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deformation field in welded joints of steel bridges, a 3D finite element model of a butt weld in a 16 mm—thick bridge
steel plate was established using finite element software. The accuracy of the model was verified through the blind-
hole method experimental data. Based on this validated model, the distribution characteristics of the temperature
field, residual stress field, and deformation field in the welded components were further analyzed. Additionally, an
initial crack was introduced into the weldment to explore the impact of initial defects and welding residual stress on
the fatigue life of the weld. The study results indicate that along the direction perpendicular to the weld seam, the
longitudinal residual stress exhibits a tensile—compressive distribution. Within the 60 mm heat—affected zone near
the weld, tensile stress is predominant, with a peak value of 415 MPa, exceeding the yield strength of the material.
As the distance from the heat—affected zone increases, the longitudinal tensile residual stress transitions to
compressive stress. The transverse residual stress reaches its peak value of 205 MPa at the weld toe. Under
unconstrained conditions, the welding—induced deformation presents as typical out—of-plane angular distortion,
with deformation at each measurement point increasing linearly with distance from the weld seam center. The
maximum deformation occurs at the outer edge of the weldment, measuring 14.58 mm. Even small residual stresses,
regardless of their state, influence fatigue life. Residual tensile—compressive stresses of 3% and 8% result in a
decrease of 16.7% and an increase of 68.4% in fatigue life, respectively. Residual tensile stress leads to a reduction
in fatigue life as stress increases, but the rate of reduction gradually diminishes. When the tensile/compressive stress
values are comparable, compressive stress has a far greater impact on fatigue life than tensile stress. During the
prefabrication of actual components, methods such as pre—deformation should be employed to control the
deformation of the weldment, while post—weld surface treatment techniques should be used to manage residual
tensile stress, thereby improving material fatigue life and extending the service life of the structure.

Key words: blind hole method testing; residual stresses; thermal coupled analysis; numerical models; fatigue
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Tab.1 Welding parameters of welds

S/

JRgE HHURZ/mm /A B R/V 1
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Fig.2 Specimen cutting diagram (unit: mm )
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Tab. 2 Measured residual stress of welded parts

I R PEAR A% P O [ B () B33 B/ MPa

JR4E

0 20 40 60 80 100 120

Weldl 438.6 413.3 -20.1 —41.1 -59.7 -70.4 -105.3

oy, Weld2 423.3 409.9 —49.2 -40.5 -79.6 -96.4 -101.9

TR 21% 3.55 0.83 83.98 1.47 28.57 31.18 3.28

Weldl -6.5 141.3 167.7 100.5 70.2 54.1 43.1

T, Weld2 -11.5 135.3 146.2 106.5 88.9 32.2 41.6

R%/1% 55.56 4.34 13.70 5.80 23.51 50.75 3.54
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Tab.3 Measured values of deformation of welded parts

(unit:mm)

Jog P 12 alsEhg BIME

Weld1 fil] 13.20 14.10 13.80 13.70
Weld2 fil] 13.00 14.30 13.60 13.63
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Fig.6 Thermal and mechanical parameters of the material
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Tab.4 Analysis step parameter settings

B W %zﬁﬁ?? LR SVF . anﬁ_‘n
eS| Wi AVFERK wRH - g5

s AR/ C EA
HEEY  0.001 107 0.1 1500 — —
M fi¥g o 0.001 107 — — 0.002 0.05

24 BEBIHRIFEE

R T RGN IR Y A BERR B A, AR SCHR
TR FH Goldak 5 T fE G v 42 1 1) XU BRI AR
U2 IR PR B 8% Bl LU IR G & 7
Fis.

7 0] DL 2 R R A 1/4 f R 2R
FEPIASRBR 14 r a8 20 B0 2% 1 Je KA. A I

BT WA ARORAEA
Fig.7 Double ellipsoid heat source model
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Tab.5 Shape parameters of double ellipsoidal heat source

BE a, a, b ¢
W, XE 8.64 17.28 8.64 10.45
RAE 6.00 12.00 15.00 12.00
- I HfE 10.28 20.56 10.28 7.54
: E 6.00 16.00 9.00 12.00
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Fig.9 Cloud diagram of temperature field variation during welding process
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Fig.10 Welding thermal cycle curves at different positions
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Fig.11 Cloud diagram of welding residual stress distribution
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Fig.12 Distribution of residual stress under L1 path
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Fig.13 Distribution of residual stress under L2 path
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Fig.14 Out—of-plane deformation cloud map distribution

H & 14 0], SREAR IR T T LY 4 - 1 A1 £ 72
B i RS H BAEAR X B i AR RS 2% L SRR I
FAAERTE R R ANT AR AR v il X ek 2
i 52 A e R R 1) B G i AR R DX D BR A 1 5
MAEIE e, S B0 1) I 52 BB 1, 1k 10T 5 1 4
JRAE ) AR SRR . v A B, AR A% 5 B [
I, B2 K B 22 A LR W 4, 5 BRI U
a5 . RZAIRF IR O R R RS, T R T A

AR AN [ A A KRS AT AR P 1S R L 4y
Pras RN, = ik te EROIB AR IR & B iR, R
A TE G 2 SRR BT X sl IR R 22 e B
A AR AL AR A TR0 T, A A I H I A
K.




T NS B8 5 « 0T HRE KA B A IO 3 1) A AR B 8 55 A7 i F) 2 159

==

AN

......

8
6
4 ——1/4 Weléll
2
0

Us/mm

| —— 1/2 Weldl
—— JiiiWeld2
P —— 1/4 Weld2 !
| —— 1/2 Weld2 L W
1 1

0 100 200 300 400
D/mm
B 15 AR AR AL 4 Y

Fig.15 Weld bead deformation at different cross sections
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Tab.6 Deformation difference of each pass

(unit: mm)
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Tab.7 Relationship between welding residual stress and

fatigue life
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