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Consideration of column slenderness:- 

1 − if   
kLu

r
≤ 34 − 12  

M1

M2
  ⇒  

Yes ∴  Short column
No ∴  Long column

  

  34 − 12  
M1

M2
  ≤ 40 

Where, 

k = effective length =1 for nonsway. 

Lu= unsupported length of column. 

r= radius of gyration =0.3*dimensions 

M1= smallest moment. 

M2= largest moment. 

Cm = 0.6 + 0.4  
M1

M2
 ≥ 0.4 

Ec = 4700 fc
′   

EI =
0.4 ∗ Ec ∗ Ig  

1 + βd
 

Pc =
π2EI

 kLu 2
 

M2min
= pu ∗  15 + 0.03h   , where    h  in (mm) 

M2 = max(M2, M2min
) 

δns =
Cm

1 −
Pu

0.75 ∗ Pc

≥ 1 

Mc = δns ∗ M2 

Ec= modules of elasticity of concrete.        Pc=critical buckling load.                 EI= rigidity factor. 

Ig= moment of inertia.                    βd =
maximum  factor  sustained  axial  load

maximum  factor  axial  load  
≈0.6 

δns = moment magnification factor.                Mc= magnification moment. 
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Example 1:- 

Given data: 

fc
′ = 25 MPa       ,    fy = 420 Mpa     ,      L = 6.2m    ,   Pu = 494 Kn 

Determine the magnified moment and check column safety ?  

 

 

 

 

 

 

 

 

Solution: 

Slenderness about X-axis:- 

1 ∗ 6200

0.3 ∗ 500
≤ 34 − 12  

104.22

−208.44
   ⇒  41.33 ≰ 40 ⇒ slender column( Long column) 

Cm = 0.6 + 0.4  
104.22

−208.44
 ≥ 0.4 

Cm = 0.4 

Ig =
b ∗ h3

12
=

400 ∗ 5003

12
= 4.1667𝑋109𝑚𝑚4 

Ec = 4700 fc
′ = 4700 25 = 23500 Mpa 

βd = 0.6 

EI =
0.4 ∗ Ec ∗ Ig  

1 + βd
=

0.4 ∗ 23500 ∗ 4.1667𝑋109

1 + 0.6
= 2.448𝑋1013𝑁. 𝑚𝑚2 

Pc =
π2EI

 kLu 2
=

π2(2.448𝑋1013)

 1 ∗ 6200 2
∗ 10−3 = 6278.74 𝐾𝑛 

208.44 

104.22 

23.22 

11.61 

Moment about X-axis Moment about Y-axis 

500 mm 

Y 

X 

400 mm 

500 mm 

6 ф25 
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M2min
= pu ∗  15 + 0.03h = 494 ∗  15 + 0.03 ∗ 500 10−3 = 14.82 𝐾𝑛. 𝑚 

M2 = max M2, M2min
 = 208.44 𝐾𝑛. 𝑚 

δns =
Cm

1 −
Pu

0.75 ∗ Pc

≥ 1 ⇒
0.4

1 −
494

0.75 ∗ 6278.74

= 0.447 

∴ δns = 1 

Mc = 1 ∗ M2 = 1 ∗ 208.44 = 208.44 𝐾𝑛. 𝑚 

 

𝐴𝑠1 = 981.25 𝑚𝑚2   ,   𝐴𝑠2 = 981.25 𝑚𝑚2  ,   𝐴𝑠3 = 981.25 𝑚𝑚2      

𝐴𝑔 = 200 ∗ 103  𝑚𝑚2   ,   𝐴𝑠𝑡 = 2943.75 𝑚𝑚2       

a- Pure compression point:- 

𝑃𝑜 =  0.85 𝑓𝑐  ̀ 𝐴𝑔 − 𝐴𝑠𝑡 +  𝑓𝑦 ∗ 𝐴𝑠𝑡   ∗ 10−3 

𝑃𝑜 =  0.85 ∗ 25 ∗  200 ∗ 103 − 2943.75 +  420 ∗ 2943.75  ∗ 10−3 

𝑃𝑜 = 5423.82 𝐾𝑛 

∅𝑃𝑛 ,𝑚𝑎𝑥 = 0.80 ∗ 0.65 ∗  0.85 𝑓𝑐  ̀ 𝐴𝑔 − 𝐴𝑠𝑡 + 𝑓𝑦 ∗ 𝐴𝑠𝑡   ∗ 10−3 

∅𝑃𝑛 ,𝑚𝑎𝑥 = 0.80 ∗ 0.65 ∗  0.85 ∗ 25 ∗  200 ∗ 103 − 2943.75 +  420 ∗ 2943.75  ∗ 10−3 

