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ABSTRACT 

Gable frame are type of steel portal frame with one basic difference that is it has 

inclined sides and high. Gabel frame are used in single storey steel industrial building 

when large span is required. In this paper the single bay gable frame with 8m span and 

2m rise are analyzed by the use of stiffness matrix that is also known as direct stiffness 

matrix. UDL load is applied on rise of gable frame and one nodal load is also applied 

on column. Local and global stiffness matrix all the member is formed. By the relation 

of stiffness matrix and force matrix all displacement are calculated.  By the use of this 

displacement member reaction like shear force and bending moment are calculated.  
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Introduction  

Steel portal frames were developed during Second World War. Portal frames are 

developed to achieve the low cost steel building. Steel portal frame and gable frames 

are now using commonly for single storey building. Portal frame are constructed by 

the hot rolled section. I section and H section are most commonly use in gable frame. 

Fixed   support and pinned support are generally used in gable frame. The portal frame 

bases may be pinned or fixed, depending upon rotational restraint provided by the 

foundation and the connection detail between the stanchion and foundations. The 

foundation restraint depends on the type of foundation and modulus of the subgrade. 

Frames with pinned bases are heavier than those having fixity at the bases. However, 

frames with fixed base may require a more expensive foundation. For the design of 

portal frames, plastic methods of analysis are mainly used, which allows the engineer 

to analyze frames easily and design it economically 

 

 

Types of portal frame 

 Pitched roof symmetric  portal frame

 
 

 Portal frame with internal mezzanine floor
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 Crane portal frame with column bracket  

 
 

 Tied portal frame 

 
 Mono pitiched  portal frame 
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 Propped portal frame
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Objective of the Study  

Steel is the major material that is used in industrial buildings. The main objective of 

the study is that make the optimum design of the steel portal frames and gable frame. 

Frame is analyzed by direct stiffness matrix method. And formulae are get from the 

direct stiffness matrix and that is used for the formulation of excel sheet for the 

analysis of steel portal frame. Till now there is no availability of this kind of sheet.  
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Literature Review:  

Simitses.G.J and Mohamed.S.E. (1989), has presented the concept of analyzing the 

gable frame with flexible joint connections and with elastic rotational restraints at the 

supports under static and dynamic loads by non-linear analysis. Symmetric gabled 

bends were found to buckle in either symmetric snap through mode or in a side sway 

mode. Critical loads are also obtained for the sudden application of the cause and they 

are 15-30 % lower than the corresponding static critical loads. In which established 

that the effect of column slenderness ratio λ, load parameter was negligibly small for 

both static and dynamic application of loads. These studies lead to the analysis of a 

model which accurately represents the behavior of real world gabled frames. 

Nikhil Agrawal (2009) compared the design wind pressures for different zones of a 

building are made by the different International design wind codes. The loading is 

deducted has been utilized to compare its effect on the design of a column and roof 

truss structure for a gable frame. The selected structure is analyzed for various load 

combinations. Wind forces are obtained from different countries codes but the design 

of members is carried out as per Indian codes. An attempt has also been made in the 

present work to compare the design variables of a few International wind codes of 

Asia Pacific region 

 

ArunlfoL uevanos Rojas (2013) analyzed the statically indeterminate structures 

considering the shear deformations are proposed. This paper considers the flexural and 

shear deformation but in traditional way. Comparison is done between the traditional 

method and proposed method. Equations are solved by approximation trickery in 

moment distribution method, as presented in Mohr and Maxwell method. The shear 

deformations will not be a recommended solution without usual practice. This is a 

logical situation since the rigidities are lower when considering shear deformations, 

because the elements are linear and have higher rotation and displacement when the 

load is applied. The method used for considering shear deformations and also it is 

more attached with the real conditions.  
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Methodology  

Stiffness matrix method – Stiffness matrix method is also unknown as direct stiffness 

method. Stiffness is defines as the force required for unit displacement of member. 

