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Abstract

Structural Design for MultiStory Residential Building

Project Team

Munis F Amro Motaz T Doudin

Palestine Polytechnic University

Supervisor
DrMaher Amro

The main aim of this project is to prepare all of the required structural
.design all calculation andStructural drawingFor MultiStory Building

This building consists of 6 floors and it contains several activities

The building is a reinforced concrete structure, and it will be designed
.according to the ACI — 2002 code

The project is composed of the structural analysis of member that satisfied
to vertical and lateral loads and all of the structural drawing that required
constructing the project and details for each member in the project
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List of Abbreviations:
e Ac = area of concrete section resisting shear transfer.
e As =area of nonprestressed tension reinforcement.
e 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
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e b= width of compression face of member.
e bw = web width, or diameter of circular section.

e D.L = dead loads.

o d = distance from extreme compression fiber to cancroids of tension

reinforcement.

e Ec = modulus of elasticity of concrete.

e Fy = specified yield strength of non-prestressed reinforcement.

e h = overall thickness of member.

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

o 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.

e L.L = live loads.

e L.d = development length.

e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

¢ Pn = nominal axial load.

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

e V¢ = nominal shear strength provided by concrete.

e Vn = nominal shear stress .

* Vs = nominal shear strength provided by shear reinforcement.

e Vu = factored shear force at section.

® Wc = weight of concrete Kg/m3.

® Wu = factored load per unit area.

e @ = strength reduction factor
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Chapter Four

Structural Analysis and Design

4

4.1Introduction

4.2RibSlab thickness calculation
4.3Load calculation

4.4Design of topping

4.5Design of rib 09

4.6Design of beam B2
4.7Design of One-Way Solid Slab
4.8Design of Stairs

4.9Design of columns
4.9.1Design of short column
4.9.2Design of long column
4.10Design of Basement wall
4.11Design of strip footing
4.12Design of Isolated footing
4.13Design of Mat Foundation
4.14Design of Shear Wall
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4.1 Introduction

In this chapter, it willbe shown the procedure of d ‘
ams and other structural items .

esign several structural members of the

project, the steps that followed to design the Ribs, be

So, this chapter will contain a sample calculation related to items which are different contains
in this project.

All of these members will be designed according to (ACI — code-2002)

4.2 Slab Thickness Calculation .
There are two main types of loads acting on the structure-:

The thickness of the slab will be determined according to (ACI - Code -2002), according to code,
the minimum thickness of the slab of non -pre-stressed beams or one way slabs is calculated as follow-:
bun=Ln /21  =5.45/21=0.259m=25.9cm
b =Ln /18.5 =5.45/18.5=0.29m=29cm
bpin =Ln/16=5.25/16=0.34m=34cm ................ Control
h for slab =35 cm
topping=8cm
block =27 cm

4.3 Load Calculation :
Calculation of the total dead load for one way ribbed slab shown in the following table:

Table 4.1:calculation of the total dead load for one way rib

No Parts of Rib Calculation Result Unit
1 Rib 0.12*0.27*25 0.81 kN/m
2. Top Slab 0.08*0.52*25 1.04 kN/m
3. Plaster 0.03*0.52%22 0.3432 kN/m
4. Traditional Block | 0.4*0.27%9 0.972 kN/m
5 Sand Fill 0.1*0.52*16 0.853 kN/m
6. Tilemortar 0.03*0.52%22 0.3432 KN/m
7 tile 0.03%0.52%22 0.3432 KN/m
8. partition 1.25%0.52 0.65 kN/m

5.3544 kN/m
Total dead load =5.35/0.52 =10.29 kN/m?2 o

LL =2.0%0.52 =1.04kN/m.
Factored D.L =1.2*5.35 = 6.42kN/m.
Factored L.L =1.6*1.04 = 1.66kN/m.
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4.4 Design of Topping

A : i ble:
The load calculation for the toping 1s as 1t the following ta

the total dead load for topping

Table 4.2:calculation of
No Parts of Rib Calculation ‘j Result L;n;t ]
L. Topping 0.08*25 2 mz
2. Plaster 0.02%22 0.44 kN/m
3. Traditional Block 0.27*9 243 KN/m*
1T Tiles 0.03%22 0.66 kN/m”
5 Sand Fill 0.1*16 1.6 KN/m?
7. Tile mortar 0.03*22 0.66 KN/m*
8. partition 1.25 1.25 KN/m*
8.98 KN/m”

g 125D +16*LL
g, =1.2%*8.98+1.6%2.0=13.98kN /m’

For 1m strip

q, =13.98x1=13.98kN/m
Assume slab fixed at supported points )ribs:(
il e 13.98*0.4°

Mu = =0.187KN m.
12
fc'=0.8*30 = 24Mpa
2
Mn =042, fc'* bl;
% 2
= 042424 (0008 =2.2KN.m.

¢*Mn=055%22=121KN.m.

¢*Mn=1.21>Mu=0.187KN.m.

No structural reinforcement is needed . Therefore, shrinkage and temperature reinforcement must be
provided.

For the shrinkage and temperature reinforcement:
p =0.0018

As =p*b*h=0.0018*100*8 =1.44cm? /1m.

Use 1010/25 cm 4®10/1m(, with As = 3.14cm¥1m in both directions
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4.5 Design of Rib:09
222 ,
B /
: =
AL LA
Y }
= E
Fig4.1position of rib09
[t TSN, s A ¢ e
e o e Lotee i |
L CE 5.25 fe DB 3.3 124050 13
Fig4.2spans length of rib 09
Loads on the rib :

Factored Live load =6.42 KN/m
Factored Dead load =1.66 KN/m

By using ATIR program we get the envelope moment diagram as shown in figure 4.2 below :

-27.6

Fig .4.3 Moment and Shear diagram of rib 09
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4-5-1 Design of Negative Moment

Negative Mu max =18.7 KN.m

d)=h -Cover —)d/2 - (db )stirrups =
18.7

- 09

(35-2-08— 1.0 =31.6 cm=316mm.

