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Abstract 

Structural Design and Details of a Multi story Building 

Project Team 

Hasan Abu Raieh Hashem Abu Raieh Wajdi Tannena 

Palestine Polytechnic University 

Supervisor 
Dr. Maher Amro 

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

executive details of a multi story building in Hebron city. 

This building consists of 8 floors and it contains unlimited activities. 

This building is reinforced concrete structure, and it will be designed 

according to ACI-code-2008. 

The project contains the structural analysis for vertical and horizontal loads 

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

• 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. 

• 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. 

• W c = weight of concrete. (Kg/m3
). 

• Wu = factored load per unit area. 

• ~ = strength reduction factor. 
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Specific Weight 
No. Material KN/m 

1 Tile 23 

2 Sand \y 

3 Reinforced Concrete 25 

4 Hollow Block 10 

5 Plaster 22 

6 Mortar 22 

7 kalkal 0.1 
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Live Loads 
NO. Type of Area (KN/m) 

1 Lecture halls 0 

Y Roof (including snow loads) 2 

y" Cafeteria 0 

£ Stairs 5 

0 Corridors 4 

'\ Laboratories 3 

V Ateliers 0 

" Offices 2 

q Work Shops 5 

' . Elevator 10 
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Q= 0.613 (Vz)2 

:JU? 

.(N/m2) o.l:i._,11_, ~I U:O.J'il F y~ w.a ~.l:i,..Q t,lii) ~ c4.Jl ~~~1 ~1 : Q 

~I _,i ~I~ W:!4! ~\_, ~.l:i.A t,lii) i)c- ~.)\ A..c..J-"I ~_, c4.Jl :a.2·.2· oil\ A..c.yJI : Vz 

Si: 1.0 
S2 :0.96 

S; : 1.0 
V: 35 (mis) .4/5/3-b 

q Vz = 35*1.0*0.96* 1.0 =33.6 (mis) 

q Q= 0.613*(33.6)2 =692.05 N/m2 = 0.692 KN/m2 
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<All el (h) -±" ch» e ill 9ls 

(kN /m2
) (m) 

0 250>h 

(h-250) /1000 500>h>250 
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CHAPTER 
"DESIGN OF STRUCTURAL MEMBERS" 

4 

4-1 INTRODUCTION. 

4-2 DESIGN OF RIB (NO. 3). 

4-3 DESIGN OF BEAM (NO. 08). 

4-4 DESIGN SOLID SLAB OF STAIRS. 

4-5 DESIGN OF COLUMN (NO.3). 

4-6 DESIGN OF ISOLATED FOOTING(NO.32). 

4-7 DESIGN OF STRIP FOOTING. 

4-8 DESIGN OF MAT FOUNDATION. 

4-9 DESIGN OF STAIR. 

4-10 DESIGN OF BASMENT WALL. 

4-11 DESIGN OF SHEAR WALL. 



CHAPTER FOUR 
Structural Analysis & Design 

CHAPTER FOUR 

Structural Analysis and Design 

4-1 Introduction 

Toe strength of a structure depends on the strength of the materials from 

which it is made. For this purpose, design material strengths are specified in 

standardized ways. 

Actual material strengths can't be known precisely. Structural strength 

depends, on the care with which a structure is built, which in turn reflects the 
quality of supervision and inspection. Members sizes may differ from specified 
dimensions, reinforcement may be out of position, poorly placed concrete may 

show voids, etc, and this can reduce the strength of the structure. 

The design strength provided by a member, its connections to other 
members, and its cross-sections in terms of flexure, and load, shear, and torsion is 
taken as the nominal strength calculated in accordance with the requirements and 

assumptions of ACI-code. 

So in this chapter we will explain the design of the structural element for this 

project, the dead load is calculated based on type of used materials, but the live 
load is chosen based on the values that are used in chapter three tables (2-3). 
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4-2 Design of (Rib 3) in third floor. 

The main loads acting on the structure are dead and live loads. Dead 

Load is calculated based on the density for each material used in the slab. 

The overall depth of slab must satisfy the limitation of deflection required in 

ACI Table (9.5.a). 
Minh = L / 21 for interior span 

Minh= 5.4 / 21 = 26 cm 
Minh = L / 18.5 for exterior span 

Minh =4.2 / 18.5 = 23 cm 

Min h =L/16 

Minh =3.8/ 16 = 24 cm 

for simply support 
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4-2-1 Dead load Calculation: - 

1TtThi: 8cm Topping 
24cm Block 
3cm Plaster 

0.15€ 0.40 9.15+ 0.40 8.15 

Figure (4-1) section in one way ribbed slab 

Coarse Sand 

Tile 

Concrete Rib 

Block 

Topping 

Plaster 

0.070.5517 = 0.655 
0.03*0.55*22 =0.363 kN/m of rib 

0.24*0.15*25 = 0.9 kN/m of rib 
0.24*0.4*10 = 0.96 kN/m of rib 

0.08*0.55*25 = 1.1 kN/m. 

0.03*0.55*22 = 0.363 KN/m of rib 

Nominal Total Dead Load = 4.58 KN/m of rib 
Factored Total Dead Load = 1.2*4.58= 5.5 KN/m. 

Live load = 5 KN/m2 . 

Factored live load =5*1.6*0.55= 4.4 kN/m 
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4-2-2 Rib Design (R3): 

The length of spans are shown in figure (4-2) below .And the locations ofRib3 are shown 

in figure (4-3) 

1 2 3 
4 5 

1 2 3 4 

C 
i,J = i,J i,J i,J 

= = J 
~ ~ ~ ~ 

0.8 3.7 
I I 

0.8 4.2 0.8 5.3 0.8 4.1 0.8 

4.5 
I I I I I I I I 

I 
5. 6.1 4.9 

55 . .. ~ 
15. 
A-A 

Figure (4-2) spans length 

Rib no. 3 
-- 

[[3g l I IF] 'I [f,+5 Ill[llfllllNll] ] N [± f eo\ ooswi\ jgosp!ill#l]] jg],7,5. ult pg;'N]=32 [l 1 I IN 
... ' , ' ' 11 I :' ' I I I, I : I I I I Ii 1, I I ' I I ' ! I I ' ]\[['I['{lid[]T 2AL:, I [fill\[[l][][]} e; .7 

, I I [I 11 ' I, li I '1 I \I I I I 6 r as fss] \a 
t:1 / ~ ' 1i ! * ' I ' -;-,--i■ I 11 :wll ~ w._--_:i: : ~fl\: 31.~ 
•;;, ,I g ; '· ' ' 'I ,1 J I I ', I II I ::.,~ · i / 1 ;i ' · ,; A 1 , , , .1 ... , :' ~~ ")~~- --~ e . -_·= l~ ' ' A I - I ' ' I / I ii ,, !_ ,· I ~ --=- uo ==-=· ~; 
' I ' I ,, I I I I "' C a [ _ ];[[[\ - + 

ks ©%l I# ] l!DY4 l®-2 sws Lal 'llt l] g 3[. ~ ' \ 

Figure (4-3) Rib location 
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• Using ACI coefficient we get the following moment values for positive moment . 

Wu= DI+ LI= 5.5 +4.4 =9.9 KN Im 

4-2-2-1 Design for Positive Moment: 

Effective Flange width (#) according to ACI code 8.10.2: 

for T- section is the smallest of the following: 

= L / 4 = 520 / 4 = 130 cm 

b, = 416t =15 +16(8)= 143 cm 

b, =C/C =55 cm.................... Control 

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

For a=t = 8 cm 

Moments: spans 1 to 4 

-27.5 -31.2 

6. 
Soan2 

12.5 
17.2 Support Support 

Soan 3 

Suooort 

Soan4 

20.5 

[ 203 2.47 2.5 2.5 3.05 3.05 2.94 

18.6 

1.96 
Figure. (4-4) The design moment for the Rib (R 3) 
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Mumax = 20.5 kN.m . for all spans From Figure (4-4) 

Mnf= 0.85 .© {rr (d-tf/2)= 0.85 (24) (0.08) (0.553(0.286-0.08/2)1000 

=220.8 kN.m 

0Mnf=0.9 *220.8 =198.7 KN.m 

0Mn available = 198.7 kN.m > Mn required 20.5 kN.m 

Design as a rectangular with bE= 55 cm 

Design of span ( 1 ). 

