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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.

Ec = 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¢ = 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?).

Whu = factored load per unit area.

& = strength reduction factor.
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CHAPTER

4

"DESIGN OF STRUCTURAL MEMBERS"

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.
49 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

The 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 1is

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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CHAPTER FOUR

4-2 Design of (Rib 3) in third floor.

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

Ioad 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 (9.5.2).

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

Minh=L/16 for simply support

Minh=3.8/16 =24 cm




is & Design
CHAPTER FOUR Structural Analysis g

4-2-1 Dead load Calculation : -

8cm Topping
24cm Block
; 3cm Plaster
0.1+ 040 -8.15 040 .15~
Figure (4-1) section in one way ribbed slab
Coarse Sand 0.07%0.55*17 = 0.655
Tile 0.03*0.55%22 =0.363 kKN/m of rib
Concrete Rib 0.24%0.15*25 = 0.9 kKN/m ofrib
Block 0.24%0.4*10 =0.96 kKN/m of rib
Topping 0.08%0.55*%25 = 1.1 kN/m.
Plaster 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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CHAPTER FOUR

4-2-2 Rib Design (R3):

The length of spans are shown in figure (4-2) below .And the locations of Rib3 are shown

in figure (4-3)

4 5
1 2 3 i
1 2 3 5 A
1 —1 B o N
St A A
p S
 HEENE oy , DR ey ﬁ i ﬁ =
0.8 3.7 0.8 4.2 0.8 5.3 . 0.8 4.1 O8]
=t : ik — 6.1 i 49
= Ay
e = '. 2 1 : !
55.
32.
15.
A-A

Figure (4-2) spans length

Rib no. 3

a) = O
\ ‘\\\ 3>
\ N
RARRARN h=32
Mo LA LN
N (\ 518 T F
N
\
(r2) \
2 N \

B4 80/32cm

T wssonzem Ry

Figure (4-3) Rib location
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ositive moment .

e Using ACI coefficient we get the following moment values for p

Wu=DIl+Ll1=55+44 =9.9 KN /m

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

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

b:  for T- section is the smallest of the following;:
by =1,/4=520/4=130cm
by =b, +16t =15 +16(8) =143 cm

Dy — € ==55.ClM. s e e vevnsonssnsons Control

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

For a=t =8cm

Moments: spans 1to 4

e 275 31.2
: 22, 255 /\ 271
21
'[ 1 3J| S L 12.0 |

K Ton — . o ..
.66,0. Span 2 0.h5 ! Olb T
e N N4

: 7

12.5
17.2 Support Support Su
20.5 el 18.6
2.03 247 25 25 y

!7 I ! | ! 3.05 { 3.05 | 2.94 ' 1_95J
1

! 1

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 * /¢ * tf *bs *(d-tf/2)= 0.85 (24) (0.08) (0.55)(0.286-0.08/2)*1000

=220.8 kKN.m
@Mnf =0.9 ¥220.8 =198.7 KN.m

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

Design as a rectangular with by=55cm

Design of span (1 ).
I3[0, = 1L 7220 T L R From Figure (4-4)
ts Ly 412

0.85fc'  0.85(24)

L Mn 17.2*(10)°
" bd*  (0.9)(0.55)(0.286)°

1 2mRn 1 2*002 %0,
p=_(1' 5 } (1—\/1— e )=0.00104

Rn

= 0.425 Mpa

B 20 412

AS =0.00104*(550)* (286) = 163.6 mm”

Max & Min Reinforcement 0f Ribs:

, %(bw)(d) > W@
MG T (ACI-10.5.1)

A s min = 145.8 mm?2

A S min = 127.6 mm”
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We use As= 163.6 mm2

Use 2012 As =226 mm2

Check for Yielding:
T=C

2> AsxFy=0.85xfc'xaxb

(226)x 412 =0.85x24x550x a
»a=8.3mm

C=a/0.85=8.3/.85=9.76
Es=(d-C)(0.003)/C

E s = (286-9.76)*(0.003) /(9.76) = 0.085
=0.085 > 0.005

=0k

Design of span (2).

IV SIINETIT oo iesissmnis ainee From Figure (4-4)

ey A
0.85fc' 0.85(24)

P sy
bd®  (.9)(0.55)(0.286)7 0309 Mpa

7

Palestine Polytechnic University
{PPU}

— The Library 4.._«;,;' S
MEC 5 et NCHOGIEN Juadalt 4 1

) 3

49
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CHAPTER FOUR

We use As= 163.6 mm2

Use 2012 As=226 mm?2

Check for Yielding:
T=C

2> AsxFy=0.85xfc'xaxb

(226)x 412 =0.85x24x 550 x a
»a=8.3mm

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

Es=(d-C) (0.003)/C

| E s = (286-9.76)*(0.003) /(9.76) = 0.085
=0.085 > 0.005

=0k

Design of span (2).
I = 112285] O [ 1 S e From Figure (4-4)

... 22
0.85fc'  0.85(24)

Rn = Mn = 12 '5* (10)3
bd®  (.9)(0.55)(0.286)F _ 0309 Mpa

7
laudd LUSEal gy Al \w
g_\% . Pajestine Polytechnic Uuwunn
{PPU)
— The Library LRt
ARG NS OGN Suudaail | 43 1
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CHAPTER FOUR
1 2 mRn . wj — 0.00076
”=;(1' I‘TJWH 412

As = 0.00076*(550)* (286) = 118.9 mm’

Max & Min Reinforcement 0f Ribs:

V5 ) L2 wa
i G R R N (ACI-10.5.1)

A s min = 145.8 mm2
AS min = 127.6 mm”
We use As= 127.6 mm?2

Use 2012 As =226 mm2

Check for Yielding:
T=C

=> AsxFy=0.85xfc'xaxb
(226)x412=0.85x24x550x 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
=0.085 > 0.005

=0k
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CHAPTER FOUR

Design of span (3) :

M= 20.5KN  ..oevionnenenennees From Figure (4-4)
m= i = sl =202
0.85fc' 0.85(24)

3

e Mn _ 20.5*(10) - 0.51 Mpa

bd?>  (.9)(0.55)(0.286)
_ i (T T S S ,1—2*20’2*0'51)=0.00125
g B 20 .2 412

AS =0.00125%(550)* (286) = 197.2 mm”

Max & Min Reinforcement 0f Ribs:

e 1.4
X (bw)(d) 2 —(bw)(d)
As min = 4(f) % AR e G S (ACI-10.5.1)

A S min = 145.8 mm2
A S min = 127.6 mm”
We use As= 197.2mm?2

Use 2012 As=226 mm2
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Check for Yielding:
T=C

= Asx Fy=0.85xfc'xaxb

(226)x 412 =0.85x24x 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
=0.085 > 0.005

=0k

Design of span (4) :
M= 18 GkIN - oo oecons smiviens From Figure (4-4)

AR BRETN,
0.85fc'  0.85(24)

L M 18.6 *(10)°
bd?> (.9)(0.55)(0.286 )2

p=_1_(1_ o il Lt e 290,05 ) 450
- 5 % = = 0.00113

As =0.00113*(550)* (286) = 177.26 mm >

Rn

= 0.459 Mpa
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Max & Min Reinforcement 0f Ribs:

VI (yay > l—'ﬂi(wad)

Asmin=4) =~ I ..

