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Synopsis :

Fatigue tests were carried out on fillet welded joints of 50, 60 and 80 kg/mm2 class high
tensile strength steels using a new electrode, KS 87, developed specially for improving
the fatigue strength of fillet welded joints of the 60 kg/mm2 class high tensile strength
steels. Based on the experiments, the following conclusions were obtained. (1) Fatigue
limit for the fillet welded joint using the new electrode was improved by 41, 96 and 75%
for 50, 60 and 80 kg/mm2 class steels, respectively. (2) Improvement in fatigue strength
was attributed to decrease in the stress concentration at the weld toe due to large toe
radius and flank angle. (3) The influence of welding position and fillet profile on the
fatigue strength of fillet welded joint varied with the electrode used: the new and the

conventional electrodes are fit respectively for horizontal welding and flat welding.
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Improvements in Fatigue Strength of Fillet Welded Joints of High Tensile
Strength Steels by Use of a Newly Developed Electrode KS 87
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Fatique tests were carried out on fillet welded joints of 50, 60 and 80 kg/mm? class high tensile strength steels using

a naw electrode, KS 87, developed specially for improving the fatigue strength of fillet welded joints of the 60 kg/mm?

class high tensile strength steels. Based on the experiments, the following conclusions were obtained.

(1) Fatigue limit for the fillet welded joint using the new electrode was improved by 41, 96 and 75% for 50, 60 and

80 kg/mmiclass steels, raspectively.

(2) Improvement in lfatigue strength was atiributed to decrease in the stress concentration at the weld tee due to large

toe radius and flank angle.

(3 The influence of welding position and fillet profile on the fatigue strength of fillet welded joint varied with the

alactrode used : the new and the conventional electrodas are fit respectively for horizontal welding and flat welding.
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Table 1 Chemical compositions and mechanical properties of materials

. . Mechanical
. Chemical composition (wt%) properties
teel .
clsi|M | P s o | N |c | M| vI]B [(Jhalen
SM 50 | 0.14 | 034 | 0.96 | 0.024 | 0011 | - - = | = | = 1 = | 4] 538 45
RIVER| 013 | 030 | 137 | 0018 | 0.008 | 0.01 | 0.01 | 0.03 | 0.07 | 0.042 | ~ | 631 | 7.0 | 30
RIVER 010 | 022 | 081 | 0011 | 0.007 | 023 | 103 | 0.48 | 0.44 | 0081 |0.0022 786 | 815 | a2
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Table 2 Chemical compositions and mechanical properties of weld metals

Chemical composition {wt%) Mecha:;'{cal
T e Of properties
el?ctrode Application
. . YP | TS | El
Cop Sy Ml B S N Cr) Mo e gt (%)
z 1
AKS 6 | 007| 008|041 |00ms00tal — | — | — | 41| ag | 29 | 40ke/mm class steel, all
position welding
2
B|Kks 76 |006|063| 097 00120009 — | — | ~ | 46 | 55 | g1 | SOks/mm’ class steel all
position welding
2 .
¢ ks 78| 007 | 015|050 |0016{0016| — | ~ |057| 46 | 57 | 32 |50ke/mm" class steel, fillet
welding
2
D|KS 86 | 005 | 0.62| 1.03 | 0.010{0.014| 082 — | 027 | 56 | 66 | g0 |S0ke/mm’ class steel, all
position welding
2 .
E | KS 86F | 0.06 | 0.65| 1.09 [0.01210013/ 0.78| ~ | 030| 54 | 65 | 30 60"3_/"‘“" class steel, fillet
welding
F|Ks 7 | 005 027|142 [0013/0011) — | — o040 59 | 63 | 26 | Dittofor high fatigne
strength
2
G| Ks 106 | 005 | 0.44 | 119 |0.015/ 0008 192 | — |o038| 67 | 74 | 2 |70ks/mm” class steel, all
position welding
2
H|KS 116 | 0.05 | 0.55| 1.28 | 0.014|0.007| 242 | 0.23 | 0.38 | 74 | 84 | 24 80“5/_‘““’ class steel, all
position welding
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Fig.2 Profiles of fillet weld
Fig.1 Dimension of fillet welded joint (D~@
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Photo. 1 Macro-structures of fillet joints welded in three profiles for RIVER ACE 60 steel
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Table 3 Conditions for fillet welding

