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A Consideration on The Fatigue Strength of Fillet Welded Cruciform
Joints of Mild Steel under Completely Reversed Bending

by Kin-ichi Nagai, Member Mitsumasa Iwata, Member

Sung-Won Kang, Member SOEWEIFY

Summary

Completely reversed bending fatigue tests were carried out on fillet welded cruciform joints.
with no penetration of mild steel and the effects of the ratio of a fillet size, h, to a main
plate thickness, #, on their fatigue strength were examined with the aim of fracture
mechanics method. The main conclusions obtained are as follows:

(1) 1t can be assumed that the fatigue crack initiation life, N, is equal to the fatigue
failure life, Ny, in a toe of weldment since the thickness of the main plate is thin on
fillet welded cruciform joints used in this study. The N; at the toe failure may be estimated
using the relation between N, and a stress-strain function, D, obtained from the results of
reversed bending fatigue test conducted by the smooth plane specimens of a base metal.

(2) 1In the reversed bending fatigue tests, a weld failure occurs at any stress amplitude
on the fillet welded cruciform joints with A/t of below 0.3, while a toe failure takes place on
those with A/t of over 0.5. On the fillet welded cruciform joints with A/t of 0.3 to 0.5,
which correspond to critical weld size, the weld failure occurs at higher stress ranges, and
the toe failure at lower stress ranges.

(3) The fatigue crack growths from the tip of a lack of penetration are observed with
optical microscope when the variations of stress intensity factor, 4K, which are obtained by
identifying the lack of penetration as an initial crack,
threshold stress intensity factor, 4K;,, in a weld metal.

are more than the variation of

WHEEB D - LERBHLTWS, Tk, THLNIE

T % BARRRET 5T HERTFCIEED 5\ ILHFH

il

WAL R HE T HNEREROTFTHRBEMT
DEEEL 220 288 OEWMRE @ DWW THELY
GHE, WEBR, BAAR, TYE—dy PRIOEE
L, BBILKROBHREE TV, BIEEN
— PSS IR 5 T AROB AT ERL, KA
HOPRL e ERER L 3IE—HL TAROHE RO
FROWE t T 5HA00.4 2752k, TETA
WIEEMF D S-N BEIHBILTIV < H B\ FH
THIHEY, O SEETL— P B D R

*RBRELER
OB RFERERTEFEH SRR G
R ORBRFRFRTIEWEFELEENE Ak
%7 A3 TRKEEHEAD)

FEHAMERTAEESOESROFHICHBENELHEAL,
SM 41 +ETZABERF O — FHIC B HEFR
W3, SRERARNC I B 5 B BE R o TIRIS AR FREL
i AKy, HHOBORDIETEBRE-K T HCEER
LT\, BEL BT 22T 2 MEEENTF TR
BERE O T oW T, EEROTEROMIZ B L
ONDTFEINZ LN B, WE R TOEBEIR T
HETNZ I,

F o TERPFIC BT, Rt RBEACE R WER
ER O M+ T A EERF OTER D iRy AR E
1T C L OBIERELHERTHE L DI, L — MR
2B IR BT T 5 T AR DA R oW
NFENEBE R I L o

