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Abstract; Weld toe in the gusset plate attached with chord members in overhead travelling crane is
often an origin of fatigue cracks. Reliable data on fatigue strength and fatigue crack growth behavior
of gusset plate are required for assessment of the integrity or determining the inspection period of
cranes. The present study is focused on the following issues to assure the safety of the bridge girders
in overhead travelling cranes, (1) determining the fatigue strength of gusset plates which tend to be an
origin of cracking, and (2) predicting the life of fatigue crack growth for the gusset plates.

The material used to fabricate the specimens is JIS SM490A steel plate with a thickness of 8mm:
Gusset plate specimens with two different sizes were fabricated by welding. A gusset plate in the
specimen was attached to one side of the main plate by partial penetration fillet welding with coated
electrodes of 4 mm dia. Prior to fatigue testing, stress concentration factors of the weld toes of the
gusset specimens were examined using an infrared stress analysis system. Welding residual stresses in
the specimens were measured using a X-ray diffraction method.

Fatigue test under the constant loading and the program loading which has been determined based
on the stress measurement of a crane girder was carried out using two servo-controlled hydraulic.
testing machines attached with computers. The program loading applied the fatigue test was composed
of 5 steps in a block and the total elapsed stress cycles in one block were 100 cycles. Stress ratio which
is defined as a ratio of minimum stress to maximum stress in loading during the fatigue test was ranged
between 0.05 to 0.2, and the frequency was kept in the range between 0.5 to 10 Hz in a sinusoidal wave
form.

It is found that the stress concentration factor of the gusset welded specimens used in this study
takes around 2.4. The fatigue strength of the gusset welded specimens under the program loading
determined based on monitoring of stresses acting on components of an overhead travelling crane has
roughly 90MPa regardless of specimen size. The fatigue life of the gusset welded specimens is
dominated by crack initiation rather than crack propagation. The crack growth rate of the gusset
welded specimens under the program loading is correlated with an effective stress intensity factor
range, AK Rem, estimated based on linear accumulation of the stress intensity factor range which takes
into account residual stress at each step in a block. The prediction of fatigue propagation life using
AKRem agrees with experimental result in the range of error within 15 93, when the crack length is less
than 20mm.

Keywords; Overhead travelling crane, Gusset welded joint, Fatigue, Crack growth, Program loading,
Residual stress, Superposition, Prediction, Fracture mechanics

W AT AREMFEE  Mechanical and System Safety Division



— 34— FEER LA JIEEHRE NIIS-SRR-NO.15 (1996)

1. #

2ETRLIEHIIE, RFEZVv—rTELEFLET

oy MERILREOET EROEE LT Wb, £
T, 7Vv—UEEHs0RSERERT A LTER
By AT ORI BER ICRHETRIEICD
WTHHLAIZTB720I2, 7V — D2 L7
Ty MEBERBRR AERL, —EMEREECICE
EWEOFHAFBREEICED T 0T AR ERIE:
B L TESRBRZEBL, 7ty MEFoESEE
B & BEREFE IO W TR R 2 17 -
72 iz, v MEBLERTORHEPREIELNIC
BERERHIC O WTHENT,

2. ey MEEEERA

T

2.1 BEM B I OERLE

ERICII M IR —FICEREINT STy + %
B L2 2@Eo s vy MEERRE 2/EE L THY
720 HERF IIRE A Smm @ SM4Y0A A TH - T, #
O AR B (T B AR R 422MPa, FlE D W &
549MPa, HIF26%TH 5, FEE ALy MTVEIE
S Ik, BH 4mm DOEHHE (JIS DAS016) #
WTEBTmE, Bt 160A, EE 23V, A#14.7k]/
cm, BH3BTIT o2 (BB LIS AT ALY AT B
D 2 BEORRNFT DK & ik % Fig.1 [TRT,

60
i o
i n
o 0
og ......................... _go 8
(o] (o)
..QQJ 360 24
bty ¥ wovamers |
=== ===

(a) Type A specimen

100

0coo
150

000

650 : 8

(b) Type B specimen

Fig.1 Shapes of gusset weld specimens.
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Fig.2 Stess contour near weld toe of gusset specimen by

' means of infrared stress analysis system.
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Fig.3 Residual stress distributions in gusset specimens.

Hey bR OBRERNIH



ey MEHMTF ORFEE L TR aEHE

HWEEE 2 BT Cr—Ka FEHFGIC & Y FF~72, BIE
3, A7 ABIVBRBRRFOWTND, SHNER
PFRIND Ty MNEE LB SHIEFROERD
B TIT -7, ZOME, Fig3 lcRbNB LS, ¥
- ey MEBAILE 2O RAHITE 2R Y DFREIL N,
 ARED PR TREHEOBRERNSFEEL TS, 45,
RIS T DM EIIBIEDKE L 4 7 BERBRF D
FHETEL L >Twb,

