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Summary

The thickness effect of fatigue strength was investigated on welded steel joints with thicknesses
ranging from 10 to 80 mm. As-welded cruciform joints and Tee joints were tested under pulsating
tension and pulsating bending, respectively. The combination of main plate thickness and welded
attachment size was varied systematically.

As a result, it was revealed that thickness effect is clearly influenced by the combination of main
plate thickness and attachment size. A series of joints with attachment proportional to main plate
thickness showed the greatest thickness effect. Another series of joints with constant main plate
thickness and increasing attachment size was second. It was followed by the series of joints with
constant attachment size.

As for the other influencing factors, pulsating bending has shown a greater thickness effect than
pulsating tension. This means that the thickness effect in proportional joints under bending stress is
very large. The thickness effect for crack initiation was largest, and it was followed by failure life and
then by crack propagation life. This was confirmed by finite element analysis. It was also clarified that

the longer the fatigue life, the greater the thickness effect.
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Table 1 Mechanical properties of steel plates

Thickness | Yield Point |Tensile Strength
(mm) (MPa) (MPa)
10 402~455 500~547
22 421~466 500~571
40 392~471 459~552
80 403~449 510~560
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(a) Cruciform joint (width: b=80mm)
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(b) Tee joint (width: b=100mm)

Fig.1 Tensile and bending fatigue test specimens

Table 2 Fatigue test series of as-welded joints

Welded Attachment| Main Plate Thickness, t4 (mm)
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Fig.2 Strain range behavior at distance of 10mm from
weld toe in Tee joint
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Fig.3 S-N curves of cruciform joints with attach-
ments of proportional size (Series C1)

400r——rr—rrry e T

300} x..
250f "o
200 '

1501

4/t (men)
310110 -
A== 12210 o
O—-—em €3-40/10

wer C3-80/10

Nominal Stress Range, Ao, (MPa)
E-3
=
=

60r

10% 108 107
Number of Cycles, N (cycles)

Fig.4 S-N curves of cruciform joints with attach-
ments of constant size (Series C3, =10 mm)
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Fig.8 S-N curves of Tee joints with attachments of
constant size (Series T2, £=22 mm)
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Fig.19 Dependency of stress concentration factor by
FEM on plate thickness

ERDEND, BHEELS K CREMT 2 L {FET 2 &,
()R (2)RDEHE, n=-m OBFCH2, T2b
®, Fig. 19 OEIRROME X 135 HE ORBERR IS T
%,

ZRICE D &, 2EIIIEE 1/4 138 o T3,
HOMFIX1/4 XD L RPRATH Y, —FHFILODED
DTH5, HEMEFTIZ5I3RY LT i3 %<, Fig.16
DEBRREZ—BL v, ¥, —FERFETIREIEY
B & b1z, Fig. 19 OREZNE, Fig. 16 OXtGT 2 #F
DFHE LV KE WV,

WESRIZIEERREDH % 5 F, f‘*?&mﬁmﬁﬁﬂf%@
IEHBHOBRTZLEZSONTVE™, ZD k3 hES
Do, WHRHEER LB E2RA T, LGS ES
WEKE BT 2 x SRRSO % 0:(y) & L, AW
T153%% oly) EFEDT L, 0u=00(0) TH 2, 0:(y) %, §

BT 2HBBIRTOICH AR EER L 72 kR R
B,
{0:(y) — ()} Jon= o+ & {0/ (o + ¥)}?
+a{o/(o+ )} (5)

T, x, y BEREEREEFA L LT, Fig. 18(b)DA
ML > REEERTH B, B w, @, ok FEM f#ATic
L BIEN A%, BEIEKE X DREAAES Smm £ TO
BETR/NEREARL TED 2,

D& L THEBIEREIBEOIE I E KD, &5
i oy) & D AIEIEPEE Ke #RARL DEET 2,

Ke={ ["a)v} /(0.5) (6)
T2bBL, Ke 3RED»SEFES § & TOFHISHEFHRK

THY, S=0DLERK L7553, 72721, Ke(6=0) &
(3)HD K, BBEICIE—H L v,

4£=10,22,40, 80 mm I3 ¥ 3 Ko & 6 OBAFE % (4)2
DI TERL 72 & & DHE n(=—m) % Fig. 20 15w T, Z
NiZk s &,8=0~1mm OEHIZ BT, LEEEFETIX #
=0.25~0.3 THEAME L IZIZFA AL —EMFE Tz n=015
~0.22 TEEREX VRVAE VL, —ERFETRIEED Ll
FOESERTH B DML T, HEMF CIIEZHSEL,
IHRERER L BYEOMEATH 3, %8 0=025~1.0
mm OBE TR, o BHREHRICIEL A LFEL 2,

