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Abstract: This article takes a single-tower cable-stayed bridge with a steel-UHPC composite deck
steel box girder as the research object and develops different casting plans for the UHPC layer on the
bridge deck. It analyzes the influence of factors such as the block casting sequence of the UHPC layer
on the bridge deck, whether or not to set up a post-casting section, whether or not to set up bridge
deck counterweights and the range of it on the additional deformation and stress of the formed
UHPC bridge deck during the construction stage, exploring the impact of various factors on the
structural target bridge’s completion status (cable force, bridge completion linearity, bridge deck and
steel box girder stress) under different pouring schemes. Research has shown that under the constant
initial tension of stay cables, adjusting the pouring sequence of UHPC bridge decks and setting
post-pouring sections is not significant in reducing the tensile stress of UHPC bridge decks. The more
effective technical measure is to use bridge deck counterweight pouring during construction; the
closer the counterweight is to the later stage constant load loading value, the more significant the
decrease in UHPC tensile stress is. When factors such as on-site construction conditions, construction
period, and labor costs are limited, local weight balancing on the bridge deck can be used.

Keywords: cable-stayed bridge; UHPC bridge deck casting; additional deformation; additional stress;
target bridging status

1. Introduction

UHPC, ultra-high-performance concrete, is a remarkable engineering material with
ultra-high strength, ultra-low water absorption, super durability, and corrosion resistance.
Its compressive strength can reach over 120 MPa, which is three to six times the compressive
strength of ordinary concrete [1]. Its mechanical properties are close to those of steel
structures, and it has excellent explosion, corrosion, and wear resistance. The UHPC layer
forms a steel–UHPC composite structure with steel bridge decks through shear nails and
a steel mesh, which forces the concrete and steel girders together, improves the lateral
stiffness of the bridge deck, significantly reduces the local stress concentration caused by
wheel loads, and alleviates the fatigue cracking problem of orthotropic bridge decks [2–5].
At the same time, the high-strength and high-durability performance of UHPC can reduce
disease caused by bridge deck concrete in the later service stage [6,7].

Due to the large span and expansiveness of the bridge deck, the on-site pouring scale of
UHPC is enormous when using this ultra-high-performance concrete composite bridge deck
in cable-stayed bridges. Due to the limitations of construction equipment, it is necessary
to carry outpouring in sections and blocks separately. However, unlike previous asphalt
concrete bridge deck pouring, the UHPC layer gradually forms a composite bridge deck
with the steel box girder after pouring, gradually increasing the stiffness of the bridge deck
system and participating in the stress on the bridge deck. This effect constantly changes
the stress state of the bridge structure during the UHPC casting process, meaning that the
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internal force of the structure undergoes multiple redistributions during the construction
process; this redistribution of internal forces will ultimately affect the implementation of
the designed bridge state (cable force, bridge linearity, bridge deck and steel box girder
stress) [8–10].

There needs to be more research on the effects of the segmented casting of the UHPC
layer on the stress and linear shape of large-span bridges.

Jiang Yuyan [8,9] studied the influence of the pouring scheme on a finished suspension
bridge when a UHPC deck was used. The research shows that the pouring sequence,
the setting of a post-pouring section and deck counterweight significantly influenced the
finished line shape and internal force of the suspension bridge. Using the no counterweight
scheme or local counterweight pouring scheme is recommended. Due to the differences in
construction methods and structural stress, the above research conclusions for suspension
bridges do not apply to cable-stayed bridges.

Peng Qiao [10] studied the influence of the construction organization of the main
beam roof pavement of a suspension bridge on the stress of the main beam and pavement
and analyzed the influence of the structural parameters of steel box girders and asphalt
concrete materials on the stress of the pavement. This study focuses on asphalt concrete
pavement layers, and the research conclusion does not apply to UHPC pavement layers
that participate in bridge deck structural stress.

Other scholars have conducted many studies on the construction processes of cable-
stayed bridges, such as cable tensioning and main beam erection, but have not addressed
the impact of bridge deck pavement methods (especially of using UHPC involved in bridge
deck stress) on the completion of cable-stayed bridges.

