
Concrete Cracking 



Concrete Cracking 
A simply supported concrete beam is subjected to two concentrated loads 

symmetrically placed near the centerline of the beam. 

Only half structure is modeled due to symmetry. 

The beam is analyzed using the concrete cracking option. 



Problem Description 
Plane stress option (2D solid elements) is used for modeling concrete 

and truss elements are selected to simulate the rebar. 

For the concrete elements the cracking flag is activated and a bilinear material 
behaviour for reinforcing steel is selected. 

 Material properties: 

 - Concrete: 

• ACI: f’c 2500 psi 

• Critical tensile stress = 700 psi 

• Shear retention factor = 0.1 

 - Steel reinforcement: 

• ACI: fy 60000 psi 

• Bilinear behaviour 

 



Cracking 
Crack option assists in predicting crack initiation and in simulating tension 

softening,  plastic yielding and crushing.  

Analytical procedures that accurately determine stress and deformation  

states in concrete structures are complex due to several factors.  

 

Two of these are:  

1. Low strength of concrete in tension that results in progressive cracking under 
increasing loads.  

2. Nonlinear load-deformation  response of concrete under multiaxial 
compression.  

 

Because concrete is mostly used in conjunction with steel reinforcement,  an 
accurate analysis requires consideration of the components  forming the composite 
structure.  



Geometry  
Only half structure is modeled. 

A 68x12 in rectangle is defined for the concrete beam and a line for the rebar. 

 

 



Mesh 
Concrete Beam: 2D Solid Plane Stress Structural Element (quads of 1 in size). 

Rebar: 2D Truss Structural Element (68 elements) 

 

 

CivilFEM provides an Insertion model util that allows the definition of host bodies and 
lists of elements to be inserted inside the host bodies. 
The DOFs of the nodes in the inserted element list are automatically tied using the  
corresponding  DOFs of the nodes in the host body elements based on their  
isoparametric location in the elements.  

The Insertion model util is used 
to place rebars into solid elements.  



Loads and BCs 
Symmetry conditions are imposed along line x = 68 in 

(Ux = 0 for the nodes attached to the line). 

Simply-supported conditions are located at the bottom left node (Uy = 0). 

 

 

The load to be applied is large enough to 
produce the unconverged solution due to 
the collapse of the beam. 



Solution Controls 

Step fractions and convergence options must be 
set in order to obtain correct results. 

The total Load will be divided into steps 
depending on the Initial/Min/Max fraction values. 

 

Large Deflections option indicates that a 
nonlinear structural problem will be performed 
when either the displacements and/or the strains 
are large. 

  

Incremental Results will help monitor partial 
results. 



Convergence 

During Solution check Output window for warning/error messages. 

The solution does not converge at time 0.83 (increment 83).  

Therefore, the critical load is: P = 1200*0.83= 996 lbf (last converged solution) 

 



Results (before Cracking) 

Load increment 33 (results before cracking state). 

Plot SX stress in concrete 

 

 

 

 

 

 

Plot SX stress in rebar 

 

 



Results (before Cracking) 

Load increment 33 (results before cracking state). 

- Note that the stress distribution is not symmetric (with opposite sign) along the 
depth of the beam. That is because the reinforcement also contributes to the 
stress distribution. 

- The stresses at the bottom of the beam are close to the ultimate tensile stress 
(700 psi), so cracks are about to appear in concrete. 

Plot Y Reaction Force in rebar 

 

 

 

 

 

 

 



Results (Cracking) 

Load increment 34 (cracking state). 

Plot SX stress in concrete 

 

 

 

 

 

 

- Note that stresses at the bottom of the beam have substantially been reduced. 
The stresses in points where the ultimate tensile stress has been reached are 
close to zero because concrete has cracked at those points. 

 

 



Results (Cracking) 

Load increment 34 (cracking state). 

Plot Crack Strain in concrete 

 

 

 

 

 

 

- As expected, due to concrete cracking, cracking strain appears. From this 
moment, the steel reinforcement is the one resisting the tensile stresses. 

 

 

 



Results (Cracking) 

A crack in a material develops perpendicularly to the direction of the maximum  
principal stress if the maximum  principal stress in the material exceeds a certain 
value.  

After the formation of an initial crack in the material, a second crack can form 
perpendicular to the first one. Likewise, a third crack can form perpendicularly to 
the first two cracks.  

The material loses all load-carrying capacity across the crack unless tension 
softening is included.  

 

 



Results (Cracking) 

If tension softening is included, the stress in the direction of maximum stress 
does not go to zero immediately ; instead the material softens until there is no 
stress across the crack.  

 



Results (About to Collapse) 

Last Load increment 82 (collapse state). 

Plot SX stress in concrete 

 

 

 

 

 

 

- Just before the collapse of the beam, the neutral axis has practically reached 
the top of the beam cross section (y = 10 in). 

 

 

 



Results (About to Collapse) 

Last Load increment 82 (collapse state). 

Plot Von Mises stress in rebar 

 

 

 

 

 

 

- The center of the rebar has reached the yield stress limit and entered plastic 
regime (fy=60 ksi). 

 

 

 

 



Results (About to Collapse) 

Last Load increment 82 (collapse state). 

Plot Y Reaction Force in rebar 

 

 

 

 

 

 

 

 

The critical load value is close to the vertical reaction result 



Results (no rebar) 

If NO REBAR element is defined then Concrete Beam reaches collapse with 

a lower P force value: 

 

The solution does not converge at time 0.30 (increment 30).  

Therefore, the critical load is: P = 1200*0.30= 360 lbf (last converged solution) 

 



Results (Concrete/Rebar Chart) 
 

X Stress at center 

 bottom in concrete 

 

Von Mises Stress at  

center in rebar 



Results (Python) 
 

Python File Available: 
Concrete_Crack_charts.py 


