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The Structural Design of a Municipality 

Dunya Al-Tell 

Working Team 

Maram Hamdan. 

Supervisor 

Dr. Nafez Naser Al-deen. 

Project Abstract 

The main aim of this project is to prepare all of the structural design and 

executive details of municipality building . This project consists of four floors with 

total area (5332.65 m'), each floor of the building consists of many departments with 

different activities. 

This building is reinforced concrete structure and composite steel-concrete 

structure. The project contains the structural analysis for vertical and horizontal loads 

and the structural design and details for each member in the project. 

By the end of this project, the structural elements in the building will be 

designed. 
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List of Abbreviations 

Av= area of shear reinforcement within a distance ( S). 

b = width of compression face of member. 

b,,= web width, or diameter of circular section. 

DL = dead loads. 

d = distance from extreme compression fiber to centroid of tension reinforcement. 

Ee= modulus of elasticity of concrete. 

fF specified yield strength of non-prestressed reinforcement. 

h = overall thickness of member. 

I= moment of inertia of section resisting externally applied factored loads. 

L,= length of clear span in long direction of two-way construction, measured face 
to face of supports in slabs without beams and face to face of beam or other 
supports in other cases. 

LL = live loads. 

M = bending moment. 

Mu = factored moment at section. 

M, = nominal moment. 

S= spacing of shear in direction parallel to longitudinal reinforcement. 
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V ,= nominal shear strength provided by concrete. 

V, = nominal shear stress. 

V, = nominal shear strength provided by shear reinforcement. 

V,= factored shear force. 

W,= factored load per unit area. 

F= strength reduction factor. 
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Table (3-3): Wind Velocity Pressure (q) According To The 

German Code (DIN 1055-5) 

Height Above the surface . [ m] 0to8 >8to 20 >20to 100 >100 

Wind Speed . [ m/sec] 28.3 35.8 42 45.6 

Wind Velocity Pressure (q). [KN/m2
] 0.50 0.80 1.1 1.30 

V, 

I 
V, 

'%.A5Ma n 
J 
l 

Op Diil lDSS,H 

Sb r an ae terrain 
Wind Speed 

Wind velocity pressure q(&N,/m) 

• Wind Resultant :- 

W =Cp *q [KN/m2] 

W=Cp *q * A [KN] ''ird D irwion » 

Cp : External Pressure Coefficient . 

A: Exposure Area . 

! l l l l l l l l l 1 

E A ,, ... ~~it 
l l l l l l l l 111 

Cr=·07 
pg»a 



• External Pressure Coefficient (Cp):- 

Cp = + 0.80 (pressure , Wind Ward) 

Cp = - o.so (section, Lee Ward) 
Cp = - 0.70 ( section , Sideward ) , for h/a > 0.50 

Cp = - a.so ( section Sideward ) , for h/a ::; a.so 
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one way solid slab 
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Chapter4 

4 Structural Analysis & Design 

4-1 Introduction. 

4-2 Determination of Slab Thickness. 

4-3Topping Design. 

4-4 Determination of Loads for Rib. 

4-5 Design of Rib. 

4-6 Design of Beam. 

4-7 Design of Two - way RibbedSlab. 

4-8 Design of Column (C1). 

4-9 Design of Isolated Footing. 

4-10 Design of Combined Footing. 

4-11 Design of Stair. 

4-12 Design of Shear Wall. 
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4.1 Introduction:- 

The project consists of several structural elements that will be designed according to the ACI code a
nd 

by using the finite ele 

method using much of computer software such as "ATIR" and "STAADpro" to find the internal forces, deflections and moments f 

all structural element In order to design them. 

4.2 Determination of Slab Thickness:- 

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or one way slabs unless deflections are computed 

follow: 

• For one-end continuoush, ,,,_-": ''min= 48.5 

SBS h,a= ,g =31.62cm. 

- For both-end continuous h,,,, ; min= 21 ' 

535 h,pan= 5j =25.5 cm. 

The minimum ribbed slab thickness will be h,,,,, 316.2 mm. 

Take slab thickness h _320mm>h,,,,,255mm . 

h_32cm (24cm Hollow Block+ 8 cmTopping). 

4.3Topping design:- 

Dead load calculations: 

Dead load from 
Tiles 0.0323= 

KN/m 

Mortar 
0.69 

Coarse sand 
0.0322= 0.66 
0.0717= 

Topping 0.08*25= 
1.19 

Interior partitions 
2 

2.3= 2.3 
3 6.84 

*Live load calculations: 41=4KN/m 

*Total factored load Wu = 1.2 »6. 84 +1.64= 14.608 KN /m 

M, =Wal _ 1a.so8so.4? u 12 - 12 0.195KN.m/m of strip width. 

dM, > M,- strength condition, where = 0.55--f 1 . · or P am concrete . 

M, = 0.421,/f75, 
bh? 

; Where.S,,, = 6 = 1000»80»" = 1066666. 67mm3 
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M,= 0.42»1+W2@+1066666.67 » 107° = 2.24KN.TT­ 

M,=0.55±2.24 = 1.232KN.m> M,= 0.195KN.mn 
d
. t ACI 10 5 4 provide As min 

* So .. no reinforcement is required by analysis . accor mg 
O 

• • ' ' 

for slabs as shrinkage and temperature reinforcement : 

As = pbt = 0. 0018 * 1000 »80 = 144mm2 /m strip. 

Try bars 08 with As = 50.27mm 

n =144/50.27=2.87 

"Take 308/m or 0B@300mm in both directions . 

Step "S" Is the smallest of: 

1-3h =380=240mm (control) 

2-450mm. 

( 
280) 3-380 -2 - - 2. 5 * 20 = 330 mm. 
j·420 

( 
.280) S$300 r.:: =300 mm 

5+420 

S=200 mm <S,nae 240 mm - OK 

4.4 Determination of Loads for rib (R1):- 

Figure (4-1):Rib One (Rl). 
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4.4.1. a Determination of Dead loads:- 
KN/m - 

Type ,b h 

0.030.5223 0.359 - 
Tiles 

0.030.5222 0.343 
Mortar 

0.070.5217 0.619 
o 

Sand 
0.080.5225 1.04 

Topping 
0.40.2410 0.96 - 

Hollow block 

Plaster 
0.,030.5222 0.343 

0.120.2425 0.72 - 
R.Crib 

Partitions 
2.30.52 1.196 

Sum 
S.58 

4.4.1. b Determination of live loads:- 

*Nominal Total live toad= 40.52= 2.08 KN/m of rib. 

4.4.1. c Determination of factored dead and live ioads:­ 

*Factored dead load = 1.2Dead load = 1.25.58 = 6.696KN/m. 

*Factored Live toad= 1.6*1ive load = 1.62.08 = 3.328 KN/m. 

4.5 Design of Rib:- 

1 2 3 4 5 

1 2 3 4 

C 
A = j,J A A :: = J 
~ ~ ~ ~ 

0.5 4.08 0.8 4.5 0.8 3.1 0.8 4.45 o.s 
I I 52. 

I I I I I I I I 
4.73 5.3 s· 3.9 5.1 

12. 
AA 

Figure {4-2): Rib geometry 

46 



- 
' r 

5.58 5.58 
s.58 5.58 

I, ' 
I, ' 

i, ' 

4.73 5.3 3.9 5.1 

Live load -Service 

Load factors: 1.ZU,1.ZU/1.60,U.UU - 

2.08 l b l 2 8 l 2 8 l 2.p 
' 4.73 5.3 3.9 5.1 ' 

Unlts·kN mete 
load group no. 1 
Dead load Service 

Figure (4-3): loading of Rib. 
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Moments: s ns 1 to 4 -24.6 
-28.4 .48.3 

16.3 
17.8 

1.75 2.14 
22.9 

3.06 2.04 
1.89 2.84 2.91 2.39 

Figure (4-4); Moment Envelop of Rib. 

Shear 
-29.7 -25.8 -23.4 

-22.9 

13.6 
18.9 

-18.9 -16.5 
-21.5 

•16.2 

13.2 

22.6 20. 23.6 

29.5 30.4 

Figure (4-5): Shear Envelop of Rib. 

4.5.1 Design forflexure:- 

4.5.1.1 Design of rib for Positive moments:- 

1- Mu= +22.9 KN. m: 

Assume bardiameter 12for main positive reinforcement: 

12 d =320-20-10-(-) = 284mm. 2 

The effective flange width (b,r;) is the smallest of: 
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2300 a-b,rs\/4=-,= 575mm. 

b- heft S (120 + 16)* 80 = 1400mm. 

c-beff S 400 + 120 = 520mm, (Control). 

Take b,r; ,520mm. 

Check If> hr : 

M,,= 0.852452080(284-"")10-6 = 207.07KN. m. 

Mu 22.9 M,,= 207.07>> "="= 25.44KN.m> a <.hp, 
~ 0.9 

"The section will be designed as rectangular section with b = 520 mm. 

M 22.9 KN n %% 25,44 ,m. 

fy 420 
m = 0.85*jc' • 0.85 24 - 20.59 

R = Mn = 25.44•106 0 607MP 
n bd2 520•2842 " a. 

1 
p= 20.59(1- 1-2(0.607)(20.59) _ 420 ) - 0.00147 

y 

As= 0.00147 (520) (284) = 217.09 mm- . 

Check for As.min : 

o,NE_ya)> 'o an " 4(fy) ' f» bw d} (ACI -10.5.1) 

.fi4. ( 14 ® may\@@8>,E; 20)2swy) 
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As. =99.38<113.6 mn 

As . =113.6mm. mn 

2 2 
217.09 !' > AS,,, =113.6mm' • 

n = ~ 217.09/113.1 = 2 bars 
As,bar 

2 
" Note As= 113.1 mm". 

Select 2012: 

• Check for strain : 

Tension= compression 

As * f y= 0.85 * Jc' * b a 
226.2*420 = 0.85 *520 *24* a 
a =8.96mm 

c = .!!._ = 8·96 = 10.54mm , 0.85 
8 = 284 -10.54 * 0.003 .. 10.5 
&,= 0.0778 > 0.005 OK 

2- Mu= +17.8 KN. m: 

Check if > hr : 

Mnt = 0.85*24*520*80*(284 8;)*1()1\-6 = 207.07KN. m. 

M M,,= 207.07>>j7=17.8/0.9 = 19.78KN.m a <h;. 

*The section will be designed as rectangular section with b = 520 mm. 

M,-7 19.78KN.m. 
0.9 

fy 420 

m = 0.85 * Jc' = 0.85 * 24 = 20.59 

Mn 19.78•106 Rj,, szo-as? = 0,472MP a. 

so 



1 

P
= 20.59(1- 1 2(0.4?2)(2o.s9) )=0.00114 

420 

2 

As= 0,00114 (520) (284) = 168.36 mm 

Check for A,-n­ 

As_, le say> '(ow.....4c1 -10.5.19 
4(fy) fy 

As,,, -fi.4 (120 X284) ~ ~ (120 )(284)) 
4(420) 420 

As,,, = 99.38 < 113.6 

As,, =113.6mm. 

mm2 As -113 6 2 
168.36 > rrin - • mm 

A n=,_= 168.36/113.1 = 2 bars 
s,bar 

* Note Ac1112 = 113.1 mm2
. 

Select 2012mm : 

• Check for strain : 

Tension= compression 

A,+f,= 0.8s »J° «%»a 
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226 .2420 = 0.85 520 24 a 
a = 8.96mm 

a 8.96 c=-=--=10.54mm 
B, 0.85 

, _284-10.54 * 0.003 
s 10.54 
cs = 0.0778 > 0.005 OK 

3- Mu= +16.3N. m : 

Check if a > ht : 

M,, = 0.852452080(284 - "")10-6 = 207.07KN. m. 

