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Abstract: Many bridge superstructures use transverse beams as load carrying components. In these systems, 
usually the transverse beams are connected to the main longitudinal girders or trusses on the two sides of the bridge. 
Such systems are commonly used in plate girder, box girder, cable-stayed and truss bridges.  The live load 
distribution factor (LLDF) for bridge superstructures with transverse beams in AASHTO-LRFD bridge design 
specification has remained unchanged for decades and is prescribed as a function of the distance between the 
transverse beams. However, for slab-beam superstructures in which longitudinal beams at close spacing carry the 
loads to the substructure, the LLDFs have gone through many changes throughout the years and in their current 
forms depend on many parameters such as concrete slab thickness, beam span, longitudinal beam stiffness as well 
as the distance between the longitudinal beams. This study investigates the factors affecting the LLDF for 
transverse beams and intends to obtain new equations similar to AASHTO’s longitudinal beam equations. For this 
purpose, 3D finite element models of different sample bridges were developed and critical parameters affecting 
the LLDF were identified and varied. Accordingly, the LLDFs for moment and shear forces of transverse beams 
were obtained through regression analyses. The proposed equations have less than 3.1% of average error for the 
cases considered. 
Keywords: Bridge superstructure; Live load distribution factor; Transverse beam; Finite element analysis. 

 
 
1. Introduction 

 
Slab-girder steel bridges are widely used throughout the world for short and medium spans. Most of these 

bridges comprise of a concrete deck supported on longitudinal steel beams. For longer spans the designer might 
choose to use transverse floor beams with or without longitudinal stringers underneath the concrete deck to transfer 
the loads to the sides of the bridge. This superstructure arrangement is very common in box-girder, plate-girder, 
steel arch, cable stayed and suspension bridges (see Figure 1). A basic need in designing the longitudinal or 
transverse floor beams is the knowledge of the fraction of live load (design truck) that they receive from the 
concrete deck above. Most bridge design codes provide the live load distribution factors (LLDFs) to determine the 
share of the live load for the floor beams in different superstructure arrangements. The latest edition of AASHTO-
LRFD Bridge Design Specifications [1] (from now on noted as AASHTO for short) contains detailed equations of 
LLDFs for the longitudinal beams of various types of bridge superstructures (Table 4.6.2.2.2 of AASHTO). For 
superstructures in which longitudinal beams at close spacing carry the loads to the substructure, the LLDFs have 
gone through many changes throughout the years and in its current forms depend on many parameters such as 
concrete slab thickness, beam span, longitudinal beam stiffness as well as the distance between the longitudinal 
beams. However, if the bridge deck is directly supported by transverse beams and the live load is transferred 
through these beams to the main side girders, the suggested equations for calculation of LLDFs for transverse 
beams are very simple and consider only the spacing between the transverse floor beams.  

In the old AASHTO-Standard Specifications [2] for all kinds of beams, and in the current AASHTO 
specification [1] for transverse beams, the equations for calculation of LLDFs are only a function of beam spacing, 
in the form of S/D, in which S is the transverse beam spacing and D is a constant. According to current AASHTO 
Table 4.6.2.2.2f-1, the LLDF for transverse beams with a concrete deck on top, is equal to S/1.8 (for S≤1.8 m). 
This shows that despite many changes in the design specification throughout the years the LLDFs for transverse 
beams have not changed for decades.  

Many researchers have investigated the effects of other parameters (other than S) on the distribution factor of 
longitudinal supporting girders. Cheung et al., [3] have shown that the intermediate diaphragms contribute to better 
distribution of live loads to girders. In studies carried out by Bishara et al. [4], 36 bridges with different span 
lengths, widths, and skew angles have been analyzed by the finite element (FE) method. Based on the results, it 
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has been concluded that the LLDF, especially for skewed bridges, has a lower value compared to the value given 
in AASHTO-Standard. Also, span lengths and bridge widths have a minor effect on the LLDF.  