3. EHHEBRFE

HEHRERIIEE 196kN B LU 294kN # 2 HEDER
WMERY — REFRBEE AW, —EWERIESL &
C17ay I Bl5RF vy 7T hbhd7lurs sMER
ERBRE2ER L, 707 AWEL, 3EN7 V—>
BEREOICTRERERD S b, AEFE LT Fig4ic
RYICHEESHEERY) B, CoX Mootk
IZEDHT2, DA, 20MPa LTIl I3EFFEE IS
HE)EE Ltcln EEZ HbNEZ R O EHE
#X 57201288 L, 20MPa L Lo s i SEE 4RI
HLTTA7TAFHcE->TR (1) TEMLT, 2h
PERICEZATTDIBHV_NVER)ELEEZED
72, 1782y 7 DR LE Sni 37 v—rD1HY
N OBERIEZEIFIZEZELWI0EE L, 170y 2
FOIBIIRIEDRERE Acmax IZH T EERXT v 7D
o HEHE Aci DI (Aci/Acmax) EBZRT v 7DD
B L ni Z Table 1 127”7, Jofikt R IFFEI20.05 &
01 (AL, —#02 & 017 2&T), FKEKIF05~
10Hz TH b, B, 1 70 v 740 DR LE» D%
WA, BWMEFIRBERICRBREBE LW LY
HWEY SNTWEDNT, EHFARIIDAWERET
172,

R i
- 10T
Q o -4
= -
g 102} 4
o
8 - .
= ot 1
1} ” .
BUSENRES M 8 i m '

0 10 20 30
Stress range MPa

Fig.4 Histrogram of stress range measured on a member
of girder.

H—FTRHELLISHEROEX &5 A

Table 1 Load spectra used for program fatigue test.
170y J2RDAT v THE

Step No. A(Ti/Ao‘max n;
1 0.846 34
2 0.884 41
3 0.923 19
4 0.961 5
5 1.000 1
_ (x—25) 242
f(x) =0.219(x—25)142¢ ~ 17 1)

4. RERRBRBIUVEER

4.1 —EFHERETORFEE

Fig.5 ICc—EMERE FTO A £ v b REREDEFFR
BRIERERYT, BBEORN Gy b2 BRWIHE
DA AEEE Ac &KIST—®DIeS) THY, &
BURERW N IZEEESIH 2mm ITE L 2REO#ER

LEELTEELLDLDT, 10 EDRFEBEBETES
ﬁ‘Oﬁﬁiﬁfﬁﬂj’C‘% HEHRIEZWAL, Ty b

BEFEIEROIRNERR, BRT 5 L) ICEES
E"%—Téo Db, ey FRIVEMTS &
f&hw%ﬁib‘Tﬁ—FT% CEHITRENTWABY, LAL, &
RBRAETERIVFHINEDLL o722 &R, 1EiF

3 PN N B B UGN R I I l l I ll' l I
. Ne Type A specimen
O Nf Type A specimen
« RIRERIIN iilii.. O NfType B specimen : i
[a¥ [ Is}
2 o0 : O
o ®0
)
o0 ™ a G
=} & C ] e
8 fipig @i
«» 100 ; ﬁ
%] Y EEEI T S NNV S
ot : i
v 7
6 | v.‘.é
sl § i
6 8 2 4 6 8 2 4 6 8 . 2 4
10° 10° 10

Nc¢, Nf Cycles

Fig.5 S-N curves of gusset specimens for constant
amplitude loading.-
—EWERBICE T H Y MRERF O S-N thig



— 36— BRSPS  NIIS-SRR-NO.15 (1996)

ORI/ ST Y X WL LN DI2, 47 A
LA T BRRAETESFFGFICKRELEZRIRAD S
Nichrolz, %8B, —EORERKF T Ne 27HHIT 5 2
EHFREETH 7205, EHL72 Ne & Ao iCKT 5[E
IFERER 2) T, BEHFRHFH Nr & Ac DRI
R 3 Ik-THEZLNS,

Ne = 2.81X10%2 (Ag) %% (2)
Nf = 7.07X10" (Ag) %% (3)

RRERAEICHEIT B Ne/Nr i3 0.75~0.92 RRETH -
T, FHOKESH I 6D ZRRERHICKES
nTsYy, maisey FVRBRFTHE?Y SNLTWwa &
I N /N 5015 12T 5 &) GfERIIENL
oty ZHUITESA Xy PR TIRE LiFEC X
DAy b ERMPBAINE DT, PEELIE
ETH2DICHLT, RERIHERAL-EARS Y PR
B CIRELETAAEEN L EINTEY, BHEHE
DERH Ne/Nr IZRBEENT w5 LRI NS,

42 EHWERIET ORI EE

Fig.6 37 v 77 2 mERBREREZRLIZLDT,
fea i R a4 =AY L IREL TR @)
TEFEL72FEMS HEH Ace TH 5,

5 i | 1/q
— iq —_—
Age = (EiAd 2n.) (4)

7

SIT, Ao & ni IR T v 7T ORFRIS N HELH &K

a3 l l l l l ! : : ,
Q“z i @ Nc Type A specimen
2 O Nf Type A specimen
R 2 Suhoicidiid. M Ne Type B specimen i
o0 [ Yo} O Nf Type B specimen
= ® Omap
: R
) H
b mid S o
= . o °
» 100 s
= of SOOI S O 0 4 o e S0
L 8} -1 Modified
N 7 x wrenver
>
5 P - S5SRRTRURI SO SO VR RO 0L 5 38 5 SUORRPRROTS ST SO
(=g

2 3 4 5678 " 2 3 4 5678
10° 10 10

Nc, Nf Cycles

Fig.6 S-N curves of gusset specimens for program loading.
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