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FATIGUE OF IN-PLANE GASSET WITH STATIC LOAD IN MAIN PLATE
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Fatigue tests were carried out on twenty-seven in-plane welded gussets with static tensile or
compressive stress applied to main plate. As-welded specimens showed longer fatigue life than stress-
relieved ones due to compressive residual stresses in the end of the gusset. For the stress relieved
specimens, specimens with compressive static stress had longer fatigue life than those with tensile static
load, because the compressive static stress seemed to reduce the stress ranges in tension side. The same
tendency was also observed in the specimens with machined gusset ends, R=3 mm and 10-mm. However,
a few specimens exhibited fatigue crack emanating from blowholes, which was exposed to surface by
machining process. In these cases no fatigue strength increment was observed, which otherwise expected.
Key Words : fatigue test, welded gusset, as-welded, stress-relieved, residual stress '
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®—2 RBRIEOAIE X ORBREEK

As-welded Stress-relieved Stress-relieved R3 | Stress-relieved R10
Static | Compression CX1 CR X5 R3CR X2 RI10CR X2
load 0 . NX2 . - R3NR X2 RIONR X2
‘ Tension TX2 TRXS R3TR X2 R10TR X2
#—3  as-welded 35 X U stress-relieved BB DR I RBRFER
Specimen Stress range Static stress | Origin of fatigue Initiation life Fatigue life
Ao (MPa) o (MPa) crack N, (X 10%ycles) N (X 10%cycles)
N098-01 98 0 T2 664 >6,950
T4 687 -
N098-02 98 0 T2 2,000 >11,161
T4 3,002 -
T098-01 98 98 Tl - 600
T098-02 98 98 T2 2,688 5,546
C098-01 98 98 B 247 2,505
TR098-01 98 98 T2 94 263
T3 134 -
T4 254 -
TR098-02 98 98 T2 80 400
T3 125 - -
T4 170 -
TRO78-01 78 98 T4 328 900
T3 522 -
T2 725 -
TR059-01 59 93 - - >10,399
TR059-02 59 98 T3 437 1,167
CR098-01 98 -98 T4 - 580
CR098-02 98 -98 T1 128 469
T3 282 -
CR078-01 78 -08 T4 707 1,404
CR078-02 78 -08 T4 448 884
CR059-01 59 -98 - - >10,453

T : fatigue cracking from turn around weld toe, B : fatigue cracking from groove weld, > : run-out
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Specimen No.

tress range

No

stress-relieved

N : no side stress,
T : tensile side static stress

C : compressive side static stress

L &2AT - 78R 1A,

3) R3 RBRIE : stress-relieved REREDOEEREILIRE %>
TIACE Y ¥R 3 mm THIHIM IR £ EF) LR
BRIk, 2B, R L EFURLBOBEBOREHIT,

FARAITIA o F —THEITT.

4) R10 BRI : as-welded RERBOBELIEHEZ - F
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BT ESRER 10 mm ZRERT D20, Bl 2
mm 1 VAAT. RAEEFUREFEORRED EIL, 7

ART TG & —THE LT .

T1

Y

T2

'

a

T3

AN

T4

2.2 |HEER

HHRERIT, BIAVREH 980 KN D7 AR T —BRIFEERE
HRBME AV, BIELUEE 4.5 Hz O—ERIBHETIT
7. TIRFEIX 29N (TR TI63MPa)E Lz, *
REB OGRS HEL, £176kN & L. ZORE,
K-3 WRTEEE ALY, SBICIHT bR T >
kBT A Z & T+98 MPa, MOy PEEMTITA
LT MPa DG ETEA L.