Therefore, it is necessary to study the reasonable pouring scheme of the UHPC layer on
the bridge deck of large-span cable-stayed bridges and conduct a multi-dimensional com-
parison and selection from the structural safety of the construction state to the advantages
and disadvantages of the completed bridge state (internal force, and linear shape).

2. Engineering Background and Calculation Model Establishment
2.1. Project Overview

The main bridge of a certain project adopts a single tower and double-span cable-
stayed bridge as shown in Figure 1. The central tower is an arc-shaped concrete tower,
and the main beam is a steel UHPC composite steel box beam as shown in Figure 2. The
cables are parallel steel cables with spatial double-cable surfaces and a fan-shaped layout.
In order to improve the structural stiffness of the cable-stayed bridge and effectively reduce
the deflection of the main beam and the horizontal displacement of the tower’s top under a
live load, an auxiliary pier is set at a distance of 41 m from the transition pier for both main
spans, so that the span arrangement of the main bridge is 41 + 168 + 168 + 41 = 418 m.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 3 of 13 
 

 
Figure 1. Bridge type layout, the number of each pier is shown below. (Unit: m). 

The cross-section of the main bridge is shown in Figure 2. Other bridge design infor-
mation is shown in Table 1. 

Table 1. The bridge design information. 

Term Detail  
Design period 100 years 

Vehicle load level Highway—Class I; 

Bridge structure 
Single tower double cable plane 

cable-stayed bridge 

Structural system 
Semi-floating system, with elastic limit devices and dampers installed vertically and 

elastic–plastic limit devices installed horizontally 

Type of stay cable 
Parallel steel wire cable, 1670 MPa, PES7-109.PES7-121, PES7-139 

PES7-151; spacing: 9 m (along the bridge), 2.5 m (vertical) 
Steel box girder Q345qD; Width 36.5 m, height 3 m 

Bridge deck pavement 5 cm UHPC, Φ 10 bi-directionally reinforced with a spacing of 37.5 mm 

Phase II dead load 
Asphalt concrete pavement + sidewalk slab + sidewalk guardrail + central median 

strip guardrail + wind nozzle 
Cable tower Double column variable cross-section curved concrete tower; 125 m height; C55 
Foundation Group pile foundation; C35 

Original construction methods Main beam, bridge deck, and phase II dead load are all under full hall support. 

 
Figure 2. Cross-section of main beam (Unit: cm). 

Figure 1. Bridge type layout, the number of each pier is shown below. (Unit: m).



Appl. Sci. 2023, 13, 8615 3 of 13

Appl. Sci. 2023, 13, x FOR PEER REVIEW 3 of 13 
 

 
Figure 1. Bridge type layout, the number of each pier is shown below. (Unit: m). 

The cross-section of the main bridge is shown in Figure 2. Other bridge design infor-
mation is shown in Table 1. 

Table 1. The bridge design information. 

Term Detail  
Design period 100 years 

Vehicle load level Highway—Class I; 

Bridge structure 
Single tower double cable plane 

cable-stayed bridge 

Structural system 
Semi-floating system, with elastic limit devices and dampers installed vertically and 

elastic–plastic limit devices installed horizontally 

Type of stay cable 
Parallel steel wire cable, 1670 MPa, PES7-109.PES7-121, PES7-139 

PES7-151; spacing: 9 m (along the bridge), 2.5 m (vertical) 
Steel box girder Q345qD; Width 36.5 m, height 3 m 

Bridge deck pavement 5 cm UHPC, Φ 10 bi-directionally reinforced with a spacing of 37.5 mm 

Phase II dead load 
Asphalt concrete pavement + sidewalk slab + sidewalk guardrail + central median 

strip guardrail + wind nozzle 
Cable tower Double column variable cross-section curved concrete tower; 125 m height; C55 
Foundation Group pile foundation; C35 

Original construction methods Main beam, bridge deck, and phase II dead load are all under full hall support. 

 
Figure 2. Cross-section of main beam (Unit: cm). Figure 2. Cross-section of main beam (Unit: cm).

