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[ Abstract] To solve the issue of insufficient durability for steel bridge deck pavement, two types of double-layer stone mastic asphalt
(SMA) pavement structures were used as research objects. Firstly, the most unfavorable loading position of the typical bridge deck was
determined through the finite element analysis method; and the mechanical response of the above two structures at this loading position
was calculated, thus the optimal structural combination for steel bridge deck pavement and its design index requirements were proposed.
Secondly, two types of high viscosity and elasticity modified asphalt (A and B) were prepared; and then, taking the road performance of
asphalt binders and their mixtures as the evaluation criteria, effects of asphalt binder’s types on the road performance of steel bridge deck
pavement asphalt mixtures were compared, thus the asphalt binder with the best properties was selected. Finally, the bonding
performance between the pavement layer and the steel plate was evaluated by using the indoor pull-out and oblique shear tests. Mean-
while, the bonding performance of the pavement layer under the most unfavorable temperature conditions was tested with the actual engi-
neering. Test results show that the middle position is the most unfavorable load position on the steel bridge deck. Therefore, the tensile
stress, vertical displacement, and bottom shear stress of the pavement layer at this location can be selected as the main design indicators

for steel bridge deck pavement. In addition, the two designed pavement structures exhibit the consistent mechanical response patterns,
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among which the vertical displacement and layer bottom shear stress of structure 2 (SMA-13 + SMA-10 + asphalt mortar) are relatively

smaller. As for the asphalt binders, comparing with SBS (styrene butadiene styrene triblock copolymer) modified asphalt, the prepared

high viscosity and elasticity modified asphalt (A and B) have the better road properties, among which the road property of A modified as-

phalt is the best. The pull-out test results show that, under the temperature conditions of 25 °C and 60 °C, the bonding strength between

the pavement layer and the steel plate can all meet the design requirements. The actual engineering test result show that temperature in-

side the pavement structure layer exhibits the periodic variation pattern, with the highest temperature not exceeding 60 “C. Therefore, the

design index based on the interlayer bonding strength at this temperature is scientific and reasonable, and meanwhile, the interlayer bond-

ing strength of various structural layers in the actual engineering meets the design requirements under this unfavorable temperatures.
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Fig. 1  Finite element model of steel box girders Fig. 2 Finite element model of orthotropic plate
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Fig. 3  Mechanical response influence line of steel bridge deck paving composite structure
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Fig. 4 Mechanical response values of two types of

pavement structural layers

| I |
5 HERA AR T Gl 4 A

Fig.5 The recommended schematic diagram of

steel bridge deck pavement structure
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Table 2 Structural mechanics control indicators and
recommend values for the pavement materials
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Table 3 The basic physical indicators of high
viscosity and elasticity modified asphalt

- A f%}?éf i B %?Ef}# SB‘S iiﬁ
Wit VN Wi
EABE /0.1 mm 59 51 48
L CIAVA 95 90 82
HEJE/mm 53 50 45
60 °C 3 1%/ Pa 185 060 175 632 90 613

2.1.2 HEATHRES
FOCHESERI, B L etk REHR bn 2 h & g 1
FabR, H AN BB T Ry 7 U0 M R Ak 0RO R
RE, BT I, 36 [ 2 % AR WS BF 9% ( Strategic Highway
Research Program, SHRP) 141 #2 Hi R FH i A8 22106

DN W T A PR RE . A S B sh A 55 1)
TLARAS, X AS R 2100 e e 907 7 0 A T v TR TR A Ak
56 RN T 67 /sind (G AR FE BTV 6
FRFAHNLA) FEAR T I B9 IR T fE S EAT 40
BT, I TR DX [ 91 Pl i 22 R 58 ~ 94 °C iR 45 R
w6 fis,

TR T 6™ /sind H T RAEWIH 19 = P AR
JEREST, G /sind #I, W75 A4 BHW P A A AL g
Jikhy , R Re e, & 6 nlAT, Rl
BT, =Rk I RS G /sin & BRWT TR, Ul
B 1 R R T RE I RRAIK, e Ah, 7E e
X EIVE B, A VB PIAP & B s s e s 1 67/
sind W & 25 T SBS SO, b S DL A A i o
MO Y G /sind e K, BB A 5 2 i T 1
B R R PERE A, 6 IR A R R TR AR TP RE
el

50 -

45¢

—=— SBSHMCHE 7
0 o ATHHE
—A— BRI E

LA F/kPa

Bl6 SIS,

Fig. 6 Results of the temperature scanning test
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Table 5 The basic road performance of asphalt mortar
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Table 6 The road performance of SMA asphalt mixture
P B B B
Wb bs A ?&Wﬁ & B I pssmano M "ﬁEmﬁ B "Wﬁmﬁ SBS-SMA-13
SMA-10 SMA-10 SMA-13 SMA-13
B AR E /% 87.6 86 84 86.9 86 83
TR B 24t/ % 88.9 85 80 89.0 85 82
60 C ke /(K -mm ") 8 300 7 900 5 600 8 100 7 650 5 900
ZE R /mm 1.6 1.8 2.3 1.8 2.0 2.1
- 10 CALRZ MR AL/ ne 4170 4 000 3560 3 965 3 800 3 456
F 1 R /mm 0.72 0.70 0.71 0.86 0.80 0.84
218 BPN,, 63 64 60 68 65 - 69

¥ M HE . www. stae. com. cn



B2 R
2980 Science Technology and Engineering

5 T &

2025,25(7)

45° bR IS, £ BhH 5 B AN BT U5 B AR AR PEAN 2
(B LR, IR R AN 7 (K] 8 i , ik 4
L7 Fim,

267 A %0,25 C A1 60 °C iR 414 F s e
TR A BH RN B 7K 6 45 )2 1Y) B V15 B85 R0 7 34 58 B 1)
TFEN I E NG 2R, ok, iRk
25 CTHm 2 60 °C B, B U) 5 B ARk 5% B SR
TR, U I AT T )2 D) 1 7 4 R A2 TR R
2 AR ILBUEA 2 ) 2E P b il R EEK

_—

—

eiansant

K7 fgsak g lEl
Fig. 7 Pull-out test

K8 Ry A A

Fig. 8 Diagonal shear test

x7 NERWEEGHEMKBEERFEERE
Table 7 Bond strength between asphalt mortar

mixture and waterproof bonding layer
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Table 8 The shear test results of the on-site
cored samples at 60 °C
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