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Abstract: To enhance the serviceability of steel bridge deck
pavement ( SBDP) in high-temperature and rainy regions, a
concept of rigid bottom and flexible top was summarized using
engineering practices, which led to the proposal of a three-
layer ultra-high-performance pavement ( UHPP). The high-
temperature rutting resistance and wet-weather skid resistance
of UHPP were evaluated through composite structure tests.
The internal temperature distribution within the pavement
under typical high-temperature conditions was analyzed using a
temperature field model. Additionally, a temperature-stress
coupling model was employed to investigate the key load
positions and stress response characteristics of the UHPP. The
results indicate that compared with the traditional guss asphalt
+ stone mastic asphalt structure, the dynamic stability of the
UHPP composite structure can be improved by up to 20.4% .
Even under cyclic loading, UHPP still exhibits superior
surface skid resistance compared to two traditional SBDPs.
The thickness composition of UHPP significantly impacts its
rutting resistance and skid resistance. UHPP exhibits relatively
low tensile stress but higher shear stress levels, with the
highest shear stress occurring between the UHPP and the steel
plate. This suggests that the potential risk of damage for
UHPP primarily lies within the interlayer of the pavement.
Based on engineering examples, introducing interlayer gravel
and optimizing the amount of bonding layer are advised to

ensure that UHPP possesses sufficient interlayer shear
resistance.
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he southern regions of China are characterized by

high temperatures, frequent rainfall, and heavy traf-

fic''". Thus, the serviceability of steel bridge deck pave-
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ment (SBDP) in the area has been significantly weakened
by the persistent occurrence of early-stage deterioration
and insufficient antiskid performance'*™'.

Traditional SBDP includes epoxy asphalt (EA) + EA
for rigid systems and guss asphalt ( GA) + stone mastic
asphalt (SMA) for flexible systems. EA + EA employs
thermosetting epoxy asphalt, which results in an SBDP
with high stiffness and strength. Hence, it is considered a
rigid system. However,
dense-graded designs, potentially resulting in relatively

it often relies on continuous

inadequate antiskid resistance. Thus, researchers have ex-
perimented with creating porous EA mixtures through var-
iations in gradation and asphalt-aggregate ratios to miti-
gate the issue of insufficient skid resistance' . This type
of mixture possesses increased surface texture depth, par-
tially addressing the problem of antiskid resistance. None-
theless, the porosity design can reduce the resistance to
cracking of the mixture, thus limiting its application to
long-span flexible steel bridges'™'.

In GA + SMA, an almost zero void content dense-gra-
ded asphalt mixture is employed as the lower layer, and
SMA containing an abundance of surface void structures
is used as the upper layer. This combination results in
satisfactory skid resistance. However, as both asphalts
used in GA + SMA are thermoplastic materials, the high-
temperature performance of the SBDP is relatively lac-
king"®
improve the high-temperature performance of GA + SMA

. Thus, researchers have sought to optimize and

from various aspects, such as the application of maximum
nominal aggregate size, pavement layer thickness combi-
nations, and types of polymer asphalt modifiers' ™. Al-
though these studies aimed to unlock the full potential
performance of GA + SMA, they have not entirely re-
solved the issue of thermoplastic materials being suscepti-
ble to deformation under high-temperature conditions.
Considering that maximum tensile stresses typically oc-
cur at the surface of the upper layer of SBDP, the lower
layer must provide stable support to delay the develop-
ment of rutting”’. Research indicates that compared with
flexible materials such as SMA and GA, rigid materials
like EA and polyurethane-based mixtures exhibit a linear
shrinkage coefficient that is relatively closer to that of
steel bridge decks. When used as the lower pavement lay-
er, rigid materials’ strong bonding capabilities also signif-
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icantly reduce the occurrence of distress between pave-
ment layers, thereby mitigating moisture-induced corro-
sion of steel bridge structures in humid regions'” .

In recent years, the EA + SMA system, designed with
a “rigid below, flexible above” approach, has been suc-
cessfully applied to large-span steel bridge deck paving
projects in China, such as the Wuxue Yangtze River
Bridge and the Jiujiang Yangtze River Bridge. This sys-
tem utilizes dense-graded rigid material EA mixtures as
the lower pavement layer to isolate moisture intrusion and
disperse vehicle loads and bridge bending stresses. Flexi-
ble SMA is employed as the upper pavement layer to pro-
vide vehicles with a rough yet smooth driving surface.
During the operation of such SBDPs, only the upper
SMA layer requires milling, replacement, or repair as
necessary.