Mu M,,r =207.07>>= 16.3/0.9 = 18.1KN. m ➔ a < hr· 
0 

The section will be designed as rectangular section with b = 520mm. 

M 16.3 KN n 7,,=18.1% .m. 

420 
m = fy = 0.85*24 =20.S9 

0.85* Jc' 

R _ Mn _ 18.1•106 _ 
"jai7 szozaj 0.432 MPa. 

I ✓I- 2mRn 
p= m (1- fy ) 

1 
p = 20.59 (1- l 2(0.432)(20.59) 420 ) = 0.00104. 

2 
As= 0.00104 (520) (284) = 153.59 mm . 
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Check for As,mtn: 

rz; ( X ) 1.4( Xd) (ACJ-)0.5.1) As. =-"-1c.; bw d ~- bw ················ 
"" 4(f) f 

As_. s28 poss)> ! (iao)ass) 
mn 4( 420) 420 

A.sain = 99.38 < 113.6 

As,, =113.6mm 

2 2 
153.59 mm > 4s,,, = 113 .6mm 

n = 2L = 153.59/113.1 = 2 bars 
As,bar 

Note A,,= 113.1 mm. 

Select 2012: 

• Check for strain : 

Tension = compression 

As * f y= 0.85 * fc' * b * a 
226.2 *420 = 0.85 * 520 * 24 * a 
a=8.96mm 

a 8.96 c=-=--=10.54mm 
B, 0.85 

, 284 -10.54 * 0.00 
. 10.54 

3 

BS = 0.0778 > 0.005 OK 

4-- Mu=+4.5KN.m: 

Check if > hr : 

Mnr = O.85*24*52O*8O*{284 8
2
°}*1()'\-6 =2O7.O7KN. m. 

Mu. M,, =207.07>>,=4.5/0.9=5KN.m> a <h,, 
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ctlon with b = 520mm. 
*The section will be designed as rectangular se 

M,± s KN.m. 
0.9 

420 
m _ fy .0.8524220.59 

- 0.85* Jc' - 

R.-n s+1o® ,-9,119MPa. 
' pg? 5206284° 

1 
p= 20.59(1- 1 2(0.119)(20.59) )=0.000284 

420 

2 
As = 0.000284 (520) (284) = 41.94 mm • 

Check for As,min: 

ffe l.4 Asmin = 
4
(.fy) (bwXd)~ jy (bwXd). (ACI -10.5.1) 

{24 (yo)\as4)> !© (rao)sA) 
4(420) 420 

As,, = 99.38 < 113.6 

As,, =113.6mm. 

2 
41.94mm >Asnin =113.6mm2

• 

A.s: I n = -A - = =41.94 78.S = 0.53 bars 
s,bar 

Note Aaqa= 78.5 mm?. 

Select 2010: 

• Check for strain : 
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Tension = compression 

A,+ f,=0.8s+/° « a 
157 420 = 0.85 520 24 a 
a=6.22mm 

a 6.22 c=-=--=1.32mm 
B, 0.85 
284-7.32 * 0.003 

6, 7.32 
&_, = 0.1134 > 0.005 OK 

4.5.1.2 Design ofrib for negativemoments:- 

1- Mu= -28.4 KN. m : 

Assume bar diameter 12 for main positive reinforcement: 

12 d =320 - 20 - 10 - (-) = 284mm. 2 

M 2a.4 K 7 ,,=31.6N.m. 

420 
m = fy , , 0.8524 20.59 

0.85* fc 

_-h_ 31.6-10° 
n",777 120-zs 3.26MPa. 

_!_ ✓I- 2mRn 
P = m (1- fy ) 

l 
p= 20.59(l- l 2(3.26)(20.59) 420 ) = 0.00851 

As= 0.00851(120) (284} = 290.02 mm2 
• 
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Check for As,mtn : 

e, X ) l.4 (b Xd) (AC! - 10.5.1) As . N/.[bw d ~ - w . 
" 4(f) f 

A,s_2 .#2A8 yo2sa)> ! (rao)28+) 
mn 4( 420) 420 

As,,, =99.38 <113.6 

As,,, = 113.6mm. 

mm .61 3 290.02 > 4s,, 113. mm . 

A, :/ n = -A - = = 290.02 153.9 = 2 bars 
s ,bar 

* Note Aeu F 153.9mm2
. 

Select 2014: 

• Check for strain : 

Tension = compression 

As * f,= o.as+J * b * a 
*307 .8*420 = 0.85 *120 *24*a 
a=52.8mm 

a 52.8 c=-=--=62.12mm 
B, 0.85 

E = 284-62.12 * 
$ 62.12 0.003 

e,= 0.0107 > 0.005 OK 

2- Mu= -24.6 KN. m: 

pM.-24.6_ ,, = 27.3KN. m. 

420 
m = .fy = 0.85 * 24 - 20 59 

0.85 * Jc' - · 
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R, -»_ 273-10°, 2,g2MP a. 
' p4? 120·284° 

P = m (1- 

2mRn 1-- 
fy ) 

1 
p= 20.59(1- 1 2(2.82)(20.59) )=0.00726. 

420 

2 
As= 0.00726 (120) (284) = 247 .42 mm · 

Check for As,mtn : 

as_ le saga)> 'ow)f@)..4ct - 10.5.19 
" 4(f) f» 

s,-,,",of)» jg rasp») 
mn 4 420 420 

4s,, =99,38<113.6 

As,, =113.6mm. 

24z.42 mms As,, =113.6mm. 

n =~ = = 247.42/153.9 = 2 bars 
As,bar 

* Note Ac1114 = 153.9mm2• 

Select 2014: 

• Check for strain : 

Tension = compression 

As * f,= o.ss+J- * b * a 
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307 .8 *420 == 0.85 *120 24 a 
a== 52.8mm 

c = .!!_ _ss 62.12mm 
B, 0.85 
284-62.12 *0.003 

6, 62.12 
&
9 
= 0.0107 > 0.005 OK 

3- Mu= -18.3KN. m: 

M,- °- 20.3KN.m. 
0.9 

420 
m = fy = 0.85*24 =20.59 

0.85* Jc' 

R - M., = 20.3•106 - 2.lMPa. 
n bd2 120•2842 

1 
p = 20.59(­ 2(2.120.59) y 6.oszs. 

420 

2 
As = 0.00529 (120) (284) = 180.28 mm . 

Check for As,mln: 

_{ ls Asmin - 
4
(.fy) (bwXd)_ fy (bwXd) (ACJ - 10.5.1) 

~ =99.38<113.6 
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2 As,, =113.6mm' . 

2 2 
180.28 @! > As,, =113.6mm' 

n = ~ = = 180.28/113.1 = 2 bars 
As,bar 

2 
Note As» = 113.1mm' . 

Select 2 12 mm : 

• Check for strain : 

Tension= compression 

A,+ f,= 0.8s +J° »% a 
226.2*420 = 0.85 120 24a 
a= 38.8mm 

a 38.8 
C=-=-=45.65mm 

jj, 0.85 
284-45.65 *0.003 

6, 45.65 
Es = 0.0157 > 0.005 OK 

4.5.2 Design of shear for rib: 

1- V,=+ 23.6KN : 

Check for section dimensions: 

✓24 
=1.10.75, 120 28410-3 = 22.96 KN. 

v.±'v 36_ = s 0 C 0.75 30.61 -0.857KN. 
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.2»,/g4 12028410-3 = 111.3KN 
3 • 

V,= 0.857KN<V ,,,,,, .111.3 KN. 

The section is large enough. 

Check forV s,min :- 
2+,/g4»12028410-3 = 10.43KN. 

16 

±12928410-3 = 11.36 KN- control. 
3 

Check for items:- 

1- Vu ~ r/J Vc/2 -t 23.6 =:;11.48- not ok. 

2- 0 V-/2 < Vu < V,>11.48 <23.6< 22.96 -not ok. 

3- dV c ~ Vu ~ r/J( V c + V s,mtn) -t 22.96 =:;23.6 !SJ1.48 - ok. 

Minimum shear reinforcement isprovtded. 

Av ,in ­ ; /z@ » (120/420) = 0.08748KN. 

Av;t" == ½*(120/ 420) == 0.095238 KN - control. 

Take Av = 2408= 2* 50.3 =100.6mm2 

100.6 / S = 0.095238 3 S = 1056.3mm. 

Smax ~00,Smax s d/2 = 284/2 = 142 mm - control. 

Select S = 12cm = 120mm. 

Use r/J8(21egs) @ 12cm. 

2-V, = + 22. 6 KN : 

Check for section dimensions: 

ffe </JV, = 0 * --b * d 6 w 
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= 1.1* 0.75 * .Jz4 *120* 284*10"-3 == 22.96KN, 
6 

V =vu_ V -22·6 30.61= 0.477KN. 
s 0 c 0.7S .B,/2412028410-3 = 111.3KN 3 • 

V,= 0.477<V,,%%,= 111.3KN. 

The section is large enough. 

Check for V, ,n' 
±/2@ «12028410-3 = 10.43KN. 

16 

= .!.*120*284*10"-3 = 11.36 KN - control. 
3 

Check for items:- 

1- V,<0V,/2 -+22.6<11.48-not ok. 

2- 0 V ,/2 :5 Vu :5 0 V c --+ 11.48:S 22.6 ::5 22.96 - ok. 

* Minimum shear reinforcement is provided. 

;
6
* ../24 * (120/420) = 0.08748 KN. 

A,,,;in = ½*(120/ 420) = 0.095238 KN- control. 

Take Av= 208 = 2 50.3 =100.6 mm 

100.6 / S = 0.095238 --+ S = 1056,3 mm. 

Sar <600, S,,,,,5 d/2 = 284/2 = 142 mm- control. 

Select S = 12 cm= 120mm. 

Use 08(2legs) @ 12cm. 

3- V, = + 13. 6 KN : 

Check for section dimensions: 

61 



ffe dV == °b,d 
C 6 

=1.1 0.75 * .Ji4 *120* 244*10"-3 == 22.96KN, 
6 

7 2»,/3412028410-3 = 111.3 KN. 
s 3 

V, =12.48 KN <V,»a -111.3KN. 

The section is large enough. 

Check for V,,ti" 

V,,,,=±-Wz@b,d= !-«/24@120»284»10-3 = 10.43 KN. 
.... 16 16 

== ..!:.*120*284*10"-3 = 11.36.KN - control. 
3 

Check for items:- 

1- Vu :s; 0 V,/2>13.6 < 11.48 - not ok. 

*Minimum shear reinforcement is required. 

Avmin , ­ :
6 
* '124 * (120/420) = 0.08748 KN. 

Aumin 1 ,= 3*(120/ 420) = 0.095238 KN - control. 
TakeA11 = 2<1>8 = 2* 50.3 =100.6 mm° 

100.6 / S= 0.095238 

Sax S 600 mm , 

- S== 1056.3 mm. 

Smax:5 d/2 = 284/2 = 142 mm - control. 

Select S= 12 cm = 120mm. 

Use 08 (21egs) @ 12 cm. 
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4 - Vu = + 13. 2 KN : 

Check for section dimensions: 

?3.­ v,= 0· , 

= 1.1* 0.75 * ~ *120* 284*10":..3 = 22.96 KN. 