HEAE O & AR EHRERE LU 10 mm AT 0.04 mm ¢
DUV Ay MEBSRERMT L. SEBIRE - EET
BEINLOHEBBEIN, RPBBAEBWICELTH X
ITip o TND. £ 2T, EREAEHA N, LSRR
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EFRBRCAVWERBREOLHKE LORBRBELE-2

aboig
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BRI 3 KON 2 FiEb LERROBKLERE, T
v MENDH 30 mm BEN NV — T B EOIEREICE S
ZHNRBE L.
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WRIE RO &5 2 58 "L AT, b LBE#EERTYE
RH 2L 14 BEBKRCTRE L. ZORKELZE-
4(b)IZRY. FE, 2 T 1X107 BOME LEE#SX T
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L7z, ZTOW 8 » D& RNER LIETEM N E - 7%,
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B-5 2 as-welded REBRED SN B Z =, HHRR
X5 TR, O 1 EIEASEERIC 24.7 AlEIT
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TEFRBREEILELL. £, b5 180, BRI 200
FEITERPFEAE LN, 1,100 TRIZHELA2ETEDE
HWPEETT, RLVRREELLE.

-5 ICHKE O R TRTERICHIE LHELZHR
T LERRT — % "ML, BS5400 38 LU0 IW-50 &4 % T
S TWAH, ISSC O HEZKIIWRE LD, Ty bz
MR LIFE 28T L7 as-welded RBREIL, N.BAZh &Y
£<720, BS5400 O F2 BRBELRoTVD. E,
FEINC LD EFFEGOEITIZEALERENRY, &
A, ERIEY R LUAMEZEA LGS, as-welded 3R
BRI TV v MRIZ 200MPa 8% 2 E VB EREIG
ABRELTEY, MAFSHADEADEEZZ TRV
BThBH, L, SEMIC N, OIEL TR AREN., f
24X, MG 0 O N REREREDRFMAUC2 > TR
b, {FHH+98MPa O T BBRED NI REE BN
TWhA.

£ [ED as-welded BRERETIL, RO LS REANKBESNh
5. Thbb, RAEFOELEVEZELERE TR, %
NEVEVESERBELEILEXEBRRELLLORD -
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TIOBKEREEZ DL, as-welded DRBEITIIHRT S
EH I ERRICEVERBRESNREFEEL TN LR
BHTE 5.

(2) stress-relieved AR {&

stress-relieved BRI D S-N AR & H-6 12~d. il
B H+98 MPa &5 % 7 5 15 CTlX, Ao =59 MPa THE L
7o 14628 1,000 PEIZE X THEHNREE Ld -7,
o> 44K1F, £ X200mm O v MEERFICHEYT S
ND9%R L7, stress-relieved B TIL, BESHOE
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~
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w fatigue load \\\BSS 400-F2
< ISSCH
20 Ll s RN | 1 Lo e eayd
10° 10° 10’
Number of cycles N ¢

X —7 as-welded 33 XU stress-relieved 2RERIED N,

EHROEBOLRD LS. T, JIFIEHIZEY E
BISH ML 7D AT, S HEENEL LTV
W, BROCERFRICESHEZZTTEY b
REFEOEHHRE L A2 LEX DI,

#1298 MPa DRIFISH &5 % 72 HAIL, +98 MPa D
BRI HARHEGIICLH D,
LHEEZEAT LERABRERLAFKCHD. Thbh, E
MEOMFISANIEF ERHBERL RB VT v MROWBHE
OIS HIRE R ERIICBT S, FPEHHEE /N
SHDH. TORR, ISHEBEO—HBEMG I ERY,
BEHEMPEL RO LDLEEX NS,

4B as-welded BERIE & stress-relieved RER A O RERES
BEPR-7 IZRT. fHIGHR+98 MPa D&, as-welded
BERIAED N, I stress-relieved BBz, 1 KIXETE
<, B TBERFIO/UERON L5 TS, Ei,
FIEH3-98 MPa DEEITIE, 6 HFRENAEL 25T
3. MEOERFMICESHELZ 512ty MR T
i3, Vv MEISIEREEAIE THo V. AEIR,
stress-relieved RERIFIZH A~ as-welded RERED N, BEH
BUCHB Z b, LREEE CEROBEREINN

Z DR LR IR

T — T —— T .
static load | 98 |-98

200\\ main plate | = e |7
-~ I~ \\
s N ~o ref7) o| <
% \\\\\\\\
8 100 \\\\l\:l\{ -
o 80F SOOE s o0 -
o = ~No N -
P2) ~ ~ \\
8 60 SO ED DN © # -
2 L \\_-\\EL:\\ N
] _
% 40 static load \\\\\_: \ILW___S__E___:

fatigue load ~ BSS400—F2_‘
~ ISSC-H
20....! L R AW 1 Loyt
6 7
- 10° 10° 10
Number of cycles N ¢
K —6 stress-relieved BRERIED N;

