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Effects of Metallurgical Properties on Fatigue Limit of Arc-welded Sheet Steel

Masato UCHIHARA, Masato KURITA and Takao TAKA

-

Synopsis : The effects of material properties of steel sheet, such as mechanical properties, microstructure and chemical composition, on the fatigue limit

of gas shielded metal arc welded (GMAW) joints were investigated.

Axial tension fatigue tests were conducted to lap-fillet welded joints of seven different hot-rolled sheet steels.

Followings are main results. ( 1) The fatigue limit of welded joints varies to large extent, depending on the steels tested. ( 2 ) The fatigue
limit depends mainly on toe radius of weld bead, which determines the stress concentration factor of welds. And the fatigue limit of welded
joint is slightly affected by the fatigue limit of base metal. ( 3 ) There is a close correlation between chemical compositions of base metal and

the fatigue limit of welded joint. The increase of Si content improves the fatigue limit remarkably, because it enlarges the toe radius of weld.

Key words " hot-rolled sheet steel; microstructure; arc weld; fatigue limit; strengthening element; toe radius.
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Table 1. Chemical compositions of steels tested (mass%).

Steel C | Si | Mn| P S Al[ N others
Base - 0.14 10.05 {1.19 {0.02 {0.002 [0.04 |0.003
Si 0.14 10.93 }1.20 [0.02 [0.002 |0.04 ]0.003

Ferrite- | Ti 0.15 ]0.05 [1.17 ]0.02 [0.002 {0.03 |0.002 |Ti:0.049

Pearlite |Low C +Si 0.05 [1.54 [1.24 10.02 ]0.001 {0.04 |0.003
Low C +8i+Ti ]0.05 [1.53 [1.24 {0.02 }0.001 [0.03 [0.003 |Ti:0.075
Dual {WQ 0.07 10.89 {1.18 10.02 [0.000 [0.02 {0.003
Phase |AC-Si 0.05 |1.49 {1.48 {0.02 {0.001 {0.03 |0.005 {Cr:0.70, M0:0.25
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Table 2. Mechanical properties of steels tested.

Steel YS TS El
Base 304 444 39.3
Si 402 564 30.5
Ferrite- | Ti 440 543 29.3
Pearlite |[Low C +Si 396 525 29.4
Low C +Si+Ti 503 619 232
Dual wQ 436 593 23.7
Phase |AC-Si 411 674 27.0

YS: Yield strength (MPa) TS: Tensile strength (MPa)

El : Elongation (%)

Table 3. Welding condition.

Welding wire  |JIS YGW11
(1.2mm in diameter)
Average current [210A
Pulse current 420A
Pulse duration |1.2msec
Arc voltage 2V
Welding speed |100cm/min
Shielding gas | Ar-20%CO: (15U/min)

Table 4. Chemical compositions of welding wire (mass%).

C Si
0.07 0.79

Mn P S Ti
1.56 | 0.013 | 0.011 | 0.18

/s

\ 60°

Fig. 1. Schematic illustration of arc welding.
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Fig. 2. Shape and dimension of fatigue test specimen.
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Fig. 3. Relationship between stress range and number of
cycles to failure.

Table 5. Fatigue limit of welded joint.

Steel Fatigue limit
Base 47
Ferrite- | Si 62
Pearlite | Ti 52
Low C +8i 69
LowC +8i+Ti 57
Dual {(WQ 64
Phase |AC-Si 59
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Fig. 4. View of a metallographic cut of toe after fatigue
fracture (FP-Base).

Fig. S. Fatigue fracture surface (FP-Base).
(a) Low magnification view
(b) High magnificatiion view at crack initiation site
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Fig. 6. View of a metallographic cut of toe before fatigue
fracture (FP-LC-SiTi).

Weld bead
Frank angle

Fig. 7. Definition of shape of toe.
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Fig. 8. Hardness distributions in the vicinity of toe (0.6
mm in depth).
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Table 6. Shape and dimension of toe, hardness and residual stress.

Shape and dimension of toe Hardness (HV) Residual
Steel Frank angle | Toe radius |[Weld [Base [crack [stress
) (mm) metal metal  |initiation sie | (MPa)
Base 61 (8) 0.28 (0.03) 240 147 250 12
Ferrite- | Si 59 (7) | 047 (0.07) | 250 167 265 8
Pearlite | Ti 72 (1) 0.28 (0.03) 250 167 255 21
Low C +8Si 60 (5) 0.48 (0.11) 237 173 250 44
Low C +Si+Ti 67 (3) 0.38 (0.20) 263 213 265 33
Dual wQ 63 (3) 0.44 (0.06) 236 156 250 43
Phase |AC-Si 58 (8) 0.36 (0.08) 263 189 265 46
( ): Standard deviation
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Fig. 9. Relationship between tensile strength of mother
steel and fatigue limit of welded joint.
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Fatigue limit of plain specimen (MPa)

Fig. 10. Relationship between fatigue limit of plain speci-
men and that of welded joint.
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Fig. 11. Relationship between toe radius and fatigue limit.