V = ~ _ V c ~ 30.61 =13.0lKN · 
s Ql 0.7S 

= ~*v'24*120*284*10"-3 = 111.3KN. 
3 

V,= 13.01 KN <V,%,,111.3KN. 

The section is large enough. 

Check for V,,n'° 

V i - 1 {24b d = ~ * ✓24 * 120 * 284 * 10" - 3 = 10. 43KN. s,m n 16 w 16 

= .!.*120*284*10"-3 = 11.36KN - control. 
3 

Check for items:- 

1- Vu ~ 0 V,/2 ->13.2<11.48- not ok. 

2- 0@V-/2 < Vu ~ 0 Ve -dl.48 $ 13.2 $ 22.96- ok. 

*Minimum shear reinforcement is required. 

r ]' /2@» (a20420) = 0.08748 KN. 

Avmln 1 
-

5
- = i*(120/ 420) = 0.095238 KN - control. 

Take A, = 2408 = 2 50.3 =100.6 mm 

100.6 / S = 0.095238 -+ S= 1056.3 mm. 

5-x :$ 600, SmaxS d/2 = 284/2 = 142 mm - control 

63 



Select S = 12 cm = 120mm. 

Use 08 (2legs) @ 12 cm. 

5 - Vu = -22. 9 KN : 

Check for section dimensions: 

ffe V, = » " b,+ d 
6 

= 1.1* 0.7S * 12! *120* 284*10"-3 = 22,96KN. 

V = Vu - V _ZZ-9 30.61 =0.077KN. 
S (6 C 0.75 

V.,%=5Vz4b, +a 
2,/g412028410-3 = lll.3KN. 

3 

V,= 0.077 KN <V,%a.= 111.3KN. 

The section is large enough. 

Check forV s,mln:· 

V 1 r..724b d = ];_ * ✓24 * 120 * 284 * 10-3 = 10. 43 KN. smin ,{V4#Hy' 16 

V,={b,d= ;»120%284+1073 = 11.36 KN - control. 

Check for items:- 

1- V, <0V,/2 >22.9<11.48- not ok. 

2- V,< V c/2 S Vu :s; 0 V c - 11.48 < 22.9£ 22.96 -ok. 

*Minimum shear reinforcement isprovided. 

Avmln 
s = 1~ * .../24 * (120/420) = 0.08748 KN. 

Amin 1 
-5- = i*(120/ 420) = 0.095238 KN - control. 
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2 
Take Av= 2<1>8 = 2 50,3 =100.6 mm 

_ S= 1056.3 mm, 
100.6 / S= 0.095238 

S,na < 600mm , 
284/2 = 142 mm - control. 

S,< d/2 = 

Select S= 12 cm = 120 mm. 

Use 8 (2legs) @ 12 cm. 

6- Vu= -18.9KN: 

Check for section dimensions: 

ffe pV, = » °b,, d 
6 

✓24 = 1.1 * o.75 * -- *120* 284*10"-3 = 22.96 KN. 
6 

Vs= vu - Ve -19·
9 30.61 = 5.41KN. d 0.75 

=2,/2412028410-3 = 111.3KN. 
3 

V,= 5.41 KN <V,»a» -111.3KN. 

The section is large enough. 

Check for/,tn' 

Vs=] /zit,a • 6 = ..!;_*✓24 * 120*284*10"-3 = 10.43KN. 
16 

V s,mtn= ibwd= ½*120*284*10"-3 = 11.36KN - control. 

Check for items:- 

1- Vu $ 0Vc/2 -d8.9 $11.48- not ok. 

2- 0V,/2 <V, <©V, -911.48<18.9<22.96- ok. 

*Minimum shear reinforcement is provided. 
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Avmin_..!..* !fi * (120/420) = o.08748KN­ 
s t¢ YA' 

~ = !*(120/ 420) = 0.095238 KN - control. 
S 3 

2 
TakeA11 = Z<l>8 = 2* 50.3 =100.6 mm 

100.6 / S = 0.09S238 3S = 1056.3 mm. 

g. <600, S < d/2 = 284/2 = 142 mm - control. 
ihmx ' 'mt­ 

Select S = 12 cm = 120 mm. 

Use 08(2legs) @ 12 cm. 

7- Vu = -16.5 KN: 

Check for section dimensions: 

av.=a. ?%, .a 
6 

-124 = 1.1* 0.75 * -- *120* 284*10"-3 = 22.96KN. 
6 

V = Vu - V -16"
5 30 61=861KN s d c g75 '·" " • 

Vs,max = ifilbw * d = /2412028410-3 = 111.3KN. 

Vs =8.61 KN <Vs,max= 111.3KN. 

The section is large enough. 

Check for Vs,mtn=- 

V.a=] 24b,d;724«120284+10-3 = 10.43KN. 

1 1 
Vs,mtn= 3bwd = 3*120*284*10"-3 = 11.36KN - control. 

Check for items:- 

1- V,<©V,/2 >16.5<11.48-not ok. 
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11.48 <16.5 < 22.96 - 0l. 
2- dV,/2 <V,<0V. ' 

t ts required, *Minimum shear reinforcemen 

Avmln 
1, ­ 

~ = .!.*(120/ 420) = 0.095238 KN - control. 
s 3 

:z 
Take4, = 248 = 2 50.3 =100.6 mm 

..!..* ffi * (1201420) == o.08748 KN. 
1 6 

100.6 / S = 0.095238 -s = 1056.3 mm. 

S < 600 s, <d/2 = 284/2 = 142mm - control. max- , max- 

Select S= 12 cm = 120 mm. 

Use 08 (2legs) @ 12 cm. 

8 - Vu = -16. 2 KN : 

Check for section dimensions: 

ffe ©V,== » b,d 
6 

✓24 
= 1.1 * 0.75 * -- *120* 284*10"-3 = 22.96 KN. 

6 

V = vu - y 162 39 61= 9 0lKN 
S 0 C 0.75 • • • 

Va, = E/24,+d 
' 3 

= ~*.../24*120*284*10"-3 = 111.3KN. 
3 

V, = 9.01KN <V,as= 111.3 KN. 

The section is large enough. 

Check for/,,i' 

1 V,ur = 5by 

= 1~ *✓24 * 120*284*10"-3 = 10.43KN. 

1 
= -*120*284*10"-3 = 11 36KN a • - control. 
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Check for items:- 

1- Vu ~ r/JV,/2 -16.2~ U.48- not ok. 

2- r/JV,/2 ~ Vu ~ r/JV,- 11.48~ 16,2~ 22.96- ok. 

*Minimum shear reinforcement is required . 

Atmtin , ­ 
..!..* ..fiA * (120/420) == 0.08748 KN. 
16 

Avmin 1 ,= i*(120/ 420) = 0.095238 KN - control. 

Take A, = 2<f>8 = 2 59.3 =100.6 mm 

100.6 IS = 0.095238 -s= 1056.3 mm. 

Sm.ax~ 600, Sa.< d/2= 284/2 = 142mm - control. 

Select S= 12 cm= 120mm. 

Use r/J8 (2legs) @ 12 cm. 

4.6 Design of Beam (B 18-19-20-21):- 

I j! I A R th, --- U[ I I l I 

I i _(. L--, 
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Fi gure (4-6):Beam (B 18-19-20-21). 
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4.6.1. a Determination of Dead toad for beam: 
,» h 

KN/ 

Type 

Tiles 
0.031.2023 

0.828 

Mortar 
0.031.2022 

0.792 

Sand 
0.071.2017 

1.428 
- 

Reinforcement concrete 
25 1.200.28 

8.4 
- 

Plaster 
0.03*1.20*22 

0.792 
- 

Partitions 
2.31.20 2.76 

- 

From rib 4 
59.7 

Sum 
74.7 

4.6.1. b Determination of dead and live loads for beam:- 

*Dead load= 31.04 / 0.52 = 59.69 KN /m. 

*Live load = 12.62 / 0.52 = 24.27 KN/m. 

1 1 
2 

C 
;J 

2 
3 4 

: ;J 
3 

= ~ 

~ 
J 

25 4.9 gs 
~ 

6.2 
4,85 gs ~ 

6.2 
3.67 as, 

{ 
4.1 

I 
80. 
A-A 

Figure (4-7): Be G eam eometry 
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/heter 
load group no. 1 
Dead load • Service - 

55.4 31 .9 
55.4 \ - 

~.lf' - 
'5:Z 

'5:Z LOi:IU • 1.,u,1. '·vu, U,] - 
Live ,uau • 

I r 
~ 

I ±6a r [ao' I I I 
~ f 

I I [ai I I 
~ 

I 5.2 
4.1 

5.2 

Units:kN 

Figure (4-8): Load of beam 

Moments: s ns 1 to 3 
-333.9 

-273.9 -279.4 

2 . 

-209.3 
-162.2 -173.5 

1. 

103.9 
150.4 

248.4 

2.08 3.12 2.86 2.34 2.46 1.64 

Figure (4-9): Moment Envelop for Beam 

Shear 

-352.7 

·230.4 
-278.6 

Figure (4-10): Shear Envelop for B 
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4.6.2 Dcsignfor flcxurc:- 

4.6.2.l Design of beam for Positive moments:- 

Assume bar diameter 20: 

20 d= 320 - 40 - 8 - (-) = 262mm. 2 

1- Mu = 4 248.4 KN.m : 

3 262 Car =zd= 3+_= 112.29mm 
7 7 

a= 0.85 c = 0.85 * 112.29 = 95.45mm. 

hM,,%a% = 00.85 fc' »a+b(d-a/2) 

=0.820.85 2495.451200(262 -95.45/2)10-6 = 410.56 KN.m>M,,= 248.4KN. m-ok. 

*Design as singly reinforced concrete section. 

M, 
Mn = o. 9 = 248.4 / 0. 9 = 276 KN. m. 

R = Mn = 276•10
6 

_ ""ia? 1200+(z62y? = 3.35 MPa. 

420 
m = fy = 0.85*24=2059 

0.85fc' " 

'«we p = - (1 • 1- -- ) 
m fy 

1 l 2(3.35)(20.59) 
p= 20.59 (l- 420 )=0.00877. 

As = 0. 00877(1200)(262) = 2757. 29 mm 2 

ffe ( X 1.4 As . = -- bw d ~ b " )' fy (bw)fa).... " ~ACJ -10.5.1) 
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As,,, {2+ [po)s)< ± (raoo )262) 
4(420)' 420 

2 As . = 916.81mm mn 

2 
1048 mm> As,,, = 916.81mm 

n = ~ = = 2757.29/314.2 = 9 bars 
As.bar 

OK 

Note Ao=314.2mm 

Select 9 20 mm with A,= 2827.8>A,req -0l. 

• Check for strain: 

Tension= compression 

As * f,=0.85 f c' * b a 
2827 .8 * 420 = 0.85 1200 * 24a 
a = 48.52mm 

c=!!:....= 48·52 =57.08mm 
B, 0.85 

= 262-57.08 *0.003 
s.~ 57.08 
& = 0.0108 > 0.005 s Ok 

Check for bars spacing: 

S = (1200 - 40»2- 2 * 8 - 9 * 20 )/8 = 115.5 mm > 25 mm - OK. 

2 - Mu = + 150.4 KN. m: 

3 262 
Cmax = -d = 3 * - = 112.29mm 7 7 

a = 0.85 c = 0.85 * 112.29 = 95.45mm. 

0Mn,max = 0 0.85 fc' *a* b (d- a/2) 

0.820.85 2495.451200(262 -95,45/2)10-6 =410.56KN.m>M, =150.4KN.m-- ok, 

*Design as singly reinforced concrete section. 
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M_ 150- 467.1 KN.m. 
Mn= 0.97 0.9 

_Mn - 167.1•106 = 2.03 MPa, 
RF,a7 7 1zoo+as2)? 

