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Abstract 
 

Accurate evaluation of load distribution behavior is crucial to the safety evaluation and normal operation of short- and 
medium-span concrete girder bridges. In this study, 3D finite element analysis was performed to calculate the load 
distribution factors (LDFs) for a sample of reinforced concrete T-beam bridges under representative typical freight 
vehicles and the results were compared with those obtained by the American Association of State Highway and 
Transportation Officials (AASHTO) specification. The parameters that influenced the LDF, namely, transverse loading 
position, bridge span length, and vehicle type, were analyzed. Results demonstrate that the transverse loading position 
has a considerable influence on the LDF. The LDF of the interior girder decreases by 45% when the vehicle moves from 
the centerline of the bridge to the side of the barrier. For the 20 m T-beam bridge, the LDFs of the interior and exterior 
girders reach the maximum value in the allowable range of the vehicle transverse position, and with the increase in span 
length, LDF decreases gradually. Among all the loading vehicles, the three-axle truck has the largest LDF, which 
decreases with the increase in the number of axles. Compared with the LDF in the AASHTO specification, the LDF 
obtained by finite element analysis is reduced by 24.5%–40.3%, and this reduction can effectively improve the load 
rating level of bridges in service. The proposed method provides a valuable reference for the safety assessment of bridges 
in service, which can effectively avoid unnecessary maintenance and reconstruction of old bridges. 
 
Keywords: Load distribution factor, typical freight vehicle, T-beam bridge, finite element analysis 
____________________________________________________________________________________________ 

 
1. Introduction 
 
In the past few decades, China has experienced a period of 
large-scale bridge construction. Chinese bridges have 
gradually entered the post-construction market era, and most 
of the bridges built at the early stage are subjected to 
problems, such as low design load level and insufficient 
safety redundancy [1]. Therefore, accurate evaluation of 
bridge capacity has become an important topic in bridge 
operation and management. In multi-girder bridges, the 
girders, as the primary load carrying members, need to resist 
the live load. Therefore, the load distribution factor (LDF) 
must be accurately calculated for the safe operation of newly 
designed and existing bridges [2–5]. If the live load 
distributed to a girder is not accurately evaluated, the bridge 
may be damaged or even crushed before it reaches the end of 
its designed service life [6]. 

In existing studies, most of the loading vehicles used in 
the calculation of LDF are designed trucks. With the 
development of the automobile industry and social economy, 
actual traffic loads have changed considerably compared 
with the loads investigated during the establishment of 
previous specifications [7]. LDF has changed compared with 
that specified in bridge design codes because of the diversity 
of vehicle type and changes in vehicle weight and transverse 
position. Accurate and comprehensive traffic loads can now 
be obtained because of the improvement of vehicle 
information collection technology. Calculating the LDFs of 
existing bridges in accordance with the measured vehicle 

type, gross weight, and transverse position is important for 
accurately evaluating the load-carrying capacity of existing 
bridges. 

With reference to the traffic load survey in the Study of 
Highway Bridge Vehicle Loads [8] conducted at multiple 
measuring sites in the Chinese territory, typical freight 
vehicles that could represent actual vehicle loads are 
selected in the current study, and the LDFs of short- and 
medium-span reinforced concrete T-beam bridges are 
calculated using 3D finite element analysis. The effects of 
bridge span length, vehicle type, and transverse loading 
position on the LDFs are examined, and the results are 
compared with those determined based on the American 
Association of State Highway and Transportation Officials 
(AASHTO) specification [9]. 
 