2.0

HOBKILINZHHIFT 20T, Figl1 DFERIZ o, & & D5
HAMEFO IEWMBOBRKIC I L ->ThEORES
BNZELERLTWS, Ladt > THEEMTOEHIRE S
RIFTREERLFERNTFBERT obB ILRFEETH
5T LABbh B,
DEIZKDEEMNLFMD 220, EROREIZL 724
W,

LB, ZITCRERTHBH, AETIIFEIZL S
MEXMARBE#T5 2 2HBE L TW57-9, ERMIC
Ch1LEE, XA K™*,

FHOWTERT 5,

BRI OBR KIS TER L 2B RE K+ 6, & F
W DOREHIRE o,, & OBIR%E Fig. 12128 ¥, Kr*- 0,13 85
25 100DMICH 0, $REIZ k3BT, o,k
LHitbEFric ERT 3EARR 6N, o,0RDDIC
YSRTSEFHW TG IZIFAROBERTH 572, ThiZBH
DiREH LR IBERLBK* o, ICHELRIFT L %
AREL TS,

PEzaxvhil, BMOMBEOMEIZ, F& LTIk
SR OME LB L TBREMTFOETIRE CHES RITT
2L, 7, DT TR SN XHESAFOMELBELT
SHEARITTZE, AL RS, RIFIZRIEFTE
MEROMEDOHEBIZOWTIZ428T, BFIZO>WLTIE
43 M TERT 5,

4.2 IEHEESBRICRITTRMREOMEORE

TR, BEUTFOENREOE-2HERNTTH 5
IESREREAE pIc RIETRADHEIIOVWTEET 2. Wi
IZED pREL DD FRAOHELELOLNSDT,
pE BMDILERFIZX VEIRR 2K 72, B56h-0F
AZLIFITRT, .

56

-

o

o
T

©

o
—T

©

Kt* - o, (MPa)
(0]
o

70 1
L © FP-Base A FP-LC-Si
60 SF%  Eorswa| -
| ® DP-Si(AC)
50 1 1 i I 1
200 300 400

Fatigue limit of plain specimen (MPa)

Fig. 12. Relationship between fatigue limit of plain speci-
men and that of welded joint multiplied by stress
concentration factor.

Table 7. Chemical compositions of steels for investigation
on the effect of Si content (mass%).

Steel C Si Mn P S
Low Si | 0.12 0.04 1.34 | 0.017 | 0.002
High Si | 0.05 0.75 1.51 | 0.007 | 0.001

p (mm)=CEX) +0.6[C%] +0.48[Si%]
—0.30[Mn%] —0.91[Ti%] -+-s-seeerseersesrsrenerenisenens (3)

[C%]: 0.01-0.15, [Si%]: 0.00-1.54,
[Mn%]: 0.26-1.51, [Ti%]: 0.002—-0.075
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Fig. 13. View of a metallographic cut of toe of bead-on-
plate welded plate.
(a) Low Si steel (b) High Si steel

Table 8. Results of EDX analysis on slug (%).

BHERIR 7 — & ISR FOERE IC R T ERFNEROVE

ZEmEHB L wR Lz, FHTIEZO/BRIZONVT,
B EHELABOMEDOR» 6 ERT 5,
MBOHEAERT 51013 T HRBENBE D IEHE L LEH
PBETH 5, HlIZXBEHSERIBEET A Y XUBMS
WE, BALEESTHD, BMBERIBLIRDEHT
5, XEREAROEMREMTT B LT, THRBENM
BARIET S I ENTE S, £ 2 THEYHKE LTERER
EBILEE D EPMA 737 % 1T - 72,
WHELAMHE, FPX— 28§ & XU FPIEC+SiFRM
WMO2FETH D, L 7= ALIE Fig141S/R$ 32 FF,
Tabb, (1) 2FHEAS EyHm L, ERSORmME
T), (2) B (FEdBEmE L, hSRERD ROHEBERE)
(3) WEBRRICHWZRBOBRERE, TH5. AL
FAE D KX X1k, #02mmX02mmDFERTH B, R
BRMEDZ WS, Mn, TiE K UFicL Y — 7 @M
AREL, Sl EEN L=, 2SR L TEE—#8,
B —EPRLIZ TADFIT > 72 BRMEHE L, F-MERO
ERBOLABZLEDLIBSIHIZOVTHN L 2R % Fig.15
[l e IS
Fig152 5, 2HWBHAPOSIEERRL, MR LBRSE
BHROPENEESERETH, 2HREFIBREBAT
HBZLNbrB, £ DERABOMBITEME S DR
BLHMI MUK THD I EHHOLEE -T2,
PLED#ERE & EIZFig 12IZR L BRIEBTO LS 1
AT HZILENTES, FEWICINTIRL 2K S ITFEMO
FEWERE I, BEER{ILTED 3V idHTHB{LITTROBMIZ
KV ERTS, COFERIZ, ZhoDTTROFMIZLD,
ERXHORE L EBHREND 7 274 MIHBWT, 2RO
REBIHNENE =D THB®, —F, FROBEYRTFO
BE, Y XEEABOMBIEY LT VYA P B BVIEN
A F4+ThHD ERDT7 254 b LidREBH, BERIL
TEKE2EOH»d 50 s Adhid, ERORE

Steel Fe Si Mn Si/Mn
Low Si 18 49 33 1.5
High Si 20 63 17 3.7
0.8 0.8

Bos| %
Zo6 06
E | £
% 04 é 0.4
€
802 802
7] [

g
=}

Base metal Crack initiation site Weld metal
(1)FP-Base '

o
o

Base metal Crack initiation site Weld metal
(2)FP-LC-Si

Fig. 15. Results of EPMA analysis on Si contents.

