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Research on the Fatigue Performance of Prestress-Strengthened Right-Angle Abrupt-

Section Steel Crane Beams
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Abstract: This study investigated the fatigue life of steel crane beams through fatigue testing and com-
bined finite element analysis to reveal the stress distribution changes at the support of variable-section
beams before and after prestress strengthening. In addition, the equivalent structural stress method was
employed to predict the fatigue life corresponding to the initiation of 20 mm cracks at the support. The
results indicated that prestress strengthening significantly reduced the stress level at critical welds, while
the location of maximum stress and the failure mode remained unchanged. With increasing prestress con-
trol values, both the overall failure life of the beam and the crack initiation life at the support were signifi-
cantly extended. Under a prestress control value of 12.5 t, the strengthening effectiveness factors for
overall beam failure and visible support cracks reached 4. 08 and 4. 23, respectively, demonstrating the
effectiveness of high-level prestressing.
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Fig. 1 Coordinate transformation of nodal loads
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Fig. 2 Transformation from nodal forces to line forces
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Fig.3 Crane beam dimensions and crane wheel pressure distribution
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Fig. 5 Prestress tensioning of crane beams
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Fig. 6 Schematic of crane beam test loading
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Table 1 Loading conditions and prestress tensioning

control values
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Fig.7 Fatigue crack morphology of prestress—strengthened steel crane

beams
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Fig. 8 Fatigue life and strengthening effectiveness factors
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Table 2 Mechanical properties of steels and steel strands
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Fig. 9 Finite element model of the prestress—strengthened steel crane

beam
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Fig. 11 Comparison of maximum principal stress distribution of the

crane beam before and after strengthening
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Fig. 12 Comparison of Mises stress distribution of the crane beam

before and after strengthening
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Fig. 13 Comparison of structural stresses of the crane beam before and

after prestressed strengthening
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Fig. 14 Weld line and its initial elements and nodes
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Fig. 15 Fatigue life distribution of welds and fatigue life

corresponding to 20 mm crack at support base
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Fig. 16 Trends in fatigue life growth of the crane beam under different

prestress tensioning control values

BUHA A= T i 0 4 TR R B R TR AR R R A Y
PETH 0 o X T E I T N ) AR A (R 57 Bir B
(4 15 AL A7 A8 22 57 o A8 U A B B, W0 ) 38
ok 638 AR S A S B VR AL B L 1 1 K P A AR G T
55 145 A9 BB e, DT 3 A R SR 7 A T
TE RN B BUR |, 450 J& w8 W 5 1B AL, 5 3
I8 T3 KBTI T B 249 SRAE
A B e UAT R il S sy i A v 2R 1 T 9 3
K, PR T T A A 2 28 5 i ) 4 TR AR 6 AT BR o
Wt 5 T 3 K o A o 0 4 L AR R 2 T
A SR HOO 45 4 7 T 2 SRPE L n  3 OR
S RE % AIE 28 2L L0 A=, i RE 8 78 2L 8L i By Be B A

165



S =

2SR AF TN D E A 58 U R 4R TR 57 PEREBIT Y

FLIR L Sy 56 B PR T B SR R R DT &5
Ky B A 57 O B0 i A B R F AR T

5 &

1) 3 36 25 5 3¢ B, B A 000 g 5 r 9 ol L 1 34
K, 0 5 R 57 Fam b 3E B TE o S IR B AR T E i
50 kN & =5 2 125 kN B i [ 208 R 5 1. 33 48 71
4,08, 9% 57 F7 i AR B0, HB G e TR R e
14 982 57 5 B e AR EE SR, U0 T 48 o 0 g AKOT 2 4R
SSRGS HERE R A T B

2) A BRIC o3 B 45 AL SR W, 0N g 0 TS A
M B 25 v 5 i K A b 1 N ) 4R b B4 A5 B BH B ol
B R R RN AR R AR A5
{57 N R WO & 7 N | B DA A ) 1 4 R A e K e A A
T A AR IR AR 454 52 T AR I

3) 3 T FE-Safe 3% 55 73 7 45 AL, LA 3 J3 i #8
B 20 mm 2420 H A ok B & E 7 % (50 ~
150 kN) 9% 35 75 fir ¥ M 1k 200 T3 ¥k, BLBE & K31 )
B, I ROR R AR 24w, b 125 kN 3k )
294,23, 3 BTN 7 0 [ A T UL 24 0 B B (R RE
AT W bR T R

4) ZE AR TR 3 7K (U 50 kN) R, 37 A [X 3 24
G R T o a5 3 O S ] I
2.94 fH Hy T8 B8 e sk T BN HOR R B OK B
FEor R AR T BULE R AR SR R B ) 1 OR R B
R 1. 33 B & ok o 2 (B A9 4 5 B R AE i
A MG S, R R R A A T BN R

B % X #

(1] B, % AW, 55 . 89 42 32 0 o 58 78 30 e 9% 57
PEREMFZE ()], Tk #%57,2019,49(5) : 166-169.

166

[10]

[11]

[13]

[14]

B SR BvE U E AR AR R G KR R R 95 v S
03], Tk #%$7,2023,53(314 1) 2) :307-311.

W H, Vs, s MM AERRGE S 12RIM] dba:
rpE S T AL, 2017,

BT, 0, SR OB R 0 A 2 5 A S A AR
vitg % 9% 57 Pk fR BF g% (0], 4t 345 2 i, 2020, 41(8) -
116-123.

Mz, Ihafh, BOR, 5. 228 UM I 4 R 0 P g
B[], TR S5, 2024, 413 H) 1) 275-281.
BRHF, SEE , ST AR L R KA R R 55 T 2 % 43 B AF
03], Tk #%,2023,53(1 1 2) : 332-334.

X BETT ,HAI MRS, AE L I AR IR S P S R A S A
Py oI WEIE 1], Tl #257,2019,49(6) : 45-48.

SRR, SRS, AeARaL, B DUSTAR N T A 28 AR U
T S VERE ST (1], WIFE K2 2 4 CE SRR 24 M), 2024,
51(9): 55-65.

K, A, AT, 4. AR SUN D R R ALY R K
P55 A g ()], R34S ahil ) 2022, 41(14): 135-144.

o U SR S TS T N e R S v T R
B9 55 SR A B (0], Tk #57,2017,47(7) : 155-159.
SR, i KA TN P09 57 B0 2 1k 90 AT 5 5 A 4 i
[J]. ¥ppshityg, 2015, 32(2): 1-4.

[0S G s N (B =S NV S T A E4E2 ) [ K R o
Z AR ()], VLR K iR, 2025, 45(2)
351-361.

oA . A IR 2R IR AR A R S Iy s AR (D] P P R
BHE K%, 2025,

DONG P. A structural stress definition and numerical implemen-
tation for fatigue analysis of welded joims[]]. International Jour-
nal of Fatigue, 2001, 23(10): 865-876.

JRSC, ZE A, Y. RS PR 5 T LS S O ik
[M]. dbat: MU Tk AR AL, 2017.

LR NS Ee o W ES R E O | B et S VAP I K ok K - N 7
W JGI/T 497—2023[S]. dbat: v E#5 Tol it , 2023.
BT . A AR T S R R AR PR A RS (D). 7Y
AV HIRHE A, 2020.





