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Abstract

The mode of fatigue failure is depended on the characteristics of the fatigue crack initiated
and propagated from the weld toe and the weld root in the load-carrying fillet welded joints.
The characteristics of fatigue crack are deeply affected by the geometry of fillet and the stress
range

The purpose of this study is to investigate critical weld size and stress range in order to
occur toe failure under pulsating tension loading in the load-carrying fillet welded cruciform
joints.
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Table 1 Mechanical properties and che-
mical compositions of steel used

Mechanical properties

Y.S. TS. El ..
%) ClSi{Mn| P | S

Chemical composition

tkgf/mm”) | (kgf/mm’)

259 43.4 34 1016016 | 0.69 | 0.16 | 0.08

referred from mill sheet

Table 2 Welding conditions of fillet
welded cruciform joints

Specimen A

Length of
bead : 500

Specimen A (Leg length 18 mm)

. L Electrode . Travel
Pass|Welding| Welding . | Amp | Volt
j o Wire dia. Speed
No. | Method ; Position (A) | (V) o
: (mm) (cm/min)
1 40.2
2 CO- . 47.0
3 Horizontal 280 - 48.8
: 12 34 =
2 A Position 300 45.0
B Welding 493
[ J 449

Specimen B (Leg length 23 mm)

] Electrode Travel
| Pass | Welding | Welding W.e ;)i Amp | Volt Srav;
: ire dia. g

No. | Method | Position oy | on | P
(mm) tem/min)

] 39.9

2 49.4
[F:‘a , 46.0
IR R E

5 ) Con 280 - 488
B Honzontal 12 34 19.5
e - 300 =

" _\Welding| Position 51.2

8 . 514
Lo ] 55
| 10 44.0
e L | 600
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M\Lack of pemetration Table 4 Misalignment and angular
distortion of specimens
Fig. 1 Dimensions of fatigue specimens
of fillet welded cruciform joints
% I |
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Table 3 Dimensions of fatigue specimens . I .
. .. B Tyee S e \__d— s
of fillet welded cruciform joints - —® \ / LS
- || L
Specimen A (Leg length 18mm) Unit:mm Angular distortion Left side Right side
. 6 (mmymm) = b /|
Specimen | [ | Ly[Ly| Ls [ Ls [ h| t | B B
No. Specimen A (Leg Length 18mm)
— = o | 4 t
SSF 1831 |520] 246| 30| 107 | 985| 18] 25| 25| 45 Spec Eisalign Angular Length of lack of | -
SSF 1832]520] 246 30| 107 | 985| 181 25| 25| 45 imen ment distortion penetration (mm) ¥
. P
SSF 1821 [520] 246| 26 | 111 | 985| 18] 25| 30| 45 Noo | (mm) fand anglel(&) | " T T Ty |,
SSF 18221520| 246} 26 | 111 | 985| 18] 25| 30! 45 SSF18211 + 0.078 | 0.572/260 0.13124.3125.012501254| A
N i ) ; SSF1822| - 0.026 | 0676/260 10.15125.0124.7 246 |24.7| B
SSF 1823]520{ 246| 26| 111 | 985 18| 25] 30| 45 SSF1823] - 0.013 | 0.273/260 [0.06] 25.0[24.0[245[244] B
SSF1831] ~ 0.013 | 0.845/260 [0.19]24.8 [24.6 [ 24.7[24.7] A
SSFI832] - 0.130 | 0.520/260 }0.11]24.81245]247]249| B
Specimen B (Leg length 23mm) Unit:mm
Specimen I (
peN LiLijLL|L!h Bi| B Specimen B (Leg Length 23mm)
(o
- feali Length of lack of
_ - . N Spect  |Misalign Angular
520 : 5 23] 2 1 ) .
SSF 2331(520| 246| 30 {1065 985| 23| 25| 25| 45 U distortion | penetration (mm) | ¥
SSF 2332 |520f 246] 30 {106.5| 985| 23| 25| 25| 45 No (mm) and anglet3[, 1o le 1a P
. [
SSF 2321|520| 246| 26| 111 | 985|231 25 30| 45 SSF2321| - 1,690 |0.390/260[0.09] 250] 250|250 250| B
SSF 2322 |520] 246] 26 | 111 | 985] 23| 251 301 45 $SF2322| - 1716 |0.026/260|0.01| 2451 24.91245(247] B
o | 220] 216| o ol - $SF2323] - 1.495 [0.065/260{0.01]25.0[25.025.0(250| B
SSE 2323|520 246] 26| 111 | 985] 23| 25| 30| & SSF2331| — 0910 |0.520/260]0.11| 250 25.0 | 24.8 | 256 | B
SSF2332] - 1.287 [0.767/260(0.17 249 (245 {24.7[252] B
9% 1994 118
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Table 5 Shape of bead and value of Kt of fillet welded