A S 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

=> AsxFy=0.85xfc'xaxb
(226)x 412=0.85x24x 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
=0.085 > 0.005

=0k
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CHAPTER FOUR

4.2.2.2 Design for Negative Moment:

Support (1)
Mu=253KN.M  .ccccovenronconnocces From Figure (4-4)
m= Jy = i =202
0.85fc'  0.85(24)
3
. o 25.3100) _ 2.291 Mpa

“Bd2  (0.9)(0.15)(0.286 )’

Aot SRR TET A 1-%—2*20'2*2'291 )=0.00591
m > W0 412

A =0.00591*(150)* (286) = 253.73 mm’

Jife" 1.4
bw)(d) = —(bw)(d
ASmin=4(fV)( e ﬁ( s eI (ACI-10.5.1)

A S min = 145.8 mm?2
AS min = 127.6 mm’
As=253.73 mm2 1s Control

Use 2® 14mm ,As =308 mm’
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Check for Yielding:
T=C

= Asx Fy=0.85xfc'xaxb

(308) x 412=0.85x24x 150 x a
»a=41.5mm

C=2a/0.85=41.5/.85=48.8

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

E s = (286-48.8)*(0.003) /(48.8) = 0.0146
=0.0146 > 0.005

=0k

Support (2)
Mu=26 kNI @ .ocovovismsmssanbrans From Figure (4-4)

DGR MR8 .
0.85fc'  0.85(24)

B 26.1*(10)°
bd* (0.9)(0.15)(0.286 )2

oL N et B T N 2% 20004 2 36
m P 20 2 i = 0.0061

As =0.0061*(150)* (286) =262.3 mm*

Rn

= 2.36 Mpa

Use 2® 14mm ,AS =308 mm°

S5
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CHAPTER FOUR

Check for Yielding:

T=C

= Asx Fy=0.85x fc'xaxb

(308)x 412=0.85x24x 150 x a
»a=41.5mm

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

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

E s = (286-48.8)*(0.003) /(48.8) = 0.0146
=0.0146 > 0.005

>0k

Support (3)

VI=27 1 TN ™ J0 L SR From Figure (4-4)

m= i = s =20.2
0.85fc' 0.85(24)

oMy . 271 (10))°
T bd? (0.9)(0.15)(0.286 )

28 Ly id = e 2%7,
§ m[ 5 } 20.2(1 \/1 i )=0.00637

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

Rn

= 2.45 Mpa

Use 2® 14mm , AS =308 mm°
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Check for Yielding :

= AsxFy=0.85xfc'xaxb

(308)x 412 =0.85x24x 150 x a
»a=41.5mm

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

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

E s = (286-48.8)*(0.003) /(48.8) = 0.0146

=0.0146 > 0.005

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

7.

18.6

%

/
254

/ 3
25.5

Figure. (4-5) The design Shear for the Rib R3
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Vu max = 26.7 kN at the face of interior support B) ..eeen From Figure (4-5).

#Ve =0.75(/24)(b)(d)/ 6= 0.75(/30)(0.15)(0:286)/6 = 26.3KN

dVe =26.3*1.1=28.93 > Vu max =26.7

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

Use $8 @ 20 cm.

To determine the distance between bars :

(AV) 1bw 1 fc

n>-— = it
min 2161y

23%

S

(A—S‘i) il = 2«10t is Control

=11+ 10"

We Try 2010

*x79%10~6
2x79x10 =1.2*10_4

S=13m
d/2=0.286/2=0.143 m 1s Control

weuse 0 10 @15 cm c/c
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4-2-3 Topping Design:

Block (24X40X20)
N

Live load = 5 kN/m2 [ ) 201278 H

A 20128.8
- ®8 @ 20cm

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”.
Dead load = 4.3 KN/ m?. Figure (4-6): Topping Design
W =12 (4.3)+1.6 (5)=13.16 KN/ m’

Assume slab is fixed at support point (ribs)
2
P _( Wux L }
12

2
e 13.16x0.4
12

} =-0.175 KN.m for 1 m wide strip
Calculate modules of rapture of concrete according to ACI (9.5.2.3).

£, = 0.42,[f(MPa) = 0.42424 = 2.05(MPa)

Mn=(1,)s)

bh*> _1x0.08
6

= =0.00107m>

........ for a rectangular X-section
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&Mn = 0.55 (2190)(0.00107) = 1.29 KN.m (@ =0.55 for plain concrete)

&Mn = 1.29 kN.m > Mu = 0.175 kN.m

According to ACI (7.12.2.1), minimum reinforcement 1s required to prevent

cracks and o minimizes temperature effects:
For fy=412 Mpa, p = 0.0018
p =0.0018

4, =0.0018(1000)(80) — 144 mm?>/1m

Use ® 8 @ 20 cm on center both ways
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4-3 Design of Beam - (B8):

TN 5 Do 3 5 5 XX g RBI-20/3%eny

: ‘ \\\\ \ h=3 2

'@ \“ : r’&@ ' iB‘ZV .\'(7) ,;z‘L'IVH ) Ci)@
® IR )
S s l o W Y/ B
2 \ A | AREA | A \l A ul YA \
o N @0 Beam No.8 |@&

‘\

=4

h=32

___BIDS0SZem |

B4 80/32 cm

50/32 cm

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

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

4-3-1-1 Min Reinforcement 0f Beam:

Iz

As min =YL (bw)(d) = %(bw)(d)

"5 (ACI-10.5.1)

...........