∅𝑃𝑛 ,𝑚𝑎𝑥 = 2820.39 𝐾𝑛 

𝑑1 = 62.5 𝑚𝑚   , 𝑑2 = 250 𝑚𝑚  ,   𝑑3 = 437.5 𝑚𝑚    

𝐛 − 𝐁𝐚𝐥𝐚𝐧𝐜𝐞𝐝 𝐩𝐨𝐢𝐧𝐭    𝜺𝒕 = 𝟎. 𝟎𝟎𝟐𝟏 

𝐶 =
0.003

0.003 + 0,0021
∗ 437.5 = 257.35 𝑚𝑚 

   𝜀𝑖 =
𝑑𝑖 − 𝐶

𝐶
∗ 0.003 

   𝜀1 =
62.5 − 257.35

257.35
∗ 0.003 = −0.0023 

   𝜀2 =
250 − 257.35

257.35
∗ 0.003 = −8.5681 ∗ 10−5 
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   𝜀3 =
437.5 − 257.35

257.35
∗ 0.003 = 0.0021 

   𝑓𝑠𝑖 = 𝜀𝑖 ∗ 𝐸 =              −420 <    𝑓𝑠𝑖 < 420  

   𝑓𝑠1 = −0.0023 ∗ 200,000 = −460    𝑢𝑠𝑒 − 420 𝑀𝑝𝑎          

   𝑓𝑠2 = −8.5681 ∗ 10−5 ∗ 200,000 = −17.1362 𝑀𝑝𝑎            

   𝑓𝑠3 = 0.0021 ∗ 200,000 = 420 𝑀𝑝𝑎 

𝑎𝑏 = 𝛽 ∗ 𝐶 

𝑎𝑏 = 0.85 ∗ 257.35 = 218.75 𝑚𝑚 

𝑎𝑏 > 𝑑𝑖    → 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑧𝑜𝑛𝑒     ,     𝑎𝑏 < 𝑑𝑖    → 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑧𝑜𝑛𝑒   

 𝐹𝑠𝑖 =  𝑓𝑠𝑖 ∗ 𝐴𝑠𝑖 ∗ 10−3  → 𝑇𝑒𝑛𝑠𝑖𝑜𝑛  𝑍𝑜𝑛𝑒 

 𝐹𝑠𝑖 = (𝑓𝑠𝑖 + 0.85 ∗ 𝑓𝑐   ̀) ∗ 𝐴𝑠𝑖 ∗ 10−3  → 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛  𝑍𝑜𝑛𝑒 

𝐹𝑠1 =  −420 + 0.85 ∗ 25 ∗ 981.25 ∗ 10−3 = −391.27 𝐾𝑛 

𝐹𝑠2 = −17.1362 ∗ 981.25 ∗ 10−3 = −16.815 𝐾𝑛 

𝐹𝑠3 = 420 ∗ 981.25 ∗ 10−3 = 412.125 𝐾𝑛 

𝐶𝑐 = 0.85 ∗ 𝑓𝑐  ̀ ∗ 𝑏 ∗ 𝛽 ∗ 𝑐 ∗ 10−3 

𝐶𝑐 = 0.85 ∗ 25 ∗ 400 ∗ 0.85 ∗ 257.35 ∗ 10−3 = 1859.35 𝐾𝑛 

𝑃𝑛 = 𝐶𝑐 − Σ𝐹𝑠 

𝑃𝑛 = 1859.35 −  −391.27 − 16.815 + 412.125 = 1855.31 𝐾𝑛 

𝑀𝑛 = 𝐶𝑐  


2
−

𝑎

2
 + 𝐹𝑠1  𝑑1 −



2
 + 𝐹𝑠2  𝑑2 −



2
 + 𝐹𝑠3  𝑑3 −



2
 ∗ 10−3 

𝑀𝑛 = 1859.35  
500

2
−

218.75

2
 − 391.27  62.5 −

500

2
 − 16.815  250 −

500

2
 

+ 412.125  437.5 −
500

2
 ∗ 10−3 = 412.11 𝐾𝑛. 𝑚 

∅𝑃𝑛 = 0.65 ∗ 1859.35 = 1208.58 𝐾𝑛 

∅𝑀𝑛 = 0.65 ∗ 309.08 = 276.87 𝐾𝑛. 𝑚 
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point 𝑃𝑛  𝑀𝑛  ∅𝑃𝑛  ∅𝑀𝑛  

