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Abstract 

This paper presents static nonlinear analysis of aconcrete bridge and steel frame case study 

modeled as an equivalent single degree of freedom. The Principe is to evaluate the static 

nonlinear demand response using an elegant technique without any discretization required, so 

called flexibility-based method, which is implemented in a nonlinear program based on the 

direct stiffness method, offering significant advantages over existing stiffness-based approaches, 

since no discretization error occurs and all governing equations are satisfied exactly; after 

comparing the result with another program based displacement method. 

1. Introduction 

The nonlinear static procedure is intended to provide a simplified 

approach for directly determining the nonlinear response behavior of a 

structure at different levels of lateral displacements [1, 2]. There is five 

building performance levels. The performance level is for a combination of 

performance of structural and non-structural elements. In order to reach the 

overall building performance level, compatibility should be accomplished 

between the two; structural and non-structural performance. This difficulty 

arises when the flexibility-based finite element is implemented in a non-

linear analysis program based on the direct stiffness method, but gives 

several advantages the most important one is that the element offers 



S. MOUSSAOUI and M. BELGASMIA 

Advances and Applications in Mathematical Sciences, Volume 21, Issue 9, July 2022 

5138 

significant advantages over existing stiffness-based approaches, since no 

discretization error occurs and all governing equations are satisfied exactly 

[3]. 

2. Flexibility Based Formulation 

The use of flexibility instead of stiffness is motivated by the fact that the 

dynamically measured flexibility matrix is dominated by the lowest modes of 

a structure, which can be easily measured, while the dynamically measured 

stiffness matrix is dominated by the highest modes of the structure, which 

are hard if not impossible to measure [4]. 

The most important advantages of flexibility based formulation is that we 

are not obliged to discretize the structure to reach the accurate results. In 

this formulation the equilibrium is considered in the deformed element 

configuration in Figure.1 

 

Figure 1. Equilibrium in Deformed Configuration. 

The relation between nodal forces Q  in the system without rigid body 

modes and internal forces  xf  is: 
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The compatibility condition for q  reduces to 
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Thus the complete set of governing equations, the flexibility-based is  
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3. First example Case Study 

The first example is a concrete bridge, which is modelized as single 

degree of freedom [5], figure bellow show the analytical model as well as 

structures characteristics. The goal of this first test example is the evaluation 

of response demand using flexibility formulation.  

 

 

Figure 2. Analytical concrete bridge model and its characteristics. 

The comparison of bridge capacity curve between flexibility and 

displacement based model as well as of the target displacement are presented 

in figures bellow.  
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Figure 3. Comparison of bridge capacity curve between flexibility and 

displacement based model. 

 

Figure 4. Target displacement of concrete bridge under inelastic spectrum. 

4. Second Example Case Study 

The second example is a steel frame, which is modelized as single degree 

of freedom [5] [6], figure bellow show the analytical model as well as 

structures characteristics. The goal of this first example is the evaluation of 

response demand using flexibility formulation. 
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Figure 5. Analytical steel frame model and its characteristics. 

The comparison of steel frame capacity curve between Zsoil software 

based on flexibility formulation and Seismostruct software based one 

displacement formulation model as well as of the target displacement are 

presented in figures bellow. 

 

Figure 5. Comparison of steel frame capacity curve between flexibility and 

displacement based model. 



S. MOUSSAOUI and M. BELGASMIA 

Advances and Applications in Mathematical Sciences, Volume 21, Issue 9, July 2022 

5142 

 

Figure 6. Target displacement of steel frame under inelastic spectrum. 

5. Results Discussion 

Figure 3 allow as to have an idea about shear force base value of concrete 

bridge which is equal to 269.5 KN, we notice that it is obvious that the results 

between flexibility and displacement based model are very close each other. 

For the target, displacement is given by figure 4 which is equal to 0.06m. 

The same observation for steel frame so figure 5 gives  a shear force base 

value of  steel frame which is about 40 KN, thus we can say that the results 

between flexibility and displacement based model are very close. For the 

target, displacement is given by figure 6, which is equal to 0.027m. 

6. Conclusion 

There is no doubt that the use of the static nonlinear analysis is more 

convenient and easy than the nonlinear dynamic method. Because this 

method has an undeniable advantage namely graphical interpretation and to 

allow the designer to follow more closely the nonlinear structure response.  

We must mention the great advantage of the elegant flexibility formulation 

method which allow also the designer to use fewer element because of the 

force interpolation function used in that formulation which is strictly satisfy 

element equilibrium at each point of the structure. 
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