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Abstract 

Structural Design of Commercial Building 

(Hebron City Center) 

Areej Al- Halahla 

Project Team 

Hanan Taha Rawan Sultan 

Palestine Polytechnic University-2007 

Supervisor 

Eng. Nafiz Naser Al-Deen 

The aim of this project is to make the structural analysis and design of elements 

for the commercial building. So the architecture drawing had been prepared to 

investigate the design by establishing the location of required expansion joint, the 

columns and the structural walls. 

This building consist of eight levels which contain barking, tax free market, 

shops, restaurants, offices, and clinical office distributed in different levels. 

Finally the structural design of this building will be carried out according to the 

Jordanian and to the ACI code. 
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List of Abbreviations: 

• Ac= area of concrete section resisting shear transfer. 

• As = area of nonprestressed tension reinforcement. 

• Ag = gross area of section. 
• Av= area of shear reinforcement within a distance (S). 

• At= area of one leg of a closed stirrup resisting tension within a (S). 

• b = width of compression face of member. 

• bw = web width, or diameter of circular section. 

• Cc = nominal compression concrete moment strength provided by concrete. 

• Cn = nominal compression strength. 

• Cs = nominal torsional moment strength provided by torsion reinforcement. 

• DL = dead loads. 
• d = distance from extreme compression fiber to cancroids of tension 

reinforcement. 

• Ee = modulus of elasticity of concrete. 
• Fy = specified yield strength of non-prestressed reinforcement. 

• h = overall thickness of member. 

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

• Ln = 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. 
• Ld = development length. 

• M = bending moment. 

• Mu = factored moment at section. 
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• Mn = nominal moment. 

• Pn = nominal axial load. 

• S = Spacing of shear or in direction parallel to longitudinal reinforcement. 

• V c = nominal shear strength provided by concrete. 

• Vn = nominal shear stress. 

• Vs = nominal shear strength provided by shear reinforcement. 

• Vu= factored shear force at section. 

% We=weight of concrete. (Kg/m'). 
• Wu = factored load per unit area. 
• <I>= strength reduction factor. 
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Chapter Four 

Structural Analysis and Design 

4-1 Introduction 

In this chapter, we will show the procedure for designing the several structural 

members of our project, so we will Discuses the steps that we followed to design the 

Ribs, beams, slabs, columns, retaining wall, foundations, and the sheer walls. 

So, this chapter will contain a sample calculation related to one of the preceding 

members contained in this project. 

All of these members will be designed according to (ACI - code-318 02). 

4-2 Determination of the Thickness of the slab 

There are two main types ofloads acting on the structure:- 

1- Dead loads: - which will be determined by the weight calculations based on its 

density. 

2- Live load: And its value will be taken from the Jordanian code. 
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The thickness of the slab will be determined according to (ACI- Code -318), 
table 9.5 a. So, according to this code, the minimum thickness of the slab of non- pre­ 

stressed beams or one way slabs is calculated as follows :­ 
We will take the most length span available in our project, which its number is (R2), in 

the ground floor. 

See the following figure (4-1). 

Inter ier Interior Interior 

']-f--f-,-J 
»»»{[el 

Fig (4-1) The widest Rib 

h min = Ln / 21 = 6. 7 / 21 = 0.319 m. 

h min= Ln /18.5 = 5.5 / 18.5 = 0.297 m. 

h min= Ln / 16 = 3.4 I 16 = 0.213 m. 

h min= Ln / 8 = 2.2 / 8 = 0.275 m. 

For Interior span. 

For Exterior span. 

For simply supported beam. 

For cantilever. 

So, for the longest interior span: ­ 
• Ln = 6.7m 

• hmin=6.7/21=0.319m=31.9cm 

As we calculated the minimum thickness is 31.9 cm, we will take it as 35 cm. With 

block size (27 cm*40cm*20cm), and the concrete cover above the block will be equal 
8cm. 
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4-3 Design of the Rib (Rl) 

A B C D E F 
1 2 3 4 5 

ii ii ii ii ii ii 
1. 5. 1. 2.3 1. 5.2 1. 5.9 1. 2.4 1. 

I I I I I I I I I I 3.4 I I 
6. 3.3 6.2 6.9 

Fig (4-2) Rib (Rt) 

4-3-1 Load Determination 

1. Dead load: 

Dead load of ribbed slab: ­ 
• Topping= (0.08) * (0.55) * (2.5) = 0.11 t Im. 

• Rib= (0.15) * (0.27) * (2.5) = 0.1013 t Im 

• Block= (0.27) * (0.40) * (0.9) = 0.0972 t I m 

• Sand= (0.1) * (0.55) * (2.0) = 0.11 ti m 

• Tile= (0.03) * (0.55) * (2.2) = 0.0363 t Im 

• Plaster = (0.03) * (0.55) * (2.2) = 0.0363 t I m 

• Partitions= (0.125) * (0.55) = 0.069 t Im 

Total Dead Load = 0.56 t Im 

2. Live Load: 

For stories= 500 kg I m 2 = 0.5 tlm 2 • 

= 0.5 *0.55 = 0.28 t Im. 
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4-3-2 Design of Topping 

• Live load= 0.5 t / m 2 (For stories). 

• Dead load= (0.56 / 0.55)-(0.1013 / 0.55) = 0.834 t Im 2 

W, = 1.2 (0.834) + 1.6 (0.5) = 1.801 t / m 2 

a Assume slab is fixed at support point (ribs): 

·»#±] 
Mu= ( l.80:; 0.4' J - 0.0240 t.m, for Im wide strip. 

" According to ACI (9.5.2.3) 

f,=400 MPa 
J; = 30 MPa >f'= 0.8 x 30 = 24 MP a 
fr =0.7Jl: =0.7✓24=3.43MPa=0.0343 t/cm2 

s _b 100x8 _ 1066.7 cm 
6 6 

M,= f,x S = 0.0343 x 1066.7 = 36.6 t.cm = 0.366 t.m 

dlM, = 0.55x 0.366= 0.2013 t.m = 0.55 for plain concret 

M,>M, 
0.2013 > 0.0240 

No structural reinforcement is necessary 

:. Provide Shrinkage & Temperature Reinforcement: 

" Referring to (ACI-7.12.2.1.b). 

The steel used in our region has a yielding stress = 400 MPa. 

= 0.0018. 
• As =pxbxd=0.0018x100x8=1.44 cm2/lm 

Use bars <I> 8 

33 



#of bans=!-2 a.88 
0.5 

•. use 4cpcp @25 cm 

A = lOO x 0 5 = 2 cm /Im. sproide 25 · 

Use <I> 8 @ 25 cm 

4-3-3 Design of Negative and Positive Moment: 

-4.4 

3.2 

3S 1.58 1.32 2.79 3.41 3.45 3.45 2.21 1.19 

Fig (4-3) Moment envelop for rib (Rl) 

Using Atir software we found that the envelope of moment for this Rib ( Rl ) is 

as follows:- 

See fig (4-3). 

a Live load = 0.28 ton/m. 

• Dead load = 0.56 ton / m. 
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4-3-3-1 Design of Negative Moment 

Support B & Support E : 

• Negative Mu max =- 3.3 t.m 

• d = h- Cover- (d/2) - db (stirrups)= 35 - 2-(1.4/2)- 1.0 = 31.3 cm. 

Mn • Rn,» 5, 3.3x10_ 6.8 kg/cm = 0.68 MPa. 
0.9x 55x 31.3° 

f, 400 
■ m= Y =---=19.61 

0.85/; 0.85x24 

··!-'FI 
= 1 (l--J1_2*19.61*0.68J=O.OOl? 

p 19 .61 400 

• A,,=pxbxd=0.0017x55x31.3=2.9 cm 

= ffe (bw )(d) ~ ~(bw )(d) 
4(f) fy 

s A, » 

" A, au = .JiA" (15 )(31 .3) ~ ~(15 )(31 .3) 
4( 400) 400 

• As min = 1.4 cm 2 
~ 1 .6 cm 2 •••••••• 1.6 cm2 controls 

• As ,eq = 2 . 9 cm 2 > 1 . 6 cm 2 

s select A, ,, =2.9 cm° 

2.90 
• # of bars= ~ = 1.88 bar 

Use 2<1>14 mm . .. . .. . .. . .. . . . with As= 3.08 cm2
· 
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• Check yielding 

T = A,x f, = 3.08 x 4.00 = 12.32 t s Y 

C=0.85x f!xb, x a 
C 12.32 a=---- -----=4.03 cm 

0.85 x f/x bE 0.85 x 0.24 x 15 
From table B = 0 .85 

a 4.03 
x = - = -- = 4. 73 cm /3 0.85 

,°.9(0.003) 31.3-4.73, 6,903 = 0.016 
s X 4.73 
0.016 > 0.005 o.k 

Support C: 

• Negative Mu max= - 2.2 t.m 

■
Rn, _ Mn_ 2.2x10.4.53 kg/cnm? =0.453 MPa 

req bd2 0.9x55x31.32 

■

= 1 (1- /1 _ 2 * 19 .61 * 0.453 ] = 0.001 
p 19 .61 \/ 400 

A.,. min 
■

■ As , =pxbxd=0.001x15x31.3= 0.516 cm 

= ffe ( bw )( d) ~ l .4 ( bw )( d) 
4() fy 

A, a 
■

= ✓2A (15 )(31 .3) ~ ~(15 )(31 .3) 
4( 400) 400 

% #,4% =1.43 cm 2 
~ 1 . 6 cm 2 

2 ........ 1. 6 cm controls 
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A = 0.516 cm 2 < 1.6 cm 2 s req 

■
select A, , = l .6 cm 2 

1.6 
■ # of bars = ~ = 1 . 04 bar 

Use 24014 mm with As= 3.08 cm 

■ Check yielding : 

T=A,x f,=3.08x4.00 =12.32 I 
C=0.85x f!x b, x a 

C 12.32 a=-----=-----=4.03 cm 
0.85 x 1: x bE 0.85 x 0.24 x 15 

From table /3 = 0.85 
a 4.03 

x = - = -- = 4. 73 cm /3 0.85 

49(0.003) 31.3-4.73,6,003 = 0.016 
s x 4.73 
3 0.016 > 0.005 o.k 

Support D: 

■ Negative Mu max = -4.4 t.m 

■ d = h - Cover- (d/2) - db (stirrups)= 35-2-(1.4/2)- 1.0 = 31.3 cm. 

Mn 4.4x10° 2 
• Ra 57F 0.955x31,3F =9.07 kg/cm =0.907 MPa 

■ m=.h_ 40019,61 
0.85/; 0.85x24 
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• 

= 1 (1-.J1 _ 2 *19 .61 0.907 J = 0.0023 
p 19 . 61 400 

• 

• 

As req = p X b X d = 0.0023 X 55 X 31.3 = 4.0 cm 

A. . = ffe (bw )( d) ~ .!._:i_(bw )( d) s mm 4(fy) fy 

= .J24" (15 )(31 .3) ~ ~(15 )(31 .3) 
4( 400 ) 400 

A, no 

As min = I .4 cm 2 
~ I .6 cm 2 

•••••••• 1.6 cm controls 

A = 4.0 cm > 1.6 cm? s req 

select A,%, =4.0 cm 

4.0 
• # of bars= 7.54 = 2·6 bar 

Use 3<1>14 mm .. .. .. .. .. .. .. . with As= 6.03 cm 

• Check yielding 

T=4,x f,=4.62x 4.00 =18.48 t 
C =0.85 x f!'x b, x a 

C 18 .48 a=-----=-----=6.04 cm 
0.85 x f!xb, 0.85 x0.24 x 15 

From table /3 = 0. 85 
a 6.04 x = - = -- = 7 .1 cm /3 0.85 
d- x ( ) 31 .3- 7. I &,=x0.003 =x0.003 = 0.010 

X 7 .1 
> 0.010 > 0.005 o.k 
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4-3-3-2 Design of Positive Moment: 

1st span (L = 6.0m) 

• Positive Mu max= 3.2 t.m 

• Effective Flange width (bE) according to ACI code 8.10.2: 

b, For T- section is the smallest of the following: 

b, = L / 4 = 6.0 / 4 = 1.5m =150 cm. 

b, =b,+16t=15+16(8)= 143 cm 

b, = CIC spacing= 55 cm.................... Control 

b =55cm. 
E 

■ Determine whether the rib will act as rectangular or T - section: 

■ For a=t=8 cm 

■ C = 0.85 x f! x t x b, 0.85 (0.24) (8) (55) = 89.76 ton 
■ Mn= Tor C (d-0.5 a) = 89.76 ( 31.3 -0.5 ( 8)) / 100 = 24.5 t.m 

s pMn=0.9 ( 24.5 ) = 22.05 t.m 

• Check <I> Mn =22. 05 t.m > Mu = 3.2 t.m 

■ :. Design as a rectangular with bE = 55 cm 

Mn 
■ Rn=- bd 

3.2x10 .26.5 kg/cm =0.65 MPa 
0.9x 55x31.3° 

= 1 ( I _ .JI _ 219 . 6 I * 0 . 65 J _ 
p 19 . 61 400 = 0 . 00 l 7 

" 4,,,=pxbxd=0.0017x55x31.3=2.8 cm 
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" A, 

A, an 

= ffe (bw )(d) ~ ~(bw )(d) 
4(y) fy 

= .J2A" ( 15 )( 3 1 . 3) ~ 2.:±._ (15 )( 3 1 . 3) 
4( 400) 400 

A = I 43 cm > 1 . 6 cm 2 
•••••••• 1.6 cm controls s min • 

As ,eq = 2 . 8 cm > 1 . 6 cm 
select As ,eq = 2 . 8 cm 

2.8 
■ #ofbars= 1.54 = 1.8 bar 

Use 24014 mm .. . .. . . . . .. .. .. with As= 3.08 em. 

• Check yielding : 

T =A,x f,=3.08x 4.00 =12.32 t 
C =0.85x f!xb, x a 

C 12.32 a=-----=-----=4.03 cm 
0.85 x 1: x bE 0.85 x 0.24 x 15 

From table fJ = 0.85 
a 4.03 x = - = -- = 4. 73 cm /J 0.85 

s,2°(0.003) 31.3-4.73,6,003 = 0.016 
X 4.73 

3 0.016 > 0.005 o.k 

3" Span ( L= 6.2 m): 

• Positive Mu max= 2.7 t.m 

• Effective Flange width ( r ) according to ACI code 8.10.2: 



b, For T- section is the smallest of the following: 

b, =L/4=6.2/4= l.55m=155cm. 

b, =b,+16t=12+ 16 (8)= 140 cm 

b, = CIC spacing= 55 cm.................... Control 

b = 55 cm. 
E 

• Determine whether the rib will act as rectangular or T - section: 

• For a= t = 8 cm 

■ C = 0.85 f.'»t x bE = 0.85 (0.24) (8) (55) = 89.76 ton 
• Mn= T or C (d-0.5 a) = 89.76 ( 31.3-0.5 ( 8)) I 100 = 24.5 t.m 

• <!>Mn= 0.9( 24.5) = 22.05 t.m 

• Check <!>Mn= 22.05 t.m >Mu= 2.7 t.m 

• :. Design as a rectangular with bE = 55 cm 

■
Rn= Mn 2·7xl0

5 
=5.5 kg/cm2 =0.55 MPa 

bd 0.9 X 55 x31.3° 

■

= ® 19 .61 0 .55 J = 0 .0014 
p 19 .61 400 

■ As req = px bx d = 0.0014x 55x 31.3 = l.90cm2 

s A, n 

A, an» 

= ffe (bw )(d) ~ ~(bw )(d) 
4(fy) fy 

= .JiA" (15)(31.3) ~ ~(15)(31.3) 
4( 400 ) 400 

A, %% =1.43 cm 2 
~ 1.6 cm 2 

........ 1.6 cm2 controls 

A,, =1.90 cm >1.60 cm 
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select As req = 1.90 cm 2 

1.90 
■ # of bars= 1.54 = 1.23 bar 

Use 24014 mm . . . . . .. .. . . . .. . with As= 3.08 cm 

• Check yielding : 

T = A x f = 3.08 x 4.00 = 12.32 t s y 

C=0.85x f!x b, x a 
C 12.32 

a= = = 4.03 cm 
0.85x f!'xb, 0.85x0.24x15 

From table /3 = 0.85 
a 4.03 x=-=--=4.73 cm /3 0.85 

,79(0.003) 31.3-4.73 9.003 = 0.016 
s X 4.73 
3 0.016 > 0.005 o.k 

4" span (L=6.9 ml: 
• Positive Mu max = 2. 7 t.m 

• Effective Flange width (b,) according to ACI code 8.10.2: 

b, For T- section is the smallest of the following: 

b, =L/4=6.9/4=1.73 m=173cm. 

b, =b,+16t=15+16(8)= 143 cm 

b, = CIC spacing= 55 cm.................... Control 

b = 55 cm. 
E 

• Determine whether the rib will act as rectangular or T section: 
• For a= t = 8 cm 
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■ C = 0.85 xJ;xtx bE= 0.85 (0.24) (8) (55) = 89.76 ton 

• Mn=TorC(d-0.5a) =89.76(31.3-0.5(8))/100 =24.5t.m 

pMn= 0.9( 24.5 ) = 22.05 t.m 

• Check <DMn = 22.05 t.m >Mu=2.7 t.m 

• . ·. Design as a rectangular with bE = 5 5 cm 

Rn= Mn 2·7xl0
5 

=5.57 kglcm2 =0.557 MPa 
■ bd2 0.9x55x31.32 

.-M-- I 
= 1 (1 _ ½ _ 2 * 19 .61 * 0 .557 J = 0 .0014 

p 19 .61 \/ 400 
■

■ As req = p x bx d = 0.0014x 55 x 31.3 = 2.43cm 

= ffe ( bw )( d) ~ 1. 4 ( bw )( d) 
4(f») fy A, a 

■

A, an = .JiA" (15 )(31.3) ~ 2.:±._(15 )(31.3) 
4( 400 ) 400 

A, a» =1.43 cm 2 
~ 1.6 cm 2 

........ 1.6 cm2 controls 

A,,,=2.43 cm >1.6 cm 

select As req = 2 .43 cm 2 

2.43 
• # of bars= 1.54 = 1 ·6 bar 

Use 2<1>14 mm . .. .. . . . . . .. . .. with As= 3.08 cm 



• Check yielding : 

T =A,x f =3.08x4.00=12.32 t 
s Y 

C =0.85x f!x b, x a 
C 12.32 a=-----=-----=4.03 cm 

0.85 x f!xb, 0.85x 0.24x15 
From table /3 = 0.85 

a 4.03 
x = - = -- = 4. 73 cm /3 0.85 

,°79(0.003) 31.3-4.73 6.003 = 0.016 
s X 4.73 
> 0.016 > 0.005 o.k 

5th span( L=3.4m): 

• Positive Mu max= 0.4 t.m 

• Effective Flange width (b,) according to ACI code 8.10.2: 

b, For T- section is the smallest of the following: 

b, =L/4=3.4/4=0.85 m=85cm. 

b, =b,+16t=15+16 (8)=143 cm 

b, = CIC spacing= 55 cm.................... Control 

b = 55 cm. 
E 

• Determine whether the rib will act as rectangular or T - section: 

For a= t= 8 cm 

C=0.85 x f!xtx b,=0.85 (0.24) (8) (55) = 89.76 ton 

• Mn =Tor C(d-0.5 a) =89.76(31.3-0.5 (8))/100 =24.5 t.m 

DMn= 0.9( 24.5) = 22.05 t.m 

• Check DMn = 22.05 t.m >Mu= 0.4 t.m 
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:.Design as a rectangular with bE = 55 cm 

• Rn= Mn 0.4xl0
5 

=.82 ks /cmn = 0.082 MPa 
bd 0.9 x 55x 31.3° 8 

··El--] 
= 1 (1- /1_2*19.61*0.082 J=0.0002 

p 19 . 61 \/ 400 

• A =pxbx d = 0.0002x 55x 31.3 = 0.35 cm s req 

" A, % 

A, a 

= ffe ( bw )( d) ~ 1. 4 ( bw )( d) 
4(fy) fy 

_ ,, )(31.3) ~ ~(15 )(31.3) 
4( 400) 400 

As m;n = 1 .43 cm 2 
~ 1 .6 cm 2 

........ 1.6 cm controls 

A, , = 0. 3 5 cm 2 < 1 . 6 cm 2 

select a, % =1.6 2 cm 

1.6 
• # of bars= 1.54 = 1.04 bar 

Use 2<1>14 mm with As= 3.08 cm 

• Check yielding : 

T = As xf,= 3.08 X 4.00 = 12.32 
C =0.85x f!xb, x a 

C 12.32 
a= = = 4.03 cm 

0.85 x 1: xb, 0.85 x 0.24 x 15 
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From table /3 = 0.85 
a 4.03 x=-=--=4.73 cm 
B 0.85 

s,Ax(0.003)2 31.3-4.73,6.003 = 0.016 
s X 4.73 

➔ 0.016 > 0.005 o.k 

4-3-4 Check of shear: 

.3.8 .3.6 -3.5 

3.7 

Fig (4-4) Shear Envelop For Rib (Rl) 

Using Atir software we found that the envelope of shear for this Rib ( Rl ) is as 

follows:- 

See fig (4-4). 