Pure compression    ∅ = 0.65 5423.82 0 2820.39 0 

Balanced     ∅ = 0.65 1855.31 412.11 1208.58 276.87 

0.005 strain   ∅ = 0.9 808.45 355.39 727.60 319.85 

Pure bending  ∅ = 0.9 0 247.45 0 222.71 

 

Slenderness about Y-axis:- 

1 ∗ 6200

0.3 ∗ 400
≤ 34 − 12  

11.61

23.22
   ⇒  51.67 ≰ 40 

⇒ slender column( Long column) 

Cm = 0.6 + 0.4  
11.61

23.22
 ≥ 0.4 

Cm = 0.8 

Ig =
b ∗ h3

12
=

500 ∗ 4003

12
= 2.6667𝑋109𝑚𝑚4 

Ec = 4700 fc
′ = 4700 25 = 23500 Mpa 

βd = 0.6 

EI =
0.4 ∗ Ec ∗ Ig  

1 + βd
=

0.4 ∗ 23500 ∗ 2.6667𝑋109

1 + 0.6
= 1.5667𝑋1013𝑁. 𝑚𝑚2 

Pc =
π2EI

 kLu 2
=

π2(1.5667𝑋1013)

 1 ∗ 6200 2
∗ 10−3 = 4018.4 𝐾𝑛 

M2min
= pu ∗  15 + 0.03h = 494 ∗  15 + 0.03 ∗ 400 10−3 = 13.34 𝐾𝑛. 𝑚 

M2 = max M2, M2min
 = 23.22 𝐾𝑛. 𝑚 

δns =
Cm

1 −
Pu

0.75 ∗ Pc

≥ 1 ⇒
0.8

1 −
494

0.75 ∗ 4018.4

= 0.957 

∴ δns = 1 

Mc = 1 ∗ M2 = 1 ∗ 23.22 = 23.22 𝐾𝑛. 𝑚 

 

500 mm 

400 mm Y 

X 
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𝐴𝑠1 = 1471.875 𝑚𝑚2   ,   𝐴𝑠2 = 1471.875 𝑚𝑚2  ,       

𝐴𝑔 = 200 ∗ 103  𝑚𝑚2   ,   𝐴𝑠𝑡 = 2943.75 𝑚𝑚2       

a- Pure compression point:- 

𝑃𝑜 =  0.85 𝑓𝑐  ̀ 𝐴𝑔 − 𝐴𝑠𝑡 +  𝑓𝑦 ∗ 𝐴𝑠𝑡   ∗ 10−3 

𝑃𝑜 =  0.85 ∗ 25 ∗  200 ∗ 103 − 2943.75 +  420 ∗ 2943.75  ∗ 10−3 

𝑃𝑜 = 5423.82 𝐾𝑛 

∅𝑃𝑛 ,𝑚𝑎𝑥 = 0.80 ∗ 0.65 ∗  0.85 𝑓𝑐  ̀ 𝐴𝑔 − 𝐴𝑠𝑡 + 𝑓𝑦 ∗ 𝐴𝑠𝑡   ∗ 10−3 

∅𝑃𝑛 ,𝑚𝑎𝑥 = 0.80 ∗ 0.65 ∗  0.85 ∗ 25 ∗  200 ∗ 103 − 2943.75 +  420 ∗ 2943.75  ∗ 10−3 