T ;
Type of o D1a21feter Welding i Arc Welding |  Heat Nur:fber Preheat
Steel electrode Series electrode| CUTTeNt j voltage speed input layers temperature
! {mm) {(A) , (V) (t::m/min)1 (kJ/em) "C)
KS 87 S5FX | 6 280 30 18 | 280 1
K5 6 5AX 4 170 32 32 10.2 3
KS 76 5BX 4 170 26 28 9.5 3
SM 50 Bt <50
KS 78L 5CX 6 310 34 23 27.5 1
KS 78L 5CY 6 310 34 23 27.5 1
KS 78L 5CZ 6 310 34 23 27.5 ! 1
KS 87 6FX 6 280 30 18 28.0 1
KS B6 61X 4 170 24 27 9.1 3
RIVER | ps g6r |  6EX 4 170 30 30 10.2 3
ACE - 106
60 KS 87 6FY 6 280 30 18 28.0 1
KS 87 6FZ 6 i 280 30 18 28.0 1
KS 86F 6EZ 4 170 30 30 10.2 3
KS 87 BFX 6 280 30 18 28.0 1
KS 86F 8EX 4 170 30 30 10.2 3
KS 106 8GX 4 170 25 28 9.1 3
RIVER |- P R
ACE KS 116 8HX -4 170 25 28 9.1 3 150
Ko KS 87 BFY 6 280 3 18 26.0 1
KS 87 8FZ 6 280 30 18 28.0 1
KS 116 BHZ 4 170 25 28 9.1 3
* Refer to Fig. 2,for X, Y, 2
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Fig.6 S-N diagrams of the base metat and
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) — Table 4 Fatigue strengths at various cycles and
o \ . (2} RIVER ACE GO(KS 87) endurance limit aw
25F . }Qw:ﬂ
. ﬁ‘w@ 6FZ ‘ 1 Fatigue strength {kg/mm?)
20F ‘o;\ ?x&@—ﬁ-—_ Steel | Series Number of cycles bt
' EFY T ]
i 3 ] EX10° | IX10° | 2x10% |(keg/mm?)
15 -63 =
r ] 5(B.M.) 8.4 36.0 34.3 34.3
i r 1 5FX 225 19.3 16.9 15.5
10 o R S T I - oL
1 10 SM50 [5AX 18.2 15.0 12.8 12.1
— 30 T T T T T .
NE F “KI—QJQ)QIRIVER ACE KO(KS 37): 5BX 19.6 14.0 11.4 11.0
F : 1 1~
W 25F U | B
27 %“\‘a SFY ] 5CX 20.1 17.0 14.2 14.0
= 20T B & BFX ] 6(B.M.) 38.0 33.1 32.3 32.3
L] - [ S £
® r BFZ Jmalxt—~— | ]
g s & a! | RIVER 6FX 24.2 21.0 182 | 182
2 T 1 ACE |6FY 21.0 18.0 15.5 15.5
N S T T R T 80 |grz 22.6 189 15.2 15.2
10° 108
BEX 14.8 119 9.8 9.3
30— — T —T T o
255 .| le) RIVER ACE K0(KS 116)] B(BM.) | 485 42.0 38.8 18.8
e PN 8FX 23.0 20.0 17.8 17.8
0 —ag < ]
- <y TouSHZ 3 8FY 22.0 17.8 4.6 14.6
N ~ 4 —
15F ™Y v ] RIVER gpy 220 | 180 | 156 | 150
C ~al ] ACE
i M 1 ko  |BEX 15.5 12.0 9.5 8.8
L Y T— ] -
Wt b o i : 8GX 175 | M5 | o122 | 122
105 108 : . 2. .
Number of cycles to failure ¥ 8HX 15.5 12.8 10.4 10.2
Fig.7 S-N diagrams of fillet joints welded in
X, Y. and Z profiles _|sHzZ 19.0 15.6 12.2 12.2
ACE 60 & RIVER ACE K0 200 77 Ei# #i i % ZIRa N7
&3 18.2kg/mm? 1 £ X 17.8kg/mm2 & 7 1), fE3H B 15 7 Za 77
) KS 86F, KS 116 £ Hlv:7: RIVER ACE 60, L I
RIVER ACE K0 ¢ 9.8kg/mm? 5 £ U* 10.4kg/mm2 2wk [ —
AL T, #AUF N Bdkg/mm? (86%) 15 kX E ]
TAkg/mm? (71% )15 FL T3, 277, SM 50 {2 g Al
TH KS 76 % Hve 2o 80F 1 Hedk L 749 5.5kg/mm? E
(48%) mEEZ L L L LTV B, M
2T e A B ) 2 Z0 = 3 [Electrode[A|BIC[F E|F|F|F E/F|F|FIG|H|H
R LIRS ORI, £ KS 87 ElecirodelsAIBICIFL IEIFTFIEE IEIE EIPICIH]E

