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Bresler reciprocal method :- 

All points are located in shaded area ( safe zone) 

𝑃𝑜 = 6878.4 𝐾𝑛 

1

𝑃𝑛
=

1

𝑃𝑛𝑥
+

1

𝑃𝑛𝑦
−

1

𝑃𝑛𝑜
=

1

4600
+

1

3000
−

1

6878.4
= 4.0534 ∗ 10−3  1/𝐾𝑛 

𝑃𝑛 = 2467.05 𝐾𝑛  ⇒     ∅𝑃𝑛 = 0.65 ∗ 2467.05 = 1603.58 𝐾𝑛 > 𝑃𝑢     

𝑜𝑘 𝑡𝑕𝑒 𝑐𝑜𝑙𝑢𝑚𝑛 𝑖𝑠 𝑠𝑎𝑓𝑒 

3000 Kn 

4600 Kn 
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fc
′ = 25 MPa       ,    fy = 420 Mpa     ,      L = 5500    ,   Pu = 1200 Kn 

K = 0.9       ,    M1 =  140 Kn. m           ,          M2 = 180 Kn. m 

Single curvature 

0.9 ∗ 5500

0.3 ∗ 500
≤ 34 − 12  

140

180
   ⇒  33 ≰ 24.667

⇒ slender column( Long column) 

Cm = 0.6 + 0.4  
140

180
 ≥ 0.4 

Cm = 0.911 

Ig =
b ∗ h3

12
=

500 ∗ 5003

12
= 5.2083𝑋109𝑚𝑚4 

Ec = 4700 fc
′ = 4700 25 = 23500 Mpa 

β
d

= 0.75 

EI =
0.4 ∗ Ec ∗ Ig  

1 + β
d

=
0.4 ∗ 23500 ∗ 5.2083𝑋109

1 + 0.75
= 2.798𝑋1013𝑁.𝑚𝑚2 

Pc =
π2EI

 kLu 
2

=
π2(2.798𝑋1013)

 0.9 ∗ 5500 2
∗ 10−3 = 11257.384 𝐾𝑛 

M2min
= pu ∗  15 + 0.03h = 1200 ∗  15 + 0.03 ∗ 500 10−3 = 36 𝐾𝑛.𝑚 

M2 = max M2, M2min  = 180 𝐾𝑛.𝑚 

δns =
Cm

1 −
Pu

0.75 ∗ Pc

≥ 1 ⇒
0.911

1 −
1200

0.75 ∗ 11257.384

= 1.0621 

∴ δns = 1.0621 

Mc = δns ∗ M2 = 1.0621 ∗ 180 = 191.17 𝐾𝑛.𝑚 

This point (1200, 191.17) is located in safe zone  … OK the column is safe   
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Problem:2 

1) 

𝑊𝑢 = 1.4 2 + 0.2 ∗ 24 + 1.7 3 = 14.62 𝐾𝑛 𝑚2  

1) Exterior panel  

𝐿𝑛 = 6 −
0.3

2
−

0.3

2
= 5.7 𝑚 

𝑕𝑚𝑖𝑛 =
𝐿𝑛
30

=
5700

30
= 190 𝑚𝑚 

2) Interior panel  

𝐿𝑛 = 6 −
0.3

2
−

0.3

2
= 5.7 𝑚 

𝑕𝑚𝑖𝑛 =
𝐿𝑛
33

=
5700

33
= 172.73 𝑚𝑚 

𝑕𝑚𝑖𝑛 = 𝑀𝑎𝑥 190 ,172.73 = 190 𝑚𝑚 

𝑕 > 𝑕𝑚𝑖𝑛 → 𝑜𝑘 

2)  

 

 

 

 

 

 

 

 

0.56*6000= 

3360 mm 

0.5*6000= 

3000 mm 

0.5*6000= 

3000 mm 

 

0.56*6000= 

3360 mm 

 

P1 

P2 

 

6.36 m 

6.36m 

P1 

P2 

مــمــدوح
Typewriter
Eng.mumdoh al-bosily



CE 472 
 

  Page 4 
 

𝑃1 = 𝐶1 + 𝑑𝑎𝑣𝑒 = 300 + 168 = 468 𝑚𝑚 

𝑃2 = 𝐶2 + 𝑑𝑎𝑣𝑒 = 300 + 168 = 468 𝑚𝑚 

𝑉u = Wu Ao − Ac = 14.62  6.36 ∗ 6.36 − 0.468 ∗ 0.468 = 588.17 𝐾𝑁 

bo=length of critical perimeter= 2*(P1+ P2)= 2*(468+ 468)=1872 mm. 