The main beam adopts a lightweight composite structure, consisting of a streamlined
flat steel box beam and UHPC, ultra-high-performance concrete, panel. These two are
connected by shear nails as shown in Figure 3, with a standard section beam height of 3 m
(referring to the road’s centerline). Cast iron block weights are installed at the auxiliary and
transition piers. The cable tower is a double-column variable cross-section curved concrete
tower with a total height of 125 m and a height of 106.628 m above the bridge deck. The
columns and beams on the tower use hollow thin-walled sections; two rectangular section
piers are installed on the bearing platform at the cable tower to support the main beam.
The anchorage zone on the cable-stayed beam is located on the outer side of the sidewalk,
with a spacing of 9 m along the bridge direction.
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The cross-section of the main bridge is shown in Figure 2. Other bridge design
information is shown in Table 1.

Table 1. The bridge design information.

Term Detail

Design period 100 years

Vehicle load level Highway—Class I;

Bridge structure Single tower double cable plane
cable-stayed bridge

Structural system Semi-floating system, with elastic limit devices and dampers installed vertically and
elastic–plastic limit devices installed horizontally

Type of stay cable Parallel steel wire cable, 1670 MPa, PES7-109.PES7-121, PES7-139
PES7-151; spacing: 9 m (along the bridge), 2.5 m (vertical)

Steel box girder Q345qD; Width 36.5 m, height 3 m

Bridge deck pavement 5 cm UHPC, Φ 10 bi-directionally reinforced with a spacing of 37.5 mm
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Table 1. Cont.

Term Detail

Phase II dead load Asphalt concrete pavement + sidewalk slab + sidewalk guardrail + central median strip
guardrail + wind nozzle

Cable tower Double column variable cross-section curved concrete tower; 125 m height; C55

Foundation Group pile foundation; C35

Original construction methods Main beam, bridge deck, and phase II dead load are all under full hall support.

2.2. Original Construction Details

Based on this bridge system’s characteristics and the project’s site conditions, the
designer suggests constructing the main bridge using the full hall support method. The
primary construction process is as follows and shown in Figure 4:
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(1) Leveling the site, setting out the construction line, determining the pile position and
constructing an access road within the main bridge while the factory begins processing steel
beams; (2) constructing a bored pile and pouring the bearing platform of it; (3) constructing
pier columns and connecting pier cap beams; (4) constructing cable towers and installing
full hall supports; (5) assembling the steel box girder section of the main beam on the
support platform; (6) welding the bridge deck reinforcement and shear nails, pouring the
UHPC (ultra-high-performance concrete) pavement layer on the bridge deck; (7) tensioning
stay cables; (8) dismantling the full hall bracket; (9) constructing the sidewalk, railing,
expansion joint, drain hole and bridge deck pavement; calculating whether or not secondary
tensioning is required based on the measured cable force; (10) completing the construction
of the entire bridge.

According to the above construction organization plan, the UHPC bridge deck layer
is first completed during the full support stage of the main beam. Then, cable tension is
applied. Hence, under the full support construction plan, the pouring sequence of the
UHPC layer on the bridge deck will not affect the final internal cable force.

2.3. Adjustment of Construction Plan

Considering that the flood season is approaching on site, the full support pouring plan
has a significant impact on the flood discharge of the river channel, and it is not possible to
remove the full support according to the original plan after pouring the UHPC layer of the
bridge deck and tensioning the diagonal cables.

The UHPC layer uses a segmented pouring method and adopts a flow process. Ac-
cording to the project scale and personnel organization arrangement, the UHPC layer of
the entire bridge is divided into eight sections for pouring. This article proposes three
major construction plans based on whether or not to balance the weight and the degree of
balance, namely (1) unbalanced pouring plan I; (2) pre-weight UHPC layer weight Scheme
II; (3) pre-balanced UHPC layer and bridge deck phase II dead load plan III.

2.4. Calculation and Analysis Model

This bridge is analyzed using the bridge finite element analysis software Midas Civil
V2019. The overall model of the cable-stayed bridge adopts a fishbone model, with beam
elements used for the pier columns, and bridge towers, main beams. Truss elements used
for the stay cables as shown in Figure 5. In the calculation, construction processes such
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as foundation construction, bridge tower construction, main beam erection, lower cable
tensioning, and bridge deck slabbing are considered. The main beam section adopts a
steel–concrete construction stage joint section, and the UHPC part of the joint section is
activated one by one according to the construction sequence to participate in the structural
internal stress.
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The unit weight of steel is taken as 78.5 kN/m3; the gravity density of UHPC is taken
as 28.0 kN/m3. C55 concrete is taken as 26.0 kN/m3. The second-phase dead load is taken
at approximately 73.0 kN/m.