420 
m _ fy = 0.85*24:20.59 

- 0.85* Jc' 

1 l 2(2.03)(20.59) ) = 0,0051. 
P = 20.59 (1- 420 

2 
As = 0.0051 (1200)(262) = 1603.44 mm 

As . = ffe (bwXd)~ 1.4 (bwXd} (ACI -10.5.1) 
mn 4(/y) fy 

..-",, too say lg; raso as) 
mn 4 420 420 

4s,,, = 916.81mm2 

1048 mm> As,,, = 916.81mm2 

n= ~ = 1603.44/314.2 = 6 bars 
As,bar 

OK 

Note Aoo=314.2mm 

Select 6 20 mm with A,=1885.2>A, req -ok. 

• Check for strain: 

Tension= compression 

As * / y= 0.85 * / c' * b a 
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1885 .2 * 420 = 0.85 * 1200 * 24 * a 
a= 32.34mm 
% °_32.34 38.05mm 

pB, 0.85 

_ 262-38.05 *0.003 
&,. - 38.05 
& = 0.018 > 0.005 Ok s 

Check for bars spacing: > 25 mm OK 
/5 = 196.8mm - · 

S = (1200 - 40 * 2 - 2 * 8 - 6 * 20 ) 

3- Mu = + 103.9KN.m: 

3 262 ©max =-d= 3--= 112.29mm . 
7 7 

a = 0. 85 c = O. 85 * 112. 29 = 95. 45 mm. 

hM,,nae = 0.85fc' +a+b(d- a/2) 

0.820.85 2495.451200(262 -95.45/2)10-6 = 410.56KN. m>M, =103.9KN.m- ok. 

*Design as singly reinforced concrete section. 

M, M, 55° 103.9/0.9 = 115.4 KN.m. 

R = Mn = 115.4•10
6 l 4MP 

n bd2 1200•(262)2 • a. 

420 
m = fy = 0.85*24 = 20 59 

0.85* Jc' · 

74 



1 2(1.4)(20.59) )==0.00346 
" ass " - l 420 

s m 
As = o. 00346 (1200)(262) = 1087· m 

r;::; ) 1.4 ( Xd\ (ACI -10.5.l) As_=N'' (pwd)>-(bw) }---coco.coco.xv" 
mn 4(Jy) fy 

As,,,, 
{24_ po\2sa),< != (zoo )262) 
4(420)' 420 

As,,, =916.81mm 

1048 mm> As4, 916 .8lmm
2 

A n =~ = = 1087.8 /314.2 = 4 bars 
s,bar 

OK 

Note Aa=314.2mm 

Select 4 20 mm with As = 1256.8>4, req - ok. 

• Check for strain: 

Tension = compression 

As * f,= 0.85 f c' * b * a 
1256 .8 * 420 = 0.85 * 1200 * 24 * a 
a=21.56mm 

a 21.56 
c = P, = 0.85 = 25.36mm 

262-25.36 * 
25.36 0.003 

&s = 0.028 > 0.005 
ok 

Check for bars spacing: 

s = (1200 - 40 * 2 - 2 * 8 - 4 * 20 )/3 = 341.3 mm > 25mm - OK. 
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· omcnts·- 
4.6.2.2 Design of beam for Negative m · 

Assume bar diameter 20 : 

20 d =320 - 40 - s - (-) = 262mm, 2 

1- Mu =-333.9 KN.m: 
3 3 car ==d=;+262= 112.29mm. 

a= 0.85 c = 0.85+112.29 = 95.45mm. 

=0.82*0.85 *24*95.45*1200*(262 95'45)*10A-6 = 410.56KN. m>Mu = 333. 9 KN. m- ok. 
2 

*Design as singly reinforced concrete section. 

M. M«_333.9. 371KN 
n 0.9 o.9 · m . 

=4.5MPa.R,-_ 371-10° 
' p4? 1200+(262)° 

420 

m, fy _0.8524220.s59 
0.85* Jc' · 

I 2(4.5)(20.59) )- 
420 - 0.0123 

A, = 0. 0123 (1200)(262) = 3867.12 mm 

A ffe( X 14 S,,, ==. .(bw d)>-· (bwX \ 4) 'f d f········-······ .. ~ACI -10.5.1) 

✓24 ( 14 
@o\®62)555, 02o0 )262) 
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2 
As,= 916.81mm mn 

i =916.Blmm 1048 mm > 4s,, 
OK 

2-13 bars ==3867.12/314.. n- 
As,bar 

6>A req - ok. 'th A, = 4084. ·s Select 13 20 mm WI s · 

Note Aa=314.2mm 

• Check for strain: 

Tension= compression 

A * f.= 0.85 f c' * b * a 
s y * 
4084 .6 * 420 = 0.85 * 1200 * 24 a 
a=70.08mm 

a - 70.08 = 82.45mm ", o.ss 
_262 -82.45 * 0.003 

S, 82.45 
& = 0.0065 > 0.005 Ok s 

Check for bars spacing: > 25mm - OK. 
S = (1200 - 40 * 2 - 2 * 8 - 13 * 20 )/12 = 70. 3 mm 

2M = -209.3 KN.m: 

3 3 
Cmax ==d= 7 * 262 = 112.29 mm. 

a = o. 85 c = 0. 85 112.29 = 95. 45 mm. 

a r1oM = 0 * 0.85 » fc' » a * b * (d - -) VJ n,max · 2 

=0.82*0.85 *24*95.45*1200*(262 
9
\
45 

)*lOA-6 == 410. 56 KN. m > M, = 209.3 KN.m- ok. 

*Design as singly reinforced concrete section. 

y, Mu_ 2093 232,56KN, m. 
It- 0.9 0.9 
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M, 232.s6+10 3,82MPa. 
Rr3.r? ±zoo-as2)? 

420 
fy = 0.85 * 24 = 20.59 ,n = , 

0.85* Jc 

1 ~ 

·i"y' 

( 
2(2.82)(20.59)) = 0. 00726. 

p a' - 1 420 

. 2 

A, = o. 00726 (1200)(262) = 2282. 54 mm 

A . = ffe (bwXd);?: 1.4 (bwXd} {ACI -10.5.1) 
S m,n 4(/y) fy 

As . = 5 (1200 X262) ~ ~ (1200 X262) 
"" 4(420)' 420 

4s,,, = 916.81mm2 

1048 mm> As,,, = 916.81mm 

n= ~ = = 2282.54/314.2 = 8 bars 
As,par 

• Check for strain: 

Tension= compression 

As * f,= 0.85 f c' * b * a 

OK 

Note Ao=314.2mm 

Select 8 20 mm with As =2513.6>A, req - ok. 
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1200 24a 2513 .6 420 = 0.85 
a = 43.13mm 

a _ ~ = 50.74mm 
'g, o.as 

262-50.74 *0.003 
8
s = 50.74 

s. =0.0125 > 0.005 ok 
s 

Check for bars spacing: 20 )/7 = 134. 86mm > 25 mm - OK. 
s = (12.00 - 40 * 2 - 2 * 8 - 8 * 

4.5.3 Design of shear for beam: 

1 - Vu = + 2 72. 8 KN : 

d = 320- 60 = 260mm. 

Check for section dimensions: 

ffe n.y = 0 * --b * d wc 6 W 

✓24 
= 0.75 1200 26010-3 = 191.06KN. 

6 

v.-' y.-l@8_ 254.75= 109 KN 
S 0 C 0.75 • • 

= 2,/g4»120026010-3 =1019KN. 
3 

V,= 109 KN <V,a,= 1019KN. 

The section is large enough. 

1 
=; V24 +120026010-3 = 509.5 KN. 

V,= 109 KN <Vs' =509.5,then: 

s,uax ~ 600 mm, 
S111axS d/2 = 260/2 = 130 mm 

- control. 
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Check f orV s,111in :- 
== 2-.*.fi.4 * 1200*260*10"-3 = 95.53KN 

16 . 

= !*1200*260*10"-3 == 104KN - control. 
3 

Check for items:- 

1-V u S (I) V,/2 --+ 272.8 :::95.53 - not ok. 

2- 0 V ,/2 ::;; Vu s; (/JV, --+ 95.53~ 272.8::: 191.06 - not ok. 

3- dV,<V,<(V,+ V,,,,)--+ 191.06<272.8 <269.06 - not ok. 

4- d( V,+ V,,,) <V, <d(V,+ V,')-3269.06 <272.8 <573.19- ok. 

Take Av = 2(1)10 = 2 * 78. S = 1S7.1 mm2
• 

1S7.1/ S = 109 / (260 *420) ➔ S = 157.39 mm. 

Selects = 12cm = 120 mm. 

Use 010 ( 2 legs) @ 12 cm. 

2-V, = + 192.1 KN: 

d = 320- 60 = 260mm. 

Check for section dimensions: 

[e 
V,= + b, « d 6 w 

= 075* ✓2.4 
' -- *1200* 260* " 6 10 -3 == 191.06KN. 

v, s's_,_192.1 
0 C - Q,s- 254.75 = 1.38KN. 
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= !.*v'24*1200*260*10"-3 = l019KN 
3 • 

V = !. .fiAbw * d s,max 3 

V - 1 38 KN < V. ,,= 1019KN. g , s,ma 

The section is large enough. 

1 ~ d 1 ~24 * 1200 * 260 * 10-3 = 509. 5 KN. V,'= 524b%+ =5 + 
V, = 1. 38KN < Vs = 509.5 KN, then: 

S < d/2 = 26012 = 130 mm - control. 
max- Sax < 600 mm, 

Check forV,,­ 

v. .4-/z@b,,a-!-2@«120022010-3 = 95.53KN. 
s,max 16 w 16 

V . -1 b. .d -120022010-3 = 104KN - control. 
s,mt g 'W' 3 

Check for items:- 

1- V,<0V,/2 +192.1<95.53-not ok. 

2- 0 Ve/2 :s; Vu s; 0 Ve -495.53:5192.1 :5191.06 -not ok. 

3- 0 Ve ~ Vu <dV, + Vs,min) ➔191.06 :S 192.1 :S 269.06- ok. 

Take A,, =20010 = 2* 78.5 =157.1 mm2• 

157.1/ S = 1. 38 / (260 * 420) > S = 124. 3 mm. 

Selects = 12 cm = 120 mm. 

Use ©10 ( 2 legs) @ 12 cm. 

3 - Vu = + 177.3 KN: 

d = 320- 60 = 260mm. 

Check for section dimensions: 
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ffe (I) Ve = (I) * b, d 
6 

= 0.75 * li/ *1200* 260*10"-3 = t91.06KN, 

-~-V ~254.75== 18.35 KN. 
V, =% < o.7s 

_2 r..:.b * d=*../24*1200*220*10"-3 = 1019KN. Vsmax v24 w 3 • 3 

V, = 18.35 KN <V,,%,, = 1019 KN. 

The section is large enough. 

Check for/ ,,tu'° 

V.au= /2@,d • 16 

= .!....*-J24 * 1200*260*10"-3 = 95.53KN. 
16 

V s;nr,n= i bwd = i *1200*260*10"-3 = 104 KN - control 
Check for items:- 

1- V,, <dV c/2 ---+ 177.3 S 95.53 - not ok. 

2- 0V,/2 <V, <OV,>95.53< 177.3 < 191.06- ok. 

*Minimum shear reinforcement is provided. 