In high-temperature and rainy regions, SBDP must not
only possess excellent high-temperature deformation re-
sistance but also maintain sufficient surface void structure
to ensure safe driving during rainy weather. Given these
requirements and the rigid bottom and flexible top
(RBFT) design concept, this paper proposes an SBDP
solution, denoted as ultra-high-performance pavement
(UHPP).

1 Design and Composition of UHPP

The RBFT concept serves two primary purposes. First,
it utilizes materials with excellent crack resistance for the
lower pavement layer to counteract the bending moments
caused by the flexible steel bridge deck. Second, the up-
per pavement layer is constructed using more flexible and
resilient materials, aiming to manage surface tensile stres-
ses effectively and reduce cracking from top to bottom.
The typical approach to implementing these two purposes
involves using materials such as epoxy resin or polyure-
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thane in the lower pavement layer. These materials under-
go chemical reactions, forming a high-modulus three-di-
mensional network that effectively enhances pavement ri-
gidity. For the upper pavement layer, flexibility can be
improved using various methods, including increasing
pavement thickness, adding high-elasticity modifiers, or
incorporating fiber materials.

In the context of SBDP in high-temperature and rainy
regions, four key requirements must be met for the RBFT
concept:

1) The SBDP should be designed with two or more
layers. The lower layer, with excellent crack resistance,
serves as the base, whereas the upper layer is designed as
a flexible wearing or antiskid layer. Given the significant
modulus difference between the upper and lower layers,
an intermediate transition layer may be introduced to im-
prove the mechanical response of the SBDP.

2) The lower layer must possess better crack resistance
compared with the upper layer. The use of thermosetting
or inorganic adhesive materials is recommended to delay
cracking propagation from top to bottom.

3) The upper layer should possess exceptional antiskid
performance and sufficient surface texture.

4) To avoid significant stress concentration, the modu-
lus of the intermediate transition layer should fall between
that of the lower and upper layers, resulting from exces-
sive deformation differences between these pavement lay-
ers.

On the basis of these requirements, this paper intro-
duces UHPP SBDP. The SBDP comprises three primary
layers arranged from bottom to top: the connecting layer,
and the wearing layer. Modified
emulsified asphalt is employed as the adhesive layer be-

the structural layer,

tween these primary layers, as illustrated in Fig. 1.

esoseees—— Wearing layer
Adhesive layer
Structural layer
Adhesive layer
Connecting layer

Steel bridge deck

- o - = -
> % %2 3e% 5 %e te

Fig.1 UHPP SBDP

The connecting layer, known as UHPP-C, primarily
protects the steel bridge deck from corrosion. Comprising
epoxy resin and gravel with a particle size of 2. 36 to
4.75 mm, this layer provides significantly higher bonding
strength than asphalt materials. Its deformation capacity
closely aligns with that of steel bridge decks, ensuring a
secure bond.

The structural layer, designated as UHPP-S, is con-
structed using a polymer-modified asphalt mixture rein-
forced with basalt fibers. The reinforcing effect of basalt
fibers effectively mitigates deformation and stress concen-
tration resulting from steel bridge deck deflection and ve-

hicle loads.

The protruding gravels on the surface of UHPP-C form
a robust interlock with UHPP-S. An adhesive layer is po-
sitioned between UHPP-C and UHPP-S to disperse stres-
ses and enhance interlayer bonding.

The wearing layer, known as UHPP-D, utilizes hard
and wear-resistant diabase as the aggregate. This layer
employs open gradation to improve skid resistance. A
sufficient amount of modified emulsified asphalt is ap-
plied on top of UHPP-D, allowing it to penetrate the top
of UHPP-S, forming a dense, waterproof adhesive layer.

UHPP-C and UHPP-S predominantly handle load-bear-
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ing, whereas UHPP-D and the adhesive layer collectively
provide drainage and antiskid functions for the entire
pavement system. Even if the void structure in UHPP-D
is compromised, it still maintains sufficient surface tex-

ture depth.

Performance test results for UHPP-C are shown in Ta-
ble 1, whereas those for UHPP-S and UHPP-D are presen-
ted in Table 2.