 

 
Figure 1. Typical bridge superstructures with transverse floor beams; (a) Steel arch bridge, (b) Steel box girder 
bridge   

 
Zokaie [5] suggested equations for calculation of LLDFs through analyzing constructed bridges across the USA 

by the finite element method for standard design truck of AASHTO considering the mentioned parameters. These 
equations were incorporated in AASHTO specifications. Cai [6] has investigated the effect of diaphragms on the 
distribution of live loads between girders in slab-girder bridges and suggested a modification factor to improve the 
accuracy of AASHTO equations by considering the effect of the internal diaphragms on LLDF. Patrick et al. [7] 
investigated the lateral spacing of the design trucks in loaded lanes on LLDF by FE analyses of steel and concrete 
bridges. The results have shown that the lateral spacing of design trucks doesn't have a considerable effect on 
LLDF. Barr & Amin [8] have studied the effect of beam spacing, span length, overhang length and skew angle on 
the LLDFs for shear in girders by FE simulation of more than 200 single span bridges and concluded that increasing 
beam spacing is the most significant factor that affects the shear LLDF for interior girders and for exterior girders 
shear LLDF is mainly affected by overhang length. Longitudinal stiffness of beams is one of the influential 
parameters in calculation of the LLDF that its value is unknown before design. Phuvoravan [9] suggested an 
equation for LLDF based on the results of FE simulation of 43 bridges that is independent of stiffness parameter 
to avoid trial and error process in design.  

Besides the geometric and stiffness properties of the superstructure, the type and geometry of the applied live 
load is also important in the distribution of live load among girders. So, many researchers have investigated the 
distribution of live load for different types of design live load. Tabsh & Tabatabai [10] studied the effect of 
oversized design trucks with 3 different widths on LLDF through FE analyses of the bridges used in research by 
Zokaie [5]. Bae & Michael [11] and  Kilaru [12] investigated the distribution factor for truck overloads and farm 
vehicles. The results showed that the standard design truck of AASHTO has the most critical values of LLDF. 
Distribution factors have also been studied for pre-tensioned concrete box-girder bridges. The results of studies 
carried out by Hughs & Idriss [13] showed that LLDFs calculated by the equations given in AASHTO are 
conservative compared to the results of FE analyses. More recently, research on LLDF has considered specific 
bridge systems with longitudinal beams [14-20].  

As noted above, many researchers have investigated the effect of different parameters on LLDFs for 
longitudinal girders. The finite element modeling has been used in majority of these researches. However, the 
evaluation of effective parameters influencing the LLDFs for transverse supporting beams is scarce in the literature. 
Pennings et al. [20] suggested an equation for calculation of distribution factor of the transverse beams that are not 
connected directly to the deck. In their study, details of 12 constructed bridges in Texas, USA, were used, in which, 
the applied live load to bridge deck was first transferred to longitudinal stringers, and then through transverse 
beams it reaches the main longitudinal girders. Yet, further investigation of distribution factors for common bridge 
systems in which the deck is directly supported by transverse beams was not considered. 

The main purpose of this research is to develop LLDF  equations for transverse beams considering all the critical 
parameters in the exact same manner that the LLDF equations of AASHTO for longitudinal beams were developed 
(AASHTO Table 4.6.2.2.2). For this purpose, 3D finite element (FE) models of typical bridges with transverse 
floor beams were constructed. The design truck of AASHTO was placed in the most critical location on the deck 
and the moment and shear forces in the transverse beams were obtained. Equations for LLDF were derived from 
analyses of many bridges with variable parameters using regression. It is shown that the derived equations can 
estimate the internal forces in the transverse beams accurately in all usual cases encountered in practice. 

 

(a) 
(b) 
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2. Finite element modeling 
 
2.1 Bridge models 

Simulation and analysis of bridge models were carried out using CSiBridge finite element software [21]. In 
order to reduce the computational cost and considering that the substructure has no effect on the results, only the 
superstructure of the bridges was modeled. As shown in Figure 2, the superstructure for all models is a single span, 
simply supported slab-girder system that consists of two main longitudinal girders on the sides of the superstructure. 
The closely spaced transverse floor beams are simply supported by the main girders. The transverse beam and 
longitudinal girder sizes and FE models are shown in Fg.2. The non-composite model uses a rigid link between 
the centroids of the deck and the beam with the vertical degree of freedom restrained. In composite models the 
longitudinal degree of freedom of the link is also restrained. The steel grade is 50 ksi with yield strength of 350 
MPa. The concrete deck 28 days compressive strength is 28 MPa. 