Mu= 17 2kNm F p· ( . . . . . . . . . . . . . . . . . . . . . . rom igure (4-4) 

m= fy 
0.85 fc' 

412 2 08s2n° 
Rn = Mn = 17 .2 * (1o)° 

bd 2 (0.9)(0.55 )(0.286 )2 = 0.425 Mpa 

-4[--f-®=]-.2,[-,-273a·765 } fy 20 .2 v 412 = o .00104 

As = 0.00104*(550)* (286) = 163.6 mm 

Max & Min Reinforcement Of Ribs: 

7e 14 
As min= 4(fy) (bw)(d) ~ fy (bw)(d) 

··········· (ACI-10.5.1) 

AS min = 145.8 mm2 

AS min = 127.6 mm 
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We use As= 163.6 mm2 

Use 2012 As = 226 mm2 

Check for Yielding: 

T=C 

rp> As x Fy = 0.85 x fc' x ax b 

(226) X 412 = 0.85 X 24 X 550 X a 

>a=8.3mm 

C= a /0.85 = 8.3/.85=9.76 

E s = ( d- C ) (0.003)/C 

Es= (286-9.76)*(0.003) /(9.76) = 0.085 

<0.085 > 0.005 

p>Ok 

Design of span (2). 

Mu= 12.5kN.m From Figure ( 4-4) 

m 
fy 

0.85fc' 
412 =20 0.8524) ° 

Rn = Mn = 12 .5 * (10 )3 _ 

bd 2 (.9)(0.55)(0.286 )2 - 0.309 Mpa 
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We use As= 163.6 mm2 

Use 2012 As = 226 mm2 

Check for Yielding: 

T=C 

rp AS x Fy = 0.85 x fc' x ax b 

(226) X 412 = 0.85 X 24 X 550 X a 

►a=8.3mm 

C= a /0.85 = 8.3/.85=9.76 

E s = ( d- C ) (0.003)/C 

Es= (286-9.76)*(0.003) /(9.76) = 0.085 

<0.085 > 0.005 

>Ok 

Design of span (2). 

Mu= 12.5kN.m From Figure (4-4) 

m 
fy 

0.85 fc' 
412 =20 

0.85(24) ·
2 

Rn = Mn = 12 .5 * (10 )3 _ 

bd° (.99(0.553(0.286 y ° 9.309 Mpa 
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( .----J l ( 220 .2 * O .3o9 J = 0 .00076 ·-LI-,-' -a" 
2 

As = 0.00076*(550)* (286) = 118.9 mm 

Max & Min Reinforcement Of Ribs: 

ffe bw)(d) > l.4 (bw)(d) 
As min= 4(fr) ( - fr (ACI-10.5.1) 

AS min= 145.8 mm2 

AS min = 127.6 mm 

We use As= 127 .6 mm2 

Use 2012 As= 226 mm2 

Check for Yielding: 

T=C 

p> As x Fy = 0.85 x fc' x ax b 

(226) X 412 = 0.85 X 24 X 550 X a 

►a-8.3mm 

C= a /0.85 = 8.3/.85=9.76 

E s = (d-C ) (0.003)/C 

E s=(286-9.76)(0.003) /(9.76) = 0.085 

p0.085> 0.005 

cp>Ok 

so 



Structural Analysis & Design 
CHAPTER FOUR 

Design of span (3) : 

Mu=20.5kN.m From Figure (4-4) .... ·········· . 

m= fy 
0.85 fc' 

412 
- 0.85(24) 

20.2 

Rn = Mn 20.5 * (10 )3 = 0 .51 Mpa 
bd 2 (.9)(0.55 )(0.286 )2 

-l[-fFs]-,},[-,f-33.z-@f]- o.oms 
m fy 20 .2 412 

As = 0.00125*(550)* (286) = 197.2 mm 

Max & Min Reinforcement Of Ribs: 

ffe (bw)(d) ~ l.4 (bw)(d) 
AS min =46) fy ·------....(ACI-10.5.1) 

AS min = 145.8 mm2 

AS min = 127.6 mm 

We use As= l 97.2mm2 

Use2012 As=226mm2 
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Check for Yielding: 

T=C 

rp> As x Fy = 0.85 x fc' x ax b 

(226) X 412 = 0.85 x 24 x 550 X a 

►a 8.3mm 

C= a /0.85 = 8.3/.85=9.76 

E s = (d- C ) (0.003)/C 

Es= (286-9.76)*(0.003) /(9.76) = 0.085 

30.085 > 0.005 

Ok 

Design of span ( 4) : 
Mu= 18.6kN.m From Figure (4-4) 

m 
fy 

0.85 fc' 
41220.2 

0.85(24) 

Rn = Mn = 18 .6 * 1o)° 
bd? (.990.553(0.286 )? ° 0.459 Mpa 

p = _1 (1 - /1 - 2mRn J = 1 (1 - /1 - 2 20 .2 * 0 .459 J 
m / fy 20 .2 V 412 = o .00113 

AS =0.00113(550) (286) = 177.26 mm° 

52 



Structural Analysis & Design 
CHAPTER FOUR 

Max & Min Reinforcement Of Ribs: 

{re 1A 
. -(bw)(d);?: fy (bw(@) (ACI-10.5.1) As mm = 4(fy) . 

AS min = 145.8 mm2 

AS min = 127.6 mm 

We use As= 177 .26 mm2 

Use 2012 As= 226 mm2 

Check for Yielding: 

T=C 

p> AS x Fy = 0.85 x fc' x ax b 

(226) X 412 = 0.85 X 24 X 550 X a 

►a-8.3mm 

C= a /0.85 = 8.3/.85=9.76 

E s = ( d- C ) (0.003)/C 

Es= (286-9.76)*(0.003) /(9.76) = 0.085 

¢0.085 > 0.005 

p Ok 
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4.2.2.2 Design for Negative Moment: 

Support (1) 

Mu= 25.3 kN.m From Figure (4-4) 

ms. Jy 
0.85 fc' 

412 =20.2 
0.85(24) 

Rn = Mn = 25 .3(10)° = 2.291 M. a 
bd 2 (0.9)(0.15)(0.286 )2 'P 

p = _!_(
1 
_ /

1 
_ 2mRn ) = _1 _(

1 
_ /.---

1
-_-2_*_2_0 2_*_2_.-29_1_) = 0 00591 

m V fy 20.2 V 412 · 

As = 0.00591 *(150)* (286) = 253.73 mm 

o..S,®@>;@e» ........... (ACI-10.5.1) 
As min= 145.8 mm2 

AS min = 127.6 mm 

AS=253.73 mm2 is Control 

Use 2 @ 14 mm,As =308 mm 
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Check for Yielding: 

T=C 

rp> As x Fy = 0.85 x fc' x ax b 

(308) X 412 = 0.85 x 24 x 150 X a 

►a=41.5mm 

C= a /0.85 = 41.5/.85=48.8 

E s = ( d- C ) (0.003)/C 

Es= (286-48.8)*(0.003) /(48.8) = 0.0146 

p0.0146> 0.005 

pOk 

Support (2) 

Mu= 26.lkN.m From Figure (4-4) 

ms 
0.85 fc' 

= 412 =20.2 
0.85(24) 

Rn = Mn = 26 .1 (10 ) 3 
bd 2 (0.9)(0.15)(0.286 )2 - 2·36Mpa 

»-±fJ-Fe]- )f-,-25328 ] m fy 20 .2 412 - 0 .0061 

AS =0.0061(150) (286) = 262.3 mm 

Use 2 4 14 mm ,A5=308 mm 
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Check for Yielding: 

T=C 

p As x Fy = 0.85 x fc' x ax b 

(308) X 412 = 0.85 x 24 x 150 X a 

►a=41.5mm 

C= a /0.85 = 41.5/.85=48.8 

E s = (d- C ) (0.003)/C 

Es=(286-48.8)(0.003) /(48.8) = 0.0146 

p0.0146> 0.005 

pOk 

Support (3) 

Mu= 27.1 kN.m From Figure (4-4) 

m fy = 412 = 20.2 
0.85 Jc' 0.85(24) 

Rn = Mn = 27 .1 * (10 )
3 

_ 

bd? (0.99(0.159(0.286 )? ° 2.45 Mpa 

-f@@p[--3-2 ] m fy 20 .2 412 =0 .00637 

As= 0.00637*(150)* (286) = 273.1 mm 

Use 2 4 14 mm,As=308 mm 
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Check for Yielding : 

T=C 

rp As x Fy = 0.85 x fc' x ax b 

(308) X 412 = 0.85 X 24 X 150 X a 

►a=41.5mm 

C= a /0.85 = 41.5/.85=48.8 

E s = ( d- C ) (0.003)/C 

Es= (286-48.8)*(0.003) /(48.8) = 0.0146 

<>0.0146 > 0.005 

p>Ok 

4-2-2-3 Design of shear reinforcement: 

Shear 

-26. 
-22.3 

14.2 
17.9 

-22.3 
-30.4 -26. -26.7 

21.1 
24.9 

29.2 
25.4 

-48.6 
-14.9 

29.2 
25.5 

Figure. (4-5) The design Shear for the Rib (R 3) 
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Vu max= 26.7 kN at the face of interior support (3).......From Figure (4-5). 