The UHPC detailed parameters are shown in Table 2.

Table 2. UHPC parameters.

Elastic Modulus
E0

(
N/mm2) Poisson’s Ratio

ν
Uniaxial Tensile Strength

ft
(
N/mm2) Uniaxial Compressive Strength

fc
(
N/mm2)

37,600 0.2 22 77.4

The initial tension cable force is shown in Table 3.

Table 3. Specification and force of stay cables.

Cable
No.

Cable Type
Initial Tension Force (kN)

Position (m)
AVG

S21 PES(C)7-151 2987.5 198

S20 PES(C)7-151 2851.3 189

S19 PES(C)7-139 2504.4 180

S18 PES(C)7-121 2289.7 171

S17 PES(C)7-121 2225.7 162

S16 PES(C)7-121 2196.4 153

S15 PES(C)7-139 2551.7 144

S14 PES(C)7-139 2526.3 135

S13 PES(C)7-151 2578.6 126

S12 PES(C)7-151 2647.5 117

S11 PES(C)7-151 2460.1 108

S10 PES(C)7-139 2311.1 99

S9 PES(C)7-139 2242.7 90

S8 PES(C)7-139 2273.1 81



Appl. Sci. 2023, 13, 8615 6 of 13

Table 3. Cont.

Cable
No.

Cable Type
Initial Tension Force (kN)

Position (m)
AVG

S7 PES(C)7-139 2159.7 72

S6 PES(C)7-139 2068.1 63

S5 PES(C)7-121 1936.3 54

S4 PES(C)7-121 1949.3 45

S3 PES(C)7-109 1792.7 36

S2 PES(C)7-109 1733.2 27

S1 PES(C)7-109 1710.0 18
The position of the cables in the table is the distance from the bridge tower toward a large-mileage side, and the
cables on the small-mileage side of the bridge tower are symmetrically arranged.

In terms of the content of the comparative analysis of pouring plans, the procedure
was is as follows: (1) during the construction phase, the primary consideration is the
impact of the post-pouring concrete (UHPC) on the already poured concrete (UHPC),
including additional deformation and tensile stress of the formed UHPC bridge decks;
(2) during the completion stage, the primary considerations include the bridge shape,
cable force uniformity, UHPC bridge deck tensile stress, and steel box girder stress. The
benchmark model for comparative analysis is the original design pouring plan (full support
pouring plan).

3. Comparison and Impact Analysis of Pouring Schemes for UHPC Layer on
Bridge Deck
3.1. Analysis of the Impact of Unbalanced Weight Pouring Scheme I and Bridge Deck
Pouring Sequence

Based on the combination of single and double pouring, interval or continuous pour-
ing, eight possible sub-construction schemes are proposed, as shown in Table 4.

Table 4. Calculation results of lateral force on box girders under single-factor action (unit: MPa).

Scheme Number Schematic Diagram of Pouring Sequence

Sub-Scheme 1: Single-interval pouring
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Table 4. Cont.

Scheme Number Schematic Diagram of Pouring Sequence

Sub-Scheme 5: Single progressive pouring
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Sub-Scheme 7: Single-frame pouring from tower end to edge end
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Sub-Scheme 8: Double-width pouring from tower end to edge end
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The calculation results of the above eight sub-schemes show that the cable force, bridge
line shape, and steel box girder stress of the completed bridge are close to the original
design scheme values without significant differences. The specific details are as follows:
the error of the cable force for each sub-scheme of the completed bridge is between ±1%
and ±2%; the linear error of the completed bridge is within ±5 mm; the stress difference of
the completed steel box girder is between 6.8 and 7.2 MPa. Due to the large amount of data,
they will not be presented in this article.

The significant differences from the original design plan are the additional deformation
and stress during the construction stage, as well as the tensile stress of the bridge deck
during the completion stage, as shown in Tables 5–7. The longitudinal position along the
bridge’s mileage in the table takes the bridge tower as the longitudinal coordinate point, 0,
with positive values indicating the direction along bridge.

Table 5. Additional deformation of poured UHPC segments during the construction phase of Scheme
I without counterweight pouring.

