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Fatigue prognosis analysis on existing steel industrial crane runway girders
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Abstract: To better reveal the inner fatigue deterioration mechanism of steel industrial plants and effectively protect
the plants from brittle fractures, a fatigue prognosis analysis method was proposed. Multi-scale fatigue damage
models were established based on the power balance principle at the cross-scale interface. The damage of the
structures caused by existing defects was quantified. Fatigue damage evolution and mixed mode crack propagation of
the vulnerable positions were analyzed. Fatigue prognosis results illustrated that the fatigue damage of the steel
crane runway girder evolved slowly at the initial phase and accelerated rapidly at the final phase, which proved that
the assessment results based on Miner’ s law are too conservative. Fatigue failure more likely occurred at the weld
joint between the spile and the end sealing plate of the steel crane runway girder. The studied fatigue crack grew
rapidly when the length a reached 5 mm, in which some actions should be taken. The crack in the serious position
had great influence on the fatigue performance of other vulnerable parts.
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Fig.1 Process of fatigue deterioration of the crane runway girder
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Tab.1 Mechanical properties of steel Q345
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Fig.3 Flow chart of the existing damage calculation
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Fig.4  Multi-scale fatigue damage model of the existing steel

industrial plant
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Fig. 5 Displacement distribution of the rectangular variable
section steel crane girder
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Fig.6  Amplification factor of the weld between the insert plate

and the seal plate along with load
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Fig.7 Stress distribution of the vulnerable positions of the steel crane runway girder (7 =200 kN)
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Fig.8 Stress amplitude of the vulnerable position B (7'=200 kN)
I8 T BRA BB S R B, 5 55 4505 U 23
Prat R UL 9. E A A ) 4R e R BT AR
2otk BT S, TE B O AL 3], B R B S
185 Y4545 REUAAFN 0.4 A4 )5 MK ER R
FNDR, G R AT BES AR 2S5 ) Lemaitre FEAUAH
F, BTt Miner BOEH) TREEAL 7 kit TAR<F.

| —e— Lemaitre (= i35 57 151 43 1 U] o
—=— 2Rk Milner s

0.8t —
B
DAL B

s

—
.
|-/ o/././
.~

30

1.0

45 60 75 90

HRAAFRR /a
B9 ZIRARML B BUES R RL Lk

Fatigue damage evolution curves of the vulnerable position B

R GRS RS
IR AT (ELA BN FHE S R A 2 0
S5, Q345 Il FH G 1R 0. 407 L2
R A PERERRAR B R A R A Z i AT A 45
TR R EAE T, T 0 57 28 i SR e e T U
BT 50 i A2 DAL A M 5 B AR AR A B A DX 2™ AR

0 15

Fig.9
3.2



6

AR A WA TOlL T B i A S 57 P RE U b - 113 -

SR, LR A 4 B T A
ARSI 4 R4 S KA A
LA AR A 9 o, A 18 o,
KHLE a,., =

(9 +(18/2))° x2/2~12.7 mm,

‘J ‘

FIEBRAE R LA, DL a = 10 mm A Ry 2301 AL
SURBE. R REUE KAl a/c = 173, BAEY S
R ORRF AL AT BROTEE A L P 10.

(N

2c

E10 HFRYWWAEERGRITKE

Fig. 10  Finite model of the steel crane runway girder with a surface crack
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