β
c
=column length ratio (

𝑙𝑜𝑛𝑔  𝑠𝑖𝑑𝑒  

𝑠𝑕𝑜𝑟𝑡  𝑠𝑖𝑑𝑒
) = 

300 

300
= 1 

αs  = 40 

𝑉c = Min

 
  
 

  
  1 +

2

1
 
 25

6
∗ 1872 ∗ 168 x10−3 = 786.24 Kn

 2 +
40 ∗ 168

1872
 
 25

12
∗ 1872 ∗ 168 x10−3 = 732.48KN

 25

3
∗ 1872 ∗ 168x10−3 = 524.16 Kn  

  
 

  
 

= 524.16 KN  

𝜑𝑉c = 0.75 ∗ 524.16 = 393.12 𝐾𝑛 < 588.17 𝐾𝑛 ∴ two way shear is not ok  

3) 

 Span B2-B3 

L1 (m) 6 

L2 (m) 6 

Ln (m) 5.7 

𝑴𝒐 = 𝑾𝒔𝑳𝟐
𝑳𝒏
𝟐

𝟖
   (𝑲𝑵.𝒎) 356.25 

Lmin (m) 6 

CS width  (m) =0.5 Lmin 3 

Moment coefficients 0.65 0.35 0.65 

-ve and +ve moments 231.56 124.69 231.56 

CS moment (%) 75 60 75 

CS moments (kN.m) 173.67 74.81 173.67 

MS moment (%) 25 40 25 

MS moments (kN.m) 57.89 49.88 57.89 
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4) 

𝑏 = 3000 𝑚𝑚      ,      𝑀𝑢 = 200 𝑘𝑛.𝑚 

  𝑑 = 200 − 20 −
12

2
= 174 𝑚𝑚  , 𝑅𝑛 =

200 0.9 

3000 ∗ 1742
∗ 106 = 2.447 𝑀𝑝𝑎  

𝑚 =
420

0.85 ∗ 25
= 19.765 ,

𝜌 =
1

19.765
 1 −  1 −

2 ∗ 2.447 ∗ 19.765

420
   = 0.00621 

𝐴𝑠 = 0.00621 ∗ 3000 ∗ 174 = 3239.48 𝑚𝑚2 , 

  𝐴𝑠 𝑚𝑖𝑛 = 0.0018 ∗ 3000 ∗ 200 = 1080 𝑚𝑚2 

𝑆𝑚𝑎𝑥 = min  
113.04

3239.48
∗ 3000 = 104.68 𝑚𝑚, 300𝑚𝑚, 2 ∗ 200 = 400 

= 104.68 𝑚𝑚 

𝑓𝑜𝑟 𝑓𝑙𝑒𝑥𝑢𝑟𝑎𝑙 → 𝑢𝑠𝑒 ∅12@100 𝑚𝑚 

5) 

𝐼𝑏 = 9.56𝑋109  𝑚𝑚4 

𝐼𝑠 =
𝑏 ∗ 𝑕3

12
=

6000 ∗ 1503

12
= 1.6875𝑋109 𝑚𝑚4 

𝛼 =
𝐼𝑏
𝐼𝑠

=
9.56𝑋109

1.6875𝑋109
= 5.67 
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6) 

𝛼 = 2.5 

𝛽 =
6000 − 300

6000 − 300
= 1 

𝑕𝑚𝑖𝑛 =
𝐿𝑛  0.8 +

𝑓𝑦
1500

 

36 + 9𝛽
 

𝑕𝑚𝑖𝑛 =
5700 0.8 +

420
1500

 

36 + 9(1)
= 160.8 𝑚𝑚 

𝑕 = 150 < 𝑕𝑚𝑖𝑛       𝑛𝑜𝑡 𝑜𝑘 
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