Take A,, = 208 = 2 * 50.3 = 100.6mm2• 

A/S= V,/f, + d 

100. 6/ s = 18. 35 / (260 * 420) ➔ s = 598. 7mm. 

Smax $ 600 mm, Sniax s; d/2 = 260/2 = 130 mm - control. 
Selects = 12 cm = 120 mm. 

Use @8 ( 2 legs) @ 12 cm.. 

4- Vu = -304.4KN: 
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d = 320- 60 = 260mm. 

Check for section dimensions: 

ffe dV,= » '"b,d 
6 

= 0.75 * ~ *1200* 260*10A-3 = 191.06KN, 

'#_y_304 354.75 = 151.12KN. 
V, 3 < o.zs 

=2,/z4, +a =2/24120026010-3 = 1019KN. Vax" g 'w 3 

V,= 151.12KN <V,,,,,,= 1019 KN. 

The section is large enough. 

V ' = ! • ../f4b * d = !* .,/f4 *1200*260*10A-3 = 509.SKN. s 3 w 3 

V,=151.12KN<V,' = 509.5KN , then: 

Sax S 600 mm, 

Check forVs,min:• 

= 1: *✓24 * 1200*260*10"-3 = 95.53 KN. 

Vs,mtn =½bwd = f*t200*260*10"-3 = 104 KN - control. 

Check for items:- 

Smax~ d/2 = 260/2 = 130 mm - control. 

l•Vu $ 0Vc/2 - 304.4S 95.53- not ok. 

2- 0 V,/2 $ Vu S 0 Ve ➔95.53:S 304.4:S 191.06- not ok. 

3- 0 V < V < 0( V + V ) 
c - u - c s,mtn - 191.06 S 304.4 :S 269.06- not ok. 

4-0(V,+ V,4) <V,<d(V, + V,) -3269.06<34 
·' /55t 1.4 <573.19- ok. 
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2 157.1 mm· 2010 = 2% 78.5 = Take A, = 

A,/S = V,/f, +d 

157.1/ s = 151.12 / (260*420) 

Select S = 10 cm = 100 mm. 

-+ s = 113.52 mm. 

Used10 ( 2 legs) @ 10 cm. 

5 -Vu :::: -230.4KN: 

d = 320- 60 = 260mm. 

Check for section dimensions: 

ffe ©V,= » ° b, d 
6 

= o 75 * -J24 *1200* 260*10"-3 = 191.06 KN. . 6 

V =vu_ V -230·
4 254.75 = S2.45KN. s g c g.75 

V =! 'zib * d=!*.fii*1200*260*10"-3 = 1019.K.N. s,max ,VHy 3 

Vs •52.45.KN<Vs,max= 1019KN. 

The section is large enough. 

V,' =±+V2@b, +d}24»1200260+10-3 = 509.5 KN. 

Vs =52.45.KN<Vs' =509.SKN,then: 

S111ax !: 600,Smax:::; d/2 = 260/2 = 130 mm - control. 

Check forV s,min :- 

Vs»r= ,j; V24b,d =;2"2471200+26010-3 = 95.s3KN, 

1 
= -;*1200*260*10"-3 = 104.KN - tontro1. 
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Check for items:- 

0 4 < 95.53 - not ol&. < </JV /2 - 23 . - 
1- Vu - ' 

4 
< 191.06 _ not ok, < 0 V - 95.53 <230.· = 

2- OV ,/2 :5 Vu - C 

1 06 < 230.4 <269.06 -ol. V )9191.1 = 
3• (/JV, :5 Vu ::;; ¢(Ve + s,mln 

2 
5 -157.tmm · Take A, = 2010 = 2+ 78. = 

A,/S = V,/f,+ d 

157.1/ s = 52. 45/ (260 * 420) 

Select S = 12cm = 120 mm. 

Use 010 ( 2 legs) @ 12 cm. 

➔ s = 327.08mm. 

6 - Vu = -87. 6 KN : 

d = 320- 60 = 260mm. 

Check for section dimensions: 

ffe h/ == he -b, d YI C YI 6 W 

= O. 75 * Ji4 *1200* 260*10"-3 = 191.06 KN. 
6 

V ~ - V ~ 254.75 = 137 95KN 
S 0 C 0.75 • • 

Vs%.=$ V24b, » ad=EV2412002z6010-3 = 1019 KN. 

Vs= 137.95KN<Vsmax= 1019KN. 

The section is large enough. 

Check for/,a' 

Vs=,zN24b,a =-,247120026010-3 = 95.53 Ky 
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04KN - control 
1, j#26010-3= == -*120 
3 

Check for items:- 

1- Vu $; (/) V ,/2 -. 87.6:::: 95.53 -ok. 

t · equh'ed *No shear reinforcemen is r · 

R'bb d Slab·- 4.7 Design of Two- way I e · 

RT7v .T Lzi ti±to 
JLJL_lc_il.: __ JLI _J _JI_JLJLJl_l _ _j .JL_ LJ - 
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Figure (4-ll):Two-way Ribbed Slab. 

*Minimum thickness =32 cm. 
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-------·· --------------- 

Figure (4-12):Slab section for exterior beam. 

*For exterior beam: 

bh
3 90•(52)

3 937386.6667 cm4 === 
( 

24) 24 * _ 52•8• 8+ct +12•24+(2) _ 
Ye F 52·8+12-24 =I6.73cm 

52 * (15. 27)3 
ha=' 3 

cm 
s I 

i 

s s I 

-~ s I 

?, Cnl 

2 * 20 * (7. 27)3 12 * (16. 73)3 
3 + 3 

*Short direction L=740mm: 

7s323-(so+l{9) 
Is = 52 

2 651834 cm4 

*Long direction L=950mm: 

7s323+(so4"j°) 
Is = 52 

2 803928 cm4 

*For interior beam: 

75323cm4 
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4 651834cm *Short direction:ls - 
4 

. · r, = g03928cm *Long direction. s 

_937387 = 1. 4 
f1' 651834 

937387 = 1.2 
ar; go3928 

_ 937387 = 1. 4 4rs 651834 

937387 = 1.2 
803928 

1. 4 + 1. 2 + 1. 4 +1.2_ 1. 3 
«r,,= 4 

n- 2500 1.3 P ·7400 

*The minimum slab thickness will be: 

h 
( 420) 95oo-(0.8+qiia] _ 10450-342,18mm>125mm - ok. 
52 43.15 

So .. h=320mm>242.18 mm --ok, 

Take hslab = 320mm, 80mm Topping, 240mm Concrete block. 

*Loads calculation: 

Material Quality Density KN/m? W=y.VKN 
Tiles 22 22*0.03*0.52*0.52=0.178 
Mortar 22 22*0.02*0.52*0.52=0.119 
Sand 

16 
Reinforced Concrete Topping 

160.070.520.52=0.303 
25 

Reinforced Concrete Rib 

Concrete Block 

25*0.08*0.52*0.52=0.541 
25 

9 
Plaster 

Partitions 2.3 KN/m? 

25*0.24*0.12*(0.52+0.4)=0•6624 

9*0.24*0.4*0.4=0.346 
22 

22*0.02*0.52*0.52=0.119 

2.3*0.52*0.52=0.622 
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[ Total Dead Load ,KN 

*Dead load of slab: 

2 
DL=2.89/ (0.520.52) =10.69 KN/m 

=1.2%10.69 = 12.828KN /m Wp =- ' 

*Live load of slab: 

LL=4.0.KN/m2 

wr = 1. 6 * 4 = 6. 4KN /m2 

Wu= 12. 828 + 6.4 = 19.23KN /m 

L._740_ g.7o 
l, 950 

Ma,nen = [0. 073 * 19. 23 * (7.4)2] * 0. 52 = 39. 97 KN. m/m 

Mb,neg = [0.027 * 19.23 * (9.5)2] * 0.52 = 24.37 KN.m/m 

Ma,pos.D = 0.0406 » 12.83 * (7.4)2 = 28. 52 KN. m/m 

Mb,pos,D = 0. 0148 * 19. 23 * (9. 5)2 = 17.14 KN. m/m 

Ma,pas,I = 0. 0496 * 6. 4 * (7. 4)2 = 17. 38 KN. m/m 

Mb,pas,l = 0. 0184 * 6.4 + (9.5)° = 10. 63 KN. m/m 

Ma.pas= [28. 52 + 17. 38] * 0.52 = 23.868 KN. m/m 

Mb,pas = [17.14 + 10. 63] * 0.52 = 14. 44 KN. m/m 

*Negative moments at discontinuous edges (! * po it. 
3 s tvemoments): 

1 
Ma,nen = 3* 23.868 = 7.956KN.m/m 

1 
Ms,a, = 14.44 = 4.813KN.m/m 
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*Slab reinforcement: 

ti moments: *Design for nega vc 

1- M,=-39.97 KN. m : 

4 for main reinforcement: 
Assume bar diameter 1 

d =320- 20-8- (14/2)= 285mm. 

M =39·97:44.411 KN.m. 
n 0.9 

420 
m = fy = 0.85 * 24 = 20.59 

0.85 * Jc' 

Mn 
- b * di = 44.411•106 = 4.56MPa. 

R,,= 1206(285)? 

1 
,- 20.59,, [). 24.56920.59)j.6.0124s 

420 

As= 0.01245(120) (285) = 42S.79 mm 2• 

Checkfor As,min: 

As . = ffe (bw)(d)> 1.4 ( V ) 
n1n 4(Jy) - fy bwAd (ACJ -10.S.I) 

.JiA ( X 14 »(aa'85>;E; 620)28s) 
As,, = 99.73 < 114nvn2 
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2 
As . =ll4m· mn 

2 
2 As -114mtn . 425. 79 mm > min 

2 
" Note As,, = 254.47mm. 

n = ~= 425.79/254.47= 2 bars 
As bar 

Select 2018: 

• Check for strain : 
Tension = compression 

As * f,= 0.85 fc' * b * a 
508 .94 * 420 = 0.85 120 24 a 
a=87.32mm 

c-8_87.32,jg2.73mm 
B, 0.85 

285 -102.73 * 0.003 
6, 102.73 
s, = 0.00532 > 0.005 OK 

2- M,=-24.37KN. m : 

Assume bar diameter 14 for main reinforcement: 

d =320 - 20- 8 - (14/2) = 285mm. 

24.37 M,=,,=27.078 KN.m. 

420 
m = fy = 0.85*24=2059 

0.85* Jc' · 

Mn 
R = b * d2 = 21.010•106 _ 
n 120•(285)2- 2.78MPa. 

1 
-~ -"-,'#? 
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! 2278j20.59),, 6.00714 
p== 20.59(1- 1- 420 

m? 
A,= 0.00714(120) (285) = 244.188 I 

Checkfor As,mln: 

fZi 1.4 ( v ) (ACI -10.5.1) As_ = l.(pwfd)>= (bwd)-..vow" 
mn 4(Jy) fy 

'24 po)as)> !± (iao)2ss)) 
4(420) 420 

4As,,, =99.73 < 114mm2 

244.188mm2>Asmin =114mm2
• 

A n = ~= 244.188/201.1= 2 bars 
sbar 

Select 2016: 

• Check for strain : 

Tension = compression 

As * f y= 0.85 * Jc' * b * a 

402 .2 * 420 = 0.85 * 120 * 24 * a 
a=69mm 

a 69 n, os® 
, 28s - 81.2 * 

81.2 0.003 
8s = 0.0075 > 0.005 

3- Mu= -4.813 KN. m: 

* Note A,i,1& =201.1mm2
• 

OK 
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inforcement: 
(b14 for main re 

Assume bar diameter 

/21-2ssmm, 
d =320-20-8-(14 - 

4,a13_ 5 35 KN.m. M=--. n o.9 

420 
fy _ 0.85*24:20.59 ,n = . - 

0.85 * Jc 

Mn 
pd? _ sas-10°_2 6,549 MPa. 

