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ABSTRACT 

With the application of prestressed steel wire rope in bridge reinforcement project, mortar or 

composite mortar as the embedded material of steel wire rope is also gradually exposed to low 

strength, easy to crack, easy to fall off, and affect the durability of the wire rope and other 

shortcomings. Polyurethane-cement (PUC) composite, as a polymer concrete material, is 

characterized by light weight, high strength, high toughness, and good adhesion and corrosion 

resistance. In this paper, two kinds of reinforcement methods, PUC prestressed steel wire rope and 

prestressed steel wire rope, were used respectively, and the load test before and after reinforcement 

was carried out, and the effectiveness of the reinforcement methods was verified through the 

collection of parameter information, such as strain and deflection, before and after reinforcement. 

Although the PUC-strengthened bridge is less than the mortar-strengthened bridge each piece of 

girder arranged 15 pre-stressing steel wire rope, but the two bridges strengthened girder stiffness 

increase amplitude is comparable, under the action of the symmetrical load, the middle girder are 

increased by 13%, after the reinforcement of the bridge in the measured deflection to meet the 

highway load standard requirements of class Ⅱ. The PUC overlay layer has a good adhesion with 

the original beam body, and no cracks were found. However, the mortar overlay layer has cracks of 

varying degrees. The crack width is 0.15 mm, and the average spacing is approximately 150 mm. 
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INTRODUCTION 

Bridges are an important part of highway transportation and have a pivotal role in the road 

transportation business [1]. With the continuous development of social and economic development, 

transportation is getting busier and busier, and bridges are playing an irreplaceable role as the throat 

of highway transportation [2,3]. 

With the development of social and economic development, the transportation industry 

unprecedented prosperity, vehicles as a carrier of transportation, compared with the previous 

changes have occurred greatly, to the vehicle load and flow of the increase in the most obvious [4-



 
  Article no. 35 

 
THE CIVIL ENGINEERING JOURNAL 4-2025 

 
 

  DOI 10.14311/CEJ.2025.04.0035   526 

8]. Due to rapidly increasing vehicle loads, natural conditions such as acid rain, air and temperature, 

a series of diseases such as stress cracks, concrete deterioration, and corrosion of steel 

reinforcement have occurred in the bridge structures [9-12]. These man-made and natural factors 

affect bridges to varying degrees, mainly in terms of structural safety, suitability and durability, and 

ultimately reduce the load-bearing capacity of bridges, jeopardizing their long-term operation. The 

insufficient load carrying capacity of old bridge structures has long been a common problem across 

the world [13,14]. 

Polyurethane cement (PUC) composites belong to polymer concrete materials, which are 

characterized by light weight, high strength, high toughness, and the material itself has good bond 

strength and resistance to acid and alkali corrosion [15,16]. PUC prestressed wire rope 

reinforcement method is embedded with prestressed wire rope in polymer concrete, which can solve 

the problem of pre-cracked cracks that cannot be closed actively in passive reinforcement [17]. The 

use of PUC to replace composite mortar as the embedding material for prestressing steel wire ropes 

not only solves the problem of durability of reinforced beams due to cracking and peeling of 

composite mortar, but also the material itself can be reinforced for the main beams [18,19]. Kexin 

Zhang [20] and others conducted an indoor experimental study on PUC-prestressed wire rope 

reinforced beams, considering parameters such as the thickness of PUC, the configuration of 

prestressed wire rope. The results of the study show that compared with composite mortar-

prestressed wire rope reinforced beams, PUC-prestressed wire rope reinforced beams show a 

significant increase in load carrying capacity and stiffness, especially after the yielding of ordinary 

steel reinforcement. However, the research on PUC-prestressed wire rope reinforced beams is 

limited to indoor tests and theoretical studies, and there is a need to study PUC-prestressed wire 

rope reinforcement of actual bridges. In this paper, two kinds of reinforcement methods, PUC-

prestressed steel wire rope and composite mortar-prestressed steel wire rope, were used for actual 

bridges, and load tests were carried out before and after reinforcement, and the validity of the 

reinforcement methods was verified by collecting information on the parameters such as strain and 

deflection before and after reinforcement. 