Table 1 Main performance test results of UHPP-C

Bonding strength

P: t 1
avement fayer to steel (60 C)/MPa

Gradation type

Tensile strength
(25 C)/MPa

Bonding strength to Coefficient of

UHPP-S (25 C)/MPa linear contraction/10 =3

UHPP-C Suspension dense 4.44

13.5 1.6 1.61

Table 2 Main performance test results of UHPP-S and UHPP-D

Dynamic stability Ultimate tensile

Pavement layer Gradation type Void/ % X o . 6 TSR/ %
(60 C)/(times - mm™") strain/10
UHPP-S Skeleton dense 3t04 6 570 3539 =90
UHPP-D Open 17 to 25 4 160 =92

2 Experimental Plan
2.1 Composite structure performance

In this section, a rutting test under a high temperature
and an antiskid test during rainy weather on composite
structure specimens were employed to evaluate the crucial
performance characteristics of UHPP.

2.1.1

The performances of the raw materials involved in this
section were tested following the Chinese standard JTG

Materials

E20—2011. The performance test results of the binders
used in UHPP-C, UHPP-S, and UHPP-D are shown in
Tables 3-5, respectively. The performance test results of
basalt fibers contained in UHPP-S are shown in Table 6.
Herein, 4-cm EA +4-cm EA and 4-cm GA +4-cm SMA
were selected as the control group, and their performance
test results met the relevant requirements of the Chinese
standard JTG/T 3364-02—2019. The gradation results of
various types of mixtures are shown in Fig. 2.

Table 3 Performance testing results of the binder used in UHPP-C

Adhesion to steel Compression strength

Item

Tensile strength Elongation rate Water absorption

(25 C)/MPa (23 C)/MPa (23 C)/MPa (23 C)/MPa rate/ %
Epoxy resin 6.4 49 15 18 0.03
Table 4 Performance testing results of the binder used in UHPP-S
Ite Penetration Ductility Softening Dynamic viscosity Elastic
m
(25 C)/0.1 mm (5 C)/cm point/C (135 C)/(Pa - s) recovery (25 C)
Modified asphalt 44 37 91.5 2.8 97
Table 5 Performance testing results of the binder used in UHPP-D
. . Evaporation residue
Item Remaining/%  © oo Storage Penetrati Solubility/ Ductilit
(4 enetration olubity. uctility .
C 24 h) /% Residual/ %
= G4W7% 55 C)/0.1 mm % (5 C)/em esicual
Emulsified asphalt 0.03 22 0.6 67 97.9 33 71
Table 6 Performance testing results of the basalt fiber used in 100
UHPP-S
Filament Nominal  Fracture . Oil © 801
. Elongation . <
Item  diameter/ length/  strength/ absorption 2
at break/ % =
wm mm MPa rate/ % g 60r
[=9
Basalt )
50
fiber 17.4 3.1 2 200 2.3 51.3 § 40+ UHPP-S
5 —e— UHPP-D
2 —+—EA-10
. . . . A&~ 20tk —v— GA-10
The optimum bitumen content of the mixtures described —+— SMA-13
in this section was designed using the Marshall method. 0 L
The bitumen contents were 5. 8% for UHPP-S, 5.3% for 0 2 4 6 8 10 12 14 16
UHPP-D, 6.3% for SMA, 7.8% for GA, and 6.6% for Sieve size/mm
EA. Fig.2 Grading composition of mixtures
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2.1.2 Rutting test under high temperature

The composite structure specimens were formed se-
quentially from bottom to top using a wheel-rolling ma-
chine. Considering the service temperature, the high-tem-
perature rutting test temperature was set to 70 C and the
test load was set to 0.7 MPa. Referring to SBDP in Chi-
na, the total pavement thickness was chosen as 80

11
mm[ 1

. The main function of UHPP-C was to improve
the resistance to the bending moment of the steel bridge
deck. Its thickness should not be too small. Therefore,
referring to existing engineering applications'”, the thick-
nesses of UHPP composite structure specimens are shown

in Table 7.

Table 7 Thickness of UHPP layers cm
Layer name Group 1 Group 2 Group 3
UHPP-D 2 1.5 1
UHPP-S 5 5.5 6
UHPP-C 1 1 1

2.1.3 Antiskid test during rainy weather

To comprehensively evaluate the drainage performance
of UHPP, the composite structure after the rutting test
was segmented into 200 mm x 50 mm wide specimens.
The segmentation was done along the paths of wheel load
traces. The prefix “W” designates specimens that under-
went the rutting test. Similarly, another set of composite
structures was prepared using the same procedure and cut
into identical samples. Sealant wax was applied to the
side surfaces of the specimens along the wider edges, en-
suring that water could only exit from the longer edges.