R,= "1zo-(zas)? 

1 
-~ -"®-'= 

1 

P
= 20.59(1- 1 2(o.549)(20.59))=0.001325 

420 

2 As= 0.001325(120) (285} = 45.315 mm • 

Checkfor As.min: 

ffi > 1.4 As. =-( )(bwXd)_-(bwXd} (ACJ -10.5.1) 
mn 4 fy fy 

✓24 14 
s.7,,520f28s)> !" (120 (28s)) 4 420 420 

Asmn = 99.73 <114mm2 

Asmn = 114mm2
• 

4S.315mm2<As. ==114mm2 
mn • 

A 
n =-s = 114/78.S= 2 bars 4% par Note A,,, =78.5 mm?, 
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Select 2 010: 

• Check for strain : 
Tension== compression 

A,+ f,= 0.85 ±/° « a 
157 * 420 == 0.85 * 120 * 24 * a 
a== 26.94mm 

..4.269+. 31.7 , 0.85 
6 

== 285-31.7 *0.003 
s 31.7 
c, =0.024 > 0.005 OK 

4- M,= -7.956KN. m : 

Assume bar diameter 14 for main reinforcement: 

d =320 - 20- 8- (14/2) = 285mm. 

7.9S6 M,,= ,,'= 8.84 KN.m. 

420 
m = fy = 0.85 24 = 20 59 

0.85* Jc' · 

Mn 
Rn= b * d2 = 8.84•10

6 

120-(zs?> 0.907 MPa. 

1 
p = 2 0.5 9 (1- l 2(0.907 )(20 .59) 

420 ) = 0.00221 

A,= 0.00221(120) (285) = 75.582 mm 2 • 

Checkfor A .• s,mtn• 
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- ffe (bwXd);,:.!:±(bwXd} (ACJ-10.5.1) 
As inn - 4(/y) fy 

As,, 
{a4 (po as)> !± (tao)2ss) 
4(420)" 420 

As_.= 99.73 <114mm 
mn 

2 As,,, =114mm' . 

7s.s82 mm<As,, =114mm" . 

A n = ~ 114/78.S= 2 bars 
sbar 

* Note A<1>1o =78.Smm2
• 

Select 2010: 

• Check for strain : 

Tension= compression 

fie' As * f,=0.85 b * a 
157 *420 = 0.85 *120 * 24 * a 
a= 26.94mm 
c=?_26.94 

B, o.as 3\-7mm 

6 = 285 -31.7 * 
s 31.7 0.003 

6s = 0.024 > 0.005 
OK 

*D . esign for positive moments: 

1-1M,= +23.868KN. m : 

Assume bar diameter 10 for . . main reinforcement: 

d =320 - 20 - 8 - (10 /2) = 287mm. 

M _ 23.868 
ft - o:;-= 26.S2 KN. m. 
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420 
fy _0.8524 220.59 

,n - . 
- 0.85 * Jc 

Mn 
d? _2&s@-t«® , g.619MPa. 

R,= sz0-(287) 

l 2(0.619)(20.59) ) = 0,0015 
P = 20.59 (1- 420 

1 

2 
As= o.0015(520} (287) = 223.86 mm 

Checkfor A,nun­ 

As. = ffe (bwXd)~ l.4 (bwXd} (ACI -10.5.1) 
mn 4(/y) fy 

As,,, = 100.43 < 114.8mm2 

As,,, = 114.8mm2
• 

223.86 mm> As,, =114.8mm 

A, 
n = -A -= 223.86/201.1= 2 bars 

sbar * Note Ac1116 =2O1.1mm2. 

Select 2016: 

• Check for strain : 

Tension= compression 

As * f,= 0.85 » Jc' * b * a 
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42.2 420 = 0.85 520 24@ 

a ::15.92mm 

c = _!!_. = ~:::: 18.73mm 
B, 0.85 
287 -18.73 *0.003 

6, 18.73 
& = 0.043 > 0.005 OK 
s 

2-7M,= +14.44KN. m : 

Assume bar diameter 10 for main reinforcement: 

d =320-20- 8-(10/2) = 287mm. 

M 
14.44 n',,= 16.04KN.m. 

420 
m = Jy = 0.85 * 24 = 20 59 

0.85* Jc' · 

Mn 
Rn= b * d2 _ 16,04•106 "szo-2a),5= 0.374MP a. 

1 -w,-?]» 
1 

p= 20.59(1- 1- 2(0.374)(20.59) 
420 ) = 0.000899 

As= 0.000899(520) (287) _ =134.17 mm 

Checkfor A .. s,nun• 
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1A ( \287)) _428.js fast)? pas 
As, 4(420) 

2 

As . =100.43 < 114.8mm 
run 

2 
As . =114.8mm 

m n 

2 
2 As. =114.8mm 134.17 mm > min 

n =~ 134.17/78.5= 2 bars 
As bar 

2 
* Note Aci,10 =78·5 mm · 

Select 2010: 

• Check for strain : 

Tension= compression 

As* fy= 0.85 * Jc' * b * a 

157 420 = 0.85 520 24 *a 
a=6.22mm 

c=..!!._= 6.22 =7.32mm 
B, 0.85 

= 287 -7.32 *0.003 
6, 7.32 
& = 0.115 > 0.005 s OK 

*Design for shear: 

• "9" w =0.842, *Maximum shear coefficient will be in the short direction with boundary conditions as Ill case ' a 

*The total load on the panel being (0.957.419.23) =1351.87 KN 

*The shear per rib at face of the long beam is (0.842*1351.87*0.52/ (2*9.5)] =31.153.KN 

*The shear critical section is at distanced fro111 the beam face: 

Vud = Vu.face - Wu* bf* d==31,1S3-19.23*0.52*0.285==2s.JKN 

V,= 1.1+;%24+120 » 285± 107=30.72 Ky 

0V ,=O. 75*30. 72==23.03.KN 
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V - 28 3KN <©Ve== 32. 03KN 
,,, 2±.a3.03 = 11.52KN <Vd' 
2 \U C 2 

So .. No need for shear reinforcelllent, 

ln _ 
19 23 

* o. 52 * c7·
4 - o.285) == 34.15KN 

y, =w,br.-d)= ' 2 
ud u 2 

0Vc == 23.O3KN < Vud = 34. 15KN 

V . == __!:_ * ffi * 120 * 285 * 10-3 == 10.41KN 
smin 16 

0V, = 23.03KN <Va = 34.15KN < it,(V, + Vs min)== 31. 58KN-NOT OK. 

0(V, + Vsmln) == 31. 58KN <Va = 34.15KN < it,(V c + Vs') == 64. 92KN - Case IV 

So ... Stirrups are required. 

d 285 S S 5 2 = 142. 5mm < 600mm. 

Smax = 142. 5mm 

Use 010 (2legs)@12.5cm. 

4.8 Design of column: 

*Service dead load = 266.514=1066.04KN 

*Service live load =34*4=136KN 

1- Check for slenderness: 

kl,, M <34-124,,) <40 
M, w.= l.0-brac df 2 e rame With M min 

K=l,0-for columns i n non-sway fra 
kl mes. 

u rs 34 - i2 * i - 2 - 2 < 40 

kt 1 * 3.5 
TX - 0, 3 * 0, 4 = 29, 17 >22­ long column for b . ending h a out xr-axis. 
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~ = 1' 
3

· 
5
_ = 29, 17 > 22 - long column for bending about y - axis. 

r, 0.3+0.4 
2-calculate the minimum eccentricity and the minimum moment: 

e,,, = (15+ 0.03 h) = 15 + 0.03 • 400 = 21mm 

Pu= 1. 2 * 1066. 04+ 1.6 * 136 == 1496. 848KN 

Mmln =Pu* emin = 1496. 848 *. 027 == 40. 4:KN. m 

3-Compute EI: 

E, = 47oo * J Jc' = 4700m = 323025. 2MPa 

bh? 400 
lg= 12 = 12 = 2.133 * 10

9mm4 

1.2D 1.2 * 1066. 04 
1. 2D + 1. 6L = 14:96. 848 = 0. 855 

EI=0.4E,I /(1+B )=0.4 o dns - • 23025.2*2.133/(1+0.855)=10590.35KN.m2 

4-Detcrmine the Euler buckling load: 

P, -FE1_-Ao590as 
kl,, (1*3.S)2 -8532.5.KN 

5- Calculate the moment . magnifier factor: 

c,, =0.6+0.4 ± · -=06 M, + 0.4 * 1 = 1 

6,,= % p - 1- '7 7is = 0.7SP 1- 96.848 - 1. 31 > 10 
r 0.75•8532 S • 

* ' 
Thema 'fl gnified eccentricall - Y and moment· 

e-e . mtn 0,,, = 27 * 1 .31 = 35.37m 
M,= Ii M m ns 'a=1.31%40.4 . =52 
Where M, = M - · 924KN. m 

mtn = 40.4KN 
6-Sclect the col .m um r5 cinforcem 
a-Com ent: 

pute the ratio: 

_!,_35.37 «oo =9 09 

1 

b-Comput e the rati oy: 
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d 
,00_2•40-2•10-~ == O. 688 

d- I .. y=,;- := 400 
3 k . 

14-96. 848 * 10 * 0. 145 :::: 1. 36 Sl 
OP, -= 490+400 A, 

6 < p , :::: o. 01 
For y=0.0,Pg 'mtn 

For y==0.15,Po < Pmln == O. Oi 

Po = Pmtn = 0. 01 

*Select the reinforcement: 
2 

- A = o 01 * 400 * 400 == 1600mm 
A,4 = Pg:s 

4.9 Design of isolated footing: 

*Service dead load= 266.51 *4=1066.04.KN • 

*Service live load =34*4=136.KN. 

*Service surcharge =5.KN/m2• 

*Permissible soil pressure qa == 400KN /m2
• 

*Soil density =20.KN/m2• 

1-Calculating the footing soil and the surcharge tloor load: 

---------------- 

I • 
..... i __ ..... ., 

• J •• .,., 

Figure (4-13):Isolated footing 
concentri 1 ca ly loaded square column. 
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:::: 50cm ): 
ti t·ng (assu01ch1oot1t1n a- Weight of foot 

5·,r/lJ/7112 
0.5»25 = 12.om 

W rooting 

y- Weight of soil: 

W == 1"' 20 == 20KN/m2 
soil 

I d O foundation: c- Total surcharge oa o 

w-=5+20+12.5=37.5KN/m 

d- Net soil pressure: 

q == 400 _ 37, 5 == 362. 5KN /111
2 

a.net 

e- Required sizes of footing: 

, 106604+136 A=--== - la,net 362.5 
3.32m2 

A=l2 ; l == {A = ✓3. 32 = 1. 822m 

Take/=lm, 

2-Depth of footing and shear design: 

Pu = 1.2» 1066. 04 + 1. 6 * 136 = 1496. 848KN 
1496.848 

q, = 2 * 2 374.212KN/m2• 

.m 

T but0yr sctior» for core -vwasyr suer 

Triter9y re tor ens»vwea» ta,, 

I 
.I 

m 

Figure (4-14). Sb · eard · esipgn for footing. 
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, (beam shear)> 
Y sbeat a- one-wa f support: 

roin the face o woasaed ,,@ -a) 
l ~ - d) == 374. 212 * 2 2 2 

Vu == Qu * b * (z - 2 

d=0.3m 
d steel bars of¢2O: * Assume cover 75mm, an 

b=30o+75+20==395mm 

b- Two -way shear (punching shear): 

*LetV u = 0V,, 
Vu= 374. 212(2 * 2 - (0.4 + 0. 305)2) = 1310. 86KN 
p=400/400=1 

b, = 4(0.4 + 0. 305) = 2. 82m 

a = 20 - for corner column s 

., 2o+3os, 
V,= 12 2 + 2820 ill* 2820 * 30S * 10-3 = 1461.SKN 

1 
V,=,V24% 2820 » 305 » 1073 = 1404.54KN 

V,= 1404.54KN 

©V,= 1053.4KN<V, = 1310.86KN - NOT Or, 
Try h= 500mm: 

d =500-75-20=405mm 

b, = 4(0.44 o. 405) = 3.22m 

Vu= 374. 212(2 * 2 _ (O. 4 + 0.405) 
· =1254.35KN 
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,_l.,4-szz0-405 +10° = 2129.6° 
3 

y, = 1596.2KN > V, = 1254.35KN = l 

3- Design for tlexure: 

*Take steel bars of 020: 

b =2m 

h =500mm 

a =soo-s-=# = 415mm 

- ·- .1~· (Tl 

T,lbuti:uy suct~fl •. for tTK.>fnttnt 

! ldbutmy °'"" ro, moment 

! 

