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Abstract: The application of UHPC in bridge engineering is becoming increasingly common. In order to further

study the fatigue performance of RD welded joints in steel UHPC composite bridge decks,fatigue tests and nu-
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merical simulations were conducted on RD welded joints of steel bridge decks under simulated wheel loads. The
fatigue cracking behavior and stress distribution of specimens under central loading conditions were analyzed,
and the fatigue life of RD welded joints was predicted using structure stress method. A 3D solid finite element
model of RD welded joints with UHPC overlay was established based on ABAQUS software. Static loads were
applied to the model,and node forces and moments at the crack initiation section were extracted to calculate the
equivalent structure stress. The fatigue performance of RD welded joints was evaluated using the master S-N
curve in the structural stress method,and compared with the predicted results of the hot spot stress method and
critical distance theory. The research results indicate that under the central loading condition,the weld seam con-
necting the cover plate and the U-rib is subjected to tensile stress,and the tensile stress gradually increases and
tends to stabilize in the middle of the weld seam. Fatigue cracks first initiate at the vulnerable part and propagate
in stages along the thickness direction of the plate until fracture; After being reinforced with UHPC,the end ef-
fect of the weld seam in the RD welded joint is significantly reduced,and the structural stress value in the middle
of the weld seam is greatly reduced,with a maximum reduction of 87.2%. At the same time,the UHPC layer and
the cover plate form a whole to jointly bear the load,making the structure stress distribution tend to be flat,signifi-
cantly improving the fatigue stress state of the steel bridge deck; Compared with the hot spot stress method and
critical distance theory,the prediction results given by the structure stress method are more conservative and clos-
er to the experimental values,with a prediction error of only 8%. For steel-UHPC composite welded joints,the
predicted values given by the structure stress method reach infinite fatigue life. Overall,the structure stress meth-
od can effectively evaluate the fatigue performance of steel bridge decks,accurately predict the fatigue life of
welded components at a lower cost,and assist in formulating maintenance strategies. It has broad practical pros-
pects in the field of steel structure bridges.

Key words: orthotropic steel bridge decks; fatigue life; steel-UHPC composite plate; structural stress method;
main S-N curve
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Fig. 5 3D model of RD welded joint
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Fig. 10 Maximum principal stress distribution of RD
welded joint along the weld seam

PIE RN 7o AR3E RD 5 55 0995 55 B IRRES
VRN B 1 95 55 S ST AE ) I AR S P, iy
P 53 B BR B A, ISR HT ABAQUS J Ak i
Y Free Body Cut fiy 47 & w1 1 N 17, R G F- Ak
A9 A5 A B ok, AT 11 i

B BETEARGAAN
Fig. 11 False plane and nodal force

i RG-SR A i T U)o
HEAT IR B AR A3 A, U S - T Y B BT T
) AR B BN g 5 N g, B4
TGS T 00 N HRBERR 3 83 07 3 A 2= B A& 12 Fs
A LLE 4 UHPC 25 AR UHPC 219 RD 15 1%
FEBEAL T S5 T7 50 A AL B TERE | 22 7 A
K, Hi%¢ UHPCJZ Z 5 , fe K1 8 I BRI 2 47.2% o
(R SRy =N P Nt el et S AP R S R e WA R )
JR TS5 R N T ), SO T R
T OGP S4 BT s s, A5 DU %) SR AR
B 1280, $EHUEIRAELN A B TT T 8 T, il ith 26
WE 13 PR, AT VA 5 FE0 1 8o AR,
TE UHPC #li 2N Z J5 , W R A0 015 i 18 E
FREAL, BT SR oA R 45y,

R85 A5 7 o) s R R T ) i R A A
TATAL PRyl ) 246 7 RN Z 7 3, DT 2 BN T 1S ity
N 7, i A S B G5 N T . 7 UHPC HlfJ2
FUANAHT UHPC f J2 (1 T R 2 Ak 1 285 4 1y 7 it
LN 14 FroR AT DLE IR Z T 1) W 2544 1 7
SEXTFR A, BRI T o B0 ) A KREE — b 5
HR BRI, BAREE D) — B/, 1R 4E
BRI A5 F4 W ] A RFFRRE | X SR 10 £ )
A, B UHPC 22 )5, M mER T i 4544 R
FIE MR BEREAR , A He UHPC % 2 B , K 4%



2025 4

(a) Jn# UHPC 2 AikEREREE Y S0

(b) Jinz UHPC ffiJ2 2 Jr JE R i1 5

E12 HEURHEEATEUMET RN
Fig. 12 Distribution of nodal forces near the weld toe
under simulated wheel load
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Fig. 13 Node force curves near the weld toe under
simulated wheel load
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Fig. 14 Structure stress distribution along the welding line
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Tab.3 Fatigue life calculated by structural
stress method

BT H Sl Ae/MPa  AS./MPa No/IK

JCUHPC YA 78.21 268.27 719788

# UHPC YA 7.31 18.71 2987 811 851
JGUHPC +20 78.21 268.27 2228 643

47 UHPC +20 7.31 18.71 9280025 360
JEUHPC +30 78.21 268.27 3095 858

4 UHPC +3c 7.31 18.71 12891 091 776
JCUHPC -2c 78.21 268.27 231024

1 UHPC -2c 7.31 18.71 961 981 288
JEUHPC -3 78.21 268.27 421779

41 UHPC -3 7.31 18.71 545844 395
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Tab.4 Equivalent structure stress amplitude under
different loads

WS g AFAKN N/IK ASewi/MPa AS./MPa

H-RD-1 Hurainzk 20.02 782 325 13.4 268.268
H-RD-2 Fulfinzk 24.94 354321 13.4 334.196
H-RD-3  Hutainzk  20.01 797970 13.4 268.134
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Fig. 16 Comparison between experimental data and
main S-N curve
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