ENGINEERING BACKGROUND 

In this paper, two T-structured bridges with similar construction age and structure were 

selected as the dependent projects, and the design of two bridge reinforcement was completed by 

using PUC prestressing steel wire rope reinforcement and composite mortar prestressing steel wire 

rope reinforcement respectively, and the verification test of the reinforcement effect was carried out. 

The bridge one is located in Heilongjiang Province, , the bridge was built in the 1980s. The 

upper structure of the bridge is 5×20.0 m prefabricated reinforced concrete T beams, each 

transverse span 5 T beams, T beam flange plate width of 1.6 m, T beams are arranged between the 

cross beams, the bridge floor net width of 7 m + 2×1.0 m. 

The bridge two is located in Heilongjiang Province, which was also built in the 1980s and has 

been in service for more than 30 years. The upper structure of the bridge is a typical concrete T-

beam structure, with a total length of 40 m and a single-hole span of 20 m. The cross section of the 

bridge is composed of 5 T beams, the width of the flange plate of the T beam is 1.8 m, the total width 

of the bridge is 10.0 m, and the cross section arrangement is 2×1 m (collision barrier) +8 m 

(carriageway). 

After the actual inspection of the two bridges, it was found that the surface of the main girder 

had more stress cracks and the load carrying capacity did not meet the requirements, and the main 

girder disease diagram is shown in Figure 1. In order to improve the bearing capacity of the main 

girder and extend the operation time, the two bridges were strengthened. 
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(a) - Main beam cracks (b) - Concrete deterioration 

Fig. 1 - Main girder disease diagram 

The overlay layer - prestressed steel wire rope reinforced beam has the advantages of simple 

construction and no impact on the clear height under the bridge. First, make a groove at the end of 

the beam and weld the anchor. Secondly, tension and anchor the prestressed steel wire rope. 

Secondly, pour PUC material or mortar material. Finally, remove the formwork. Polyurethane cement 

- Reinforcement method for prestressed steel wire ropes: Active force reinforcement of prestressed 

steel wire ropes, passive force participation of polyurethane cement. The polyurethane cement 

covering layer can reduce the usage of prestressed steel wire ropes and enhance their durability. 

REINFORCEMENT SCHEME 

Reinforcement Scheme for Bridge Number One 

The structural design of the bridge is based on the traffic conditions in the 1980s, and the 

design load is the old standard automobile -20, trailer -100. The bridge is located on the main 

highway of the heilongjiang Province, and from the time it was built to the present, the traffic flow on 

the route has been so great that the bridge has been overloaded for a long time. The main girder 

after a long period of operation and caused the stiffness and bearing capacity of different degrees of 

reduction in the main girder girder body appeared a number of cracks, after the identification of the 

bridge has not been able to meet the current demand for traffic, can not meet the highway Ⅱ load 

standards, the traffic management department has decided to strengthen the bridge to ensure 

highway operation safety, so that after reinforcement the bridge to meet the highway Ⅱ pass load 

standards. Lateral view, cross-section view and steel wire rope arrangement view of bridge one are 

shown in Figure 2. 
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（a）- Lateral view （b）- Cross-section view 

 

（c）Steel wire rope arrangement of beam bottom 

Fig .2 - Lateral view, cross-section view and steel wire rope arrangement view of  

bridge one (Unit:mm) 

As shown in Figure 2, the main girder is reinforced with PUC prestressing steel ropes in the 

longitudinal direction of 16 m. 11 prestressing steel ropes are arranged at the bottom of the T-beam, 

and the thickness of the PUC is 50 mm, and the height of the side is 150 mm, so as to ensure that 

the structural load carrying capacity and stiffness can meet the specification requirements. The 

bridge one reinforcement diagram is shown in Figure 3, which shows the construction of prestressing 

wire ropes, the erection of pouring formwork, and the mixing and pouring of PUC material, 

respectively. The density of PUC material used in the actual construction process is 1500 kg/m3, 

according to the mass ratio of material preparation, polyol: isocyanate: cement = 1:1:2, with an 

electric mixer in an iron bucket for 3 min (Figure 3c), and then manually poured (Figure 3d), pouring 

is completed, and then in a dry environment maintenance 7 d. 