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

ﬁ%+$?&@%%%#m%waﬁﬁb@ﬁ&%%%mﬁ?é~%§ 261
£y 7’: °©
2 2 B F &

KL AL SRR 12mm o SS41T, %
DB B X OLER ST s+ - v — P hBEIAL
¢ Table 1 wiido & O#MFM 5 Figl WrTIEER
B B RBAREELU T, Fig 1 (a) i — biiciz e
A EER BN TR W EERE T R AR T R
DR EFR LIS DTH Do HARIEOTEIXERD
HRE 5mm 30 Tmm KEhEFhRELRD IO
Utro R OEMIEMIELIET - L 10X » T £0.02
mm OBETHIEDORECK S X5t EFTn2de &
't,%&Q&W&IWHXﬁWﬂv%kﬁélﬁmiﬁ
DEE AR RS L e © b, Table 2 WRTHRHAT
TIG BEEER L A TARBERT ol B H-T
AN, BEERRIOBREREYEALEL BT LI
Yo T, EEOWRE T B TRAY A A b DENR
7B 6 BMEORBRAREET S XD WH D I, 8H,
Table 2 & RTHEELEIN — N BOBRALE TE DT
BRET B LS RBEELLLDTH %, Fig1(bIK
FFEARALOFEHEAS L RERTFRBATTAA
TR F RN ORY ARER L BT A BFL
b OT, KWE 5mm OERIC K Bifkw R Table 2
R U &fhT TIG BERIT- T\ bo & HIHTH
ETCET oY RUREEEYR<s BN T Figl
() WiRTRHOFERRA & AE L B RBRICHL

Table 1 Mechanical properties and chemical
composition of steel used

' % *
Mitd Mechanicat properties | Chemical composition %
i
steel Y. S.
kg/mm?

U.T.S. {Elong. .
karmm? | %o C | Si | Mn P S

SS 41 30 46 44 10.1410.2210.71 | 0018 0.007

* refered from mill sheet

Table 2 Welding conditions

Butt welced
Joint Fillet welded cruciform joint |cruciform
joint
Symbol of
S\F‘,e;imen F1|F2|F3!F4|F5!F6 B
| Thickness of]
Armain plate] 5 5 5 5 7 5 5
. 1_mm
[ Fillet  weld
size 5.42 | 3.68 |2.96 | 2.15 | 2.46 | 1.42 _
h_mm
it No. of
| passes 3 2 1 1 1 1 3
A Welding
amperage | 100 | 100} 100} 100 140 100 100
N A
i

Welding irec i i
current Direct current straight polarity

| Sofiage about 15.5 V

| Yoge 110 ~150 mm/min

' ?lrg::n 10~12  min

| Eectrode T6S-50 (2.4 2)

; \g%lgé's‘g Tungsten inert-gas welding

LLED &AW T dkg-m O = v 7 RBEH A
Blsa i, 4E L VEEE 1,800cpm TRELTRD #hi
SRR AT » o FREBRA T OWTRARERA O
HroEShio FFECOTLY - oL, 3R
PEE TR L R O T RIEE o LEHHG Ny
DOBFRE KD, : :

3 ERERSLIUEER

3.1 FEBHMOTHEYRITEIRE

B ofESRBC X 5EREBA ORE Smm) XM
DOFIIRIE eq &M E— 2 v MRIE M, O ERE
LIchE 5 28t —Bi% Fig 2 1Rt AROBENCIZE
WU N OBEiERUE N w3 3 A 8 oh T
%o ATHE LV AR \WTHEHOTIICHILOER L A

{a) Fillet weldad cruciform joint
(t=5mm, 7Tmm)

&
HR )

(b) Butt welded cruciform joint

% 12.5
<

(c) Smoocth plane specimen
(t=5mm), 7mm)

Fig.1 Dimensions of specimens of welded
cruciform joint and smooth plane
specimen used to fatigue tests
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Fig.2 Cyclic characteristics of longitudinal
strain amplitude, &4, and bending mo-
ment amplitude, M,, in smooth plane
specimens
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Fig.3 Diagram for the determination of stress
amplitude, o,, acting on the surface of
smooth plane specimen by using M,-¢,
curve and o4-g, curve
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Fig.4 Distributions of stress and strain in the
plate thickness of smooth plane specimen.
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Fig.5 Comparison of the experimental values.
with the calculated values of M, in
smooth plane specimen
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Fig.6 o0,-N; diagrain for smooth plane speci-
men under completely reversed bending
fatigue
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Fig.7 e,-N; diagram for smooth plane speci-
men under completely reversed bending

fatigue
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Fig. 8 "Relation between Ny and stress- stram
function, D, for smooth plane spec1men
under completely reversed bending fa- -
tigue