AS min =367 = 4.66 cm”
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ement

4-3-1-2 Positive moment reinforc

Moments: spans 1to 3

i . [ ) il
I e
z 9.
1.5 295 26:1————1'0-7 Span 2 I'_’_—_i Span 3
Span1 Support Support Support

Support
249.4
3.86 . 129 |07 2.1 ! 3.78 '. 2.52 ﬁl
Figure. (4-8) The design moment for the beam (B 8)
Span (1)
Mu=29.5 KNI ....covversmnnsne From Figure (4-6).
5 )34 420

T085fc 08524)

L Mn  29.5/0.9%@10)"
bd * (0.5)(0.274 )?

1 2 mRn 1 *
p=—|1-_[1- = B 2Y 0 02
m [ Vi ) 20 .19 [1 \/1 412 =000

As =0.00217*(50)* (27.4)=2.97 cm® < A S min =4.66

Rn

= 0.87 Mpa

1.3* As =1.3*2.97=3.86>3.67

Use 3® 14mm ,AS =4.62 cm®
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Check for Yielding:
T=C

= As x Fy=0.85 xfc'xaxb

(462) x 412 =0.85x24 x 500 x a
»a=18.66mm

X=a/0.85 = 18.66/.85=21.95

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

E s = (274-21.95)*(0.003) /(21.95) = 0.0344
=0.0344 > 0.005

=0k

Span (2):

Mu="0 KN ...cccvevonnoonionss From Figure (4-6).

AS = ASmin=367 cm’
Use 4% 12mm ,AS =452 cm’

Check for Yielding:
T=C

> AsxFy=0.85xfc'xaxb
(452) x412=0.85x24x500x a

»a=18.26mm

63
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X=2/0.85 = 18.26/.85=21.5 mm
Es=(d-X)(0.003yX

E s = (274-21.5)%(0.003) /(21.5) = 0.035
0.035 > 0.005

=0k

Span (3):
Mu=249.4kN.mM ....ccceveeenennee From Figure (4-6).

e
0.85/¢'  0.85(24)

_ Mn 249 4/0.9%10)7°
bd ® (0.5)(0.274 )?

* *
p=1—1— | _2mRn ) _ 1 1—\ﬁ—2 7:38 # 20520 nenin
m 5 20 .19 412

0.0235%(50)* (27.4)=32.2 cm® > AS min

Rn = 7.38 Mpa

AS:

Use 7®25mm ,AS =343 cm’

Check for Yielding:
T=C

= AsxFy=0.85xfc'xaxb
(3430)x412=0.85x24x500x a

>»a=84.3mm

X=2a/0.85=96.4/.85=99.2 mm
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Es=(d-X)(0.003)X
E s = (274-99.2)*(0.003) /(99.2) = 0.0053
0.0053> 0.005

=0k

4-3-1-3 Negative moment reinforcement
Support (2)
Mu=65.6 KNI .....cco0eenveaees From Figure (4-6).

fy 420

= = = 2019
0.85fc' 0.85(24)

m

_ Mn _65.6/0.9%(10)7°
B hIZ.  (6.8)(0.274 )

1 2 mRn 1 2% 013 *202
| e = Ll £ | =001
# ”’( i J 20.19( \F 412 j 008

As =0.0031%(800)* (274) =666.108 mm2= 6.66 cm” > A S min

Rn =1.213 Mpa

Use 6@ 12mm ,AS =6.79 cm?
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Check for Yielding:

T=C

= AsxFy=O.85xfc'xaxb

(679)x 412=0.85x24x 800 x 2
»a=17.14mm

X=a/0.85 = 17.14/.85=20.166

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

E s = (274-20.166)*(0.003) /(20.166) = 0.0377
=0.0377 > 0.005

=0k

Support (3)

Mu'= 243 5kN.m".;.. ... el From Figure (4-6).

Ni4 420

m= = =20.19
0.85fc" 0.85(24)

. Mn 243 .5/0.9%(10)7
bd * (0.5)(0.274 )*

1 2mRn 1
p=—m—(1— S ]=201 [1_\/1_2*7.2*20.2)=0023
L2 412 ;

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

Rn

= 7.2Mpa

Use 8 ®25mm ,AS =392 cm’
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T=C

Check for Yielding:

= Asx Fy=0.85xfc'xaxb

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

»a=82.4mm

X=a /0.85 = 82.4/0.85=96.9

Es=(d-X) (0.003)/X

E s = (274-96.9)%(0.003) /(96.9) = 0.0055

=0.0055 > 0.005

=0k

4-3-2 Design of Shear Reinforcement:

Shear

-212.8
-197.7
-186.6-194-1
51.7
" 112 A
1 : } 1
Y54 15. = .
51.2 e / '
283. 2679

Figure. (4-9) The design Shear for the beam B (50)
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Vimax =283 KN . cococoomeeeness From Figure (4-9)-

At the edge of the support 0.274 m from the su ort):

We take the magnitude of the shear at the displacement = (@/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=2472kN.
e =0.75(28)(B)(d)/ 6 = 0.75(/24)(500)(274)/ 6 = 83.9KN
Category 3:
®Vc <Vu<dVc +®Vs
min ¢¥s > 0.75(1/3)(b)(d) = (1/3)(0.75)(500)(274) = 34.25KN
min ¢¥s > (1/16)(y/ f )B)(d) = (1/16)(4.9)(500)(274) = 41.9Kn -
1s Control

®Vc +min $Vs =125.8 KN
Vu=2472>®Vc+dVs=1258

So we Cannot solve in the Category (3)
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Category (4) :

dVct Vs <Vu<dVc +§- fcxb=*d

O VR «bxd=167.8 KN

sVe+2Vicxbrd =251.7KN

(@Ve+ BVs)=125.8 <Vu=2472<(@Vc + 2 Ve« b dy=251.7

So we Can solve as it Category (4).
Vs=(Vu/®)-Vc=217.7KN

Select 2 ® 10 stirrups with tow legs , Av = 158 mm2
Vs = (Av)(Fy)(d)/ S = (158)(412)(274)/ S = 217700N
S=11cm

dl2=8§

S=27.4/2=13.7

Select S=10cm.

