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ABSTRACT 
Damage and repair of the deck of many aging bridges are major social problems in our country. In this 

research, in order to reproduce the deterioration process of bridge deck, preliminary loading was carried 

out by a testing machine equipped with a rubber tire. After that, the damaged bridge deck was reinforced 

by the carbon fiber, and a fatigue loading test by a crank type testing machine up to destruction was 

done. Based on a series of experimental results, it was confirmed that the concrete slab was extended 

by carbon fiber reinforcement in only axis direction of the bridge, and fatigue durability was improved. 
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1. INTRODUCTION 
 

     The number of aging bridges increases certainly in 

Japan, maintenance and management of them become an 

unavoidable social issue. Therefore, the planning of 

effective countermeasures for damaged bridge is one of 

urgent important issues. In the present situation, the 

bridge inspection legislated in 2014 has been proceeding 

in Japan [1,2]. The grasp of damage degree and 

implementation of repair countermeasures 

corresponding the results of bridge damage have been 

executed mainly on the national highway.  

     However, the most of domestic bridges under local 

municipal management actually are not efficiently taken 

care due to lack of engineers and financial shortage.  It 

is considered necessary to give a reasonable judgment 

method to select two ways, which specifically is the way 

ensuring the required performance by repair and 

reinforcement and the way prolonging the life until the 

next countermeasure [3,4].  

     Therefore, in this research, in order to provide the 

reinforcement method to improve load bearing 

performance and the method that can be expected to 

prolong life even if improvement of load bearing 

performance cannot be anticipated, experimental 

research had been done.  

  

2. OUTLINE OF EXPERIMENT 
 

2.1 Specimen of concrete slab 
(1) Materials 

     The specimens were full size, specimen A was 

conformed to the specification of road bridge in 1964 

(Showa 39 era). The amount of reinforcing bar and 

thickness of the deck slab were specified as B specimen 

which is compliant with 1972 (Showa 47 era) 

specification road bridge. Two types of test specimens 

were produced Fig.1 and Fig.2 shows respectively 

specimen of concrete slab A and specimen of concrete 

slab B. 

 

 
 

Fig.1 Specimen A 
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     The amount of reinforcing bar and the thickness of 

the deck plate are shown in Table 1, and the concrete 

properties are shown in Table 2. In this experiment, it is 

thought Young's modulus of specimen B is small because 

of water- cement ratio. This is similar to the Young's 

modulus decrease sometimes observed damaged 

concrete by the Alkali silica reaction (ASR) etc. 

 

 
 

Fig.2 Specimen B 
 

 
Table 2 Characteristics of concrete 

Name of 

specimen 

Compression 

strength  

f’ck (N/mm2) 

Young’s 

modulus 

Ec 

(kN/mm2) 

Poisson’

s 

ratio 

A 40.4 33.5 0.146 

B 21.3 7.99 0.150 

  

  

(2) Reinforcing method 

     The reinforcement was made for each specimen 

by inserting a rod of carbon fibers grooved on the lower 

surface of the deck slab and impregnated with epoxy 

resin. Table 3 shows the material characteristics of used 

carbon fiber. Strength of used epoxy resin is shown in 

Table 4.  

 
 
 

Table 3 Material characteristics of used CFRP 
strand 

Material for reinforcement 
Carbon Fiber 

Reinforced Plastics 

Weight per unit length (g/m) 254 

Sectional area (mm2) 44 

Young’s modulus (kN/mm2) 231 

Tensile strength (N/mm2) 4,639 

Rigidity (kN) 10,164 

 
Table 4 Strength of used epoxy resin 

Item Value Test Method 

Tensile strength (N/mm2) 

Bending strength (N/mm2) 

Tensile shear strength 

(N/mm2) 

52 

63 

20 

JIS-K7161 

JIS-K7171 

JIS-K6850 

   

     By inserting it into the groove cutting 

(15mm*15mm*2400mm), deterioration progression 

after reinforcement can be confirmed, and even when 

water leakage due to a defect of the waterproof layer 

occurs, it does not stay inside the slab. One strand 

consisted from 48 bundles of carbon fibers is roughly 

equivalent to two layers of a general 300 g basis weight 

and regular length of the strand sheet is 50 m. Therefore, 

it is possible to construct without a joint until the length 

50 m. Additional work does not occur at a construction 

site of a real bridge which takes time and effort 

concerning a joint problem. After an experiment on 

simple beam with reinforcement of carbon fiber with the 

quantity 48 and 72 respectively, we decided to use 48 

bundles of carbon fiber for this experiment due to the 

effectiveness of strength and cost. 