 
 

Fig .3 - Reinforcement figures of bridge one 
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Reinforcement Scheme for Bridge Number Two  

The bridge two is located in Jixi City, Jidong County, also built in the 1980s, the design load 

for the old standard automobile -20, trailer -100. From its completion to the present, the route has 

seen a tremendous amount of traffic and the bridges have been overloaded for a long time. The 

main girder has been operated for a long time and the stiffness and bearing capacity have been 

reduced to different degrees, according to the bearing capacity calculation and the results of the 

bridge load test, the bridge has not been able to meet the demand of the traffic volume, and can not 

meet the highway Ⅱ load standard, the traffic management department has decided to strengthen 

the bridge to ensure the safety of highway operation, so that the strengthened bridge reaches the 

highway Ⅱ pass load standard. 

The bridge adopts the composite mortar prestressing wire rope reinforcement method, each 

piece of T-beam arrangement of 26 prestressing steel wire ropes, respectively, along a bottom 

surface and two sides of the arrangement, as shown in Figure 4, the bottom surface of the 

arrangement of 8, the two sides of the arrangement of 9 steel wire ropes, prestressing steel wire 

rope arrangement range of the main beam within the longitudinal range of 14 m,  steel wire rope 

embedded in the 25 mm thickness of the composite mortar. Compared with the bridge one, this 

bridge has 15 more prestressing wires per girder than bridge one. The reinforcement diagram of the 

bridge two is shown in Figure 4, which are the prestressed steel wire rope tension diagram and the 

bottom diagram of the reinforced beam respectively. The reinforcement diagram of the bridge two is 

shown in Figure 5.  

   

（a）- Lateral view （b）- Cross-section view 

 

（c）- Steel wire rope arrangement of beam bottom 

Fig .4 - Lateral view, cross-section view and steel wire rope arrangement view of  

bridge two (Unit:mm) 
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Fig .5 - Reinforcement figures of bridge two 

STATIC LOAD TEST OF BRIDGE BEFORE AND AFTER REINFORCEMENT 

In order to comprehensively evaluate the stress performance of the two solid bridges after 

reinforcement, field load tests before and after reinforcement were carried out on bridge one and 

bridge two, respectively, to verify the actual reinforcement effect of the bridge. The reinforcement 

effect was evaluated by the measured results before and after reinforcement, and a comparative 

analysis was made between the PUC prestressing wire rope reinforcement method of the bridge one 

and the composite mortar prestressing wire rope reinforcement method of the bridge two. 

Test Load Determination 

The load is distributed according to the most unfavorable position to ensure that the load test 

efficiency η is between 0.95 and 1.05. The load is distributed according to the most unfavorable 

position, and in order to accurately simulate the highway-class-II loads of the two bridges, two 42 t 

loaded cars and two 40 t loaded three-axle trucks are used as the test loads, respectively. 

Unbalanced load and medium-load tests were carried out by simulating the highway class II load 

standard after accurate weighing. The vehicle loads used for the load tests on the bridge one and 

two are shown in Tables 1 and 2, respectively. Each time the load is stabilized for a period of time, 

the data of each measurement point is collected. The solid bridge reinforcement diagrams are shown 

in Figures 6 to 9. 

