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Structural Design of Omar Alfa rook Secondary school

Project Team
Suleiman Khaled — Ahmed Adwi — Mohammad Aied
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Supervisor
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Abstract

The main idea for this project is to make the analysis and design all the
structural elements such as foundations, columns, beams, slabs, ...etc
according to the SI and ACI and EGP codes and prepare of all detailled

workshop drawings for all of the structural elements of the building.
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Fig. 2.2 WATER TANK
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Fig. 2.4 GROUND FLOOR ELEVATION
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Fig. 2.6 THIRD FLOOR ELEVATION
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Fig. 2.8 WEST ELEVATION
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4.1 Introduction
This chapter describe the structural analysis and design for the structural
elements
such as : slabs, ribs, beams, columns, footing, ...ets.

4.2 L oads

The structure may be exposed to different loads such as dead and live loads.

The value of the load depends on the structure type and the intended use
4.2.1LivelLoad

The values of the live loads used as specified in Table No 1, which is
obtained from Isra code.

4.2.2Dead L oads
The dead load is that load resulting from the weight of the structure and its
permanent members, and the weight of fixed members in the building. Three types of

slabs are used: one way ribbed slabs, solid slab and flat slab.

4.3. One-Way Ribbed Slab

For the one-way ribbed slabs, the total dead load to be used in the analysis

and design is calculated as follows:
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4.3.1. (Basement, Ground, First, Second, Third floors):
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Fig (4.1): Location of a One-Way Ribbed Slab

D =1/18.5 =3.30/18.5 = 18cm
H =28cm

Tiles =0.04x0.65x1x2.3 =0.06 t/m
Sand =0.10x0.65x1x1.7 =0.11 t/m
Topping = 0.08x0.65x1x2.5=0.13 t/m
Block = 0.20x0.5x1x0.43 =0.04 t/m
Plastering = 0.02x0.65x1x2.2 = 0.03 t/m
Rib =0.15%x0.20x1x2.5 =0.074 t/m
Partitions = 0.125x0.65x1 = 0.08 t/m
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DL = 0.524 t/m= 0.997 t/m?
LL =0.5t/m2=0.325t/m

4.3.2 Rib Analysis and Design

load group no. 1

Dead load - Service Units:ton,meter
0.52 0.52 0.52 0.52
33 3.25 3.25 33

Live load - Service Load factors: 1.40,1.40/1.70,0.00
0.32 0.32 0.32 0.32
33 3.25 3.25 33

Moments: spans 1to 4

-1.6 -1.6
1.2 A
} 96\1 | } /1\9'2 | } 10 |
— , : : /1_1235 : 1.:59& . —
0.42 \/0.64 \/
0.7 0.7
1.2 1.2
Shear
-2.6
2.2 ! o 24 18
1 14t J
| T T T T T T T T 1
1.4 ‘ ‘
1.8 2 1.7
24 2.1 6 2.2

Fig (4.2): Rib Analysis and Design
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Fc=75 fs=2200 (k1=0.298) (k2 = 1952

d= kl,/ —0.298 % ‘/16x100000_1478

Take h=28cm As= _1.6x100000 _ 2, »

K2 xd  1952x22
Take 2 T16 As choosen =4.02 cm2 for (-tve) B.M At support
For (+tve ) B.M At Edge Span

M 1.2x100000
K2xd 195226

Take 2 T14 As choosen = 3.08 cm2 for
For interior spans we take min. steel =2 T 12

=2.4cm2

*- Shear Reinforcement

q=Q/0.87*b*d =2200/0.87*15*22 =7.66 kg /cm2

gst =n* Ast * fs/le*b = 2* 0.502 * 2200/20*15 =7.363 kg/cm2
6 +7.36 = 13.36 kg/cm2 > 7.66kg/cm2 (O.K)