∅𝑃𝑛 ,𝑚𝑎𝑥 = 2820.39 𝐾𝑛 

𝑑1 = 62.5 𝑚𝑚   ,     𝑑3 = 337.5 𝑚𝑚    

𝐛 − 𝐁𝐚𝐥𝐚𝐧𝐜𝐞𝐝 𝐩𝐨𝐢𝐧𝐭    𝜺𝒕 = 𝟎. 𝟎𝟎𝟐𝟏 

𝐶 =
0.003

0.003 + 0,0021
∗ 337.5 = 198.53 𝑚𝑚 

   𝜀𝑖 =
𝑑𝑖 − 𝐶

𝐶
∗ 0.003 

   𝜀1 =
62.5 − 198.53

198.53
∗ 0.003 = −0.00206 

   𝜀2 =
337.5 − 257.35

257.35
∗ 0.003 = 0.0021 

   𝑓𝑠𝑖 = 𝜀𝑖 ∗ 𝐸 =              −420 <    𝑓𝑠𝑖 < 420  

   𝑓𝑠1 = −0.0023 ∗ 200,000 = −412            

   𝑓𝑠2 = 0.0021 ∗ 200,000 = 420 𝑀𝑝𝑎 

𝑎𝑏 = 𝛽 ∗ 𝐶 

𝑎𝑏 = 0.85 ∗ 198.53 = 168.75 𝑚𝑚 

𝑎𝑏 > 𝑑𝑖    → 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝑧𝑜𝑛𝑒     ,     𝑎𝑏 < 𝑑𝑖    → 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 𝑧𝑜𝑛𝑒   
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 𝐹𝑠𝑖 =  𝑓𝑠𝑖 ∗ 𝐴𝑠𝑖 ∗ 10−3  → 𝑇𝑒𝑛𝑠𝑖𝑜𝑛  𝑍𝑜𝑛𝑒 

 𝐹𝑠𝑖 = (𝑓𝑠𝑖 + 0.85 ∗ 𝑓𝑐   ̀) ∗ 𝐴𝑠𝑖 ∗ 10−3  → 𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛  𝑍𝑜𝑛𝑒 

𝐹𝑠1 =  −420 + 0.85 ∗ 25 ∗ 1471.875 ∗ 10−3 = −586.91 𝐾𝑛 

𝐹𝑠2 = 420 ∗ 1471.875 ∗ 10−3 = 618.1875 𝐾𝑛 

𝐶𝑐 = 0.85 ∗ 𝑓𝑐  ̀ ∗ 𝑏 ∗ 𝛽 ∗ 𝑐 ∗ 10−3 

𝐶𝑐 = 0.85 ∗ 25 ∗ 500 ∗ 0.85 ∗ 198.35 ∗ 10−3 = 1792.97 𝐾𝑛 

𝑃𝑛 = 𝐶𝑐 − Σ𝐹𝑠 

𝑃𝑛 = 1792.97 −  −586.91 + 618.1875 = 1761.70 𝐾𝑛 

𝑀𝑛 = 𝐶𝑐  


2
−

𝑎

2
 + 𝐹𝑠1  𝑑1 −



2
 + 𝐹𝑠2  𝑑2 −



2
 ∗ 10−3 

𝑀𝑛 = 1792.97  
400

2
−

168.75

2
 − 586.91  62.5 −

400

2
 + 618.1875  337.5 −

400

2
 ∗ 10−3

= 373.01 𝐾𝑛. 𝑚 

∅𝑃𝑛 = 0.65 ∗ 1761.97 = 1145.28 𝐾𝑛 

∅𝑀𝑛 = 0.65 ∗ 373.01 = 242.45 𝐾𝑛. 𝑚 

point 𝑃𝑛  𝑀𝑛  ∅𝑃𝑛  ∅𝑀𝑛  

Pure compression    ∅ = 0.65 5423.82 0 2820.39 0 

Balanced     ∅ = 0.65 1855.31 412.11 1208.58 276.87 

0.005 strain   ∅ = 0.9 940.56 309.28 846.51 278.36 

Pure bending  ∅ = 0.9 0 190.47 0 171.42 
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1000 

2000 

4000 

3525.5 

100 200 

850 

300 

3000 

5423.8

2 

 

About X-axis 
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Reciprocal method :- 

All points are located in shaded area ( safe zone) 

1

𝑃𝑛
=

1

𝑃𝑛𝑥
+

1

𝑃𝑛𝑦
−

1

𝑃𝑛𝑜
=

1

850
+

1

4250
−

1

5423.82
= 1.2274 ∗ 10−3  1/𝐾𝑛 

𝑃𝑛 = 814.74 𝐾𝑛 

∅𝑃𝑛 = 0.65 ∗ 814.74 = 529.58 𝐾𝑛 > 𝑃𝑢    ⇒ 𝑜𝑘 𝑠𝑎𝑓𝑒  

About Y-axis 

2000 

3000 

5423.82 

3500 

100 200 300 

1000 

2820.39 

4250 