EP.N]

|0

£ WF8Yol
122

wAS A = 1
F5ol
S8 FXv HR2TEY
2 g ool JEFE U]Z]ﬂlﬂq

8ol eAe] 83

2 A

Rkl

TR 2715 2E

cruciform joints

(Unit : mm)
[ R
Bead A Bead B Bead C Bead D AVE. AVE.
Leg Leg Leg Leg Leg Leg
Specimen | o | Llength PN N LU A Y fength |, | length | K, | Jength ol
No Insert | \Main Insert{ Main Insert| Main Insert| Main Insert! Main Insert| Main *
plate | plate plate | plate plate | plate plate | plute plate | plate plate | plate
side side side side side side side side side side side side
SSF 1821 | 1794 17.40 | 118 | 279 | 17.46| 1857] 173 258 | 1931] 1810) 132 | 257 | 1782| 17.88| 09 | 300 | 1313 1799] 1.33 | 270
SsF 1822 {1781 [ 1817 | 134 | 268 | 1577 | 16s3] 145 280 2076| 1843} 154 | 251 [ 17.92] 1303| 16 | 261 | 1807]1787| 153 | 262
sSF 1823 D1son | 1787 | 135 | 262 | 1635] 12s] 177 | 262 | 01| ame| 18 | a6 | 1sme|1750| 14 | 267 186 17| 163 | 23 | 1BIB|I800 154 262
SSF 1831 | 1706 | 1757 | 167 | 238 | 1817| 18.06] 1.8 | 2564 | 1879} 1705] 187 | 251 [ 1703] 1u22) 138 | 267 | 1821 | 1803) 168 | 257
SSF 1832 | 1838|1818 | 132 | 269 | 1698[1838] 17 | 262 | 1834] 1801] 184 | 252 { 1821 1806| 128 | 272 [ 1798| 1816] 1.54 | 262
SSF 2371 |24.48 | 2364 | 151 | 237 | 2481 ] 2084] 143 | 240 | 2466 2290] 160 | 230 { 2337 | 24R8) 162 236 | 2433 wm| L | 25
SSF 2322 | 2349 | 2478 | 162 | 235 | 2451 ( 2325 | 126 | 247 | 2438| 2235] 145 | 240 | 2381|2306 159 | 237 | 241 2364] 148 | 230
SSF 2323 | 2334 | 2438 | 181 | 231 | 2041 | 2561|137 | 240 [ us0n| 2as| 160 | 237 | viek | 23we 130 ] nay | o] masr| 1w 23| LAT5 2356 154 | 298
SSF 2331 | 2305 [ 2408 126 | 250 | 2352| 20ma) 122 ] 253 2521 | ven | n3d | 2a15) p3e2] 137 | 243 | 2308) 2318|137 2a
SSF 2332 | 2348 [ 2555 | 181 | 229 | 2430| 226s] 156 | 26 | 2367 2002] 170 | 234 | 2406|206 ] 162 235 2396 20| 170 23 |
Transactions of SNAK, Vol 33, No. 4. November 1996
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Table 6 Results of residual stress in butt
welded joint

