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Question No. 1 

Fig. (1) Shows a sectional elevation of a column in a building braced in two directions. 

It is required to: 

1- Design the column knowing that: 

Pu = 2900 KN                   F cu = 25 N/mm 2                           F y = 360 N/mm 2 

2- Determine the moment design if there are Mu = 200 KN.m and -100 KN.m in t (1050 mm) 

direction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Given: 

- Braced column                                            - b c = 250 mm & t c = 1050 mm 

- H f = 6 m                                                      - Nu = 2900 KN 

- M 1 = 200 KN.m                                         - M 2 = -100 KN.m 
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Solution 

1- Braced Column  

2- Calculate Slenderness ratio  

In plane (t – direction)  Out of plane (b – direction ) 

o

in t

K x HHe

t t
     

- For (K)  

For upper part → partially fixed → Case (2)  

For lower part → partially fixed → Case (2) 

- From table (K = 0.85) 

- For (H o) 

H o = H f – t = 6 – 0.6 = 5.4 m  

0.85 5.4
4.37 15

1.05
t

x
     

∴ Column is short in plane  

o

out b

K x HHe

b b
     

- For (K) 

For upper part → fixed → Case (1)  

For lower part → fixed → Case (1) 

- From table (K = 0.75) 

- For (H o) 

H o = H f – t = 6 – 0.6 = 5.4 m  

0.75 5.4
16.20 15

0.25
b

x
     

∴ Column is Long in out of plane 
 

 

 

 

 

 

 

 

- The column is long at out of plane 

due to Buckling  add Calculate M -3 

 

2 2( ) (16.20) 0.25
0.033

2000 2000

b
out b

x b x
m


      

( )

2900 0.033 95.70 .add b
out

M Nu x x KN m    

4- Calculate M Design  
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Mu x = 95.70 KN.m  

To get Mu y  

- For braced column  

 
2

min

1

200 .

0.4 100 0.6 200 95.70 175.70 .

max
100 0.5 95.7 147.85 .

2

2900 0.05 0.25 36.25 .

add

uy add

i

M KN m

M M x x KN m

M of M
M x KN m

Nu x e x x KN m

 

      


    

  

 

Mu y = 200 KN.m  

 
- To get M Design  

\ \

95.70 200
478.50 200

0.25 .05 1.05 .05
,

yx MuMu

b a
  

 
  

\ \

yx MuMu

b a
  

\

\
\ ( ) yX X

bMu Mu Mu
a

   

32900 10
0.442

25 250 1050
b

x
R

x x
   

0.442
0.9 0.68 0.45

2

Take       

\ 95.70 200 113.70 .
200

0.45( )
1000

x KN mMu    
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5- Design of section (250 x 1050) mm 

Mu = 113.70 KN.m & Nu (comp) = 2900 KN 

113.70
0.04

2900

0.04
0.16 0.5( )

0.25

Mu
e m

Nu

e
small Eccentricity

b

  

  
→ (Use I.D)  

2cover 250 2(50)
0.6

250

0.8 & 1 & 360

b

b

take fy



 

 
  

   
 

3 310 2900 10
0.44

25 1050 250

Nu x x

fcu x b x t x x
         &     

6 6

2 2

10 113.7 10
0.07

25 1050 250

Mu x x

fcu x t x b x x
   

 

From Chart → ρ = 4 
4

\ 4 2

\ 2

( )

max 2

(min)

2

(min) ( ) ( )

\

( 10 )

(4 25 10 ) 250 1050 2625

5250

0.25 0.52 0.25 0.052(16.20)
250 1050 2867.55

100 100

5250

5250
2

2

total

total total

As x fcu x x b x t

As As x x x x mm

As As As mm

As x b x t x x mm

As As take As mm

As As











  

  

 
  

  

   2625 14 16mm use 

 

   4اسياخ فى الاركان والباقى يقسم على  4يتم وضع  -

6- Details of R.F.ts 
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Question No. 2 

For the shown frame in Fig. (2), it is required: 

1- Draw the N.F and B.M 

2- design the critical section  

3- Draw details of reinforcement. (with convenient scale). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Solution 

Data:  

Fcu = 25 N/mm2
                                                              St. 360/520                                          b = 350 mm  

Section (1-1) → Mu =  1.5 x 200 = 300 KN.m             Nu = 1.5 x 300 = 450 KN 

Section (2-2) → Mu =  1.5 x 500 = 750 KN.m             Nu = zero KN 

Section (3-3) → Mu =  1.5 x 75 = 150 KN.m               Nu = zero KN 

 

 

100 KN 100 KN 

3 m 

3 m 

1.5 m 1.5 m 1.5 m 3.5 m 

50 KN 50 KN 
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Section (1-1) → Mu =  1.5 x 200 = 300 KN.m             Nu = 1.5 x 300 = 450 KN 

- For rectangular section  

1) - Get (t 1 )   → due to moment (Mu = 300 KN.m) 

-  Assume C1 = 3.5 → (Rec – sec) 
6

1

6

1

10

300 10
3.5 648.1

25 350

650 650 50 700

Mu x
d c

fcu x B

x
d d mm

x

take d mm t mm



  