BEETAZEBBELDbND. -

4 REEFU-BBREORSHBRER

41 BEHERAORES L THEERR

stress-relieved BRI D IE¥RERIC R AL LiF L 72 R3 3ER{E
6 153 LU RI0O BREBRE 6 (KD R F R R 2 R4 177
R3 BRI 6 ADF 24 » FiD RALETEON 13 w7 Fid D
ETINAE L. HEHICIEK-8 IRTEHICEBRH B
Wi 14 MO SEBR NS, F—RBRETILITSET
MELUEE T2 F23 yARc S EBRE L, 2T,
R fE BT 2RIZITH Z L T, &LLIBEOIKSAEFR
BRFIFE L Ro L BRALBLXLNS. T,
R3CR098-02 BEREIL, 3 yHiINLEHNBELE. 20O
W1y Tit R EEFIck b 7 e —KR—RnKEicHi <
XTeld, TORMERBRL LTESESHNRE - B
L7z. R3TR098-01 RABRAIX, R EFORMEILEIZT 1 —FK
—VBRFEL TV, _

R10 BRERIBIZ DOV T, 6 DN 4 13 R B E4EM
HAVIL 14 FEHEERREL, ThRERTHEEE R
L. Lo L, RAEEFICEVAETEZ o —F—
FERME o7 2 B, ZZE2ERE L TESE N
FRELT.

4.2 HWFEGN,

-9~12 12 R3 B8 LU R10 RERED S-N R %777
H A ORERIL, Ad L7z JSSC, BS5400 BLU IW 0%
BRESKZETRLUTEY, ERIT stress-relieved RBRED T
BB L W +2s (s : BERE)DEBERZT LTS, *
i, BENSOT R —F—A0 R L EFic X > TR\
Rk, ZZEERE L CEREIBELLREET
LTWwWa. F, +HEI R SOREEHFICT 2 —F— L
BEELTHWEESERLTVA.

(1) R3ABK

X-9 i R3 BBRIEIS L1 stress-relieved FBRAD S-N#
K %79 R3 RERE DR FRERIT, MII5IE723 0, +98 MPa,
-98 MPalZ 2\ ¢, FNEN2HITR-%. RFEAR
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F—4 R3IBIUVRIOBRBREOESRBER

Specimen Stressrange | Static stress Origin of Initiation life Fatigue life
A o (MPa) g (MPa) fatigue crack N, (X 10%ycles) N, (X 10%cycles)
R3NR098-01 98 0 T2 325 587
T3 ‘ 318 -
T4 325 -
R3NR098-02 98 0 T2 377 721
T4 377 -
13 380 -
R3TR098-01 98 98 T4 or BH 134 388
T2 324 -
R3TR098-02 98 98 T1 262 462
T4 362 -
T2 397 -
R3CR098-01 98 -98 T1 964 -
T3 - 1,857
R3CR098-02 98 -98 BH(T1 side) 560 744
. T3 560 -
T4 619 -
R10NR098-01 98 0 Tl 644 -
T3 689 873
R10NR098-02 98 0 T4 844 1,023
R10TR098-01 98 98 BH(T1 side) 93 234
R10TR098-02 9 93 T4 441 691
R10CR098-01 98 -98 BH(T3 side) 472 829
R10CR098-02 98 -98 T3 2,600 3,500
BH : fatigue cracking from blowhole
%3 TR 098 - %1_ Tl T2
L- specimen No. A X
stress range A ¢
stress-relieved
N : no side stress
T : tensile side static stress T3/ \
C : compressive side static stress T4
radius of rounded weld toe
beach
" mark