Max Vu at support D 

a Vu=3.7t 

• 0V c = 0 ✓fc' *bw * d 
6 

= 0.75 ✓ 24 (150mm) * ( 313mm) = 2.875 t 
6 10000 



• Vs min= l bw d = l15 * 31.3 10 = 1.565 t 
3 3 1000 

• 0Vc > Vu = 3.7 > 1.565 OK 

So no shear reinforcement. 

• But design by min shear reinforcement. 

Use stirrups of O10 with 2 legs, As= 0.79 cm2. 
1. S=Av*fy*d = 2*0.79*4*31.3 = 126.4cm 

Vs min 1.565 

2. S .:S d/2 = 31.3 / 2 = 15.6 cm. . control 

3. S<60 cm. 

Use stirrups 010 @ 15 cm. 

• 0Vs = 0 *Av* fy d = 
s 

0.75 * 20.79 * 4 31.3 
15 

= 9.9 t 

So use for all spans stirrups 010@ 15 cm 
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4.4 Design of the Beam (B13) 

A B C 
1 2 e 
6.3 0.4 2.7 0.4 

z. 3.1 

Fig (4-5) :Spans (1,2) in beam (B13) 

Using Atir software we found that the envelope of moment for this beam (B 13) as 

follows:- 

-21.3 

3.1 24.6 3.9 2.79 .3 

Fig (4-6) Moment Envelop For Beam (B13) 

4-4-1 Design of Negative Moment 

support (B): 

• Negative Mu max =-21.3 t.m 

• d = h - Cover- (d/2) - db (stirrups)= 35 - 4 - (2.0/2)- 1.0 = 29 cm. 

Mn 21.3x10 
• R, ,,7° 0.9x10029F 28.1 kg/cm =2.81 MPa 
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s, 
■ m=--- 

0.85xJ; 

··3--] 
= 1 (1- '1- 2 19 .61 2.81 J = 0.0076 

p 19 .61 / 400 
■ A, =pxbxd=0.0076x100x29.0= 22cm. s req 

■ A, a» 

A, a 

400 _ 19.61 
0.85x24 

ss, bw )( d) 2': l .4 ( bw )( d) 
4(y) fy 

= .JiA" (100 )( 29) 2': _!_:i_ (100 )( 29) 
4( 400) 400 

As min = 8 .88 cm 2 
~ 10 .15 cm 2 

........ 10.15 cm controls 

A, , = 22 cm 2 > 10 .15 cm 2 

select As ,eq = 22 cm 2 

• # of bars= 22 / 2.01 = 10.9 bar. 

Use 11<1>16 mm with As =22.11cm 

• Check yielding : 

T = As xf,= 22.11 X 4.00 = 88.44 t 
C =0.85x f!xb, x a 

C 88.44 
a= = = 4.33 cm 

0.85 x 1: xb, 0.85 x 0.24 x 100 
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From table /3 = 0.85 
a 4.33 

x = - = -- = 5 .1 cm /3 0.85 

%®(o.003)- 29=5./, 0.003 = 0.014 
s X 5.1 
> 0.014 > 0.005 o.k 

4-4-2 Design of Positive Moment 

span (A B): 

• Positive Mu max = 24.6 t.m 

• Mn= Mu I 0.9 = 27.3 t.m 

• Design a rectangular beam section with bE = 100 cm 

■ Rn= Mn= 27.3xla5 =36.1 kg/cm2 =3.61 MPa 
bd 0.9 x 100x 29 

··-'TI 
= '- * 19 .61 3 .61 ) = 0 .0 p 19 . 61 400 l . 

■ As req = px b X d = 0.01 X 100x 29 = 29cm 

" A,a» 

A, an 

= ffe (bw )(d) ~ I .4 (bw )(d) 
4(fy) fy 

_ H goo as)> !© aoo ca9) 
4( 400) 400 

As min = 8 .88 cm 2 ~ 10 .15 cm 2 10.15 cm controls 

As req = 29 cm 2 > 10 .15 cm 2 
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select A,,, = 29 cm 
■ # of bars= 29 / 2.01= 14.4 bar 

Use 15<1>16 mm .. . .. . . . . . . . . .. with As =30.15cm 

• Check yielding : 

T=4,x f,=30.15x 4=120.6 t 
C =0.85x f!xb, x a 

C 
a=----- 

0.85 x f'x b, 
120.6 ------=5.91 cm 

0.85 X 0.24 X 100 

From table /3 = 0.85 
a 5.91 x =-= --= 6.95 cm 
B 0.85 
d - x ( ) 29 - 6 95 

&s = --X 0.003 = . X .0003 = 0.0095 
X 6.95 

➔ 0.0095 > 0.005 o.k 
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4-4.3 Check for Shear: 

See Fig. (4-9) for shear envelope for Beam (B 13) 

.0.3 -0.8 

a.> 19.8 14.4 10.6 

3.8 

Fig (4-7) Shear Envelop For Beam (B13) 

Max Vu at support C 

• Vu max= 16.5 t 

• 0V c = 0 yfc bw d 
6 

= 0.75 ✓ 24 0000mm) * ( 290mm) = 17.8 t 

6 10000 

1. Category # 1 

Vu <0.50Ve 
16.5 <17.8/2 = 8.9t No. 

So go to category #2 
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2. Category # 2 

0.5 0Vc < Vu < 0Vc 
8.9 <16.5 < 17.8 Ok. 

4.).4w 
■ S 16 Fy 

6x.79_!/57 \9 s = 61.9cm .........control 
S 16 400 

■

■

4..10% 
S 3 Fy 

6 X 0. 79 1 100 ---= ---⇒ S = 56 .88 cm 
S 3 400 

■ bE=l00cm>80cm 

So use stirrups of 010 with 6 legs, As =0.79 cm. 

1 S = 61.9 cm 

2. S <d2 = 29 /2 = 14.5 cm control 

3. S <60 cm. 

Use stirrups 010@ 14 cm. 

■ 0V s = 0 * Av * fy * d = 
s 

0.75 * 6 * 0.79 * 4 * 29 
14 

So use for all spans stirrups 010 @ 14 cm 
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Fig (4.1) Rectangular Beam Reinforcement for (1'-4")Floor 

[ Beam Reinforcement Stirrups 
dimension 

Beam Span Positive Negative Negative 

No. length Beam Beam steel steel No. of steel d Spacing 

width depth ( exterior support ( interior (mm) (cm) 
support) support) 

2.3 50 30 3 416 4 p 16 I 4 p16 l<l> 10 15 

l 
2 4 416 

2.5 50 30 3 <l> 16 4 <l> 16 l<l> 10 15 
Bl 3 4 p16 

2.5 50 30 3 4 16 4 49 16 l<l> 10 15 

I 4 8 4016 
2.5 50 30 3 4O16 4 49 16 14 10 15 

5 4 4916 

4.9 50 35 4 4916 5<1>16 I 5 4016 14 10 15 
B2 2 10 416 

4.5 50 35 4 <1>16 5 4016 I <l> IO 15 
3 5 416 

I 2.6 50 35 3 4016 4 4916 I 4<1>16 l<l> 10 15 
2 4 <1>16 

2.5 50 35 3 4016 4 416 14 10 15 

B3 
3 9 <1>16 

2.5 50 35 3 4016 4 416 1 <l> IO 15 

5.7 
4 10<1>16 

50 35 8<1>16 5 416 14 10 15 

2.5 50 
5 5 416 

35 3 4016 5 416 
6 5 416 14 10 15 

B4 5 80 35 16 422 4 4916 1&2 % [oo]vs[] 
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Beam Reinforcement 
Stirrups 

dimension 

Beam Span 
Negative Negative 

steel No. of steel Spacing No. length Beam Beam Positive <I> (mm) 
width depth steel support interior (cm) 

exterior support 
support 

1 4 D16 34 10 15 1.4 80 35 4 410 2 416 
2 4 4916 

2.8 80 35 4 4916 2 4016 34 10 15 
3 7 416 

3.9 80 35 4 4916 2 416 34 10 15 
4 7<1>16 

8.7 80 35 8 4016 5 4016 34 10 15 
5 4<1>16 

5.4 80 35 3 4016 2 416 34 10 15 
B5 6 4<1>16 

2.6 80 35 3 416 2 416 34 10 15 
7 7 4016 

5.4 80 35 3<1>16 2<1>16 34 10 15 
8 7 

8.7 80 35 8 416 5 4016 34 10 15 
9 6 <1>16 

5 80 35 3 4016 2<1>16 34 10 15 
10 4<1>16 

3.1 80 35 3 4016 4 4916 34 10 15 11 4<1>16 

2.6 80 35 5 416 6 416 1 6 4016 34 10 15 
I 2 64016 

2.8 80 35 5<1>16 6 <1>16 340 10 15 
B6 3 12 416 

2.8 80 35 5 4016 6 416 340 10 15 
4 6<1> 16 

2.7 80 35 5 4016 6 D16 
5 64016 34 10 15 



Beam Reinforcement Stirrups 
dimension 

Beam Span 
Negative Negative 

steel steel Spacing No. length Beam Beam Positive Support 
interior 

<I> (mm) 
(cm) width depth steel No. 

exterior support 
support 

1 6 4916 3 <I> 10 15 2.6 80 35 7 4016 6 416 
2 6 <1>16 

7 416 6 4016 3 410 15 2.8 80 35 
3 12 <1>16 

35 7 4016 6 4016 3 4010 15 B7 2.8 80 
4 6<1>16 

2.7 80 35 7 416 6 4016 3 4010 15 
5 12 416 

3.4 80 35 7 416 6 416 3 <I> 10 15 
6 6 4016 

2.6 80 35 6 4016 6<l>16 1 6 <1>16 3 <I> 10 15 
2 

2.8 80 35 5 4016 6 416 12 <1>16 3 4010 15 
3 

2.8 80 35 54016 6<1>16 12 4016 3 4010 15 
B8 4 

2.8 80 35 5 <l>16 6 b016 12 416 3 <I> 10 15 
5 

2.9 80 35 5 4016 6 <l>16 6 416 3 <I> 10 15 
6 

3.3 80 35 10 416 6 4016 12 416 3 <I> 10 15 7 

B9 4.1 80 35 6 416 6 <1>16 1 6 4916 3 4010 15 
2 10 416 3 80 35 5 4016 4 <1>6 3 4010 15 
3 8 4016 3 80 35 5 4016 4 p6 15 3 410 
4 8 <1>16 3 80 35 5 4016 4 p6 3 410 15 
5 8 416 4 80 35 5 4016 4 p6 3 <I> 10 15 

3 6 8 D16 80 35 5 4016 4 p6 
7 8 416 3 <1>10 15 



4 p6 3 4010 15 
2.9 80 35 5 416 8 D16 8 

4 p6 3 4010 15 
3 80 35 5 416 8 D16 9 

4 p6 3 4010 15 
3 80 35 5 4016 

10 8 <!>16 
4 D6 3 410 15 3 80 35 5 4016 

11 8 416 
5 4016 4 D6 3 4010 15 3 80 35 

12 8 <1>16 
5 416 4 p6 3 4010 15 3 80 35 

13 8 <1>16 
35 5 416 4 p6 3 <1>10 15 4 80 

14 8<!>16 
2.9 80 35 5 4016 4 p6 3 4010 15 

15 10<1>16 
3 80 35 5 4016 6 4016 3 <I> 10 15 

16 64016 

BIO 4.9 80 35 10 10 4016 1&2 10 <1>16 3 <!>10 15 

3.8 80 35 13 416 6 4016 I 64016 3 <I> 10 15 
2 12<1>16 

3.1 80 35 13 416 6 cD16 3 <I> 10 15 
3 64016 

2.9 80 35 5 416 6 4016 3 <!>10 15 
4 64016 

2.9 80 35 5<!>16 6 416 3 <I> 10 15 
5 12416 

Bl I 4 80 35 8 cD16 6 cD16 3<1>10 15 
6 12<1>16 

3 80 35 5 4016 6 4016 3 <I> 10 15 
7 64016 

3 80 35 5 4016 6 416 3<!>10 15 
8 64016 3 80 35 5 4016 6 4016 3 <I> 10 15 
9 12<!>16 3 80 35 5 4016 6 416 3 4010 15 
10 64016 3 80 35 5 4016 6 4016 3 <I> 10 15 
11 64016 3 80 35 5<!>16 6 416 15 12 12<!>16 3 <1>10 
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3 410 15 
3 80 35 5 4016 6 416 

124016 13 
6 416 3 410 15 

4.1 80 35 9 q16 
124016 14 

6 4016 3 4010 15 
3 80 35 5 4016 

15 64016 
6 D16 3 410 15 3 80 35 5 4016 

16 64016 
7 4016 6 4016 3 410 15 2.9 80 35 17 64016 

1 6<Dl6 3 4010 15 1.4 80 35 10 4016 6 4016 
2 64016 

2.8 80 35 5 4016 6<!>16 3 4010 15 
3 6<D16 

3.9 80 35 5 416 6 <!>16 3 410 15 
4 18<Dl6 

8.7 80 35 14 <Dl6 6<!>16 3 410 15 
5 19<Dl6 

5.4 80 35 5 <!>16 6<!>16 3 4010 15 
B12 6 12<Dl6 

2.6 80 35 5 4016 6 <!>16 3 4010 15 
7 6<D16 

5.4 80 35 5 <!>16 6<!>16 3 4010 15 
8 l 96<Dl6 

8.7 80 35 14 <Dl6 6 <Dl6 3 410 15 
9 18<Dl 6 

5 80 35 5 <!>16 6 <Dl6 3 4010 15 
10 64016 

3.1 80 35 5 416 6<!>16 3 4010 15 11 64016 

B13 6.4 80 35 I 16 <!>16 I 6 <Dl6 1&2 
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Beam Reinforcement Stirrups 
dimension 

Negative Negative 
Beam Span steel Support steel D Spacing No. length Beam Beam Positive 

No. interior (mm) (cm) 
width depth steel exterior support 

support 
6 4016 3 1 15 3.9 100 35 6 416 6 416 po10 

2 10 4016 3 
4 p16 15 5.4 100 35 6 <1>16 

8<1> 16 
D10 

3 3 
4 p16 15 2.7 100 35 6 4016 p10 

4 8 4016 3 
4 4916 15 Bl4 5.4 100 35 6 4016 <I> 10 

5 9 <1>16 3 15 8.7 100 35 6 4016 5 4016 p10 
6 23 <I> 16 

3 15 5 100 35 18<1>16 18 <1>16 D10 
7 24 4016 3 35 6 4016 6 <1>16 15 8.7 100 8 6 4016 D10 

3.7 1 8 <1>16 3 15 100 35 7 416 8 4016 
<I> 10 2 
3 6.5 

10<1>16 18 4016 15 100 35 13 416 
<I> 10 3 
3 6.3 35 114016 11 416 21 416 15 100 
p10 4 6.3 100 35 121 

10 <1>16 21 416 3 15 D16 p10 Bl5 
3.3 5 

3 100 35 7 416 6 416 16 <1>16 15 
p10 

2.6 6 
3 100 35 7 416 6 416 6 416 15 

7 D10 6.3 
3 100 35 7 416 6 416 12 416 15 

8 p10 
2.9 100 35 7 416 6 416 12 416 3 15 9 D10 



Beam Reinforcement Stirrups 
dimension - 

Beam Span Negative Negative 

No. length Beam Beam Positive steel Support steel D (mm) Spacing 

width depth steel exterior No. interior (cm) 
support support 

3 10<!>16 
1 6 4016 3 4010 15 80 35 54016 
2 16 @16 

2.9 80 35 5<!>16 6 4016 3 410 15 
3 64016 

3 80 35 5 4016 6 4016 3 410 15 
4 12 4016 - 

B25 3 80 35 5 4016 6<!>16 3 4010 15 
5 12 4016 

3 80 35 5 <!>16 6<!>16 3 4010 15 
6 6 4016 

3 80 35 5 <!>16 6 4016 3 410 15 
7 6 4916 

3 80 35 5 4016 6<!>16 3 4010 15 8 6 4016 

4.1 80 35 7 <!>16 1 8<!>16 8 4016 3 4010 15 

3 2 
80 35 5<!>16 6 <!>16 14 <Dl6 3 4010 15 

B26 
3 3 

80 35 54016 6 <D16 12 416 3 4910 15 
3 4 

80 35 5 <!>16 6 <D16 12 416 3 4010 5 15 

3.8 80 35 1 13 416 15 416 16 <D16 3 410 15 
3.1 2 

80 35 5 4016 15 416 
B27 15 4016 3 410 15 

2.9 80 
3 

35 5 416 6<!>16 21 416 3 410 15 
2.9 80 35 

4 
5<!>16 6 416 

5 6 4016 3 4010 15 



Beam Reinforcement Stirrups 
dimension 

Beam Span 
Negative Negative 

steel 
No. length Beam Beam Positive Support steel <I> (mm) Spacing 

width depth steel No. interior (cm) 
exterior support 
support 

3 1 6 <1>16 3 4010 15 80 35 74016 10 4016 
2 16 4016 

3 80 35 5 4016 6 416 3 4010 15 
3 124016 

3 80 35 5 4016 6 4016 3 410 15 
4 6 4016 

B28 3 80 35 5 416 6 4016 3 <I> 10 15 
5 14 <1>16 

3 80 35 5 4016 6 4016 3 <I> 10 15 
6 6 <1>16 

3 80 35 5 416 8 4016 3 <I> 10 15 
7 14 <1>16 

3 80 35 7 416 6 4016 3 4010 15 8 6 <1>16 

4.1 100 35 16 4020 1 6<!>16 6 4016 3 <I> 10 15 

4.4 2 
B30 100 35 6 <!>16 6 4016 12 4016 3 4010 15 10 4020 

4.3 3 
100 35 104020 6 <!>16 16 <1>16 3 <I> 10 15 4 



Fig (4.2) T-Section Beam Reinforcement for (1' -4")Floor 

Beam Reinforcement Stirrups 
Dimension 

Beam Span Negative Negative 

No. length Positive Middle steel Support steel d Spacing 
bw h steel steel exterior No. ( interior (mm) (cm) 

support support) 

20 420 1 20 420 D10 35 B16 9.7 40 80 114020 84010 2 20 420 

12 420 1 12<!>20 <I> 10 35 Bl7 10.1 40 90 16 4020 1O<I>10 2 12<!>20 

5.5 40 80 9 4020 84010 8 416 1 8<!> 16 <I> 10 35 
2 15 416 

B18 5 40 80 6 416 164010 16 4916 D10 35 
3 6 <!>16 

3 40 80 15 <!>16 8<!>10 16 416 <I> 10 35 4 6<!>16 

6 40 80 6 4016 8 @10 1 6 4016 6<!>16 D10 35 
2.7 2 12 416 

Bl9 40 80 6<!>16 8<!>10 6 416 <I> 10 35 
5.9 3 12 416 

40 80 6 D16 8 D10 6<!>16 D10 35 4 6 <!>16 

B20 6.9 40 80 15 4016 8 410 8 4016 1 
2 8 416 D10 35 

4.2 40 80 6 <!>16 8 D10 6 416 1 6 4916 p10 35 
B21 4 40 80 

2 12 416 6 <!>16 8 410 6 016 <I> 10 35 
8.6 40 80 15 <!>16 

3 17<!>16 8 410 6 416 
4 6 4916 <I> 10 35 
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Beam Reinforcement Stirrups 
Dimension 