Tab. 1 - Loading vehicle parameters before and after reinforcement (Bridge one) 

Vehicle 
Front axle 

weight(kN) 

Central axis 

weight(kN) 

Rear axle 

weight(kN) 

Front to middle 

wheelbase(m) 

Mid rear 

wheelbase(m) 

Before 

reinforcement 

A 81.4 162.8 162.8 3.5 1.35 

B 84.2. 168.4 168.4 3.5 1.35 

After 

reinforcement 

A 83.4 166.8 166.8 3.5 1.35 

B 84.6 169.2 169.2 3.5 1.35 
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Tab. 2 - Loading vehicle parameters before and after reinforcement (Bridge two) 

Vehicle 
Front axle 

weight(kN) 

Central axis 

weight(kN) 

Rear axle 

weight(kN) 

Front to middle 

wheelbase(m) 

Mid rear 

wheelbase(m) 

Before 

reinforcement 

A 79.3 158.6 158.6 3.5 1.35 

B 78.6 157.2 157.2 3.5 1.35 

After 

reinforcement 

A 79.0 158.0 158.0 3.5 1.35 

B 80.6 161.2 161.2 3.5 1.35 

  

（a）- Cross section under the eccentric load （b）- Cross section under the symmetrical load 

Fig .6 - Load cross-sectional view of bridge one (Unit:m) 

  

（a）- Cross section under the eccentric load （b）- Cross section under the symmetrical load 

Fig .7 - Load cross-sectional view of bridge two (Unit:m)  
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（a）- Cross section under the eccentric load （b）- Cross section under the symmetrical load 

Fig .8 - Load cross-sectional view of bridge one (Unit:m) 

  

（a）- Cross section under the 

eccentric load 

（b）- Cross section under the 

symmetrical load 

Fig .9 - Load cross-sectional view of bridge two (Unit:m) 

Test Point Arrangement 

In order to test the deflection of the girder, a deflectometer is installed at the bottom of the 

girder in the span of each T-beam to test the deflection value of each piece of the main girder 

under the test condition, the deflection of the bridge one is shown in Figure 10, and the deflection 

arrangement of the bridge two is the same as that of the bridge one. Before and after the 

strengthened girder strain measurement point arrangement is shown in Figure 11, the real bridge 

two strain measurement point arrangement is the same as the real bridge one. 

  

（a）- Before reinforcement （b）- After reinforcement 

Fig .10 - Deflection test point layout of bridge one 
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（a）- Before reinforcement （b）- After reinforcement 

Fig .11 - Strain gauge layout of bridge one 

LOAD TEST RESULT 

Deflection Test Results 

The deflection values of the load test before and after the reinforcement of the real bridge 

one and two are shown in Table 3 and Table 4, and the deflection graphs are plotted according to 

the deflection data as shown in Figure 12 and Figure 13. 

Tab. 3 - Deflection under the eccentric load before and after reinforcement 

Measurement 

point number 

Before the 

bridge one 

reinforcement 

deflection 

(mm) 

After the 

bridge one 

reinforcement 

deflection 

(mm) 

Decrease 

rate 

Before the 

bridge two 

reinforcement 

deflection 

(mm) 

After the 

bridge two 

reinforcement 

deflection 

(mm) 

Decrease 

rate 

M1 9.0 7.4 17.8% 8.3 7.3 12.0% 

M2 9.2 7.9 14.1% 8.6 7.8 9.3% 

M3 10.1 8.5 15.8% 9.4 8.1 13.8% 

M4 10.4 8.9 14.4% 10.1 8.6 14.8% 

M5 10.5 8.9 15.2% 10.2 8.7 14.7% 

Tab. 4 Deflection under the symmetrical load before and after reinforcement 

Measurement 

point number 

Before the 

bridge one 

reinforcement 

deflection 

(mm) 

After the 

bridge one 

reinforcement 

deflection 

(mm) 

Decrease 

rate 

Before the 

bridge two 

reinforcement 

deflection 

(mm) 

After the 

bridge two 

reinforcement 

deflection 

(mm) 