) —_—crack

/ J ~T1 <«—crack «—crack
= ! beach
turn around mar(f( turn around
weld weld

~N—— R3TR098-02 R10CR098-02
beach turn around gea;:-(l;(h turn around
mark weld weld
« blowhole
. ' « blowhole
R3CR098-02 R10CR098-01
[/
// <— blowhole
% turn around
weld
R3TR098-01
(2)R3 HERE (b) R10 BRI

H—8% R3IBIVRI0BREOXZME
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T ’TI T T mrmrrTrIT I T T LI B B B I l .
0 |98 |-98
200 :\\ R3 O ] o |
M « \\\\\\ stress-relioved bl .
% \\ \\\\ +
100 S~ @gor o -
80f N TN e .
L ~
= T— ~o \\\\ -
§ 60~ SO RO 4 .
2 - e \\\\ -
(5] ~ ~ N .
vi:) 40 static load \\\ O ILE_[___S_&_ =
fatieue load ~ BS5400-F2 _|
atigue loay ~ ISSC.H
20 raaal 1 1oyl 1 oyl
10 10° 10’
Number of cycles N ¢
* : Fatigue crack emanated from blowhole.
+ : Blowhole existed at fracture surface.
-9 R3S LU stress-relieved BEREED N,
& T T T T T T
200l tensile static load 3 4
=T o8 Mpa o R
% R10
8 100 d & -
% 80 ]
g TR test data
= 60 ~
§ o -
& 40 =
20 ol 1 r a1 gl \ sy vl
10° 10° 10’
Number of cycles N ¢

* : Fatigue crack emanated from blowhole.
+ : Blowhole existed at fracture surface.

B —11 R3 38X RI0 REREDOREETH A N,
{5 557148 98MPa)

-98MPa @ 1 i, 7 u—F—AEEEL U TEEMNRA
L, 74 FEMCNATE 572 b 5 1 RORBRIED N X, 186
FETCH 7. REBIZKRERMED S - = RBR B 2RI,
5 RS F125-98 MPa DA 1I+98 MPa OH-FITIHAT, N;
B4 FLUEELS RoTWB. E, JIFHEAR 0 OBES
i, +98 MPa DEARITHRT N 1.5 BFRERELS ko
TWA.

IF5 IS5 25+98 MPa @ R3TR098-01 RER{ED N; T,
stress-relieved RBRE L ) HETHERBEL 2o TS, =
g, 7e—F—13 R BORMI KEEL Wk
BEEZLND., B, ZOTu—FR-rbLEyEE
BRAELUZZHE I 0L, BHER» LM TEho
7o, —77, IFISF153-98 MPa DBEITH, N, 4 EE
<poTW5b, H¥ vy MNEEMFO stress-relieved FHER{E
WEEBR L7e & DI ISSC EHREHEs0 H SREEL 2
STUVNB B, YEHEIE SIS 4R 3mm D Rt Bz k5 C,
N IEFREL, IW-50 BEER->TWAS. 27EL, £

T T '1T T T I T ~rrr l L
0 | 98 [-98
2008 RI10 o oo |
~ N \\
S NN stress—relieved ] .
% N SN
\\ ~ *\\
b 100 <. Im_ e ondo o -
< = ~ ~N _]
[ 80_ ' ~ \\\‘ * -
80 = o \\\\ J -
Paf [ 4
§ N \\ \\\\ N
% 40i- static load \\\\\\ Ey_:_s_g:__
fatigue load ~ BS5400-F2_|
S SSC-H
20 el 2 Lo a g paal 1 1 sl L
5 6
10 10 10

Number of cycles N ¢
* : Fatigue crack emanated from blowhole.

B—10 RIO 33 L TN stress-relieved SRERIED N,

L | i L LY T L LR |
200 compressive static load i
£ - _og Mpa R3
> o RI0
[
< 100+ ¥ o o .
2 80 -
~ - CR testdata B
7] 60[ -
g -
U140+

201:“] : gl N A N |
10° 10° 107
Number of cycles N ¢

* : Fatigue crack emanated from blowhole.