    

 

- Get (t 2 )   → due to compression force (Pu = 450 KN) 
3

2 2

3

2

3

2

2

10 0.35 0.67

, 0.01 0.01( )

10 (0.35 0.67 0.01 )

450 10 (0.35 25 350 0.67 360 0.01 350)

115.2

Pu x x fcu x Ac x fy x As

Ac b x t As Ac b x t

Pu x x fcu x b x fy x x b t

x x x x x x t

t mm

 

  

 

 



   

0 1

0

700

(1.1 1.3) (770 910)

850 & 350

t t mm

t t mm

t mm b mm

 

   

  

 

2) Check (K)  
3 310 450 10

0.06 0.04
25 350 850

Nu x x
K

fcu x b x t x x
     
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- Design moment & compression force (M + Ncomp) 

3) Design (M+ Ncomp) & (Rec-sec) 

300
0.67

450

0.67
0.8 0.5( )

0.85

Mu
e m

Nu

e
Big Eccentricity

t

  

  

  

4) Design tension failure (Big Eccentricity) 

cover
2

0.85
e 0.67 0.05 1.045

2

s

s

t
e e

m

  

   

 

450 1.045 470.25 .s sMu Nu x e x KN m    

6

1

6

1

1

10
, 850 50 800

470.25 10
800

25 350

3.451 0.778

s

fromchart

Mu x
d c d mm

fcu x B

x
C

x

C J

   



  

 

6 3

6 3
2

2

(min)

(min)

2

(min)

\ 2

10 10

470.25 10 450 10
661.231

360360 0.778 800
1.15

1.1 1.1
350 800 855.55

360

855.55 6 16

(0.2 ) 0.2 855.55 171.11 2

s

s

Mu x Nu x
As

fyfy x J x d

x x
As mm

x x

As x b x d x x mm
fy

As As

Take As As mm Use

As As x mm use





 

  

  



  

    12

 

25 350 25
7.9

25 16 25

7

b
n

Take n bars



 
  

 



 

4) Details of R.F.Ts 
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Section (2-2) → Mu =  1.5 x 500 = 750 KN.m             Nu = zero KN 

3) Design (M-only) & (Rec-sec) & (t → معلومة) 

6

1

6

1

1 1

6

1

10
, 850 50 800

750 10
800

25 350

2.73 2.78 3

750 10
3 878.3

25 350

900 950

3 0.743fromchart

Mu x
d c d mm

fcu x B

x
C

x

C takeC

x
d d mm

x

take d mm t mm

C J

   



  

 

 

  

 

6 6
2

2

(min)

(min)

\ 2

10 750 10
3115.5

360 0.743 900

1.1 1.1
350 900 962.5

360

( ) 9 22

(0.2 ) 0.2 3115.5 623.1 6 12

Mu x x
As mm

fy x J x d x x

As x b x d x x mm
fy

As As ok Use

As As x mm use





  

  

 

   

 

25 350 25
6.9

25 22 25

6

b
n

Taken bars



 
  

 



 

Section (3-3) → Mu =  1.5 x 75 = 150 KN.m               Nu = zero KN 

4 16use   
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Question No. 3 
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Beam (250 x 700)  
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3 m 3 m 3 m 3 m 
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Question No. 4 

Using arch slab system to cover the following area, that shown in figure. 

It’s required to: 

1- Complete analysis and design for different elements. 

2- Details of reinforcements for arch slab and its supports. 

Data: 

Fcu = 30 N/mm2  

Fy = 360 N/mm2 

L.L (UL) = 1.60 KN/m2 (H.P) 

D.L (UL) = 5.40 KN/m2 (H.P) 

Foundation level = -2.0 m 

Spacing between columns = 6.0 m  

Clear height of column = 5.0 m 

Solution 

1- Concrete Dimensions for beams & slabs  

18

6 8

10 @sec(3 3)

12 @sec(2 2)

14 @sec(1 1)

s

s

s

f m

t cm

t cm

t cm

 


 

 

 

 

- Horizontal beam (b x t) 

b = 250 mm & t = 600 mm  

- Vertical beam (b x t) 

b = 250 mm & t = 600 mm 

- Hangers & Ties (b x b) 

b = 250 mm 

- Spacing (S)  

S = 6.0 m  

- Distance between hangers (a)  

a = 3.0 m  

- Column (b c x t c) 

 

6.0 m 

 

3 

3 

L 

f 

3 – Hinge Arch  

 

18.0 m 
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b c = 400 mm & t c = 6 / (10 → 12)  take t c = 0.60 m = 600 mm  

 

1
8

.0
 m
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Plan 

2- Loads of Slabs  

- Dead Load  
2

( . ) 5.40 /D LWsu KN m  

- Live Load  

2

( . ) 1.60 /L LWsu KN m  

Wsu = Wsu (D.L) + Wsu (L.L) = 5.40 + 1.60 = 7.0 KN/m2  
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- Section (1) at support  