Decrease 

rate 

M1 9.0 7.7 14.4% 8.6 7.6 11.6% 

M2 9.7 8.3 14.4% 9.4 7.8 17.0% 

M3 9.9 8.6 13.1% 9.6 8.3 13.5% 

M4 9.5 8.5 10.5% 9.3 8.1 12.9% 

M5 8.9 7.8 12.4% 8.8 7.5 14.8% 
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（a）- Bridge one （b）- Bridge two 

Fig .12 - The deflection results under the eccentric load before and after reinforcement 

As can be seen in Figure 12, the deflections under bias load of bridges strengthened with 

PUC prestressed wire rope reinforcement and composite mortar prestressed wire rope 

reinforcement are reduced to different degrees. The deflection of the beam on the side of the 

eccentric load is maximum under the eccentric loads used. Before reinforcement, under the test load, 

the deflections of 4# and 5# girders of the bridge two were 10.1 mm and 10.2 mm respectively, and 

after reinforcement by composite mortar pre-stressing steel wire rope method, under the test load, 

the deflections of 4# and 5# girders were 8.6 mm and 8.7 mm, which were reduced by 14.8% and 

14.7% respectively. Under the test load before reinforcement, the deflections of 4# and 5# girders of 

the bridge one were 10.4 mm and 10.5 mm respectively, and after reinforcement by the method of 

PUC prestressing steel wire rope, the deflections of 4# and 5# girders were 8.9 mm and 8.9 mm, 

which were reduced by 14.4% and 15.2% respectively. Although the bridge one is less than the 

bridge two each piece of girder arranged 15 pre-stressing steel wire rope, but the two bridges after 

reinforcement the stiffness of the girder body to improve the magnitude of the same, 4# girder and 

5# girder are increased by 14%, after reinforcement the bridge deflection measured deflection to 

meet the requirements of the highway class Ⅱ loading standards.  
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（a）- Bridge one （b）- Bridge two 

Fig .13 - The deflection results under the symmetrical load before and after reinforcement 

As can be seen in Figure 13, the deflections under medium load of bridges strengthened with 

PUC prestressed wire rope reinforcement and composite mortar prestressed wire rope 

reinforcement are all reduced to different degrees. The deflection of girder 3# is the largest under 

medium load. The deflection of 3# girder of the bridge two was 9.6 mm under test load before 

reinforcement, and the deflection of 3# girder was 8.3 mm under test load after using composite 

mortar prestressing steel wire rope reinforcement, the deflection was reduced by 13.5%. Under the 

test load before reinforcement, the deflection of #3 girder of the bridge one was 9.9 mm, and the 

deflection of #3 girder after reinforcement with PUC prestressing steel wire rope was 8.6 mm, the 

deflection was reduced by 13.1%. Although the bridge one is less than the bridge two each piece of 

girder arranged 15 pre-stressing steel wire rope, but the two bridges strengthened girder stiffness 

increase amplitude is comparable, under the action of the medium load, 3# girder are increased by 

13%, after the reinforcement of the bridge in the measured deflection to meet the highway load 

standard requirements of class Ⅱ. 

Strain Test Results 

The strains at the bottom of the girders before and after reinforcement under the deflected 

load conditions of the bridge one and two are shown in Table 5, and the graphs are plotted as shown 

in Figure 14. The strains at the bottom of the girders before and after reinforcement under the 

medium load conditions of the bridge one and two are shown in Table 6, and the graphs are plotted 

as shown in Figure 15.  
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Tab. 5 - Beam bottom strain under the eccentric load before and after reinforcement 

Measurement 

point number 

Before the 

bridge one 

reinforcement 

strain (με) 

After the 

bridge one 

reinforcement 

strain (με) 

Decrease 

rate 

Before the 

bridge two 

reinforcement 

strain (με) 

After the 

bridge two 

reinforcement 

strain (με) 

Decrease 

rate 

N1 150 140 7.1% 160 150 6.7% 

N2 190 175 7.8% 200 180 11.1% 

N3 250 235 6.4% 255 225 13.3% 

N4 265 230 15.5% 275 235 14.5% 

N5 280 245 12.5% 270 240 11.1% 

Tab. 6 - Beam bottom strain under the symmetrical load before and after reinforcement 