Mn = 20.78 Kn.m

(]
_ Mn _2078x10° _ 1 73MPa.
 pd® 120x316°

0 o
0.85f 0.85x24

1 2mRn
”7(1" e B ]

* *
Mtive ) l_ﬁ_z BEl" LB | e
19 .61 400

A . =pxbxd=0.0045x120x316=170.64 mm’

s req

Check AsSmin
jo'e /24
b = Dnd = 120 = 2
45 4(400)( )(316 ) = 116 .1mm
Not less than

1.4 1.4
A, o =—*b*d =——(120 i 2
» 400 (120 )(316 ) =132 .7mm

A, o =116 .1ecm? ... controls
4, ,,=170.64mm* > As . =1.5cm>
select A, .. =170 .64 mm 2

select 2912, As = %
$12,4s =226 em® > As =170 .64 mm 2
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Check strain to determine @ :

C=1

T = A, x f, = 226 x 400 = 90400 KN

C=0.85x f/xbyxa

G 000, 56 03mm
0.85x f/xb, 0.85x24x120

fo'=24<28 ... f=0.85

36.93

=""""=43.45 mm
0.85
- X

(R

316 —43.93
43.93

(0.003)= x0.003 = 0.018

— 0.018 > 0.005 ok

4-5-2 Design of Positive Moment:
Positive moment of field 1
Positive Mu max =23.5 KN.m

Mn =23.5/0.9=26.11 KN.m

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

b,  For T -section is the smallest of the following:
b, =L /4 =5.25/4 =131m

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

b, sbw +lel/2 +1.e2 /2=12420+20 =52 ¢m...........co0.... ..Control
bE =52 cm.

Determine whether the rib will act as rectangular or T — section:
Assume a =t =8 cm

C=0.85x fxtx by =0.85x24x80x520 = 848. 64K N

Mn =Tor C)d-0.5a= ((848.64 )0.316 —0.5* 0.08 = ((210.9 KN.m
0.9*Mn =189.81 KN.m>Mu= 23.5KN.m
Then a<t

- Design as a rectangular with bE = 52 ¢m

o b 400
0.85f] 0.85x24

=19.61

6
o Mn _2611x10

b s20x316 003 MPa
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vl | 1_ZmRn]
P b

I l_gﬂzﬁzﬂuazjzooms
S G 400

2
A —pxbxd:0.0013x520x316:213.62 mm

s req

Aewn =4p @ 4(40

Not less than

s o214 *b*d————(lZO)(316)_132 73 mm ?
S mn 4

= 6 Lmm ... .. controls

A4, =213.62mm* > As;, = 116.11mm”>
select A, ,, = 213 .62 mm .
select 2¢12,As = 226 mm > > As ,, = 213 .62 mm 2 e Ok
Check strain to determine @ :
T = A, x f, =226 x400 = 90400 KN

@ =085 f xb. xa
€ 90400

0.85x f/xb, 0.85x24x520
fe'=24<28 . f—0.385
32 -5 iotn
B 085
_d- 316 ~10.0
y T 2 %0.003 = 0.091

— 0.091 > 0.005 ok
Positive moment of field 2

Positive Mu max 6.4 = KN.m
Mn =6.4/0.9=7.11 KN.m
Effective Flange width )% (according to ACI code 8,10 2:

by For T -section is the smallest of the following:
b =L /4 33/4 =083m
be = bu 4161 =12 +16)8 = (140 on

be = pw +Lcl/2 +Lc2 /2 =12+20+20 So2Zcm Control
.................. ..contro

=52 cm.
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— gection:
Determine whether the rib will act as rectangular or T

Assume a =t =8 cm

C =0.85x f! xtxbg =O.85x24x80x520=848.64KN

Mn =T or C)d — 0.5 a= (848.64 )0.316 — 0.5 ) 0.08 = ((210.9 KN.m

0.9*Mn =189.81 KN.m >Mu= 6.4KN.m
Then a<t
~.Design as a rectangular with bE = 52 cm

gl T
0.85f 0.85x24

19.61

S 110
bd*> 520x316°

* *
s 1 1_\/1_2 19,610 1AWt
19 .61 400

=0.14 MPa

4, ., = pxbxd =0.0004x520x316 = 65.73 mm*

Jer 24
o = b *d = 120 )(316 ) = 2
45 4(400)( )(316 ) =116 .11 mm
Not less than
o a1

5 d =——(20 3 = 2
o 400 (120 (316 ) = 132 .73 mm

A, . =116 .11 mm >

min

........ controls

4, ., =6573mm?* < As_, =116.11mm?
select A . =116 11 mm ?

select 2¢12,4s =226 mm > > As =116 11 mm *
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Check strain to determine @ :
10 =0 Xfy =226 x400 = 90400 KN
@=0185 [ dbgixa

a= ¢ = 20400 =8.52mm
02850 f by, = 0585 X 24 x 520

fe'=24<28 ... =085
a e 8152

X=—= =10.02 mm

B 085
5. =27 (0.003)=316 1992, 0,003 = 0.091
- e 10.02

— 0.091 > 0.005 ok

4-5-3 Design of shear:
Using Atir software we found that the envelope of shear for this Rib )R1(is as

follows-:

Fig 4,4Shear diagram of rib 09

Design of shear reinforcement
Positive moment of field 1

Vilma= 25.2 KN
C! ’
¢.VC g0 i*b *d = 2
¢V6 0.75 e 120 *316 *10* = 23 22 KN

i 1
IMIMMEOY/SE="0"75 % — * 7% 7' L
= b d—0.75*;*120 = 3ilGEEosS — 9 438K
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Region No .3
¢Ve <Vu < ¢ Ve + min .9Vs
Vu =25.2>¢Ve =23 192" KN

and

$Vc +min ¢ Vs =23.22 +9.48
>>> Consider the 3™ region to design the s

Assume 2leg ¢10 stirups
GVs =Vu —¢Vc =25.2-23.22 =1.98KN

_32 7KN >Vu =28 .6KN
hear reinforcement

* 2
- Av=2*£—41—0—=157mm2
Av & bw ___1_ lz_o_

3 —S_)mln_gxfyxt—sxtmo
oo A I S MR L

Zﬁxﬁxbw—mxlmxlzo 0.0918

* * %

S ___¢*Av*fy*d=0.75 157 40(2 316:751.97mm

fa PVs 1.98 *10

d 316

Sreq =§'=T=158 m
S,., < 600 mm
use
S =150 mm

But S must be smaller than d/2
So, Select S =15 cm =d/2=35/2 =17.5cm ... .. Ok

Select S =15 cm | ~ e
: L I 5, W
x Fy X Av X d 9 B
gvs = LB b i
B S T
Wi 0.75 x 400 x 100 x 316 6 —
150 x 1000 = 63.2KN

Use stirrups 198@15 cm.
Positive moment of field 2
VUupax = 19.6 KN

pVe <Vu < ¢pVe + min 4 Vs
Vil =R198I6F < & Ve =123 27 KN

pVe :¢—‘/?*b *d
24

=0.75
6

E120*316* 108
=23.22KN
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L B (s *—;—*b*d
1 *10 -3
_ 0.75 * L*120 *316 *10
3

= 9.48 KN

4.6 Design of the Beam B2

TS

B4

|

=P ©
Sha
e A
F=V=T. A A A P |
e 1 [
0 1 4 A 4
} Iy / : 262 = 0.45 | 27 045 e &
} 22 i 115 T f —
I T ! 4.05
- —=