Use 1® 10 stirrups with 2 legs @ 10 cm

At the middle of the beam(length =1.5m ) :
#Ve=0.7524)B)(d)/ 6 =0.75(24)(500)274) /6 = 83 9k N

Vu=154.4 KN
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Category 3:

dVc <Vu<dVc +PVs

min ¢¥s = 0.75(1/3)(B)(d) = (1/3)(0.75)(500)(274) = 34.25KN

min ¢7s > (1/16)(/ T )B)) = 1/ 16)(4-9)(500)(274) = 41.9Kn is Control

$Vc + min $Vs =125.8 KN

Vu = 154.4 > ®Vc +®Vs = 125.8

So we Cannot solve in the Category (3).

Category (4) :

Vet Vs <Vu<dVc +§\/?E*b*d
gx/f_c*b*d= 167.8 KN
Ve +§JE*b +d =251.7KN

BVt BVs)= - :

(@Ve+ @Vs)=125.8 <Vu=154.4<(dVe + - Vfc « b * d)=251.7
So we Can solve as it Category (4).

Vs=(Vu/®)-Vc=94 KN

Select 2 ® 10 stirrups with tow legs , Av = 158 mm?2

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

di2='8;
S=27.4/2=13.7
Select S=10cm.

Use 1® 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*
qu= (1.2*4.4)+H(1.6*5) = 13.3 KN/m®

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

required in ACI for tow way solid slab :
Min h =( 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

B Vo Q'Eé—fi(bw)(d)

=73.5KN> 36.6 KN

No Shear reinforcement is required .
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4-4-3 Design of reinforcement :
Wug=1.2*4.4 = 5.3 KN/m"
Wug=1.6*5 = 8 KN/m’”

4-4-3-1 Positive moment :

La_5.75_08
IBE 7250 .

Caq = 0.056
Cbg = 0.023
Car= 0.056

CbLL= 0.023

Ma = 0.056*5.3%5.75°+0.056*8*5.75” = 24.6 KN.m

Mb = 0.023*5.3*7.25%+0.056*8*7.25% = 16.1 KN.m

In short direction :

e
0.85f'  0.85(24)

=20.2

_Mn _ 24.6*(10)7
bd”  (0.9)(1)(0.12) _ L -OMpa

1 2mRn
D= il i = il
m( B }_20.2(1‘\/1‘\2*% -
D = 0.00485

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

2
Ao mmin =0.0018*b*h = 0.0018*100%15 =2.7 &1

Select As =5.8 cm’

2 4-12
Use ® 12@ 15 cm with As —6.79 cm” > 5.8 €M oceeeeee See figure (4-12)

In long direction :

0850  0.85(24)

Mn 16.1%(10)7°
- o =1.24 M
bd2  (0.9)(1)(0.12)2 it

1 2 mRn 1 2%20.2%1.24
p=—|1-_[1- = 1—\[— = - =
m( 5 ) 20 .2( 2 412 =00

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

Rn

Use ® 12@ 25 cm with As = %
@ with As =4.52 cm” >3.73 cm?.......... See figure (4-12)
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4-4-3-3 Top reinforcement :

According to shrinkage & temperature :

Use & 10@ 25 cm with As =3.14 cm? >As shrinkage™ ~*

Figure (4-10) Solid Slab For Elevator .
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4.5 Design of column:

loor):
4.5.1 Design of Short column(C 3/ Basement Flo )

4.5.1.1 Design Of Longitudinal Reinforcement:

Select column (C 3) for design Basement floor.

p, = 4425KN

Cadpss
Dorey = 4425 ¢5 = 6808KN

Usep = pg =2%

Pn=0.80 Ag {0.85 /¢ +pg (' - 0.855)}

6808x 10~ = 0.804g{0.85*24(1—0.02) + 412*0.02}
Ag =0.30m".

Use 0.6 *0.5m....... tied = Ag =0.3m’

6808 x 10 = 0.80 x 0.30 x {0.85 ¥*24(1 - pg) + 412 * pg}
pg =0.02 > p... =0.01

Ay =0.02 %50 *60 = 60cm
Use 16©22 Asprovide=60.8 cm2
kL M
“l<@4-12 =L
( = ) ( (sz)sm ............... ACL.10-12-2

L, : Actualunsup ported(unbraced)length
K : effectivelengthfactor(K =1 forbracedframe)

R : radiusofgyration = 0.3h = I
A
k.L, kL, 1

M
= sy ML
e . a2

........ Column
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4.5.1.2 Design of the Tie Reinforcement:

ar.diameter) = 16 x 2.2 = 40cm.

Spacing <16xd, (Longitudinal.b
) =48 % 10 = 486m

Spacing < 48xd, (tie.bar diameter
Spacing < Least.dim ension = 50cm

Use @10 ties@ 35cm spacing.

(M 1622 A\ 410N
. \

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

4.5.2.1 Design Of Longitudinal Reinforcemen“
Select column (C17) for design.
Pu = 3290 KN

Pn = 3290/(0.70) = 4700 KN

pg =2%

Pn =0.85* Ag{0.85* fc'+pg(fy —0.85 feh}
Pn =0.85* 4g[0.85%24(1-0.02) +0.02* 412]
Ag =1958cm’®

Try D= 50cm with Ag = 1962cm2
Lu=3m

M1&M2 =1

K=1

Fig(4.12) Long coloumn
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Check for slenderness :

Zcﬁl—<34—12—1‘4—1 ............. ACI—(10.12.2)
r M2

13
0.25*0.50
~.long Coloumn

=24>22

Bl
BE=04 =5 ... ACT=(7.12.3)
1+,

E, =4750/fc' =2327.15
_12DL_120810) _ <o

Z Pu 3290
2*  3.14X0.25*
I = —
B 4

I, =3.1X10"m*
* * -3
0.4*23270*3.16X10° _ o3 ;2
1+0.66
e #*El _3.14**17.72
(KD, . @*457

Cm=o.6+o.4{£1_ -
M2

O, = G >1
1-(Pu/0.75P,)

5’" = L — 2
1-(3.29/(0.75*8.6))

e = 15003 it ACI(10-123.2)
,_(15+0.03*500)

o 1000
e=e. *6,, =0.03¥2=0.06
_ 0.06

El=

=8.6MN.

............. ACI(10.12.3)

=0.03

=0.12
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From Interactio n Diagram

¢P, 4700 ¥107° , 145 _ 5 47

——

A 7(0.50)*/4 1000

g

p, =0.03

2
S = * E_(_O_EO_)_ = 58.9cm’
A, =p*4=003 2

# of bars =58.9/3.8=16422

Check —¢P, > P,

¢p, = 0.7[0.85 * fo.85* fe' (45 4a)* fy4ds 1l
_ 0.70.85 * {0.85 * 24 (196250 — 6080 )* 10 -6) + 400 * 6080 *10 =]

=3.53 >3.29 Ok
‘Use 24625  As provided = 122.5 cm2
4.5.2.2 Design of The Tie Reinforcement:

Spacing <16xd, (Longitudinal bar diameter) = 16x2.2 =35.2cm.
Spacing < 48xd, (tie.bar.diameter) = 48x1.0 = 48cm.