Take Ast =0.502 cm2 (1T8 @ 20 cm)
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® @ ® @ @
155 126 L 95 105 |
2Ti2 2Tl 2Tie 2Tie 2Ti2
1‘ 1 | 3 | 3 | 5 4 |5
L | Ly
[ ] @1978-15 |1 (9)1818-15 ] @1818-15 | L ®2018-15 ] ]
1 . L
e | 1 | d | Z E
| Tie Tie BTi2
‘ \ = e Tty \
15/e8 15/28 15/28 15/28
40 275 60 265 60 265 60 280 B0
u@Eme L =244 TB. GeTie 1B ©PrTle L =p44 LB
W 2% e | @erie T3 400 @eTi2 Thoetm 225 Iy
400 0
70 400 400
©dT12 |B.B. @eTl2 BB ®2T12 B.3B.

DETAIL OF RS

scale 1+ 50

Fig (4.3): Plan View and Section in a One-Way Ribbed Slab

4.4 SIMPLY SUPPORTED BEAM (B 19)
4.4.1 Beam Analysisand Design

DL=3.9t/m
LL=2t/m
load group no. 1
Dead load - Service Units:ton,meter
3.10
0.r9
7.4
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Live load - Service Load factors: 1.40,1.40/1.70,0.00

7.4

Moments: spans 1to 1

Shear

-32.8
-23.6

23.6
32.8

Fig (4.4) Beam Analysisand Design

Fc=75 fs=2200 (k1=0.298) (k2 = 1952
B=70 K1=0.14

d = ki, 014 [S20X100000 _ 4y 5o
B 70
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ts/Z = 28/41.2 = 0.68

B/b =70/30 =2.33
Br=70*0.95 = 66.5

d= kL\/E =0.298 x ,/M =89.9cm
Br 66.5

Taked=90cm H=95cm

M 60.6x100000
K2xd  1952x90

Choose (7 T 25)

=34.5cm2

*- Shear Reinforcement

q=Q/0.87*b*d =23600/0.87*30*90 =10.04 kg /cm2

gst =n* Ast * fs/fe*b =2* 1.13 * 2200/20*30 =8.29 kg/cm2

6 +8.29 = 14.29 kg/cm2 > 10.04 kg/cm2 (O.K)

TakeAst =1.13cm2 (1T12 @ 20 cm
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) ©
‘ @1378-15 @)1978-20 ©1378-15 ‘
12 12
i 8T10 T‘ | J
5 = Wﬁ ‘ =
T 1 T T
I - I -
el 1 I 7

4 3
\ ‘
T — |
25/78
S| 805 PY
o125 1=936 T.B.
o lo
L in)

5! epT10 MB.
85T

600
@L2 2725 BB gg;

@4725 BB

Beam: 19

scale 1+ 50

DeTas

Fig (4. 5): Plan View and Section in Simply supported beam
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GB3

o D .
i

o)
T

GB3

GB3
T

GB3
i

R . CE55.5555 . OR5 .,
1T

GB3

Fig (4.6): Location of Column (C1)

4.5 Design of column (C1)

4.5.1 Load analysis

Floor load=93.3+19.55*4 =1715t

Self weight of column= 0.30* 0.7 *3.12*25 *4+1(.30*0.70*3.90* 2.5)

= 8.55t Total load on column=171.5 + 8.55=180 t

4.5.2 Design of Section

P=180t 180 * 1000 = 180000 kg
P=Ac.fc(1tn. )

180000 =Ac*75(1+15* 0.008)

Ac = 180000/ ( 75*1.12 ) = 2143 cm2
Take a*b = (70* 30) cm
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4.5.3 Design of longitudinal reinfor cement:
As=0.008 * 2143 =17.14cm2 Select (10 T16) Area=20cm2
Take Ast=0.785cm2 2T 10 @ 20 cm

Fig (4.7): Details of Rectangular Column (C1)

4.6 Footing Design

o e

M.t

.

i:m@i:}::‘ L
[ el |

FOUNDATIONS PLAN

scale 1 : 100

Fig (4.8): Location of Footing (F1)

4.6.1 Design of (F1)

Bearing Capacity = 4.0 kg /cm2
DL+LL=129t
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PT=P*11=129*11=142t
Area = &:3.55m2