All models have two standard design lanes, each 3.6 m wide according to the AASHTO specifications. Hence, 
the total widths of superstructures range from 7.2 m to 10.8 m depending on the overhang widths on each side. 
The influence of all parameters that are most likely to affect the distribution factors have been investigated through 
analyzing bridge models with varying values assigned to each parameter. The assumed critical variable parameters 
throughout the finite element analyses include concrete slab thickness (ts), spacing of transverse beams (S), length 
of transverse beams (l), stiffness of transverse beams (kg), bridge span (L), longitudinal stiffness of longitudinal 
girders (KG), the effect of composite action between the concrete deck and steel beams. Fig. 3 depicts the 
parameters involved.  

In order to obtain a better understanding of correlation between LLDFs and each variable parameter, FE 
analyses models were categorized into 6 sets, such that in each set only one variable parameter was changed, and 
the others were kept constant. Details of the bridge models are presented in Table 1. Although there are 22 models 
listed in this table, some of the models in each set have similar properties. Also, note that some variable parameters 
are interdependent. For example, an increase in slab thickness might change the transverse beam and longitudinal 
girder size and stiffness.  

   

 
 
 

 
           (c)                                                (d) 

Figure 2. Superstructure FE model a) 3D view, b) Longitudinal girder section, c) Slab-beam model for NC type, 
d) Slab-beam model for C type 

 
2.2 Load application 

The live load applied in the analysis and design of bridges was in accordance with AASHTO specification. 
Accordingly, vehicular live load consists of two types of vehicles: a design truck (HL-93K), or a design tandem 
(HL-93M), both of which are combined with a distributed lane load. The vehicular live loads should be positioned 
such that the most critical shear and moment is produced in the bridge component.  

flanget 0.04m=

webt 0.04m=
2.3m

0.5m

W12 53×

7.2m

(a)
(b)
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As shown in Fig. 4, the design truck consists of two 145 kN axle loads with variable spacing between 4.2 m to 
9 m and one 36 kN axle load with 4.2 m spacing in front of the truck. Design tandem consists of two 110 kN axle 
loads with 1.2 m spacing. The additional lane load for both loadings is a 9.3 kN/m uniformly distributed load in 
the longitudinal direction. All loads occupy a width of 3.0 m in the transverse direction. The wheel loads should 
not get closer than 0.6 m to the curbs. 

 
                                 (a)                                                                                 (b) 
Figure 3. Graphical presentation of variable parameters; (a) Plan view, (b) Elevation view 
 

Table 1. Details of bridge models for FE analyses 

32000 lb 
(145 kN)

14 ft (4.2 m) 14 ft(4.2 m) –30 ft (9 m) 

32000 lb 
(145 kN)

8000 lb 
(36 kN)

 
Figure 4. Characteristics of design truck live load [1] 

 
Set No. 

Model ID Spacing of 
transverse 

beams, S (m) 

Slab 
thickness, 
ts (mm) 

Length of 
longitudinal 
girders, L  

(m) 

Length of 
transverse 

beams, l (m) 

stiffness of 
transverse 
beams, Kg 

(mm4) 

stiffness of 
longitudinal 
girders, KG 

(mm4) 
1 1 – 1 2.25 200 54 7.2 6.6 × 109 1.47 × 1012 

1 – 2 1.8 200 54 7.2 6.6 × 109 1.47 × 1012 
1 – 3 2.7 200 54 7.2 6.6 × 109 1.47 × 1012 
1 – 4 1.5 200 54 7.2 6.6 × 109 1.47 × 1012 

2 2 – 1 2.25 200 54 7.2 6.6 × 109 1.47 × 1012 
2 – 2 2.25 220 54 7.2 7.01 × 109 1.48 × 1012 
2 – 3 2.25 250 54 7.2 7.67 × 109 1.51 × 1012 
2 – 4 2.25 180 54 7.2 6.2 × 109 1.45 × 1012 

3 3 – 1 2.25 250 54 7.2 7.67 × 109 1.51 × 1012 
3 – 2 2.25 250 54 7.2 9.08 × 109 1.51 × 1012 
3 – 3 2.25 250 54 7.2 1.19 × 1010 1.51 × 1012 