Scheme
Type No. Sub-Scheme Name

Downward
Deformation

(mm)

Position
(m)

Location
Description

Upward
Deformation

(mm)

Position
(m)

Location
Description

Original
design 0 Full hall support 0 —— —— 0 —— ——

Unbalanced
pouring
Scheme I

1 Single interval −24.487 −81

Small mileage
mid span

9.347 126

Large mileage
mid span

2 Double spacing −24.799 −81 9.374 126

3 Single-amplitude
symmetry −24.742 −81 9.374 126

4 Double-amplitude
symmetry −24.614 −81 9.374 126

5 Single progressive −24.787 −81 9.374 126

6 Double-amplitude
progressive −24.722 −81 9.374 126
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Table 5. Cont.

Scheme
Type No. Sub-Scheme Name

Downward
Deformation

(mm)

Position
(m)

Location
Description

Upward
Deformation

(mm)

Position
(m)

Location
Description

Unbalanced
pouring
Scheme I

7
Single-frame first
tower end then

edge end
−24.824 −81

Small mileage
mid span

12.488 117
Large mileage

mid span
8

Double-width first
tower end then

edge end
−24.785 −81 12.488 117

Table 6. Additional stresses on poured UHPC segments during the construction phase of Scheme I
without counterweight pouring.

Scheme Type No. Sub-Scheme Name Maximum Tensile
Stress (MPa) Position (m) Location Description

Original design 0 Full hall support 0.8 −7.5 Near the bridge tower

Unbalanced
pouring
Scheme I

1 Single interval 2.2 −169 Near the auxiliary pier

2 Double spacing 2.7 −169 Near the auxiliary pier

3 Single-amplitude symmetry 2.7 −168 Near the auxiliary pier

4 Double-amplitude symmetry 3.2 −171 Near the auxiliary pier

5 Single progressive 2.9 −169 Near the auxiliary pier

6 Double-amplitude progressive 3.7 −169 Near the auxiliary pier

7 Single-frame first tower end
then edge end 1.8 −6 Near the bridge tower

8 Double-width first tower end
then edge end 1.8 −168 Near the auxiliary pier

Table 7. Unbalanced pouring Scheme I—UHPC bridge deck tensile stress during the completion stage.

Scheme Type No. Sub Scheme Name Maximum Stress
Value (MPa)

Longitudinal
Bridge Position (m) Location Description

Original design 0 Full hall support 6.2 −169 Near the auxiliary pier

Unbalanced
pouring
Scheme I

1 Single interval 13.5 −168 Near the auxiliary pier

2 Double spacing 13.5 −168 Near the auxiliary pier

3 Single-amplitude symmetry 13.7 −168 Near the auxiliary pier

4 Double-amplitude symmetry 14 −168 Near the auxiliary pier

5 Single progressive 13.5 −168 Near the auxiliary pier

6 Double-amplitude progressive 13.5 −168 Near the auxiliary pier

7 Single-frame first tower end
then edge end 13 −168 Near the auxiliary pier

8 Double-width first tower end
then edge end 13.2 −168 Near the auxiliary pier

According to the calculation results of Scheme I without counterweight pouring, the
following conclusions are drawn:

(1) During the construction phase, the areas with high tensile stress in the UHPC
bridge deck of each sub-scheme are located near the auxiliary pier, with stress values
ranging from 1.8 to 3.7 MPa, which are slightly higher than the original design value; the
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additional deformation of the bridge deck caused by each sub-plan during the construction
phase is about −24 mm, which is significantly different from the original design plan.

(2) During the completion stage of the bridge, the tensile stress of the UHPC bridge
deck in each sub-scheme is 13–14 MPa, which is significantly higher than the original
design scheme’s 6.2 MPa. Compared to the construction stage, the stress increases by about
11 MPa, with the higher stress located near the auxiliary pier; although UHPC has strong
crack resistance (usually with a tensile strength of 10–25 MPa), the large tensile stress of the
completed bridge is unfavorable for the later bearing capacity of the bridge.