. . o ; 1.73 . 2.43 15?.3 1_52/|




4.6.1 Design ofPositive moment:
Positive moment of field 1

b =85cm,
h=35cm
d =h — cover —@stirrups- d/2 =35 -4 -1

Mu =151.3 KN.m

-2/2 =29 cm

Mn =151.3/0.9=168.11

* +6
= 1_6&1_1_122_ =2.35Mpa
850*(290)
Jy 800" _ 1961

m= — =
0.85* fc'  0.85*24

* 1y % , *19.61*%2.35
p=—1—(1— 1_2 m kn)= 1 0 1_2 19.61 )= 0.0063
m fy 19.61 400

As,,, = p*b*d =0.0063*850*290 = 1553mm’

Check ASmin
fe' V24
A, =N *prg - —_(850)(290) =75 2
4 fy 4(400) ( X ) G
Not less than
1.4 1.4
4, . =—*b*d = ——(850)(290 ) = .
;e 200" (850 )(290 ) = 863 mm
A — 55 mm = . .. . controls

A, .., =1553mm?® > As_. =755mm?>

select A, ., =1553 mm 2

Use® 20

Required number of bars = lSﬁ =49
314

Select 5¢20

A, provided = 5*%314=1570mm* > A4s,,, =1553mm*
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Check strain to determine @ :
Tension =Compression:
ARE 085 Sh*a
1570*400 = 0.85*24 *850*a
a=36.2mm
o 202 a0, Gmm

B 0.385
s 290-42.6
: 42.6

g, =0.017 > 0.005—— ok

*0.003 =0.017

Positive moment of field 2

Mu =9.8 KN.m

Mn =9.8/0.9=10.889
I 10.889*10*
850 * (290)*

ey R 0 T 061
085* fo  0.85*24

1 [ 2*m*kn 1 2*%19.61*%0.15
o= — (=1 = 1_\/1_ : 2 =
m §i ) 19.61( 400 o

4s,,, = p*b*d =0.0004*850%290 = 98.6mm>

=0.15Mpa

Check ASpmin
e V24
s -
a5 4(400) (850 )(290 ) = 755 mm 2
Not less than

1.4 1.4
::min:__*b*d:‘“85 =
5 400 (850 )(290 ) = 863 mm 2

A e = 195 mm ... controls

A, ., =98.6mm?* < As . =T755mm?

select A eg = 155 mm 2

Use® 16

Required number of bars = 75—5 =3.8

201

44



Select 4¢16
A provided = 4%201=804mm’" > A5,.,

Check strain to determine 9

Tension =Compression:

ARE—0.85% fc' *b*a

804 * 400 = 0.85*24*850*a

a=18.55mm

et 1B s

B 0.85

i 290-21.82
; 21.32

g, =0.037> 0.005—— o0k

*0.003 = 0.037

Positive moment of field 3

Mu =96.2 KN.m

Mn =96.2/0.9=106.889 KN.m

106.889 *10*¢
= —12 =1.5Mpa
850*(290)
Ni% 400

m= == =19.6
085 * fe'' 0.85*24 :

1 2*m*kn 1 2%19.61*1.5
p=—0-_[1- = 1—\/1—\‘ )=
= ,/ e ) 19.61( 160 ) = 0.004

A4s,,, = p*b*d =0.004*850*290 = 986mm>

Check Asmin
Ve V24
e 3
Not less than
1.4 1.4
As min = —% b * =y st
5 D 2= 00 850)(290) = 863 s 2

2
........ controls

A g =986mm® > As . =755 2

select AL reg = 986 mm 2
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Use® 20

986 32
Required number of bars = :—5—];-{ =3

Select 4¢20
A_provided =4%314= 1256mm* > AS,,,

Check strain to determine @ :

Tension =Compression:
A, *jy=0.85*fc\ *h*a
1256 *400 = 0.85%24*850*a
a=2%mm
x=2 =2 _3412mm
B 0-85
s 290-34.12
: 34.12
g, =0.023 > 0.005—— ok

*0.003 =0.023

4.6.3 Design of Negative moment
negative moment of field 1

Mu=-1214KN m

Mn= Miad 2 41, 134.889KN.m

09 09

_134.889%10*
850*(290)

S 400
0.85* fc'  0.85%*24

b 2 2%19.61*
7z 11 it d00 )= 0-005

4s,,, = p*b*d =0.005%850*290 = 1232.5mm?

=1.89Mpa

=19.61

Check ASmin
v fe! * 24
G 2400 ) B39)(290 ) = 755 a2
Not less than
A-\'min :I_'i*b*d: 14

200 330 )(290 ) = 863 s 2
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select A, =1232 .5m

Use® 20
1232.5 2
314

39

Required number of bars=

Select 4¢20.... A, provided = 4*314 =1256 mm ?>1232 .5mm

Check strain to determine @ :

Tension =Compression:

A2 7y—085" fe *b*a
1256*400=0.85*24*850*a
a=2894mm
x:izz—&—gi=34.05mm
B 085
I 290-34.05
v 34.05

&, =0.023>0.005—— o0k

*0.003 =0.023

negative moment of field 2
Mu =—-599KN.m
> _]\/E = 290

Mn =052 GeseRN
09 09 o

0 6656210
850*(290)

e DL 800
0.85* fc'  0.85%24

1 2*m*kn
=L fi- o0
196 0. ) = 00024

A4S,y = p*b*d =0.0024*850*290 = 591 6>

=0.931Mpa

=19.61

Check Aspin
fe' * 24
St BT bi d =
4 fy 4(400 ) (850 )(290 ) = 755 mm 2
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Not less than
2
A B ptd = ii(sso )(290 ) = 863 mm
s min 400
A, . = 155 mm Zas o controls

A =591 .6m> < As_,, = T55mm

s req

select A =755 m?

s req

Used 20

755
Required number of bars= = 7 =5l

Select 4416.... A, provided =4%*201 =804mm?* > 755mm.......OK

Check strain to determine @ :
Tension =Compression:

A =0 858fc' *hta
408*400=0.85%24*850*a

a=941mm
x:£=—9'41 =11.1mm
B, 085
290-11.
§,=—— Al *0.003=0.075
11.1
g, =0.075>0.005—— ok
4.6.4 Design of shear

The envelop shear diagram are shown in figure 4-6below :

-174.3 ‘b?g.g

/ oo -163.
e /

231.3

255.3

Fig 4-6: Shear Diagram For beam B2

48



Shear of field 1

V= 231.3 KN
V24 wgso * 290 =151 KN
¢Vc—¢\/f *b*d—075m

075 * Lxgs0 *290 *10 ~* = 61 .84 Ky
3

1
min .¢Vs = 0.75 * 3*b*d

Region No .3

pVe <Vu < ¢Ve + min .$.Vs
i sl g Ve = 151 KN
but

1
1 7 £ B IEA e
¢ Ve + min ¢.Vs =151 +——16 fc' x be x d =151 + T x /24 x 850 x 290