With the help of stiffness matrix method steel and concrete structure can be analyzed.  

Process of analysis a structure by stiffness matrix method is as follow 

Fixed end moment for member will calculate. 

Local stiffness matrix for the member is formed.    

Transformation matrix is formed for members 

Global stiffness matrix is made after the formation of local matrix for all members. 

Following relation is followed for the calculation of member force and reactions. 

[Force] = [stiffness][displacement] 

 

 

INVESIGATION PROCESS 
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MEMBER FIXED END MOMENT 

MFAB 0 

MFBA 0 

MFBC -16.67kn-m 

MFCB 16.67kn-m 

MFCD -16.67kn-m 

MFDC -16.67kn-m 

MFDE 0 

MFED 0 

 

Member 1 length L =4m, ө=900    cosө= l= 0, sinө =m=1 

 

 

 

  

 

 

 

 

[k’]= 

 

 

 

 

 

 

 

 

 [K1] = [T]T[k’][T] 

Here [T] is transformation matrix and it value is as follow 
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[T]T is the transpose of [T] matrix 

 

 

 

 

 

 

                                    [T] = 

 

 

 

 

 

 

12EI/L3 = 5×102kn/m 

AE/L   = 5×105kn/m 

6EI/L2   = 9.9×102 

4EI/L   = 2.65×103 

2EI/L   = 1.33×103 

Transformation matrix for member 1 

 

                               0 1 0 0 0 0 

             -1 0 0 0 0 0 

[T]  =   0 0 1 0 0 0 

   0 0 0 0 1 0  

   0 0 0 -1 0 0 

             0 0 0 0 0 1 
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[k1]                         1 2 3 4 5 6  

  1 5e2 0 -1e3 -5e2 0 -1e3  

  2 0 5e5 0 0 -5e5   0  

  3 -1e3 0 2.6e3 1e3 0 1.33e3  

  4 -5e2 0 1e3 5e2 0 1e3 

  5 0 -5e5 0 0 5e5 0   

  6 -1e3 0 1.3e3 0 0 2.6e3 

 

 

Force  matrix  ‘[f]’ for member 1  

  1 0 

  2 0 

  3 0  

[F1] = 4 20      

  5 0 

  6 0  

 

    

Member 2  L=4.7, ө=26.56 ,sinө = m = 0.45 , cosө = l = .90 

 

12EI/L3 = 3.07×102kn/m 

AE/L   = 4.3×105kn/m 

6EI/L2   = 7.22×102 

4EI/L   = 2.26×103 

2EI/L   = 1.13×103 

 

TRANSFORMATION MARTRIX FOR MEMBER 2 
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     0.9 0.45 0 0 0 0   

           -0.45 0.9 0 0 0 0  

 [T] =   0 0 1 0 0 0 

     0 0 0 0.9 0.45 0  

    0 0 0 -0.45 0.9 0    

    0 0 0 0 0 1  

 

[K2] = [T]T[k’][T] 

 

      4  5  6  7  8  9 

   4     87323.67  -174025.67     649.80   -87323.67  174025.67   649.80                                

5  -174025.67  348362.17  324.90  174025.67   -348362.17  324.90 

   6 649.80   324.90   2260.00 -649.80 -324.90 , 1130.00 

7 -87323.67 174025.67  -649.80  87323.67  -174025.67  -649.80 

8 174025.67  -348362.17  -324.90  -174025.67  348362.17  -324.90 

  9 649.80 324.90 1130.00  324.90  -649.80 2260.00 

 

 

Force matrix for member 2 will be 

            

  4 -23.5 

  5 0 

F2] =  6 -16.67      

  7 -23.5 

  8 0  

  9 16.67 
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    Similarly for member 3 , L=4.7  ө=116.56 , cosө=l= -.45 ,sinө=m=.90 

 