To simulate typical rainfall conditions in high-tempera-
ture and rainy regions, a custom-designed rain simulator
(see Fig.3) was employed to spray water over the speci-
Thereafter,
measured the surface deflection of the specimens under

mens. a pendulum-type deflection meter
varying rainfall intensities. The friction coefficient was
then calculated by

BPN
=— 1
where y refers to the friction coefficient and B, refers to
the pendulum value from the national standard ( JTG

3450—2019).

Pressure water tank

Perforated spray box

Test specimen

Fig.3 Custom-designed rain simulator

2.2 Finite element simulation

The box girder model established in this section com-

prises two transverse diaphragms and the SBDP, invol-
ving a total of 49 920 finite elements. The SBDP utilized
eight-node linear hexahedral elements. The geometric pa-
rameters were derived from a newly constructed large-
span steel bridge in China, and the critical parameters
used for this model can be found in Fig. 4. In the model,
the U-rib cross-section has an opening width of 300 mm,
a height of 280 mm, and a thickness of 8 mm. The thick-
ness of the transverse diaphragm is 8 mm, and the spac-
ing between adjacent transverse diaphragms is 300 mm.
The thickness of the steel bridge deck is 14 mm.

Evenly distributed load

U-rib 4
n Diaphragms

Fig.4 Model established in Abaqus

2.2.1 Temperature field model

The temperature field model’s boundary conditions
were defined by controlling three parameters related to ex-
ternal conditions: the heat exchange coefficient with the
surroundings (B), daily solar radiation (Q(?)), and dai-
ly ambient air temperature variations ( 7 (¢)). These
boundary conditions are defined as follows.

1) The heat exchange between SBDP and its surround-
ings occurs primarily through two mechanisms: solar ra-
diation from the sun, denoted as B, and convective heat
exchange between the pavement and the surrounding am-
bient air temperature variations, denoted as B,. There-
fore, the calculation of the external heat exchange coeffi-
cient (B) is expressed by

B=B_ +B, (2)
B, =C,K, (3)
B, =3.7v+9.4 (4)

where Cp is the material constant, which is 3. 46 for as-
phalt mixture; K, is the temperature coefficient; v is the
ambient wind speed, v =2.5 m/s.

2) Based on regional meteorological data and using
daily maximum and minimum temperatures as input, the
following computational model is fitted:

[
0 te[(), 12 - 2)
C C
0(1) = Q,cos[ mw(t—12)] te[lz—? 12 +7]
0 te(12+%,24]

(3)

where Q, represents the maximum radiation from the sun
at noon on a single day, Q, =0. 131mQ_; m is the atmos-
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pheric optical parameter, and m =12/c; Q, represents the
daily total solar radiation, Q  =28.3 x 10° J/m*; c is the
daily effective sunshine time, and ¢ =12 h; w represents
the angular frequency, and w =27/24.

3) Ambient air temperature is also one of the direct
In this
study, a combination of sine functions is employed to de-

factors influencing the temperature of SBDP.

scribe this temperature variation process as follows:

Tmux + Tm'm Tmz\x - Tmin .
I(r) = 5 + 3 {0.96sin[w(r-1,)] +
0. 146sin[2w(1 - 1,) ] } (6)

where T represents the daily highest temperature; T
represents the daily lowest temperature; and ¢, represents
the initial time.

The 24-h temperature data of Guangdong was chosen as
the environmental variable!", as shown in Fig. 5. The
thermodynamic parameters used in the model are shown
in Table 8. In the model, the solar radiation absorptivity
of the environment was set to 0.9, and the material emis-

sivity coefficient was set to 0. 81.