H—12 R3 3B IORI0 REREORIETHA N,
(U5 1577 H3-98MPa)

BEDTIE, Ty MERZERICAVWZX 57 R=3 mm
T T2 Z Lid—RE TRy, ZZTRLEERSHRE
ERIISERECL LHTRL.
(2) R10 B

R10 RERE B L U stress-relieved RERED S-N AR X %X
-10 12779, R10 BRER ISV TH 0, +98 MPa, -98 MPa
DRFFIST xRt LT 24, 36 ROEFRBREIT o7,
ZDWN, +98MPa, -98 MPa CTRER L% 1 1%, Rtk
FLizZ e LV BEEBERARO T o — K- RER RN E
Rol. BHERIZORARME»HLRBE - ERLL.
Zh b ORBRED N, IL, +98 MPa D512 23 HE, -98 MPa
DEEIE 83 FEITH 7. RERMGPBOHERED N,
i, +98 MPa DAL 69 HIEl, -98 MPa DiF-A1L 350 &
BETHY, RERMIZEY NRMETLEZERDRS.
R10 REREC, REXMEETIRBEDT —F 2B}
i, XIS F7 43498 MPa DB-E 2T, -98 MPa DA
TIEENAH S BERL R->TW5. ACERRRISH 5
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-100 0 100
Distance from center of specimen (mm)
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...................... saw cut line m E - Sso 7 3
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23505+ TN &
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>
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400
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2
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w
E
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&2 ~200
analysis ——-- _
—400-! ) n ; | . L
-100 0 100
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by T bHH

H—15 WEREIEOFFONERRL L OBTER

R ZRITIT, stressrelieved BERED N i, 1EH
BR % RI10 1AL LiF A Z &, N ISR SIH+98 MPa O
BE 1.5~ (FRRE, 98 MPa DB4 6~7 FREmLELT
W5,

E-11 12+98 MPa DTGNS 28T L 72580 R3 HER
KL RI0 BBRED N, &R, 70 —K—-APERERME
7257 R10 REMED N, R3RERED 12 BEWCEL &2
S TW3. RERMEPIZVIEEIE, RI10BBRED N i R3
HEREIZN, 15 FREE<R-oTW5S. £, R3 R
BRIED N i stress-relieved FRERIEDFHE L FRE L 725
TH5.

12 {255 -98 MPa % 5 % 723580 R3 Rk L
RI0 BBAED N; Z5RLTWA, 7 u —F— VEEREIZH
Ni-BE, IEERO R A EITFOREBIZL 57 N X RRE
LTS, BERMEPEVES, R10 BBRED NI,
R3 REEOH 2 HEFFEMPEL 2oTWD. Thid,

RIS 23+98 MPa D& & RRRE T, R=3 mm »5 10
mm & RKELRY, TOHENERRENNEL 2o THE
HEMPIE 2o,

5. BEREL AOME LRI
Bk Lk 5, WHBREISART &y MEERFO

 RFFEMCEBEREIL TS EEZDNDEY, ZO

MEOERFEB IO vy P HFHOEEIGHORER
X OE DN 24T - T2,
5.1 BB HDOME

BEIS S OREN, as-welded FRERE 2 35 LT stress-
relieved BB 1 %AV, ®-13 23T L3I 18D
FTHT —DF =T lmm)EFERB IOy VO H
KR LT, SIBHEIC X » TITo 7. YIBNCIINE lmm @
RURY—2RAG, K-13 1R SRR - TIEE Tl
L.
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5.2 BEhORK

eI, RBRELFRUCHEL L, b LB
ITIESER o % 0mm, A0 % 457 L LTEFTVEL
7. BITET A, RREOXHER LU FEORE
FR~OHRBEER L, RBRED 18 2T L. ERX
SEHRDOYVY v FERTHY, B/NEHREIX2X6X2mm
ThHBH. TITHE, BEEE 700CE TR LR
BEHEEE UTBRERITEZITY, ZOBITH»H1E
bNTCRENREBMEL LTE X, BB 21T
ST, Th b OBYREMHT I X OSBRSS ARAT & iR
LATY, BT LEERRE ISCETETLEE EDOKH
BRD, THEBBEEREEHE L. 2B, BT
FERERMT 72 75 A MARC ZAVe. T
T SRM OMEHE R O IRERFHIIR-14 1R T X S ITRE
L7%.