Spacing < Least.dim ension = 50cm

Use @10 ties@ 35cm spacing.

\ — I,}im.SO /

Fig.(4.13): Detail Of Column
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4-6 Design of Isolated Footing F32
Legend :
o IdE b :j+_,'|
e e tdze B (-
+ """""" ax Shear

e |

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/m?
Column =40 cm x40 cm......... -See figure (4-11)
4-5-1 Footing Area:

Factored Load =2100 KN

P net =400 KN/m?
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Area A = (Total Weight )/ Soil Pressure™1 4)

=2100 KN /400*1.4 KN/m*

=375 m’

Use L =2 0m,B =2.0m, A =4.0 G ol 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
T = frea =2100/4.0 =525 KN /m’

Assume h min =50 cm
d=50- 7.5—-2=40.5cm

oV, 2V,

c u

|1 0.7
<I>Vc=(I>g\/ fibd 65* 24 %2.0*0.405%1000 = 496KN

Vu=q,, X(L;a —d)xB

20-04

P 525x( —0.405)x 2.0 = 415.0KN

DV, = 496>V, = 415
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4.6.2.2 Check this depth for two way shear action punching

Vu =g, x(BxL)—(a+d)b+d)

Vi = 525 ((2.0%2.0) — (0.4+0.409)(0-4+ 0.405)) =1760KN

The punching shear strength is the smallest of:

1 2 3 7
S Y

I @ ¢
| e BEEE,) b,d :
? lz(b,,/d jf“ T 08, b

v, =%\/f_ B 0-33\/2 b,d

.............. Control

Where:

B: =a /b =40 /40 =1

b o . Site o
> = Perimeter of critical section taken at (d/2 )from the loaded area

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

s =40 for interior column

#. =0.75% 0.33v/24 x3.22.x 0.405x 1000 = 158 1K

the depth )h =50cm (is not valid

So we selecth =60 cm

......... -See figure 4-15)
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Check h=60cm
d= 60-7.5-2=150.5 cm
Vu=q, x(BxL)-(a+d)b+ d))

Vi = 525 ((2.0x2.0)— (0.4 +0.505)(0-4 + 0.505)) =1670KN
A IAY

0'33\/}:1’0‘1 Control

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

I

2{(0.4+0.505) + (0.4+0.505)} =3.62 cm

&V, =0.75% 033424 x 3.62x 0.505x 1000 = 2217KN

OV, 2V, +9217>1670KN ....... OK

i S50
I

2721 EkN." m?

Soil Pressures. at ‘éLS .

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:

®Pn = ©(0.85 fc'Ag)

®Pn = 0.65(0.85x% 24 x 0.4 x 0.4x1000) = 2122KN
®Pn=2122> P, =2100

Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
As =0.005 *400 x 400 = 800 mm2

Use 2012 ......... See figure (4-13)

In footing :

®Pn = ©(0.85 fc'4, x %)
1

Al1=0.4%0.4=0.16 m2

A2 =2.0*2.0 =4.0 m2

éz—=1’—4—=5>2
A, 0.16

e
Al

®Pn =0.65%x(0.85x24x0.16 x2)x1000 = 4243 KN
®Pn =4243 > Pu =2100.......... ok

WUsed2dn2 " oaieeeian See figure (4-16)
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4-6-4 Development Length L,:
Ld for @ 12:

B gy A2 1p-2523mm
Ld = 4 fC = 4’\/—2—4-

L,_0.04xdbx fy = 04*12*412 =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:

(qu”xWx(é—g))xO.S(£—g)
e 22 D

(525x2.0x(2§——9;))x0.5(2_9£)
S 2 2)-357 KN:m

Mn =357/0.9 =397 KN.m
Rn =Mn /b.d2 = 0.78Mpa

Sy i
0.85fc  0.85(24)

p=L[1_ Bl Sl 2500 20
m b4 20 .2 12 = 0.0019

AS = 0.0019%2000*505 =1950 mm2

As min = 0.0018*2000*600 =2160 mm?2 control
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Use 18P 12 In tow direction

4-6-5-1 Development Length L,:

Category (A), item 2 applies,

Ld for ® 12:
1x0.8x1
B s g 0 A2 T = 20am
Lo S e (k,,+c] Lo T A
db

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

ISOLATED FOOTING F32
O AL00 arml

blinding concrete .,
p: 2.0

RS- SECTION a-a

~18¢12 L=22

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) = heightxThickness 1m wide X Ve
=6.3 x0.25x24 =45.4 KN/m
From one way rib D = 2*(10.3/0.55 y=37.4 KN/m
L =2%(9.2/0.55)=33.4 KN/m

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

Total W =82.8+33.4 =116.2 KN/m JF- :

(4.7. 2) Determine the Footing Width :

Allowable soil pressure =400 KN/m?

W total _116.2

Footing width = -
allowable soil pressure 400

=0.29cm

The main reinforcement needs an enough
Distance to anchorage development length due

to the following Equation :

0.24Xfy

gt 0.24X412
= T dp, X 0.7 = = X 1.2 X 0.7=16.8 cm

Width of footing b=16.8*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 gooting =30 €M
(4.7.4) Design of shear:

q. =12xD+1.6xl
q. =1.2x82.8+1.6x33.4=152.8KN

h

‘footing

=30cm
d=30-7-1=22cm

(4.7.5) Bearing pressure:

pu 152.8

=191Kn\m?
Area 0.8%1

pnet=

¥, = 0.055 * 191 * 1 = 10.5KN

.75 f
oV, = 2 x [fe x b x d = 222 X VZ& x 1 X 0.22 + 1000 = 134.7

)

~

>Vu

= Ok.
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(4.7.6) Determine of Reinforceme

ing width—wall width)”
e W’d‘h4 wall width)”

=191x0.275* = 14.4 KN.m

6
o M 184x10° a5,

bd>  0.9x1000x220°

. L M,
0.85% fc  0.85%24

1 2xmxKn

p=—|1- 1-=——
m fy

pf ol e \p,m_wj  biohos
20.2 412

Asge, = p*b*d =0.0008*1000*220 = 178.5mm*

Check As,;,

As ;= 0.0018*H* A =0.0018 ¥1000 *300 = 554mm?*
. As = 5540mm”*

Select 12@20....45p, 500 = 565mm” > 554mm?* ....ok

20
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(4.7.7) Check of strain

Tension =Compression

As* fy =0.85* fc'*b*a
565*412 = 0.85%24*1000 *a

a=11.4mm
L L PR
Bl 085
£, = 220134 4, 003 = 0.046
7 13.4
,=0.046>0.005 oo OK

(4.7.8) Development length of main reinforcement:

For ®12 bars db=1.2 cm:

Ny

Ld = afyd
2 fe Byd,
412

2424
Ld = 50.5cm

Available1L.d=27.5-7.5=20cm < 50.5cm

Ld = 1¥1%1*1.2

0.24 X
L a

% dy, = 24.2cm
c.