Beam Span Negative Negative 

No. Length Positive Middle steel Support steel Do Spacing 
bw h steel steel exterior No. ( interior (mm) (cm) 

support support) 
1 20 420 <l> 10 35 Bl6 9.7 40 80 114020 84010 20 @20 
2 20 420 

1 124020 D10 35 Bl7 10.1 40 90 16 4020 1O<l>10 12 420 2 12<1>20 

5.5 40 80 9 4020 84010 8<1>16 1 84016 p10 35 
2 15 416 

B18 5 40 80 6 <1>16 164010 16 4016 p10 35 
3 6<1>16 

3 40 80 15 <1>16 8410 16 <1>16 4 6 <1>16 
D10 35 

6 40 80 6 <1>16 8 <l> 10 6<1>16 1 6 4016 p10 35 

2.7 2 12 416 
Bl9 40 80 6 4016 8 <1>10 6<1>16 p10 35 

5.9 3 12 <1>16 
40 80 6<1>16 8 <1>10 6 416 @10 35 4 6 <1>16 

B20 6.9 40 80 15 416 8 <1>10 8 4016 1 8 <1>16 p10 35 2 

4.2 40 80 6 <1>16 1 6 416 8 <1>10 6 416 35 D10 
4 2 12 416 B21 40 80 6 <1>16 8 d10 6 416 D10 35 

8.6 
3 17 <1>16 40 80 15 <1>16 8 <1>10 6 4016 
4 6 4916 @10 35 



Beam Reinforcement Stirrups 
Dimension 

Beam Span Negative Negative 

No. length Positive Middle steel Support steel D Spacing 
bw h steel steel exterior No. interior (mm) (cm) 

I support support 
1 5 4020 <1>10 35 

4.5 50 60 9 4020 - 5 4020 8 <1>20 
2 

3 4020 <I> 10 35 2.5 50 60 7 4020 - 11 4016 B23 3 
(L) 7 4020 8 420 D10 35 5 50 60 - 

4 15 4016 
6 50 60 13 420 8 4020 <1>10 35 I - 5 8 4020 

80 2 4016 8 @10 4 4916 
l 12 4016 <1>10 35 1.1 40 
2 13 4016 

3 40 80 6 4016 8 <I>I0 4 4016 D10 35 
3 17<1>16 

3.9 40 80 6 416 8 4010 9<1>16 D10 35 
4 18<1>16 

8.7 40 80 11 4016 8 4010 4 4016 D10 35 
B22 5 12 <1>16 

5.4 40 80 6 4016 8 4010 4 416 <I> 10 35 
6 12 416 

2.6 40 80 6 4016 8 <I> 10 4<1>16 <1>10 35 
7 18 <1>16 

5.4 40 80 6 416 8 <1>10 4<1>16 D10 35 
8 8<1>16 

6.6 40 80 14 <1>16 8 <1>10 4<1>16 <1>10 35 9 8 <1>16 

5.8 50 60 17<1>16 - 3 4016 1 3 <1>16 <1>10 35 
B24 2 23416 
(L) 

8.9 50 60 10 <1>16 e 3 4016 <1>10 35 
3 15 <1>16 

5.7 50 60 7 <1>16 - 3 416 p10 35 
4 3 416 

B29 4.7 40 65 5416 - 6 4016 1 6 <1>16 p10 35 
(L) 2 12 <1>16 

7.5 40 65 124020 - 6 <1>16 7 4020 
3 6 4916 <1>10 35 



Fig (4.3) Rectangular Beam Reinforcement for (5" -8")Floor 

Stirrups - 
Beam Reinforcement 

dimension 
Negative 

- 
Beam Span 

Negative 

No. length Beam Beam Positive 
steel No.of steel d Spacing 

width depth steel ( exterior 
support ( interior (mm) (cm) 

support) 
support) 

1 4 4916 - 
0.45 50 35 4 <I> 16 4 D 16 1 <I> 10 15 

2 8 4016 

5.4 50 35 4 49 16 4 4 16 l<I>I0 15 

Bl 3 4<!>16 
6.55 50 35 4 <I> 16 4 49 16 1 <I> 10 15 

4 4<!>16 
1.65 50 35 4 <I> 16 4 <I> 16 1 <I> 10 15 

5 4<!>16 

I 

4.9 50 35 5 416 4 4916 1 5 416 1 <I> 10 I 15 
B2 2 8 4O16 I 

4.5 50 35 5 4016 4 416 1 <I> 10 15 I 
3 5 4016 

I 

2.6 80 35 5 4016 6<1>16 1 6<!>16 340 10 15 
2 6 4916 

2.8 80 35 5 4016 6 <1>16 
B3 

340 10 15 
3 12 416 

2.8 80 35 5 4016 6 D016 34 10 15 
4 6 4016 

2.7 50 35 5 4016 6 <1>16 
5 6 4016 1 <I> 10 15 

2.6 80 35 7<1>16 6 4016 1 6 416 34 10 15 i 

2.8 80 35 
2 6 <1>16 

7 416 6 016 34 10 15 
i 

B4 2.8 80 35 7 4916 
3 12 <!>16 

6 D16 34 10 15 

2.7 80 35 7 416 
4 6 416 

6 <1>16 340 10 15 

3.4 80 35 7 416 
5 12416 6 416 
6 6 4916 34 10 15 
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Beam Reinforcement Stirrups 
dimension e 

Beam Span Positive Negative Negative 

No. length Beam Beam 
steel steel No. of steel d Spacing 

width depth ( exterior 
support ( interior (mm) (cm) 

support) 
support) I 

6 4 16 
1 6 4016 340 10 15 5.35 80 35 5 416 
2 19 <1>16 

B5 8.7 80 35 13 4 16 13 <I> 16 34 10 15 
3 19 4016 

4.85 80 35 5 4O 16 6 <I> 16 4 6 4016 
1 <I> 10 15 

2.6 50 35 3 4016 4 4916 1 4 p16 14 10 15 
2 4 <1>16 

2.5 50 35 3 416 4 4916 14 10 15 
3 4 p916 

B6 2.5 50 35 3 4016 4 4916 1 <I> 10 15 
4 9 p16 

5.7 50 35 8 416 5 4016 1 <I> 10 15 
5 5 4016 

2.5 50 35 3 4016 5 4016 1 <I> 10 15 6 10 416 

B8 9.3 80 35 
1 6 <1>16 

17<1>16 6 416 
2 6 4916 34 10 15 



< 

- 
Beam Reinforcement Stirrups 

dimension 
Negative - 

Beam Span Negative steel steel p 
No. length Beam Beam Positive Support ( interior Spacing 

width depth steel ( exterior 
No. support) (mm) (cm) 

support) 
1 8 <1>16 - 

4.1 80 35 7 416 8 4016 3 410 15 
I 2 6 4916 es 

I 3 80 35 5 416 6 4016 3 <Dl0 15 
3 14<1>16 s 

3 80 35 5 416 6 <!>16 3 410 15 
4 6 <1>16 

3 80 35 5 4016 6 <!>16 3 410 15 
5 12 <1>16 

4 80 35 5 4016 6 D016 3 410 15 
6 6 <1>16 

3 80 35 5 4016 6 <Dl6 3 410 15 
7 6 <1>16 

2.9 80 35 5 4016 6 <Dl6 3 4010 15 
8 12 <1>16 

B7 3 80 35 5 4016 6<!>16 3 410 15 
9 6 <1>16 

3 80 35 5 416 6 <Dl6 3 410 15 
10 6 <1>16 

3 80 35 5<!>16 6<!>16 3 410 15 
11 12 4016 

3 80 35 5 <!>16 6 <!>16 15 3 4010 
12 6 <1>16 3 80 35 5 <!>16 6 <Dl6 3 4010 15 

4 
13 6 <1>16 80 35 5 416 6 416 3 @10 15 

2.9 80 14 12 4016 35 5 416 6 416 3 410 15 

3 80 35 15 6 <1>16 5 416 6 416 3 410 15 

3 80 35 16 6 <1>16 5 4016 6 4016 
17 3 410 15 
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- 
Beam Reinforcement Stirrups 

dimension - 
Beam Span 

Negative 
Negative steel steel d Spacing No. length Beam Beam Positive Support ( interior 

width depth steel ( exterior 
No. support) (mm) (cm) 

support) 
1 6 4916 3 410 15 

I 3.3 80 35 5 4016 6 016 
2 6 4016 

3 80 35 5 416 6 D016 3 <1>10 15 
3 12<1>16 

3 80 35 5 416 6 416 3 4010 15 
4 6 4016 

3 80 35 5 4016 6 D016 3 <1>10 15 
5 6 4916 

3 80 35 5 4016 6<1>16 3 <l> 10 15 
6 13 <!>16 

B9 6.2 80 35 10 4016 7<1>16 3 410 15 
7 13<1>16 

3 80 35 5<1>16 6<1>16 3 4010 15 
8 6 4016 

3 80 35 5 416 6<1>16 3 410 15 
9 12 <1>16 

3 80 35 5 <1>16 6 <1>16 3 410 15 
10 6 4916 

3 80 35 5 416 6 416 3 410 15 
11 6 4916 

2.7 80 35 5<1>16 6 <1>16 3<1>10 15 
12 6 <1>16 

0.6 80 35 5 416 6 <1>16 15 13 6 4016 3 410 

810 4.9 80 35 10416 10 4016 1&2 10 <!>16 3 410 15 
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- 
Beam Reinforcement Stirrups 

dimension - 
Beam Span 

Negative 
Negative steel steel d 

No. length Beam Beam Positive Support ( interior Spacing 

width depth steel ( exterior 
No. support) (mm) (cm) 

I support) 
1 6 4016 3 410 15 3.8 80 35 13 4016 6 4016 
2 10 4016 

3.1 80 35 5 4016 6 416 3 <I> 10 15 
3 8 4016 

2.9 80 35 5 4016 6 <1>16 3 <I> 10 15 
4 8 4016 

2.9 80 35 5 4016 6 4016 3 <I> 10 15 
5 8 <1>16 

4 80 35 8 4016 6 <1>16 3 <1>10 15 
6 8 416 

3 80 35 5 4016 6 416 3 410 15 
7 8 D16 

3 80 35 5 <1>16 6<1>16 3 <I> 10 15 
8 8<1>16 

3 80 35 5 <1>16 6 <1>16 3 <I> 10 15 
Bl 1 9 8 <1>16 

3 80 35 5 4016 6 416 3 410 15 
10 8<1>16 I 3 80 35 5 4016 6 416 3 <I> 10 15 
11 8 <1>16 

3 80 35 5 <1>16 6 <1>16 15 3 <I> 10 
12 8 <1>16 3 80 35 5 4016 6 416 3 <I> 10 15 

4.1 80 
13 8 <1>16 35 9 p16 6 416 3 <I> 10 15 

3 80 14 8 <1>16 35 5 <1>16 6 p16 ' 3 <I> 10 15 

3 80 35 15 10 <1>16 - 

5 416 6 416 
64016 3 <I> 10 15 

2.9 80 35 16 I 7 416 6 416 10 <1>16 
17 64016 3 410 15 
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Beam Reinforcement Stirrups 
I 

dimension Negative Negative steel 
Beam Span steel Support <I> 
No. length Beam Beam Positive ( interior Spaci; 

width depth steel ( exterior 
No. support) (mm) (cm) 

support) 
1 6<1>16 3 <1>10 

3.8 80 35 13 4016 6 416 15 
I 2 10 <1>16 

5 416 6 4016 3 <1>10 
3.1 80 35 

15 
3 8 <1>16 

2.9 80 35 5 4016 6 416 3 410 15 
4 8<1>16 

2.9 80 35 5 4016 6 4016 3 <I> 10 15 
5 8 <1>16 

4 80 35 8<1>16 6<!>16 3 410 15 
6 8 <1>16 - 

3 80 35 5 416 6 4016 3 <I> 10 15 
7 8 <1>16 

3 80 35 5 416 6<1>16 3 <1>10 15 
8 8<1>16 

3 80 35 5 416 6 416 3 <I> 10 15 
Bl 1 9 8 <1>16. 

3 80 35 5 <1>16 6<1>16 3 <I> 10 I5 

10 8<1>16 
3 80 35 5 <1>16 6 <1>16 3 410 I5 

3 80 
11 8<1>16 

35 5 <1>16 6 416 3 410 I5 

3 80 35 
12 8 <1>16 

ee 

5 416 6 4916 3 410 15 

4.1 80 35 
13 8<1>16 

, 

9 p16 6 416 3 <I> 10 15 

3 80 35 5 416 
14 8<1>16 

6 416 L 3 <I> 10 15 

3 80 35 
- 15 10 <1>16 5 416 6 416 ~ 15 3 410 

2.9 80 35 7 <1>16 
AJA 16 64016 

6 416 ~ 10 <1>16 15 
17 64016 

3 410 
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Beam 
Reinforcement Stirrups 

dimension Negative Negative steel 
Beam Span steel Support ( interior 

p 
Spacing 

No. length Beam Beam Positive No. support) (mm) (em) 
width depth steel exterior 

support 6<1>16 1 3 410 
6 416 6 416 I5 

1.4 80 35 2 6 <1>16 

6 416 3 <I> 10 IS 5 416 2.8 80 35 3 18 <1>16 
6 4016 3 410 IS 

35 5 4016 3.9 80 4 19 <1>16 
6 416 3 <I> 10 15 

8.7 80 35 14 416 
5 6<1>16 

5 4016 6 4016 3 4010 15 
5.4 80 35 

B12 6 6 <1>16 

2.6 80 35 5 4016 6 416 3 410 15 
7 19 <1>16 

5.4 80 35 5 416 6<1>16 3 410 15 
8 6 <1>16 

8.7 80 35 14 4016 6 4016 3 410 15 
9 18 4016 

5 80 35 5 416 6 416 3 <I> 10 15 
10 6 4016 

3.1 80 35 5<1>16 6 416 3 410 [5 
11 6 <1>16 

DD B13 6.4 80 35 16 416 6 416 1&2 6<1>16 [soi6] 
Bl4 4.3 : 100 35 20 <1>16 20 <1>16 1&2 20 <1>16 
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Beam 
Reinforcement Stirrups 

dimension Negative 
--...... 

Beam Span steel Support 
Negative steel 

<l> 

No. length Beam Beam Positive ( interior Spacing 
No. (mm) 

width depth steel exterior support) (cm) 

support 

6 416 
1 6 4016 3 410 --- 

3.7 80 35 6 416 15 
2 17<1>16 »» 

6.5 80 35 13 @16 10 0016 3 4010 I5 
3 21 416 - 

6.3 80 35 11 416 6 416 3 410 15 
4 19 <!>16 - 

6.3 80 35 13<1>16 6 <1>16 3 <1>10 15 

B15 
5 15 <!>16 - 

3.3 80 35 6 416 6 416 3 <I> 10 15 
6 6 <!>16 

2.6 80 35 6<1>16 6<1>16 3 410 15 
7 12 <!>16 

I 6.3 80 35 6 416 6 <1>16 3 410 15 
8 6 4916 

2.9 80 35 6 16 6<1>16 3 410 
9 6<!>16 

15 
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;r» ement for (5" .8")Floor 
B Rem1orce 

j (4,4)T-Section Jeanl 1g 

Beam Reinforcement Stirrups 

dimension Negative Negative --- 
Beam Span Middle steel Support steel <I> Spacing 

No. length Positive No. ( interior (mm) 
bw h steel steel exterior (cm) 

support support) -- 1 20 420 
<I> 10 

124020 8410 20 @16 35 

B16 9.7 40 80 2 20 4020 - 
16<!>20 

90 16 <I>20 8<I> 10 16 <I>20 B17 10.1 40 
1 
2 16<!>20 <I> 10 35 

4 40 80 11 <I>16 8<I>l0 10 <I>l6 B18 7. 
1 1 O<l> 16 <I> 10 35 

6<I>l6 
1 6 4016 p10 35 

4.2 40 80 6 <I>l6 8 <I>lO 
2 12 416 

B19 4 40 80 6 416 8 <I> 10 6 416 <I> 10 35 
2 18 4016 

8.6 40 80 15 416 8 <I> 10 6<I>l6 <1>10 35 
3 6 4016 

B20 10.1 40 80 I 15 <1>16 I 8 <I>lO 20 <1>16 1&2 20 4016 <1>10 35 ] 

B21 8.5 40 80 I 13 <1>16 I 8 <1>10 4 <1>16 1&2 4<!>16 <1>10 35 ] 

3 40 80 9 <1>16 8 <1>10 6<!>16 1 6<!>16 <I> 10 35 

6.5 40 80 
2 12 416 

8 <1>16 8 <1>10 6<!>16 <I> 10 15 

3 
»w 

6.4 40 80 7 416 14<!>16 
8 <1>10 6 416 <I> 10 35 

4 14<!>16 • B22 6.2 40 80 7<1>16 8 <1>10 6 416 <I> 10 15 

6.4 40 5 14<!>16 ------ 80 7 416 8 <!>IO 6 416 <I> 10 55 

6.4 40 80 6 14 4016 
L 

8 416 8 410 
J 

6 416 <I> 10 55 

2.9 40 80 7 12<!>16 
® L 

6 4016 
ge 

8 p10 6 p16 <I> 10 35 

8 L 6 4916 
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Beam Reinforcement Stirrups 

dimension Negative Negative --- 
Beam Span Middle steel Support steel 4 Spain, 
No. length Positive No. ( interior (mm) 

bw h steel steel exterior (cm) 

support support) --- 1 4 <1>16 <I>IO 
80 2410 8410 4 <I>16 35 

I.I 40 
2 8 416 - 

40 90 6 D016 8410 4 420 <I> 10 35 
3 3 13 4016 - 
3.9 40 80 6 <1>16 8<1> 10 9 p16 p10 35 

4 17<1> 16 - 
B23 8.7 40 80 11 416 8 <I>IO 4 416 p10 35 

5 18 416 
5.4 40 80 6 <1>16 8 <I>lO 4 4916 <I> 10 35 

6 12 416 
2.6 40 80 6 <1>16 8 <I> IO 4 416 <1>10 35 12 416 

7 
5.4 40 80 6<1>16 8 <1>10 4 4916 p10 35 

8 
18 4016 

6.6 40 80 8<1>16 8 <I>IO 4 <1>16 p10 35 
9 4<1>16 

4.5 50 60 9 <1>20 - 5 <1>20 1 5 4020 <I> 10 35 

2 8 <1>20 
lo 

2.5 50 60 7 <1>20 - 3 420 <I> 10 35 
B24 3 11 4020 

~ 

5 50 60 7 <1>20 - 8 420 <I> 10 35 

4 15 4020 -- 
6 50 60 13 <1>20 - 7 4020 p10 55 

5 7 4020 

5.8 50 60 17<1>16 1 3 4016 3 416 p10 55 

B25 8.9 50 60 10 416 2 23 416 
3 <1>16 @10 55 

5.7 50 60 7 416 3 15 <1>16 
3 416 35 

4 3 416 
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Beam reinforcement St irumps 
dimension 

Negative Negative [ 
Beam Span 

Middle steel Support steel p 
Spacing No. length Positive 

No. ( interior (mm) bw h steel steel exterior (em) 
support support) 

s, 
1 6 4016 

<I> 10 11.4 50 60 124016 - 6 D016 35 

2 14 4016 
go, 

6<1>16 <I> 10 35 IO 50 60 6 416 - 
3 12 4016 

60 6 416 6 416 <1>10 35 10.8 50 - 
4 12416 

5.3 50 60 6 <I>l6 - 6<1>16 <1>10 35 
B26 5 12 416 

10.8 50 60 6 <I>l6 - 6<1>16 <I>IO 35 
6 12 416 

13 50 60 7 <I>l6 - 6<1>16 <I> 10 35 
7 12 4016 11.4 50 60 7 <I>l6 - 6 <1>16 <I>IO 35 
8 12 416 17 50 60 12 416 - 6 <1>16 <I>IO 35 
9 19 416 11 50 60 6 416 - 6 416 <I>IO 35 I 

10 17 416 
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4-5 Stair Slab Design: 

-;;;;-;;;-~-zzzg- ~~~,~ 
solid 

h=20cm 

Fig (4-8) plan of stair slab 

Visitor stairs: 

■ La/ Lb= 5.9/3.75 = 1.57 < 2 

So use two way solid slab 

■ Min h = parameter / 180 

■ Lna= 5.9 -0.3 -0.2 = 5.4 m 

■ Lnb = 3.75- 0.2-0.2 = 3.35 m 

■ Minh= 2 (540 +335 )/180 = 9.72 cm 

Use over all depth = 20 cm . 