 
2. State of the art 
 
At present, the methods used to determine LDF mainly 
include the equations in bridge design code, field test, and 
finite element analysis. In general, field test is conducted to 
validate the accuracy of finite element analysis [10–12]. 
Kidd et al. [6] analyzed the LDFs of double tee girder 
bridges through field testing and compared them with those 
specified in the AASHTO code. The results showed that the 
LDF specified in the AASHTO code is conservative. Kong 
et al. [13] analyzed the moment distribution factors of 
composite bridges with multi-box girders by using the rigid-
jointed girder method and proposed an improved formula to 
compute LDF. Zhao et al. [14] calculated the LDFs of 
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hollow slab bridges by finite element analysis and 
considered the effects of span length, skew, and bridge deck 
thickness. The AASHTO specification is found to be 
conservative compared with finite element analysis, and this 
conservatism decreases as the skew and span length of 
hollow-slab bridges increase. Torres et al. [15] analyzed the 
effects of bridge span length, girder spacing, skew, and deck 
thickness on LDF and found poor agreement between finite 
element analysis and AASHTO equations. Using bridge 
construction parameters in practical engineering, Razzaq et 
al. [16] studied the LDFs of composite girder bridges under 
vehicle loads through the finite element analysis method. A 
set of empirical expressions to calculate the LDFs of exterior 
and interior girders were developed considering the stiffness 
and spacing of girders, span length, and number of girders. 
Ravazdezh et al. [17] found that compared with the 3D finite 
element analysis method, the 2D methodology with LDF 
may overestimate the member bending moment and shear 
force, resulting in an underestimation of the bridge rating 
factor. This phenomenon may be due to the 
oversimplification of bridge components and some 
nonstructural components, such as barriers, sidewalks, and 
diaphragms. The above mentioned studies only consider the 
effects of the structural features of bridges on the load 
distribution behavior, and in some cases, the bridge models 
are oversimplified to achieve calculation efficiency, and this 
may have affected the accuracy of the calculation results. 

When analyzing the LDFs of multi-girder bridges, 
previous researchers mainly consider the structural factors of 
bridges and often ignore the influence of vehicle type and 
transverse loading position on LDFs. Yanik and Higgins [7] 
proposed an LDF calculation method based on three 
different average daily traffic volumes by using probability 
and statistical methods in accordance with actual collected 
weigh-in-motion data. The results showed that the accuracy 
of weigh-in-motion data considerably influences the 
calculation results, but only the effect of average daily traffic 
volume on LDF is considered in the study. Seo and Hu [12] 
studied the LDFs of girder bridges under the load of 
agricultural vehicles and considered the effects of vehicle 
weight, axle weight, wheelbase, vehicle width, however, the 
vehicle type is limited to agricultural vehicles. Ndong et al. 
[3] investigated the LDFs of steel girder bridges under the 
action of freight and emergency vehicles via finite element 
analysis. The results showed that vehicle type remarkably 
affectes LDF, but the transverse position of vehicles is not 
fully considered by the researcher. 

The main parameters that affect LDF accepted by most 
researchers are girder spacing, bridge span length, 
longitudinal stiffness, deck thickness, and vehicle type. The 
effects of vehicle type and transverse loading position on 
LDF have been rarely explored. In addition, to improve the 
calculation efficiency of LDF, researchers simplify the 
bridge model into a 2D component, which may affect the 
accuracy of the calculation results. To address the 
deficiencies of existing studies, the current research 
constructs 3D models of five simply supported reinforced 
concrete T-beam bridges with different span lengths, and 
freight vehicles at multiple measuring sites in the Chinese 
territory are adopted as the loading vehicles. The transverse 
position of the vehicles is considered. Then, LDFs under the 
loading action of typical freight vehicles are investigated via 
finite element analysis, and the results are compared with the 
values specified in the AASHTO code. 

The remainder of this study is organized as follows. In 
Section 3, the parameters of typical freight vehicles and the 
finite element analysis method for LDF are introduced. In 
Section 4, the effects of transverse loading position, bridge 
span length, and vehicle type on LDF are analyzed, and the 
finite element analysis results are compared with the values 
specified in the AASHTO code. In Section 5, the analysis 
results are summarized, and the limitations of this study are 
given. 
 
 
3. Methodology 
 
3.1 Selected bridges 
Short- and medium-span highway bridges account for a 
large proportion in China’s bridge construction in terms of 
quantity and length [18]. Concrete T-beam bridges are the 
common structural form in short- and medium-span girder 
bridges. Therefore, simply supported concrete T-beam 
bridges were selected as the study objects in this research, 
and their LDFs under the loading action of typical freight 
vehicles were analyzed. The span lengths of the selected T-
beam bridges are 20, 25, 30, 35, and 40 m, and the 
corresponding girder heights are 1.5, 1.7, 2.0, 2.3, and 2.5 m. 
The web thickness is 0.2 m, the top flange width of the 
interior girder is 1.7 m, and the top flange width of the 
exterior girder is 2.05 m. The dimensions of the interior 
girders of the bridges with different span lengths are shown 
in Table 1. 