Vc = 0.75(✓24)(b)(d)/6 0.756/309(0.159(0.2869 /6 = 26.3KN 

4oVc = 26.3*1.1=28.93 > Vu max 26.7 

No shear reinforcement is required. According to category 2 for joist construction 

Use 48 @ 20 cm. 

To determine the distance between bars: 

(
Av)min > 1 bw > ~ ..Jfc 
S 3 fy - 16 fy 

(Av) . , mun >1.2%107 is Control 

>1.1+10 

We Try 2010 

1.2 10 + 

S= 1.3 m 

d/2= 0.286/2 =0.143 m is Control 

we use 010 @15 cm c/c 
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4-2-3 Topping Design: 

Live load= 5 kN/m2 

Dead load:- 

Tile = 0.03*22=0.66 KN/ m. 

sand =0.07*17=1.19 KN/m. 

Topping= 0.08*25 2 KN/ m. 

morter = 0.02*22 = 0.44 KN/ m 2 • 

Dead load =.4.3 KN/ m. 

- ... Block (24X40X20) f .......... 
I'- 210 ~ .!.. / ~ ~ 
/ T 

j / ' Al I jy"" f .. ~ 
v l 2 4>12 8.8 - 
+ D8@ 20 cm - 

\ Joo 

ti 

"\. 
, + '- """-..._, i.--v 

Figure (4-6): Topping Design 

Wu = 1.2 (4.3) + 1.6 (5) = 13.16 KN/ m 

Assume slab is fixed at support point (ribs) 

_jWuxL
2J Mu=] Ta 

-{13.16 X 0.4
2 J Mu- l2 

= - 0.175 KN.m for 1 m wide strip 

Calculate modules of rapture of concrete according to ACI (9.5.2.3). 

fr = 0.42/f'MP) =0.42/24 = 2.0S(MPa) 
Mn = (f,)Xs) 

bh? 
s=- 

6 
lx0.082 =0.00107m3 

6 •· for a rectangular X-section 
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<J/ Mn = 0.55 (2190)(0.00107) = 1.29 KN .m,(4= 0.55 for plain concrete) 

<l>Mn = 1.29 kN.m >Mu= 0.175 kN.m 

According to ACI (7 .12.2.1 ), minimum reinforcement is required to prevent 

cracks and o minimizes temperature effects: 

For fy = 412 Mpa, = 0.0018 

= 0.0018 
A, = 0.0018(1000)(80) 144 mm/Im 

Use <I> 8 @ 20 cm on center both ways 
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4-3 Design of Beam - (BS): 

• B (:1 61 ~ ~ TTTETT? ?] skkzpzgpmmdWT7Tl 
~ , 

1 
1111 r · .. ~q 1 < :' ', I h I '\ · - 1 

I ' \ , ulL ,'.i! ~I \ I I : 1 I I ,~. , ! 
# N [} [l [[\[ g hl lull I r \ t ®" ,,,.,,~, ®" ®" \ @€) e· 

t11.1 ctn 

Figure ( 4- 7) Location of Beam No. 8. 

4-3-1 Design moment of beam (8): 

4-3-1-1 Min Reinforcement Of Beam: 

As min = ffe (bw)(d) 14 4(.fj,) - jy (bw)(d) ··········· (ACI-10.5.1) 

AS min= 3.67 ~ 4.66 cm 
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4-3-1-2 Positive moment reinforcement 

Moments: spans 1 to 3 

1.5 29.5 Span 3 

Support 
Span 1 

9. 

Support 
Support Support 

249.4 

1.29 I 0.7 I 2.1 3.78 2.52 
3.86 

Figure. (4-8) The design moment for the beam (B 8) 

Span (1): 

Mu= 29.5 kN.m From Figure (4-6). 

fy 420 
m=--- - 

0.85 Jc' 0.85(24) 
20.2 

Rn Mn _29.5/0.910)° 
bd? (0.59(0.274 y? '= 0.87 Mpa 

---®-]®-,-3um·3m63) m fy 20 .19 412 = 0.00217 

AS =0.00217(50) (27.4)=2.97 cm <AS min =4.66 

1.3 A° = 1.32.97 = 3.86 > 3.67 

Use 3 4 14 mm,A5 =4.,62 cm 
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Check for Yielding: 

T=C 

p> As x Fy = 0.85 x fc' x ax b 

(462) X 412 = 0.85 x 24 x 500 X a 

>a- 18.66mm 

X= a /0.85 = 18.66/.85 21.95 

Es= (d- X ) (0.003/X 

Es=(274-21.95)(0.003) /(21.95) = 0.0344 

<0.0344 > 0.005 

p>Ok 

Span (2): 

Mu= 0 kN.m : . From Figure (4-6). 

AS = AS min =3.67 cm 

Use 4 @ 12 mm ,A5 =4.52 cm 

Check for Yielding: 

T=C 

p As x Fy= 0.85 x fc' x ax b 

(452) X 412 = 0.85 X 24 X 500 X a 

►a=l8.26mm 
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X= a /0.85 =18.26/.85=21.5 mm 

Es= (d- X) (0.003/X 

Es= (274-21.5)*(0.003) /(21.5) = 0.035 

0.035> 0.005 

p»Ok 

Span (3): 

Mu = 249 .4 kN .m From Figure ( 4-6). 

m _ 420 20.19 
0.85 fc' 0.85(24) 

» Mn _ 249 .4/0.910)]°.> 7.38 Mpa 
bd 2 ( 0 . 5 )( 0 . 2 7 4 ) 2 'P 

= _1 (l _ fi _ 2mRn ) = 1 (l _ /,--1-_-2_*_7_.3_8_*_2_0_.2_] = 0.0129 
p m V fy 20 .19 '\J 412 

0.0235*(50)* (27.4) =32.2 cm > As min 

Use 7425mm ,As=34.3 cm 

Check for Yielding: 

TC 

p AS x Fy = 0.85 x fc' x ax b 

(3430) X 412 = 0.85 X 24 X 500 X a 

►a 84.3mm 

X= a /0.85 = 96.4/.85=99.2 mm 
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E s = (d-X) (0.003)/X 

Es= (274-99.2)(0.003) /(99.2) = 0.0053 

0.0053> 0.005 

p>Ok 

4-3-1-3 Negative moment reinforcement 

Support (2) 

Mu= 65.6 kN.m From Figure (4-6). 

m= fy 
0.85 fc' 

_ 420 -20.19 
0.85(24) 

Rn = Mn = 65 .6 I 0.9 * (10 )-3 = 1.213 Ma 
bd 2 (0.8)(0.274 )2 'P 

L[-®]-- -[-,-27as 7]-co p m fy 20 .19 412 

As= 0.0031 *(800)* (274) =666.108 mm2= 6.66 cm° > As min 

Use 6 ~ 12 mm , As = 6.79 cm 2 
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Check for Yielding: 

T=C 

p> As x Fy = 0.85 x fc' x ax b 

(679) X 412 = 0.85 x 24 x 800 X a 

►a 17.14mm 

X a/0.85 = 17.14/.85 20.166 

E s = (d-X) (0.003)/X 

Es= (274-20.166)(0.003) /(20.166) = 0.0377 

0.0377 > 0.005 

<>Ok 

Support (3) 

Mu= 243.5 kN.m From Figure (4-6). 

m y _ 420 .20.19 
0.85 Jc' 0.85(24) 

Rn = Mn = 243 .5 I 0.9 * ao) 
bd 2 (0.5)(0.274 )2 - 7.2 Mpa 

»-4f. - '[-,22333] m fy 20 .19 412 =0.023 

As= 0.023*(50)* (27.4) = 31.1 cm > As min 

Use 8 @ 25mm,AS =39.2 cm 
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Check for Yielding: 

T=C 

rp As x Fy = 0.85 x fc' x ax b 

(3920) X 412 = 0.85 x 24 x 500 X a 

> a=82.4mm 

X a /0.85 = 82.4/0.85=96.9 

E s = (d- X) (0.003/X 

Es= (274-96.9)*(0.003) /(96.9) = 0.0055 

0.0055 > 0.005 

pOk 

4-3-2 Design of Shear Reinforcement: 

Shear 

-197.7 -212.8 .486.5-194.1 

-11.2 

15.4 15. 51.2 43.7 

283. 