1- Load calculation : 

■ DL = 0 .15 x 2400 xl = 360 kg Im 2 = 0.36 t / m 2 
• Factored dead load = 1.2 x 0.36 = 0.432 t /m? 
" LL=200kg/m=0.2 t/ m? 
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Factored L.L=1.6 x 0.200 =0.320 t/m 
Total load = 0,432 +0.32 = 0.752 t/ m".' 
» Using table for two way slab at ratio of Lb/La= 3.75/5.9 = 0.64. 

2- Positive moment: 

Short direction : 

• Ca d.l= 0.034 
• Ca 11 = 0.055 
Long direction 

• Cb dl = 0.0045. 

• Cb 11 = .0089. 

• Ma di = Ca di x di x Lna 2 

= 0 .034 X 0 .432 X 3 .35 2 = 0.165 
• Ma ,= Ca II x ll x Lna 2 

t.m 

= 0.055 X 0. 32 X 3 35 2­ · =0 .198 t .m 

Ma total = 0.363 t.m. 

• Mb = di - Cb di x di x Lna 2 

= 0. 0045 X 0 .432 X 5 4 2 · = 0.057 
• Mb = C t.m 

II - b II x ll x Lna 2 

= 0 .0089 X 0.32 x 5 2 ·4 = 0 083 
Mb total = 0.14 t · t.m .m. 
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3- Slab design 

Short direction 

f, 400 19.61 
■ m 0.85xf; - 0.85x24 

Mn 0.363x10°1,396 kg/cn =0.1396 MPa 
• Rn, ,7" 0.9x10017 

·»%-fl 
( 
__ 2_*_1-::---9 -:::. 6:-1 7* -;:;:0---:;. 1~3 9rv:6:J = 0 . 0003 5 

_ l f- []7'' 
P 19.61 400 

=pxbxd= 0.00035x100xl7 = 0.595cm " A,,, 

■ A . s nun 
= ffe (bw )(d)? ~(bw )(d) 

4() fy 

= ..JiA (100 )( 17 ) ? ~ (100 )( 17 ) As min 4( 400) 400 

A . = 5 .2 cm ?2 5 .95 cm 2 •••••••• 5.95 cm controls s mm 

As req = 5.95 cm 2 > 0.595 cm 2 

select As req = 5 .95 cm 2 

Use <I> 14 mm@l5 with As= (100/25)(1.54)= 6.16cm 
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Long direction : 

■ m 
f, _ 400 219.61 

0.SSxf; - 0.85x24 

Mn 0.14x10s = 0.54 kg/cm = 0.054 MPa 
• Rnreq = bd2 = 0.9xlOOx1?2 

·-.--#] 
( 
--2-*--:1-::-9-. 6::-:-1---:;*;-;0~.~05~4-J = 0 . 00014 

_ I f= '[7 
p - 19 .61 400 

2 
■ A.\" req = p X b X d = 0.00014 X 100 X 17= 0 .23cm 

= ffe ( bw )( d) ~ ~ ( bw )( d) 
4() fy s A, a% 

A, a = ✓24 (100 )(17) ~ ~ (100 07) 
4( 400) 400 

As min = 5 .2 cm 2 
~ 5 .95 cm 2 

........ 5.95 cm controls 

A = 5.95 cm > 0.23 cm2 
s req 

select A,, = 5 .95 cm 2 

Use <1>12 mm@l5 with As= (100/15)(1.13)= 7.53cm 

4 Development length (Ld): 

long direction: 

• Ld for (D14) bars: 

Ld ~ ft,xaxf]xyxdb 
■ 2 Jc' 
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400 1 1x1.2 = 49 cm Ld =,-x]x X 

» 5/o4 vond the support center. 
■ La =distance that the bars extend bey 

■

■

La =0. 

Mn + La > ld 
Vu 

4·5 + O > 49 
2.9 

1 .55 m = 155 cm > 49 

Short direction: 

available embedment >Req. ················· 

Ld for (<1>14) bars: 

Ld = ~xaxfJxyxdb 
■ 2 Jc' 

400 Ld = .J2A" x 1 x 1 x 1 x 1 .4 = 57 .2cm 
2 24 

• La =distance that the bars extend beyond the support center. 

• La= 0. 

■

Mn +La >ld 
Vu 

1.8 
-+ 0 > 49 
1.8 

1.0m =100 cm > 57.2 .................available embedment >Req. 
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5- Design for shear : 

Short and long direction : 

...%. Fa.s.#pons[,,, '-is 
pVc =11.8 t> Vu =1.8 t., 

> Vu = 1.8 t. 

According to category (1) 

No shear reinforcement is required. 
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4-6 Design Of Column: 

4-6-lColumn (Cl) in the basement floor: 

• Tied column. 
By using Atir software we found that the reaction on this column from beams su pported , 

it beside the reaction of all columns above it are: 

The total factored axial load (Pu) = 750 ton. 

Pu= 750 ton. 

1- Design of the longitudinal reinforcement: 

• Pu= 750 Ton. 

It is axially loaded. 
Type of column: "tied column". 

"Assume 8 ,= 0.02. 

Pu Pn= s p 

Pn = 750 = 1153 85 0.65 . ton 

.Pn..= 0.80Ag[0.85 *Jc'+ pg(Fy- 0.85 e)] 
1153.85 = 0.80Ag[O 85 * 0 . .24 +0.02(4.0-0.85 * 0.24 )] 

Ag req =5152.57 cm 
Use 80cm 60 cm. 

Ag = 8060 = 4800 c 2 m. 

Determination of required pg . 

'Pn,, =9804g[0.8s+ + ,( pg Fy-0 85 * fi ')] 
1153.85 =0.804g800+fo "® J° 

[0.850.24+ -( . Pg\4.0-0.850.24)] 
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8 = 0.0254. 
PS > (P min =0.01 

Use P = 0.0254. 

ACI-Cod-10.16.8.6) ........ ....... 

= 0.0254 4800 = 122 cm2. 
■ Required As = pg * Ag · 2 

Use 0 25 with As =4.9 cm. 

122_94.89 = 25bars #of bars== · 
4.9 

2 
As rovided = 127.4 cm · Use 26 0 25.. .. .. .. .. s P 

2 
As max= 0.08*4800 = 384 cm . 

2 As min= 0.01 4800 = 48 cm • 
· OK As max > As > As mm............ .. .. .. .. .. · 

2- Check slenderness effect: 

, (KLu/ r) <(34-12[M1/M2l) 
~ 40 ACI 10-12-2 

Lu: Actual unsupported (unbraced) length. 

K: effective length factor (K= 1 for braced frame) 

r: radius of gyration =0.3 h =WII A . 

Ml/M2 = 1 for the interior column. 

• Lu= 2.83 m. 

• (KLu/ r) <(34-12[M1/M2) 

(12.83/(0.3 0.6m))< (34- 12[I]) 
15.72 _:s 22. 

< 40 
Slenderness effect must not be c id onsi tered, 
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3- Design of the tie reinforcement: 

• Use O 10 ties. 
1) spacing (S) < 16 • d, (Longitudinal bar diameter) = I 6 * 2.5= 40 cm .... control. 

2) 48*dt (ties bar diameter) = 48 I == 48 cm. 

3) Least dimension = 60 cm. 

• Use 80 cm*60 cm with 26 0 25 bars with: 
1) "0 10" ties @ 10 cm spacing at first (lm) of bottom face support. 

2) "0 1 0" ties @ 20 cm spacing at (0.83m) of middle support. 

3) "0 10" ties@ 10 cm spacing at last (lm) of top face support. 

so 

.c-<t u ,_,, ~-· ... 
r, 

1O,/2c,/212 

Fig (4-9) cross section in column (Cl) . b m asement floor 
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4-6-2 Column (Cl} in the sixth floor: 

• Tied column. 
By using Atir software we found that the reaction on this column from 
Beams supported on it beside the reaction of all columns above it are: 

The total factored axial load (Pu) = 90 Ton. 

Pu= 90 Ton. 

1- Design of the longitudinal reinforcement: 

•Pu= 90 Ton. 

It is axially loaded. 
Type of column: "tied column". 
Assume 8 = 0.02. 

Pu Pn== 
■ <I> 

90 ""=e38.5 ton 
.Pn, =980.42[0.85 fe'+ ·(F pg y-0.85 * Jc')] 

138.5 = 0.80 .4g\0.85 * 0 . .24 + 0.02(4.0-0.850.24 )] 
Ag req = 618.3 cm2. 

Use 40cm 30 c m. 

Ag= 40*30 = 1200 2 cm. 

Determination of . required 8 . 

• Pn,, =9-804g0.8s+ je 4 
138 5 - pg(Fy- 0.85 * Jc')] 
=0.80 * 1200 * [0.85 * 0 24 + 
g=-0.0157 "° Pg(4.0-0.850.24)] 

g < (pmin = 0.01 
·_·· ACI-Cod-10.16.8.6) 
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Use p =0.01. 

== 0.01 1200 = 12 cm2. 
■ Required As == pg Ag · 2 

ith As =2.01 cm . Use 0 16 ............W1 
12 5 79 = 6bars # of bars == - = · ~ 2.01 

2 
As rovided = 12.06 cm'. 

Use 6016 •········· s P 

2 
As max = 0.081200=96 cm . 

2 
As min= 0.011200 = 12 cm • 

> A > As ml·n OK. As max s ················ 

2- Check slenderness effect: 

, (KLu/ r) <(34-12[wt/M2l) 
~ 40 ACI 10-12-2 

Lu: Actual unsupported (unbraced) length. 

K: effective length factor (K= 1 for braced frame) 

r: radius of gyration =0.3 h = ,JI I A . 

Ml/M2 = 1 for the interior column. 

• Lu= 3.25 m. 

• (KLu/r)<(34-12Mt/M2]) 
(13.25/(0.30.3m)) < (34-12[1 D 

36.11 > 22. 

~ 40 

Slenderness effect must be co id nsuered, 
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• 6,= P, 
l - 0.75 * pc 

re- braced frame) . 
■ C == 1.0 (for single curvatu 

m 

■ p == (l.2*DL) + (l.6*LL). 
u 

C, 
.. .... ········ ····· > 1 0 ··············· - . 

A.C.I( 10.12.3) eq(l 0.9) . 

A.CJ (10.12.3.1). 

■ p == 90 ton. u 

A.CJ (10.12.3) eq (10.10). 
·········································· ····· 

■ EI = large of: 
(0.2E,1,+E,1,) 

EI= 1 + [Jd 

Or 

eq (1) ·················· ··············· ······ ············· 

0.4E.I, eq (2) EI= _ __:_ . 
I+ /Jd 

■ EC == 1 soooffe ~ Kg I cnz2 

15000/240_ 459.58 Tc /, ? 
---- - _ - • .J on cm . 

1000 

• I =moment of inertia of gross concrete section about centroidal axis, neglectin; g 

4,, 4 reililorcement, cm . 

L5? 4030° 
i 1 =-- --- 90000cm4• r 12 12 

• I,=Moment of inertia of reinforcement about centroidal 
section. cm. 

a.XJS 
cJ5i of :necber . 



C, >1.0 ---"'::---. " 6,= P 
II 

'ozs+P 
braced frame) .. =1.0 (for single curvature • C, 

... .... ········ ······ ············· 

P=(1.2DL) + (I.6*LL). 
u 

■ p = 90 ton. 
II 

r? EI 
· "okay 

■

A.C.1 (10.12.3) eq(l 0.9) . 

A.C.1 (10.12.3.1), 

A.CJ (10.12.3) eq (10.10). ·········································· ····· 

■ EI= large of: 

(0.2E,1,+E,,) 
EI= 1 + /Jd 

Or 

..................... eq (1) ..................................... 

EI= 0.4Eclg eq (2) 
1 + /Jd 

■ EC = 15000.fft' f--- Kg f cm2 

- 15000✓240 - 232 38 T / 2 E ------ . on cm . 
C 1000 

I =moment of inertia of gross concrete section about centroidal axis, neglecting g 

' , 4 remntorcement, cn . 

I = b * h3 = 40 * 303 = 90000c 4 
g 12 12 m · 

• I,=Moment of inertia of reinforcement about centroidal axis of member cross 

■

section, cm4• 

• lse =2(A_,. *x
2
)=2(3*2.01*9.22)=1020.76cm4• 

• Es= 200000 MPa = 2000 ton/cm2• 
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s, 
a>1.0.............-----.--.-........ A.€.1(10.12.3) eql0.9), 

P,, 
l 0.75 E 

" ............. - ....... - .... ---------- ....... - ....... ------------------ .... ---- 
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factored axial 

d= ed Jactore axial 

dead toad 72 == 0.8 . 

load - 90 total 

h large value: . 1 d 2 we select t e a From equation an 

+ 232.38 90000) + (20001020.76))_ 3457978 ((0.2 2 · . 
2 ton.cm 

■ EI= 1 + 0.8 

0.4232.3890000 _ 4647600 ton.cm (control =large). 
■ EI= 1 + 0.8 

• 6, 

r? 4647600 _ 434.27 ton . 
(1.03.25100)° 

1.0 =1.382 ~ 1.0 OK· 
90 

l 0.75 * 434.27 

■ e. =l5+(0.03*h)=15+(0.03*300)=24 mm 

■ e req. = 1.382* 24 = 33.16 mm= 3.3 cm. 

mm 

Because M negligible we use the equation above. 

• e used= 3.3 cm. 

We calculate eb (balance) to check e used if small or greater than eb . 
• Pn req. =138.5 ton. 

• Mn =138.5 *3.3 =457.05 ton .m 
• Let Pb =Pn =138.5 ton 

400 = 0 
200000 ·-902 

003.5 .% o.os 
0.003 + 0.002 24.2 0.00340.0603 P%=14.52cm 
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* -0 85*14.52 == 12.342cm " a,=0.85x,=4,7 ' 
0 85

*0 24*40*12.342 ⇒Cc== 100.7lton 
% C=0.85f6'ba,=C.= ' 

C 

Compression steel -yield ? 
• __!_:._ = xb-d ⇒__!__l_ = 14.52-6 ~/==0.00176::..&1 .•..•. so comprissio steel does not yield 

0.003 x, 0.003 1452 

• C =A (f-0.85fic') ⇒C .= (3 *2.0l){0.00176 * 4.0-(0.85 * 0.24)} =>C,=19.99on 
s s' s s 0.002 

• T=A *f ⇒T=3*2.01*4.0⇒T==24.12ton 
s y 

>-ot 
C+C,-T-P,=0.0 
100.71 + 19.99-24.12-P b= 0.0 ⇒f---7P b= 96.58ton. 

Take moment-about center axis of column: 

Im at C.A = 0.0 +Clockwise. 

· -Tay.c' ® h -- - c ---)-C (-d')+(P » )=0.0 2 2 2 s 2 b eb - . 

(-24.12*(24.2- 320)-100.71(320 12.342 30 2 )-}9.99(2-5.8)+(96.58*eb)=0.0 
" e,=l3.36cm 

• e used <e,=>3.3 < 13.36 

• Mb= Pb* eb 

= 96.58 *13.36 
= 1290.31 ton .m 

• Mo= Cc (d-a/2) + Cs (d-d') 

:. compression control. 
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T=C+C, .x-6 • (0 003 2000) - (0.85 * 0.24)] * (3 • 2.0t)} 
• { 5*024*40*0.85*x)+[(--;- . 24.12= (0.8: 

217 08 == 0.0 2 10 83X - · 6.939X' + · 
X= 4.867 cm. 

a=0.854.87=4.137 cm. #494.137=5C,=33.761on 
-0 85*0.24* • . C 

• C ==0.85* fc'*b*ab⇒Cc- . } 

C 4)]*(3*2 01) = -9,625 
{ 

4.87- 6 * (0.0032000)-(85.2- 
Cs= [ 4.87 

= 33 76 +-9.625 = 23.975 ton ■ Cc+Cs= · 
Iculation is OK. • T =24.1> 23.975 ca 

• Mo= 33.76 (24-4.137/2) + -9.625 (24-6) 
=567.16 t.m 

3- Design of the tie reinforcement: 

Use 0 10 ties.,, 
. . ) 16 * 1.6= 25 6 cm contro .. 1) Spacing (S) <16db (Longitudinal bar diameter)= .= . 

2) 48*dt (ties bar diameter) = 48* 1 = 48 cm. 
3) Least dimension = 30 cm. 

Use 40 cm*30 cm with 6 0 16 bars with: 

1- "O 1O" ties@ 10 cm spacing at first (lm) of bottom face support. 

2- "0 10" ties @ 20 cm spacing at (0.83m) of middle support. 

3- "O 1O" ties@ 10 cm spacing at last (lm) of top face support. 
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40 I p-----"D 

0 ·1 0 /20 /'' 80 

2s 

1/20/5 

Fig (4-10) cross section in column (Cl) in sixth floor 

4-6-4 Circular Column Design 

F: ig (4.11): Location of . Circular Column (8) 
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1- Longitudinal Reinforcement Design 

a Total load on column Pu= 750 t 

750 
■ Required Pn= =' = 1153.85 t 

0.65 

Use p,= 2% 
• Maximum Pn = 0.85 Ag{0.85/c '+pg(tj;-0.85/c ')} 

1153.85 = 0.8 * Ag{0.85 x 0.24 + 0.02x ( 4- 0.85 x 0.24)} 

• Ag== 5152.58 cm 
Use diameter of circular column= 70 cm 

n x 70° • Ag= -- = 3848.45cm2 

4 
Determination of required pg: 

■ 1153.85 = 3848.45 X 0.8x {0.85 x 0.24 +,x 4- Q.85 x 0.24)} 
• pg= 0.045 > min p= 0.01 

A 
1rx702 

• s=0.045x 
4 

=173.14cm2 

Use 36<1>25 mm 

2- Check slenderness effect: 

• (KLu/r) <(34-12[Mt/ M2]) 

~ 40 A 
Lu: Actual unsupported ( b .. .. .. .. .. ... CI 10-12-2 

un raced) length 
K: effective length fa t · ac or (K= 1 fi b . . or raced frame) 
r. radms of gyration =0.3 * h= /,,,; · - vl I A 
MI/M2= 1 for th · · . e interior column 
• Lu= 2.83 m. . 
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• (1 • 2.83/(0.3 • 0.7m)),; (34- 12(1 D 
< 22. 13.48 
~ 40 

t t be considered. 
Slenderness effect mus no 

3- Spiral Reinforcement Design 

■ Dc= 70-8(cover)= 62 cm 
• Use <I> 8 mm for spiral reinforcement 

• Ae±EX62 .3919.07em 
4 

· %-0as£[# 1'-os.2¥.14848.45 {)]- o.oors 
s • fy Ac 400 3019.07 

• sax@(De-ds)\a,] rx(62-0.8)0.79_ 5.33cm 
Ac.p, 3848.45 x 0.0074 

Use <1>10 @ 5 cm 

• Maximum clear spacing= 5.33-0.8= 4.53 cm < 8 cm OK 

> 2.5 cm 
Use <1>8 @ 5 cm CIC spacing spiral. 

Fig (4-12) cross . . section in column (CS) 
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Iumns reinforcement: 
Table (4-2): circular cO 

Vertical Ties 
Column Reinforcement 

Column Floor Diameter No. Size Size 
Spacing 

No. No. (cm) Of (@) ~ (cm) 
Bars (mm) (mm) 

70 16 20 8 5 
Basement 
Ground 70 13 20 8 5 

First 70 13 20 8 5 

Second 70 13 20 8 5 
C8 Third 70 13 20 8 5 

Forth 70 13 20 8 5 

Fifth 70 13 20 8 5 

Sixth 70 13 20 8 5 

Basement 70 13 20 8 5 
Ground 70 13 20 8 5 
First 70 13 20 8 5 

C9 Second 70 13 20 8 5 
Third 70 13 20 8 5 
Forth 70 13 20 8 5 
Fifth 70 13 20 8 5 
Basement 70 13 20 8 5 
Ground 70 13 20 8 5 

Cl0 First 70 13 20 8 5 
Second 70 13 20 8 5 
Third 70 13 20 8 5 

CI1 Basement 70 13 20 8 5 
Basement 70 29 25 8 5 
Ground 70 19 25 8 5 
First 70 14 5 Second 20 8 - 

C12 70 13 20 8 5 Third - 

70 13 Forth 20 8 5 - 

Fifth 
70 13 20 8 5 - 

70 13 20 8 5 Sixth ~ 
70 13 20 8 5 - 
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Vertical - 
Ties 

Column Reinforcement 

Column Floor Diameter No. Size Size 

No. No. Of (») 
Spacing 

(cm) (@) 
(cm) 

Bars (mm) (mm) 

Basement 70 23 25 8 5 

Ground 70 17 20 8 5 

First 70 13 20 8 5 

C13 Second 70 13 20 8 5 

Third 70 13 20 8 5 

Forth 70 13 20 8 5 

Fifth 70 13 20 8 5 

Basement 70 25 25 8 5 
Ground 70 20 20 8 5 
First 70 13 20 8 5 

C14 Second 70 13 20 8 5 
Third 70 13 20 8 5 
Forth 70 13 20 8 5 
Fifth 70 13 20 8 5 
Basement 70 35 25 8 5 
Ground 70 26 25 8 5 
First 70 17 25 8 5 

C15 Second 70 13 20 8 5 
Third 70 13 20 8 5 
Forth 70 13 20 8 5 
Fifth 70 13 20 8 5 
Sixth 

. 