&5, RIBREHESEG ERESEOBGE LD 7
O, BENFHEET R o7z, BEILBHOES ¢ 08
At d 2R BRE K 3, (5)ROEHAH %A
T, KD &> wEtEsn s,

K= [6:(4)- G(a, y)dy=0.-F(a) (7)

LT, EHBE Gla, y) £ LT, BFEIYIR &4z T 3
YOV EEW, —F, BHEBAOSEC L E XDOREHER
CREE I

da/dN =154 X 10" 4K>™ (8)

ERDLEINZODT, IHBRHES a b o BKBAES
ar £ TORBEFGR Np CHHET 2 AHIE/TEHE doy 13

Aon=(154% 10-“N,,)-”2~’5{ [ F(a)'”sda} e

(9)

ELTkE 3,

6=10, 22, 40, 80 mm IZDWT, Np=2X10° ar=t/2
ELT bR & Y BERES TR don 2 (2)R
DRCERL7: & 2 DIRERRIEHR —m % Fig. 21 &R

[
ey
[
c
o 0.3 7
o
x S
e __Q_ —— ]
k5] (b) Constant Attachment
O
————— I e R 4
£oo g S
" o
2 b——t—B=——R
Q L
c
4
U
c o) Tension, p=0.25mm ]
0.1+ .

= P AN p—— Tension, p=1.0mm

9 erersrsrnrasanssanes Bending, p=0.25mm

Ormmmeme - Bending, p=1.0mm

0.0 . : . :

0.0 0.2 0.5 1.0
Integration Depth, § (mm)

Fig. 20 Thickness effect exponent by effective stress
concentration factor

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

298 HAEMF=HRIE F 1695

0.1} ]
1S
0.0
€ \ ]
2 -0.1 (a) Proportional Joint \ .
o - \\
l%_ A
o Tension, p=0.25mm
g 0.2 A-————- Tension, p=1.0mm
E L | X Bending, p=0.25mm
O=mmameme Bending, p=1.0mm
9 _
4]
c
4
2
£
o

(b) Constant Attachment

~0.3 t . 1 !
0.056 0.1 1.0 2.0

Initial Crack Depth, ap (mm)

Fig.21 Thickness effect exponent by crack propaga-

tion analysis

T ZhiCE B L, WESIRIZ ao KHEEL, @Sk
WEZHRITKEV, ZOHEIR, —ERTFIC TR
FOWERNRSKE L, FIERD THTHT ORERIRH
KEVWEWIFEREL-TEBY, Fig. 16 LtEHRZERTH
%, 72720, mOEFOHLDRI—FH LV, £/, Fig. 20
AT, Fig 2l OIREHREHZ D/AE N,
BRCHEPRENC & 28, BREBERE b, 55K
D LT OZE, AT L —EMFOELR L ATE
BREELIZR-BLRY, ZThid, ZoflcIhsoEiRT
ERINTOROWIREHREERFEH 50 TH>3 D,
Ko WX BREFRIIKRE S, BREBBI TR @ 2N E
W ERBRIRIIAE W L5, BEKFORERIIE
FREEBLES ImmBE I CORKABRBTREST
WwWarEZSNSE, Lzh->T, MNBHOERES, /)
SR RAMBEBIMOBHMANDOERET, REBMOEHRYE
LIWEMRCEEL T3 THSI,

5 %

AR THE, BEBEYH YP 360 MPa i © 10~80
mm BEOTFHRF & TERFEOLTEFABREZTRL,
BEFIMFOEFBECRIZTIRESREORERTF, &
BRFIEOBELR L 2RI, &, BY—YIKL 283K
EEGREEERAT, 251, BUEBITC L 283 %1T