So a standard hook of 20 cm must be used to provide Ld.
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i nt
(4.7.9) Design of Secondary Bottom Reinforceme

As,;, for shrinkage & temperature
ASmin=0.0018 xb xh

ASpmin =0.0018 x800%300

As=432 mm’

Select 4412 with AS prov.=4.52 cm?.

(4.7.10) Design of dowels bars:
4, . =0.0012x1000x 220 = 264mm’
Use longitudinal basement wall bars

Use ¢ 10@25 cm

Ld = Jy d, 20.04xdbx fy
4,/ fc'

For ¢10 bars

412

Ld = x1.0=21cm
4x~24
>0.04%x1.0x412 =16.5cm
Ld =21lcm

AvailableLd=30-7=23cm>21lcm Ok.
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15cm S.0.6. ' 10cm Asfalt
Polyeihélene Sheets 500 micron Thick ”T’l‘h/ 15cm Compacted Bese coarse
15cm Compacted Bese coarse 0.25 B Compacted Selected Fill
e iy

Compacted Selected Fill

| | o2 e20 cn

027 Uied 523
b

@ @)
| [
e O

®12e20cm L=11

[Fig . (4.17) Strip Footing Details
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4-8 Design of Elevator Mat :

In X direction :

z
it

<=-92.8
-82.1

g
o w

-49.7

-
&

-17.3
.47

=1

|

M)

O
>
8

15.1

ogQ|
g 2
N o

=

47.5

[

N _|
8 8
= w

>=79.9

E( Load 1

Fig 4-18 (Moment Diagram)

|

i

i

|

94 |
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4.8.1 Design of Positive moment:

b =100 cm,
h =65 cm

d =h-5-2 =58 cm

Mu =79.9 KN.m
* +6
Kn= i > = 0.26Mpa
0.9*1000*(580)
e b 42 o002

= 085% o 085%24

* *
p= l(l_ = 2mR”) = —L(l—\F_M) =0.00065
m 024 20.2 412

As,,, =p*b*d= 0.00065 *1000 * 580 = 374mm*

4.8.1.1 Check Aspyin
A, . =0.0018 *b*h = 0.0018 (1000 )(650 ) = 1170 mm 2

select A, . =1170 mm 2

Select 18@20cm 4, provided =1270mm? > s

.......
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4.8.1.2 Check for yielding in bottom

Tension =Compression:

A * fy=085*fc' *b*a
1270*412 = 0.85*24*1000* a
a=25.6mm
a2 204 _a00mm

B, 0.85
48 430-30.2

y 30.2

g, =0.04 > 0.005—> 0k

*(0.003 = 0.04

4.8.2 Design of negative moment:

Mu =92.8 KN.m

)l R R
0.9%1000*(580)>

Mpa

e RS )
0.85* fc'  0.85%24

2mRn
b4

5.l 2%20.2*0.31
b= 19.61(1—\/1_\) =0.00075

i 412

As,,, = p*b*d =0.00075*1000 * 580 = 434.8mm?
4.8.2-1 Check ASmin

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

Select AR S8 =T 0 2

Select 18@20cm A, provided =1270mm? ~ y
sreq = 1 170mm2 OK

96
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4.8.2.2 Check for yielding in bottom

Tension =Compression:

A * fy=085%fc' *b*a
1270*%412 = 0.85%24*1000*a
a =25.6mm

a 204

x=—=——=302mm
B, 0.85

e 490- S04, 0.003 = 0.04
30.2

g, =0.04> 0.005——> 0k

&€

In Y direction:

kNm/m
<=-130
114

LT
g1y

-16.8

=
[=)
8

156

47.9

oomm
o
@

EEEO
pet

113
>=123

]

Load!

Fi
g 4-19 ( Moment Diagram )
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4.8.3 Design of Positive moment:

Mu =129KN.m
+6
Kne 12910 _043Mpa
0.9*1000*(580)

085* fc  0.85*24

%¥20.2%0.43
e 1_2@):_1_(1_@):0.0011
m & 202 412

Ass =p*b*d = 0.0011*1000 * 580 = 606.2mm”

4.8.3.1 Check ASpin

A, =0.0018 *b*h = 0.0018 (1000 )(650 ) = 1170 mm *

S mu

select A =1170 mm *

s min

Select 18@20cm 4, provided =1270mm® > 4s,, = 1170mm>......OK

4.8.3.2 Check for yielding in bottom
Tension =Compression:

A *fy=085*fc' *b*q
1270*412 = 0.85*24*1000* ¢
a =25.6mm

a 204

x=—="—""2302
B, 0.85 e

_ 430-302
30.2
£, =0.04>0.005— ok

*0.003 = 0.04

S
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i ent:
4.8.4 Design of pegative mom

Mu =130KN.m

130*10° _ _ 0.43Mpa

s IA0BIO
Kn = 59%1000%(580)°

f. SIS D 60
m

T085*fc  0.85%24

2*20.2*0.43 Ve
1, [T Gy o
p=—”;(- I 20.2

2
4s,,, = p*b*d =0.0011*1000 * 580 = 606.2mrm

4.8.4.1 Check Asyin
A, =0.0018 *b*h =0.0018 (1000 )(650 ) = 1170 mm 2

select A, .. =1170 mm >

Select 18@20cm 4, provided = 1270mm? > 4s,,, =1170mm?