Hatehed columns correspond to the new type electrodes

Fig.8 Endurance limits for fillet welded joints of
SM 50, RIVER ACE 60 and RIVER ACE KO0
steels
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Fig.9 Distributions of toe radius and fank angle
of horizontal fillet welded joints by use of
KS 87 and conventional electrodes

Photo. 3 Examples of the appearance of fatigue
fractured specimens
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Table 5 Toe radius p, flank angle & and stress concentration facter e at toe of fillet
welded joint for various high tensile strength steels
T
Steel |Series i (nfm) (ng) ‘(91;1“;‘) ?d";;) Gmeas @ cal . 8, (k;/;:mz) aylag
B 5AX 1.70 128.8 0.31 106.¢ 2.29 2.26 4.26 2.83 12.1 0.2‘25_~
SBY 0.97 1136 0.16 84.6 3.58 2.87 6.34 112 110 0.204
5CX 1.90 142.4 0.46 1321 3.04 1.70 3.72 2.45 14.0 0.260
SM 50 5CY 1.33 146.5 0.30 122.1 - 1.80 3.85 - - -
5CZ 2.55 162.7 1.20 146.8 - 1.33 1.84 - - -
3FX 3.34 146.0 1.06 137.6 1.40 1.45 2.58 2.21 15.5 0.288
6DX 1.05 .135.2 (.48 124.3 - 2.15 3.15 - - -
6EX 0.99 114.1 0.24 101.2 2.22 3.04 4.95 3.47 9.3 0.131
RIVER| srz | o077 | 1283 | 023 | 1221 - 252 | 4.55 - - —
ACE s
&0 6FX 3.21 161.2 0.91 153.7 1.50 1.30 1.88 1.77 18.2 0.256
6FY 2.11 158.5 0.50 149.7 1.51 1.43 2.41 2.08 15.5 0.218
6FZ ;4.6;“—_ 1‘153.9 1.47 145.3 1.56 1.27 1.79 2.13 —_15.2 0.214
8EX 0.68 117.3 0.30 103.5 ~ 2.82 4.37 4.35 8.8 0.108
8EZ 0.64 121 3 0.35 115.1 - 2.84 3.85 - - —
8FX 3.52 151 4 1.47 143.1 1.58 1.33 1.3‘2_—-“;‘“2.15 17.8 0.218
RIVER 8FyY 2.07 153.6 05_3 »]47-0 1.(;7 1.42 2.49 2.62 14.6 0'179‘“
ACE 8FZ 3.31 148.0 1.11 141.1 1.36 1.38 2.01 2.55 15.0 0.184
Ko 8GX 0.68 117.3 ) 0.30 103.5 . 2.82 4.37 4.35 8.8 0.108
8GZ (.82 114.0 | 0.43 101.4 - 2.66 371 - - -
8HX 0.70 128.8 B 0.16 115.1 | 2.48 2.61 5.80 3.75 10.2 0.1;5‘
8HZ 0.72 133.3 0.23 119.4 1.98 2.50 4.61 3.14 12.2 0.149

O TP pins Bin & 7357, KS 870 o (3 SM 50,
RIVER ACE 60 33 X ¥ RIVER ACE K0 T#
N334, 321 BLF352mm THY, 1%
FLFIL 146, 161, 151°TH B, ZiUIHL TRk
Hed AT p 2210440097, 0.59, 0.70mm
T, 813 114, 114, 129° TH 2, 2N0L5ic KS 87
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Photo. 4 Toe profiles for horizontal fillet welded joints of SM 50, RIVER ACE 60 and RIVER ACE K0

steels (original magnification : X 10)
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350
{a) KS 87 (b} Conventional electrode,
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3 KS 116 fack /
T, J(M-A-;-i")‘m ¢ b ‘\1,"'.
¢ 250 g \ o LY}
: v S S
3  |RIVER RIVER ACE 60 T / N, oo
s 200 F ACE 60 - {KS 86F) I : .'\. ./
% L o
z SM 50 SM 50 ewvreetTHAZ
> 1500 - (KS 76)
{ bB.M. Depo. { Depo
1 1 | 1 1 1 1
8 [} 4 2 0 2 4 6 8 6 0 2 4 6
Distanre from bond (mm)
Fig.11 Hardness distribution in herizontal fillet welded joints
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