70 13 20 8 5 
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4-7 Footing Design : 

4 -7-1 Footing (F5) Design 

1- Load: 

From Column (C 7) (4070): 
Ultimate load on footing (F5) : 

■ Pu= 607 ton . 
■ service load = D + L= 453 ton · 
■ the footing will carry 1.5 m of overburden soil 

■ weighting about 1. 7 ton /m? 

• Allowable soil pressure= 4.5 kg/cm 

2- Design: 
• Estimate footing to be about 100 cm thick, in addition to about IO cm of blinding concrete 

Service Load= Dl+ll = 453 ton 

• Footing Weight= (0.10+ 1.0)(2.4)= 2.64 ton/m 2 

■ rs X d= (1.70)(1.50) = 2.6 ton/m? 

• P net= 45 -2.64-2.6 = 39.76 ton/m? 
■ Area (A) = Service Load / Poet 

=453 ton / 39.76 ton/m? =11.4 m? 

Use L=3.40 m, W=3.40 m, A=11.56 m 2 

■ Pnet (factor) = Pu/area = 607/11.56 
.. =52.5 ton /m? 
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3. Determine depth based on shear strength: 

• 
• Using section (A-A) and letting Vu = Vc 
• Vu==== (Pnet)(one way shear area)== (5.25)(340)(135-d) == 1785 (135-d) 

on,-a!/j's,a • 6' =0.85x =/24x(340)x (@)x10 = 2638.2d 

• <D Ve =V, 
2638.2 d = 1785 (135- d) 
d=57.lcm 

:. Used= 80 cm 

• Total depth of footing= 80 + 8 + 2 = 90 cm 

---- I,390 1as 
--- - --, 

b 
Bottom R . einforcem ent 

Fig (4-13) -I footing (FS) plan 
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4- Check this depth for two way shear action (punching)-: 

• Using critical section (B-B-B-B) with d = 80 cm . 

• vii = pnet X ( (W) X (L)- (a+ d)(b + d) ) 
= 5.25 [(340)(340)-(40+80)(70+80)]/1000 = 512.4 ton 

The punching shear strength is the smallest of: 

.-3 '6\ NW" 

• • V =- f,b d 
C 3 C 0 

fl =O 33 .. b,d..............Control 

Where: 

" B,=a/b=70/40 =1.75 

" b,=Perimeter of iti l 5 en ica section taken at (d/2) ti h =2 rom t e loaded area 
=.{ ( 40+80)+(70+80)} =540cm 

" a,=40 For interior column 

• Ve = 0.33/36(6400(800) = =780.8 ton 
• cp Ve = (0.85)(780.8) =663.7 • ton 
• ¢V >V . 

c II 663.7 Ton > 512.4 • ton OK 
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d t base of column: 
1- Check transfer of Joa a 

■ <l>Pn = <P(0.85/c'Ag) p 
9 8t <607ton== u 

<l>Pn = 0.7(0.85)(0.24)( 40 x 70) = 49 . on 
. d for load transfer. Dowels are reqmre 

P 607 499 8 = 107.2 ton . ■ Express ]= - · 

excessPu 107.2 =38.8cm. 
• Required.AS 3[j,7 -6.857%] 0.704.2 -0.85% 0.24] 

Compare to minimum required As: 

■ As min= 0.005 Ag== (0.005)(40)(70) == 14 cm2 < Asreq 

Use 13 4> 20 bars as dowels With As= 40.08 cm2
• 

• However, since the column reinforcement is extended into footing, no dowels are 
required. 

6- Design for Bending Moment: 

·l-ff St± g] 
[«-[# g 4o 2 o I0.5]- =162.6 t 2 2 . on.m 
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Mu - 162.¢ 180.7 ton . » Mn=»7 0.9 
2 

Mn 180.7 x 10s == 8.5 Kg I cm 
• R ,777 340x80° 

/y == 400 ==19.61 
• m = 0_85 +c' 0.85 X 24 ----:--:---;:-;-:~~] 

Jc 2 X 19 . 61x8.5 0 . 0025 )0 . 002 ·+hH 
p =0.0025 > Pmin = 0.002 

2 

R A == 0.0025 (340) (80) = 68 cm eq. » 

Use 18 <I> 22 ................ A = 68.4 cm 2 (In each way) 
s 

7- Development Length ( Ld ): 

• Ld for <I> 22 : 

• Ld = ___jj__ f].a.A.d, = 4~ x Ix Ix Ix 2.2 = 80.3cm 21ft' 2x 24 

• Available embedment =135= 8 = 127cm > 80.3cm OK. 

Instead of dowels, extend the longitudinal bars of the column within the footing. 

■ L, _100d, _ 100x 2.2 
hh - 'F - r;:::-; = 40 .2cm 

'\J JC' -v24 

" L,,=L,,x modification factors 

> 8d,= 8x2.2= 17.6 cm. 
~ 15 cm. 
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> 28.14 cm 0 7 = 28.14 cm 2 2 2== 137.6 cm . 
• Ldh== 40.2 x . ent=== 150 - 8 -2. - . 

· [able embedm • Ava1 a 

1J _ _j 
e=I= Bl;nd;ng Concrete I l 

•.!) 1:!t21 t
,(?J , 

o c/zo/9 

) , " 

' » o/6/712 

SECTION a-a ::01,,,;m 

J I 

'! =, I ... 
ff r Bl" ding Concrete 

In ~, tt.:~ 

SECTION b-b 

Fig (4-14) footing (FS) detail 

4 -7-2 Footing (F14) Design 

1- Loads: 

From Column (C 8) (D =70) : 

Ultimate load on footing {Fl4): 

• Pu= 420 t 

• DL+LL= 253 t 

• Allowable soil pressure= 4.5kg/en? con'~ 
. . f blinding • Estimate footing to be about 70 cm thick, in addition to about (10cm) 

0 
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2 

(o.1 40.7)x 2.4 = 1.92/m 
2 

1.5x1.7 = 2.55t/m 

2- Design 2 

45 2 55-1 92= 40.53 t/m 
■ Pnet= - · · 

DL + LL _ ~ == 6.2m2 
■ Area= 40.53 P. 
• Try 

2 
2.5x 2.5m? =6.25 m 

_ 420 67.21/m = 6.72kg/cm 
• Pu Factored - 2.5 x 2.5 

3- Determine depth based on shear strength : 

• Vu= <I>Vc 

a4 6.72x 250x (158-d)= 0.85 x-
6
-x 10 x 250 x d 

• if x 70 ~ 62.04cm To convert the column from circle to square= 

137.46 - .87 d= d 

d= 73.5 cm 

Take d= 75 cm 
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2- Check this depth for two way shear action (punching): 

• I 

{ 
O 

b 

250 

b Bottom reinforcment 

Fig (4-15) footing (F14) plan 

■ et== 40 

" 3=1 
• b = %=mx135= 424.12cm 

■ Vu~ 67.2x ( 2.2 x 2.5- nx 1.35'] 4 =273.4 
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th is the smallest of: 
bing shear streng Thepunc r:, 

1 ( 2 ) 1r\ d == o.5✓le bod 
■ V ==- 1+- vfc 0 

C 6 /Jc 

1 
( 
a ) C,b d == 0.68a bod 

s ]."1+2[y/ 'o '.\a, ,/d 

+ V.=--f,b,8 
C 3 

• Ve= 0.33 x ✓24 x 7.5 x 424.12 = 574.9! 
pVe= 488.7t> 273.4 t 0 K 

== 0_33JZ b0d ... Control 

6- Check transfer of load at base of column: 

pPn= 4(0.85fc'4g) 

n x 70° 
• <l>Pn = 0.75 x 0.85 x 0.3x=736.02t > 420! 

4 

• No dowels are required. 
However since the column reinforcement is extend into footing. 

7- Design for bending moment: 

Mu= 67.2x 250x 158x 158x 0.5 = 209.69!.m 
Mn 209.69 x 10° 

Rn = bd2 0.9 x 250 sF 14.56kg /cm 

··'---'s-FF£?F-cw­ 
As= 0.0025 x 250 x 80 = 50cm2 

Use 11<1>25 In each way 

8- Development length: 
Category A, item 2 
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5/y 1d _ Sx4oo x1x1xlx2.5=114.lcm 
• Ld = sffe /J.a./1.,. b - 8 X ✓24 

•1 bl bedment= 158 - 8= 150cm > 114.1 cm................... OK ■ Avaiia e em e - .. "" 

• Note: 

If a moment is to be transfer to the footing, it will be better to extend the Jongitudin 
I 
b 

a ars or the column into the footing instead of using dowels. 

In this case, the longitudinal bars are terminated into the supporting footing by a standard ~ij 
hook. 

Inside diameter of bent= 6 db= 6 x 2.0 = 12 cm 

Straight extension= 12 db= 12 x 2.0= 24 cm 

L, _100d, 100x2 
hb - ffe = -fi4 =40cm 

Ld,, = L,,b x modification factors 
~ 8 db= 8x 2.0= 16 cm 
~ 15 cm 

La= 40x0.7= 28 cr 
Available embedment= 100-8- 2 = 

x 2=88 cm > 28 cm OK 

.- ·: 
T 1090y ' ---- 

t ---- --- 

33 40 





- I 

Fig (4-16) footing (F14) detail 

Table (4 -3): Footings reinforcement 

Dimensions 
Reinforcement 

(cm) (Each way) , 
Footing Width(W) Length(L) Height(H) No of Bar No of. Bars Diane, 
No. (cm) (cm (short) (long) (mm) (cm) 

160 50 6 6 - 
Fl 160 2 

200 200 50 12 10 16 - F2 

F3 250 250 70 20 18 16 

F4 150 150 40 6 6 16 

F5 330 330 90 18 18 22 

F6 360 360 100 21 21 22 

F7 300 300 80 15 15 22 
F8 160 160 45 9 9 16 
F9 230 230 60 16 14 l6 

Fl0 280 280 
Ile 

80 13 13 n 
F 11 380 380 

~ 
110 24 24 22 

F 12 350 350 -- 120 28 28 n 
Fl3 370 370 -- 100 24 24 20 
Fl4 250 250 ------ 80 11 11 5 
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4-8 Mat Foundation Design: 

----;::-b --~ ~ 

s: ---i- I -- --v-v-v,:, - cl 
Nl - - - - . -, 

! 
I·---•- t:? - - - >, 

I I i th­ I ! Ht» ' I I ,13 
I 0 S 4 

5 ~ ~ > t 0 ~ 
I ' 

o 

I 

N 

~ I 

i I 
I I ? 

5 
~ 

I e I I 
I 

·- --- - 
N, ~--·- - --- s -,- 

I 

00 30 30, 
I ' 60 J 

I I 

~ 

a a 

Fig (4-17) Mat foundation (FIS) plan 

1- Load calculation: 

• lab Weight (D.L) = 2.5*0.2*2.2*2.20 = 2.42 Ton. 

• Slab Weight (D.L) / m on the wall= 2.42/ {(2*2.2)+(2*2.2)} = 0.28Ton Im. 
• Live Load acting on the Slab= 0.2*2.2*2.2 = 0.97Ton. 

0 I ITon/rn. • Live Load acting on the Slab/ m of the wall= 0.97/ {(2*2.2)+{2*2.2))= · 

• Total (D.L)ofthe Wall= Wall Height* (W) * (ye). 
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(34.7) 0.2 2.5 = 17.35Ton /m. 

• Live load of the lift = I Ton . 
• Live load of the lift /m === (1 / 8)= 0.125Ton / m. 

■ Total Dead load = 17.63 Ton/m. 

■ Total live load = 0.235 Ton/m. 

• Pu= 17.63 + 0.235 = 17.87 Ton /m. 

• Pu= 17.87*8 == 142.9 Ton. 
• Required area= Pu/B.C = 142.9 I 45 === 3.2 m. 
• A provided= 2.60*2.60 = 6.760 > Area req OK. 

• Total Factored load for one meter strip 

= 1.2*DL+ 1.6* LL= l.2*17.63 + 1.6* 0.235 
= 21.5 Ton. 

2- Design in X- Direction. 

• Check of Bearing capacity for S t· section a-a, 
Pnet = (221.5)/(1 *2.60) = 1 • 6.56 Ton/ m? 
(Pnet = 16.56) < (l.4*B.C = 63) OK. 
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f id that the shear 
From atir software we oun 

F·gure (4-20): Envelope is as 1 

14.5 

Fig (4-18) shear envelope of (F15) 

Estimation of footing depth:­ 

■ Vu=l3Ton. 

!4/% +a ■ <I>V =<I>- + b d =0.75x-/24 x (100) x (d) = 61.24d < 6''·'' 6 
• Let Vu=D Vc. 
So, d =0.212m = 21.2 cm. 

• Assume «Pl2 for main reinforcement. 

• h req = 21.2 + 8 + 0.6 =29.8 cm. 
• Select h = 40cm. 

• d req = 40-8-0.6 =31.4 cm >21.2 O.K. 
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. forcement:­ Design of rem 

t envelope of this section is as the foll . 
d that the momen OWJng we foun . . atir software By using 

fi ure see figure (4-21). 1g1 3 

6.6 

-0.7 

Fig (4-19) Moment envelope of (Fl5) 

Design of positive moment:- 

Bottom reinforcement ( in X direction). 

• Mu= 0.7 Ton.ml 1 meter strip, (At the face of support). 

• Mn req =Mu/ 0.9 = 0.7/ 0.9 = 0 .. 78 ton.m. 

• Rn»± Mn_ 0.78x10° 
bd? 10031.4? =0.79Kg /cm 

=aN­ l _ 2 * 19 . 61 * 0 . 79 J = o . 0002 . 
4000 

• req =0.0002 

■ As req =0.0002(100)(3 1 .4) =0.62 cm 2 _ 

· 4,,&? .3,4-14bw+a 
sin 4*/ ----- 

y fy 
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, 1.3As req =1.30.62 =0.81< A, aw» 
, As""' must be> As required for shrinkage & temperature reinforcement. 

• As shrinkage== 0.0018*100*30 == 5.4 cm 
2 

• 

0.81 <5.4, So use As== 5.4 cm 
2 

• 

Required# of <D12 bars== 5.4/1.13 ~ 5 bars. 

For bottom reinforcement in X direction. 
Use 412 @ 20 cm ....... With As provided== 5.65 > 5.4 

Design of negative moment:- 
Top reinforcement ( in X direction). 

• Mu = 6.6 Ton.ml 1 meter strip (At the fe vf , , ace o support). 

Mn req = Mu / 0.9 = 6 6/ 0 9 = 7 33 T · · • on.m. 

• Rn = Mn _ 7.3 3 x 10° 
Ba? 1oo31.4F =7.43Kg/cm 

• p ~ ~ ( l - /i_ 2 mRn J = 1 ( _ 
~ fy 19.61 l 

• P req =0.002. 

1 _ 2 * 19 . 61 * 7 .43 J- 4000 =0.002. 

• A = s req - 0.002*(100)*(3 l 4 = ') = 6.3cm 2 

• A _-!ft' 
s min - 4 * f * bw * d ?:. 1.4 * bw * d 

y fy 

A,- ±2F 4 * 400 *loo* 31.4 ?:. 1.4 * 100 * 31.4 
Select A =c 400 34.4,=9.6 2 11.0 

sn = 9.6cm? 
■ 1 3* . . As req =1.3 . 6.3 = 8 2 . <A s min 
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Use As min = 9.6 cm 
2 

• 
• Asa must be > As required for shrinkage & temperature reinforcement, 

• As shrinkage== 0.0018*100*30 == 5.4 cm 
2

• 

9.6 > 5.4, So use As = 9.6 cm 
2
• 

• Required # of <I> 12 bars == 9 .6 /1.13 = 9 bars. 

For top reinforcement in X direction. 
Use <1>12@ 15 cm for with As provided= 10.17 > 9.6 

1- Design in Y- Direction: 
Its design as X-direction. 
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4-.9 Stair Design: 

1, II ,1 ,I ,I I ' I I 'I 11 I,'/ 
4; srreS » 300 mm Width x 176 mm High&/ 
\I I ii i I I 'I ii 1 ,I /i( I i.\ ii134{±.­ [i4 -{{--+{--kl- -ll---+{h pg-\\hp{ 
11 · 11 I ii I II ii ,I .I t~'J I ! 
ii ii 11 ,I ii ;1 ,\ 'I ·: //1 I I 

cs 93 9 @s s9 9 &@63 69 $3 

J
~ ,4~®T~T~ ,4 4 ,4 f@1® I O r@~ 
+s sres % 3oo mm en is n tight 

I I I I I I I I I i I I 
_ I I I I i I I I I I I I r : : , : , l u __ , , , , 

.T Lr 

I C 

C ~ 
~ :-i 
co 

} 
\ 

'"i 

...L 

Fig (4-20) stair plan 

1- Determination of Slab th· k 1c ness: 
• Stairs= 13*16.7* 30 
• L=39 . m. 

• e =tan "(16.7 / 30) = 29 1° 
Cos 0 =0.874. . · 

■ Ls =3 9/ - • cos 29.1 = 4.463 m 
■ h . ~ 4.463 I 20 = o 22 · m =22 cm 
■ Use h== 20 cm an . . . d limitation of deft . ection will considered. 
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2- Load calculation: 

■ Horizontal Tiles 

• Vertical Tiles 

• Horizontal mortar 

• Vertical mortar 

• Plaster 

• Steps 

• Slab 

Total dead load 

Total dead load 

6,0322(0.33/0.30) =0.726 KN/m = 0.0726 ton/ 2 m. 

6,0322(16.7/0.30) =0.37KN/m =0.037 ton/me, 
=0.0322 = 0.66 KN/ m2 = 0.006 ton/m?. 
= 0.022.2(16.7/30) = 0.37 KN/ m2 = 0.037 ton/m?. 

= (0.0322)/ (Cos 29.1) = 0.76 KN/ m2 = 0.076 ton/m? 

= (0.167/2) 25=2.1 KN/ m2 =0.21 ton/m
2
. 

= 0.20 25/ Cos 29.1 =5.722 KN/ m2 = 0.5722 ton/m? . 

= 0.0726 + 0.037+ 0.006+ 0.037+ 0.076+ 0.21+ 0.5722 

= 1.07 ton/m. 

Live load: 

@ Live load for stairs =500 Kg/m?= 0.5ton /m?. 
s Ultimate live load =0.5 ton/m?. 

Factored load:­ 

@ Wu=1.21.0 - · .'7+ 1 ·6*0.S = 2.08ton/m 
Width of stair= 1.55m. . 
Wu = 2.08 - . 1. 5 5 = 3 224 . ton/m, 

The Followin fi . g l1gure shows th 3h es ear a d n moment envelope on the stair. 
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[ 

.8 

A US.T 

Fig (4-21) moment &shear envelop of stair 

• A=B = 3.224 * 3.9 = 6 .29 ton. 
2 

• Mu= 6.29 * 0.4 + 1.95 * 6.29 0.5 
Mu= 8.64 ton.m. 

• h=20 cm 

• Assume O 12 for main reinforcement:­ 

So, d =20-2 -0.6 = 17.4 cm .. 

Take d= 17 cm 

3- Design of shear:­ 

• Vu=6.29 Ton. 

· ow_ME,»a 
6 
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«as +a ±oo-79f "]= 10Ao 
• ¢Ve== 6 1000 

» Vu=6.29 Ton < 0Vc = 10.41 t 
No shear Reinforcement is required. So the depth of the stair is OK. 

4- Design of Bending: 

• Mu= 8.64 Ton.m. 
Mn req = Mu I 0.9 = 8.64 / 0.9 = 9.6 Ton.m. 