— 151 + 75 .48 = 226 .48 KN < Vu = 231 .3 KN

So, go to region No .4
Region No .4

¢Ve+min Vs <Vu < ¢.Vc+§,/fc’ xbxd
=151+75.48<279.1<151+301.9

=26648<279.1<452.9 ok

7 V¢L—Vc g 281" 3

aiee D 15T 4
s  Fyt xd 400 x 290

=151 =157 4

= .0014

Assume 3leg @10 stirups

* 2
AV:3*%=234mm2
Sreg. = Avx,fyt xd _ 234 *400 *290 Tl
s 157 4 Do
S ... =170 mm

req
But S must be smaller than d/2
And it must be smaller than 60 cm

So, Select S =15 cm =d/2 =29/2 =145 ¢y

..Ok
Select S =15 cm

So, use stirrups of @10 with 3 legs with S=15 cm
(

nwld STy 1.»3\

Palestine Polyeechnlc

R

' a?..

Uqursity

— The llbrury L_._SJ.




Shear of field 2
Vumax= 151 KN

Ve <Vu < pVe + min .¢.Vs

Tiese 4 —g.Ve = 151 KN

and

¢ Ve + min ¢ Vs =151 + 61

region to design the shear reinforcement

6 = 212 6 KN> Vi = 153 A KN

>>> Consider the 3™
Assume 3leg ¢10 stirups
6Vs =Vu —¢ Ve =153 4-151 = 2 .3KN

* 2
g AV=3*”—710——=234mm2

850
B 1 20 o7
fyxt 3 400

L T~ L Y 850 = 065
16 400

* * * % 5 &
S ot utytd 095 %212 .6 4?0 USRI
& ¢ Vs 2.3*%10
Soel el 145
S,

< 600 mm

Used = 150 mm

Select S =15 cm

s _ ¢XFYXAvxd
5

s _ 073 x 400 x 212.6 x 290
150 x 1000 = 123.31KN

Use stirrups 3@10@15 cm.

Shear of field 3
Vupa= 160.6 KN
Vumax = 160.6 KN




¢____\/f°"*b*d=o,75/“’24*850 290 =151 KN

DI T 6 * 1000
1 * -3
: = £290 *10 ® =6
min .¢Vs=O.75*—3—*b*d=0.75*3*850 2 1 6KN
Region No .3

$Ve <Vu < ¢Ve + min P Vs
Vu =160 .6 > ¢ Ve =151 KN

and
¢ Ve + min ¢.Vs

>>> Consider the 3™ region to design the shear reinforcement

=51 4 6l6= 212 6 KN > Vu =160 .6 KN

Assume 3/leg ¢10 stirups
il = Vu. — ¢ Ve =160 .6 — 151 = 9.6 KN

e 10

A Av = 3 = 234 mm *
4

s)mmzsx yxt_3x4oo_0'71

Bk il 1 o
216xfthbw_1_6-xZ?)-(_)-X850=0.65
g =qﬁ*Av*ﬁ/*d_0.75*212.6”‘400"‘290
req . ¢VS o 96*103 = 1926 .69 mm

Sreq._g_zgo_

—2——2-—145mm
S’eq'S6OOmm
use
S =150 mm

Select S =15 cm

s _ ¢><FYXAvxd
S

s _ 075 x 400 x 212.6 x 290
150 x 1000 = 123.31KN
Use stirrups 3@10@15 cm.




4.7 Design of On

e-way solid slab of stair house :

o S
)
Fig 4,7solid slab
Check if its one way
Ly 675

Lx

. =22>20 ..0ne way

Determination of thickness and load calculation

I 310

——=13cm

" 20 20
Select h =15cm

Load Calculation

D.L=25%0.15=3.75KN / m*

S.L=1KN /m*

qu=12%*3.75+1.6*1.0=6.1KN /m’

_qurl’  61*3.1°

Mu =T7.
= e 33KN.m
Design for positive moment
11 cm=1-3-15=d
Mu 2272
Mn = === = 8.
Q0 HGOIRT |
My 804 . 0.67304
P [T000) A o
V) 400
=19.61

T085* fc  0.85%24

1
P =—)1 = I_M(
S s Nie t o
1 2(19.61)(0.673)
=——)] - f1-——"A"-57)
p 19.61) \/T=(0.0017

V)




=p *b *d -0.0017* 100*11- 1.9cm?/m

ik * Tem*Im
AS gt =00018xb><h=0.0018*100 15 =27c
rni ge .
i _M=1.4*1000*110 o
L 400

Not Less than

_025* e *b*d _025%24 1000110 _ 3 370m? /m
Smin. = Fy 400

Select 1412@ 20cm = As = 5.65cm*/m ...

Check strain to determine 9 :
Compression =Tension
A *f=085%fc' *b*a
5.652*%400=0.85*24*100*a

a=1.11cm
=i=11—1'=13c
b O
16—-1.3

= 11 *0.003

Shrinkage & Temperature Reinforcement in top layer
As=0.0018*b*h e

As=0.0018*100*15 = 2.7cm* / m
Select 1912@20cm = As,, ... = 5.65cm* Im ... OK

Development length of the bars

7.
L,=—22_xaxBxyxd
d Zm Bxyx b

T 400 1
d_zmx X1x1x1.2 =48 99¢cm.

Use : L, =50cm.
4.8Design of Stairs:

4.8.1 Determination of Slab Thickness:
-L =0.9+3.00+0.9=4.8 m. g
“heeq =L /20.

b =480 /20 =24.1 cm



= Use h =25cm.
570.26 = (30 /15 )1-tan =0
-Cos 6 =0.89

=
() L
- 25
: eBbBREEE @RPBG
| : —
: S@@Dlm &)
I } I o e 5 ) >
= ———I-——| |
l l '
W L | '
10,84
21.68
0.90
ol ———— .-
10,84 55

0.90

Fig 4,8Structural system of stairs at section AA

Load Calculations at section A-A
Dead Load steps:

Tiles) =0.15+0.35)*0.03%22/0.30 =1.4 KN/m2.

Mortar = 0.03*22)*16/30=0.66 KN /m?

Plaster ) =0.15+0.3%(0.02%22 /0.3 = 0.5 KN /m?
Steps) = 0.5.*3%0.15%25/0 3=1 9 KN /m?.



2
Slab =0.25 *25 /Cos 26.57 =7.0 KN/m".

2
Total dead load =14 +0.66 +0.5+1.9+7.0=1 1.4KN /m”.

Dead Load landing:

Tiles= 0.03*22 =0.66KN/m’”.

Mortar= 0.03*22=0.66 KN /m".

Plaster =0.02%22 = 0.44KN /m’”.