40
Assume B=1.70m

Take A= E:2.10m
1.70

F net = ﬁ =36.1t/m2

3.57
MI for long direction = 36.1 * % =8.84ttm
M2 for short direction =36.1 * w =8.84ttm

take Fc=75 fs=2200 (k1=0.298) (k2 = 1952)

d=KL | M _0.298x 28410000 _ o5,
b 100

Taked=30cm t=40cm

< 8:84x100000

=15cm2 choose1l T 14 @ 10 cm for both sides
1952 x 30

4.6.2 Check of bond :
Qb =36.1*0.7=25.27t

b=
0.87xdxnxdxp

gb = 25.27x1000 =12.96 more than (10 ) not safe
0.87x30x17x1.4%x3.14

gb = 25.27x1000 =9.72 lessthan (10) O.K taket=50cm

© 0.87x40x17x1.4x3.14
4.63 Check of Punching:
Area of punching=(b+2/3.d)*(a+2/3.d)

Area of punching =(0.30 + 2/3*0.40 ) * (0.70 + 2/3*0. 40 ) = 0.54 m2
QP =P —Fnet * Area of punching

QP =129-36.1*0.54=50.16t

QP
2d(a+b+1.33xd)

ap =

40
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ap = 50.16 <1000 =4.09 kg/cm2 lessthan (8) safe.
2x40x (70 + 30 +1.33x 40)
g‘ 195 5
CYL ‘
g t 30

170

|

I

|
NECIN

|

|

|

|

I

155

21914 L=215

30

F
44"\) |- —
=
s

ol §
s 7
1/‘q/ 210 4@4
1 SEC,

scale 1 + 20

Fig (4.9): Details Of Footing (F1)

4.7 Design Of Combined Footing ( F16)
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Fig (4.10): L ocation of Footing ( F16)

471 LOADS:
P from C5

=160

& Cl11

=48t

PT = 208 t

27.73 t

Pn= 2773 * 25 = 693 t
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load group no. 1
Dead load - Factored

Units:ton,meter

69.3 69.3 69.3
69 168 1.68 |
\
Moments: spans 1to 3
-49.
-26.8 -24.
-8.
-8.9
-1.8
| /I ! ! | ! |
[ I | I I | I |
047  dos 1.09 1.18
I 1 1 |
Shear
-76.5
-51.6
-33.7
| ! ! ! ! |
[ T T I I |
5.2 12.1
83.4

Fig (4.11): Combined Footing Analysisand Design
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d = KlXM
b
d = 0.298:—‘49>;15(())0000 = 4172 cm take d = 45cm t = 55cm

4.7.2 Check of Punching:

QP = P1-Pn(a+d)(b+d)
= 160-27.73 (0.7 +0.45) (0.30 + 0.45)
QP= 136t
ap = 1361000 =7.95 kg/cm2 Less Than (8) safe.
2(70 + 45+ 30 + 45)

49 x 100000
As=
1952 x 45

As = 62*20% =124cm2 chooselT 12 @ 20cm  select As= 13.56 cm2
4.7.3 Check of Bond ( at face of column) :
Qb= 516t

_ 51.6 x1000
12p x1.2x0.87 x 45

choose 1 T16 @ 10 cm As =48cm?2

_ 51.6 x1000
24p x1.6x0.87 x 45

=55.782 chooselT 16 @ 7.5cm sdlect As= 62cm2

=29.15 kg /cm2 more than (11 kg/cm2)  un safe

=10.93 kg/cm2 safe.
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285
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é\ 285 |2
~ ‘24161?L:445‘
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Qg o q L o
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80 B0 S
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0lp .40

15816 L=395
|
|
|
|
|
|
|
-
|

S I
|
|
I

1Ti6 @ 20cm

1T16 @ 15cm

o4p 3,00 940

F16 SEC.

scale 1+ 20

Fig (4.12): Details Of Footing ( F16)
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4.8 Stairs Design:

SECTION B-B

Fig (4.13): Section in Stairs

4.8.1 Thickness of the stairs:

h_L:@:HAcm
24 24

Take h=20 cm

q= tan’lE =30°
30

Width of the stair= 1.50 m
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4.8.2 Dead load
3
Plaster — (0.03m)(2.2ton/ m*)(1m) _ 0.076ton/ 17’
cos30
3
Concrete= (0.20m)(2.5ton/ m")(Im) =0.577ton/ m?
cos30

concrete= ((0'5 <03 x(()).i?) x2.5x 33) =0.24ton/ m* for steps

.3m

. 0.35m+0.1625m
Tiles=
0.3m

0.3m+0.1625m
0.3m

Mortar :(

j(0.03m>< 3ton/m® x 1m)= 0.15ton/ m’

j(0.0me 2.2ton/ m® x Im)=0.068ton/ m?

Total Dead Load=1.11x1.50 = 1.665 t/m

Live Load=0.5x1.50 =0.75 t/m

load group no. 1
Dead load - Service

Units:ton,meter

1.66 1.66 1.66
1.85 3. 1.5
Live load - Service Load factors: 1.40,1.40/1.70,0.00
0.75 0.75 0.75
1.85 3 1.5
Moments: spans 1to 3
-2.4 2.3
-1.4 1.2 11 1.5
} 103\061 | I \125 |
" s ‘ _ 055 L
W 0.52]0.49 _jose
. 0.48 0.4 Y-
0.8
1.9
o065 1.2 | 15 } 15 | 1.05 . 0.45 |
Shear
4.7 u -5.5
-3.2 *
-1.7
. 47 . . 06—
T T T - T T 1
13 /
24 2.8
4.1 4.3
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Fig (4.14): Stairs Analysisand Design

4.8.3 Stairs Design
At+ve BM=0.8t.
Fc=75 {fs=2200

d—K /M:Kl /O.8><100000:
b 150

K1=0.74 K2 = 2090

M 0.8x100000
T K2xd 209017

Use 1010 @ 20 cm

=2.25cm2

At+ve BM=19tm

g1 [M _ oy [19x100000 _
b 150

K1=0.48 K2 = 2035

M 1.9x100000
T K2x d  2035x17

Use1®12 @ 15cm

=5.50cm2

At -ve BM=24tm

d—K / K1 /24><100000

K1=0.425 K2 = 2017

M 2.4x100000
T K2xd  2017x17

Use1®12 @ 15 cm

=7.0cm2
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4.8.4 Design of (Bh)

Dead load :

1.11*2 *15 = 3.33t/m
1.11*2*0.775= 1.72t/m
Total =5.0t/m

Live Load :
05*2*15=150t/m
05*2*0.775= 0.775t/ m
Total =2.275t/ m

Moments: spans 1lto

13

1.7

1.7

Shear

-8.7

-13.

8.7

13.

Fig (4.15): Bh Beam Analysis and Design
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Fc=75 fs=2200 K1=0.298 K2 = 1952

d= kl,/ 0298,/11X100000—53cm h =60 cm

~11x100000
T K2x d 1952 x 53

Use5®18 AS=12.7cm2

=10.6cm?2

DE

STAIRCASE PLAN
scale 1:50

Fig (4.16): Stair case L ocation
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?12@17cm TB L(90)

)
© N \,\@& 210@17cm BB L(180)
®
<
TB L(120

T8 1(220) e e
B8 Lass) o e | A
@ ] x

rsoazoen| 10@28¢m ‘
) Sten

57181
Bh

12@17eM 15 917¢m

C E 8

10@20¢ 2 10@200m)]

_210@17cm <413
T {
T

< B

exen] 2 12@17c00 5
52180 :
Bh

| =]