4 4 – 1 2.25 250 54 7.2 7.67 × 109 1.8 × 1012 
4 – 2 2.25 250 54 8.4 7.67 × 109 1.8 × 1012 
4 – 3 2.25 250 54 9.6 7.67 × 109 1.8 × 1012 
4 – 4 2.25 250 54 7.8 7.67 × 109 1.8 × 1012 
4 – 5 2.25 250 54 9 7.67 × 109 1.8 × 1012 

5 5 – 1 2.25 250 54 7.2 7.67 × 109 1.8 × 1012 
5 – 2 2.25 250 54 7.2 7.67 × 109 1.99 × 1012 
5 – 3 2.25 250 54 7.2 7.67 × 109 2.18 × 1012 

6 6 – 1 2.25 200 54 7.2 6.6 × 109 1.47 × 1012 
6 – 2 2.25 200 45 7.2 6.6 × 109 1.47 × 1012 
6 – 3 2.25 200 36 7.2 6.6 × 109 1.47 × 1012 

Span=
 

S 
l 

ts 
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In this research, the determination of the LLDFs was only based on the HL-93K loading which controls all 
cases considered. However, all FE models were initially designed in compliance with AASHTO for both types of 
vehicular live loads with corresponding LLDFs.  

Since all models have two design lanes, four wheel loads are considered for the calculation of LLDFs. The 
position of wheel loads corresponding to maximum live moment and shear in transverse beams is determined 
based on the structural analysis as shown in Figure 5, where W indicates 145 kN axle load. Critical position of 
wheel loads resulting in maximum moment in transverse beams occurs when the resultant of wheel loads (R=2W) 
and a near wheel load are at equal distance from the centerline of the transverse beam. In case of shear, the critical 
position of wheel loads is when the loads are shifted to one end of the transverse beam. However, the wheels 
cannot get closer than 0.6 m from the edge of the sidewalks.  

 

 
Figure 5: Critical position of the wheel loads on the transverse beam for a) maximum moment and b) maximum 
shear  
 
3.  Analysis results and discussion 

 
The results of the FE analyses to calculate LLDFs for moment and shear in transverse floor beams are presented 

in this section. The equations for LLDFs in each case were obtained through nonlinear regression analysis 
considering the critical parameters noted in section 2.1. Furthermore, the effect of composite action between the 
concrete deck and steel beams was also investigated by analyzing the FE models with both composite and non-
composite sections.  

 
3.1 LLDF for moment 

There are several methods available for the calculation of LLDFs based on the results of a 3D FE model. In this 
research, LLDFs for bending moment were determined by calculating the ratio of maximum live load moment in 
the most critical transverse beam to total live load moments in all transverse beams.  

The distribution factors were investigated for transverse beams in the middle region of the bridge span and also 
for transverse beams near the ends of the bridge span. Comparison of the LLDFs for these two cases showed that 
the difference is negligible. Furthermore, LLDFs were also investigated for transverse beams located on top of the 
abutments where a cross-frame diaphragm existed between the beams. It was concluded that due to diaphragm 
stiffness LLDFs for such beams were considerably different from other transverse beams. 

Figure 6 shows the analyses results for moment LLDF of transverse beams with composite section. For each 
chart a trend line using power function has been fitted to the obtained data points. Power function can be 
represented in the form of Eq. (1) that is a single term function with constant power (b) and multiplier (a).  

 
𝒚𝒚 = 𝒂𝒂𝒙𝒙𝒃𝒃                                                                                                                                                             (1) 
 
The obtained results shown in Fig.6 indicate that the spacing (S) and the length of transverse beams (l) have a 

major effect on moment distribution factor. However, the effects of longitudinal stiffness of girders and bridge 
span are negligible and can be ignored.  