• Assume 0 12 for main reinforcement:­ 

So, d=20-2 -0.6= 17.4 cm. 

Take d= 17 cm. 

• As min= ffe (bw)(d) > ~ bw 4(ff) - ff ( )(d) ...... · · ··· (ACI-10.5.1) 

As nn ±. y24 1.4 ao5, \®®070 - j,, 0909079 

As min= 5 2 > = 595, 

• As min= 5.95 cm 2 ······ .... Control. 

■ R = Mn 
11 -~ 

b·d? 

R _9.610 
n 3 10017? ° 3-32kg/cm?. 

• m = fy 
0.85 X fc' 

m = 4 
0.85xo.24 = 19.6 
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• ¥] • p==- 1 f m y 

( 

2*1 -9-.6-*3.33_)::::0.0091. 
- _!_ 1 - l 400 

p 19.6 
2 

.909110017= 15.5 cm As req = 0. 
As req > As min. 

2 
Use As = 15.5 cm . 

with As =(100 / 20)2.54 = 16.93 cm?. 
Use 1@ 18 @ 15 cm .. 

. . .. OK. • As max> As provided> As mm . 

Secondary reinforcement: 

• As= l * As req =l15.5 = 3.1 
5 5 

In the other direction provide shrinkage and temperature reinforcement: 
• As = p *b*h 

= 0.0018*(100)*(20) 
= 3.6 cm?. 

Use <1>10 @ 20 cm . 
······-----+..... With As = (100 / 20)0.79 = 3.95 cm?, 
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f the bars:- gth o ment len 5. Develop 

fy * a * /3 * r * db · #5% 
- 73.5cm. 400 *I* I* 1 * LS - · d=,,,5 

. f I nding (#l):- 
6- Design o1Ian ·solid slab. 

it is one way We Will Design I a 

1- Load calculations:- I z 

. - 0 03*2.2 = 0.066 ton m . ■ DI of TIies - ·· .2 

- 0 03*2.2 = 0.066 tonlm . ■ DI of mortar- ·· 42 

= 0.202.5 = 0.5 tonlm • ■ DI of slab · 
2 - 0.032.2 = 0.066 ton/m . • DI of plaster = . · 

d = 0 066 + 0.066 + 0.5 + 0.066 Total dead loa · 

Total dead load = 0.698 ton/m. 

■ Width of landing= 1.5 m. 

■ Dead load = 0.698 1.5 = 1.05 ton Im. 

■ Live load on the landing = 500 Kg /m? 

• Live load on landing= 0.5 * 1.5 = 0.75 ton Im . 

• Reaction (factored) of the stair on the landing = 6.29 Ton Im. 

f the satire "stored Total load / m. = Factored (D.L) + Factored (L.L) + Reaction 0l_,,0 

=(1.21.05) + (l.6*0.75) + 6.29 = 1.26 + 1.2 + 6·29 =8. 
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. {Bending: 2- Design 0 

:. =3,35m. 
L oflanding' , == l 4.66 ton. 

- g753.357 12.3 ton.m. ■ Vu - · 0.5 == · 
- 14 66 * (3.35/2) 13.64 ton.m. Mu- · / 0.9- · • /09==12.3 • Mn req == Mu . 

. inforcement:- 0 12 for main re • Assume 
6= 17.4 cm. d=20-2-0.. = · 

take d= 17.4cm. 

Mn · RF,.a 
5 2 13.6410 = 47.2 kg I cm • R= a 

4"a 
1 ( .--2~*::-:-1-:::-9 .7.6 *;;;--:4;--;:. 7n2] = o. 0136. 

P -- l- l 400 «v 19.6 

A - 0 0136*100*17 = 23.15 cm ■ s req = . 

rz; 1.4 (b )(d) (ACI-10.5.1) As min=+' (bw)(d)> (5w) .........., 
■ 4(.bJ) fy 

A s min = ✓24 (l 00)(17) ?: ~ (I 00)(17) 
4(400) 400 

As min= 5.2 ;?: 5.95. 

As min= 5.95 cm 2 Control. 

• As req = (23.15) > As min===(5.95). 
Use As =23.15 cm? 

Use l<l> 18@ 10 cm with As= (100 i 10)*2.54 = 25.4 cm'. 
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ment : reinforce! 4 63 
Secondary - 1 • 23.15 - . reinforcement:- 

== 1 * As 1e +d temperature • As - . hrinkage an 5; 3rovides 
h other direction p Int e 

• As==p *b*h 
=0.00 18(100)(20) 

== 3.6 cm. 
2 As== 4.63 cm . • Use · 

=5.27 cm? > 4.63 em. ith As provided - . . 2 .... w <1>10 @ 15 cm ...... · Use 1 

3- Design of shear ' ­ 

• Vu= 3.42 Ton. 

6\76.4 
¢Ve= 

6 

• 0.75 * ✓24 * I 00 * • 10.4 lton 
Vc=- 6 1000 

Category (3) : 

■ ¢Ve( Vu( (¢Ve+ min ¢Vs) 

3x Avx fy 3x 0.79 (3stirrups)xl00 • S=---~=-------- bw 

■ Vu= 3.42Ton < 0.5* 0V c = 0.5* 10.41 = 5 .205 t 
• According to category (I) 

V, <(0.5,) 
N h R 

,, ndir !is OK .. 9 shear Reinforcement is required, So the depth of the Landing 
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Retaining Wall Design 
4-10 

■ <D : 25°. 
» ysoil : 17KN/m. 

1 _ Depth of the footing: 

hp=(0.1-0.12)H. 
• H=2.9 +1.0= 3.9 m. 
■ hp= O. l x 3.9 =0.39 m. 
■ Take hp = 0.4 m=40 cm. 

2- thickness of the wall: 

• Unloading pressure ( passive earth pressure will be neglected). 

• eap = ka.p. 

• Where ka ( from table () for <I> = 25°) = 0.41. 
• eap = 0.41 x 5 = 2.05 KN/m?. 

" ea=ka.y.h.=0.41x 17x 3.0=20.91 KN/m? . 

for a lm strip 

• Eap = eap. h =2.05 x 3.0 =6.15 KN, 
• Ea= 0 5 h · .ea · = 0 4 x 20.91 3 . · x .0 =31.37 KN. 

Internal forces: 

'«w5#)ocf @} 2 · =40.59KN 3 .m. 
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6494KN.m- 
- 6(40.59)= ' 

• factored Mu - 1 · 
0.35 pb = 0.0085. 

• Assume pv. 
m = 19.61 
Rn = 3.26 Kg/em. 

• Mn == Mu == Rn.b.d2 
¢ 

64.94x10° 3.26xlxd 
0.9 

d=0.149 m . 
• h erq= d ( erq) + cover + db/2 

= 14.9+ 5 + 16/2 = 20.7cm. 

Take h= 30 cm. 

thickness of the wall: 
• Design against overturning affects the length of foundation 

Design against overturning affects the length of foundation 

• Eap = eap. H = 0.41 x 5 x 3.9 = 8.0 KN. 

• Ea= ea (H/2) = 0.41 x 17 x 3.9 x 3.9 /2 = 53.0KN. 

• Ww = 0.3 x 3.0 x 1 x 24 = 21.6 KN.-hlLl-1 0jJ 

• Wf=0.4xLx24=12L.as05, 

■ Wel =y.h ( 2/3 L-0.3) = 17 x 3.0 x ( 2/3 L-0.3 ) = 34 L- 15.31 . 
■ We2 =y.h ( L/3) = 17 x 0.4 x ( L/3) = 2.83 L. 
■ Ep = kp. y.H (H/2) 
" kp for(@=25°)-+ 2.46 

Ep = 2.46 x 17 X 1 x (1/2)= 20.91 KN (p . 
· · assive force) 
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Mr about point ( a ) : 
: moment IO 3.0ver turning 

(~J + 53.0(~) == 84.5J(N.m. 
• Mu== 8.0 2 3 

. t Ms about point ( a ) : 
Standing momen ( 1 1 [2 ]) -wo[}sous]'7J"#Jo#5l5° 
[£'] • 

• Ms = 30.6L2 + 2.05L + 6.89 
Ms 

• To satisfy over turning 3p, = 77 ~ 2· 

Ms • Take⇒-=2. 
Mo 

By solving the previous equation > L= 2.16 m => Take L=2.2 m 
Overturning is satisfied. 

4- Design against overturning affects the length of foundation 

• 
F v=1l>]5 F - . 

A 

Where: F. =(W, W, F E + » +W,)tan @ 
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W :=WEI +W;2 ) 
." sp 3±l 1au 

(
2 + 17(0.4) =7l. 

w, -176.0]52.49-031 3 
4 2 4 24)tan 25 = 54.3KN. 

F ==(71.74+21.6+0. X . 
• F 

F =54.3+ 20.91= 75.21KN. 
• R 

E - 8 o + 53 .o == 61 KN. • F,=E4 »7 

• 
V == ~ = 1.23 < 1.5 • 

61 

Sliding not satisfied 

• take L=3m. 

_w-roof{or-os]+rasf3[-9ssiv. 
• F, =(93.5 + 21.6 + 0.4 x 3 x 24) tan 25 = 87.11.KN . 

• FR =87.1+20.91=108.01.KN. 

108.01 
v=--=l.63>15 • 66.17 - . 

5- Design against Bearing Capacity: 

1 V=Ww+WEl+WE2 
Where: 

WE= 17(3.0)(1.7) = 86.7 KN. 
W, =16(0.431) = 6.8KN. 

■ H=- Ep + Eap + Ea 

=-20.91 + 6.8 + 53== 38.89 KN. 
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id point: ( 4 
M @ base m: ( ) 45) + We -+ 0.5-We, 1.5­ . w- ,[s9)-n!\+"®+ «5 7 
(~)+Eap 3 3 Mr = Ea 2 

• 

• 

Mr = 56.5 KN m 

M -~ == 0.49m. 
e= 77 115.1 

• 
2V 

a 8 == 3.C.by 

= 3/2- 0.49 = 1.01 m. Where C= b/2-e 

2 x 115.l -75.97 KN /m. 
0, 31.01x 1 

o =450KNI m. °all 

o, SO, 

6-Design of footing: 

• Resultant of vertical force: 

V = l .2(Ww + Wf) + l .6(We1 +We,) 
= 1.2(21.6 + 36) + 1.6(86.7 + 6.8) = 2 l 8.72KN. 

• Resultant of Horizontal force: 

Hu= 1.6(43.47) = 69.SSKN. 

• Resultant factored moment: 

Mr = Y M @ base mid point: 
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(
~)c1.6) of{ + 21.6(0.45(1.6) 

(~)c1.6) + 8.o 3 Mr=53], 

( 5-!2)c1.6) == 60.14KN.m 
+ 8(1)(1.6) 86.7]1. 9 

· g Pressure: • Calculation of Bearin 

Mu 60.14 :::0.274m. 
ex== Vu== 218.72 

.2.2=0.sm. 
- 6 6 

»f #] 1- - 
O'b1 == b.by bx 

- 218.72 (1- 6 0.274) == 37.3KN / m?. 
O'bl - 3(1) 3 

%-f0] b.by bx 

abi = 218.72 (1+6 0.274) = l0S.SKN / m?. 
3(1) 3 

• Mu= 84.95 (1) (1/2) + (108.5 - 84.95) (1) (2/3) (1)- 8 (1/2) = 55.2 KN.m. 

h= 40 cm +d = 40 - 5 - 1 = 34 cm. 
m= 19.61 

• Rn= Mn= 5.52xl05 
_ 2 . bd2 0.9x100x342 -5.3(Kg/cm) 

.4 4FF 
P == 19 \ 1 ( 1 - ✓1 _ 2 x 19 . 61 x 5 . 3 I _ 

4000 ) - 0.0012 
As required== 0.0012 x 100 

x 34 =4.3 cm?, 
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JR_ d >0(bw)(d) (ACI-10.5.1) 
A min ='' (bw)(©0 - fy 

• • 4f) 

{24 ooycny> '"" aooo®» 
4(400) 400 

9.9 > 11.3 

A min ==9.9 cm z .......... Control. 
s 

• (1/3)As (req) == 1.3 x 4.3 = 5.59< A, min 

Use minimum steel reinforcement for vertical bars 

Use 5 <I> 18 mm for a lm strip -+ <I> 18 mm@ 20cm. 

As provided = 12.72 cm. 

Secondary Reinforcement 

As (shrinkage)= 0.0018 x 100 x 40 = 7.2 cm/m. 
As (shrinkage)> (1/3) As (reg) ... ok. 

Use 5 <I> 12 mm for a lm strip-+ <I> 12 mm@20 cm. 

As provided= 5.65 cm 2 

7- Design of wall: 

«»4343{} ap" - +-e h 
2 2·""5 

w-a0sp.of9), 1 . 2 + 2 (24.21)(3.0)(3.0) = 46.2KN 3 .m. 
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73.9 KN.m. 
u ~ J.6 (46.2) - m') 

Factored M 10s -19.2(Kg I c 
73.9 X 2 - 

Mn .jg0x 20.7 

°E .--[-{'3 
m f9 61 X 19 .2) == 0 .00479 · ■ 2 x 1 · 1 (1 _ 1 - 4000 

P 79.61 r=9.97cm?. 
20 7- · . - 0.0047 5 x 100 x . 

As required ' .. .. (ACl-10.5.1) w ~(bw)(d) ....... . _ ::J..:E._ ( bw )( d) 2 • A,min4fy) fv 
~ 1.4 (100)(20.7) ✓ L/·+ (100)(20. 7) 2: 400 

4(400) 

6.03 2: 6-9· 

2 Control. A min =6.9 cm .. s 

As (req) > As min 

. <I> 18 mm@ 20cm. Use 5 <I> 18 mm for a lm strip -+ 
2 As provided = 12. 72 cm 

Secondary Reinforcement 

■ As= 0.2 As (req) =0.2 x 12.72= 2.544 cm2/m. 

• As (shrinkage)= 0.0018 x 100 x 30 = 5.4 cm?/m. 
• As (shrinkage)> (0.2)As(req) ... ok 

Use 5 <I> 12 mm for a lm strip ➔ D 12 mm@ 20cm. 
As provided = 5 .65 cm 2 • 
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rt6020 L=2±O • ­ 
170 

40 
81620 =z0 ­ 170 

Sec 1-f 

Fig (4-22) retaining wall (wl) detail 

Table (4.4): retaining Wall Reinforcement 

Wall Width Vertical Horizontal Base 

NO (cm) reinforcement reinforcement reinforcement 
~ 

Wl 30 1 <I> 18 @ 20 cm 1412 @ 20 cm 14920 @ 10cm 
----- W2 30 1 <I> 18 @ 25 cm 1412 @ 20 cm 1 <P2O@J0cm -- W3 40 1418 @ 20 cm 1412 @ 20 cm 1@16 @ I2 

------ W4 40 1420 @ 15 cm l<l>l4@20cm l <1>20@ 12 cm 
ws ------- 30 1 <I> 18 @ 20 cm 1 <I> 14 @ 20 cm 1420 @ 10 
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. n· 4-11 Shear Wall DesigI5 

4-11-1 General Definitions: 11 b determined from the following formula: 
hear wall sha e e • The horizontal force on s 

r.'ar ...(0) 
• The total ;~ign base shear need not exceed the following: 

V = 2.5.0,.4 X w .......... .... (2) 
R 

• The total design base shear shall not be less than the following: 

V =0.1 1C, .1W (3) 

Where: 

• V=The design base shear. 

• W= Total seismic dead weight of the building, including the weight of all permanent 

structural and nonstructural components ,such as walls, floors, roofs, and fixed service 

equipment. In storage, a minimum of 25% of the floor live load must be included. 

" R,,=Numerical coefficient depends on the structural system. Values of Rw for concrete 
structure range from 4 to12 .Take R,,/=5.5. 

• Z=Seismic zone factor=0.3 for zone 3 

• !=Importance coefficients=} .0 depending upon occupancy category. 

• Ca= seismic coefficient= 0.30, as set forth in Table 16-Q (U.B.C). 
• Ct= numerical coefficient = O 02 . . 
• _ . . . - · , given m Section 1630.2.2. (U.B.C). 

Cv =seismic coefficient =0.3. 
· 'as set forth in Table 16-R. (U.B.C). 
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d" to· . d T calculated according . 
■ The per10 

r-Ch.) 
Where: 

• h,, ==Height of the structure above the base level. 
. h V is distributed over the height of the structure according t 

■ The total design base s ear o 

equation: 

V =F+SF 
I i=l 

Where: 

■ F, =The concentrated force applied at the tope of the structure. 
F, =0.07TV <0.25V . 

• The remaining portion of the base shear is distributed over the height of the structure 

including the top level n, according to the expression: 

Where 

» W.> W=Portion of W '[ - 1 n o at x , 1 evel. 
• h,, h, =Height to x, i level. 

• The design shear at any sto V F Ty, ·, equals the sum of the forces F, and , above that 
story. 3 

' 
• Horizontal shear reinforcement spacing shall not exceed. 

S= AvxFyxd · 
Vs 

Where: 

Vs= Vn-Vc 
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S <3h 
s <18" = 500mm 

Note: S minimum value controls 

• ph(min) = 0.0025 ······ ········· ······ . 

• Vertical shear reinforcement spacing shall not exceed: 

ACI 11. l 0.9.2 

S <3h 
S s 1811 == 500mm 

• Note: S minimum value controls 

• pn of vertical shear reinforcement shall not be less than: 

not) - omoo2s-+0.s 2.s5-"[(oh,-o.oozs) 

ph(min) = 0.0025 .......................................... ACI 11.10.9.4 

4-11-2 Calculation Of Loads: 

wfor jloor(l-4) = Dl *Area+ Ll *Area* 0.25 

.={fas.s]+to.s+rs.oas] 
Wfor j/oor(l-4) = 1961.4 ton. . •• 7 for floors (4-8) = 0.55 *1715.74 +[0.5*1715.74*0.25] 
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1816 .37 ton . 
(4-8) W for floors 08 ton · 
15111 · * r W for oll floor - * h * Ag c 

== No . of cot1111111 * 0 7 2 .s) 
w of co/1111111 7 * (o 4 . 77 31. . 
w ,f co/1111111 n 

o == 1435 .25 to 16546 .33 ton 
W, 9g 4 1435 .25 =I 
W == 15111 . 23164 . 9 ton . 

total 6546 3 3 == 141 · W.= · 

On Shear Walls: . Of Shear Force 4-11-3 Calculation 

• W= 23164.9 ton. 

Wt 

Fig (4-23) main stair shear wall 

• T = 0.02(31.7)3'4 =0.27 sec 

. . formula: • The horizontal force on shear wall shall be determined from the following 

-S' R.T (1) 
0.3123164.9 
'557027 =4679.8 o» 
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. d the following: 
d not excee . n base shear nee 

» The total des1g 

2.5.0.4y .•..•. (2) 
V= p contro: 

2.5*0.3*1 *231649 ===31589 ton . 
V=- 5.5 

b less than the following: h ar shall not e • The total design base s e 

(3) V - O 1 lC .l.W .. 
V : o: 11 * ~.3 * 1 23164.9 = 764.4 ton 

• 
F=V-F)oshe/E]_(wihi 
F, ==0.07TV. 

F, =0.07*0.27*3158.9=59.7 ton. 

6 4 + 20.3* 1816.4 + = 3.61961.4 + 7.15*1916.4 + 11.55*1916.4 + 15.95*191 . 

24.7*1816.4 + 28.35*1816.4 + 31.4*1816.4 = 263479.4 ton 

nd floor. F,1=[(3158.9-59.7)*3.6*1916.4 ]/263479.4 =81.15 ton. Shear force at grou 

F:2=[(3158.9-59.7)*7. l 5* 1916.4 ]/263479.4=161.17 ton. Shear force at first floor. 
F:3=[(3158.9-59.7)*1 l.55*1916.4]/263479.4=260.4 ton. Shear force at second floor. 

F '
4

=[(
3
158.9-59.7)* 15.95* l 916.4]/263479.4 =359.6ton. Shear force at third floor. 

F,= [(3158.9-59.7)20.31916.4]/ 263479.4 =457.6 ton. Shear force at fourth floor. 

F,=[@158.9-59.7)24.71916.4 ]/ 263479.4 =556.8 ton. Shear force at fifth floor 

F., =[(3158.9-59.7)*28.35* 1916.4] / 263479.4 =639.1 ton. Shear force at sixth floor. 
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y 

7)
*
31 35

•
19

16.4] / 263479.4 ~706.7 ton. Shear force at seventh 
p,-61s8.9-57" """@or 

• Total force at the top of seventh story =F. 106. 7ton+ 59.7 ton ~ 7 66 .4 ton . 