Sand= 0.07*16=1.1 KN /m”.

Slab =025 ¥25=6.25 KN /m’”.
Total dead load =0.66 + 0.66 +0.44 +1.1+6.25 = 9.11KN /m”.
Live load:

Live load for stairs =SKN/m’.
Factored load for steps

qu=1.2%11.4 +1.6*5 =21.7KN/m’.
For one meter, (u =21.7 KN/m.

Factored load for landing:

qu=1.2*4.56 +1.6%2.5 = 9.47KN /m’.
For one meter, qu =9.47 KN /m.

4.8.3 Design of Shear :

= Assume @ 12 for main reinforcement-:

So, d =25-2-0.6 =22.4 cm..

Fig 4,9Shear diagram of stairs

Take d =22 cm
= Vu =425 KN.

S A A

e = 275* 124 #1000+ 220
p =134 72k N
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- Vu =425 KN< @.Vc =13472 KN tair is OK
{ f the stair 1 J
>>>>No shear Reinforcement is required .So the depth o

4.8.4 Design of Bending Moment :

: stair
The Following figure shows the Moment Envelope acting on the

63.8

39.4

Fig(15-4) Moment diagram of stairs
Mu =63.8 KN.m.

Mnreq =Mu/0.9 =63.8 /0.9 =70.9 KN.m.
d=22cm.

B Mn
b-d*
70.9*10°
R,=—————=1.46MPa .
1000*220
san o)
0.85x fc'

ME= e — 1916
0.85x0.24

1 2mk 1 *
p=;(l— 5 ]—LIJIM 00038
3 400 A

As req =0.0038*1000%220 =836mm>
As i, =0.0018*1000* 250 = 450
Use As =836mm?.

Usel®16@20cm...... --with As )=100 /5 = 20 cmz2
As provided=5*201=1005 > As req=836 ;



Check strain to determine @

Tension =Compression

A *fp=085*fc'*b*a
1005 * 400 = 0.85 * 24 *1000 *a

a=19.71m

o8 1T _ 93 190m
B, 0.85

L _20-23.19 003

+T T 2319

g, =0.025 > 0.005 — 0k

Development length of the bars:

L= Jy xaxfBxyxd, = 409 x1x1x1x1.6 =2551cm

2 1% 2424

L available> Ligeq =48.99
Secondary reinforcement:

As— %xAs,eq = —ls—x 10.66 = 201mm’

AS gntage = 0-0018x 5 x /1 = 0.0018x 1000 x 250 = 450mm”
Use®12 @20cm ............... ..With As ) =5*113 = 565mm?.
4.9.5 Reinforcement of Stairs at section A-A

R0 ASS am

Figd, 11 stairg details



4.9Design of column:

Floor:
4.9.1 Design of Short columnCO01- Ground
-
| I T
1] }
- .
'1"7"— j
/
i c2 L
W i r
e I
[
|
§S
o |
1
1

Sh2

Fig 4,12 position of short column
Design of Longitudinal Reinforcement:

Select column C9in the basement floor for design.

p, =3.607KN
L
== 555
K= 5

Usep = pg =0.015

Pn=08* Ag*[0.85* fe'+ pg(fy—0.85* /)]

3-35=0.8%Ag*[0.85% 24+ 0.015* (400 0.85 * 24)]
Ag,,, =0.266m>.

Use 50 cm x 60 cm = Ag =03m?2 s 0.266 m?* o

To find p required for Ag =0.3 2

The same equation can be applied as follows:

Pn= 0.8*Ag*[O.SS*ﬁ'+Pg(ﬁ'~0-35*fC')]
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_0.85%24)]
5 55208%034[0.85%24+p* (400 0.85%24)

p=00072<0.1

= pg =001
s =0.01%600*500 =3000mm
req.

=3 14Omm2 > Asreq.

2

~3000mm”...0k
Select 10420...ASpov.

Check if the column is short O long

ST %)
(k-Luj SG“‘”[%])S 1 S ACI.10-12

¥ 2

L, : Actualun sup ported (unbraced Yength
K :effective length factor (K =1 for braced frame)

fl
R : radius of gyration = 7l

1 :Moment of inertia

A :Cross sectional area of the column

bh’ :
T for rectan gular section

A=b*h

I { b’ fhz
r=il— = =4 ]— = *
\/; 12*b*h 12 0i3=h

r=0.3%0.6=0.18m>
k=1.0
Lu=3.0m
kL, 1%*30
r 018
. Short Column

=16.667 <22

Design of the Tie Reinforcement:

Spacing <16 x d, (Longitudinal bar diameter) = 16x 20 —

Spacing < 48 d, (tie bar diameter) = 48 1 - 480mm, 320mm'
Spacing < Least.dim ensiop — 500mm mm.

use ®10@300mm

length ‘.?Vhf'ch must be grater than the long dimensio s -67 in above and below the slab by 2
Long diminution for the column =500 ¢ column as follgws
Spacing between ties

So, 500mm below the sla
b and 500mm above the gy, must the tieg b,
$ be every 300 mm
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52

10030 L=208 ?10030 L=144

Fig.4.13 :Detail OfShort Column.

4.9.2 Design of long columnC 15 Ground Floor :

[

| S
: |
|
— g '
A T
o It
ce B :
/ Ll
e/ B2 /
O\ v ' 5
/ l
UL I
]
]
Sh2

Fig 4, 14 Position of long column

Design Of Longitudina] Reinforcement:

Select column C15for design.
Pu =1000KN

Pn =1000/0.7 =1428.57kN
PE=15%

60
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: _0.85/")}
pn = 085" 450857 1 +pg(fy() 015 * (400 —0.85" 24)]

1428.57 = 0.85* Ag[0.85" 24 +

Ag = 644cm 2

= .50m2
Select D =10cm = Ag p; ovided 78

Lu =9.0m

1&M2 =1
II\(/I=1 , According to ACI 318-2008 )y10.10.

be taken as 1.0.

6.3(The effective length factor, k, shall be pemitteq ¢,

Jlu ACT —(10.12.2)

M1
-—’0_<34—12M2 .........

l9—=90 %22
0.1

.. long Coloumn

Check slenderness limit:

k—h-l—=90<100

r
Slenderness limit not exceeded.

