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Abstract: This paper illustrates the principle aspects connected with numerical analysis of 

thermal stress induced by high gradient temperature in the reinforced concrete columns. Axial 

compression test is conducted on two un-strengthened fire affected columns UC (C1, C2) and 

two strengthened fire affected columns SC (C3, C4) and results are compared. The two 
phases (up to 500◦Cand900◦C) of standard fire curve ISO834 are simulated for different fire 

intensities for columns.Numerical analysis is carried out to check the crack patterns, stress 

and strain distribution in both un-strengthened and strengthened members. The results shows 
that strengthening is effective for columns affected by fire up to 500◦C, which could 

effectively restore the strength and stiffness in fire damaged columns. 
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1. Introduction 

At present concrete structures are vulnerable to fire due to combustible materials and unavoidable 
accidents. Retrofitting of fire damaged structural components using glass fiber sheet and cement based 

composite binders is the recent effective technique. This technique does not increase the deadweight of the 

members (2), (3), (4), (8), (12) and (14).   

Concrete which is not densified by micro silica and with moisture content of 3% would not allow for 

spalling in structural components (6). 

The effect of restrained degree, loading level and heating rates on the performance of concrete columns 
were studied under elevated temperatures and found that use of polypropylene fibers prevent explosive.Studies 

shows that under restraint condition normal strength concrete showed more spalling compared to high strength 

concrete. It was decided that explosive spalling occurred after 45min of heating. Minor spallings were followed 

by severe spallings(5).For flexural components, increasing the cover concrete would not increase the fire 

resistance (15). 

2D transient nonlinear thermal analysis was developed along with smeared rotating crack approach to 
study the thermal behaviour of concrete structures (16). Design equation with energy based time equivalent 

approach for evaluating the fire resistance of beams predicted better than the codal provisions (11)Numerical 

behaviour of reinforced concrete slabs under fire loading was investigated and concluded that the cover of 
concrete, reinforcement temperature and live load ratio play a major role in fire resistance of slabs(13). Many 

other researchers carried out the numerical analysis of concrete structures (7), (17)From the above studies it was 

concluded that strengthening of columns using wrapping technique is very effective. Present study aims in 

retrofitting fire damaged concrete columns using similar techniques. But the binder used for bonding the glass 

fiber sheet is polypropylene fiber based cementitious composites. 
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2. Thermal Analysis  

2.1 Principle 

The basis of thermal analysis in ANSYS is a heat balance equation obtained from the principle of 

conservation of energy. The finite element solution uses the nodal temperature to obtain the thermal quantities. 
It supports two types of thermal analysis they are, Steady state thermal analysis to determine the thermal 

distribution and other thermal quantities under steady state loading conditions. Transient thermal analysis 

todetermine the temperature distribution and other thermal quantities under condition that vary over a period of 

time. 

2.2 Modeling 

The columns and supports were modeled as volumes whereas the steel rebars were modeled as lines. 

Knowing the co-ordinates, the key points are joined by the lines. Then area and volume is created. 

 

Figure 1. Modelling of columns 

2.3Elements for meshing 

Solid 70 shown in Fig 1 is used to model the concrete. It has eight nodes with a single degree of free 

dom at each node, defined as temperature as well as3-Dthermal conduction capability. It also has 2×2×2 

integration scheme for both conductivity and specific heat matrices crushing. 

 

Figure 2. Element Solid 70 

 

Figure 3Element Link33 

Link33 is a thermal uni axial element with the ability to  conduct heat between its two nodes 

shown in Fig.2. The element has a single degree of freedom, temperature, at each node. In addition,  
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both elements are applicable to conduct3-D, steady-state and/or transient thermal analysis. Steel 

reinforcement is modeled using Link 8 element shown in Fig. 3. It is a 3D spar element having two nodes with 

three degrees of freedom – translations in the x, y and z directions. This element is also capable of plastic 

deformation. 

A 3-D layered structural element Solid 46 was used to model FRP composites shown in Fig.4. This 

element allows up to 250 layers. The element has three degrees of freedom at each node- translation in x, y and 

z directions. The element is defined by eight nodes, layer thickness, layer material direction angles and 
orthotropic material properties. 

 

Figure 4.  Element Solid 46        

 

Figure 5.Element Solid 65 

The Solid 65 element was used to model the concrete shown in Fig.5. This element has eight nodes 

with three degrees of freedom at each node – translations in the nodal x, y and z directions. This element is 

capable of plastic deformation, cracking in three orthogonal directions and crushing.  

2.4 Material properties 

The material model for each element has multiple inputs. Linear material property for concrete includes 

Young’s modulus and poisson’s ratio. The stress- strain values from compression test was given us input for 

nonlinear material property as multilinear isotropic. Similarly both linear and nonlinear properties were given as 
input for steel. Nonlinear property was given as bilinear isotopic. GFRP along with pp fiber based cementitious 

composites was orthotropic and the material property given was as shown in Table 1.Thermal properties were 

given as input for both steel and concrete in thermal analysis. To get the crack pattern. 
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Table 1. Orthotropic material properties for Solid 46 

 Properties  Values  Properties Values Properties Values 

EX N/mm
2
) 21000 PRXY 0.26 GXY(N/mm

2
) 1520 

EY(N/mm
2
) 7000 PRYZ 0.26 GYZ(N/mm

2
) 1820 

EZ(N/mm2) 7000 PRXZ 0.3 GXZ(N/mm2) 2650 
 

2.5 Meshing 

 The generated model was meshed using mapped mesh which helps in controlling the number of 

elements. The fewer the number of elements, the mesh is coarse. Refinement of the mesh increases the accuracy 

of the simulation. Element attributes were assigned to the respective elements. The reinforcement model was 

meshed using line elements so that the nodes of the line elements come exactly over the node of the solid 

elements which were later merged to act as a single node. 

