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The Influence of Bead Toe Shapes on the Fatigue Strength of Fillet Welds (1 st Report)
—Stress Concentrations of the Bead Toe and Fatigue Life—
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Y asushi Kumakura, Member

Osamu Ushirokawa, Member
Isamu Tsuji, Member

Summary

Experimental studies were carried out to examine the influences of flank angle and undercuts at the
weld toe on the fatigue strength. Non-load carrying cruciform and tee fillet welded joints were tested
and quantitative life reduction due to undercut was obtained. It was also found that the flank angle has
a little influence on the fatigue strength.

The lives of specimens to failure were analysed based on the stress concentration factors at the weld
toe. Visible crack initiation life was evaluated by calculating the elastic stress cyclings at the weld toe
and crack growth was estimated through the Paris’ law. The specimen life to failure was estimated s
the sum of these two lives. Estimated lives were compared with test results and it was confirmed that
this procedure gives the fatigue life of the fillet weld specimen with sufficient accuracy. The influence
of undercut depth could quantitatively be discussed based on the estimated life of welded joints as well

as test results.
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2. RBHRFE

2.1 SiEBF

BEEEY CIELER IR TY 2 BR A 353 MPa &
188 NK KE 36(TMCP #), & 22 mm % FHEHR
ELT, THICIRE 10mm £7-13 22mm O Y TR EHEE
7 — 7B X D BARBEL, MEHREEROBATFHS
FRUBATHRELEWEL 72, HEREKR & BB OB
HEE % Table 1 iIZ7R7,

HEVKFRTIE Table2 IR T 4 RFITH D, C1HF
(Cruciform-1) & T'1 (Tee-1) 12V 7#HAKE 10 mm, B
E8mm (BE) O+FHF L THFETHS, C2EUFIRE
AL — FIHROGHERSREL 255 0ORR 2 HRT 2 2
ERBEGELTY 7HRIRE% 22 mm, HE% 16 mm, £ L

Tablel Mechanical Properties of Materials tested

thickness | yield stress jtensile strength|elongation
( mm ) ( MPa ) ( ¥pPa ) (%)
10 445 507 25
22 487 564 25
electrode 500 570 32

Table?2 Fillet Shapes and Sizes of Test Joints

Table3 Examples of Welding Conditions
Joint leg length|flank angle| welding No.of | heat input
type ( om ) (deg. ) position |passes| ( J/cm )
C1-90 8 90 flat 2 16--25

T1 8 50 vertical 1 31~-32
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7 ¥ =%y b LBE#EF () —X00), 0.3mm(03),
0.5mm(05), 1.0mm(10)) 8L U757 A 2ERE (C1
RFD A, BIEES0° (X)), 90°(90)) DFEMT, A5 14
R R BUWEL 72, BEERMGD 1% Table3 RT, 7~
F—h v MIREBFE TR, F—FiEELERCbizbh 7Y
F—Hy FESHEIRIIENTERY, 7V —Hvh
DES LIBRE— REEDRHTEAL T,

2.2 EHERR

IS ARTIDT V5 —H v MIMEDL S FEHRBRN %
o, T U7z, TFEBAME D S 1308 80 mm D5 EGE
HERF %, %7:TEERMES 318 100 mm O 3 sl FHf
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(a) Tensile Test Specimen

( mm )

(b) 3 Point Bend Specimen

Fig.1 Configurations of Fatigue Test Specimens
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Fig.2 Relations of Flank Angle and Toe Radius
Measured in Fillet Welded Joints
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Fig.3 Failure Lives of Various Undercut Specimens
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3, KHBRE— VRO NEPELCET VLT S
PIZE > TREERNELSNE Y, BERITOEEL LTE
HRERC L 5 T BHEGL2EHTE 38N 2R, ¥
ROCR S FLERURPAPETH B L EZ T3, TR
TRELDRERHR U - BRHEELRTHLOT, Bohi:
BEANCEG2EHRTE 20ROy —AcHE 2 LE
b sy, WHEPREEEZEH T hWEHEGCERT 2 8E
HEeEEHETE 2 LI BEBHZ0T, 75 —~hy
MY OBEMT 7 — 2 O Fafimc T 2 @A 2R AT,

3.2 BEE— FIERomHEPRRY

EEOVLOVR)IP RBEMFORS EorEH T8
BE—FILROIGHEFCH 2 LE 2, KELOmmED
RELHRT, BRMFORHETRBEZEREREICLY
BEFTL C, ISHEPRBOBSRRALER L. *
DEE WKFORFFMIN T 2 RER R 2 AT 57
DOERET -2 L LT, WESOmm F TORBAYKFEIZD
WTHREEREAOIRRAEREC X 35HE2TRV, &
ERTISHEPFEEOBER TR ERH L2,