ET
BE=04—C s [ACI318—-2008 (Eq.10-15)]
1+ 5,

E, = 4750\ fc' = 475%/24 = 2327Mpa
_12DL 1.2(700)
:Bd T =
Pu 1000
; _E*r’_3.14*05"
g 4 4
0.4*2327%4.9%10
1+0.84
0551
TP . ACI318-2008(Eg. 10 -13)

=0.84

=49%10%m*

El =

=24 8MN m>

P:3l42*248 3
- (10*9)2 i OZMV

Cm=06+ o.4(ﬂj

e ACI318-2()08(Eq.10—16)

= }
Cm=1 " ~ Accordzng to ACT 318—2008(10 10.6.4)
B Cm
* 1-(Pu Jo U
'75 P S EER ooy
7 \1 : ~ ACI 318 — 2008 (Eq . 10 ~ 1

ns

B L
ge i
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£ 900 = 42 mm = 0.042

03
*h=15 + 0.
=15 +0.03 0 76

emme Yo +1.8=0.0
é= ns
e _0.076 _ ¢ 084
TR

n Diagram

From  Interactio

o om0 (NAO 0 725 Pt
e 1000
g

P, = 0L01
“ ¥196250 = 1962 .5 mm
A =po*td =0.01*19%

Check ¢.P,> P,
gPn =08+ 0.85% fo'(A,_A)+ [, Ag e .. ACI2002(Eq.10-2)

= 0.65[0.8* {0.85%24(196250 ~1962.5)*10°) +400* 4200 10 |

2

=2712.4 KN >1000 KN Ok

w. Select 10416 = Asy, 4y = 2010mm* > As,,, =1962.5mm*
Design of the Spiral Reinforcement

Psmin = 0_45.&(&_1
I\ de

24 (0.5
Psmin =045—| — _1|=
400 (0_42 lj 0.011

E An(De— Ds)
§E D2
4

Ps

0.011= 2271073 14(0.42-0.01)

3.14
§——0.422
2 042

S =0.067m
75>67>25
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Spiral(912)

10016

e D50
\ Dim.42

Fig.4.15 :Detail Of long Column.

4.10Design of Basement wall:

=%

Fig 4,16 position of basement wall
SKN/m ¢

) 4 .
- 2
<+

956

R 5 6 0 O 5 B

10N

=1
0
'S
3
to
&
(]
g
=
o =
-
8
o
g
2
g
g




Load Calculation: : 5
When @=30,7 —18KN/m*& K=0-
=K**H
Iio 0. 5*18*5 45 KN/m
=K*P
§0p0 5%5=2. SKN/m

Thickness Calculation:
M ax = 95.6 KN.m
Assume p = 0.5pmax = 0.01

e <1 _196]
0850 0.85%24

Jn = p* fy(1—0.5mp) = 0.01*400%* (1—0.5%19.6*0.01) =3.61Mpa

w2 a2 10° _ _ 594 2mm
bd® 0.9%1000%*3.61

h=295+30+10:335mm

select h=35cm

Wall Design:
moment:

Mu =95.6 KN.m

0> 6*107
0.9*%1000 * (310 )2

P:L[I—W s
h ” =l ® o | e

A,req =0.003 *1000 *310 = 930 mm 2 /1m

= llMpa

Check for minimum As

Ve
ASmin 4(ﬁ’) (bW)(d) > ;(bw)(d)

As

min

24
4(400) 1 200610) > %(1000)(3 10)
AS . o= 950 < 1085
— AS = 950mm2
A 0. = 930mm> o AS

USe $16 @20cm

req. :950mm2/m
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ntal rcinforccment

For horizo
ture 1

Use shrinkage and temperd
= 0.0018*b*h =0

inforcement

Asshn'nkage
2
Use$14@20cm = ASpy oy, = 170M17 Jm > AS,eq
Check strain to determine 9 :

Tension =Compression

As*ﬁz=0.85*fc\ *h*a
10.05* 400 = 0.85*24*100* a

a=21lcm
x=i=ll——2 Scm
B, 085 :
31-2.5
=——-%0.003

5

g, =0.035>0.005——> ok

Fig4

65

0018*1000*350 =

630mm* /m

— 630mm*/m

18 i
»18 Detail of basement wail




i ing:
4.11Design of strip footing

oo

e slob =21 cn
Top mdzggﬁm nz_:h 410/2D0 o

B o

Fig 4,19 position of strip footing :
Once the ultimate column or load is determined, the proper footing can be designed .The following
subsections describe the analysis and design of footing F 1:
Load Calculation:
From Column :
Service dead load DL = 165.7KN
Service live load L=15.6KN.
Total service load =165.7+156= 181.3 KN
Factored load =] 2 *DL +1.6 *L1,
=1 251657 -F 16 *15.6
= 0224 MN
Soil weight =18 KN/m?
Soil depth =1 ¢ m
Column geometry 100*5( cm

Allowable soj] Pressure =5 KN/m?
Pu = 0.224 MmN
Sw =18 5= 9Kn

Where :
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e

. ed footing ared the total service load will be used
he reqllll' (1

—500KN/m’
/ Soil Pressure

To determine t

Allowable soil pressur®

Area = (TOtﬂl SCI'ViCe load
= 1813/ 500
= 0363 m’

2> Required Area

Try 1m *0.9m Area =0.9m
For the design of the renforce concrete member, factored Joad must be used :

=0.363 m°

Pu =0.224MN
s _0.224 _ o eomN /m”.....OK
dnal =g g 0.363

the depth of footing based on shear strength:
=300-75-20 = 205mm

Determine
Assume h = hy;, =30 cm ... .d
e Check for one way shear strength

Critical Section at §

. 09-03

N -0.205=0.095

Vu = o X S X BFlmndallan
Vu =0.62 x (0.095)x1=0.06 MN

4¥e = $.(oxJeTx b, x d)

Ve =0. —1-
$Ve 75x6xv24 x0.9%x0.205 =0.113 MN
Ve =0.113MN >Vu = 0.06 MN

Design for Bending Moment:

Mu=0.62x03x1x (0.15) =0.0280N
Using Reinforced Concrete.
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_,%(1— l==7=700 2
19.6 —389.5mm

00%205 =385
AsReqFP*b

0.0018x1000 w h=0.0018X 1000x 300 = 540mm
As g =0
Not less than
s = 2969.4 < ASpn = 540
As=As y = 540

2
Select 5412 = 565mm?® > 540mm”.....

Area of steel in long direction :
As =0.0018*%1000%300=450mm’

Check strain to determine @ :

Tension =Compression
AsE fy=0.85% fe'*bh*a
565*400 = 0.85*24 *900 * g

a=1231mm
ot B
Bl (0:35 ~ ¢
Bl 8
145 '
& SI0039> 01005 OK

Check transfer of load at base of column:
In wall :

#Pn=4,(0.85 fe'41)

(0.5%03)1=
But Pu=0'224<¢.Pn )] 3.98Mn

=3.98

. DO elS q .