Figure. (4-9) The design Shear for the beam B (50) 
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From Figure (4-9). 
Vu max = 283 kN . 

At the ed e of the su 
ort 0.274 m from the su ort : 

We take the magnitude of the shear at the displacement = (a/2 +d) 

Such that:- 

a: width of support in direction of the beam • 

d: effective depth of the beam. 

So (a/2 +d) = (40/2+27.4) =47.4cm. 

Vu=247.2 kN. 

6Ve = 0.75(6/243(b(@) / 6 = 0.75(6/24(5009(2749/ 6 = 83.9KN 

Category 3: 

<I>Vc <Vu <<I>Vc +<I>Vs 

min Vs > 0.75(1/3)(b)(d) = (1/3)(0.75)(500)(274) = 34.25KN 

min ¢Vs > (1/169/ fc'(b(@),= (1/169(4.99(5009(274) = 41.9 Kn 

4oVc + min <I>Vs =125.8 KN 

Vu= 247.2 >4Vc+@Vs= 125.8 

So we Cannot solve in the Category (3 ). 

is Control 
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Category (4): 

9/f€»b»d= 167.8 KN 
3 

( Vc+ @Vs)=125.8 <Vu=247.2 <(@ Ve +# Wfc + b + d)=251.7 

So we Can solve as it Category (4). 

Vs= (Vu/4)-Vc = 217.7 KN 

Select 2 4 10 stirrups with tow legs, Av= 158 mm2 

Vs= (Av)(Fy)(d)I S = (158)(412)(274)/ S = 217700N 

S = 11 cm 

d/2> S 

S = 27.4/ 2 = 13.7 

Select S = 10 cm. 

Use 14 10 stirrups with 2 legs@ 10 cm 

At the middle of the beam(length = 1.5m ) : 

Ve = 0.756/24yb9@)/ 6 = 0.75(6/243(5009(274)/ 6 = 83.9KN 

Vu=l54.4 KN 
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Category 3: 

4>Vc <Vu<@Vc +4Vs 

min¢Vs ~ 0.75(1/3)(b)(d) = (1/3)(0.75)(500)(274) =34.25KN 

min¢Vs > (/16ffe'b@) = (1/16)(4.9)(500)(274) = 41.9Kn 

4>Vc + min 4>Vs =125.8 KN 

Vu= 154.4 > 4>Vc +4>Vs = 125.8 

So we Cannot solve in the Category (3). 

is Control 

Category (4) : 

4Vc+ 4Vs <Vu<@vc +/rc+ b » d 
3 

/f€»b+»d=167.8 KN 
3 

ave +©Vic«b +d=251.7KN 

(@Ve+ Vs)=125.8 <Vu=154.4 <(@ Ve + " Wfc + b » d)-=251.7 

So we Can solve as it Category (4). 

Vs= (Vu/ 4>)-Vc = 94 KN 

Select 2 4 10 stirrups with tow legs, Av= 158 mm2 

Vs = (Av)(Fy)(d) / S = (158)(412)(274)/ S = 94000N 
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S = 19 cm 

d/2> S 

S = 27.4/ 2 = 13.7 

Select S = 10 cm. 

Use 14 10 stirrups with 2 legs @ 10 cm 
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4-4 Design Two Way Solid slab of Stairs : 

4-4-1 Determination of loads : 

Dead load= 4.4 KN/m 

Live load= 5 KN/m 

q,= (1.24.4)+(1.65) = 13.3 KN/m 

The overall depth of solid slab must satisfy the limitation of deflection 

required in ACI for tow way solid slab : 

Minh=( parameter /180) = 25.2 /180 = 0.14 m 

Select h=15 cm. 

d=h-2-1 =15-2-1= 12cm 

4-4-2 Check of shear : 

Vu max= (2.9-0.12)*13.3 = 36.6 KN 

o.7s,/7e 4 Vc= " (bw)(d) 
6 

= 73.5 KN> 36.6 KN 

No Shear reinforcement is required . 
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4-4-3 Design of reinforcement : 

Wu,=1.24.4 = 5.3 KN/m 
2 Wu,=1.65 = 8 KN/m 

4-4-3-1 Positive moment : 

La = 5.75 = 0.8 
Lb 7.25 

CaaL= 0.056 

Cba= 0.023 

Ca= 0.056 

Chu= 0.023 

Ma= 0.056*5.3*5.752+0.056*8*5.752 = 24.6 KN.m 

Mb = 0.0235.37.25°+0.05687.25° = 16.1 KN.m 

In short direction : 

m= fy 
0.85/c' 

420_20.2 
- 0.85(24) - . 

Rn = Mn = 24 .6 * (10 )-3 _ 

bd 2 (0 .9)(1)( 0 .12 )2 - 1.9 Mpa 

>-!- ®]-,-,322538] fy 20 .2 412 =0 .00485 

As = 0.00485(100) (12) = 5.8 cm 2 
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4-4-3-2 Min reinforcement: 

As min =0.0018*b*h = 0.0018*100*15 == 2.7 cm
2 

Select As =5.8 cm 
Use <t 12@ 15 cm with As "6.79 cm2 > 5.8 cm

2 
....••.•.• See figure ( 4-12) 

In long direction : 

m 
fy 420 - 

0.85 Jc' 0.85(24) 
20.2 

» Mn_ 16.1+@0) 
bd z (0.9)(1)(0.12)2 = l.24Mpa 

--sg V = I - 1-? * 20 .2 * 1 .24 ) 20.2 412 = 0.0031 

As = 0.0031 *(100)* (12) = 3.73 cm 

Use 4» 12@ 25 cm with As =4 52 .3 .: em>3.73 cm . . See figure (4-12) 
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4-4-3-3 Top reinforcement: 

According to shrinkage & temperature : 

Use 4 10@ 25 cm with As =3.14 cm2 >A.,hri•ka••= 2. 7 cm
2 
.••..•• See figure ( 4-12) 
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Figure (4-10) Solid Slab For El evator. 
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4.5 Design of column: 

4.5.1 Design of Short column(C 3/ Basemel Floor): 

4.5.1.1 Design Of Longitudinal Reinforcement: 

Select column (C 3) for design Basement floor. 

p, = 4425KN 
..,-9,,, =6808.KN 
Usep = pg = 2% 

Pn = 0.80 Ag {0.85 fc' + pg ( fy - 0.85 fc')} 

6808 x 10° = o.80Ag{0.85 * 24(1- o.02) + 412 * o.02} 
Ag = 0.30m. 

UseO 6 * 0 5 · d ' vc.im.......tie => Ag = 0.3m 

6808 x10 = 0.80 XO 30 X {O 85 * 24(1 
pg =0.02> p,, =0.01 I-pg)+412pg} 

A, = 0.02 x 50 * 60 = 60cm 2 

Use 16422 Asprovide=60.8 cm2 

(kL) (M J ' <(34-12] ! r - M2 ) ~ 40 ACJ.10-12-2 

L, : Actualunsup ported (unbraced)length 
K : effectivelengthfactor(K = lfi b or racedframe) 

R : radiusofgyration = 0.3h = l 
k.L, k.L -= u 
r 0.3(h) 

20 <34-12 Ml =22 
M2 

: . Short Column 
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4.5.1.2 Design of the Tie Reinforcement: 

Spacing ~ 16 x db (Longitudinal.bar.diameter) = 16 x 2.2 = 40cm. 

Spacing ~ 48 x d,(tie.bar.diameter) = 48 x 1.0 = 48cm. 

Spacing ~ Least. dim ension = 50cm 

Use <I> 10 ties@ 35cm spacing. 

1 1622 
® ¢10@35 

L=200 

~----i 

I 

@ 10g35 
L =150 

_J _ 

L 

Fig.(4.11): Detail Of Column. 
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4.5.2 Design of long column(C 17/ Baseme- Floor): 

4.,5.2.1 Design Of Longitudinal Reinforcement7 

Select column (Cl 7) for design. 

