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Abstract - Investigating safer ways to design and use to prevent a loss of life and property by failure of the
structures are necessary and assessing total fatigue life with initiation and propagation of fatigue crack accu-
rately through fatigue analysis is very important. The object of this study is to examine the initial life and prop-
agation life when the fatigue crack is introduced from the root which is likely to appear in LOP(Lack of
Penetration) cruciform fillet welded structure including bridges, ships and gas storage facilities which are im-
possible to be fully penetrated and to measure the rate of fatigue life until the final cleavage failure. As the re-
sult, each rate of fatigue life for fatigue failure is somewhat different in the range of 5% according to the thick-
ness of material, however, the overall rate of initial life is in the range of 34~39% and propagation life showed
the range of 61~66%.

Key words : cruciform fillet welding zone, structural failure, LOP(Lack of Penetration), fatigue crack, root
failure, the rate of fatigue life, initial life, propagation life
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Table 1. Chemical compositions of weld material
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Fig. 1. Configuration of cruciform fillet weld
joint.

Table 2. Mechanical properties of weld material

Material | | & |\ | P | s |cu| Ni | Cr | Fe , Yield strength | oSile Elongation
(wt.%) Material strength

(MPa) (%)
SWS (MPa)
woop | 14| 36155 14| 02| 22| 21| .02 | Rem. SWS 4908 00 o I
SM70 | .09 | 41 |110] 12 | A1 | - | - | - |Rem. SM-70 430 540 30
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Table 3. Welding conditions for the fillet joints

Plat
e LOP Number of| Welding Voltage
Thickness
(mm) pass current (A) W)
(mm)
1 170 23
10 7.0
2 140 20
1 190 25
15 7.0
2 170 20
1 190 25
20 7.0 2 170 20
3 170 20

Table 4 Dimensions of 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

C : load-carrying cruciform joint
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Fig. 2. Micro-hardness distributions from root zone.
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Fig. 3. Relation between normalized crack length
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Fig. 4. Crack initiation and propagation related to
initial stress intensity factor range (t1=10mm).
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Fig. 5. Crack initiation and propagation related to
initial stress intensity factor range (t1=15mm).
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v £ HAY B3 SRl A T2 S S B AT

oA Yel:= uHlgl o] AZE F7 10mmXEcth
15mme] =7} Ak o2 A Yehted A
Ao g HAo| HoAA w8 A A T 3EE
Ae] Zo] wrolzl Ao ' ATET

ZEA 7g 2o Age s}
g 428 F Jrid ]
3 RS F ok AL S5
go|& Zlo|th. Fig. 4~Fig. 62| SHthAF Z3}
35 AbolF BAA 27) 93 vhd e o
Ak vlgo] IAE YR ok olE AHEHR
B gazbx o] A F(N)ol 3k 2715H(N,) 3
Td AIrE(N) HIE Lol Table 59 Tt
As FAF FALTE 24D 27| 4 Hl=
A el AR o g 7d HAu £ vlE E
A JeRYE A3ES Ro|a ) B AT} fAKE
g2 AT ARE ot #E 2714 vl Al
B9 £5, 3% =1, 374 5ol vl 20%5E 90%
o] Moo A el E Ao E G gtk B A
TAY A FA wet 27 FHA da s
5% WHele] xfo|7} Y HF I FHol| tid 27
FH Bl 34~39%, @ AT £ HlE= 61~66% 2]
HeZ YR

2 Aol #Ad v 89 AAE "3 81T =
Eo] Qb AAE sl 7] FHL w9 F835H
2 A71e AAEEEH Qs FAE 27 FHE &
o}E W Fig. 73 2T} Il Yehd= ulkeh 2ol

©
(=]

4 t=10mm (LC)
® t=16mm (LC)
® t=20mm (LC)

AK =3625 N

[
o

-

@D -~ wmwo
T

015 A

AK =251.8 N,

Initial root SIF range, AK,, (MPa- rf)

10° 10° 107
Crack initiation cycles, N,

-
=
s

Fig. 7. Initial root SIF range to crack initiation
cycles.

- 33 -

AZE FA 20 mme! A97F AS F7A 10mm 2
15mme] A$-Eth 5Y SHIUA S ZoA =7
Fol A FHozE ey ¢ #E I3 A
FEANS 2 IS & F Ut o9 Be A=
AEAME YEE vlel Zo] AE 54 10mm
4 15mme] 9 3" FER| 2820 25t 2
F 84 A F Yo = Q3 g AR
o] 3| o]FoiA A Uy & FF-&He| Al
I3 Yoloz dAgEn Aoz AR T
20mme] 79 37|20l 9%t 3% 83 S EE A
HHEE J1do) o)te] RE o T AR Bt
o] oj A= o]FoJ X1 FH7{-§Yo| Thi $35lF|o]
FE Ro| y2HErt 48 Zdyetn ddEoh

Fig. 82 FE F9| ot g3 votd-g Yepd
o AR dade] SRl A T SR 1)
29 do] 7mmE Zt= FE RERE FFHoa
do| H3te] HF whdk Al 45°9] Mt whd e
£ Holi 3t}

Table 5. The rate of initiation and propagation
life to total fatigue life

The rate of Material thickness (mm)
fatigue life (%) 10 15 20
N
_* 39 35 34
N,
N,
61 65 66
N,

N, : Initiation life, ]Vp : Propagation life

N, : Total fatigue life
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Fig. 8. Root failure mode in cruciform fillet weld
joint.
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