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Introduction 

 

The structural performance of bridge superstructures have 

always been questioned among engineers, researchers, and 

transportation agencies. According to the previous studies, 

they found that, after many years of service, the excessive 

load-carrying capacity is yet reserved in the old bridge 

superstructures [1,2]. Unfortunately, this excessive load 

capacity cannot be precisely predicted via the current 

assessment procedures. 

 In order to obtain more realistic results, the higher level 

of structural assessment is needed. Therefore, the objective 

of this research is to enhance the structural assessment 

procedure for the bridge superstructures. 

 To achieve the aim of this study, the field load test was 

executed on the target bridge, and the 3D finite element 

analysis (3D FEA) was then conducted. Next, the series of 

parametric studies were performed. Finally, the actual 

structural behaviors at the ultimate stage were successfully 

revealed. This provided results will definitely be beneficial 

for the improvement of the structural assessment method. 

 

Bridge Geometry 

 

The target bridge in this research is the Chikubetsu bridge in 

Hokkaido. It consists of five spans simply supported 

superstructure with the total length of 180.00 m, and the 

length of each span is 36.00 m. The superstructure was 

constructed with four post-tensioned T-girders. Two 

direction of prestressing forces, longitudinal and transverse 

direction, were applied via the 12 strands of 7 mm diameter 

and 5 mm diameter, respectively. Figure 1 presents the 

general description of the target bridge. 

 

 
Figure 1 General description of the target bridge 

 

 The basic material properties gained from bridge 

drawing and specification were shown in the table 1. It is 

worth to mention that these properties will also be applied in 

the 3D finite element model. 

Table 1 Basic material properties (Unit: MPa) 

Concrete Steel bar Prestressing tendon 

fc
’ Ec fy 

Longitudinal Transverse 

fpu fpy fpu fpy 

40 35,860 276 1550 1300 1650 1450 

 

Field Load test 
 

Since the actual ultimate load-carrying capacity of the target 

bridge is aimed to know, therefore, the destructive load test 

was conducted. Furthermore, the results achieved from this 

step were utilized in the process of finite element validation, 

which will be later explained. 

 The loading system utilized during the field load test is 

shown in fig.2. It consists of two 3,000 kN load cells which 

are assembled with hydraulic jacks, steel beams, and cables. 

This loading system was anchored with the ground 

underneath the target span. Accordingly, the applied load on 

the superstructure was actually the reaction force generated 

from this loading system. 

 
Figure 2 Loading system 

 

 To automatically measure the necessary data, the target 

span was equipped with all vital instruments. For the 

midspan deflection, it was measured using the laser 

displacement measurement. Therefore, the load-deflection 

curves for four girders specified here as a global response 

can be drawn. Then, for the local response, it was 

considered by the result of strains in both prestresing tendon 

and steel bars. 

 Based on the field load test results, the actual ultimate 

load-carrying capacity was clarified. The result showed that 

the actual load-carrying capacity is 3.27 MN. It is 2.60 times 

higher than the design capacity [3]. Furthermore, at the 

ultimate stage, the web shear cracks and the crushing of 

concrete can be observed as shown in fig 3a. Another 

important point found during the field load test is that, at 

some amount of applied load, the target span finally hit the 

adjacent span due to the longitudinal displacement as 

presented in fig. 3b. 
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Figure 3 The observed results from the field load test (a) 

Web shear cracks and crushing (b) collision between two 

span 

 

3D Finite Element Analysis 

 

 Constitutive laws 

 

The materials utilized in the 3D finite element model consist 

of concrete and reinforcements. For the concrete, the 

uniaxial stress-strain relationship was applied to describe the 

behavior of concrete. And, to define the failure strength, the 

biaxial failure strength criterion was implemented [4] as 

illustrated in fig.4. Then, the cracks in concrete were 

modelled using the smeared cracks model combined with 

fixed cracks approach as presented in fig.5 [4]. 

 
Figure 4 Constitutive laws of concrete (a) Uniaxial stress-

strain relationship (b) Biaxial failure strength criterion 

 
Figure 5 Fixed crack model 

 

 For the reinforcements, it can be categorized into steel 

bars and prestressing tendons. The same constitutive law 

which is bilinear stress-strain relationship was utilized for 

both materials. Figure 6 shows the constitutive law of the 

reinforcements 

 
Figure 6 Bilinear stress-strain relationship 

 

 Finite element modelling 

 

To develop the 3D finite element model, the concrete and 

steel bars were treated using the smeared element. On the 

other hand, the prestressing tendons was modelled using the 

discrete element. Then, for the process of finite element 

mesh, the tetrahedral element [4] was implemented for the 

smeared element, whereas the discrete element [4] was 

meshed using the truss element. Figure 7 shows the types of 

element applied in the numerical model. 

 
Figure 7 Types of element (a) Tetrahedral element (b) Truss 

element 

 

 Finite element validation 

 

After finishing the process of finite element modelling, the 

nonlinear finite element analysis was performed. Then, to 

ensure the reliability of the analysis, the finite element 

validation was achieved by comparing between the 

analytical results and the results gained from the field load 

test. Regarding the comparison, the difference between two 

results was obviously seen. 