The results of nonlinear regression analysis for parameter (b) in power function is presented in Table 2. As a 
result, the relation between moment distribution factor for transverse beams with composite sections (MC) and a 

(a) 

(b) 
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combination of influential parameters can be expressed as: 
 
(𝑳𝑳𝑳𝑳𝑳𝑳𝑳𝑳)𝑴𝑴𝑴𝑴 ∝ (𝑺𝑺)𝟎𝟎.𝟒𝟒𝟒𝟒(𝒕𝒕𝒔𝒔)−𝟎𝟎.𝟑𝟑𝟑𝟑(𝑲𝑲𝒈𝒈)𝟎𝟎.𝟎𝟎𝟎𝟎(𝒍𝒍)−𝟎𝟎.𝟓𝟓𝟑𝟑                                                                                                (2) 
 
Table 2. Calculated values for constant power parameter (b) in power functions using nonlinear regression 

*MC=moment in composite beam; MNC=moment in noncomposite beam; VC= shear in composite beam; VNC=shear in 
noncomposite beam 
 

 
Figure 6. Live load distribution factors for moment in transverse beams with composite section 
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Parameter MC MNC VC VNC 
S 0.49 0.8 0.51 0.58 
ts -0.38 -0.26 -0.38 0.03 
l -0.58 -0.9 -0.25 -0.24 

Kg 0.06 0.35 0.02 0.09 
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 In the case of non-composite sections, the maximum value of moment in transverse beams is higher than the 
composite sections. Thus, according to Table 2, the relation between bending moment LLDF for transverse beams 
with non-composite sections using a combination of influential parameters can be expressed as: 

 
(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑀𝑀𝑀𝑀𝑀𝑀 ∝ (𝑆𝑆)0.8(𝑡𝑡𝑠𝑠)−0.26(𝐾𝐾𝑔𝑔)0.35(𝑙𝑙)−0.9          (3) 

 
Furthermore, Eq. (4) is derived from Eq. (2) in a similar form as in AASHTO by keeping the power of S (the 

most critical parameter) and by slight manipulation of powers of other parameters. Similarly, Eq. (5) is derived 
from Eq. (3) for non-composite sections.  

 
(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑀𝑀𝑀𝑀 = 𝑎𝑎1 + (𝑎𝑎2

𝑙𝑙
)0.1(𝑆𝑆

𝑙𝑙
)0.49( 𝐾𝐾𝑔𝑔

(𝑡𝑡𝑠𝑠)4
)0.09           (4) 

(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑀𝑀𝑀𝑀𝑀𝑀 = 𝑎𝑎1 + ( 𝑆𝑆
𝑎𝑎2

)0.8( 𝐾𝐾𝑔𝑔
𝑙𝑙3𝑡𝑡𝑠𝑠×109

)0.3            (5) 
 
In these equations, S and l are spacing and length of transverse beams in meters, Kg is longitudinal stiffness of 

transverse beams in mm4 and ts is concrete slab thickness in mm. The a1 and a2 are constant parameters that should 
be determined by trial and error for each equation to best match the results of FE analyses. Accordingly, the final 
form of the proposed LLDF equations for moment can be expressed as: 

 
(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑀𝑀𝑀𝑀 = 0.05 + (0.1

𝑙𝑙
)0.1(𝑆𝑆

𝑙𝑙
)0.49( 𝐾𝐾𝑔𝑔

(𝑡𝑡𝑠𝑠)4
)0.09           (6) 

(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑀𝑀𝑀𝑀𝑀𝑀 = 0.05 + ( 𝑆𝑆
0.35

)0.8( 𝐾𝐾𝑔𝑔
𝑙𝑙3𝑡𝑡𝑠𝑠×109

)0.3           (7) 
 

3.2 LLDF for shear 
The obtained results from FE analyses were used to calculate shear LLDF for the considered bridges of Table 

1. A similar procedure to moment distribution factor was used except that the critical position of wheel loads on 
the transverse beams were different (see Fig.5b).  

The obtained shear LLDF for the composite bridges considered are plotted in Fig. 7 against each variable 
parameter. These charts illustrate that the shear LLDF mainly depends on the length and spacing of transverse 
beams. Meanwhile, it can be concluded that variation of bridge span, longitudinal stiffness of girders and floor 
beams for both types of composite and non-composite sections and, also concrete slab thickness (in case of non-
composite beams), don't have a considerable effect on the shear LLDF. The results of nonlinear regression analysis 
for parameter (b) in the power function is presented in Table 2. Thus, the relation between shear LLDF and 
influential parameters can be expressed as: 

1) for transverse beams with composite section, 
 
(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑉𝑉𝑀𝑀 ∝ (𝑆𝑆)0.51(𝑡𝑡𝑠𝑠)−0.38(𝑙𝑙)−0.25            (8) 
 
2) For transverse beams with non-composite section, 
 
(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑉𝑉𝑀𝑀𝑀𝑀 ∝ (𝑆𝑆)0.58(𝑙𝑙)−0.24             (9) 

 
Based on the obtained results, equations are proposed for calculation of shear LLDF in transverse beams in a 

similar form as in AASHTO. As a result of applying this procedure, the proposed equations for calculation of shear 
distribution factor for transverse beams with composite and non-composite section are presented in Eq. (10) and 
Eq. (11), respectively.  