(3) The deformations and structural stresses of sub-schemes 1 to 8 during the con-
struction and bridge completion stages are relatively similar, indicating that the pouring
sequence of blocks and frames has no significant impact on the pouring of UHPC concrete.
The obvious influencing factor is the overall pouring direction, which is 1© when pouring
from the edge to the tower end first (sub-schemes 1 to 6), or 2© pouring from the tower
end to the edge first (sub-schemes 7 to 8). Overall, pouring from the tower end to the edge
first is beneficial for reducing the tensile stress values of UHPC bridge decks during the
construction and completion stages, but the improvement is not significant.

3.2. Analysis of the Impact of Setting up a Post-Pouring Strip in Scheme I without
Counterweight Pouring

According to the analysis in Section 3.1, the tensile stress of the UHPC bridge deck
near the auxiliary pier is relatively high, mainly caused by the negative bending moment.
It is considered to set up post-cast sections within a range of about 20 m near the bridge
tower and auxiliary piers to reduce the considerable tensile stress of the UHPC bridge deck.
According to the overall construction organization, the post-pouring section is poured
before the dead load of the second phase of bridge deck construction. The schematic
diagram of the scheme is shown in Figure 6.
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Figure 6. Schematic diagram of setting up a post-pouring strip for Scheme I without counterweight
pouring, numbers refer to sequence of pouring.

According to the calculation results of the above scheme, after setting the post-pouring
strip, the tensile stress of the UHPC bridge deck during the completion stage decreases
by about 2 MPa, and the additional stress during the construction stage decreases by
about 0.3 MPa. Other indicators are not significantly different from those without the
post-pouring strip.

The main reason for the small effect of setting up a post-pouring strip is that a post-
pouring section can only solve the first-stage stress during the UHPC pouring period and
cannot solve the second-stage stress caused by the large second-stage dead load (73 kN/m,
about twice the weight of the UHPC bridge deck) after UHPC pouring is performed.

3.3. Bridge Deck Counterweight Plan

In order to reduce the tensile stress of the UHPC bridge deck at the support points (near
the auxiliary piers and bridge towers) in the above plan, plan I, without counterweights,
a sandbag pre-counterweight plan is used before pouring UHPC on the bridge deck.
According to the different weights of the counterweights, “UHPC weight balancing scheme
II” and “UHPC layer and bridge deck dead load balancing scheme III” are considered.
Each scheme is further divided into two sub-schemes based on the scope of counterweights:
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local counterweights and full-bridge counterweights. The entire bridge counterweight
using the corresponding scheme within the 418 m range of the entire bridge deck.

In the local counterweight scheme, without a loss of generality, is used within 20 m
of the middle span of the auxiliary pier and 84 m of the middle span of the main span.
According to the relevant content in Section 3.1 of this article, there is little difference
between single-, double -width, interval or continuous pouring combination schemes.
Therefore, the above effects are no longer considered in the pre-weight scheme, and the
local weight scheme is shown in Figure 7.
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Figure 7. Schematic diagram of Scheme II (Scheme III)—local weighting sub-scheme, numbers refer
to sequence of pouring.

The calculation results of the above four sub-schemes show that compared those in
the original design scheme as shown in Figure 8, the cable force error of each sub-scheme
is between ±0.5% and ±1.5%; the linear error of the completed bridge is within ±4 mm;
the stress difference of the completed steel box girder is between 5.4 and 7.0 MPa, which is
close to the original design value and has no significant difference. Due to the large amount
of data, it will not be presented in this article.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 10 of 13 
 

 
Figure 7. Schematic diagram of Scheme II (Scheme III)—local weighting sub-scheme, numbers 
refer to sequence of pouring. 

The calculation results of the above four sub-schemes show that compared those in 
the original design scheme as shown in Figure 8, the cable force error of each sub-scheme 
is between ±0.5% and ±1.5%; the linear error of the completed bridge is within ±4 mm; the 
stress difference of the completed steel box girder is between 5.4 and 7.0 MPa, which is 
close to the original design value and has no significant difference. Due to the large 
amount of data, it will not be presented in this article. 

 
Figure 8. Linear comparison of completed bridges between Scheme II and Scheme III. 

The significant difference from the original design scheme is the additional defor-
mation and stress during the construction stage, as well as the tensile stress of the bridge 
deck during the completion stage, as shown in Tables 8–10. The longitudinal position 
along the bridge mileage in the table takes the bridge tower as the longitudinal coordinate 
point, 0, with positive values indicating the direction of mileage increase and negative 
values indicating the direction of mileage decrease. 