Measurement 

point number 

Before the 

bridge one 

reinforcement 

strain 

(με) 

After the 

bridge one 

reinforcement 

strain 

(με) 

Decrease 

rate 

Before the 

bridge two 

reinforcement 

strain 

(με) 

After the 

bridge two 

reinforcement 

strain 

(με) 

Decrease 

rate 

N1 180 170 5.6% 205 180 12.2% 

N2 240 210 12.5% 230 205 10.9% 

N3 260 225 13.5% 265 225 15.1% 

N4 245 220 10.2% 250 215 14.0% 

N5 190 175 7.9% 200 180 10.0% 

As can be seen in Figure 14, the bottom strain of each main girder of the bridge strengthened 

with PUC prestressed wire rope reinforcement method and composite mortar reinforcement method 

is reduced to a different degree under the eccentricity test load of the bridge. The bridge one, the 

strains at the bottom of girders 4# and 5# under bias load before reinforcement are 265 με and 280 

με, and the strains at the bottom of girders 4# and 5# after reinforcement are 230 με and 245 με, 

which are 15.5% and 12.5% lower than those before reinforcement, respectively. The bridge two, 

under the bias load, the strains of girders 4# and 5# are 275 με and 270 με before reinforcement, 

and 235 με and 240 με after reinforcement, which are reduced by 14.5% and 11.1%, respectively. 

The strain reduction rates after reinforcement are similar for both bridges, and the strains under the 

measured bias loads of the strengthened bridges meet the requirements of highway class II loading 

standards. 
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（a）- Bridge one （b）- Bridge two 

Fig .14 - The strain results under the eccentric load before and after reinforcement 

  

（a）- Bridge one （b）- Bridge two 

Fig .15 - The strain results under the symmetrical load before and after reinforcement 

As can be seen in Figure 15, the bridges strengthened by the PUC prestressing wire rope 

method and the composite mortar prestressing wire rope reinforcement method show different 

degrees of reduction in the bottom strains of the main girders of each piece under symmetrical 

loading. The strain at the bottom of girder 3# girder under symmetrical loading in bridge one before 

reinforcement is 260 με, and the strain at the bottom of girder 3# girder after reinforcement is 225 

με, which is 13.5% lower than that before reinforcement. The strain of girder 3# of the bridge two 

was 265 με before reinforcement, and it became 225 με after reinforcement, which was reduced by 

15.1%. After reinforcement the two bridges, the measured strains under medium loads meet the 

requirements of highway class II loading standards. 
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Fig .16 - Lateral strain under the eccentric 

load after reinforcement 

Fig .17 - Lateral strain under the eccentric 

load after reinforcement 

N36 and N37 are strain measurement points adjacent to the side of girder 3#, N36 is used to 

measure concrete strain and N37 is used to measure PUC strain. N56 and N57 are strain 

measurement points adjacent to the side of girder 5#, N56 is used to measure concrete strain and 

N57 is used to measure PUC strain. As can be seen in Figure 16, the strains at the two measurement 

points N36 and N37 are 215 με and 220 με, respectively, and the strains at the two measurement 

points N56 and N57 are 225 με and 220 με, respectively, under eccentric loading, and the strains of 

the urethane cement material at the same locations are similar to the concrete strains. As can be 

seen from Figure 17, under symmetrical loading, the strains at the two measurement points N36 and 

N37 are 230 με and 230 με, respectively, and the strains at the two measurement points N56 and 

N57 are 175 με and 180 με, respectively, which are the same as in the case of partial loading, the 

strains of the PUC material at the same position are similar to those of the concrete, which indicates 

that the PUC coordinates the deformation of the main beams well with that of the PUC after casting. 

