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Fatigue Behavior of the Single Spot Welded Joint of Zinc Galvanized Steel Sheets

Chang-Min Suh, Sung-Soo Kang, Nam-Seong Hwang, and Sang-Yup Oh

Key words : Sil&#2(Spot Welding), ###E% (Fatigue Crack), &5 /788 (High Strength
Steel), BE$3554 3 (Monogalvanized Steel), 1] 21 (Nugget), W& F) % X R E1(Stress
Intensity Factor)

Abstract

The behavior of fatigue crack growth in the single spot welded joint of zinc galvanized
steel sheets was studied experimentally and analytically based on fracture mechanics. Axial
tension fatigue tests were carried out with the BSxGAB specimen that the bare plane(GAB)
of monogalvanized steel sheet was spot welded to the double thickness bare steel sheet(BS),
and with the GAXGAB specimen that the galvanized plane (GA) was spot welded to the
equal thickness bare plane (GAB).

1. The relation between maximum stress intensity factor, K. and the number of cycles to
failure, N¢ has shown a linear relation on log-log plot in the spot weld of the zinc galvanized
steel sheet.

2. The fatigue strength of BSxGAB specimens is about 23% higher than that of GAxGAB
specimens at the fatigue strength of 1X10° cycles. And the fatigue life of BSxGAB specimens
at the same load range increases 6~9 times higher than that of GAXGAB specimens,

3. The general tendency at the angle of bending(8) in an applied load has changed rapidly
at the initial 20% of its life. After then, it has changed slowly. The change at the angle of
bending has increased linearly as the load range increases.

4. It has shown a linear relation between the location ratio of crack initiation Y and fatigue
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life N; on the semi-log graph paper. Here Y means that the crack distance between main

crack and sub-crack, 2L is divided by the nugget diameter, 2r.

y=a - log Ni+n (where a and n are material constant.)
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L

Table 1 Chemical composition.(wt. %)
Materials C Mn Si P S

GA 0.01 | 011 ¢ 0.01 | 0.012 0.005

BS 0.01 | 011 | 0.01 | 0.01 | 0.005

Table 2 Mechanical properties of specimens.

!
|
|
|

| Yield | Tensile | ] ‘
Materiels ! Strength | Strength | Elongation | Hardness
L (MPa) | (MPa) | (%) (Hv)
[ GA 186.3 299.1 49 177 |
i BS 1915 300.3 489 128
Table 3 Welding conditions -
] Squeeze Sgrqeeze Weldingé Hold |Current
Specimen ime Time : Time
Force(N) (’"Cycle) {Cycle) [{Cycle)| (A)
BSXGAB © 2941 40 9 12 | 9100
GAXGAB = 1961 40 9 12 | 9100

Table 4 Nomenclature of spot weld specimen

nomencla. spot weld specimen
— 71
GAXGAB
galvanized side
BS X GAB é ( ) l
| N7

("] : Monogalvanized steel sheet(G A)
D . Steel sheet(none galvanized) (B S)

_.23 —_
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Photo 1 Single spot welded joint specimen
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Fig. 2 Schematic diagram of fatigue crack observed on cross section in the center of spot weld
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Fig. 3 A Relation between load range and number

of cycles to failure
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Fig. 4 The relation between angle of bending and
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Photo 3a. Fractograph BSXGAB specimen(P=2000N, N,;=2.996X10")
1) nugget area, 2) near HAZ, 3) base metal

c) Area 3 (base metal)

Photo 3b Fractographs at three areas of BSX
GAB specimen(2000N)

b) Area 2 (near HAZ)
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main crack
¢

Photo 4a Fractograph BSXGAB specimen (AP=2450N, N;=2.0X10%)
1) nugget area, 2) near HAZ, 3) base metal

¢) Area 3 (base metal)

Photo 4b Fractographs at three areas of BSX
GAB specimen(2450N)

b) Area 2 (near HAZ)
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GAR
lr
B
main crack

Photo 5a Fractograph of BSXGAB specimen (AP=3000N, N,=7.6X10*%)
1) nugget area, 2) near HAZ, 3) base metal

a) Area 1 (nugget)

gf S

c) Area 3 (base metal)

Photo 5b Fractographs at three areas of BSX
GAB specimen(3000N)

b) Area 2 (near HAZ)
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1 2 3

\

Photo 6a Fractograph GA XAB specimen
1) nuggel area, 2, near HAZ, 3) base metal

o

¢) Area 3 (base metal)

Photo 6b Fractographs at three areas of GAX
GAB specimen

b) Area 2 (near HAZ)
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Fig. 7 A relation between crack initiation ratio
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