      Reinforcing materials were installed in only one 

direction of the bridge axis in the A specimen with 15 

rods of carbon fiber. While the B specimen was set in 

two directions of the bridge axis perpendicular and the 

bridge axis. This is because fatigue deterioration has 

developed greatly in many cases due to the low loading 

performance of the 1964 edition road bridge 

specification book (Showa era 39), although 

replacement is desired as a drastic response. The 

direction of reinforcement was set as the bridge axis 

direction because it is known that the S39 roadbed slab 

is subjected to punching shear fracture after the 

formation of beams from plate due to fatigue 

deterioration in a past study. If the formation of beams 

from a plate can be prevented, it is expected that this 

prevention method will contribute to extending the life 

by reinforcing in the bridge axis direction. 

 

Table 1 Thickness of concrete slab and amount of steel reinforcement 

Name of 

specimen 

classification 

Thickness 

of slab 
(mm) 

Arrangement of steel reinforcement 

A 190 
Bridge axis direction            upper side D13x11, lower side D13x11 

Bridge axis orthogonal direction   upper side D16x11, lower side D16x21 

B 200 
Bridge axis direction            upper side D16x16, lower side D16x27 

Bridge axis orthogonal direction   upper side D19x13, lower side D19x25 
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2. 2. Wheel load running test 
     The purpose of this research is to confirm the 

reinforcement effect after reproducing the degradation 

process of the actual bridge deck, a crank type testing 

machine from preliminary loading by a testing machine 

equipped with rubber tires (Fig 3). The slab was fixed to 

the supporting girder with bolts in this test. After 

reinforcement with CFRP rods, the loading carried out 

by crank type running test machine (Fig 4), in this test, 

the slab was simply supported with round bar. 
 

 

Fig.3 Wheel load running test machine 

 

Fig.4 Crank type running test machine 

      
     Table 5 shows the loading load and the shape of 

the active area of load. The table also shows the number 

of runs for each type of loading, but in this loading, it has 

been running 100,000 times by checking the deflection 

increasing tendency at 160 kN, and that number is also 

included. 

 

3. EXPERIMENT RESULTS 
 

3.1 A Specimen 
 A specimen was reinforced by CFRP rods in one 

direction (Fig 5) 

 

 

― Preloading cracks  ― Running test loading cracks  

   □ Peeling/ Spalling 

Fig. 5 Specimen A reinforced direction and cracks 
 

     The changes over time in the deflection of the A 

specimen of the preliminary loading and the final load 

after reinforcement are respectively shown in Fig 6 (a) 
and (b). 
     "Loading" shown in Fig. 6(a) of preliminary 

loading is the measured value of the deflection statically 

loaded at each fixed number of runs, "Unloading" is the 

value with no load, "Loading-Unloading" is 

corresponding to the elastic component. In addition, 

three results of deflection by elastic calculation are 

shown. They are the calculation value using the actual 

Young's modulus E= 33.5 kN/mm2, the calculation value 

corresponding to Young's modulus ratio of steel and 

concrete n= 15 and the calculation value to the ratio n= 

30. It is generally known that n= 15 is approximately 

same as the condition neglecting tension area of concrete 

and n= 30 is nearly to the ultimate state. For the support 

condition in calculation, it was assumed that the 

direction of the bridge axis was fixed on the supporting 

beam fixed by bolts and the direction orthogonal to the 

bridge axis was simply supported on the support beam. 

From this figure, it can be estimated that state of the 

specimen is close to the ultimate state, because the 

deflection at "Loading - Unloading" exceeds to the 

deflection where the calculated assumed n= 30.  

The load in shown in Fig. 6 (b) is equal to the load of the 

preliminary loading 160 kN up to 1.35E+05 times. 

Deflection " Loading - Unloading" is same as that in the 

preliminary loading, although the shape of the loading 

surface is different. 