40 -
&
o
5
® 35-
2
g
&
s 30
QL
2
g
< 25 1 1 1 1 1 1 1
0 4 8 12 16 20 24
Time/h

Fig.5 24-h temperature data used in the model

Table 8 Thermodynamic parameters of SBDP

Item Thermal conductivity/ Density/ Heat capacity/
(W-(m-K™H) (keg-m?) J-(kg-T)H
EA 1.54 2 500 946
SMA 1.83 2 400 1168
GA 1.30 2 500 942
UHPP-C 1.43 2 550 925
UHPP-S 1.49 2 480 910
UHPP-D 0.8 2 180 670
Steel 60 7 850 460

2.2.2 Mechanical response model

The temperature field model calculation results were in-
corporated into the mechanical models as field conditions,
along with the bending moment stress state of the steel
bridge deck, to analyze the mechanical response of SBDP
during its service period. The bottom of the diaphragm
was constrained for consolidation, and the longitudinal
direction of SBDP was restricted from horizontal displace-
ment. To ensure synchronous deformation, a rigid con-
nection was implemented between the pavement and the
steel bridge deck.

The vehicle loads were represented by a 0. 189-m rec-
tangular load with a tire pressure of 0. 91 MPa, simula-
ting a 30% overload scenario. In the longitudinal direc-
tion, considering the symmetry of the model, the initial
load position of the vehicle load was set at the top of the
transverse diaphragm and then moved longitudinally along
the pavement to the midpoint between the two transverse
diaphragms. Three typical positions were chosen in the

[13]

transverse direction The material parameters used in

this section are shown in Table 9.

Table 9 Material parameters of the finite element model

Pavement UHPP-D UHPP-S UHPP-C EA GA SMA Steel

Bla T, =20 T 500 870 980 1 000 535 800 210 000
1t
astic Ty =40 C 340 550 650 700 229 470 210 000
modulus/MPa

T =60 C 270 430 470 500 195 350 210 000

Poisson’s ratio 0.25 0.35 0.35 0.35 0.35 0.35 0.25

Linear expansion/10 ~° 2.8 3.0 1.74 1.74 3.36 2.35 7.80

Note: T is the test temperature.

3 Results and Discussion

3.1 Anti-rutting performance under high temperature

The results of the rutting test under a high temperature
are shown in Fig. 6. As illustrated in Fig. 6, the 70 C
dynamic stability of the UHPP composite structure de-
creased with an increase in the thickness of UHPP-D.
This phenomenon could mainly be attributed to the design
of UHPP-D, which incorporated a large pore structure
ranging from 17% to 25% . With the increased thickness
of UHPP-D, UHPP contained a greater number of pores,
rendering it more susceptible to compression deformation

under the load of vehicles. The varying degrees of disper-
sion in the results of each experimental group supported
this observation. The dynamic stabilities of Groups 1, 2,
and 3 reached 4 610, 4 950, and 6 190 times/mm, re-
spectively. The rutting resistance of Groups 1 and 2
closely resembled that of GA + SMA, whereas Group 3
outperformed the latter, exhibiting a relative increase in
dynamic stability of 20.4% . Additionally, Group 3 dem-
onstrated a smaller degree of dispersion. This provides
evidence that UHPP, with a thinner UHPP-D,
achieve superior high-temperature performance, aligning
with the design goals of UHPP.

could
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Fig.6 Results of the rutting test under a high temperature

3.2 Antiskid performance during rainy weather

With reference to the summer rainfall in Guangzhou in
2020'"”', friction coefficients of the composite structure
under different rainfall conditions were obtained, as
shown in Fig. 7.

1.0 —<«— Group 1; +— Group 2; Group 3
--»- W-Group 1; --¢- W-Group 2; W-Group 3
ook ™ EA+EA; —— GA+SMA
7| _--&- W-EA+EA; --v- W-GA+SMA
=
5 08130
b=l
o
8 07
=
.2
S 06
=

0.5

044| 1 1 I“’
0 10 20 30 40 50 60

Rainfall capacity/mm

Fig.7 Results of the antiskid test during rainy weather

The friction coefficient of the pavement surface reached
its lowest point when the voids in SBDP became saturated
with water. As shown in Fig.7, the friction coefficient of
all specimens gradually decreased and stabilized with in-
creasing rainfall capacity. In the case of EA + EA, the
surface voids reached saturation at approximately 5 mm of
rainfall capacity, whereas this occurred at around 10 mm
for GA + SMA. Group 1 of UHPP exhibited saturation at
a rainfall capacity of over 20 mm, whereas Groups 2 and
3 experienced saturation at rainfall capacities of approxi-
mately 20 and 15 mm, respectively.