Pu=3290KN 

Pn = 3290/(0.70) = 4700 KN 

pg = 2% 

Pn = 0.85 * Ag{0.85 * Jc'+ pg(fy- 0.85,c')} 
Pn = 0.85 Ag[0.85 24(1- 0.02) + 0.02412] 
Ag= 1958cm2 

Try D= 50cm with Ag= 1962cm2 

Lu=3m 

Ml&M2=1 

K 1 

Fig(4.12) L, ong coloumn. 
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Check for slenderness : 

klu Ml -<34-12- r M
2 

ACJ-(10.12.2) 

1*3 
0.250.56?+> 22 
: . long Coloumn 

EI 
El=0.4 cg ··············ACI-(1.l2.3) 

1+0, 
E,= 4750,ff€ = 2327.15 
f3 d l.2DL 1.2(1810) _ 

Pu 3290 - 
0
·
66 

J = nr4 3.14X0.25
4 

g 4 4 

I,=3.1X10°m' 
EI 0.4*23270*3.16Xl0-3 

1+0.66 ·=17.72MN.m 
n? EI _ 3.142 *17.72 ' ki 6F4.spy? '=8.6MN. 

or-oco],""}­ 
6. Cm ns >1 A 1-(Pu/0.15Pc) - ·········•··· C/(10.12.3) 

8 = 1 
ns 1-(3.29/(0.75*8.6)) =2 

e,,, =15+ 0.03h ·············ACI(l0-12.3.2) 

(15+0.03*500) 
emin 1000 = 0.03 
e = emin *8ns = 0.03*2 = 0.06 
e 0.06 
h = 0.50 = O.l2 
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From Interactio n Diagram 

P,_ 4700 10., 142 3.47 
A, n(0.50)°/ 4 1000 

Pg = 0.03 
n(0.50)° 5g 9 2 

A, = p * A = 0.03 * 4 = 5 . cm 

* of bars = 58 .9 / 3.8 = 16622 

Check -<PP. > Pu 

©P, = o.7[9.ss +{o.8s fe'(A,4,)+ £,4% 
= 0.7[0.85 * {o.85 * 24 (196250 - 6080 ) * 10 -6) + 400 * 6080 * 10 -

6

-}] 

=3.53 > 3.29 Ok 

~use 24~25 As provided= 122.5 cm2 

4.5.2.2 Design of The Tie Reinforcement: 

Spacing~ 16x db(Longi.tudina!bar.diameter) = 16x 2.2 = 35.2cm. 
Spacing ~ 48 x d 

1 
(tie bar .diameter) = 48 x 1.0 = 48cm. 

Spacing ~ Least. dimension = 50cm 

Use <I> 10 ties@35cm spacing. 

1 16022 s 
D\M,50 

s" %-, 
9 © 
e e 
@ 

'O ~ © 

\rul(01O) 

/ 

Fig.(4.13): Detail Of Column. 
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4-6 Design of Isolated Footing F32 

Legend 
-..- pWleax kl f±) 

_.. Y _ - - - - l\•1ax t•li (-) 
T ----------- r.Aax Sheat 

I 

.J 

.. ,. .. _.~-~-···:..Qff·- - . - .r: p 
• I 

2po 
y 

Figure (4-14) Top view of Isolated Footing (F 32) 

4-6-1 Determine the area of footing : 

From Column (C 32): 

Factored load =2100 KN 

Assume Allowable soil pressure -400 KN/m2 

Column =40 cm x 40 cm See figure ( 4-11) 

4-5-1 Footing Area: 

Factored Load =2100 KN 

P net =400 KN/m2 
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Area A= (Total Weight )/Soil Pressure 1.4) 

= 2100 KN /4001.4 KN/m 

= 3.75 m 
Use L =2 .0 m, B 2.0 m, A =4.0 m2 

•••••••••• See figure (4-11) 

4-6-2 Determine the depth based on shear strength: 
4-6-2-1 Check this depth for one way shear : 

P, 
l1, Area = 2100/4.0 = 525 KN /m 

Assume h min= 50 cm 

d =50--7.5-2= 40.5cm 

<I>V <I> {7% a 0.15 r;;-:; c = 
6 

'\Jfc' w = -
6
-*-v24 *2.0*0.405*1000= 496KN 

(
L-a ) Vu=q%l, =d\xB 

Viu=525x(
2
·
0
;0.4 ) 0.405 x 2.0 = 415.0KN 

©V,=496>V, = 415 
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shear action punching two way 
4-6-2-2 Check this depth for 
Vu= q ,x((Bx L)-(a+dyb+d)) 

or (0.440.405))=1760KN 
Vu = 525 x ((2.0x 2.0)-(0.4 + 0.405)( · 

• th smallest of: The punching shear strength ts e 

'Jr V=- f,b d 
C 3 C O = 

Where: 

Pc =a /b =40 /40 =1 

b, Perimeter of critical section taken at ( d/2 )from the loaded area 

2{(0.4+0.405) + (0.4+0.405)} =3.22 m 

a, =40 for interior column 

V,= 0.75x 0.33✓2A x 3.22x 0.405x 1000 =1581KN 

pV, <V,..........not..0k 

the depth )h =50cm (is not valid 

So we select h =60 cm See figure (4-15) 
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Check h=60cm 

d= 60-7.5-2 = 50.5 cm 

Vu= qu11 x ((BxL)-(a +d)(b +d)) 

Vu = 525 x ((2.0x 2.0)- (0.4 + 0.505)(0.4 + 0.505)) == 1670KN 

0.33.f.lb0d Control 

b, Perimeter of critical section taken at (d/2) from the loaded area 

2{(0.4+0.505) + (0.4+o.505)} =3.62 cm 

V,= 0.75x 0.33-✓24 x 3.62x 0.505x1000 = 2217KN 

4V,2,52217>1670 KN .......0K 

Mx~ 

Hx .,_ 

L= o 

I 
I 
I 

272. 1 i:!:,_ kN/mZ 

Soil Pressures at SLS 

.50 

Figure (4-15) Side view of Footing (F 32) 
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4-6-3 Check transfer of load at base of column: 

In column: 

pPn = <l>(0.85 fc'Ag) 

pPn = 0.65(0.85 x 24x 0.4 x 0.4 1000) = 2122KN 

<l>Pn = 2122 > ~ = 2100 

Dowels are not required for load transfer. 

But use the minimum reinforcement of dowels: 

As =0.005 *400 x 400 = 800 mm2 

Use 12412 --------- · See figure (4-13) 

o • o I 

In footing: 

Al= 0.4*0.4 =0.16 m2 

A2 = 2.0 *2.0 =4.0 m2 

..[T.%-2 V/4 Vo.16 

[., ya 
pPn = 0.65 x (0.85 x 24 x 0.16 x 2) x 1000 =4243KN 
<l>Pn = 4243 > Pu = 2100 ok 

Use 12412 ········· .See figure (4-16) 
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4-6-4 Development Length L,: 

Ld for 4 12: 

fy db 
L,4[j 

412 ,12 = 252.3mm 
4/24 

L, _0.04x dbx fy =9.0412412 =197.8 mm 

.L, = 252.3mm 

Available embedment = 600 - 75 -(2 x 12) 12= 477 mm >252 mm 

:. OK. 

4-6-5 Design for Bending Moment: 

(qu1, xwx(L - a)Jxo.5(1 _!!_) 
Mu= 2 2 2 2 

= 
(525 x 2.0 x (

2·0 - 0·4)] x o.s(2•0 _ 0.4) 
2 2 2 2 = 357 KN.m 

Mn =357/0.9 =397 KN.m 

Rn=Mn/b.d2 =0.78Mpa 

fy 412 
m = 0.85 Jc' = 0.85(24) = 20.2 

-Lf-,-?-2,-,-2282,a 3 fy 20 .2 412 = 0 .0019 

AS= 0.0019*2000*505 =1950 mm2 

As min= 0.0018*2000*600 =2160 mm2 control 
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Use 184 12 In tow direction 

4-6-5-1 Development Length Ld : 

Category (A), item 2 applies, 

Ld for <I> 12: 
9 fy axpxyxA 9 412 1x1x0.8x1 4.9=29cm 

L = -x--x---'-~-xdb=-x~x----X · 
"@® [,°] '®a7 2s 

Available embedment =80 -10 = 70 cm > 34 cm ok. 