Ratio calculation for each wall: 
By using staad pro software we find that this wall carry the maximum shear f r orce sow 

design all walls by this value. ' 
Every Wall in each floor carry about 11 % of shear force that building face so th e followiy 

shows the wall force value for design in each floor. ' 

% Fx =0.11 81.15 = 8.9 ton 
% Fx =0.11 161.17 =17.4 ton 

% Fx =0.11 260.4 =28.6 ton 

% Fx =0.11 359.6 =39.56 ton 
% Fx =0.11 457 .6 =50.3 ton 
% Fx =0.11 556.8 =61.25 ton 
% Fx =0.11 639.1 =70.3 ton 
% Fx =0.11 766.4 =84.3 ton 
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y 

59 7)
,
31 35

, 
19

16.4 ] / 2634 79 .4 =706. 7 ton. Shear force at seventh 
F .. = [(3 !58.9- • · floor. 

• Total force at the top of seventh story = F',= 706.7t00n-+59.7 ton = 7 66.4 ton . 

Ratio calculation for each wall: 
By using staad pro software we find that this wall carry the maximum shear f r Iorce so 

design all walls by this value. ' 
Every Wall in each floor carry about 11 % of shear force that building face so th e followit> 

shows the wall force value for design in each floor. 

0 

% Fx =0.11 81.15 = 8.9 ton 
% Fx =0.11 161.17 =17.4 ton 

% Fx =0.11 260.4 =28.6 ton 
% Fx =0.11 359.6 =39.56 ton 
% Fx =0.11 457.6 =50.3 ton 
% Fx =0.11 556.8 =61.25 ton 
% Fx =0.11 639.1 =70.3 ton 
% Fx =0.11 766.4 =84.3 ton 
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8.9 ton 

126.77 ton.m 

330.33 ton.m 

1025.96tonm 

151288tonm 

1993tonm 

L )26428]ton.m 

6.66ton 

26 ton 

.82ton 

45.36ton 

Tr 
144 

206.61 ton 

276.91 ton 

361.21 ton 
I : 

Fig (4-24) moment and shear diagram 

4-11-4Main stairs shears wall design : 

1-Shear wall (A) design: 

Horizontal reinforcement: 
• fc'=24 MPa 

• Fy =400 MPa. fy 

• h=30 cm. Shear wall thickness. 

" Lw=3.65 m. shear wall width 
• hw=24.7 m. Story height. 
• Vu= 2060.1 kN. 

• Vn=2060. l / 0.75= 2746.& KN 
" d=0.8Lw=0.83.65=2.92 
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J;i hxd a / zX 
C 6 

r-. 100 _ ?15.3kN ✓24 30x292x-- 
V ==-x 1000 
C 6 

V =V -Vc1 
• s " kN 

8- 715.3= 2031.5 . =2746.8 .4 
y_ <6V,+Qr, -s.=" ,(±] 

" I-075*715.3+0.75* y·s 2060. - · 

(
400* 292) *(Av) 

2031.5 == 1 o s 

• (; )-o.l?cm. 

(A ) . - 0 0025*h = 0.0025 * 30cm = 0. 075 cm • _v mm- . 
s . 

Then, 

.1.5l.%%a 
• S. Lw/5 = 3.65m I 5 = 73 cm. 

■ S min =3*h=3*30cm = 90 cm. 

■ S min =50 cm controls. 

So try 2 @12 @ 15 cm for horizontal reinforcement in two layers 

(Av) (2 * 1.54) • 7 = 15 = 0.20cm >0.17cm 
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t: S *h ye o ore pw, A 6,0025)],3, as\g?h [0.0025+ 0.5( · Lw 2 

A»= • 
S1 == 3.65m /3==122 cm • 
S1 ==3*0.3 m==90 cm . • 
S controls 

• i ==50 cm......... 4 7 2.26 0 0025)] S * h 
2 . )( - . I 

[0.0025 + 0.5(2.5 - 3.65 15 * 30 
, A»w= 

A»=.0.0029 S 1 h . • 
So provide (4,,) min 

2 A . - 0 0025*30*50 = 3.75cm s ( 'J) min= . 

Use 2 <1>10@ 30 cm 

2- Design of moment: 

■ As=( LW /S1)*2*113 

■ As=(3.65m/0.3m)*2*113=0.00275m2. 

1 

z O.S
5 /J/ f c' * Lw* h 0.85 * 0.85 * 24N / mm 3.65m * 0.3m 

2 + ----'------=---- 2 + 2 ==0.05 l. 
■ Lw = As* fy = 0.00275m2 * 400N I mm 

I 

z 
• Mu= <I> (0.5* As*fy*Lw(l- Lw )) 

Mu=0.90.50.00275 m400N/mm3.65m(1-0.05 1)=1715.0 kN.m. 
Mu=15128.8 - 1715 = 13413.8 kN., 
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Mu I <P 13413.8 / 0.9 , Ast=. z, i_=11.12cm 
Jy(Lw- Cw) 400N/ rnrn' (3.65m -0 .3m) · 

st 11.12+2.26=13.38 cm 

Use 5 <I> 20 for each edge. 
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J ~W 0-.ci 4.l9 La ~ ¥Llw'il Ll.JI ~ . . ~ .. . c:U ~- ~ ~ .J ~ _jJ ~ ,fa. .J.J::i t.J_µI I~ 0\5 ~ 
.r,l-4~ J J 
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:u1 y12ji.ll 2-5 

I~~ _,µ1 wUWI J)G.. 0.a.9 , o ...#, t,J..>9 '½9 J ~ µI J ~I u,a ~IJ ~ uc, o .J'4s:- ~.wl ~~I u! .1 
,-u:._,_µ i..,.w,l..kll t,_;ll .J~'l .!J.J:¾-4 J .u.4,:il ~~ 01 ~lb JS~~ ~I 

--4l cs &it.ayyssy Sty,a0ls 1ls Cle 5S: ,-lil,as 3 cs dsgo .2 
1 .. , .. ;j_j li.JI A...lc., ~, ~·-.I\ 0 .. .:.1\ ~)u.o'i 
.~ .) 0.) J ~ J ~ 

\3A) \feY! Ce <ss0&sysl e ill l55 #30 @syh 3 illy Rlss l @al,l Jal l 55l ; 8 

.ulA)\ J rj\.S.JI lJSJ I.A~ 
(Solid slab) -\5511 ,5<S ,L±1l ,,0,J 1,1£;51,%l1,sa (Or ribbed slab)Ls),l±ail5 .A 

-- ~ -...r. J=' 1....- .- -..,;,~ ne-way n e s a r r 
0-o .J~ r1~, ...:i ~ ,o ·.< .. ,1. h ,,1 _, _ • 1 • _,

11 
_ ... 1 1 

J-'Y"-' UI.A::>..i ~ c,r Yu..='11 wl~ u,a ~ts fol 4-:i~ ~~, J 1:;:.r UJ#' 

-~1.,bll ~ o~I Jk)IJ 1.):..i (T-section beams) ti 

• 
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l. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI 

318M-99) AND COMMENTARY CODE (ACI 318M-99). 

2. "UNIFORM BUILDING CODE" 1997. 
3. SARZAD NAEIM ,"THE SEISMIC DESIGN HAND BOOK", 

VAN NOSPRAND REINHOLD, 1988. 

4. S.RAMAMRUTHAM"DESIGN OF REINFORCED CONCRETE STRUCTURES", 

Ne CORMAC, FIFTH EDITION, 2001. 

5. B.M. SERJUSON, J.E. BREEN, J.O.JIRSA"REINFORCE CONCRETE FUNDEME­ 
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'fj /I 
,. .. 
~~ 

3 
\t ,..,, 
,'. 4. 
., 
s 4.l - 
g specified e as s 
~µ • lements. their e 
~ 
,l 

------:-- ( ?( c-- --· -------- 
- J - 

is 
•.; 
.!. 
» ~ 
•.o ~ ; 
a I [a1v [,,€Maas, sa as 
·_:, a d table tennis :_• billiar , . • ,. ,,..,, g 2Jr!\/ovo [ e» ,gap Y • la 68is,fled rE .,, c · t:.>P. ~ l"e'ctttre halls . ,o: s'llOt:l O I 

-~' - with -fixed seating. 
l] - without fixed seating 

dr> Cu5 

· t use The place and i .S 

VE r.oADS crERisTIC LI ' 
VERTICAL O{ARA . th vertical charact·eristic live 

values of ~th the in tended use of the load, 
1 The -aance wi Stru,,' Genera_ accord' . Table 1, in 1n 

TABLE l 

· uni [paracteristic 
[forly distributed 

-live loads 
2(3) K ;m2 

KN/m 

N o t e s 

2.0 

3.0 

200 

300 

Entrance halls 

Halls for light machinery , 
equipment,i@f?> o/yo 
Gymnasiums, d~ce ,..9_N:lr::::,..v,~ 

v(l/'/.> .....,- ✓/ 
Halls for museums and- , , r: 
exhibitions ~w.,cJ.P i;µc, \.l,'V 
Construction for .. h~giqg \j,, 
hall 15ghtips:,pl \rt'»'­ 

" ~\ ~~ - . 
'..' (i) Dressing rooms and service '.-~ ,c,;) rooms near the above- 
.::. · \;;,mentioned halls and areas :/t,· .for storing equipment for 
£:,·:.-,~ .9r-,llll1asiums and ~imilar halls 
,,;-:·:~-~ -------a_i!L;; ·------­ 
Dwellings including roofs and 
[intermediate f ]q9rs 
,~: --~ \ J_-G:--!,,,!..)J.., _ 
~~: ~agogues .and., other prating 
[halls , 5?\)5c, 
zL537­ 
(a) sick rooms <5e& ? 
,(b) X-ray and surge:rx z:.ooms , • 
(c) Storage rooms ~1JCJ-.P!Jf.. "-'./ 
~~------~-u~-- . ··L ..,.--. ----------- , 
, Va-lues in kilonewtons ru:- 
j For this reason, values : ba~ed on the c 
.i· Values based on th in kl.lonewton l e conversion 

4.0 400 

5.0 500 

4.0 400 

4.0 400 

5.Q 500 
::. 

4.0 400 

2-. 5 250 

2.0 

--------- 
200 

1.5 150 
--------- 
4.0 

-------- 

--------- 
2.0 
3.o 
4,0 

400 
-------- 
200 
300 
400 

- --- --------~~ ---------~-~~~;;~ 
The load refers to roof ·, 
not more than 10% ... ----·~ ----- --------------- 

- - -- ------- ·- - -- 
For assembly 
see "Halls' 

---- ----- 
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1 ( continued) aracteristic uni 
B LE 

a its use ghe place an 

formly distributed . 
loads 

N o t e s 

2 (3) 
I<N/m 

2 
J<g/m 

3.0 

--------- 

4.0 

2.0 
) Living rooms 
~---------------- ----~-- stories_ahd_yorkshops , \yle>2e? 
'? """ · 
.l· For specific industry,v@ 

\ ; 

·I · For specific very light 
: industry, such as electronic 
\an4,sens shoyjb3-? st? 
a}LO te? o3 Vi • 
l Not specific in?45try ~.,c! 

. ,----------------~~- --- 
' ✓ ~- ..... ages for performance@,,&?2, 
-------------------------.-.- --------- 

--------- 

s.o 

3.0 

7.5 

7.5 

±ting rooms ,md readina rooms, 2 .0 1ii ·· st5ou · .--.--5$±07y-3®--%e.1----=--­ 
t rooms.in_public,p]ages> \»] 2.0, 
:--------?,J.E--&fL~...u-~J..e __ ------·--'<' 

--~ ~~ ,, ' 

! Small shops in residential 
areas up t9 50,sq m· ' ], 

j -~ [Ji, k.,, V' ~ g' 6s 
'-1 Shops larger than those 
mentioned above and their 

· storage.,..~as , • ,,,... /_; 
--5pas232?le r!) @g Ms ~ ~ ------- 
@ges and underground floors 
~~ for parking and moving 3gag?rial y;4s'» . \~i,;. ~ h ,.....l-L~ • •J. vehi es us857: \eh . . . , tons in weight ·3J\,­ f<a?'¥ cv 
;,Acc4ss ~ths for veh .l:r:t-Vl t 2 5 ac..es up 0 • tons in weight 
:.Vehicles heav· e~ . an 

'fye"Ao ~. --------------- Pies gal&rues) <Sh 
With fs oU l.Xed seati~ • 
'.I-Ii th out f · , J; if .>.lf s axed seatin ~ --------------..CC-li....t! ~ 7J=-­ 

3. 0 

5 .0 • 

3.0 

s.o 

----- ---- 

s.o 
7.s ---- ----- 

300 

--------- 

400 

200 

--------- 
500 

300 

750 

750 

200 

200 

300 

500 

300 

soo 

---- ---- 
soo 
750 

---- ---- 

For assemb•ly halls in 
see "Halls" Sch0o1s 

---------------- ------ 
See Footnotes l and 2 ~~--------. 
of Table 1 the-, 

------------- -------- ........... 
-------------------- 

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

See Footnote 1 at the end of 
Table l . 1 

-------------------------------·- 

, ed in 
The load shall be deter:? 
accordance with Appendix _. _______________________ .......... ,-- 

,, 
» _______________________ .,,,..,,., 



d . ts use 
The place an l. 

Characteristic uni 
formlY distributed 

loads 
2 2(3) q/ 

J.<N/m 

6.0 

10.0 ray, A» SP 
~ 
,/ > 

600 

1000 ,,. . 
«9, 
~~ 
.,.- ;" \ >8 

\ 

.) -------- J[staircases, stair latforms, 
orizontal and slo d, 
alconies, corridors and / 
assages CL5l\ <he% ± 

;: (a) ·Not cantilevered o1 v_;. t' 1__,J \ 
l 9 -> 
,1 (b) Cantileveredj;, vt~' · 

- 5 - 

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

' : ; : 
1 
~ ~ 
;!• _,c~ _,. ~--l----o- v--wt·' ---. ---------- '-~ --- 

ara~s for automotive repairs, 
;~ including vehicular driveways . 
1 ------------- c._.L~ ~y ·--- 
] ttores u' ' v :, '/ 
'\ 
» 

A 

--------- 

2. l[residential kitchens 
: -------------- 
Laundries ~-,-~-.----------- 

· Laboratories 

,72L3¢ 
(a) Storage of pa • 

of height Per per metre 
(b) Storage. of Print. ~--------------,-1---~g equipment 

9,f ~ / ~'-:e:;; 

3.5 

5.0 

5.0 

7.5 

--------- 
4.0 

----- 
4.o 

------- 
3.o 

--------- 

7.5 
12. 5_ 
------- 

350 

500 

500. 

750 

.400 

400 

------- 
300 

-------- 

750 
1250 
-------- 

+> " 
8g), @is£riEs u sets n. ,2f% 

• ~~~ Oa- 
J.ng shall be d s ted i,1 : ete). I/ 
in g to the sp , l:ntinea I ecl.f' · 
not less than th led 1tail 
f ied for the e Valb•· are -~ stairs. assetvec 
In addition it h s a11 
that a concentr t be c 
2 • 0 kilonewton ~2 ed load in the most dan oo kg/,o Serous 
not cause higher Pla 
---------------- stressa;, 
The specified 1~~~~-----­ 

. flights of stairs a~:Y 
d • . Ptovia,J' loa distribution s s et 

cent stairs is sucfi' : ~ Ctenta 
assured. Otherwise,the 101 
shall be determined in J 
an ce with the clause ae:i! 

. th "I d' . Wl. : n J. VJ.dual stairs", 
In any event the load shal 
not less than the values s 
fied for the areas served 
the stairs. 
--------··-r----------·--··· 

--------------------------- 
See Footnotes 1 and 2 at i 
of the Table. 
For storage areas in hospi\ 
hotels, offices, stores, e_ 
see the relevant clauses a. 

this Table. 
- . ----------------------·~· 
See Footnote 1attheen 

_;~~-=~=~~------······~~~- 1 at the see Footnote 
the Table. -·· .2.%% 

,.-' the Table. •· _______ ,,, ~\ 

------------- azl 
See Footnotes 1 an 
end of the Table• 
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TABLE l (continued) 

l and its use The p ace 

Characten.s 
1 distributed form Y 

loads 
2 

· tic uni 

·2(3) a/ KN/m 

~~ ffices .,. V 
gene~al use ( V: U L1-f'.I (a) For 

Phy ,and • (b) Rooms for photogra ...- .Y 
reproduction pk) ca 

(c) Filing and storage 
d other heavy (d) compactus an _,✓.~ • / 

office equipment ~ '[~-- 

1a --- ' ) s+dins reons exes.f?® 
rooms,y 3 !»v rs\? co> 

(b) stfc£ rooms per metre of 
height of the library, 
including passages 

c) Compactus 

2.0 

3.0 

5.0 

3.0 

2.5 

200 

300 

500 

300 

250 

For item (c) - Se 
e Foe, at the end of the »,\"lo, 

®O]% For item ( d) - In a · 
with data sups±ca ],® acturer of the equs,, ° 

d t ment •• un er mos severe cona· .""'C loading.. ti,, 
---------------- -------- ......... .._ 
For item (b) - See Foo+, 

{10te at the end of ·.:he Table, 

For item (c)_-L accordance 
with data supplied by the rn 
acturer under most severe 
conditions of loading. 

. rootnote l: 

}ootnote 2: 

": 

The loading shall be determined in accordance with the contents for w 
the place is intended, when stored under the most severe conditions, b 
not less than the value specified in Table l. 

If the place is intended for the use of vehicles or forklifts,it shall 
checked also in accordance with the applicable loading given in 
Appendices Al and A2, taking into account the maximum stress. 

o 

., The loads specified in Table 1 i're only applicable to floors of good 
<gi?ity, in which the effects of concentrated loads are distributed in all direct i 
lch as solid floors or floors made of uni ts bound to each other by elements capabl ' distributing the load to the sides. 

When 
th
e rigidity of the floors in direction of their width does not ens, '° distribution of loads to the s±a&,' all be 

the loadings listed in Table l s a 
creased by 33%. , 

In floors intended for loadings m (500 kg/ 
'notice shall be posted in a . exceeding 5. O kilonewton per sq d which 
Y be imposed on the floor. Pronunent location, clearly indicating the Joa 

'4, 
2 
- !':_arti tions - When th k, Jonewto 

Fm (400 kg/m), the di tvibi +e Partition Weight does not exceed 4•0 ·g1ht of · tti t. . s r uted loaa b the we1 
ion' l.n addition to the • may e considered as equal to · posed 1 ±a 
- A dis tribut d l oa , as follows : Ose • e oad of o 75 . ®sht does 4% ' kilone»; 

O' exceed 2 o k . l on 
' 1 onewton Per 

2 . partitions Per sq m (75 kg/m ) for 
m (200 kg/m) ; 

... /7 



ts in slabst ative momell 
Coefficients for neg . dead plus live load Table 5.2_ = total uniform 

=Casal@ where w Masa' ,wl} 
Mb.neg= Ch,nes -~ Case 4 

2 Case 3 Case I Case W W o Cl ...___ 
Ratio 

l, m=j 

C,a 
1.00 g, 

C,ea 
0.95 c,. 

Ca.neg 
0.90 cg,,, 

C,a 
0.s5 c,,, 

Case 6 

CJ 
Case 7 

CJ 

0.050 0.075 
0.045 

0.076 0.050 0.045 
0.075 0.079 0.055 0.067 0.050 

0.072 0.045 0.041 
0.079 0.060 0.080 

0.062 0.055 
0.070 0.040 0.037 

0.066 0.082 0.083 
0.057 0.060 

0.065 0.034 0.031 

0.071 0.083 0.086 
0.051 

0.065 
0.061 0.029 0.027 

C se 8 Case 9 do 
0.033 0.061 
0.061 0.033 

0.038 0.065 
0.056 0.029 

0.043 0.068 
0.052 0.025 

0.049 0.072 
0.046 0.021 

C,»a 
0.0 c,,, 

0.75 Ca.neg 
Cya 

o.76 ­ Cc, 

! C f 0.65 a.n,, 
% C, j goo » sg' C s ·b.neg #. I; 

: - 0.55 Ca,nea 
»CG»ea 

3.so ­ 
7 CG,, 

0.069 0.076 
0.022 0.056 0.024 

0.074 0.081 
0.017 0.050 0.019 

0.077 0.085 
0.014 0.043 O.ot5 

0.081 0.089 
0.010 0.035 0.011 

0.084 0.092 
0.007 0.028 0.008 

0.086 0.094 
0.006 0.022 0.006 

0.085 0.088 
0.044 .,. 