12EI/L3 = 3.07×102kn/m 

AE/L   = 4.3×105kn/m 

6EI/L2   = 7.22×102 

4EI/L   = 2.26×103 

2EI/L   = 1.13×103 

 

Transformation matrix for  member 3 will be 

 

   -0.45 0.90 0 0 0 0  

   -0.90 -0.45 0 0 0 0   

   0 0 1 0 0 0  

[T]    =  0 0 0 -0.45 0.90 0 

   0 0 0 -.09 -.045 0  

   0 0 0 0 0 1   

 

 

[K3]=[T]T[k’][T] 

         7  8  9  10  11 12 

  7                   348362.17 174025.67 -324.90 -348362.17 -174025.67 -324.908 

  8  174025.67 87323.67 649.80 -174025.67 -87323.67 649.80 

  9  -324.90 649.80 2260.00 324.90 -649.80 1130.00 

 10  -348362.17 -174025.67 324.903 48362.17 174025.67 324.90 

 11  -174025.67 -87323.67 -649.80 174025.67 87323.67 -649.80 

 12  -324.90 649.80 1130.00 324.90 -649.80 2260.0 
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Force matrix for member is 

               

  7 -23.5 

  8 0 

[F3] =  9 -16.67      

  10 -23.5 

  11 0  

  12 16.67 

 

Member :3 L=4, ө=270o , cosө=l=0 ,sinө = m = -1 

 

12EI/L3 = 5×102kn/m 

AE/L   = 5×105kn/m 

6EI/L2   = 9.9×102 

4EI/L   = 2.65×103 

2EI/L   = 1.33×103 

  

Transformation matrix for member 4  

 

                               0 -1 0 0 0 0 

             1 0 0 0 0 0 

[T]  =   0 0 1 0 0 0 

   0 0 0 0 -1 0  

   0 0 0 1 0 0 

             0 0 0 0 0 1 

[K4] =[T]T[k’][T] 
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        11  12    13    14          15           16  

  11  5×102   0  10×102 -5×102 0 10×102 

  12  0 5×105  0    0  -5×105 0 

  13 10×102   0 26.6×102 -10×102 0 13.3×102 

  14 -5×102     0 -10×102 5×102  0 -10×102 

  15  0 -5×105 0    0  5×105  0  

  16 10×102    0 13.3×102 -10×102 0 26.6×102  

    

 

 

 

Now global force matrix for all the member is made 

 

Global force matrix will be 15x1 order     

 [F]global =                              1 

1 0 

2 0 

3 0 

4 -3.5 

5 0 

6 -16.67 

7 -47 

8 0 

9 0 

10 -23.5 

11 0 

12 16.67 

13 0 

14 0 

15 0 
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Global stiffness matrix   [K]global = 
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From the stiffness and force matrix relationship  

[F]=[K][D] 

Here [D] is displacement matrix 

Applying boundary conditions d1, d2, d3, d13, d14, d15 will be zero because of support 

conditions. 

     4  5 6 7 8 9 10 11 12    

4  4                  

5  5 

6  6 

7  7 

8     F     =    8                                         K                                               D 

9  9 

10  10 

11  11 

12  12 

 

4 d4    0 

5 d5   0  

6 d6   0 

7 d7   0  

8 d8 =  0     there is no deflection is come because load is too small 

9 d9   0 

10 d10   0 

11 d11   0  

12 d12   0 
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Reaction is calculated from the relation as stated below 

[R] = [K][D]+[F] 

Deflection is zero hence reactions are as follow. 

R4 = -3.5KN 

R5 = 0 

R6 = -16.67KN-M  

R7 = -47KN  

R8 = 0 

R9 = 0  

R10 = -23.5 KN 

R11= 0  

R12=16.67KN-M   

 

 

  

Conclusion – By the stiffness matrix method all the deflection and reaction of the 

member can be calculated and we can use the method for the  formulation of excel 

sheet form the stiffness matrix for the analysis of steel portal frame  
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