After the rutting test on the composite structure, var-
ying degrees of reduction in the surface friction coefficient
were observed. In the case of Group 1, which had a 2-cm
UHPP-D, the reduction was most significant. This was
mainly because the load applied during the rutting test
damaged the pore structure, significantly reducing the
drainage capacity. The difference in friction coefficients
between Groups 2 and 3 was relatively minor. Even after
the rutting test, their corresponding saturation rainfall ca-
pacity remained at approximately 10 to 15 mm, indicating
that these two groups maintained enough surface antiskid
performance. Combined with the results of the composite

structure test, Group 3 was chosen to build the finite ele-
ment model.

3.3 Temperature field of SBDP

To analyze the variations in the temperature fields of
the three SBDPs, the results of temperature field calcula-
tions for pavement profiles were projected onto an xy-co-
ordinate system that represents the time and depth of
pavement. Integration was performed within each color
region. The proportion of the pavement profile area with-
in a specific temperature range, denoted as P,, relative
to the overall temperature range of the pavement was
computed as

Sa
P, =<"%x100% (7)

ot
where S, represents the area of pavement profiles within
the temperature range from a to b; S, represents the total
area within the 24-h temperature range of the pavement.
The results of the SBDP temperature field are depicted in

Fig. 8.

"1 unpP
GA+SMA
16 BRI EA+EA

7

Proportion of pavement temperature range/%

! { A
40-45  45-50 50-55  55-60 >60
Temperature/C

Fig.8 Results of the SBDP temperature field

Combined with Fig. 8, in the temperature range above
40 C, the distribution trends of P, for the three SBDPs
showed similarities. They all exhibited initially decrea-
sing and then increasing trends, which finally decreased
again. The area proportion of pavement profiles between
55 and 60 C was the highest, followed by the 4045 C
range. Meanwhile, the proportion of areas above 60 C
was the lowest. In the 55-60 C range, P,, of UHPP was
significantly lower than those of the other two SBDPs,
being 15.9% lower than that of GA + SMA and 14. 7%
lower than that of EA + EA. Overall, although UHPP
reached a peak temperature of 62.9 C, it demonstrated a
lower proportion of P, within the 55-60 ‘C range com-
pared with the other two SBDPs. This suggests that the
UHPP experienced fewer high-temperature conditions,
which is advantageous for mitigating the potential for
high-temperature deformation in asphalt mixtures.
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3.4 Critical loading position

Tensile stress is a commonly used evaluation index to
characterize the crack resistance of SBDP. The critical
loading positions of vehicle loads on UHPP were analyzed
initially. The results of surface tensile stresses for UHPP-
D and UHPP-S were extracted, as shown in Figs. 9 and
10, respectively.
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Fig.9 Tensile stress on the top of UHPP-D under different

load positions. (a) Transverse tensile stress; (b) Longitudinal tensile
stress

As depicted in Fig. 9, the transverse tensile stress in
UHPP-D was consistently slightly higher than the longitu-
dinal tensile stress. Furthermore, as the distance from the
transverse diaphragm increased, the magnitude of the ten-
sile stress also decreased. Near the diaphragm, both the
transverse and longitudinal tensile stresses in UHPP-D
reached their maximum values. Following the application
of three typical load positions in the transverse direction,
position [lI resulted in higher tensile stresses on the sur-
face of UHPP-D compared with the other two positions.
This indicates that the least favorable critical loading for
UHPP-D was position [lI near the top of the diaphragm.

As illustrated in Fig. 10, the surface tensile stress in
UHPP-S gradually decreased with the increasing distance
from the loading position and the transverse diaphragm,
reaching its minimum value at the midpoint between adja-
cent transverse diaphragms. Under position [I[ loading,
the peak transverse tensile stress was 0. 644 MPa, whereas
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Fig.10 Tensile stress on the top of UHPP-S under different
load positions. (a) Transverse tensile stress; (b) Longitudinal tensile
stress

the longitudinal tensile stress was 0.578 MPa.

The computed results indicated the presence of signifi-
cant stress concentrations in the UHPP near the top of the
transverse diaphragm. Meanwhile, the load in position Il
represented the least favorable critical loading position.

3.5 Critical stress status

In this section, peak values of temperature-stress re-
sponses at unfavorable loading positions were extrac-
ted'""". Considering that the control group of SBDPs (EA
+ EA and GA + SMA) involved in this article were both
double-layer structures, lower and upper were used to re-
fer to the upper and lower layers of these SBDPs, as de-
picted in Fig. 11.