M = 0 & Pu = Nu   

max

2 2

max

2 2 2 2

max max

7.0 18
63 / '

2 2

7.0 18
113.4 / '

8 8 2.5

113.4 63 129.725

su

su

u

W x L x
R KN m

W x LM x
H KN m

f f x

P H R KN

  

   

    

 

3

3

2

10 0.35 0.67

129.725 10 0.35 30 1000 140 0.67 360

5556.70

Pu x x fcu x Ac x fy x As

x x x x x x As

As mm

 

 



 

(min)

2

(min)

min

0.8

100

0.8
1000 140 1120

100

10 12 / '

' 5 12 / '

s s

s

total

A x b x t

A x x mm

As As m

As As m







 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Wsu = 7.0 KN/m\ 

 H max 

 R max 
Pu 

 

 

 

 2.50 

18.0 m 
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4- Design for vertical beams & horizontal beams 

- Design of Vertical beam    

 

( . )

( . )

max

( . ) ( . )

. . 1.4 25 0.25 0.60 / '

. . 1.4 25 0.25 0.60 / '

63 / '

. . . .

5.25 2 63 73.50 / '

73.50 6 KN

V L beam

H Z beam

VL V L beam H Z beam

VL

VL VL

VL

o w t x x x KN m

o w t x x x KN m

Y R KN m

W o w t o w t Y

W x KN m

R W x S

R x





 





 

  

  



 

 

- Section (1)   (Rec – section) 

2 2

1

6

1 1

6
2

1

2

min

1 min

50 600 50

73.50 6
264.60 .

10 10

264.60 10
550

30 250

264.60 10

360 0.734 550

1.1
250 550

360

5 22

VL

get from chart

d t mm mm mm

W x S x
M KN m

x
c C J

x

x
As mm

x x

As x x mm

As As

Use

b
n



    

  

     

 

 






25 250 25
5

25 22 25
bars




 

 
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- Section (2)   (Rec – section) 

2 2

2

6

1 1

6
2

2

2 min

73.50 6
220.50 .

12 12

220.50 10
550

30 250

220.50 10

360 0.76 550

4 22

VL

get from chart

W x S x
M KN m

x
c C J

x

x
As mm

x x

As As

Use 

  

     

 



 

- Section (3)   (Rec – section) 

2 2

3

6

1 1

6
2

3

3 min

73.50 6
110.25 .

24 24

110.25 10
550

30 250

110.25 10

360 0.819 550

4 16

VL

get from chart

W x S x
M KN m

x
c C J

x

x
As mm

x x

As As

Use 

  

     

 



 

- Design of horizontal beam  

2

max
8

113.40 / '

113.40 6 680.40

HZ

HZ

HL HZ

HL

Wsu x L
W H

f

W KN m

R W x S

R x KN

 





 

 

 

 

 

 

 

 

 

 

W HZ = H max 

R HL 
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- Section (1)   (Rec – section) 

2 2

1

6

1 1

1

6

6
2

1

min

600 50

113.40 6
408.24 .

10 10

408.24 10
550

30 250

3.0

408.24 10
3.0 700

30 250

408.24 10

360 0.743 700

1.1

360

HZ

get

from chart

d mm mm

W x S x
M KN m

x
c C

x

Take c J

x
d d mm

x

x
As mm

x x

As

  

  

   

  

  

 

 2

1 min

250 550

6 22

x x mm

As As

Use 





 

- Section (2)   (Rec – section) 
2 2

2

6

1 1

6
2

2

2 min

113.40 6
340.8 .

12 12

340.8 10
700

30 250

340.8 10

360 0.767 700

5 22

HZ

get from chart

W x S x
M KN m

x
c C J

x

x
As mm

x x

As As

Use 

  

     

 



 

- Section (3)   (Rec – section) 
2 2

3

113.40 6
170.1 .

24 24

4 16

HZW x S x
M KN m

Use 

  
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5- Design of Tie (b x b) 

3

3
2

1.10

1.10 680.40 748.44

10
, 1.15

748.44 10

360
1.15

8 22

tie HL

tie

tie

s

s

T x R

T x KN

T x
As

Fy

x
As mm

Use









 

 

 

 

6- Design of Hangers (b x b) 

( )

( )

( )

3

. . . .

. . 1.4

. . 1.4 25 0.25 0.25 2.50 5.50

. . 1.4

. . 1.4 25 0.25 0.25 2.1875 / '

5.50 2.1875 3.0 12.10

10
, 1.15

12

hanger tie

hanger c

hanger

tie c

tie

s

s

T o w t o w t x a

o w t x x b x b x f

o w t x x x x KN

o w t x x b x b

o w t x x x KN m

T x KN

T x
As

Fy

As









 



 



 

  

 


3

2.10 10

360
1.15

4 12

x
mm

Use 



 

 

 

 

 

 

 

 

a = 3.0 m 
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0
.6

0
 

0
.6

0
 

2
  

  
 1

2
 

2
  

  
 1

2
 

2
  

  
 1

2
 

2
  

  
 1

2
 

2
  

  
 1

2
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