KIGAS Vol. 16, No. 4, pp 16~22, 2012 http://dx.doi.org/10.7842/kigas.2012.16.4.16
v (Journal of the Korean Institute of Gas)

28 2| AXE HElSH TN m2uz|SHnt o2-Hof 25 A7

olgs
st 71A - A" Al F 8t
(2012 4¢€ 23, 2012 T3 8¢¥ 1¥ 47, 20121d 89 1Y A=)

A Study on Characteristics of Fatigue Failure and Fatigue Life
in Full Penetrated Cruciform Fillet Weld Zone

*Yong-Bok Lee

Dept. of Mechnical & System Design Enginering, Hongik University, Seoul, Korea
(Received April 23, 2012; Revised August 1, 2012; Accepted August 1, 2012)

2 <%

§471% ) e ol 717, me, A} 2] 1 ok S o) AT BE lste] §9] o] o] STkl
Sie. wheb 250 §7 TEE AL S15tel e A PAHAE Telshs §4 H L AEIE Alo] &
TH I B AT AR T, §R S, 35 B el n B9 ) st Belshe] 9 8 4]
A4 B2 409 92 A% B W) 25l Ao vstel 7] 24 0% nAsT ool B 233 AR
g 03§79 B SOl BASATE N2 E L S 25 e B9 o] x| ) B2 7o) o3 $-2 4

2 A} 34 sleol=

%) Qa2 W Itk B 979 FEol thF §70) ol3tel ol e ¥l H wglom 1
zAo] YA Ho] M2RE) A2 & FAA AT,

=

>

Abstract - The use of welding process has been increased for manufacture of machine, bridges, ships, gas
facilities and so on together with development of welding technique. Accordingly, it has been needed to
develop the welding methods considering higher productivity and safety design for manufacture of their
welding structures. In this study, it was studied basically on characteristics of fatigue strength and fatigue life
in full penetrated cruciform fillet weld zone in relation to material thickness, welding passes, loading direction
and notch radius of toe zone. Most of fatigue failure occurred in toe zone of cruciform fillet weld joint. Fatigue
strength and fatigue life are under the influence of stress concentration due to notch radius and flank angle of
toe zone. The metal of toe zone annealed and diffused by multi-layer welding and acicula ferrite structure
formed by the result improved fatigue strength and fatigue life.

Key words : welding process, higher productivity, safety design, fatigue strength, fatigue life, multi-layer
welding, acicula ferrite structure
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Table 1. Chemical compositions of weld material

Material | | i v | p | s | cu| Ni | Cr| Fe
(wt.%)
SWS
woop | 14| 36| 155| 14| 02 22| 21 | 02| Rem.
SM70 | 09| 41[110] 12 | 11| - | - | - |Rem

Table 2. Mechanical properties of weld material

X Yield strength Tensile Elongation
Material (MPa) strength %)
(MPa) ’
SWS 490B 400 572 26
SM-70 430 540 30
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Table 3. Welding conditions according to material thickness

Plate Thickness T Number Welding Voltage
(tnm) TPE 1 of pass | current (A)| (V)
1 170 25
N-LC
2 180 23
10
1 180 24
LC
2 140 20
1 180 26
N-LC
2 180 23
15
1 190 26
LC
2 170 20
1 200 25
N-LC 2 200 25
3 180 23
20
1 190 25
LC 2 190 25
3 160 21

LC : load-carrying type, N-LC : non load-carrying type
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Table 4. Dimensions of cruciform fillet welded
specimens (unit : mm)

Type tl V) L b D
10 12 260 25 85

LC 15 12 260 25 85
20 12 260 25 85
10 10 260 25 250
N-LC 15 15 260 25 255
20 20 260 25 260
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(a) 2-pass(f;=10mm) (b) 2-pass({;=15mm) (c) 3-pass(¢;=20mm)

Fig. 1. Cross section of full penetrated cruciform

welding joints.
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Fig. 2. Configurations of LC type specimen and
N-LC type specimen.
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Fig. 3. Micro-hardness distributions from toe zone
of cruciform fillet weld joints.
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Table 5. Relationship between geometry factors
and fatigue life by fatigue test

ype |19 | 00| e | e
(MPa) (ND)
L-C 10 0.27 | 150 | 3.49 96 2,200,000
L-C 10 024 | 145 | 3.63 138 965,810
L-C 10 0.26 | 143.5] 3.55 127 732,870
L-C 10 0.24 | 1425 3.63 155 734,190
L-C 15 0.27 | 153 | 3.80 107 2,000,000
L-C 15 0.24 | 150 | 3.96 143 392,590
L-C 15 0.23 | 148 | 4.09 179 330,650
L-C 15 022 | 142 | 4.17 201 170,830
L-C 20 0.27 | 145 | 3.99 142 859,483
L-C 20 0.23 |147.3] 4.33 162 330,590
L-C 20 0.22 |143.0| 4.36 195 166,400
L-C 20 0.23 |145.0| 4.24 215 286,070
N-L-C 10 021 122 | 3.73 196 198,900
N-L-C 10 0.22 |121.5] 3.62 166.6 223,590
N-L-C 10 0.18 | 117.5| 3.96 1372 459,550
N-L-C 10 0.22 |121.5] 3.62 107.8 1,400,000
N-L-C 10 0.22 | 120 | 3.62 78.4 2,030,000
N-L-C 15 023 | 116 | 4.28 166.6 278,260
N-L-C 15 023 | 124 | 4.33 1372 318,960
N-L-C 15 0.24 |128.5] 4.20 107.8 772,740
N-L-C 15 0.13 | 126 | 5.93 78.4 2,080,000
N-L-C 20 0.23 | 117 | 5.00 107.8 1,250,000
N-L-C 20 023 | 117 | 593 78.4 2,040,000
N-L-C 20 0.18 | 112 | 5.63 196 250,400
N-L-C 20 0.19 | 113.5] 5.52 166.6 261,830
N-L-C 20 0.20 |111.5] 5.29 1372 525,510
N-L-C 20 0.18 | 113.5] 5.73 2254 140,250
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Fig. 9. Toe failure mode in cruciform fillet wel-
ded joint.
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