Surface Observation 

One month after the completion of the reinforcement, on-site observation of the use of the 

bridge one and the bridge two were carried out respectively, and no cracking was found on the 

surface of the PUC of the bridge one, and the reinforcement layer was well bonded with the original 

girder. On-site observation of the bridge two found that each beam reinforcement layer mortar have 

different degrees of cracking phenomenon, crack width of 0.15 mm, the average spacing of about 

150 mm, cracks vertical longitudinal bridge direction, the two sides of the through the U-shaped 

cracks, as shown in Figure 18, most of them are force cracks. 
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（a）- Composite mortar crack diagram （b）- Composite mortar crack diagram 

Fig .18 - Composite mortar crack diagram of bridge two 

CALCULATION METHOD OF BEARING CAPACITY 

The ultimate bearing capacity calculation of RC damaged beams reinforced by PUC and 

prestressed steel wire ropes is based on the test failure mode. The calculation adopts the constitutive 

model of concrete and steel bars in the specification. When the PUC material reaches the ultimate 

tensile strain, the steel bars have already reached their yield strength before that. Therefore, when 

the reinforced beam reaches its ultimate bearing capacity, the stress of the reinforcing bars is 

calculated based on its yield strength 𝑓𝑦. The calculation diagram is shown in Figure 19, and the 

ultimate bearing capacity can be calculated as follows. 

 
Fig. 19 - Simplified calculation diagram of the ultimate flexural bearing capacity  

of reinforced beams 

From the assumption of the flat section, it can be known that the strain of the steel wire rope 

caused by the deformation of the beam body at this time is: 

1r PUCr                                   (1) 

Considering the strain lag and the pre-tension stress of the wire rope, the true strain of the 

wire rope is: 

1 0r r pr r                                   (2) 
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Then the stress of the steel wire rope when the reinforced beam reaches the ultimate bearing 

capacity is: 

.r r rE                                   (3) 

If it is a single-reinforcement cross-section beam, from the equilibrium relationship, it can be 

obtained that: 

. . .cd y s r r PUCr PUCf bx f A A f A                            (4) 

0. ( ) . ( ) . ( )
2 2 2 2

y y s r r PUCr PUC

x x x
M f A h A h f A h


                     (5) 

If it is a double-rib cross-section beam, from the equilibrium relationship, it can be obtained 

that: 

' '. . . .cd y s y s r r PUCr PUCf bx f A f A A f A                         (6) 

' ' '

0. ( ) . ( ) . ( ) . ( )
2 2 2 2 2

y y s r r y s s PUCr PUC

x x x x
M f A h A h f A a f A h


                (7) 

In the formula: 

𝜀𝑝𝑟 — The strain of the steel wire rope under the action of prestress. 

𝜀𝑟0 — The hysteresis strain of the steel wire rope caused by the initial bending moment. 

𝑥 — When the bending ultimate bearing capacity state is reached, the equivalent rectangular 

height of the concrete in the compression zone is obtained by solving the force equilibrium equation. 

CONCLUSION 

1. After reinforcing the structure with PUC prestressed steel wire rope, the stiffness and strength 

of the structure have been significantly improved to meet the requirements of the highway-II loading 

standards. The measured values of deflection and strain of each beam were significantly reduced 

after reinforcement, and the structural safety reserve was improved. 

2. The PUC prestressed wire rope-reinforced bridges had a large number of fewer prestressed 

wire ropes than the composite mortar-reinforced bridges, but the deflections and strains measured 

for the two reinforced bridges were reduced to a comparable degree compared to the pre-

strengthened bridges. 

3. The strain of the PUC material at the same position is similar to that of the concrete, indicating 

that the PUC coordinates well with the main beam after casting and the surface of the reinforcement 

layer is not cracked. 

4. On the one hand, PUC, as the covering layer of prestressed steel wire ropes, can effectively 

reduce the pre-applied force of the steel wire ropes, lower the stress at the beam ends, and prevent 

stress concentration at the anchoring ends. On the other hand, the excellent toughness and 

corrosion resistance of PUC prevent the internal steel wire rope from rusting due to the cracking of 

the covering layer. 
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