Fi gure (4-15)· D . • 'eSI gn of footin ti g or flexure. 
M,= 374 . 212 * 2 * 0. 8 * 0. 8 5°=239.5 KN .m 
R, = 239.5»10° 

0.9 * 20 00 * 4152 == 0. 77 
m=20.S9 3MPa 

1 
p= 2059 (1- 1- 2(0. 773 )(20 
~ 420 ) :: 0.00188 
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44 m? 
* 415 == 1560. rn 

00188 * 2000 
- * b * d == o. 2 

As - 4g00mm 500 = - g,0018 » 2000 
A,mtn7 · m.2 

2 A,= 1560.4m1 
= 4800mm > {s As,mln - 

2 
Take As == 1aoomm 

_180 11.69 
n jg3.94 

2 
. A 1847.26mm 

Take 12 014 Wllb s - 

2000--7562-12614 _ 153mm 
S- 11 

Step "S" is the smallest of: 

1- 3h =3*500=1500mm 

2-450mm "control" 

S=153mm<S,,,, = 450mm - 0IK. 

4-Design the column -footing joint: 

Pu = 1496. 848KN 

The allowable bearing on the base of the column is: 

0(0. 85fc, * As) = 0. 65 * 0. 8S * 24 * 400 * 400 * 10-3 = 2121. 6KN 

The allowable bearing on the footings: 

=0.650.8524400400210 3 

Pu= 1496.848KN < 424302KN 

So ... Dowels are not needed. 

4.10 Design of Combin d F . e ooting: 

Footing for colurnns(C14) d an (C2l): 

-Dimensions of (C14) ==40*40 
en,, 
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(ell) ==40*40cm, 
-Dimensions of 

P, =2000+1500=3500KN. 

P,=P,/1.3=3500/1.3=2692.3K. 

q,r=400KN/. 

a- Determination of footing dimensions: 

Net allowable soil pressure = 400 KN/m 

A=P 11/q au=2692.3/400=6. 73m
2
, 

*Take 2.55 *3.15 footing dimensions. 

*Distance between two columns is 1.28m center to center. 

b- Determination of footing depth: 

Assume h = 70cmand steel bars of 20: 

davg= 700 - 75 - 20 =605 mm. 

*Factored load: 

P,for (C14) = 2000.KN. 

P,for (C21) = 1500KN. 

qu = Pu(C14) + Pu(C21) - 3500 
A, Z55»3is 435.7KN /m?. 

*Check for one wa 
y shear strength f' or C14: 
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» 15(0.8 + 0.4 + 0.605) == 477 .3KN 
Vu:::: 2000 -435.7 3. · 

1 ([,,5yd) 
¢Ve === ¢(- * ✓ J C 'w 

6 
¢Ve =0.75•¾•✓24 •605 •3150 =1167 KN 

¢Ve> Vu 
:. Safe 

*Check for one way shear strength for C21: 

Vu =1500 -435 .7 * 3.15(0.68 + 0.4 + 0.605) = 812 .6KN 
¢Ve = ¢( ¼ * ffe * bw * d) 
¢Ve =0.75*_!.*✓'24 *605 *3150 = 1167 KN 

6 
¢Vc>Vu 
:. Safe 

*So ... The thickness h=70cm is adequate enough. 

Check for two way shear (punchingshear): 

-The punching shear strength is the small t I es va ue of the following equations: 

#f, 
"3l3@rs» 
"-+#fr 
Where: 
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Column Lengfh (a) 
Pc == Colunvz Width (b) 

. (d/2) from the loaded area: 
. . tion taken at distance 

b,= Perimeter of critical sec 

for exterior column. * as=30 ...... 

for interior column. # l,=4···" 

b, = 4%(0.4 + 0.605) = 4.02m. 

1 ,· =0.s-±2K»4020%605»107° = 2978.7KN. 0v,=05/f«bod=. 5 

V,= 2978. 7KN - control. 

( 
0.605) Vcy = 2000- 435.7 * 0. 8 + 0.4 + -2- * (0. 4 + 0. 605) = 1342KN. 

r/JVc = 2978. 7KN >Vc = 1342KN. 

*So ... The thickness h=10cm is adequate enough. 

( 
0.605) Vca = 1500 - 435. 7 * 0. 68 + 0. 4 + -2- * (0. 4 + 0. 605) = 894. 6KN. 

dV,= 2978. 7KN > Vu(CZ1) = 894.6KN. 

*So , .. The thickness h=70cm is adequate enough. 

c- Design for Bending Moment: 

M,,,317.5KN.m 

The steel bars of r/)20: 

b==2.55m, h==700mm, d=700 - 75 20 20 < ·j>=595mm, 
f=24 MPa, f .=420 Mp y uta. 

Rn= Mu_ 317.5/0.9 
hd

2 
- 2550 * 595 * 595 * 10

6 
= 0.39 MP a 
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fy - 420 == 20.59 
qg5 f6 - 0.85 * 24 

, res] p==- 1- 1 
m\ J, 

..,, 2 X 20.59 X 0.39 J = 0.00094 
p 20.59 420 

AsRcq. = p * b * d == 0.00094 * 2550 * 595 = 1426 .2mm 
2 

Asshri11koge== 0.0018 * b * h == 0.0018 * 2550 * 700 = 3213 mm 
2 

As shrinkage= 3213mm2 > Asreq = 1426. 2mm2 

So ... As = 3213mm2 

Use110 20 · ·.......... with Asprovided = 3456.2 mm 2 

g. 2550 -75·2- 11-20 
10 218mm 

Step (S) is the smallest of: 

1- 3h = 3700 =2100 mm. 

2-450mm 

S=218 mm<S, .,=450 max hmm-ok, 

d-Design th fl e exural reinf orcement . th m e transvers direction. 
*For C14: ~ _ • 

2.SS - 784.3.KN/m, 

M _784.3 (2 «"5"·(4£ de? 
2 2 =453.2KN, m 

d= 700- 75 .39 
2 

Rn» ± «_ 453.2/0.9 ba? 1600 615 615 * 106 ==- 0.83MPa 

-control 

= 615 mm 
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fy - 420 == 20.59 
m- 0.85* Jc' - 0.85*24 

, .3es] p=- 1- 1- m f, 

= -2-(1- 1 2 X 20.59 X 0.83 J := 0.00202 
p 20.59 420 
As,,= pbd = 0.00202 1600 615 = 1987 .7mm 
As shrinkage= 0.0018 * b* h = 0.0018 *1600 * 700 = 2016mm 

2 

:.4s = 2016mm 

Use7 02O with Asprovided = 2199.4 mm 
2 

S 1600 -75- 7•20 
6 

230.Smm< 450 mm -Ok. 

*F C 1500 or '21:=588.2KN/m 2.55 • /j • 

u, =2,(ass os 2 2>, =639.8KN.m 

d=7OO-75 ~o = 61S mm 

Rn= M~ == 639.8/0.9 
bd 1600*615*615 *106 ==l.17MPa 

m= fy _ 420 
0.85 * Jc' - 0.85 * 24 == 20.59 
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1 ( 2 X 20.59 X 1.17 J ::: O 0029 "s»l' - l - 420 . 

As,,,.= p*b*d = 0.0029 *1600 • 615 = 2853 .6mm' 
Ass,,,,,= 0.0018 b • h = 0.0018 * 1600 * 700 = 2016 mm' 

:. As = 2853 .6mm 
2 

UselO 02O with Asprovided = 2199.4 mm 
2 

S_ 1600 -75- 10•:ZO 
9 

-147.2mm<45O mm -Ok. 

4.11 Design of stair: 

% 
. ·- '71\_:_, __ .=~=--=~=-~~~=~---==_.---~~-...:.;=·~ =. ==1 

. ·--- --- __:_,,,j 

i . • • • • ; I 
- I 

il 

Figure (4-16)· St . · air Plan. 
Minimum slab thickn ess:1- 

h min= ±. __520 
20 -20 = 26 cm. 

,ntn= 260 mm. 

2- Loads: 

Flight Dead L oad com S= putatlon: 

tan +(g#re) a) =@n+(Ee) 
300 =26.56° 
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Tiles 

27 0.15+.035 

22 
Mortar 

Stair Steps 
25 

Reinforced Concrete Solid Slab 
25 

0.15+.03 
22+(.. ' )0.02,4 

25 0.15-03 q =k(] 0.3 2 {=Ls, 
25 * 0. 25 * 1 

22 
Plaster 

Total Dead Load 

cos26. 56 :::: 6. 99 
22 * 0. 03 * 1 
cos26. 56 :::: 0. 738 

11.61 

Material 
Tiles 

_Mortar 22 

KN/m3 y.h.1KN!m - · 
22*0.03*1=0.66 

Reinforced Concrete Solid Slab 25 
22*0.02*1=0.44 
250.251=6.25 

J>laster 22 
Total Dead Load 

22*0.03*1=0.66 
8.01 

*Live load = 4 KN/m2 

w = 1. 2 D + 1. 6 L 

For Flight w = 1.2 * 11. 61 + 1. 6 * 4 = 20.33KN /m. 

For Landing w = 1.2 +8.01 + 1.6 * 4 = 16,01KN/m, 
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3- Design of slabS1: 

•• , •• f 

Figure ( 4-17):Slab (S1 ). 

*Check for shear strength: 

Assume bar diameter 14 for main reinforcement: 

d =260- 20- (14/2)= 233mm. 

V,,,38.1 KN. 

v,=E, ,/zE» 1000 + 233 » 107=190.24 KN/Im strip. C 6 

0Vc = 0. 75 + 190.24 = 142.68 KN/Im strip. 

1 
"a38.1 KN <5j0V, = 71.34 KN. 

So ... The thickness of the slab is a dequate enough. 

*Calculate the maximum bending moment and steel reinforcement: 
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(1. 8152
) == 65, 56 KN. m 

+ 0 785) 20.33 3 (1 815 · Mu= 38.1 * . 

Mu - ~ = 72. 84 KN. m/m. 
M,=,'7as ant: w · forceme • 14 for main rem *Assume bar diameter 

20 (14/2) = 233mm. d =260 • • 

420 
fy = 0.85 * 24 = 20.59 m_ 

0.85 fc 

Mn 
b * d 2 - na4•to6 = 1.34MPa. 