4.8.4.2 Check for yielding in bottom

Tension =Compression:

A * fy=085*%f' *p*
1270*412 = 0.85% 24 * 1000 * 4
a=25.6mm
a 204
=—="""23,
B ows o
430-30.2
o= * =
: 302 0.003=0,04

&, =0.04> 0.005—s o
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4.8.5 Design of shear

P g y o -b b
28REBEz288

=l=]=
g8

419
>=479

Figure (4-20) The envelop shear diagram

Vumax = 479%0.65%1 = 311.5 KN

bV =¢Lf*b*d s V28§

* o
6 *1000 1000 *580 = 355 2KN

......
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4-9 Design Double Flat Stair :

4-9-1 Stair thickness :

ab of stair must satisfy the limitation of deflection

The overall depth of solid sl

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

L=plan length of stairs + 0.5 length of landing (or 90 cm whichever is less)
L=0.9+3+0.85=4.75m
Min h =( 4.75 /20)=0.238 m

Select h=25 cm.
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4-9-2 Load Determination :

Dead load calculation OO Iy e e 2eme i i
o= tan™(16/30) = 28

concrete = (25*0.25)*(1/00528) —7.08 KN/m

plastering = (0.03*22)*(1/c0528) =0.75 KN/m

stair = (0.5*0.3*0.16*25)/0.3 =2 KN/m
morter = ((0.16+0.3)*0.02*22)/O.3 =(0.67 KN/m

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

2
Morater 2.ocm

Fi
1gure (4-22) Section in Stair
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= /m
Nominal Total Dead Load = 11.88 KN
=14.26 KN/m
Factored Total Dead Load = 1.2*1 1.88
Live load =5 KN/m .
Factored live load =5%1.6= 8 KN/m
=8+ 14.70 = 22.70 KN/m
r landing)

Dead load calculation of qz : (fo
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 Load =8 KN/m

Factored Total Dead Load =1.2*8 =9.6 KN/m
Live load = 5 KN/m” .

Factored live load =5.0%1.6 = 8.0 KN/m?
©=8+9.42=17.42 KN/m>
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il

t Design of one meter strip :

4-9-3 Stair reinforcemen

Figure (4-23) Moment for Stair.

Mu max = 66 KN.m
d =250-20-7 =223 mm

i 412

m= = =
085 08504 02

e an % 66 * (10)°
bd (0.9)(1000 )(223 )2

1 2mR
p=_[1_ e 2 s 2%20 2°F
= \/ - Y 1—\/1- 2 el )=0.00372

=1.47 Mpa

412

As =0.00372*(100)* (223)=829 c¢m:
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4-9-3-1 Min reinforcement :

As min = 0.0018 * 1000 * 250 = 4.5 cm®  Use ® 12 @25 cm c/c

As=8.29>4.)5 cm’
Select As=8.29 cm’

Use ® 14 @ 15 cm c/c with As =9.24 cm?>8.29 cm’.......... See figure (4-16)

214®15

212025

1.00m /T.B »14@15
#14@15/2.00m
o
1.40m/ T.B 2 o 212@25 s
214@15

2.00m/B.B S &

<
m 7zd &> %
#14©@15/3.00 3 zalo _
2 &L 2.90
22 @.;O . &> 8
L 7% 214©15/3.90m

2.60 m/B.B

m L&
S T @ 1.00 m/ B.B
214@15/2.00m

Figure (4-24) details of stairs
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(4.10) Design of Basement wall:

57 KN/m 2.5 KN/m

IFig. (4.25) Basement wall-Diagram|

(4.10.1) Load Calculation :

q, =yxhxK,

Ve =18 Kn/m®

6 =30°

K=05

q, =18x6.3x0.5=57 KN/m
9, =PxK,

g, =5%0.5=2.5 Kn/m?
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(4.10.2) Thickness Calculation :

Assume p =0.01
Mu =69 kN.m

Mn =69/ 0.9 =76.67 kN.m

s Fy ik 412 ~202
0.85/c' 0.85x24
Kn = px—-]—ﬁ)—— =0.01x Lo = 4.58Mpa

01
1-0.5mp 1-0.5%20.2x0.01

6
=Mn s 76.67 x10 S BGAmni
bd? \lo.9x1000x4.58

h=136.4+50+20 =206 mm

Kn

select h=250mm

(4.10.3) Wall Design :

d=250-50-12=188 mm
6

Kn = Mnx i 76.67x10
b*d*> 1000x1882

L e 2mkn
P—m(l 1’1 5 )

=L(1_\/1_M
412

=2.17Mpa

20.2 ) = 0.00558

As o =0.00558x1000x 188 = 1049 4mm? / 1y

A8, =0.0012*%1000* 250 = 30077, /m

As, > As,;.
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VASH SES O 2 control

req

Sl 0B g
#of bar in on meter = 54

Select ®18@20cm c/c

(4.10.4) Design of Secondary Reinforcement:
Select the greater of:

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

AS horezantal

#of bar in on meter = % =4.65

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

(4.10.5) Check for Shear :

oxVe=2Vu

0.75 — 0.75
¢ch=TJf_cxbxd =TJ'27ix1000x188

¢Ve=115.1>Vu=109.5 kN
. No Shear Reiforcement Re quired
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J
G

2210

2014
#8220 c

1Secm S.0.G.

Pulyulhélena Shests 500
15cm Compacted Bese
Compacted Selected FllI

10

campaclod

@12 @20 cn"

p10_ @25 0"

S -
e
o
@12 @20 cn
10 @25 _cn—"

cm
15¢cm

L4 JE e

Asfall
Comp'

structural Analysis & Design

octed Bese coarse
selected Fill

=218 @20 cm

210_€25 en—"

TS~—210 @25 cm

s
~®12 @20 cm

micron Thick
e

coars:

TS210_@25 cm

S 070
®12@20cm =11

L
==p
==

212 @20 cm C)l
|
e
C)g
™
=}
GOt
MR 820 em S |
___se1a N
=
—

|
|=
,}C>

section @ )
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(4.11)Design of Shear wall

(4.11.1)Load Calculation

Wit s Winseraart W Basementt
W =67800 KN

IIs” :
(4.11.2)Calculation of shear force on "shear wa

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

direction shall be determined from the following formula:

e (Eq.30—4)

RT

The total design base shear need not exceed the following :

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

V=0.11CalW........ (Eq.30-5)

HBuilding =33m
Z=130

R=55

I=1.0

Ca=0.24

Ct=0.02

Cv=0.24
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Where:

: . Table 16—I .
e ROREs factor as given 1 .
Z = seismic zone 1a o of the inberent over strength and global ductility