0.086 0,091 
0.038 

0.087 0.093 
0.031 

0.088 0.095 
0.024 

0.089 0.096 
0.019 

0.090 0.097 
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0.055 0.075 
0.041 0.017 

0.061 0.078 
0.036 0.014 

0.068 0.081 
0.029 0.011 

0.074 0.083 
0.024 0.008 

0.080 0.085 
0.018 0.006 

0.085 0.086 
0.014 0.005 

0.089 
0.014 0.010 

0.088 
0.003 

tA crosshatched edge indicates that the slab continues acros~, or is fixed at, the support; an 
arked edge indicates a support at which torsional resistance is negligible. 

. PUted for this total load. Negative moments at discontinuous edges are 
i!med equal to one-third of the positive moments for the same direction. 
~ _must provide for such moments because some degree of restraint is 
'Jded discontinuous edges by the torsional rigidity of the edge beam or by Upporting Wall. 

l'or Positive moment, there will be little, if any, rotation at the continuous 
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1 d positive moments m slabst Coefficients for dead- oa Table 5.3 dead load 
M = Cad1wl~ where w = total uniform posdl · as·· q} 
MA .a= Cali b.pos, 

Case 5 Case 6 Case 7 Case 8 Case 9 Case 2 Case 3 Case 4 ro Ratio Case I 

CJ D r to CJ r l, D D n == 
ls 

0.018 0.027 0.027 0.033 0.027 0.020 0.023 1.00 @ 0.036 0.018 
0.027 O.Dl8 0.027 0.033 0.023 0.02 0.036 O.ot8 0.027 Cy.a 

so, 0.021 0.030 0.028 0.036 0.031 0.022 0.024 o.95 « 0.040 0.020 
0.024 O.DIS 0.024 0.031 0.021 0.017 

0.025 Cy a 0.033 0.016 

0.039 0.035 0.025 
o 0.022 0.025 0.033 0.029 

0.026 o.9o ­ 0.045 
0.014 0.024 0.022 0.013 0.021 0.028 0.019 0.015 

Ca 0.029 

0.050 0.024 0.029 0.036 0.031 0.042 0.040 0.029 0.028 o.ss ­ 0.026 0.012 0.022 0.019 O.OII 0.017 0.025 0.017 0.013 
Ca 

o.80 ­ 0.056 0.026 0.034 0.039 0.032 0.045 0.045 0.032 0.029 C;a 0.023 0.011 0.020 0.016 0.009 0.015 0.022 0.015 0.010 
0.75 Ca.JI 0.061 0.028 0.04-0 0.043 0.033 0.048 0.051 0.036 0.031 CL.a 0.019 0.009 0.018 0.013 0.007 0.012 0.020 0.013 0.007 a» 

' o.7% 0.068 0.030 0.046 0.046 0.035 0.051 0.058 0.04-0 O.OJJ C;a» 0.016 0.007 0.016 0.011 0.005 0.009 0.017 0.01 l 0.006 r,,. 
·- o.ss S 0.074 0.032 0.054 0.050 0.036 0.054 0.065 0.044 0.034 C,a 0.013 0.006 0.014 0.009 0.004 0.007 0.014 0.009 0.005 

; - o.so ­ 0.081 0.034 0.062 0.053 0.037 0.056 0.073 0.048 0.036 
C, 0.010 0.004 0.011 0.007 0.003 0.006 0.012 0.007 0.004 0.ss 0.088 0.035 0.071 0.056 0.038 0.058 0.081 0.052 0.037 
C;a 0.008 0.003 0.009 · · 0.005 0.002 0.004 0.009 0.005 0.003 - o.so 0.095 0.037 0.080 0.059 0.039 0.056 0.038 
C,» 0.006 0.002 0.061 0.089 0.007 0.004 0.001 0.003 0.007 0.004 0.002 

t A crosshatched edge indicates h . . an . 
unmarked edge indicates t at the slab continues across, or is fixed at, the support, . ®Support at which > :.. /Ch torsional resistance is negligible. 

edges if dead load alone is acti Is 
tend to produce op .'ng, because the loads on both adjacent pane_ · d. . Pos1te rotation h' h thi condition, the continuous ed s whicl cancel, or nearly so. For . 
coefficients for the deaa,, 'S can be regarded as fixed and the appropnat h d, load m +9 the 
an ' the maximum live-load oments are given in Table 5.3. On the o 

only on the Particular Pan I moments are obtained when live load is place. 
e and not I t 

on any of the adjacent panels. n 

r 
I. 

! .­ 
l, 
I·· 
7 
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itive moments in slab st 
. ts for live-load pos1 I 5.,4 Coefficient. 

Table ' ? =total uniform live load 
M, .r=Caal where W 

a.ow y[? 
M. .%= CAW'h Case 5 Case 6 Case 7 Case 8 Case 9 h.pos, Case 4 Case 2 Case 3 CJ o ts L3 □Ratio Case 1 

CJ (J CJ l, » m == r,: 
0.032 0.035 0.032 0.028 0.030 

0.027 0.032 
0.036 0.027 0.027 0.032 0.035 0.030 0.028 o 0.032 0.032 

Is Cs 0.036 0.027 
0.035 0.034 0.038 0.036 0.031 0.032 

0.031 ss 0.040 0.030 0.029 0.024 0.029 0.032 0.027 0.025 
0.7 Cs 0.033 0.025 0.029 

0.035 0.039 0.037 0.042 0.040 0.035 0.036 

o.9 ' 0.045 0.034 0.021 0.025 0.029 0.024 0.022 
0.029 0.022 0.027 0.026 

Cs 
0.040 0.043 0.041 0.046 0.045 0.040 0.039 

oas ® 0.050 0.037 0.019 0.022 0.026 0.022 0.020 
0.026 0.019 0.024 0.023 

Cs» 

0.041 0.045 0.048 0.044 0.051 0.051 0.044 0.042 
o.so 0.056 0.019 0.023 0.019 0.017 

C 0.023 0.017 0.022 0.020 0.016 

as S 0.061 0.045 0.051 0.052 0.047 0.055 0.056 0.049 0.046 

C:» 0.019 0.014 0.019 0.016 0.013 0.016 0.020 0.016 0.013 

o.7 0.068 0.049 0.057 0.057 0.051 0.060 0.063 0.054 0.050 
! C,» 0.016 0.012 0.016 0.014, 0.011 0.013 0.017 0.014 0.011 
i» ' 

"&: 0.074 0.053 0.064 0.062 0.055 0.064 0.070 0.059 0.054 
· 0.013 0.010 0.014 0.01 I 0.009 0.010 0.014 0.01 I 0.009 

·!A 

lgoa ­ 0.081 0.058 0.071 0.067 0.059 0.068 0.077 0.065 0.059 
±#g" c, 0.010 0.007 0.011 0.609 0.007 0.008 0.011 0.009 0.007 449'%, 

0.088 0.062 0.080 0.072 0.063 0.073 0.085 0.070 0.063 
0.008 0.006 0.009 0.007 0.005 0.006 0.009 0.007 0.006 

0.095 0.066 0.088 0.077 0.067 0.078 0.092 0.076 0.067 
0.006 0.004 0.007 0.005 0.004 0.005 0.007 0.005 0.004 

tA crosshatched edge indicates that th. . 
marked edge indicates a su . e slab continues across, or is fixed at, the support; an 
:. pport at which torsional resistance is negligible. 

e, some rot t · · . (aton will occur at ill .- 
assumed that there is 50 at continuous edges. As an approximation it 
" en~s. The correspondin percent restraint for calculating these live-load 
""["e scar in die s5.,, """®mts are given ia Tate's.4. rFinatty to 
,,° fractions ot he o1 ±""]® 9n the supporting beams, Table 5.5 

ons. oa w which are transmitted in the two 



gCTURES lab and load on oNCRETE STR • for shear in S 
220 DESIGN OF C d I direction1s , 

. / an " __ 
. of Joad W ID 

O 

__,- I 8 Case 9 
Table 5.5 Natlo _,-----, Case 6 I Case 7 Case D r,,ply,eel5li,i[] 
t 1 Eg (] I I . Case r""'4 b,_,.J 

33 
o 67 

" ] Lh 4 I oas o.a , 
=s 1 083 0.71 71 0.67 0.33 +.zip [""},,[,, 

o.so 05 {3 o,"" f o.as o.7 
ii]Pr% as g %% is 
~--1---~1 0 55 0.20 0.55 0.14 0.25 0. 
w. o.55 5 o.so 0.45 

""w s a @ g? $ 
W, 0.60 0.40 0.12 . 

0.90 y, 0.40 

0.43 
0.57 

0.75 
0.25 

W. 0.85 ,, 
0.66 
0.34 

W, 0.80 , 0.71 
0.29 

W, 0.75 y 
0.76 
0.24 

0.60 0.23 
0.40 0.77 

0.66 0.28 
0.34 0.72 

0.71 0.33 
0.29 0.67 

0.76 0.39 
0.24 0.61 

0.81 0.45 
0.19 0.55 

0.66 
0.34 

0.71 
0.29 

0.76 
0.24 

W, 0.70 , 0.81 
0.19 

0.81 
0.19 

W. 0.65 , 0.85 
0.15 

0.85 
0.15 

0.53 
0.47 

0.85 
0.15 

0.83 0.43 0.90 
0.17 0.57 0.10 

0.92. 0.86 0.49 
0.08 " 0.14 0.51 

0.94 0.88 0.56 
0.06 0.12 0.44 

0.95 0.91 0.62 
0.05 0.09 0.38 

0.96 0.93 0.69 
0.04 0.07 0.31 

0.49 
0.51 

0.55 
0.45 

0.61 
·o.39 

0.68 
0.32 

0.74 
0.26 

0.79 
0.21 

0.83 
0.17 

0.86 
0.14 

0.89 
0.11 

0.92 
0.08 

W, 0.89 0.60 , 0.11 

W, 0.92 0.55 ,, 0.08 

W, 0.94 0.50 W, 0.06 

0.89 0.61 0.89 0.97 

'f wt["l"]+ale 0.85 o. 
0.92 0.98 0.15 0.05 
0.08 0.02 

0.94 

0.92 
0.08 

0.69 
0.31 

0.95 0.76 
0.05 0.24 

0.96 0.81 
0.04 0.19 

0.80 
0.20 0.06 

0.94 
0.06 

0.76 
0.24 

0.94 
0.06 

0.99 
0.01 

0.97 
0.03 

0.86 
0.14 

rt an . fi d at the suppo ' tA crosshatched edge indicates that the slab continues across, or 1s xe ' 
unmarked edge indicates a support at which torsional resistance is negligible. 

0.89 0.97 
0 11 0.03 . L-- 

S
. . . 1 . 1 . 1 th distance d for the mce pos,tive-moment stee IS placed in two ayers, e use the 

upper layer is smaller than for the lower layer by one bar diameter. Bee~ e the 3 
moments in the long direction are the smaller ones it is economical to Pac .J 
steel in that direction on top of the bars in the short direction. en<' j 

Th t · t· · f nsequ 
1 e Wis mg moments discussed in Art. 5.5 are usually o co . es at f 

only in exterior corners, Where they tend to crack the slab along 
45
• t,n :~ 

4 ·; ~ 
3 s 



~~ ...... j..,.. · -·· i% hgraerucyrr&o-----\----/lfkubg,,' &, pg.,Gill@5,,egen mruts die Aninahme ±5.,,Z@,,, =-5Jig?ii.lG iii a." 3, l&; .. - , . ..::::p-•1- . he .'t, dd ur.k e1 .. fl'' h . en,, en· 
lagunger8,syven ErdhfP =krummte Gleitflichen zugrunde,,, {·bey _ .. :W-afl:0•1,.., ... -1 nil der pa... deshalb ge [11 3]· f"'t o - . ' nd z t. .--5-r ate Ert7 jg, ieg --/Weiffenbach . A:J+JU?7 @?nacc,, , re tr,f} "{Teoie yo "], icrsvchvig (1i14) is jewis fall"g o""1) nae · le1chen · . Il · · 0>0,> P. dnach einer verg!,,, g des Erddrucks aus Stre1fen. lind Ein · 

1 
erte. 

(11.10]._ D~s sm werden fi.ir die ErmI.t~ ~ ftir c,; = /3 = o aus dem Ansatz ze lasten &e. 
be Beier!e s [jj3y und ergeben $l 5, 
b. ch't (siehe Se1te · (9- _ rn b6,) [ 11. • 
rau ) cos 8 /cos a ..,., a · • 4 4 W · t E 

K == sin (9a - rp . a • v- siehe Abschnitt • 'eitere rddruckbeiw 
ah,P R hedruckbe1wer.tes .no ertesi•h · 1 g des u · • e Zur Ermittlun J [1110]. 

[11.2], [11.3], p1.9 ' . . 

'kel9 fiir a= O, f3 = 0 (Zw1schenwerte geradl ei·n h . d GI 'tf]achenwm Va • Sc alt ) .. Erddruckbeiwerte K un e1 en r- : 17,5° 20° 22,5° 25° 27,5° 30° 32,5° 35° 37,5° 40° 15° , , 

0,33 . 0,30 ---.. 
0,59 0,54 0,49 0,45 0.41 0,37 0,27 0,24 0,22 0 ' 0,30 0,27 : K 0,46 0,41 0.37 0,3.4 0,25 0,22 0,20 ; 

..... !l., .. + ½ cp 0,55 0,50 ' 0,31 K» 
+ ½ cp 0,52 0,47 0,43 0,38 0,35 0,28 ,0,25 0,22 0,20 ,18 i1 K, ; r - K»,, o· 0,77 0,73 0,70 0,67 0,64 0,61 0,58 0,55 0,52 0,49 0,47 

. Kah,p + ½ cp 0,65 0,62 0,59 0,56 0,53 0,51 0,48 0,46 0,44 0,41 0,39 
· Kah,p + ½ cp 0,56 0,54 0,51 0,48 0,46 0,44 0,41 0,39 0,37 0,35 0,39 

Ka 0 1,53 1,46 1,40 1,34 1,27 1,21 1,15 1,10 1,04 0,99 0,93 K,% + ½ cp 1,43 1,36 1,29 1,22 1,15 1,10 1,04 ·0,98 0,93 0,88 0,83 ,a + h po 1,34 1,26 1,18 1,11 1,04 0,98 0 92 0,87 0,81 0,76 0,71 l 

K 0 1,70 1,86 2,04 2,24 2,46 2,72 3,00 3,32 3,69 4,11 4,60 ·-t- ='hi go 1,94 2,18 2,48 2,81 "3.22 3,68 4,27 4,95 5,80 6,85 8,15 
. ph 

' K,, 6) 2,11 2,38 2,77 3,23 3,81 4,51 5,46 6.15 7,12 8,27 9,64 A,» ·- rp 2,13 2,46 2,85 3,34 3,93" 4,b68 5,635 . 6 86 8,48 10,67 13,67 1 ' Ka 0 0,74 0,70 0,66 0,62 0,58 0,54 0 50 1 Io 46 0,43 0,39 0,36 ' ' )° 0 52,5 53,8 55,0 a 
56,3 57,5 58,8 60,0 61,3 62,5 63,8 65,0 J° a + ½ <p 49,4 50,8 52,2 53,6 55,0 56,4 60,6 62,0 63,3 J° +_½ cp 57,8 59,2 a 47,0 48,5 5O,O 51,5 53,0 54,5 56,0 57,5 58,9 60,4 61,9 / V; 

I Ersatzlasten fiir Eisenbahnlaste I 
Lotrechte Ersatzla t I en neben Stiitzbauwerken nach DS 804 . . I 
(siehe v · f s a s unbegrenzte schmaI Stu ife 2 b 3 00 m \'i, erein achtes Lastbild UIC " e reifenlast mit p = 52 kN/:rn und = -

1 Fliehkraft P auf d G 71, S. 3.31); 
H er rundlage · 

Seitenst~B S' ~ 100/(2 . , er Streckenlast von 80 kN/m; I 
Wand (siehe Ab%. + 4) kN/m mit a - Ii h · • fund 1 

· ,,schmale StreifenJ t" - c ter Abstand in m zwischen Schwellenko! ; y,,, as auf Seite 11. I 3). 
pp-25° 

·°> aber hdchstens 27.5e 
1112 

» 
.i 
! 
i 



SEISMIC ZOflE FJ.CTOfl. Z 
Z: 0.2 z:c;,, 

~ - z: 0.16 
0.2-t - z:D.07o 0.16 ~ SOIL PROF ~En FE - 0.06 .2 .... ,_, - ~.I o.i:: 0.2rJ 0.30 
~ - 0.1JS -.:,, ,I - , .­ OJ; 
~ (1_1]9 0.!8 '-.7 ,I 

( .. 0.23 0.36 ~ .\ : O.t '-.77,\ 

~-J 0.30 0.3.: 56 
~ (1.19 •.,J ·\ \ See :c-:-oo:& I --- S ±re nly±is ±'ill leper=doc=tee±rrefersfrok-. . . ~ ~ . . ~ . ,. ,: . 

TABLE 16-Q-SEISMIC COEFFICIENT C~ 

Jsirqedc geo:fcl:cica. Hm: .. ~a..m and d_,rnu:, .I.€ re. 

TABLE ·16-R-S,EISMIC COEFFICIENT C-,, 

~:i&V.IC Z0\E F.!.OOP., Z 

!OIL F.,OFILE rr•e Z = ~-2 2=04 
(1,06 C•.16 
{1.0S 

c.12 

G.15 1.20 
(1.:,; t).25 D.45 056\ 

0.26 
See Foomote I 

0.96.V, 

<St±-ape:iti: got±clcal iv±stigtica al dyii¢ site r±spouse aalys:: shall e geroei to deter±ire et±r cosffirst: fizz £iil Picfils [ize S, 

16-10.2.1 Srruct1U'<' pel'iocl. Th~ ",,,Jue 1f T sh r . le· - . 
fron: ont c,f t:ie fo:Jov:mg t:ierhod.s: ~ · - a • be < ,en:.imed 

1. ~frrhocl .-\: For .;lJ buiHino· ti,· ·ctl ~ 
t,imd frGn: ,:ie folb•:mg fo~lJt ·" \•, ue 1 n:r,y be appro::i- 

\\1IERE: 
c, 
C, 

(3D-S) 

0.035 (0.~S5.,) for sre~J n·o ,. . - 
0.031) (0 o,~ I).,~ ~ .' • · llli,ut.:es1mng frru:i.e,. 
ing < '·- -9T .emfoneed concrete > 
, : rram~, au:l eccicnnicalh- b V • .110:uem-re,;i,:- 

C, 00201004$31% % ' raced frames, ,. .,. .. · ... -~,-v-,· · or ~.1 :,rher bni:din;;,_ 
. Jte . ..i,,.1,e.y. t:ie rclue ofC fr > 

Thews aye5 '33cages wit: cocree c: ua. 
or.-!c m :U') • "' ,,It a, u.1. , ... ¾ (F~r SI O • - 
T:.. . .. .., . : ))l-l,3/,./.·( . 
. . ,e •.·a.tu~ o"' J sh t· . 

t.:li.,:a: - • · ·r < a • be deten:.iiued fr , _ . 
0.ll th,, fc llowmg ::Or- 

~- :\ierhod B: T:ie funim:ental ueri:d T mar oe cakuht~d m-. 
ing d1e rn1cmral p:openie~ and dt::nmtional c:1aracren=11c; ol 
tbe res[sting ebnen:, in a properlv sub1ia11tiated ~!~sis. The 
rill.alysir, ~hat: be in :.m:ordance ,,,ith the rcquircn:ents o: Sf:non 
1630.1.2. The •:aluf of T fron: Me:hod B $h,Ji uct ex,ccd a r~luc 
""· . th .. , l .,,. b ; ·o"' \'ctl:'d" ill J ,, pe:cem i:eater • m u1e ::a ue ot 1 o mueu J ... · · '. · · 
Seimuc Zo71e 4. and 40 percen: in Seimiii: Zoues :. 2_ md ~- .. 

Th ft . . . ... b . dll'•um1otlie!O.· !e weds:enta. period ± nay e ccmpIa F 
.owmg :onnuh: 