ISOLATED FOOTING F32 
200/200 cm 

g! e 
i co 

0.17 

ru u 
II 

lfl...J 
-(X) 

..... ru s r--,- ---~-t 
=! 31z 

, 0 o. 0 0.80 

2.00 
blinding concrete 2.00 

S 1as [& SECTION a-a 
18¢12 L=2.2 

Bottom reinforcment 

Figure (4-16)Detail of Footing No .32 
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(4.7) Design of Strip Footing for (S.F.1) 

(4.7.1) Load Calculation: 

Weight of wall (D.L) =height»Thickness % Im wide 6 

=6.3 x0.25x24 =45.4 KN/m 

From one way rib D = 2(10.3/0.55 )=37.4 KN/m 

L 2(9.2/0.55)= 33.4 KN/m 

D.L s = 45.4+37.4 = 82.8 KN/m 

Total W =82.8+33.4 =116.2 KN/m 

(4.7.2) Determine the Footing Width: 

Allowable soil pressure =400 KN/m2 

F tin
. •dth W total 116.2 o01 gw1 = . =--=0.29cm 

allowable soil pressure 400 

The main reinforcement needs an enough 

Distance to anchorage development length due 

to the following Equation : 

L = 0.24Xfy d X O 7 _0.24x412 ff2 b • - -,fiA X 1.2 X 0.7 = 16.8 cm 

Width of footing b=l6.8*2+25 +7.5*2+ 1.2*2= 76 cm 

Select b = 80 cm 
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(4.7 .3) Determined of footing depth: 

Assume h rooting =30 cm 

(4.7.4) Design of shear: 

q,=1.2x D+1.6xI 
q,=1.2x 82.8 +1.6x 33.4 =152.8 KN 

h,,,, =30 cm 

d = 30 - 7--1= 22 cm 

(4.7 .5) Bearing pressure: 

pu 152.8 pnet=--=--=191K \ 2 Area 0.8*1 n m 

Vu= 0.055 » 191 1 = 10.SKN 

ov @75 [7, VJ c = - X 0.75 6 ft X b X d = - x /25 x 1 X O 22 10 6. * 00 = 134.7 

~ Ok. 
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(4.7.6) Determine of Reinforcement for Moment Strength: 

Mu =P ( (footing width- wall width) 
el J 4 

=191x0.275° = 14.4 K.N.m 

Kn= Mn _ 14.4x10° 
bd? 0.910002567 33Mpa 

m= fy 412 
0.8sf& 0.8s+oa ? 

p =-l-(1- 1_ 2x 20.2x0.33)- 20.2 412 I=0.0008 

As,,, = pbd = 0.0008 1000 220 = 178.5mm 

Check As . mm 

Asmin = 0.0018*b* h = 0.0018*1000*300 = 554mm 
:. As = 5540mm 

Select 12@20. .A 'I' •••• SProvided = 565mm2 > 554 2 mm ....0k 
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( 4.7.79 Check of strain 

Tension =Compression 

As* fy = 0.85 * fe'b a 
565 *412 = 0.85 241000 a 
a=11.4mm 

a 11.4 C=-=-=13.4mm Pl 0.85 

e = 220-13.4 * 0.003 = 0.046 
s 13.4 

&
5 
= 0.046 > 0.005 .......... OK 

(4.7.8) Development length of main reinforcement: 

For @ 12 bars db=l.2 cm: 

a=.,apyd, 
2,, fe' 

La A l?_j+111.2 
2/54 

Ld = 50.5cm 
Available Lei= 27 .5- 7 .5 = 20cm ~ 50.5cm 

0.24 x fy 
L = {7:; db = 24.2cm fc 
So a standard hook of 20 cm must be used to provide Ld. 
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(4.7.9) Design of Secondary Bottom Reinforcement 

Asmm for shrinkage & temperature 

As%, =0.0018 xb xh 

Asmm =0.0018 x800x300 

As=432mm2 

Select 4612 with AS prov.= 4.52 cm. 

(4.7.10) Design of dowels bars: 

4, = 0.0012x1000x 220 = 264mm 

Use longitudinal basement wall bars 

Use <P 10@25 cm 

Ld = 
4
-JR•db ~0.04xdbxfy 

For p10 bars 

412 Id ,,.,p5,70=21cm 
X 24 

~ 0.04x l.0x 412 = 16.5cm 
Ld = 21cm 

AvailableLd= 30-7 = 23cm> 21cm Ok. 
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Structural. Analysis & Design 

CHAPTER FOUR 

15cm S.0.G. 
Polyethylene Sheels 500 micron Thick 
15cm Compacted Bese coarse 
Compacted Selected Fill 0,25 

10cm Asfalt _ 
15cm Compacted Bese coarse 
Compacted Selected Fill 

-6.00 -6.00 

¢12 @20 rn 
)0f7777TTirrTTTT-,--,--,~L 

4¢12 

p,27 0,25 0.28 
I 1 1 I l I I 

0,80 

: % 3 
12@20cn L=1.1 

[Fig • (4.17) sir np Footing Details] 
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CHAPTER FOUR 

4-8 Design of Elevator Mat : 

In X direction : 

MX (local) 
kNm/m 
1<=-92.8 
1-82.1 

ii" -60.5 
1-49.7 
H,,, ,, 
I o•17.3 
0-6.47 
04.33 
015.1 
025.9 
036.7 
047.5 
158.3 
i" >= 79.9 

F: ig 4-18 ( Moment n· 1agram) 
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I Ana/11sis & Design Structura .,.,, 

CHAPTER FOUR 

iti moment: 4.8.1 Design of Posi ve 

b =100 cm, 

h=65 cm 

d =h-5-2 =58 cm 

Mu =79.9 KN.m 

79.910° • 0.26Mpa 
Kn 0.9*1000*(580)2 

fy = 412 = 20.2 
m 0.85 * Jc' 0.85 * 24 

I ✓ 2mRn 1 I 2*20·2*0·26)=0.00065 ",--3ass 
As = p * b * d = 0.00065 * 1000 * 580 = 374mm req 

4.8.1.1 Check Asmin 

A . = 0.0018 * b h = 0.0018 (1000 )(650) = 1170 mm 2 s min 

select As min = 1170 mm 2 

Select 18@20cm A,provided =1270mm? > As,,=1170mm? .......OK 

95 



Srcturat Analysis & Design 
CHAPTER FOUR 

3,[dj? in bottom 4.8.1.2 Check for yielding ! 

Tension =Compression: 

A. fy = 0.85* Jc' *b*a 
1270*412 = 0.85 241000 a 
a = 25.6mm 

a 20.4 x===30.2mm 
B, 0.85 

& = 430-30.2 * 0.003 = 0.04 
s 30.2 

e =0.04>0.005 >ok s 

4.8.2 Design of negative moment: 

Mu =92.8 KN.m 

92.8*10-t{j Kn (),3 lMpa 
0.91000(580)° 

m= jy . = 412 =20.2 
0.85 * Jc 0.85 * 24 

p =.!_(1-✓1- 2mRn) =-1-(1- /1 2*20.2*0.31) 0 00075 
m Jy 19.61 v 412 = · 

As,,, = p * b * d = 0.00075 * 1000 * 580 = 434.8mm 2 

4.8.2.1 Check As» 

Asmin = 0.0018 * b * h = 0.0018 (1000 )(650 ) = 1170 mm 2 

select As min = 1170 mm 2 

Select 18@20cm A,provided = 1270mm2 > A , = 1170mm2 
••••••• OK 
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Structural. Analysis & Design l 
CHAPTER FOUR 

4.8.2.2 Check for yielding in bottoID 

Tension ==Compression: 

A, fy = 0.85 fc' *b*a 
1270 412 = 0.85 * 24*1000* a 
a=25.6mm 

x=.!!_= 20.4 _ , 0.85 - 30.2mm 

8 
= 430-30.2 * 

s 30.2 0.003 = 0.04 
s, = 0.04 > 0.005 >ok 

In Y direction: 

r" 
.(a•130 

i° 
.-97.7 
.-81.5 
.-65.3 
.-49.1 

-33 
·-16.8 □-0.602 
l,gs □□31.8 
j"9 
i®' □80.3 

96.5 
DI,,, • >•129 

Fig 4-19 (Momentn· iagram) 
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CHAPTER FOUR 

•rt moment: 4.8.3 Design of Post ve 

Mu =129KN.m 

12910° 0.43Mpa 
Kn= 0.9*1000*(580)2 

fy 
m= 0.85* fc 

412 ---=20.2 
0.85*24 

I ✓ 2mRn I (I I 220.20.43, 0.0011 
P,"--j,"oz"' @a 

2 
As = p* b*d = 0.0011 *1000 * 580 = 606.2mm 

req 

4.8.3.1 Check Asmin 

A . = 0.0018 * b * h = 0.0018 (1000 )( 650) = 1170 mm 2 
s min 

:. select As min = 1170 mm 2 

Select 18@20cm A,provided = 1270mm2 >4s,,, = 1110mm2 ••••••• OK 

4.8.3.2 Check for yielding in bottom 

Tension =Compression: 

A, fy = 0.85 fc'b a 
1270*412 = 0.85 * 24*1000* a 
a= 25.6mm 

a 20.4 x===30.2mm 
B, 0.85 
430-30.2 .=0.003= 0.04 

s 302 . 

