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An Experimental Study on Allowable Size of Incomplete Penetration in Butt Joint Bridge
Weld Considering Fatigue Strength
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Abstract

The incomplete penetration(IP) discontinuity in butt joint weld, which is detected during safety
analysis of the steel bridge by nondestructive evaluation(NDE) method, is classified as unacceptable

defect according to the NDE codes and standards.

In fact, there are a little allowance in butt joint weld in the view point of design criterion, and also
detected IP discontinuity should be classified and evaluated for the fatigue strength and residual life

estimation.

In this study, we performed fatigue test to evaluate the fatigue strength of high strength
steel(SWS490A) containing TP discontinuities in various size, the results compared and classified
according to the bridge construction standard specification which published by korea administration of

construction and traffic.

Experimental results could be used to evaluate and estimate the IP discontinuities considering
different stress range in butt joint bridge weld during periodic safety inspection.
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Table 1 Chemical composition of base material(wt%)

C Mn Si P S
Code requirements 0.20 max. 1.50 max. 0.55 max. 0.040 max. | 0.040 max.
Analysis results 0.193 1.50 0.445 0.0165 0.0165

Table 2 Mechanical properties of base material

T ield strength(kgf/mm?) | Tensile strength(kgf/mm’) | Elongation(%)
Code {iqlué;emem 33 min. 50~65 17 min.
}._ — — —
Mechanical properties 38.7 55.4 21.2
I
Table 83 Mechanical properties of weldment
! Yield strength(kgf/mm”) | Tensile strength(kgf/mm?) Flongation(%)
Code requirement T 48 min. 58 min. 31 min.
Mechanical propertiesT 49.6 59.2 32.3
Table 4 Welding conditions
Welfil'ng . ROC? Current(A) | Voltage(V) Welding s.peed PWHT | Remarks
conditions |diameter(mm) (mm/min)
SMAW
] ~ _
(E5016) 2.6 114~134A 24 100 no

REIEHEPERE F18% H3%, 20004 68 330
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*Dimension unite in mm

Fig. 1 Shape and size of the test samples
2.2 Maluty
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3.1.2 #EAM&EE(da/dN - 4K)H7}
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Table 5 Sample classification and fatigue test conditions

clifsigzr;z:m IP size(mm) rigj?;) St?isgsf /fﬂ:zr)xge Stress type frezﬁztmy N;?nt;i;f Remarks

TO 0 Sr=15-57 15

T1 1 Sr=8.5-55 simple 40

T2 2 0.2 Sr=10-55 a.lternating 10Hz+1 40

T3 3 Sr=9-55 sine 45

T4 4 Sr=9-52 | "¢ 45

T5 5 Sr=8-45 45

Table 6 Tensile test results
Specimen classification Sectior.lal area Fracture Fracture. strength Remarks
reduction (%) strength (kg) reduction (%)
Complete penetration(T0) 0 22,736 0 HAZ fracture

1mm(T1) 9.1 20,429 9.0
2mm(T2) 17.5 18,620 18.1
3mm(T3) 26.3 16,420 27.7 weldment fracture
4mm (T4) 35.0 14.358 36.8
5mm(T5) 43.8 12.257 46.0 |
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Fig. 2 Fatigue crack growth rate according to IP size
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FHERT 4849 9L 7 B9HRAER AT
off g AREF(C) R A+(m)E A2l Table
T3 2o},

9 ey AP AAY 4 EEH 8] g7
A2dE AASE 71EVlE S0 89 2% 27
7} FEFE STk S BT o) 293
S Al 2717 Sl wel ddiHes 4%
&3] Aadt $HF WHERE 7k 47 AP

2=
A SHAEE Hrhste A= %Zh%‘ "]‘" 2 o] Z7}o] 7]0ld Aoz BHH ;}
Holl i3 4Ke 7‘”(‘_/5170:— ASTM E 647-919) #)*] SWSA90A 74 D718 o) w2 AAEE
HAHE)E AHgeted B 5 gl Agdste QB FP2EsIA ;}3 BFzE
(2+a) H2AAANA A 47, 258 FHE VA A ]6;
4K = AP_—‘— 0.886+4.64x-13.32x>+
B0y X ABA%H(C) 2.7310°, A%(m) 275 5 e
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Table 7 Exprimental results of material constant(C) and index(m) according to IP size
v Material
4K Range{(MPa ' m'*) constant(C) Index{m) Remarks
L_6.6% P 18(4K(38 2.14E-8 1.895 1
13% 1P j 11¢4K40.2 2.19E-8 2.212
25% 1P L 12.3(4K(37 2.09E-9 2.949
35% IP 12¢4K{(37 3.75E-8 3.453
40.8% IP 10.7¢4K{40.5 J 2.23E-8 2.797
K HREETE F18% F3%. 20004 64 332
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3.1.3 J2FHAE (S-N Curve)
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Fig. 3 S-N curves according to variable size of IP
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Fig. 4 Comparison between S-N curve of the
complete penetrate welded samples and the
stress grade of the korea standard
specification.
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Fig. 5 Comparison between S-N curve of the 6.6%
IP welded samples and the stress grade of
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Fig. 6 Comparison between S-N curve of the 13%
IP welded samples and the stress grade of
the korea standard specification
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Fig. 8 Comparison between S-N curve of the 34%
1P welded samples and the stress grade of

the korea standard specification
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Fig. 9 Comparison between S-N curve of the
40.8% IP welded samples and the stress
grade of the korea standard specification
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Fig. 10 Fatigue fracture shape of complete
penetration welded sample.

Fig. 11 Fatigue fracture shape of incomplete
penetration welded sample at high stress
range(lower than 5x 10" cycles).
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Fig. 12 Fatigue fracture shape of incomplete
penetration welded sample at low stress
range (higher than 5% 10" cycles)
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