ISHEPRE K DEE

Omax
Ky =-Omex
t On

ZZT Omex - Y — FILRORKIGS
on - NFRIGST
5 IRER | WE QTN
giF s | E— P E o TS
D3 RAR 2% 5 BA+FHKF O IIE PR

K.=1 +{1.348+O.397-]n(-'2)}@°"67~fa (1)
T
foe l—exp{—O.QO\/—Z—WE-H}

1—exp{—0.90- —%%}
W=t+2h

_ 1 g3
Q_z&(%g—zx(p)
S=t+2h,
hy ! TRAMEABRE 2 U SREABAKRE
0:75v78 o o IEVRFEE
b ERIRE b1 ) TIRIRE

Qi E 22T 2BATHRTF OISR PFHRE

e

xmme%ﬁs (2)
T, SERROBEEEA—TH 3,
Fig.2 0 E— FILHFROFH AR 2 2B L p=1mm &
LT(D)R, (2)RX2EHTERRROBERES 2R
T & Fig.dD kI,

K¢ (max)

Tension t2=0.5%t1

Stress Concentration Factor,

0 20 40 60 80
Main Plate Thickness tl1 ( mm )

Fig. 4 Thickness Effect on the Stress Concentration
Factors at the Weld Bead Toe
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Fig.5
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3.3 BEHBIOREBSSOME
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FHHENE L L TEFEGHEESZ NS, ZOFHET—5
RO 7: 0, ZROBREHEATRE S SBIER I,
RESKO BRI VRR TR/ NEERESFEGEH
LT7F—F 288, KA 490 MPa & COEFEEHD
SEERE L BREAREEGOBRR YRR &
DRI|TEL ELT,

€a=0.415- N6 +0.00412 N;O1* (3)

T

€ . BRTEIRIE
N.: BERBRNFKERFS

E—FROIEHES2E 25 L &, IGHEREEE
2.5~5 DEETH Y, RBRFEREF THEHICT DR L
i¥ 250 MPa~1 GPa O#H & 2 5, £ — F ibigEesic 36
REGEWEEREICNNFEL THw 30D T, E— NIk
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FRIEHE TEBEICHBELICR>TW2 EEZ TR
v, (3)RIELTRRETOEGEERTHLOTET

FEBRRY, K- don=2- 0y :EFETHREI L, BN

FEL TRFEMLARCEHLTLED, £72(3)RA1k%
%25 1° EUTOEY A 7 VEFEERRELTHEOD
TEEHAOFGEHCILTLHBEL TR ERVWAR
W, BEETR hicR2FGHERRAD RES 20, &
TR (3)RDERREE - FCEASAORHERCE
iz TERBRREFGRRLT S,

K.+ Aon=2E +(0.415- N;*%*+0.00412- N;*'*%) (4)

ZOER/TRIFCOBEMEDOL Db H-> T, BWHADIE
FIESy, EHEPRE L B EERREOBRER, HEO
R LEe, BEb, FRRAIOMRLR P EERL T3,
3.4 EHBIEDEREGHIHE

IESIEARER K % b & Paris Bz & 8ROERE
BEIRD, ISHBEAFREERD 3 CRBHEEEET 25
DIEHAESBE L 22, U~ PSR IRELE LS &,
A EBIBO G141 Glinka!? DR LU I2RA TETR
TEBEENTWV S,

=5 +2(5) PG ))
(5)

—

Tee Joint Bending

4.0
BEM - =
£ ==
Glinka's formula ----
3.04 . Undercut Depth d=2.0 mm 4
\

2.0¢
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oy
[}
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Fig.6 Stress Distributions near Undercuts
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IEHAREHF D NEEIBEARBIRATHETE 3,

K= [0, Gz, a)dx (6)
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a . BRETH
Gz, a) : EABHK
EROHE TRBERLE® WMWK S VBN S IE
KEFEEERD I
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DEEREATILENELTL 5, BROFABHRO
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(B3 IRDEE)
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fl=1.122~0,231.<~Z_)+10‘55(%)2_21'72.(%>3

+30.39<t£1)‘
(BT RIEOBE)
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Fig. 7 Stress Intensity Factors of Cracks Emanating
from the Toe of the Weld
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Fig.12 Thickness Effect Estimations of Cruciform Fillet Welds under Tensile Loading
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Fig.13 Thickness Effect Estimations of Tee Fillet Welds under Bending Loading
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