 
(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑉𝑉𝑀𝑀 = 𝑎𝑎1 + ( 𝑆𝑆

𝑎𝑎2
)0.25(𝑆𝑆

𝑙𝑙
)0.27(𝑎𝑎3

𝑡𝑡𝑠𝑠
)0.28                        (10) 

(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑉𝑉𝑀𝑀𝑀𝑀 = 𝑎𝑎1 + ( 𝑆𝑆
𝑎𝑎2

)0.32(𝑆𝑆
𝑙𝑙
)0.26          (11) 

 
In these expressions, a1, a2 and a3 are constant parameters that should be determined by trial and error and other 

parameters are as defined before. Finally, the proposed equations are expressed as: 
 
(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑉𝑉𝑀𝑀 = 0.05 + ( 𝑆𝑆

0.2
)0.25(𝑆𝑆

𝑙𝑙
)0.27( 2

0.1𝑡𝑡𝑠𝑠
)0.28                       (12) 
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(𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿)𝑉𝑉𝑀𝑀𝑀𝑀 = 0.05 + ( 𝑆𝑆
35

)0.32(𝑆𝑆
𝑙𝑙
)0.26                        (13) 

 

 
Figure 7. Live load distribution factors for shear in transverse beams with composite section 

 
3.3 Validation of the proposed equations 

The most accurate method for determination of LLDFs that can be used for any configuration of superstructure 
is through FE modeling and analysis of the bridge system under live loads. Obviously, the 3D FE model is more 
accurate than other models. However, it is more practical to use prescribed equations such as the equations 
proposed in this research that have been developed based on the results of FE analyses for a vast number of models 
considering all the critical parameters. As such, the more FE models (representing actual bridges in practice) are 
built and investigated, the more dependable the results and the proposed equations will be. The results of FE 
analyses and values obtained from the proposed equations for moment and shear LLDFs with composite and non-
composite sections are shown and compared in Table 3. It can be seen that the LLDFs calculated by the proposed 
equations have higher values compared to the results of FE analyses, thus, it can be concluded that the proposed 
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equations are conservative to use in all cases. The maximum average error is only 3.1% and belongs to LLDF for 
moment in non-composite transverse beams.  

Considering the properties of the models, we note that the spacing of transverse beams for most of the models 
is outside the range of applicability of AASHTO equations and lever rule applies. Also, for the lever rule method, 
the critical position for the axle load of the design truck is when the axle load is located directly on the transverse 
beam so, the LLDF is 1.0 for all models according to AASHTO. Table 4 compares these values with the proposed 
equations of this paper. It can be seen that the current AASHTO equations are overly conservative and lead to 
uneconomical designs. 

 
Table 3. Comparison between the LLDF results based on the FE analyses and the proposed equations 

 
4. Conclusions 

 
This study developed new live load distribution factors (LLDFs) for slab-girder bridges with transverse beams 

at equal spacing. The transverse beams could be composite or non-composite. Finite element simulations were 
carried out to study the influence of several parameters on the variation of moment and shear LLDFs. The critical 
variable parameters were transverse beam spacing, concrete slab thickness, bridge span, transverse beam length, 
stiffness of longitudinal girders and transverse beams. The main outcomes of this study can be summarized as 
follows: 

1) The results indicate that the transverse beam length is the most influential parameter on the variation of 
bending moment distribution factor. Also, it has been shown that length and longitudinal stiffness of girders have 
minor effect on the variation of bending moment distribution factor and can be neglected in the proposed equations. 
Based on the results of the finite element analyses, two LLDF equations have been proposed for moment in 
transverse beams with composite and non-composite actions, as indicated by Eqs. (6) and (7), respectively. The 
maximum average error of the proposed equations is 3.1% with respect to FE results.  