 
Table 1. Interior girder dimensions of the T-beam bridges 
Span length/m 20 25 30 35 40 

Dimensions/m 

     
 

The typical cross section of a 20 m T-beam bridge is 
shown in Fig. 1. The bridge consists of five girders with a 
spacing of 2.4 m. The total bridge deck width is 12 m, the 
width of the barriers is 0.5 m, and the clear width of the 
bridge deck is 11 m. The adjacent girders are connected 
through cast-in-place concrete with a joint width of 0.7 m. 
This connection mode can be approximately regarded as a 

rigid connection, and it is modeled by coupling the nodes at 
the same location in the finite element model. 

 
3.2 Loading vehicles 
At present, many kinds of vehicles operate in China’s 
highway system, and they differ remarkably in terms of 
vehicle weight and geometrical parameters. In this study, the 
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typical freight vehicles given in the Study of Highway Bridge 
Vehicle Loads [8] are selected as the loading vehicles and 
the proportional distribution of vehicle type is shown in Fig. 
2. The figure indicates that the freight vehicles at the 
majority of the measuring sites in China are dominated by 
two- and six-axle trucks, six-axle trucks account for a large 
proportion (53.3%), and two-axle trucks account for 20.9%. 
The proportions of three-, four-, and five-axle trucks are 
9.3%, 10.4%, and 5.8%, respectively, and that of vehicles 
with more than six axles is 0.3%. 
 

 
Fig. 1. Cross section of a 20 m T-beam bridge 
 

 
Fig. 2. Proportions of freight vehicles 

The characteristics and average gross vehicle weight of 
each truck are shown in Table 2. The axle configuration and 
axle load distribution ratio of the vehicles are given in Table 

2, and the gross vehicle weight is distributed to each axle in 
accordance with the axle load ratio shown in the table. The 
wheelbase of vehicles in Table 2 was determined using the 
wheelbase information of trucks sold in the market in 
combination with weigh-in-motion data [8], which are 
representative. In the finite element analysis, the axle was 
modeled by concentrated load, which was evenly distributed 
to the left and right wheels, as shown in Fig. 3. 

 

 
Fig. 3. Lateral distribution of axle weight 
 
3.3 Finite element analysis 
In this study, the LDFs of T-beam bridges were calculated 
through finite element analysis, and finite element models of 
the bridges were constructed with ANSYS 2022. The 
concrete bridge components, including the girders, 
diaphragms, and barriers, are modeled using SOLID45 
elements. These elements have three translational degrees of 
freedom with sizes of 0.2 m (length) × 0.1 m (width) × 0.1 m 
(height), and the bridge deck pavement is simulated using 
PLANE42 elements. Full composite action is assumed 
between the girders and the bridge deck pavement, so the 
contact surface between the girders and the bridge deck 
pavement in the finite element model is simulated using the 
same nodes at the interface. The bridge girders is simply 
supported with a roller at one end and a hinge at the other 
end. 

 
Table 2. Characteristics and average gross vehicle weight of the trucks 

Vehicle type Vehicle sketch Average gross vehicle weight /t 

Two-axle truck 

 

18.36 

Three-axle truck 

 

34.87 

Four-axle truck 

 

45.74 

Five-axle truck 

 

54.26 

Six-axle truck 

 

63.12 

 
The lateral loading range of the freight vehicles is shown 

in Fig. 4. The loading vehicle moves from the centerline of 
the bridge to the side of the barrier. In consideration of the 
safe distance between the wheels and the barrier, the loading 
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is stopped when the distance between the outer wheels and 
the edge of the barrier is 0.6 m. Within the allowable loading 
range shown in Fig. 4, the vehicle moves laterally by a step 
of 0.2 m, and a total of 21 loading cases are generated. 
 