Table 8. Additional deformation of poured UHPC segments during the construction phase of the 
counterweight pouring plan. 

Scheme Type  No. Sub-Scheme Name  
Downward  

Deformation 
(mm)  

Position 
(m) 

Location 
Descrip-

tion  

Up Defor-
mation 
(mm) 

Position 
(m) 

Location 
Description  

Original design 0  Full hall support  0  ——  ——  0  ——  ——  

UHPC Weight 
Counterweight  

Scheme II  

9  
Partial-weight UHPC 

weight  
−7.684  −126  

Small 
mileage 

mid span  

1.788 54 

Large mile-
age mid 

span  

10  
Full-weight UHPC 

weight  
−0.005  −81  0.005 126 

UHPC Layer and 
Bridge Deck Dead 

Load Balancing 
Scheme III  

11  
Partial-counterweight, 

full deck weight  
−7.684 −126  1.788 54 

12 
Full-counterweight, full 

deck weight  
−0.005  −105  0.005 102 

Figure 8. Linear comparison of completed bridges between Scheme II and Scheme III.

The significant difference from the original design scheme is the additional deforma-
tion and stress during the construction stage, as well as the tensile stress of the bridge deck
during the completion stage, as shown in Tables 8–10. The longitudinal position along the
bridge mileage in the table takes the bridge tower as the longitudinal coordinate point,
0, with positive values indicating the direction of mileage increase and negative values
indicating the direction of mileage decrease.
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Table 8. Additional deformation of poured UHPC segments during the construction phase of the
counterweight pouring plan.

Scheme Type No. Sub-Scheme
Name

Downward
Deformation

(mm)

Position
(m)

Location
Description

Up
Deformation

(mm)

Position
(m)

Location
Description

Original design 0 Full hall support 0 —— —— 0 —— ——

UHPC Weight
Counterweight

Scheme II

9 Partial-weight
UHPC weight −7.684 −126

Small
mileage

mid span

1.788 54

Large
mileage

mid span

10 Full-weight
UHPC weight −0.005 −81 0.005 126

UHPC Layer and
Bridge Deck Dead

Load Balancing
Scheme III

11 Partial-counterweight,
full deck weight −7.684 −126 1.788 54

12 Full-counterweight,
full deck weight −0.005 −105 0.005 102

Table 9. Additional stresses on poured UHPC segments during the construction phase of the
counterweight pouring plan.

Scheme Type No. Sub Scheme Name Maximum Tensile
Stress (MPa)

Position
(m) Location Description

Original design 0 Full hall support 0.8 —— Full bridge range

UHPC Weight Balancing
Scheme II

9 Partial-weight UHPC weight 1.4 −6 Near the bridge tower

10 Full-weight UHPC weight 0.8 —— Full bridge range

UHPC Layer and Bridge
Deck Dead Load

Balancing Scheme III

11 Partial-counterweight,
full deck weight 1.4 −6 Near the bridge tower

12 Full-counterweight, full deck weight 0.8 —— Full bridge range

Table 10. Tensile stress of UHPC bridge deck during the completion stage of the counter weight
pouring plan.

Scheme Type No. Sub Scheme Name Maximum Tensile
Stress (MPa)

Position
(m) Location Description

Original design 0 Full hall support 6.2 −169 Near the auxiliary pier

UHPC Weight Balancing
Scheme II

9 Partial weight UHPC weight 12.7 −168 Near the auxiliary pier

10 Full weight UHPC weight 11.9 −168 Near the auxiliary pier

UHPC Layer and Bridge
Deck Dead Load

Balancing Scheme III

11 Partial counterweight,
full deck weight 8.2 −168 Near the auxiliary pier

12 Full counterweight, full deck weight 1 −1 Near the bridge tower

Based on the calculation results of UHPC weight balance Scheme II, UHPC layer, and
Phase II dead load balance Scheme III, the following conclusions are drawn:

(1) During the construction phase, when using full-weight bridge counterweights, the
tensile stress and additional deformation of the UHPC bridge deck are relatively small,
which is consistent with the full support pouring plan; when using the local counterweight
scheme, the tensile stress of the bridge deck slightly increases to 1.4 MPa, and the additional
deformation of the bridge deck is −7.684 mm.

