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1. Introduction

In practical design of bridge girders, knowledge of shear stress
distribution at a certain horizontal height level of a beam is often
needed. As example, the design of shear connectors of the com-
monly used steel-concrete, wood-concrete or concrete-concrete com-
posite girders can be mentioned. This knowledge is also required
when designing fillet welds of welded steel plate girders. 

For simple calculations, the beam theory is obviously used.
Thus, when the girder width is not taken into account, the shear
flow is represented by the well-known formula

n�(x, z) � �
V(x) �

I

S�(z)
� , (1)

where V(x) is the internal shear force, S�(z) is the static moment
of partial area with respect to the vertical level considered and
I represents moment of inertia, respectively.

However, in some cases this theory produces wrong predic-
tion of stress distribution. This can be clearly seen above support
areas because of two main reasons. Firstly, the beam is not a line
but has indispensable height and is supported and loaded not on
its axis but at the horizontal and bottom surfaces, respectively.
Secondly, the support reaction forces do not act at the corner
points of the girder, which means that additional cantilever parts
always exist. Thus, the longitudinal shear stresses are affected by
local stresses caused by reaction, which can be considered as local
force. The disc (wall) effect in this area is usually significant and

therefore this area should be considered as a two-dimensional
problem at least.

2. Theoretical background

Stresses at the support area can be described by the disc (plane)
theory according to the basic equation of theoretical mechanics,
namely

�4�(x, z) � 0 , (2)

where �(x, z) is Airy’s stress function. The solution of this problem
is complicated. An improvement of the beam theory, based on
several simplifications and solutions of partial differential equation
(2), can be found. When the reaction force is placed at the corner
point, the solution consists of superposition of stresses caused by
external load, reaction force and stresses due to boundary condi-
tions. No detailed comments are presented hereby since such pro-
cedure can be found in mathematical form e.g. in [1]. A similar
method based on several steps may be developed for the case of
“infinite” long cantilever behind the support. Anyway, in practical
cases the cantilever has a finite length. In such conditions, it is very
difficult to find a practically applicable analytical solution and that
is why a numerical approach based on FEM seems to be needed.
Although no analytical rules for shear stress distribution can be
obtained from FEM, it is important to realize, that this approach
offers a possibility to investigate the influence of various parame-
ters. One of those parametric studies is presented here.
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3. Parametric study

In this study, the effect of the size of a cantilever located beyond
the support line is discussed. A one-meter high and 10 meters span
simply supported beam with rectangular cross-section is consid-
ered (Fig. 1). 

Fig. 1. Scheme of the beam. L � 10 m, h � 1 m, 
b equals to unit width and c is variable.

Because all stresses are supposed to depend linearly on the
width, this dimension can be taken equal to unity and thereinafter
its further consideration is not needed. The cantilever length, c, is

varied from zero to the height of the beam, i.e. from 0�h to 1.0�h.
Two load cases are considered. The first case consists of one unit
force in the middle of the span. The uniformly distributed unit
load between the supports is considered in the other load case.
The longitudinal shear flow is investigated at the horizontal levels
(“z” coordinate according to Fig. 1) with z/h ratio equal to 0.5,
0.6, 0.7, 0.8 and 0.9, respectively. These positions correspond to
the S�/I ratios 1.5, 1.44, 1.26, 0.96 and 0.54, respectively. The ratio
S�/I reflects the value required in equation (1).

A combined mesh of quadrangle and triangle finite elements
in FEM program was chosen. The support was considered as
a point constraint. In reality, certain length over which is reaction
distributed always exist. However, when very fine mesh of FE is
used (Fig. 2) and only further horizontal levels are studied, the
point reaction can be used with sufficient accuracy as well. 

Fig. 2. Part of FEM model with studied horizontal levels

For example, in Fig. 3, results obtained by using six different
cantilever lengths with S�/I ratio equal to 1.44 are presented. Only
the cantilever part and a length corresponding to one fifth of the
span are shown. In Fig. 4 is shown the same relationship but in
the case of S�/I ratio equal to 0.96.