Rn= - 1000•(233)2 

1 
,24.34920.59) y , o.oossos P = 2 0.5 9- 420 

2 As= 0.003303(1000) (233) = 769.SS mm · 

Check f or A,,,: 

As. =0.0018 *1000 *260 =468mm2• mn 

A.f= 769.55 mm2>Asmin = 468mm2- OK. 

n = ~ = 769.55/153.93= 5 bars A% par Note As;% =153.93mm?. 

Take 5014/m or 014@200 mm. 

Step (S) is the smallest of: 

l-3h = 3*260 = 780 "'"'· 

2- 450 mm. 
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3-3so(/eo )- 2. 5 * 20 == 330 mm. 
;+420 

s,;300(-/00 )==300 mm - control. 
5y420 

S==200 ntnt<Smax == 300 mm- OK. 

"Shrinkage reinforcement: Temperature and 

A,= 0.0018(1000) (260) = 468 mn 
2
, 

A n =,'_=468/153.93= 4 bars 
sbar 

1 S=-= 0.33m. 
n 

Take 4014/m or ¢14@300 mm. 

Step (S) is the smallest of: 

1-Sh = 5*260 = 1300 mm. 

2- 450 mm -control. 

S=JOO mm <S,,,,y = 450 mm - OK. 

" Note As;% =153.93 mm. 
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bS2: 4- Design of sla 

' \kN'm l .j . j, _j, j 

.. I '"("' j. ! ... 

, i KM 

Figure (4-18): Slab (S2). 

35. 73 
w = __ = 18. 71 KN/m. R 1.91 

*Check for shear strength: 

Assume bar diameter 014 for main reinforcement: 

d =260 - 20 - (14/2) = 233mm. 

l i- . 
-, Pl» 

l . I, I 

(•_ In, . -• ., ., .,,, 

V,,,36.45KN. 

V, = ¾ • ../24 • 1000 • 233 • 10-•-190,24 KN /hn •trip. 
0Vc = 0. 75 * 190. 24 = 142. 68 KN/Im strip. 

"" J ! . 

r .! 

J. ,_ • fTl 

'«o 
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1 v,,,63.45KN <;0V, = 71.34 KN. 

So ... The thickness of the slab is adequate enough. 

*Calculate the maximum bending moment and steel reinforcement: 

(2.035) 
Mu = 36.45 * 2. 035 16.01 q 

=58.6 KN.m 

M.-Ma_506_ n 
0 
- 

0
_
9 
- 65.13 KN. m/m. 

*Assume bar diameter 14 for main reinforcement: 

d =260-20- (14/2} =233mm. 

420 

m = 0.8i Jc' = 0.85 * 24 = 20.59 

Mn 
Rn= b6d 65.13•106 

"zoo0-(z33z> 1.2MPa. 

1 
p = 20.5 9 (1- 1- 2(1.2)(20.59) 

420 ) = 0.00295 

As= 0.00295(1000) (2 33)= 687.35 2 · mm 
Check/or A • 

s,min& 

As,, =0.0018 1000 260 =46g, ? 
A- mm . 
.r 687.3Smm2>A 

smtn == 468 mm?- OK 
n- As • 
- As bar= 687,35/1S3 93- • - 5 bars 

Note A 
C1>14 ::153 93 : mm°, 
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s=?= 0.224 m. 
n 

+Take 5014/m or 014@200 mITh. 

Step (S) is the smallest of: 

1-.3h = 3260 = 780 mm. 

2- 450 mm. 

3.3so(/so )-2. 5 * 20 = 330 mm. 
;+420 

S<300( 280 )=300 n,m - control. 
= E420 

3 

S=200 mm <Smax = 300 mm - OK. 

>IShrinkage reinforcement: Temperature and 

As= 0.0018(1000) (260} = 468 mm 2• 

A n =," = 468/153.93= 4 bars 
sbar 

1 S=- = 0.33m. n 

Take 4014/m or 014@300 mm. 

Step (S) is the smallest of: 

1-5h = 5260 = 1300 mm. 

2- 450 mm -control. 

S=300 mm<S,,, = 450 mm - OK. 

* Note Ac1>14 =153.93 mm 2• 
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5- Design of slab 53: 

• 1 
I 

i KN 1 • ,,n 

1<N1 ... , 
J .! 

I I 
I 
i 

l ~ .,.-. 

Figure(4-19):Slab (S3). 

*Check for shear strength: 

*Assume bar diameter 014 for main reinforcement: 

d =260 - 20- (14/2)= 233mm, 

V,,,65.12KN. 

V, = ¼ • ../24 • 1000 23.3 + lo-•=190.24 KN /1m strip. 

0Vc = 0. 75 * 190. 24 == 142. 68 KN!1rn strip. 

119 



1 
v,,.65.12 KN <]0V, = 71.34 KN 

So ... The thickness of the slab ts adequate enough. 
•Calculate the maximum bending moment and steel reinforcement: 

M,= 65.12 2.03S- 26.416S • 1. 21- 30.871S 1.21-7.82705 » p, 
==61.7 KN.m 

M 
_Mu 61.7 %,'=,j=68.55 KN.m/m. 

Assume bar diameter 14 for main reinforcement: 

d =260 -20- (14/2) = 233mm. 

420 
m = fy O 85*24 0.85 * Jc' = . = 20.59 

Mn 
Rn= b * d2 = 68.SS•106 

1000-(2s3y? 1.26MPa. 

1 
p = 2 0.5 9 (1- 1- 2(1.26)(20 .59) 

420 ) = 0.003099 

As= 0.003099(1000} (233) - = 722.03 mm 

Check/or A s,min+ 

as,, =0.0018 1000 2f>O :::: 468 rron 2 
A=72 . 

s' 22.03 mm?>A smtn = 468 mm?. O 
n- As - K. 
- As bar;:, 722.03/153,93- - 5 bars 

* Note A a =153,93 · mm2
• 
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s=?= 0.213 m. 
r 

Take 5014/m or 14@200 m1Ill: 

Step (S) is the smallest of: 

1.3h = 3260 = 780 mm. 

2- 450 mm. 

3.3so( 2so )- 2. 5 * 20 == 330 mm. 
2,420 
3 

s~oo(/80 )==JOO nim - control. 
5+420 

S=200 n,m<Smax = 300 mm - OK. 

"Shrinkage reinforcement: Temperature and 

As= 0.0018(1000) (260} = 468 mm 2• 

A n =,]' = 468/153.93= 4 bars 
sbar 

* Note Acs,14 =153.93 mm 2• 

1 S=-= 0.33m. n 

Take 4014/m or 014@300 mm. 

Step (S) is the smallest of: 

1-5h = 5260 = 1300 mm. 

2- 450 mm -control. 

S=300 mm<S,,,, = 450 mm - OK. 
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· f' l1ear wall: 4- 12Design o s 

Mu-Diagram Vu-- Diagrarr 

\100.2 KN.m 

238. 7KN.m I-------. 

9 2 0. ·1 '.:5 I< 1\1. m 

L- _.,,, 2666.15 Kl\l.rn 

Lr 
C"'i 

62 K 
~ 
M 

17 
,n 
co 

----. 
r p 

30 KN 

7 KN 

3.38N 

Figure (4-20): Moment & Shear-Diagram for Shear Wall. 
Shear Wall Design Parameters: 
=24MPafc' 

=420MPa.Jy 

h=Jo cm. Shear wa]I thickness. 
L,,= 2.4m. shear wan Width 
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w=14 m. Story heigll 

Design of the Ho1izontal reinforcement: 

fternal forces & moment!Si 

J r=«=388 KN 
Critical Section 

Lw 2.4 
2 

== 
2 

== 1.2m(Control) 

lzw 14 -==-== 7m 
2 2 

Mu==2132.65KN 
Design it by us· R s 4 ., mg emaorced concrete: 

Vu=388KN 
Vn = Vu /0.75 = 517 KN 

Design of shear 
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0 8 * 2 4::::: 1.92m 
4 =0.8 Lw= - · - . 1 'z4 * 0.3 * 1.92 ::::: 470 .3.KN 
Ve == J_ * ffe * h * d ::::: 6 ✓ Lft 

I 6 r;::; * * d N * a /4o31.92, 11.92 _ 905.5KN 
✓Jc h ,'= 4 42.4 "-y] «a.,v,) lw ffe + l * I h d ./24 . 2.4 * 0.3 .4F, {""%!5 2zas 24 

3 2 Mu - 3.- 388 2 
V, 2 

Vs =Vn- Vcl 
Vs= 517- 308 = 209 KN 

(
Avh) Vs _20910° .0.2592 * 10-3 m 
S2 = Fy * d - 420 * 1.92 

(A;~•")= 0.0025 * h = 0.0025 * 0.3 = 0.75 10°m(Control) 

Lw S2=-=2400 /5=480mm 
5 

S2=3 * h =3 * 300 = 900mm 
select >2610>As=1.58cm2 
Av 
Sl =0.75mm 
158 . sa 0.?5 ➔ S2 = 210.?mm(Control) 
Select .... S2 = 20cm < Sreq. = 21.07 cm 
S2selected = 20cm < 7Scm 
use .... 2¢10@20cm(c I c)in 2/ayer 

* 0.3 *1.92 
10 =308K One; 

Select 2CI> 10 120cm I ---------------~--------~------1 • n tow layer 
Design of the Vertical reinf orcement: 
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hw Avh S))S h 
. ::: (0.0025 + 05(2.5- -)(- 0.002: I 

Pao lw' 'S,h 

~::: ~::: 5.83 > 2.5 
L, 24 
Avn == 0.0025 x S, x h, 

s.--1 =±y2.4= 800m 
I 3 3 

S,=3 x h == 3 x 300 = 900 mm 
Select2¢10 With area As= 158mm 

2 

158 = 0.0025 x S, x 300 
:. S, = 210.1mm(Control) 
SelectS1 = 20cm < 21.07cm 
S=20cm 
~Select2¢10/20cmcl c 

Select 2cf> 10 / 20cm. In tow layer 

Design of bending moment: 

Mu =2666.lSKN.m 

C> ly 
°600+ (S,/h,, 

Assume Sn/Inv = 0.007 

C> 2.4 
- 600 * 0. 007 = 0. 57 

C, =C-0.1xL 
C - w 

w - 0.57 - 0.1 X 2 4 - · - 0.33rn 
0.57 5, -928s» c,= V 
Sele 2.0 
e ectThebounda , ryelement= 50c 
~- 2.4 m>33cm 

on,\5® =1896m? a w S,==-xA 
sI 8

v 
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z 1 z;;; = 2+ (0.85 • p* Jc* Lw* h)i(As, * Fy) 
z 1 - -- 6 -0.100 
j,} 5+(6.85x0.85x 24x 2.4x 0.3)/(1896 x10 x 420) 

sc-as-s-»-[f;/?]) 
0.9*420 *0.5*1896 x10°x2.4(1- 

0
·~
00
) = 817 .02 kN.m 

Mu,s,,,, = 2666.15 -817.02 == 1849 .13 kN.m 

Ast Mu/¢ 1849.13xl0
6 
/0.9 

fyx(Lw -cw) 420 x (2400 -500) ~ 2574.7mm' 

As = 2574. 7 + ( 4 x 79) == 2890. 7 mm 2 

:.Use20 >Select\020 -> As = 3140 mm 
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.Appendix A: Architectural Drawings 1, 

.Appendix B : Structural Drawings 1,r 
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