€,=0.04>0.005 >ok 
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CHAPTER FOUR 

nt· tive momel · 4.8.4 Design of nega t 

Mu =130KN.m 

130*10t6 = 0.43Mpa 
Kn 0.9*1000*(580)2 

fy - 412 = 20.2 
m = 0.85* fe 0.8524 

1 2 * 20.2 * 0.43) = 0.0011 1 2mRn,_ (1-.[ 412 ",""-=,%'2a 
2 

As = p * b * d = 0.0011 * 1000 * 580 = 606.2mm 
req 

4.8.4.1 Check Asmin 

A . = 0.0018 * b * h = 0.0018 (1000 )(650) = 1170 mm 2 snnn 

select As min = 1170 mm 2 

Select 18@20cm A,provided =1270mm > As,,,=1 l 70mm2 ....... OK 

4.8.4.2 Check for yielding in bottom 

Tension =Compression: 

As * fy = 0.85 fc' b * a 
1270*412 = 0.85*24*1000* a 
a =25.6mm 

a 20.4 
x=-=-=30.2mm 

B, 0.85 
_ 430-30.2 * 8 

s - 30.2 0.003 == 0.04 

e,=0.04>0.005 >ok 
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CHAPTER FOUR. --- 

S- ctura/. Analysis & Design 
,,, u ------ 

4.8.5 Design of shear 

SQYOocaO 
kN/m2 

<--479 
.-419 ■.359 ■.299 
··240 
·-180 
•-120 ■.59.9 a, 
a s 
0120 
l,co lo 
0299 
0359 
l,,, 
l,, yo 

Figure (4-20) The envelop shear diagram 

Vumax = 479*0.65* 1 = 311.5 KN 

¢.Vc=¢ffe*b*d=0.75 ~ 
6 6 * l000 * 1000 * 580 = 355 .2KN 

¢.Vc>Vu .ok 
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Structural. Analysis & Design 

CHAPTER FOUR 

4-9 Design Double Flat Stair : 

4-9-1 Stair thickness : 
The overall depth of solid slab of stair must satisfy the limitation of deflection 

I 

required in ACI for one way solid slab : 
Min h =(L /20) 

»" L=plan length of stairs + 0.5 length oflanding ( or 90 cm whichever is less ) 

L= 0.9+3+0.85 ·= 4.75 m 

Minh=( 4.75 /20) = 0.238 m 

Select h=25 cm. 

Figure (4-21) D ouble Flats Stairs 
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CHAPTER FOUR 

4-9-2 Load Determination · 

Dead load calculation of q1 : 

o= tan '(16/30) = 28 

concrete= (25*0.25)*(1/cos28) = 7.08 KN/m 

plastering= (0.03*22)*(1/cos28) = 0.75 KN/m 

stair= (0.5*0.3*0.16*25)/0.3 = 2 KN/m 

morter = ((0.16+0.3)0.0222)/0.3 = 0.67 KN/m 

tiles= ((0.16+0.35)*0.03*27)/0.3 = 1.38 KN/m 

panel 

St 
2 

Morater z.cm 

Figure (4-22) Section. in Stair. 
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cAPTERF0UR Structural.dnubsls & si '° Uesgn ---- 
Nominal Total Dead Load == 11.88 KN/tn 

Factored Total Dead Load = 1.2•1 t.88 = J4.26 KN/m 

Live load = 5 KN/m . 
Factored live load ==5*1.6 == 8 KN/m 

q1 = 8 + 14.70 =22.70 KN/m 

Dead load calculation of q2 : (for landing) 

Concrete = (25*0.25) = 6.25 KN/m 

Plastering= (0.03*22) = 0.66 KN/m 

Morter= 0.02*22 = 0.44 KN/m 

Tiles= 0.03*22 = 0.66 KN/m 

Nominal Total Dead L d oa =8 KN/m 

Factored Total D d . ea Load = 1 2*8 - 
Live load =5KN/m. '° =9.6 KN/m 

Factored live load =5 - .0*1.6 = 
q,= 8 +942- 8.0 KN/m° 

: =17.42 KN/m 
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cAPTER FOUR Structural An@bsls 8 esi - Sign 

4-9-3 Stair reinforcement Design of one meter strip : 

: igure (4-23) Moment for Stair . 

Mumax=66 KN .m 

d = 250-20- 7 = 223 mm 

m= fy 412 
0.85 Jc' - 0.85(24) = 20.2 

Rn= Mn 6 * ta? 6 (10)° 
( 0. 9 )( 1000 -:--)(-2-23-) z = 1 .4 7 Mpa 

p = ! ( I -✓I - 2mRn )- l fy» 20 .2 ( -3 * 20 .2 * l .4? J 
As = 0.00372*(I00)* 412 -·· = 0 .00372 

(22.3) = 8 29 . cm? 
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Structural Analysis & Design 
CHAPTER FOUR 

4-9-3-1 Min reinforcement : 

As min= 0.0018 * 1000 * 250 = 4.5 cm 2 Use cf> 12@ 25 cm c/c 

As = 8.29 > 4.5 cm2 

Select As= 8.29 cm 

Use cf> 14@ 15 cm c/c with As =9.24 cm> 8.29 cm2 See figure (4-16) 

co1 4 615 

1.00m T.B Do14615 
¢14@15/2.00m 

1.40m T.B 

2.00m/B.B 
14@15/5.00r 

2.90 
Do1 4@15/5.90r 

ST-01 

2.60 r B.B 

1.00 m B.B 
<111 4@1 5 /2. OOm 

Figure (4-24) details of stairs 
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Structural Analysis & Design 
CHAPTER FOUR 

( 4.10) Design of Basement wall: 

5 KN/m? 

57 KN/m 2.5 KN/m 

[Fig. 4-25> Basement wall o· mj - agra 

(4.10.1) Load Calculation: 

q,=yxhx K 0 
Ysoil =18Kn/m3 

0 =30° 
K=0.5 
q, =18x6.3x 0.5 = 57 KN/m 
q,=PxK, 
q2 = 5 X 0.5 = 2.5 Kn/m? 
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Structural, Analysis & Design 

CHAPTER FOUR OllWe' " 
(4.10.2) Thickness Calculation: 

Assume =0.01 

Mu =69kN.m 

Mn =69/ 0.9 =76.67 kN.m 

Fy 412 
m = -=--- = --- 20.2 

0.85 fc' 0.85 X 24 

Kn= px fy .0.01x- 4124.58Mpa 
1-0.5mp 1--0.5x20.2x 0.01 

Kn = Mn, a = 76.67 x10° 136.4 mm 
bd? 0.9x1000x4.58 

h = 136.4 + 50 + 20 = 206 mm 

select h = 250mm 

(4.10.3) Wall Design: 

d = 250-50-12= 188 mm 

Kn = Mnx = 76.67 x10° 
bd? 1000188? ° 2.17Mpa 

p = 2_ (l _ .Jl _ 2mKn ) 
m fy 

»-!-a2ao.ao.id 20.2 V' 412 ) = 0.00558 

As,,, = 0.00558 X 1000 x 188 = 1049 4 2 / . mm m 

1s,, =0.00121000 250 = 300mm / m 

4s,,> 4s,, 

107 



Structural Analysis & Design CHAPTER FOUR UUt'' 
Asreq .••••••••••••• control 

1049.4 
#of bar in on meter= =4]3 

254 

Select <1>18@20cm c/c 

( 4.10.4) Design of Secondary Reinforcement: 

Select the greater of: 

Ashorezanta/ = 0.002*1000* 250 = 500mm / m 

# ·'"b . 500 of var in on meter= = 4.65 
113 

Select 12@20cm with As =565mm/m 

(4.10.5) Check for Shear: 

¢xVc'?:.Vu 

6xv 25,[pea 975 ,, ®· NJ©xx = , N24x1000x188 
¢.Ve= 115.1 >Vu= 109.5 kN 
:. No Shear Reiforcement Required 
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Structural Analysis & Design - 
CHAPTER FOUR 

10cm /ISfall 15cm Cornpccfed Bese coarse 
compacted Selected nu 

2<til4 
21e 

Q)81220 CM 

,/ 

--~- ~ 
F:-?] II a, / -- XI 

~ >< r - << ~ 

o10 
3,;,012 

,,...- 
............ "-,<_A,;._' ......... ~ 

~ 
ss, 

. 
I, • 

----- 
~ 1--- 

¢12 e20 C 
» ----- p>12 

e20 en 

t f-.._ IOIO ees o10 1225 . CM 

0.25 , .-,.----;, 
V 

0 00 

0 00 

ii 

'1'12 e20 CM 

1t110 e2s er-, 

010 @20 C 

10 ees c 

15cm s O G 
Polyothyi6re' Shouts 5cm Compacted 8 500 micron Thick 
Compacted Selectad•s~llcoarse 