In Fig. 5, a detailed view on the cantilever part is presented
when S�/I ratio is equal to 0.96. From the graphs and other results
not presented here, it is evident that a shear stress peak can occur
in front of the support within an area whose length is approxi-
mately equal to the height of the beam. The length of cantilever has
influence on distribution of this peak behind the support, however,
the overhang longer than 0.4�h is found to be useless. 

From the next picture, Fig. 6, it is also obvious that in the
support cross-section, around 50 % of the shear flow can remain
at each considered horizontal level, if the cantilever is longer than
0.2�h.

The percentage increase of longitudinal shear flow in the peaks
mentioned before is expressed in Fig. 7. It is visible that when the
cantilever length is more than 0.3�h 
 0.4�h, the stress peak is less

Fig. 3. Longitudinal shear stresses at support area, when S�/I � 1.44 and the load consists of a) a single force in the middle and 
b) uniformly distributed load over the span.
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than 5 % at all considered levels and probably can be neglected.
When the cantilever becomes shorter, local stresses can cause
a significant stress peak compared to that obtained through the
beam theory and especially at the higher horizontal levels of the
girder.

Fig. 5. Longitudinal shear stresses at cantilever area for S�/I ratio 
equal to 0.96 when a single force is situated in the middle of the span

Fig. 6. Percentage remains of longitudinal shear stresses in the support
cross-section compared to the beam theory.

Fig. 7. Percentage increase of longitudinal shear flow in the stress peak
compared to the result obtained by the beam theory.

4 Conclusions

The main aim of the article was not to solve the problem the-
oretically, but to show the impact of cantilever length on horizon-
tal shear flow at support area.

All of the results presented above refer to the beam with span
of 10 m. In the parametric study also beam length of 15, 20 and
30 m were considered, therefore some general summary could be
formulated.

As conclusions for composite girders it can be stated that, in
the case of non-ductile shear connectors, the most affected con-
nectors are those located about 0.5�h from the support. This con-
clusion suits quite well with the conclusions presented in [2] and
[3]. The shear force, which has to be carried, is higher than the one
computed according to the beam theory. The increase of this shear
flow is dependant on the length of cantilever and S�/I ratio men-
tioned before (Fig. 7). The cantilever length of 0.3�h seems to be
the most suitable one, because no additional lengthening leads to
greater reduction of the shear peak. Therefore, shear connectors
placed in the cantilever further away than 0,3�h 
 0.4�h from the
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Fig. 4. Longitudinal shear stresses at support area, when S�/I � 0.96 and the load consists of a) a single force in the middle and 
b) uniformly distributed load over the span.
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support line seem to be ineffective. In addition, when the overhang
is longer than this value, the stress peak discussed above can be
neglected as well. Consequently, in the case of non-ductile connec-
tors, the longitudinal shear force can be considered according to
Fig. 8.

Fig. 8. Simplified shear flow distribution in support region 
for a beam loaded by a) the uniformly distributed load between

supports and b) a force in the middle of the span

Therefore, for girders with cantilevers longer than 0.3�h, the
approach based on beam theory should be modified as follows:
● shear flow continues behind the support line and linearly decre-

ases towards zero at a distance of 0.3�h 
 0.35�h;
● in the support cross-section, 50 % of the shear computed accor-

ding to the simple beam theory can be considered;
● in the case of a long overhang, the shear peak can be ignored.

This simplified distribution shown in Fig. 8 can be used when
determining the number and location of shear connectors in com-
posite girders assuming that the length of overhanging cantilever
is big enough. In the case when uniformly distributed load is placed
not only between supports but also on cantilevers, similar distrib-
ution as in Fig. 8-a) can be adopted. If the cantilever length is not
much different from the value 0.3�h, this simplification is suffi-
ciently accurate. 

Finally, it has to be noticed that the conclusions presented
above may not be valid when plastic or deformable behaviour of
shear connectors is considered or expected. In this case, the shear
flow is better redistributed along the girder length and behind the
support, which means that a longer cantilever can be effective as
well. In addition, all shear flows or connector forces discussed above
were calculated without considering the effect of shrinkage in the
concrete part of a composite cross-section, which means that sig-
nificant forces can escape attention.
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