57

311 I



. 342

§% & 48 Vol. 86 (2000) No. 5

BRI NE ZLHEGIEHETE S, BEUFOREMIR
B E2HOREMMICEIKGFETHI L EAHRLAZLED
TH5, Fig 1512 L 72k DI X ZE SO A T B D
HEBEZT, SiAOBILTTRIIOVWTE ZOEERELE
WHB TR EZRERFOEARE VN FAEL L LEXL
bhbd, 2D&KHHEHT, Fig 212 R T & Ic 2 RS
ORI RE I FEMOBENREL LS IThb T ERT
3,
4.4 BESFOEFBECRITHEORETZED
BEHIEEORER X, (1)K HERTEbD
IEVREREEE, (2)IERBOME (BB ks L UHHRILE)
D2O2Thbd, WHIBBIZFE LTIk ->THE D,
MEMIZ(2)EFET 5, Si, TIZEDT7 =54 FDOEE,
I TTROBME, (2)28BL TEMFRER LIZFES
T5M, EICSiRAT It EEMEEsZ L2 —K
ELT(H)EBLTEYIRER EIHFS T3, BSRELT
SivMIIENIRER LIz k& <FE5T 5,

5. #£8

Hx 2L S 26T 2 KR RBIESIR 2 BT T — 2
BHEMT 2R, EYRBRE2TV, UTOMREE7,

(1) ARABEHTIZ, WihoftidMcsmEirEaiz
IR CRET B,

(2) EHIREIIHAMIZL > T47~69MPa b KX R
0, BMOFI5RMEE & & 7 IR BRE & & HHBIA
INE D, SITRIME D £ O HEFEI3EERE 258 < & B {@Er A
»H5b,

/2, EHREICRITTMBRMEORE S, LRSI
LEHEREMBOR» LRET LR, T Z &4

58

55T,

(3) BEHEREEZFEE L EEFERICEK->THERED,
FHRMIC X HWELME (LFERS) Ick->TRE S,
(4) SiMEoDHEmMI, EdoibmSEiREs xR
RREMEORFENTHIZRFESTHI LItk #EHR
BEAkE{mtLys,

X 73

1) K.Takahashi, H.Takashima, A.Ito and Y.Yazaki: Trans. Jpn. Soc.
Mech. Eng., 38 (1972), 1154.

2) S.Hashimoto, K.Ogawa, H.Nakagawa, A.Yoshitake and M.Kabasawa:
Preprint of the National Meeting of Jpn. Weld. Soc., 55 (1994), 402.

3) O.Watanabe, S.Matsumoto, Y.Saito and Y.Nakano: Preprint of the
National Meeting of Jpn. Weld. Soc., 52 (1993), 256.

4) M.Kabasawa: J. Jpn. Weld. Soc., 60 (1991), 495.

5) K.Hirakawa, N.Yamauchi, H.Komatsu and 1.Kitaura: Sumitomo Met.,
33 (1981), 579.

6) M.Shinozaki, T.Kato, I.Takahashi and T.Irie: S4E Tech. Pap. Ser.,
#830032, (1983).

7) K.Takahashi, A.Ito and Y.Yazaki: Tetsu-to-Hagané, 57 (1971), 1524.

8) T.Yokoi, H.Shirasawa, T.Sugino and M.Konishi: CAMP-ISIJ, 6
(1993), 1745.

9) H.Tanabe, I.Anai, K.Yamazaki and T.Tomokiyo: Materia Jpn., 38

(1999), 242.

M.Kurita, K.Toyama, S.Nomura and K.Kunishige: Tetsu-to-Hagané,

81 (1995), 1091.

M.Kurita, M.Yamamoto, K.Toyama, S.Nomura and K Kunishige:

ISIJ Int., 36 (1996), 481.

M. Kurita, M.Yamamoto, K.Toyama and K.Kunishige: J. Soc. Mater.

Sci., Jpn., 46 (1997), 1143,

M.Kurita and K.Toyama: Sumitomo Met., 45 (1993) 5, 20.

O.Ushirokawa and E.Nakayama: Ishikawajima-Harima Eng. Rev., 23

(1983) 351.

AR, AME B, SRR D g@ B FNaEE S

R, 921082, (1992), 77.

H.Nisitani: Trans. Jpn. Soc. Mech. Eng., 34 (1968), 371.

M.Kumagaya and N.Okuda: Q. J. Jpn. Weld. Soc., 2 (1984), 208.

M.Kurita, M.Yamamoto and K.Kunishige: Tetsu-to-Hagané, 85

(1999), 771.

10)
11)
12)

13)
14)

15)
16)

17)
18)