 

(a) 

(b) 

(a) 

(b) 

(a) (b) 



 

 
Figure 8 The comparison of load-deflection curves between analytical results and field load test’s results (a) G1 (b) G2 (c) G3, 

and (d) G4 

 

 

 

 First, the ultimate load-carrying capacity was not well 

predicted by the 3D FEA. The ultimate load-carrying 

capacity of 2.77 MN was calculated from the numerical 

analysis, whereas the field load test showed that the 

structure can sustain the applied load up to 3.27 MN 

before the failure occurred. Furthermore, in term of 

stiffness, the result of field load test showed stiffer 

behavior than the 3D FEA result. 

 Accordingly, to improve the analytical results, the 

modification of the 3D finite element model is required. 

To this end, the linear surface spring element [4] was 

applied at the roller end of the target span in the model. 

The reason behind this treatment was that, during the 

field load test, the collision between the target span and 

the adjacent span was observed as previously mentioned. 

 After including the spring element, the nonlinear 

finite element analysis was again conducted, and the 

comparison of load-deflection curve between two results 

is illustrated in fig.8. Based on the comparison between 

field load test’s results and the new analytical results, the 

structural stiffness as well as the ultimate load-carrying 

capacity were well predicted using the 3D FEA. As a 

result, it can be resolved that the developed finite element 

model can well represent the actual structural behavior. 

Therefore, the results obtained from the analysis are 

reliable. 

Parametric Studies 

 

In order to study the influence of the significant parameters 

on the ultimate load-carrying capacity of the target bridge, the 

series of parametric studies were conducted. The considered 

parameters in this study are longitudinal prestressing force, 

transverse prestressing force, ratio of prestressing tendons in 

four girders, secondary structural elements, and thickness of 

the bridge slab. 

 

 Longitudinal prestressing force 

 

Firstly, the applied longitudinal prestressing force was 

reduced. Then, the nonlinear finite element analysis was 

performed. Based on the analytical results, this parameter has 

significant effect on the performance of bridge superstructure. 

It was observed that the ultimate load-carrying capacity and 

the stiffness of superstructure are decreased with the reducing 

of longitudinal prestressing force. 

 

 Transverse prestressing force 

 

Similar to the previous study on the influence of longitudinal 

prestressing force, the value of transverse prestressing force 

was also reduced before conducting the analysis. 

(a) (b) 

(c) (d) 



 However, the observed results indicated that this 

parameter has no significant effects on the structural 

performance since both ultimate load-carrying capacity 

and stiffness are not sensitive due to the decreasing of the 

transverse prestressing force. 

 

 Ratio of prestressing tendons in four girders 

 

The cross-sectional area of longitudinal prestressing 

tendons in the bottom layer of four girders was reduced to 

investigate the influence of this parameter on the ultimate 

load-carrying capacity of the superstructure. 

 Regarding the observed results, the ultimate load-

carrying capacity is unaffected by this parameter, yet the 

stiffness is slightly decreased with the reducing of the 

ratio of prestressing tendons. 

 

 Secondary structural elements 

 

To study the influence of this parameter on the ultimate 

load-carrying capacity of bridge superstructure, some 

secondary structural elements such as cross-girders or 

curb were eliminated from the 3D finite element model of 

bridge superstructure. 

 The observed results indicated that the load-carrying 

capacity of bridge superstructure is highly sensitive with 

the presence of secondary structural elements, especially 

the midspan cross-girders. 

 

 Thickness of bridge slab 

 

The thickness of bridge slab was reduced. Then, the finite 

element analysis was performed. Based on the analytical 

results, the reducing of the thickness of bridge slab has no 

significant effect on the ultimate load-carrying capacity 

of the superstructure. Nevertheless, the stiffness is 

slightly decreased at the ultimate stage of the analysis. 

 

Mechanism of Bridge Girder in the 
Superstructure 

 

To simplify the ultimate load-carrying capacity 

assessment procedure, the structural behavior of bridge 

girder in the superstructure was studied through the 

stresses occurred in both concrete and prestressing 

tendon. 

 The stress distribution in the concrete along the cross-

section of the loaded girder and the stress in prestressing 

tendon which was calculated from the analysis of bridge 

superstructure was compared with the results obtained 

from the analysis of bridge girder. It is important to 

mention that the comparison was done at the same value 

of moment. 

 The comparison of the stresses between two results 

showed that for both concrete and prestressing tendon, 

the stresses in the loaded girder of the analysis of bridge 

superstructure is smaller than the results gained from the 

analysis of bridge girder. Figure 9 and 10 show the 

comparison of stresses in both concrete and prestressing 

tendon between two analytical results. 

 The actual reasons of the difference between two 

results have not been clarified yet. However, the 

researchers believed that it is probably due to the 

structural redundancy. 

 

 
Figure 9 The comparison of stress distribution in concrete 

 
Figure 10 The comparison of stress in prestressing tendon 

 

Conclusions 

 

In this study, the load-carrying capacity is assessed through 

the field load test and the 3D FEA. Finally, the significant 

conclusions can be drawn as followed: 
 

 The 3D FEA combined with the linear surface spring 

elements can well simulate the ultimate load-carrying 

capacity as well as the stiffness of bridge superstructure. 

 The presence of the secondary structural elements shows 

highest impact on the ultimate load-carrying capacity of 

the superstructure. 

 Due to the structural redundancy, the stresses observed in 

the loaded girder executed from the analysis of bridge 

superstructure has smaller value than that observed in the 

analysis of bridge girder. 
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