(b) Weld failure

(a) Toe faiture

Fig.9 The mode of fatigue failure in- ﬁllet
welded cruciform joint .
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Table 3 Principal dimensions of welded
cruciform joints

v e
Specimen - ;an 5 S‘tar‘\dard/o de ncmean K\* Kff'*
hii mm deg] hit mm deg]
F111.08 | 1.1 [154.8{0.08 | 03 56 |1.2811.28
Fillet weld 1F2{ 074 | 1.2 |148.0 0.03 | 0.4 4.5 | 1.3111.32
et welded
cruciform F3{0.59 | 1.3 [150.810.03 | 0.3 3.2 ] 1.25]1.29
joint F4|0.43 ] 2.0 159.7}0.03 { 0.3 3.9 |1.19]1.30
F5l0.35| 2.4 [160.2]{0.02 | 0.3 3.9 1 1.1411.34
F6{0.28{ 2.3 |157.010.01 | 0.1 3.5 {1.11]1.35
Butt welded
cruciform B} — 1.0 {145.5 | — 0.2 4.9 | 1.34 ) —
joint

% estimated by Nishida's formula
assuming complete penetration

%% estimated by FEM with model
of cruciform joint with no
penetration

{\ Lack of penetration
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- Fig.10 S,-N; diagrams for the toe failure in
welded cruciform joints F1,F2,F 3 and
B under completely reversed bending
fatigue
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Fig.11 S,-N, diagrams for the weld failure
and the toe failure in welded cruciform
joints F4,F 5 and F 6 under completely
reversed bending fatigue
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- AK:Variation of stress intensity factor
~ o Ma:Bending moment amplitude
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Fig. 12 Relation between the variation of stress
intensity factor, 4K, obtained by ela-
stic FEM for the lack of penetration
and the weld size, #/f, in fillet welded
cruciform joints
Symbol of| Mean | Toe |[Weld {Un—
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Fig. 13 Correlation between the mode of weld

failure and 4K in fillet welded cruci-
form joints under completely reversed
bending fatigue
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Table A-1 Comparison of calculated
K values by J-integral
and Stern’s formula at
the tip of lack of penetra-
tion (M=125kg~-mm per
unit length of bead)

Stern’s |Kp| 23.4
formula Kg 2.2

J-integraljK | 25.5

WEELRWE L CHB FEM I EER & J 5K
FEIT T, MTFEZF & TFT2ABRKRTFORL
ATREMOK[Er R,  0FtEfHERY Figl2 &
RLTW5B, '

A FETZARERTEARELHT Y ET 5 & EERA
RE»LEESBE Y R T EY R, FIRE (%
— ¥ I)LERTAN (- VI ARAKFCERTIER
E—FRACHELELDONFEYUTHEN, WTho=
— PR TH DR UTRKRH L T, Rice
RELEIBHE, =F A FRPRLEEELBIOT
BD, BIAELIAENTAMCIAZEELYRFT S &4
TERVOTRAE - FROBMERTY K S LTET

NI | -El ectronic Library Service




The Society of Naval Architects of Japan

M+ FTAABRERFC ST IR TRy RECE T 5 —%% 267

EThs, Stern HHYI Betti oMKERE ZHHEL T
Bz —-FV#MoEseEo K & Ky # r h ThiE#
52 5BFEYE TS, £ T, oKl

f 1) M.Stern, E.B.Becker and R.S.Dunham:

A contour integral computation of mixed-
mode stress intensity factors, Int. J. of
Fracture, Vol.12, No.3 (1976), 359.

+ETIRRERTFENBT 22T 5 L TkDde FEM
DEHEHERYRATEZZE R LT K & K #%h
EhsRed, TofERE Table A-1 e JEF» LB
K EHBULTRT, Ko/K1 3% 0.09 e b, +5E3
AABERELIMIT 2R 5 BEOBRAATRERIZT]
WEe—-FRFENT, JEI»LELREKR K &
ZTIVTEMRTHTE B,

NI | -El ectronic Library Service