2.6 Numbering Controls 

Merging process must be carried out after meshing the model. If key points are merged in advance to 

the nodes some of the nodes may be left out. These nodes may result in boundary condition transfers, surface 

load transfers and so on. Therefore merging is carried out for the nodes. 

2.7 Load and Boundary Conditions 

Displacement Boundary conditions are necessary to constraint the model and get a unique solution. 

Boundary conditions were bottom end is fixed and loading end is released in Y direction to allow for axial 

movement.Load was applied uniformly on the upper end as nodal loads.Reaction from bottom plate would 

apply equal compressive force on the column. 

 

Figure 6.Loading and boundary conditions 

2.8 Nonlinear Solution 

A nonlinear structural analysis was performed using Newton-Raphson approach. The load is subdivided 

into a series of load increments. The iterative procedure is continued until the problem converges. A number of 

convergence enhancement features like automatic load stepping, bisection help the problem to converge. The 

concrete crushes when its ultimate compressive strength is reached.  

3. Results And Discussion 

The columns are loaded on three faces treating them as exterior columns. The temperature load was 

used to calculate thermal stress. Load was applied on fire damaged columns without and with wrapping. The 

results are compared. 

3.1 Thermal load of 500
◦
C 

The temperature distribution in column are as shown in Figure 7.Crack pattern in C3 shows that 

strengthening have controlled the cracking in C1 as shown in Figure 8 (a) and Figure 8 (b). 
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Figure 7. Temperature distribution in column C1 

 

(a)Crack pattern in C1 

 

(b) Crack pattern in C3 

Figure 8.Control of cracking in C1 due to wrapping 

Percentage reduction in stress and strain due to wrapping are 50.3% and 77.02% respectively. Similarly 
the load deflection behavior shows an increase in stiffness and energy absorption as 38.88% and 20.32% 

respectively compared to C1. 

 

Figure 9. Load-Deflection behavior for thermal load of 500
◦
C                                                                
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3.2 Thermal load of 900

◦
C 

The temperature distribution in column are as shown in Figure 10. Crack pattern in C4shows that 

strengthening have controlled the cracking in C2 as shown in Figure 11 (a) and Figure 11 (b). 

 

Figure 10. Temperature distribution in column C2 

 

(a) Crack pattern in C2 

 

(b) Crack pattern in C4 

Figure 11.Control of cracking in C2 due to wrapping 

Percentage reduction in stress and strain due to wrapping are 19.65% and 62.66% respectively. 

Similarly the load deflection behavior shows an increase in stiffness and energy absorption as 8.86% and 

20.54% respectively compared to C2. 
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Figure 12. Load-Deflection behavior for thermal load of 900
◦
C 

Failure in columns subjected to thermal load of 900
◦
C was by local material crushing. While the load 

deflection behavior of strengthened columns were compared for both fire intensities, strengthening was found to 

be effective for fire load of 500◦C. The percentage increase in energy absorption for column C3 was 211.44% 

compared to column C4. Similarly percentage increase in stiffness for column C3 was 45.34% compared to 

column C4. 

        

Figure 13. Comparison of energy absorption       Figure 14. Comparison of stiffness in columns 

in columns    
 

Conclusion 

Numerical thermal stress analysis were carried out on four columns.  Two phases of ISO834 fire curve 

was followed. Column C1 and C3 are subjected to 500◦C. Column C2 and C4 are subjected to 900◦C. Nonlinear 

stress analysis were carried out on fire damaged columns without (C1 and C2) and with wrapping(C3 and 

C4).Following conclusions were arrived. 

• Due to wrapping cracking is controlled for both fire intensities. 

• Percentage reduction in stress and strain in C3 due to wrapping are 50.3% and 77.02% respectively 

compared to C1. Percentage reduction in stress and strain in C4 due to wrapping are 19.65% and 

62.66% respectively compared to C2.  

• Percentage increase in stiffness and energy absorption in C3 are 38.88% and 20.32% respectively 

compared to C1.Percentage increase in stiffness and energy absorption in C4 are 8.86% and 20.54% 
respectively compared to C2. 
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• Percentage increase in energy absorption for column C3 was 211.44% compared to column C4. 

Similarly percentage increase in stiffness for column C3 was 45.34% compared to column C4. 

• Ultimate load carrying capacity was decreased by 27% in column C4 compared to column C2. 
• Restoration of the strength and stiffness of the fire damaged columns depends on the intensity of 

applied heat. Though wrapping was effective for thermal load up to 500
◦

C, it was not successful for 

members under fire intensity of 900
◦

C 
• Present strengthening technique is very effective for rehabilitating fire damaged RC members fired upto 

500°C.Comparison of results shows that present strengthening technique is effective for fire damaged 

reinforced concrete columns for fire intensity up to 500
◦
C. 
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