@ | @ ©
[ { [e]l=]
oy

Specimen (Butt welded joint) (Unit : ke/mm®)

. Drilling
Cutting Method
Method
Strain Strain Strain Strain
gage gage gage gage
D 2 (&) (4)
stress Oy 538 23.12 973
o, 29.12 1198 | -6.14
?::;"““1\. 008l | 315 065
Measur | 2012 | 2% 976 857
ement fstress o 538 | 1115 -6.76 -20.71
principal 8 89.81° 147 2.2° 1°
Siress
angle 6 -019° | -753 | -818 91°

Table 7 Result of residual stress in fillet
welded cruciform joints

A4
S.’H o~ —|" I»'l.hm
<+ Fne

leg length 18 mm  leg length 23 mm

KEBEAESRTE B 33 & 5 4 98 1996 116

137

leg length 18 mm

strain strain strain strain strain
gage gage gage gage gage
) @ ) @ ®
stress o -549 -055 151 -6.95
7 -13.41 4.45 1.52 -9.85
shearing 7 . -5.09 315 371 -42
torce
principal o, -3.00 597 522 -3.96
stress a2 -15.90 -2.07 -2.19 -12.85
principal ¢, -263 -~ 64.2 ° 451 - -355 °
SEress
. 63.7 -25.8 -449 © | 45
angle 8
leg length 23 mm
strain strain strain strain strain
gage gage gage gage gage
@ ) Q @ ®
Sess Tl 1200 | 222 1.62 411 4199
” -7.80 -1.09 6.79 -171 -2.29
shearing 7., -0.49 3.64 -14.38 1.78 -325
torce
principal @1 175 2.03 13.81 461 -7.74
. -12.06 -5.33 -10.41 -221 -5.04
Sress a
principal 05 ) _g35 - 1 495 -50.1 157 -7
stress
angle 0 65 -40.5 39.9 -743 ~ | 623
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Photo. 1 The fatigue test machine and

specimens
1500.00
15::00 ®
1336.00 ju T 45 [smK
(kg/mm’)| bol
§ 1000 Estimatied | 1067 | @ zao\
g 1000.00 —| by tost | “
13 Estimatied | A |262)
X g owFEM | | | ]
(4
g 500.00 | -
0.00 ;
o0 * T ‘ T
c.00 20.00 40.00
Distance from Toe (mm)
I as [sm|K,
(ke/mm?)| bal
1200 | @(264
-~
% |
] 4(238
» H
X i B A
N
g
g e
A
0.00 . e
0.00 20.00 40.00
Di: from Toe( )

Fig. 2 Estimated stress concentration
factor. Kt compared with measured
result by specimen
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Table & Fatigue test reusults of specimen

A and B
[ [ Mode of N
A € g NS
I Specimen PN \ ) 0_ ’ Ne©
‘ R ! o fatigue oGNS N
No.  Ikg/mm’ . N pete
| failure (Cycles) (Cyeles)
L
SSF 1832 30 l Weld failure | - . .. - ‘l 194 % 10°
(SSF 1831 27 | Weld failure sz . 10"
‘r [

T

SFO1821 22 Mixed failure | -1, .10

| SSE 1822 20 Mixed failure | | 5 . 0 201 % 10°
|

|
|
|
Plate failure | |5 « 10 L x 10°

ISSF IRBISL 14

30 Mixed failure | 5y . 10} 344« 107

il
[SSF 23320 27
[ I
[ssE o1 23

R

Plate failure | g0 100 | 347 « 10!

Plate failure | {7y x 00 | 213 < 10"

l
|
|
T
L Non ' failure 20 < 10°

|5SF 2303 14

Transactions of SNAK, 1ol 33, No. 4, November 996
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Photo. 2 Fatigue - failure mode of fillet
welded cruciform joint
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Fig. 3 Actual length of fatigue crack
from the weld root
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Fig. 4 Fatigue test result of specimen A
and B
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Fig. 5 Actual length of fatigue crack from
the weld root and toe
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