)

o CTHESROERIC DWW TER L, Z0OER, UT
DFER T/,

(1) THRESERT TR, FBRAB2EELETOBR
FEFENVLOPEINIBEDOH 2 —EELLETH
i3, RBABRESRRERCREEEEEIRV,
(2) BARLEHFMIL, BFEREWTLD 10mm OER
Bt LB —Y k) EHERE =5 — L, EEHEIY)
HED S SRBETURROWEAR UL L THRIETE
3, COBHUREFMIIBRHES I~2mm BEIHIGL
Tw3,

(3) EEB L A2REHNEOFERTFICHAL TRKRD LS
2 Z EHSHEHL T2,

G-DEES LD LBRUREFEGIN T 2HEROS
DA E W BREEEFN T AIREMREIER /NS,
(3-2)BIERY HEEZ T 3 +FRFOREHRIZ, FRE L
VAR OBIR TR 5, BEMAIYHESERE
DRI - THETHBEEBRVRERRIIRE O,

(3-3) WA I T DS AR B ORI - THBIRIZHE
THEG, SRVFHETOTFHRFLIV L, BHHTHETO T
FHF O REERRBKE

(4) IS & 2IEZIRTIRIRD & 5 7% 2 & H3¥B
L7z,

U-D) BRSO~ 2 FIREIC A S € TH, 1bmEE
BREFBCER LD T, KESKELSZ3RE-T,
BEILHBEOIGHERRBR AR k5, ZOEANER
ORBEZRIIEITNEL TBY, REMROEEFRHL %
Zohb,

(4-2) BITUEHBRENT L 0 b, BYISIEPREN X 2 1RES
RBoKE W, 7z, BREEEAM CRPBBRAM/ NIV
RESRIIAS VLV ERSE SN,

(4-3) 2D LI Z oo, BEMRFOREMRIIBRAESL
EHrER ImmBEE TOREARTHREI > TWS &
i3,

D&, WEMRIFERCEELRRTHY, Kb
RICBVWTHZOREBTHEHES Wb I Tldkwv,
TR AN O EH L RFORBER 2 FHIT 2 ET,
REEOIFHNEREZESPICLTBL I LREETH
20T, E5EHLDWEBEEND,

i 32

A 13 () BAMIIRRS ORBIS 220 T (D BA
HEMFIZEHS SR 202 FIFERe (2 ERMESE, Bife
EREBIREE) THMEL 2 AAREO —HERD £ £ ®
12HDTH 2, RREDEERT, BES Oz, ARTE
), IIERIEE (M), EREBTEM), ) MF ST
ko TEMINT, FOF—JOFER*PREIN-CH
SEHITLLOBMEERLE T,

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

1)

2)

3)

4)

5)

BEE FMTFORYTEBECRKIZIREDR L T OFERT 299
6) P.J. Haagensen, T. Slind, O. Orjasaeter, “Size

2 F X ®

Department of Energy, UK, “Offshore Installa-
tions: Guidance on Design and Construction”,
(1984)

Det Norske Veritas, Norway, “Fatigue Strength
Analysis for Mobile Offshore Units”,
Classification Notes, Note No. 30. 2, (1984)
American Petroleum Institute, USA, “Recom-
mended Practice for Planning, Designing, and
Constructing Offshore Platforms”, API RP2A,
(1981)

Department of Energy, UK, “Background to New
Fatigue Design Guidance for Steel Welded Joints
in Offshore Structures”, (1984)

Proceedings of International Offshore Conference
on Steels in Marine Structures, Delft, The Neth-
erlands, June(1987)

7)

8)

9)

10)

Effects in Machine Components and Welded
Joints”, IIW Annual meeting, Doc. XIII 1306-89,
(1989)

S. Berge, “On the Effect of Plate Thickness in
Fatigue of Weld”, Engineering Fracture
Mechanics, Vol. 21, No. 2, (1985), pp. 423-435
KRR, RBE, MRAT, “BEEFOESBREC
BLIEITERIR”, R&D MFESERSR, Vol 38,
No. 3, (1988), pp. 22-25

H. Tada, P. Paris, G. Irwin, “The Stress Analysis
of Cracks Handbook, Second Edition”, Del
Research Corp., (1985)

H¥E—, [EREBXR, “REREHERA0EY 8%
REFHEORE, BEYERTE £75 $28,
(1989), pp. 90-97

NI | -El ectronic Library Service



