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The comprehension of the resistance mechanisms of reinforced concrete (RC) elements under combined 
shear and bending forces is essential for the project and construction of new structures and evaluation of 
existing constructions. Such understanding allows assuring good structural behaviour along their life span 
and assessing if the structure can resist, with certain reliability, extraordinary loads not considered in the 
project. 
 
Many RC elements are subjected to strong combinations of bending, axial and shear forces. This is 
typical in low stories columns of buildings when subjected to lateral loads (earthquake of wind) and 
bridge piers.  In practice, the resistant capacity of such elements may be influenced by the axial forces.  
However the latter is not considered in detail and its effects are taken into account using very simplified 
models. It is especially important in seismically zones where the maximum normal and tangential efforts 
are found in the critical sections. 
 
On the other hand, the effect of tensile axial forces on the shear strength is a lot less understood than 
compression forces.  Moreover, the tendency of these forces is always to reduce the shear capacity of the 
RC members.  Tensile forces can happen in RC elements in low story building under strong lateral forces, 
in stays and, more typically, due to the effect of imposed deformation, like temperature, shrinkage, etc. 
 
The main purpose of this thesis is to develop a deep study of the influence of the axial forces in the 
reinforcement concrete shear strength, focusing on the effects of tensile axial forces in strength and 
ductility. To achieve this purpose a numerical parametric investigation is carried out using two different 
models: TINSA and RESPONSE-2000. 
 
The first part of this thesis consists of an analysis of a real structure that collapsed in 1995 during Kobe 
earthquake. The aim of this first step is to understand the functioning of TINSA and RESPONSE-2000 to 
identify the advantages and disadvantages of each one. Afterwards, a parametrical analysis is carried out 
in order to study the influence of geometrical conditions, like the thickness of web thickness and effective 
depth, and the mechanical conditions, like the longitudinal and transversal ratios or the relation between 
bending and shear forces, in the shear strength when a tensile axial force is applied to the section. The 
numerical results will be compared with results from Spanish Code formulations using both the present 
EHE (99) and the ones from the draft version of the future EHE to come out by the end of 2008.   
 
One of the differences between the two Spanish codes is the formulation to compute the cracks 
inclination when shear forces are present.  It has been noticed, in this study, that this angle has an 
important influence on the predicted result.  Therefore, a study of the cracking inclination is also carried 
out in order to compare results and determine whether the expressions presented in the new normative are 
more efficient than the expressions in the present one.  Afterwards, some proposals are made. 
 
On the other hand, the coefficient affecting the axial stresses in the shear strength is analyzed under the 
effect of traction forces.  It is concluded that the value should be reduced from 0,15 to 0,1 when tensile 
forces are acting together with shear forces. 
 
Finally, the influence of the mechanical and geometric characteristics in the ductility of the sections is 
studied and conclusions are drawn. 
 
 
 
 
 
 