As shown in Fig. 11, significant differences existed in
the peak stresses among the three types of SBDPs. For in-
stance, EA + EA followed a rigid design, resulting in a
relatively high sensitivity of the stress response to temper-
ature and deformation. The transverse and longitudinal
tensile stress peaks in this SBDP both appeared in the up-
per layer, measuring 1.929 and 0. 571 MPa, respective-
ly. Furthermore, the rapid heat conduction of the EA
mixture, coupled with expansion and contraction due to
temperature effects, resulted in relatively high interlami-
nar shear stress. Meanwhile, GA + SMA represented a
flexible SBDP, and the incorporation of composite modifiers
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Fig.11 Critical stress of SBDPs

maximized the viscoelastic properties of the asphalt, lead-
ing to relatively lower stress responses.

Regarding surface transverse and longitudinal tensile
stresses, UHPP-D exhibited minimal differences from the
other pavement layers. This was due to the thickness pro-
portions and high modulus of UHPP-S and UHPP-C,
which effectively distributed the effects of bridge bending
and vehicle loading. Furthermore, transverse and longitu-
dinal tensile stresses in UHPP-D and UHPP-S aligned
with those in GA + SMA, indicating the absence of se-
vere stress concentration in these two layers.
UHPP-D, characterized by its high porosity design, nota-
bly had limited structural strength, making it more prone
to cracking. Among the three layers of UHPP, UHPP-C
experienced the highest surface tensile stress and interlam-
inar shear stress,
rigid base. The high structural strength and stiffness of
epoxy resin mixed with gravel resulted in a firm bonding
of UHPP to the steel bridge deck. Consequently, UHPP
maintained a favorable overall stress state, with potential

However,

primarily because of its design with a

distress risks primarily concentrated in UHPP-C, necessi-
tating strict control of the material properties of UHPP-C.

Given the aforementioned observations, the surface
tensile stresses in the UHPP SBDP were evidently rela-
tively low, but the interlaminar shear stress between UH-
PP-C and the steel bridge deck panel was relatively high.
The main potential distress risks in UHPP were predomi-
nantly associated with UHPP-C, thus requiring strict con-
trol of its material properties. Additionally,
such as incorporating interlayer gravel and optimizing ad-
hesive layer quantities should be implemented to enhance

measures

the interlaminar shear resistance of UHPP-C.

4 Case Study

The Zhujiang Huangpu Bridge, constructed and opened
to traffic in 2008,
dong Province, China, and serves as a pivotal regional
transportation infrastructure. The region has an average
annual temperature of 22 C, with summer highs reaching

spans across the Pearl River in Guang-

up to 43.7 C. Peak rainfall measurements scale up to
2 678.9 mm. Rainfall in the region is notably concentrat-
ed, with the rainy season accounting for 81% of the year-
ly total.

In 2014, because of the cumulative impact of prolonged
heavy traffic, the SBDP of the Zhujiang Huangpu Bridge
underwent significant refurbishment. After evaluating
multiple remediation plans, UHPP was chosen as the pri-
mary rehabilitation strategy. In this project, a gravel lay-
er was set between the UHPP-S and UHPP-D to enhance
the shear resistance. After nearly nine years in service,
no structural damages have been observed in the UHPP
SBDP.

5 Conclusions

1) According to the RBFT concept,
ment layer should possess outstanding crack resistance,
whereas the upper layer should be constructed using more
The UHPP proposed in
this paper consisted of three layers: UHPP-C, UHPP-S,
and UHPP-D. UHPP-C was made from epoxy resin and
gravel. UHPP-S was reinforced with basalt fibers and
polymer-modified asphalt. UHPP-D was a thin, porous
layer and enhanced the rain-skid performance of SBDP.

2) Compared with the traditional GA + SMA, the
highest improvement in dynamic stability of UHPP could
reach up to 20.4% . Antiskid tests illustrated that UHPP-
D effectively increased the friction coefficient between ve-
hicles and the pavement surface during rainy conditions.

3) Notably, UHPP exhibited relatively higher shear
stress, implying potential risks within the interlayer of
SBDP. Incorporating interlayer gravel and optimizing ad-
hesive layer quantities may be considered to ensure suffi-
cient interlaminar shear resistance for the UHPP.

the lower pave-

flexible and resilient materials.
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