4s,. =0.005* A
Select 10®14

dowels:
§=0.005%1%¢ 5 _ 1500mm,2

Asl’row'ded = 1540mm2 )
sReq. == ISOOmmZ
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In footing
Ve
4Pn=4.085F Al)\/;1

é:PSIJ SZ
Vo3
7.96Mn

1
4 Pn=0,65*[0.85*24* 0 I)x2=

But Pu=0224<¢$Pn=796

.. Dowels are not required for load transfer

.But use the minimum reinforcement of dowels

s =0.005* Ag =0.005%0.5%0.6 =1500mm’

Select 10014

Asy .0y =1540mm* > Asg,, =1500mm*

ﬂ: 0.24*Fy*0.7
db JFe
Ld = 164mm

Select Ld = 170mm
Ld_, =h—75—2*db~14:600—75—2*18-14:475
Ld<Ld,,...ok

=13.7

Development Length Ly
Category )A( item 2 applies,

Ld for @ 12:
9
L==x 0  axBxyxi
10"V [y oy X d=x 20 Lo
db 10 F x1.4=32.92cm
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»12@30 <Ml :

2912630

2012830cm

@v12820cm /L=1.15m
Fig4.20Strip footing details:

4.12Design of Isolatedfooting:

G' 4] =] @ [

Bose slab h=20 ot
Top und Botton nesh @0/E0 o

i =] B
]
Fig4 9 o
Once the wltimgte coluny o1 & %21 position of isolated footing
Subsections descripe t ad is determineq, g oo : .
© analysis anq design of ber footing can be designed .The follow!
Ooung F 1
Load Calculatlon
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d D-L = 1788'94KN

_1788.94 +30

Service dead 102
Service live load 642

Total sexvice load

Factore!
=l.2*1788.94 +1.6 *306.42

=3.5MN

Soil weight =18 KN/m’

Soil depth =1.0m

Column geometry 50*50 cm
Allowable soil pressure =500 KN/m’
Pu =3.500MN
Sw=18*%0.5=9Kn

Where :
Sw :Soil weight
Pu :Factored load from the column

Design of Footing Area:

To determine the required footing area, the total service load will be used
Allowable soil pressure =500KN/m?

Area = (Total service load / Soil Pressure

= 2095.36 /500
= 4.19 m?
Try 2.
Frythlm *2.1m Area =4.41m> Required Area =4.19 12
or the design of the renfor :
Ce cong
e Tete member, factoreq load must be used
O-Aclual “i = 3 5 O
Aoiaa 241 QTN Im2 o
Determin
i ¢ the depth of footing hageq on
Erndl o e shear Strength
"+ +@ =600-75-20 =
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Check for on¢ way shear strength

at S

Critical Section

Sz_Zﬁ;,Of—o,sos =0.495

Vll =0 X S X BFaundation
Vu = 0.794 X (0.295) x2.1= 0.49MN

gVe = ¢_(—éx1/?xbw xd)
1
Nz =o_75xgxﬁ2xz.1xo.505 —0.65MN

4V =0.65MN > Vu =0.794MN

A o  Check for two way shear action punching
e punching sh i
g shear strength is the smallest value of the following eq
uations:

2 1 2 '
§v, = ¢g[l+ﬂ—J f.bd

c

¢.Vc =¢-1_ a; !
12 bo/d+2 fc bad

¢Vc &= ¢.§\/Zbod

Where:

" C:Iumn Length (a)
ol . _05
umn Width (b) 05 1.0

(¢

f, 54975
\X(l 5

+—
X
1_0) 24 x4.02x0.505 =3.73Mn

0V, =41 [ a,
Ll 52N
bo /d jJZbod=% 40*0
12 X(& "
4.02 x /24 x 4.02x0.505= 430

oV, = 166
¢'§\/Zbod 2 07s
o)
v

%
4.
7 21“”
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gn for Bending Moment:

Desi
0.794x0.8x 2.1 x (0.4

Mu =

Using Reinforced Concrete.

0.534 _ ) sopMN.m
0.9

Mn=

)= 0.534MN

Mn 039 4 pN/m?

e 0505

svies A0 L 5
085* fc  0.85%24

1
p=_(l_ I_MX_R'?_]
m

m=

/5

Iy 1 2x19.61x1.1
P ‘19.61[1 ‘/1—\400 J=0.0028

Aseq, = p*b*d =0.0028 %2100 %505 = 2969 4mm>

Check As..

A5 = 0,0018x2100x 4 = 0.0018
Not less than

4s,,. =2969 4 2 4s . =2268
e =

Select 1541
6 = 30
Bmm® > 2969 4mm 2

IS OL ATED
LD FOOTING
235 /2o ING

X2500% 600 = 2268mm>

F1

., =
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Check strain to determine @ :
Tension =Compression
As* fy=0.85% fc'*b Ea
3015*400 = 0.85*24 *2500*a
a=23.65mm

a® 128.65 27 82

M=l e

Bl 0.85
- _505-27.82
S )

£, =0,051>0.005 oot OK

Check transfer of load at base of column:

*0.003

In column

¢.Pn = $.(0.85 fc'Al)
¢.Pn=0.65%[0.85%24*(0.5*0.5)]=3.98Mn
But Pu=3.634<¢.Pn=3.98

.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As . =0.005 * 4g =0.005 *0.5%0.6 = 1500 mm 2
Select 10 D14

AS o oviied =1540 mm 2 > As req. = 1500 mm ?

In footing

¢.Pn = ¢.(0.85fc'/11)\/§l
A

/—232
Al

@.Pn =0.65*[0.85 * 24 * (0.5%0.5)]1x2 = 6.63Mn
But Pu=35<¢Pn =663

.-~ Dowels are not required for load transfer
:But use the minimum reinforcement of dowels

A5, =0.005% 4g = 0.005%0.5%0.6 =

2
Select 10014 1500mm

ASpy prided =1540mm? < Asg., =1500mpn,2
Ld _024*Fy*07 ;

db T=13.7
Ld =192 mm

Select Ld = 200 mm
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Ld ,=h—75—2*db—14=600~75—2*18—14:475

ok.Ld<Ldgy...--

Development Length 1558

Category A,item 2 applies,

Ld for @ 14:

L = ix_@_xwxdbzixﬁxwxl_4z329m
s (k,,+c) 10~ /24 2.5

=85 cm >33.29 cm ok.