 
Fig. 4. Allowable lateral loading range of the vehicles 
 

The moment LDFs for different girders are defined as 
the ratio of the bending moment at the mid-span of a 
particular girder to the sum of the bending moments at the 
mid-span of all girders. Finite element analysis was 
conducted under different loading conditions. The bending 
moment, , of each girder at the mid-span was obtained, 
and the LDF of girder i was determined using the formula: 
 

                                 (1) 

 
where LDF represents the load distribution factor of each 
girder and  denotes the bending moment of girder i at the 
mid-span. 
 
 
4. Result Analysis and Discussion 
 
4.1 Effect of transverse loading position 
A simply supported T-beam bridge with a span length of 20 
m was adopted as an example, and the changes in the LDFs 
of each girder with the transverse loading position under the 
loading action of a two-axle truck are displayed in Fig. 5. 
When the vehicle is near the centerline of the bridge, girder 
3 has the largest LDF among the girders, and it undertakes 
the largest live load. When the vehicle moves away from the 
centerline of the bridge, the live load carried by girder 3 
decreases, and the live load distributed to girder 4 and 5 
increases. When the distance between the loading vehicle 
and the barrier is reduced to a safe distance, the LDF of 
girder 5 reaches the maximum. Girder 1 and 2 share minimal 
live load because they are far from the loading position. On 
the basis of the symmetry of the structure, analysis is 
performed only in the right side of the centerline of the 
bridge, so the LDFs of girder 3, girder 4, and girder 5 are 
analyzed next. 
 
4.2 Effect of bridge span length 
With a two-axle truck as the loading vehicle, the LDFs of 
the T-beam bridges with different span lengths in the lateral 
loading range of the vehicles were analyzed. As indicated in 
Fig. 6(a), among the girders, girder 3 with a span length of 
20 m has the largest LDF. As the loading vehicle moves, the 
LDF of the T-beam bridge with a span length of 35 m 
gradually exceeds that of the T-beam bridge with a span 
length of 20 m. Moreover, the LDF of the 20 m T-beam 
bridge is comparatively more sensitive to the changes in the 

transverse loading position. As the loading vehicle moves 
from the centerline of the bridge to the side of the barrier, 
the LDF of girder 3 decreases from 0.286 to 0.158, 
indicating a decrease of 45%. When the span length is 35 m, 
the transverse loading position of the vehicles has relatively 
small influence on the LDF of girder 3, and the LDF 
decreases by 37% when the vehicle moves from the 
centerline of the bridge to the side of the barrier. 
 

 
Fig. 5. Changes in the LDFs of each girder with the transverse loading 
position (span = 20 m) 
 
 

Fig. 6(b) shows the LDF of girder 4. When the vehicle 
moves within the allowable transverse loading range, the T-
beam bridge with a span length of 20 m has the largest LDF 
among the T-beam bridges with various span lengths, and no 
substantial differences are observed among the T-beam 
bridges with other span lengths in terms of LDFs. When the 
vehicle moves to the side of the barrier, LDF is influenced 
only slightly by span length, and the LDFs of the T-beam 
bridges with various span lengths are approximate. Fig. 6(c) 
presents the LDF of girder 5. When the loading vehicle is 
near the centerline of the bridge, the LDF of the T-beam 
bridge with a span length of 20 m has the minimum value. 
As the vehicle moves near the barrier, the LDF of the T-
beam bridge with a span length of 20 m reaches the 
maximum value and exceeds that of the bridges with other 
span lengths. 
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(b) 

 
(c) 

Fig. 6. LDFs of T-beam bridges with different span lengths: (a) Girder 3, 
(b) Girder 4, (c) Girder 5 

 
4.3 Effect of vehicle type 
Taking a T-beam bridge with a span length of 40 m as an 
example, the influence of vehicle type on the LDF was 
analyzed, and the calculation results are shown in Fig. 7. The 
LDFs of the two- and three-axle trucks are close possibly 
because the wheelbase of the first two axles of the three-axle 
truck is similar to that of the two-axle truck. 

