ)KIQ(:
j ¢ Ie ™ E
(JIC*test)
Tearing modulus
T= 2 TApp ¥ ]}Wat
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Fig. 2-6 Failure density function of Weibull distribution
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Table 3-1 Chemical compositions-of materials (wt. %)

C Si | Mn P S Ni Cr Mo | Nb | Ti

Agf_galv 0.08 | 0.027| 144 | 0011 | 0.001 | 0.01 | 0.02 | 0.01 + 0.018 | 0.019

Table 3-2 Mechanical properties of |[materials

Tensile Yield
API 2W Elongation
Strength Strength
Gr.50 E (%)
o¢(MPa) oy(MPa)
Base material
(BM) 531 447 41.0
Weld material
(WM) 634 601 38.0
Heat Affected Zone
(HAZ) 561 474 41.6
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Fig. 3-3 Shape of the X-groove FCA butt welded joint
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Table 3-3 Welding parameters on FCAW

Sl'ze of Type of Travel Heat
filler Current | Voltage
Run Process current/Pola | speed input
metal A v
(mm) rity (mmy/sec) | (k]/mm)
1 FCAW 213 224~235 30~32 DC / EP 449 1.34
2 FCAW 213 220~230 30~31 DC / EP 5.63 101
3 FCAW 213 227~235 30~32 DC / EP 5.93 1.02
4 FCAW 213 208~217 30~31 DC / EP 6.78 0.79
5 FCAW ®1.3 200~215 30~32 DC / EP 6.45 0.87
6 FCAW ®1.3 206~210 30~31 DC / EP 5.63 0.92
7 FCAW ®1.3 204~212 30~31 DC / EP 5.80 0.91
8 FCAW ®1.3 200~207 30~32 DC / EP 5.26 101
9 FCAW ®1.3 200~204 31~32 DC / EP 5.71 0.91
10 FCAW ®1.3 200~214 31~32 DC / EP 6.25 0.88
11 FCAW ®1.3 202~212 30~31 DC / EP 7.84 0.67
12 FCAW ®1.3 200~209 30~31 DC / EP 6.96 0.75
13 FCAW ®1.3 201~212 30=31 DC / EP 6.45 0.81
14 FCAW ®1.3 202~210 31~32 DC / EP 5.63 0.95
15 FCAW ®1.3 204~208 3031 DC /-EP 6.06 0.85
16 FCAW 013 200~206 30~31 DC / EP 6.67 0.77
17 FCAW 213 20~205 30~32 DC / EP 6.56 0.80
18 FCAW oL3 201~206 3132 DC_/ EP 777 0.68
19 FCAW o3 200~204 30~31 DC /'EP 7.14 0.71
20 FCAW @13 201-209 30~31 DC / EP 6.06 0.86
21 FCAW 213 204~212 30~31 DC / EP 5.%6 1.00
22 FCAW 213 201~207 30~31 DC / EP 6.67 0.77
23 FCAW 213 203~206 31732 DC / EP 6.56 0.80
24 FCAW 213 200~204 30~32 DC / EP 7.08 0.74
25 FCAW 213 200~208 31~32 DC / EP 6.06 0.88
26 FCAW 213 206~212 3132 DC / EP 5.06 1.07
27 FCAW 213 200~205 30~31 DC / EP 6.25 0.81
28 ECAW ®1.3 200~205 30~31 DC / EP 6.25 0.81
29 FGAW ®1.3 200~204 30~31 DC / EP 5.06 1.00
30 FCAW ®1.3 201206 30~31 DC / EP 5:80 0.88
31 FCAW ®1.3 200~208 30~31 DC / EP 6.25 0.83
32 FCAW ®13 206~210 30~31 DC_/-BP 6.06 0.86
33 FCAW ®13 204~208 30~32 DC / EP 6.96 0.77
34 FCAW 1.3 200~206 30732 DC /.EP 6.96 0.76
B BC y*
35 FCAW ®1.3 204~208 30-32 DC / EP 5.71 0.92
36 FCAW ®1.3 204~208 30~32 DC / EP 5.71 0.92
37 FCAW ®1.3 201~204 31~-32 DC / RP 6.15 0.85
38 FCAW ®1.3 200~203 30~32 DC / RP 6.25 0.83
39 FCAW 213 208~210 30~32 DC / RP 6.78 0.79
40 FCAW 213 206~210 30~32 DC / RP 6.06 0.89
41 FCAW 213 204~208 30~31 DC / RP 5.93 0.87
42 FCAW 213 200~204 30~31 DC / RP 6.61 0.77
43 FCAW 213 203~208 29~31 DC / RP 4.35 119
44 FCAW 213 201~209 27~31 DC / RP 449 115
45 FCAW @13 201~208 29~31 DC / RP 476 1.08
46 FCAW @13 206~212 28~30 DC / RP 447 1.14
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Fig. 3-5 Ilustration of specimen cutting from welded component
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Fig. 3-7 Photo of fatigue crack growth test specimen
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Fig. 3-8 Micro Vickers hardness tester (HM-124)
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Table 3-4 Experimental conditions



Load. P
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Fig. 3-9 Load range for each experimental conditions
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Vickers Hardness value (HV 0.3)
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Fig. 4-2 Hardness distribution of API 2W Gr. 50
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Fig. 4-3 a-N curve for each specimen by loading range
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Table 4-1 m and log C values for each specimen by loading range

AP m log C
(N) BM | WM | HAZ | BM | WM | HAZ

Condition I 12000 2967 | 2.345 | 3.099 | -7.441 | -7.075| -8.290

Condition II 14000 2.281 | 2.095 | 2.833 | -7.011 | -6.716 | -7.981

Condition Il 16000 2.362 | 2105 | 3.097 | -7.188 | -6.752 | -8.479

Condition IV 18000 2.362 | 2.319 | 2760 | -7.213 | -7.079 | -7.956
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Table 4-2 Estimated distribution parameters for C»

AP a B

(N) BM | WM | HAZ | BM | WM | HAZ
Condition I 12000 | 11.64 | 1532 | 8001 | 1.049 | 1.037 | 1.073
Condition I 14000 | 1950 | 15.93 | 10.97 | 1.029 | 1.036 | 1.052
Condition I | 16000 | 1876 | 19.17 | 14.34 | 1.030 | 1.029 | 1.040
Condition IV | 18000 | 2859 | 21.14 | 17.16 | 1.019 | 1.027 | 1.033
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