R = numerical coefficient ©epresent@ Ve 2 © o o in Table 16-N or

capacity of lateral force resisting systems,
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 7, 7 or x, respectively

.T=C,(h)* (UBC)

T =0.0488 *(33)*/4 =0.67

v =(CV"1)><W=(M)X67800 = 4415kN

RxT 5.5x0.67
Not Exceed
25xCax]1 2.5x0.24 x1
Vo = (T)X W= (TXJ x 67800 = 7396 kN

And Not Less than
v =O.11xCaxle=0.11x0.24x1x67800 =1790 kN

V =4415 kN ----Control

Ft=0.07 xTxV=0.07x0.67x4415= 207 kN

V-F, 4415
. [(WXH)mI]XHIIXhi—(\

1126254 )"Wx *h =0.0037x W, x ,
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S5 L Fxi | FX
(ko) |(Kn) |GKn | ED

Structural Analysis & Design

floor :
Sth T s 20T (203840 19T 11814 |
4th —s00 4415 |285|207 |222300 8225 | 20139
3th S35 |4415 |24 |207 |195240 7224 27324
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

Basement 2 | 10138 | 4415 |3 207 30414 112.5 4415

h X 67800 1126254

[Table (4.1) Calculation of the total Fx

For shear wall in theater

Wall take percentage force from total horizontal = 112
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CHAPTER FOUR
11 4 =130 KN
for fifth floor Fx = 0o x 1181
11 9 =221 .5 KN
for fourth floor Fyx = -1—66—* 2013
I = 300 .6 KN
for third  floor Fx = 10 x 2732 .4 =30

< 3294 .6 = 362 .4KN

11
for sec ond floor Fy = 100

11
for first floor Fy = 70 * 3739 .9 = 411 .4 KN

11
for ground  floor Fx = o0 * 4046 .6 = 445 .1 KN

11
for basement 1 floor Fy = 100 * 4266 .9 = 469 .4 KN

| * 4415 = 485 .7 KN

b e Fy =
Jor basemen floor s

Floor X Y .
fifth 130 130 585
fourth 2215 3515 2751.8
third 300.6 652.1 6271.2
second 362.4 1014.5 17519.4
first 411.4 14259 33602.4
ground 445.1 1871 58104.9
Basement 1 469.4 T e 65
Basement 2 485.7 % 11 3728985.26
Lo SR :
e et P

Table (4.2) Moment & Shear Valyeg
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CHAPTER FOUR
_ 11 81 .4 =130 KN
for fifth floor Fx = 100
_ 11 4,013 .9 =221 .5KN
for fourth  floor Fy = 100
for third floor Fy = 100 x 273
6 = 362 .4KN
for sec ond floor Fy = 100 x 3294
11 =411 4 KN
for first floor Fyx = = *3739 .9 =4
11 = 445 .1 KN
for ground  floor Fyx = T * 4046 .6 = 44
1 = 4 KN
for basement 1 floor Fy = 166 * 4266 .9 = 469
11 A
for basement 2 floor Fj = T * 4415 = 485 .7 KN
Floor YFX Vu Mu
fifth 130 130 585
fourth 221.5 351.5 2751.8
L 300.6 652.1 6271.2
i 362.4 1014.5 17519.4
first 411.4 1425.9 33602.4
e Wi 1871 58104.9
Basement 1 4694 L SN
2340.4 65788.2
Basement 2 4857 IO
2826.1 113295.6
\
i T

Table (4.2) Moment & Shear Valyeg
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(4.12.3) Shear Wall Design Parameters:

fc' =24 Mpa

fy =412 Mpa

h = 25cm shear wall thickness
Iw = 5.45m shear wall width
hw =33m building height

(4.12.4) Design of Horizontal Reinforcement:

Critical Section

ZX = ﬂ =2.725m......control
2 2

h_w = 2 =16.5m
2 2

d=08xhw=0.8x2.725=2.18m

V, =2826.1 KN
M, =105811.2 KN.m
Va: “’6fc xbxd
24
VC1=J6——XO.25x2.18=445KN ... control
Jfe'xbxd N xd
Vc2= + =
4 4xL,

Assume N, =0.0

v :\/24 X0-25X2~18+Nuxd

i 4 Ang . OO
= lw( fc'+2><Nu}
Vc3 = .~C-+¢ XM
. M 10
v, 2

M L =347
V' e

° Vc3 = 23156 '9m
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Vi, 28261 44596951 KN
e 0
Aw _ 2695.1x10’° _3
s, 412x2180

mm

Aﬂ = 0.0025x b =0.0025% 250 = 0.625 mm

S2 i
S, Sﬂ=2=6600mm
5 .05

S, £3xh=3x250="7500 mm

Al _2x79><10'6=0.

= = 253m
0.000625  0.000625

- Usel0@25cm c/c For thereinforcement in two layers (horezental)

(4.12.5) Design of Vertical reinforcement:

h A,
Ay = {0.0025 +0.5(2.5 b 4
Vi 3 S2 % h 0.0025 )(,S'1 xk

5 33Y 2x79
0= [0.0025 +o.5(2.5- <
; 545 \ 250x 250 ~ 0025 | [x S, x h

Ay, =0.0025x S, x 1

o _ 2xT79x10°f
' 0.0025%0.25

h 33
Shs ==
1S 3 11000 mm

=0253m=25mm ... control

S, <3xh=3x250 =750 mm

= Usedl0@25cm ¢/ c For therei
erenforcement jp
two layers (Vertical)
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(4.12.6) Shear Wall Detail:

2
216@10
»10€25 e 0@25 ic
10825 _ || 5 .
~ 1
\\
1 0@25\\ J &

Ge

100

J
7 ‘IZL.;: =

I SECTION e

10025 _ ||
$10@25 \‘
;i
s10825_ ||
o} [ ?}
[
[ < it
Q- | | ///
N i |
[ T
H |
I
[ | |
[

210025 _
<

810025_ ||| €0l ;(”\’j
PN 1 Nt
Y ~ e
810025 || | N 55 N
i NN
#1082 ‘ w f %
i Sl I
812/25cm T.B ]" ]
Lot dls DOWEL BARS
» 8 \n
}312/20cm B.B

.
o.l2/20:3-""‘/L—:2.2o

I '- 4‘2 Sheal' Wall Deta'
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE
(ACI-318-02) AND COMMENTARY CODE (ACI -318-02).
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