As illustrated in Fig. 7(a), when the vehicle is loaded in 
the center of the bridge, the differences in the LDFs of the 
various vehicle types are large. As the loading vehicle 
moves toward the side of the barrier, the LDF difference 
between the girders decreases initially and then increases. 
Fig. 7(b) indicates that when the loading vehicle is near the 
centerline of the bridge, vehicle type nearly has no effect on 
the LDF of girder 4. As the vehicle moves toward the barrier, 
the LDF difference induced by vehicle type firstly increases 
and then decreases. As shown in Fig. 7(c), the LDF of the 
exterior girder (girder 5) is influenced slightly by the change 
in vehicle type. When the vehicle moves to the side of the 
barrier, the LDFs under the loading action of different 
vehicle types are nearly identical. 

 
4.4 Comparison with the AASHTO specification 
The AASHTO code specifies the calculation method for the 
LDF of concrete T-beam bridges. The LDF of the exterior 
girder can be calculated with the lever method, and the LDF 
of the interior girder can be solved through the following 
formula: 
 

           (2) 

where S represents girder spacing, L is the bridge span 
length,  denotes the thickness of the deck, and  is the 
longitudinal stiffness of the bridge. 

 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 7. Load distribution factors: (a) Girder 3, (b) Girder 4, (c) Girder 5 
 
The difference between the LDF obtained by finite 

element analysis and the LDF specified in the AASHTO 
code is determined. A parameter that represents the relative 
difference between the two is defined as RD, and its 
calculation formula is as follows: 
 

                   (3) 
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where  is the LDF specified in the AASHTO 

code, and  denotes the maximum LDF acquired 
through finite element analysis. 
 
Table 3. Comparison of analytical and specified LDFs for 
concrete T-beam bridges 

(a) Interior girder 

LDF Bridge span length (m) 
20 25 30 35 40 

AASHTO 0.502 0.473 0.451 0.433 0.419 
FEM 0.321 0.315 0.313 0.313 0.316 
RD 36.0% 33.4% 30.6% 27.8% 24.5% 

(b) Exterior girder 

LDF Bridge span length (m) 
20 25 30 35 40 

AASHTO 0.685 0.685 0.685 0.685 0.685 
FEM 0.411 0.409 0.411 0.413 0.423 
RD 40.0% 40.3% 40.0% 39.7% 38.2% 

 
Table. 3 shows the comparison of the finite element 

analysis results and those of the AASHTO specification. The 
calculation results of AASHTO code for the interior and 
exterior girders are conservative. For the interior girders, the 
smaller the span length is, the greater the relative difference 
is. The relative difference reaches 36.0% at the span length 
of 20 m. For the exterior girders, the relative difference 
decreases with the increase in span length, but the change is 
small. The relative difference in the LDFs of the interior 
girders is more sensitive to the change in span length 
compared with the relative difference in the LDFs of the 
exterior girders. 
 
5. Conclusion 
 
To accurately evaluate the LDFs of short- and medium-span 
concrete T-beam bridges, 3D models of five simply 
supported concrete T-beam bridges with different span 
lengths were constructed, and five representative freight 
vehicles were selected as loading vehicles. The effects of 

transverse loading position, bridge span length, and vehicle 
type on the LDFs were analyzed with the finite element 
method, and the LDFs were compared with those provided 
in the AASHTO code. The following conclusions were 
drawn. 

(1) The changes in the vehicle transverse loading 
position considerably affects the LDF. As the loading 
vehicle moves from the centerline of the bridge to the side of 
the barrier, the LDF of the interior girder decreases, while 
that of the exterior girder increases and the exterior girder 
becomes the critical girder instead of the interior girder. 

(2) The type of the loading vehicle exerts a considerable 
influence on the LDF of the interior girder, but it has only a 
minimal influence on the LDF of the exterior girder. For the 
interior girder, the larger the number of axles is, the smaller 
the LDF is. 

(3) Compared with the LDFs obtained by finite element 
analysis, the LDFs specified in the AASHTO code are 
conservative. The latter may lead to a low bridge rating 
factor and unnecessary maintenance or reconstruction. 

In this study, the damage or aging of existing 
components is not considered in the finite element analysis. 
During the evaluation of the safety of existing bridges in 
practical engineering, the finite element model should be 
updated in accordance with actual bridge detection and load 
testing results to realize a targeted analysis of specific 
problems and maximize the accuracy of finite element 
analysis. 
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