5.3 MEHRE L UBRITEE

X-15 2 as-welded RBREOERSGHORERRE IO
TR RETRT. ROMEBIIREGITHY, SEIR
BRIEORIBHRRIL OEMTHS. HM-15() IXERF M
DEBISHHFHERL TS, as-welded REREIZIT, =
ROV IEREICEREAD 60~T70%ICH YT 5 250~
300MPa OBEWBIBEHEZISABREL WS, BIEREISH
BAETTOAERITIESETS S 10mm BETHY, 0
OB T SOMPa UTOXRE SOBEIEHH LT
W5, BTRERIIHERERLE B —ELTWAZ L hb,
BRBMEET 21T 5 2 L T, ERFOBRER N % TE
THZLNARELEXS.

-1ty P FAOKRERNSHERT. as-
welded RBERICIE, VE v FESHLEICKH-200MPa DE
MRESARELTEY, BEHL 10~30mm OFEET
200~300MPa D[ EEREENCELTWVD. i, RIB
FRETH-100MPa BEDEMRBEZIGAREL TS,
ZOGELREISHOBITERIT, Ty MEOWERS
BEBIRLTVWS. 277U, WEHRRE T, EHE
BEALRETAHLHIREEZRLTNS. Zhi, b
LR e v MEd b 20~30mm OFFTIED TV D
LDOHRET, BT THIOIEEZEBELTHRVEDE
Bbhs.

B L7 & 51z, as-welded BRI TIL, Fk o MBIz
BUVISHERRH B, TR LD IEVESEREEEND
BHEEPRELED, EELERIOREAE LLEENMS
HL-LbORHA. Ebiz, EHEMN stress-relieved 2
BRAELYEEGMICH-T. 2B, TEy MNEEE
DEWERBECIPEELEZbDLEL NS,

stress-relieved BREREIZOWTHY, FEEAhT Ltk
¥y MEOBWERBEZS AR v MEEE L 10~
30mm O & VB IR G S108-50~50MPa 12| LTV 5.
L7ed>T, BIRD X 5 ICEREREISHOFLENEL 2
B, TORFBETERTMICHEE LHEZRTL
TR RRER"LIUE—B LLEXS.

6. T&H
AT, TAFEy FEEEEO ERF IS

WHEEXT, ey VFRMICESRELIEA ST E

FRBE(T o7 Fh, v Mg RR=3mm & 10 mm)

HEFUERBELX BV TEFRBRET o, &b,

BEISHDORER X O OBBBERT 21T - T, &Y

FmRITTEBERN L.

A ETHELNEEREREUTIORT.

1) as-welded RERIEDO T ¥ » M HFFICHSE LFEZIAT L
72BE, ERFEOMIT IS L8 MPa I BT, o
AT stress-relieve BRERA LY bEWV. T, &
Ty MECEWERZRESIBEEL, ZOWIrL0
BHEHBREEBIXBHTHA.

2) stress-relieved BERIED EARFNZ-98 MPa DRIFF IS
EEXBHE, EHBERNFISHBRNEEICHAR E
T 5. +98 MPa DS A& EX BT, EEALE
BEBEICREERITI 2.

3) BEERERE R 4£LF LERREFIC OV TH, 2)TR
L=k 3R %R L.

4) R=3 mm otk BiF 72 RBRRIZ e R=10 mm {2 fk kif 7=
BRBREIL, BHEPREBIELS oy}, BHEM
Btk L., ok, T TRVWERREIRERELIR
o, BEBRERSHIRE50 MPa XD /hSWHEICR-T
Wi,

5) AER T, R EEFF 5 Z Lic ko TAENTICHE
ELTWB T e —FR—ARREXRMERD, ZhEEs
WP EERRE - BB LT~ ABDoTe. ZOL X
DFEFREITT B —F - ARRERZETORWEEITH
NTETT 5.

E

KERPFITTRCHEoT, WA B (5
YR : A HBRRF TEREATER) @B ETHN .
7, BRBREI MY - TEHSERSEITCRELTEN
oo TTWRELT, B#OEERLET.
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