Table 5 Load and active area 

Name of 

specimen 

Load classification 

(Number of load running: 

thousand times) 

Loading force 

(kN) 

Active area of load 

Bridge axis direction×orthogonal 

direction (mm) 

A 
Preliminary loading (135.0) 160 350×450 

Loading (436.2) 160 to190 120×300 

B 
Preliminary loading (215.2) 160 350×450 

Loading (360.9) 160 to 230 120×300 
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(a)  Preliminary loading 

 
(b)  Loading after reinforcement 

 

Fig. 6 Change of deflection of center point with 
time (Specimen A) 

     It can be seen that reinforcing effect due to 

decrease of deflection is not obtained, because 

reinforcements are only in the direction of the bridge axis. 

After confirmation that the increase of deflection is 

almost stopped at 100,000 times for the load of 160 kN, 

the running experiment was continued under the 

increased load 190 kN. The experiment was completed 

at the number of runs of 436.2 thousand times. Steps 

were observed in wide area at the lower face of specimen. 

It can be thought that the specimen finally reached to the 

pushing shear failure by those occurred steps.  

Fig. 7 The fixing end of carbon fiber after 
experiment 

 

     However, just before the shear fracture, concrete 

fracture occurred at the fixing end of the fiber as shown 

in Fig.7, and it was confirmed that as a trigger by this 

fracture the fracture was transferred to the interior of 

the specimen, and reached to general punching shear 

fracture. Its process is different from general punching 

 
Fig. 8 Change of strain of carbon fiber 

reinforcement with time 
 

    The change with time of the strain of the carbon 

fiber is shown in the Fig. 8. The strain at the center is 

1700 to 1800 , whereas the strain generation amount is 

about 400  at the position 825 mm away from the center, 

which is roughly quarter of the center. It became clear 

that the carbon fiber rod immediately under the wheel 

load is effective for reinforcement. It can be estimated 

that there is considerable life prolonging effect of 

concrete slab by this reinforcement, even if the 

reinforcement is performed only under the wheel load 

and in the vicinity thereof (for example, the range of 45 ° 

below the cross section from the loading end). 

     Fig. 5 also shows the cracks after entire test of 

specimen A. In this figure the crack with blue deformed 

after preloading test, after all the test some part of the 

slabs had been peeled out or spalled. 

 

3.2 B Specimen 
     The direction of CFRP rods in specimen B was 

showed in (Fig 9) with two direction. 

     The changes over time in the deflection of the B 

specimen of the preliminary loading and the final load 

after reinforcement are respectively shown in Fig 10 (a) 
and (b). Fig. 10 (a) also shows the deflection calculated 

by the Young's modulus by the compression test on the 

specimen at the time of concrete casting by the same 

method as the A specimen. Young's modulus of this 

specimen is lower than that of specimen A, therefore, the 

deflection of "Loading - Unloading" increased to 3.22 

mm, which is approximately twice of the calculated 

value 1.67 mm at the end of preliminary loading. It 

means that fatigue deterioration has developed 

exceeding the serviceability limit. Since the specimen is 

reinforced in two directions, the deflection at the time of 

loading - unloading was reduced to 2.20 mm at the start 

of the final loading after reinforcement. Therefore, it was 

confirmed that the rigidity was improved by 

reinforcement. 

     Fig.10 (b) shows the change of deflection with 

time after reinforcement. The deflection sharply 

increased at 360.8 thousand times and the experiment 

was completed. Steps were observed in deflection of the 

lower surface. It is considered that the punching shear 

fracture caused these steps. 
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― Preloading cracks  ― Running test loading cracks                

□ Peeling/ Spalling 

Fig. 9 Specimen B reinforced direction and cracks 

    
(a)  Preliminary loading 

 
(b)  Loading after reinforcement 

Fig. 10 Change of deflection of center point with 
time (Specimen B) 

     The changes of strain of the carbon fiber are 

shown in Fig. 11 (a) and (b). Fig. 11(a) shows strain in 

the direction perpendicular to the bridge axis, the 

measured value at the center exceeds 2000  in the latter 

half of the experiment. Both strains at the position 825 

mm away from the center are small under 350  On the 

other hand, in the Fig. 11 (b) showing strain in the bridge 

axis direction, the strain at the center as a somewhat is 

lower level of 1500 to 2000 . Strains at the position 825  

mm away from the center are small under 350 . 