(2) During the bridge completion stage, the maximum tensile stress of the UHPC
bridge deck of each sub-scheme is 1.0~12.7 MPa, located near the bridge tower or auxiliary
pier position; when using the full-bridge-weight UHPC layer and second-phase dead load
Scheme III of the bridge deck, the tensile stress of the completed UHPC bridge deck is
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reduced to 1.0 MPa; the tensile stress of the UHPC bridge deck of the completed bridge
gradually increases with the reduction in the counterweight range and weight.

In Jiang Yuqin’s research [8,9] on the UHPC deck pavement of a suspension bridge,
optimizing the UHPC pouring sequence and setting the post-pouring section had specific
effects on improving the state of the completed bridge, and it more obviously improved
the UHPC stress of the bridge deck. The conclusions are different from the conclusions
of this study. The main reason is that the suspension bridge mentioned in Jiang Yuchao’s
paper is a single-suspension span without the adverse effect of auxiliary piers. In contrast,
the cable-stayed bridge in this paper has the effect of auxiliary piers. The reaction force
of auxiliary piers will cause a negative bending moment in the main beam, resulting in
sizeable tensile stress on the UHPC bridge deck.

However, in terms of the influence of counterweight measures on the completed
bridge state and UHPC stress, the research results in this paper are more consistent with the
research conclusions of Jiang Yuqin on the UHPC deck pavement of the suspension bridge.

4. Comparative Analysis and Conclusions

According to the above analysis in this article, from the impact of additional deforma-
tion during the construction phase, the additional tensile stress of the UHPC bridge deck,
the bridge shape, the uniformity of cable force, the stress of the UHPC bridge deck and the
stress of steel box girder during the bridge stage, the main conclusions are as follows:

(1) Compared to the full hall support scheme, regardless of whether or not counter-
weight measures are used, the bridge line shape, cable force, and steel box girder stress
during the completion stage of each scheme are not significantly different; the cable force
error of the completed bridge is between ±1% and ±2%; the linear error of the completed
bridge is within ±5 mm; the stress difference of the completed steel box girder is between
6.8 and 7.2 MPa. When using bridge deck counterweight measures, all indicators will be
slightly better than they will without counterweight measures.

(2) When the UHPC bridge deck is poured without a counterweight (Scheme I),
significant additional deformation (−24.8–12.5 mm) and additional stress (0.8–3.7 MPa)
will occur during the construction phase; after the completion of the bridge, this plan will
have a limited impact on the bridge shape and cable stress of the cable-stayed bridge,
but it will generate significant tensile stress (about 14 MPa) in the UHPC layer. For this
construction plan, adjusting the pouring sequence of the UHPC bridge deck will have a
limited impact in terms of improving the aforementioned adverse effects. Setting post-
pouring strips near auxiliary piers and bridge towers can reduce the stress of the UHPC
bridge deck after completion by about 2 MPa.

(3) When the UHPC weight balance pouring method is used for UHPC bridge deck
(Scheme II), there will be certain additional deformation (−7.7~1.7 mm) and additional
stress (0.8~1.4 MPa) during the construction stage; after the bridge is completed, significant
tensile stress (11.9–12.7 MPa) will be generated in the UHPC layer. When balancing the
weight of the entire bridge deck area, all indicators will be better than the weight of local
areas on the bridge deck.

(4) When the UHPC layer on the bridge deck and second-phase constant load counter-
weight Scheme III are used, the improvement of various indicators during the construction
phase will be the same as that observed in Scheme II. The improvement of the UHPC layer
during the completion phase will be significant, and can be significantly reduced to 1.0 MPa
during the implementation of a full bridge counterweight. Besides, it can also be reduced
to 8.2 MPa during the implementation of a local counterweight.

In summary, when using the UHPC bridge deck structure for cable-stayed bridges, it
is recommended to use a counterweight pouring scheme for UHPC pouring on the bridge
deck, when the construction site conditions are limited; at least, local weight balancing
schemes should be adopted, combined with comprehensive technical measures such as
setting up post-pouring strips at the auxiliary piers and bridge towers.
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