= 
ci 

= ("") 

ci 

ci 

g 
section ( A-A ) 

. .2 ent w 11 a -Detaij 
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Structural Analysis & Design 

CHAPTER FOUR """""" 
( 4.11)Design of Shear wall 

(4.11.1)Load Calculation 
+ w + w d + w First + w second + w Third + w fourth + w fifth 

W,,,,, =Ws,seen2 Basement Groun 

W Total = 67800 KN 

(4.11.2)Calculation of shear force on "shear walls" : 

From Uniform Building Code 1997UBC(, the total design base shear in a given 

direction shall be determined from the following formula: 

V = Cv.l W (Eq.30-4) 
R.T 

The total design base shear need not exceed the following : 

V 2.5Ca.l R W (Eq.30-5) 

The total design base shear shall not be less than the following : 

V = 0.11Ca.l.W (Eq.30-S) 

H Building = 33 m 
Z= 3.0 
R=5.5 
1=1.0 
Ca=0.24 
Ct=0.02 
Cv=0.24 
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Structural Analysis & Design CHAPTER FOUR e."" 
Where: 

· · Table 16-1 z = seismic zone factor as given mn 
tati of the inherent over strength and global ductility 

R = numerical coefficient represen ve .c. rth . Table 16-N or 
• · t ms as set .10 m a capacity of lateral force resisting syS e , 

16-p. 

I= importance factor given in Table 16-K. 

Ca= seismic coefficient, as set forth in Table 16-Q. 

Ct = numerical coefficient given in Section 1630.2.2. 

Cv =seismic coefficient, as set forth in Table 16-R. 

hi, hn, hx = height in feet )m ( above the base to Level i, n or x, respectively 

(UBC) 

T = 0.0488 (33)=0.67 

( Cv x l) ( 0 24 x 1 0) '' Rr I' 556.5, 67800 = 4415N 
Not Exceed 

-[2scent), ·.(s«as-r) 1 R. xW=\ 5.5 [x 67800 = 7396kN 
And Not Less than 

Vi= 0.11 x Ca x Ix W =0.11x 0.24 x1x 67800 = 1790 kN 

V =4415 kN ----Control 

Ft ==0.07 x T xV =0.07 x 0.67 441 · x .5=207 N 

( V-F J ( Fy= ± [xW,xh_ 4415-207 
(W x H),M ' ' - 1126254 )x w; x h, = 0.0037 X w; x h 

I 
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Structural Analysis & Design 

CHAPTER FOUR ' ' (W.H) Fxi FX 
H Ft w V 

floor (Kn) (Kn) (Kn (Kn) 
) 

7980 4415 33 207 263340 974.4 1181.4 
5th 

4th 7800 4415 28.5 207 222300 822.5 2013.9 

3th 8135 4415 24 207 195240 722.4 2732.4 

2nd 7870 4415 19.5 207 153465 567.8 3294.6 

1st 7870 4415 15 207 118050 436.8 3739.9 
- 

Ground 7870 4415 10.5 207 82635 305.7 4046.6 

Basement 1 10138 4415 6 207 60810 225 4266.9 

Basement2 10138 4415 3 207 30414 112.5 4415 

2 67800 1126254 

[fable (4.1) Calculation of the total Fix] 

For shear wall in theater 

Wall take percentage force from total h . onzontal = 11 % 
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CHAPTER FOUR 

l Analysis & Design 
_Structure 9 ° 

11 1181 .4 = 130 KN » J 
for fifth floor Fx Too .5 KN 

___!_!_ * 2013 . 9 = 221 . 
for fourth floor Fx ioo KN 

11 2732 .4 = 300 .6 
for third floor F x = 100 x 

_ll 3294 .6 = 362 .4 KN 
for sec ond floor F, 100 

_l » 3739 .9 = 411 .4 KN for first floor F x - 100 

__ll» 4046 .6 = 445 .1 KN for ground floor F x - 100 

__} »4266 .9 = 469 .4 KN for basement I floor F x - 100 · 

- __!_!_ * 4415 = 485 . 7 KN for basement 2 floor F x - 100 

Mu Floor JFX Vu 

585 fifth 130 130 

2751.8 fourth 221.5 351.5 

6271.2 third 300.6 652.1 

second 362.4 1014.5 17519.4 
first 411.4 1425.9 33602.4 

ground 445.1 1871 58104.9 
Basement 1 469.4 2340.4 65788.2 
Basement2 485.7 2826.1 113295.6 

Table ( 4.2) Moment & Shear Values 
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CHAPTER FOUR 

l Analysis & Design 
_Structure 9° ° 

11 1181 .4 = 130 KN » J 
for fifth floor F x - 100 5 KN 

___!_!_ * 2013 . 9 = 221 . 
for fourth floor F x = 100 KN 

11 2732 .4 = 300 . 6 
for third floor F, ioo 

_ ll 3294 .6 = 362 .4 KN 
for sec ond floor F x - 100 

_ll »3739 .9 = 411 .4 KN for first floor F x - 100 

__} +4046 .6 = 445 .1 KN for ground floor F x - 100 

_ _ll 4266 .9 = 469 .4 KN for basement I floor F x - 100 · 

__bl + 4415 = 485 .7 KN for basement 2 floor F x - 100 

Mu Floor FX Vu 

585 fifth 130 130 

2751.8 fourth 221.5 351.5 

6271.2 
third 300.6 652.1 

second 362.4 1014.5 17519.4 
first 411.4 1425.9 33602.4 

ground 445.1 1871 58104.9 
Basement 1 469.4 2340.4 65788.2 
Basement2 485.7 2826.1 113295.6 

Table (4.2) Moment & Shear Values 
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Structural Analysis & Design 

CHAPTER FOUR """""" 
(4.12.3) Shear Wall Design Parameters: 

fc'=24Mpa 
fy = 412 Mpa 
h = 25cm shear wall thickness 
lw = 5.45m shear wall width 
hw = 33m building height 

(4.12.4) Design of Horizontal Reinforcement: 

Critical Section 

lw 5.45 
2 =-2- = 2.725m control 

hw 33 %=>=165m 

d = 0.8x hw = 0.8x 2.725 = 2.18m 
Vu = 2826.1 KN 
Mu = 105811.2 KN.m 

V = ffe xbxd Cl 6 
✓24 

V4=, 0.25x2.18 = 445 KN 

V - ./ftlxbxd N xd 
c2 { t 

4 4xL 
Assume Nu = O.O w 

V = ✓24 x0.25x2.18 N d 
c2 -----.::....:...:..-=.:..:~+ u X _ 4 4xL =667.5 KN 

w 

ffe 1.( ffe + 2xN. J 

·"et' I Mu /w) Vu 2 
\v.5'=34.7 
:. Vc3 = 23I56.9KN 

··· control 
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Structural Analysis & Design 

CHAPTER FOUR 9tweer" " 
2826.1 445 == 2695.1 KN 
0.9 

A» 2695.1x10°_ 3mm 
s

2 
412x2180 

AVhm = 0.0025x b == 0.0025 X 250 == 0.625 mm 
S; 

s. <_9?2 6soo mm 
2 - 5 5 

S, <3x h=3x250= 7500 mm 

s, 2x4, 2x79x10° 0.253m 
2 0.000625 0.000625 

:. Use¢10@25cm c I c For tbereinforcetrent in two layers (horezental) 

( 4.12.5) Design of Vertical reinforcement: 

.-[sos+ f, oas]}s, o 
Avn ·= [o.0025 + 0.5(2.5 - ~)( 2 X 79 - 0 002s)] s h 

5 .45 250 X 250 . X I X 

Avn = 0.0025 x S, x h 

s, 2x79x10° 
, 0.0025 x 0.25 - 0.253 m = 25 mm 

h 33 S,<-==11000 mm 
3 3 

S, <3x h= 3x 250 = 750 mm 

control 

:. Use¢10@25cm cl c n. th 
I'Or t e reinforcement : 

In two layers (Vertical) 
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Structural Analysis & Design 

CHAPTER FOUR 

(4.12.6) Shear Wall Detail: 

010@25 

010@2 

010@25 

010@25 

010@25 

10©25 

010@25 

010@25 

010@25 

1 0@2 

10@25 016@10 

ru 
CJ] 

100 

SECTION 1-1 

0 
O\I 
O 

0.60 

010@25 

0.60 

DOWEL BARS 
'• 012/20cm B.B 

szaoc-3% 

[F g. 4- 
tail 
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE 
(ACI-318-02) AND COMMENTARY CODE (ACI-318-02). 
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