2) The distribution factor for shear force in the transverse beam were obtained for both composite and non-
composite transverse beams. Based on the obtained results, transverse beam spacing was the main parameter 
affecting the shear LLDF. Also, it was shown that, in addition to length and longitudinal stiffness of girders, the 
effect of concrete slab thickness and longitudinal stiffness of transverse beams could be neglected. Proposed LLDF 
equations for shear in transverse beams with composite and non-composite actions, were presented by Eqs. (12) 
and (13), respectively. The maximum average error of the proposed equations is 1.8% with respect to FE results. 

Model 
ID 

Moment LLDF Shear LLDF 
Composite Non-composite  Composite Non-composite  

Eq. (6) FEM Error 
(%) Eq. (7) FEM Error 

(%) Eq. (12) FEM Error 
(%) Eq. (13) FEM Error 

(%) 
1 – 1 0.47 0.47 0 0.32 0.32 0 0.61 0.60 2 0.36 0.36 0 
1 – 2 0.43 0.41 5 0.28 0.26 6 0.55 0.52 4 0.32 0.30 6 
1 – 3 0.51 0.50 3 0.36 0.36 1 0.66 0.65 2 0.39 0.39 0 
1 – 4 0.39 0.38 4 0.24 0.23 8 0.50 0.49 3 0.29 0.28 4 
2 – 1 0.47 0.47 0 0.32 0.32 0 0.61 0.60 2 0.36 0.36 0 
2 – 2 0.46 0.45 2 0.32 0.31 2 0.59 0.58 2 0.36 0.36 0 
2 – 3 0.44 0.43 3 0.31 0.30 3 0.56 0.55 2 0.36 0.36 2 
2 – 4 0.48 0.49 1 0.32 0.33 2 0.63 0.62 2 0.36 0.36 1 
3 – 1 0.43 0.43 1 0.31 0.30 3 0.56 0.55 2 0.36 0.36 2 
3 – 2 0.45 0.43 4 0.33 0.32 1 0.56 0.55 2 0.36 0.36 2 
3 – 3 0.46 0.44 4 0.35 0.35 1 0.56 0.55 2 0.36 0.38 6 
4 – 1 0.44 0.43 2 0.31 0.30 4 0.56 0.55 2 0.36 0.36 1 
4 – 2 0.41 0.40 2 0.28 0.27 2 0.54 0.53 2 0.35 0.34 1 
4 – 3 0.38 0.37 4 0.25 0.24 8 0.52 0.51 2 0.33 0.34 0 
4 – 4 0.42 0.41 3 0.30 0.29 3 0.55 0.54 2 0.35 0.35 0 
4 – 5 0.39 0.38 4 0.27 0.25 8 0.53 0.52 2 0.34 0.34 0 
5 – 1 0.44 0.43 2 0.31 0.30 4 0.56 0.55 2 0.36 0.36 1 
5 – 2 0.44 0.43 2 0.31 0.30 4 0.56 0.56 1 0.36 0.35 1 
5 – 3 0.44 0.43 3 0.31 0.30 5 0.56 0.56 1 0.36 0.35 1 
6 – 1 0.47 0.47 0 0.32 0.32 0 0.61 0.6 2 0.36 0.36 0 
6 – 2 0.47 0.46 3 0.32 0.32 0 0.61 0.6 1 0.36 0.36 0 
6 – 3 0.47 0.46 2 0.32 0.32 1 0.61 0.6 1 0.36 0.36 0 

average - - 2.3 - - 3.1 - - 1.8 - - 1.3 
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 3) The proposed equations are much better than the current AASHTO procedure and lead to more economical 
designs. On average, up to 56% reduction in moment and 43% reduction in shear load calculations can be obtained 
by using the proposed equations of this paper and still be on the conservative side. 

 
Table 4. Comparison between the LLDF obtained from the proposed equations and AASHTO specification 

 
5. Notation list 

 
ts Concrete slab thickness 
S Spacing of transverse beams 
l Length of transverse beams 
Kg Stiffness of transverse beams 
L Length of longitudinal girders (bridge span) 
KG Longitudinal stiffness of longitudinal girders   
W Truck wheel load (kN) 
C Composite section 
NC Non-composite section 
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