     In Fig 9 shows the cracks of B specimen after  

entire test. After preloading, the running test makes the 

cracks developed more and some part of the slab seemed 

to be peeled and separated. 

 

4. EVALUATION OF FATIGUE DURABILITIES 
 

     It is considered that the reinforcement effect can 

be grasped using the SN curve obtained from the results 

based on the previous road experiments by the same 

wheel load- running machine used in the past. The 

equivalence number of runs by the same load of 160 kN 

is calculated by following equation [5]. 

 

Log(P/Psx)= -0.09121LogNeq + Log1.52    (1) 

 

     Here, P is wheel load (kN), Psx is punching shear 

strength and Neq is equivalent load running number. The 

calculation formula is based on Psx in consideration of 

the formation of beams from a concrete slab by Matsui. 

The reinforcing layer with carbon fiber are not 

considered in this equation. Calculation results are as 

shown in Table 6, and a reinforcement effect of 10.14 

times against that of non-reinforcement is obtained. 

Therefore, it can be expected that sufficient reinforcing 

effect can be expected, and it is considered to have a life 

prolonging effect. 

   
(a) Strain of bridge axis direction in the 

orthogonal

 
(b) Strain of bridge axis orthogonal direction in 

the center cross section 
Fig. 11 Change of strain of carbon 

reinforcement with time 
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     In the B specimen, although not evaluated by the  

SN curve, fatigue durability is thought to be improved in 

view of the fact that the Young's modulus is small 

concrete and fatigue deterioration has progressed even in 

preliminary loading. However, it is thought that further 

detailed investigation is necessary for the quantitative 

reinforcement effect. The implementation to conduct 

additional experiments is scheduled. 

 

5. CONCLUSIONS 
 

     In this research, as a countermeasure for 

deteriorated bridge concrete slabs, we propose a method 

of inserting rods of carbon fibers impregnated with resin 

in grooves on the lower surface of the concrete slab, and 

confirming the reinforcing effect by the wheel load 

running experiment. The obtained results are shown 

below. 

(1) The specification of road bridge in 1964 (Showa 39 

era) ‘s specimen A was near fatigue deterioration 

state in preliminary loading. However, the life of 

specimen A was postponed by carbon fiber 

reinforcement in only the direction of the bridge axis. 

Reinforcing effect of 10.14 times as an equivalent to 

the number of running times was obtained. 

(2) It has become clear that the reinforcing effect can be 

obtained only by reinforcement in the range where 

the load acts, because the strain of the carbon fiber of 

the A specimen is large just under the wheel load and 

strain in the vicinity of the support is quarter. 

(3) In the B specimen with a small Young's modulus, the 

effect of reducing deflection by carbon fiber 

reinforcement in two directions was confirmed and it 

is considered that an improvement in fatigue 

durability could be expected. However, in the 

confirmation of the quantitative effect, further 

examination is required. 

     In the future, we are going to conduct a 

confirmation experiments on fatigue durability by wheel 

load running experiment for deteriorated bridge slab by 

ASR, and we are planning to examine whether carbon 

fiber reinforcement shown in this study can be effective 

for material deterioration. 
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Table 6:  Calculation results concerning Fatigue Durability 
 

Items 
S39-2 

(No reinforcement) 

S39-2 

（A specimen） 

S47-2 

(No reinforcement) 

S47-2                      

(B specimen) 

Compression strength 

f'c（N/mm2） 
49.6 25.2 

Young’s modulus 

Ec（kN/mm2） 
34.3 8.0 

Psx（kN） 326.9 381.3 

Loading program 

Pi ΔNi Pi ΔNi Pi ΔNi Pi ΔNi 

160 
160 100,000 

160 
160 100,000 

190 315,000 230 250,000 

P/Psx 0.49 0.49 0.42 0.42 

Equivalent number 

Neq（P=160kN） 
214,187 2,171,548 15,440,759 13,445,108 

Reinforcement effect 1.00 10.14 1.00 0.87 
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