Fig (4.17): Details Of Stairs

4.9 Retaining wall Design

4.9.1 Load calculation

veoii= 1.7 t/m* (Unit weight of the soil

®= 258

4= 1-sinf _ 1-sin25
1+sinf 1+sin25

Ka=0.41
H=3.85 m (Height of the retaining wall)
Equivalent earth pressure= 0.41x1.7 = 0.70 t/m?
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Load on retaining wall= 0.70x 3.85= 2.70h/m at the bottom

load group no. 1

Dead load - Factored Units:ton,meter
///// 2.7
] ]
v s
4.15

Moments: spans 1to 1

-4.7
| 0.97
[
I 1
e
2.3
| 1.66 | 2.49
[ [ |
Shear
-6.4
5.5
i
2.3 1.9

Fig (4.18): Retaining Wall Analysisand Design

4.9.2 Stage| :

t= 1/% = 1/&31000 =39.5cm take t =45 cm at the bottom
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49.3 Stagell :
Assume d =26 = kl‘/M =K1 fw —
b 100
26

Kl=——=0.379 K2 = 2005
68.55

M 4,7x100000
K2xd  2005x 26

As = = 9.01cm2 select 6T14/m As=9.18

As at (M +ve) = 2:3x100000 =4.4cm2 select 5T12/m As=5.6 cm2

2005 x 26

;

.

[
iy

I
iy

2
2
I
5
5

HIE

111111111

111111111

|11
]|
=415cm
=415

j‘\‘\i ‘\‘ ‘\iﬁﬁ%\ : ‘\‘ H“

1T10820cn ==

1T14€17.5cn | ﬂﬁ

L=140cn

<6.29 ! ‘m ‘Jﬁ
st L =

1710817 5cm

40cm

g

5
E

10 100cn ,

TYPICAL SEC. IN W. D

scale 1: 20

Fig (4.19): Details Of Retaining Wall
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4.10Water Tank Design
MF = oH3 1x(3)3

= =1.8tm
15 15
vz = 3 BB _ e
33.5 33.5
Mc = H3 = 1x(3)3 = 1.0tm
27 27
load group no. 1
Dead load - Factored Units:ton,meter
3.
3.
Moments: spans 1to 1
-1.8
} 0.68
I 1
\‘M///
0.8
} 1.35 } 1.65 |
Shear
-3.6
-2.8
' f
0.9 0.8

Fig (4.20): Water Tank Analysis- water Side
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4.10.1 Stagel : Water side

t= /% = /w =245cm +2=265cm take t=30cm for vertical wall
d=26 = KL\/E:K] [18x100000 _ \ _ 26 _ joo o = 2068
b 100 42 .42

M _ 1.8x100000

As = = = 35cm2 select 5T12/m As=5.6
K2xd 2068 x 26
As at Corner = M = 19cm2 select 5T10/m As=3.9cm2
2068 x 26

4.10.2 Stagell : Earth side

e = H3 _ 17x(33

=31 tm
15 15
3 1.7x(3)3
M2=g_| = ©) =14 tm
33.5 33.5
load group no. 1
Dead load - Factored Units:ton,meter
51
3.
Maoments: spnans 1to 1
-3.1
0.68
I +
02—
1.4
} 1.35 ‘ 1.65
Shear
-6.1
-4.8
i t
15 1.4

Fig (4.21): Water Tank Analysis- Earth Side
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t= 1/% = ‘/w =32.1cm +2=34.1cm take t=30cm for vertical wall
d=26=kl\/E=Kl‘/w= 1—A—0466 K2 = 2030
b 100 55.68

M _ 3.1x100000
K2xd 2030 x 26

= 5.87cm2 select 5T14/m As=7.65

>
w
I

;

w
o

L

B e T
THI=
T
=ITHITF

L=320cm
1T14@20cm

L=320cm

5

F o u;ﬂf
B ==
o 1T10820cn J \\\%lj,

S =1l
Eli=1k
1T12820cm m?ﬂ:
| =1
1T14@820cn Mﬁ@w

==

r==

g 1 =
1710820cn © [ | %\ =Lt

==/

1T12620cn L= 220cm Eli=l
o =15
20 ==
1T10820cm RIS
N 1T14820cM =1E

% ==

1T12620cm & b

1T10820cm 1710@20cm 1Ti2e20cm P im‘:u

>:2:::5\::! —~ MHI=
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