Available embedment =95 -10

4-13 Design of Mat Foundation:

Bomr zlob h=El
Fpiman M nesh W?H o

s E! u@




-108.2
*-\\\
\.\\(k l l
~ ¥ I
I o "
24.3 24.3 . 37.1
37.1 o= &
55.9
[ 0.6 I 0.95 : 0.95 | 0.6
| I 1
Fig 4-24: Moment Diagram
Section A-A
Design ofPositive moment:
b=100cm,
h=60 cm

d =h - cover —@ strrups -d/2 =60 —4 -1 -2/2 =54 cm
Mu =108.2 KN.m

Mn =108.2/0.9=120.22

120.22*10%
Kp———— =g
1000* (540)* i

TR et
085* fc'  0.85%24

e fla 2l 1-.[1_2*19.61%0.41
m S 71961 I 500 ) 2 701

As,, =p*b*d =0.001* 1000 *540 = 540mm>
Check Asy;,

A

=19.61

cmin = 0.0018 *p*p _
18 *b*h = 0.0018 (1000 )(600) = 1080 1 2

select A, . =1080 2

Use® 16

Required number of bars =10& = 54

201
Select 1 6@15

4, provided = 6% 9] _ 1206mm,?
> Ay < 108002, OK
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Check strain to determine 9 :
Tension =Compression:
A*fy= O.85*fc\ *h*a
1206 *400 = 0.85 *24%1000*a
a=23.65mm

a 23165

eSS R0
B 0.85

. 2 540-2782 4 603 =0.055
AR )

g, =0.055>0.005 ——ok

Design ofnegative moment:
Mu =37.1 KN.m

Mn =1.37/9.0=22. 41

41.22%10%
= _2@#_2 =0.14Mpa
1000%* (540)
1 400

m = = o
T TR

4e iz ) 19.61( \/ 400 ) =0.0004

4s,,, = p*b*d =0.0004*1000 * 540 = 180mm>

Check Asmiy

- =
o 0018*b*h—0.0018(1000)(600)=1080mm2

select A i = 10R0S 2

Used 16
Required number of barg — 1080
Select 16@15

A, provided = 6* (1 —
201=1206mm? 4s,,,
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Check strain t0 determiné 0:

Tension =Compression:

A *fy=085%fc' *b*a
1206*400=0.85 ¥24%1000*a
a=23.65mm

oL@ 236 o0gomm
B, 085

& =M*o_oo3 —=0.055
% 27.82

e =0/055> 0.005——>0k

Design of shear

The envelop shear diagram are shown in figure )4-6(below :
-352.4
-297.5
-219.6
| 1 L
| L T } } |
164.7
297.5 219.6
352.4

Fig 4-25Shear Diagram ;
Shear of field 1

VUmax = 297.5 Im’

¢ Ve = ¢ c.'
: £6*b ¥ 0.7; L* OOU

3 5

oVe>Vu.... ok 3 * 540 *10 ~* =135 KN
Section B-B

i 2 ax ;

A . i tE

o T e e 18

| aila \ﬂ\~ : " ; a3 o) {

- T Y S




-60.6

i —
—— 3
=% “12.8 128 Vv
. | 1.05 1.05 | 045 l

Fig 4-26: Moment Diagram

Design ofPositive moment:
Positive moment of field 1

b=100cm.

h=60cm

d =h— cover @ strrups -d/2 =60 -4 —1-2/2 =54 cm
Mu =60.6KN.m

Mn =60.6/0.9=67 33

R
1000%(540)2 P4
il 5t E 00

0852 085%24 ~ 161

——(1 \/T'R"_ = 2*1961*023
19.61 )= 010005

A5y =P*b*d =0.0005*1000 * 540 270mm?

4, . =0.0018 *ovh— 0.0018 (1000

select
o A-" min — 1080 mm 2

Used 16

Required numper of bars :10&

0

Select 16@15
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25 As
A, provided =6*201= 1206mm” > ASeq

Check strain to determine O :
Tension =Compression:
A* = O.85*fc\ *b*a
1206*400 = 0.85%24 *1000*a
a=23.65mm
x=£—= 2—3-§§ =27.82mm

B 028y

540—27.82
)
&, =0.055>0.005 — ok

#0.003 = 0.055

Design ofnegative moment:
Mu =129 KN.m

Mn =9.12/9.0=33.14

* +6
= LIOZ =0.04%Mpa
1000* (540)
i4 400

@ T ~19.61
085* fc' 0.85*24

1 2
p=—(1-_[1- mRn)= 1 (l—\/1_2*19'61*0-049

-1 = T — )=0.00012

A4S,y = p*b*d =0.00012*1000* 540 = 64 8rm?

Check Asp,

At
smin = 0.0018 *b* b = 0.0018 (1000 )(600) = 1080 mm 2
select 4 mn = 1080 mm 2
Used 16
Required number of bars =10& =54
2O/
Select 16@15
A, provided = ¢ *201= 1206mm? - A
Sreq = 1080”2”12 ....... @) K
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Check strain to determine @ :
Tension =Compression:
A*fy= 0.85* fc' *b*a
1206*400 = 0.85%24 *1000*a

a=23.65mm
w2 B0 Loy somm
B 085

o = 40-2782 4 403 =0.055
)

g, =0.055>0.005——>0k

4.13.6 Design of shear
The envelop shear diagram are shown in figure )4-6(below :

-135.1
-116.

-57.2

T T

57.2
116.
135.1
Fig 4-27: Shear Diagram
Shear of field 1
Vumay = 116 KN
¢Vc_¢@*b*d—o_75 _\/F

*540 =330 7KN

s T S 3 1000 *s4p >0 = EsEa
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o
@
2 1
PP | @ 16920820 <
e o
K 20 i =
®1[;28 o (D) 16¢23°@020
Bottom Reinforcement SECTION b-b
Fig4.28Mat footing details.

Check transfer of load at base of column:

In wall

¢.Pn=¢.(0.85fc'Al)
¢.Pn=0.65*[0.85%24*(0.3 *1.0)]=3.98Mn
But Pu=037<¢.Pn=398

-". Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

A5, =0.005* 4g = 0.005*0.3%] 0 =1500mm*
Select 10014

ASpe yigeg =1540mm* > Asge, =1500mm>

In footing

¢.Pn =g (0.85 Jc'Al) \/}:’l:

4 ool
\/A1 Vosghlifi=2

8.Pn=0.65%[0.85% nq %

(0.3)]1x2=7.9¢
But Pu=3.634< 4 p, e

=796
.- Dowels are not re

quired for load
:But use the minimy Srausfer

m remforcement of dowels

82
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2
As . =0.005*%Ag = 0.005*%0.3 = 1500mm

Select 10014

s, 1540mm”> > ASgeq.
d 024500 _ 137
db N Fe

Ld =274mm

Select Ld = 280mm
Ld ,=h-75-2*db-14=600-75-2*18-14=47

ok, Ld<Ld ;2.

=1 SOOmmZ

Development Length L, :

item 2 applies, Category )A(
Ld for @ 14:

g ¢ w900 Ax8vd n 5o ol
10 /7' (k,,+c) 10 /24 25
db

Available embedment =95 -10 =85 ¢cm >33.29 cm ok.

4-14 Design of Shear Wall:

Shio

Bis

| ste
4 T
\MT’@' 1 L DL
QJ i / |
I W.@ ir E |
-
1N % S— iﬁ Ia  co i
ﬂ ae, 10 i |
g Ll
LU |
S

Fi e
12429 Position qf shear waly
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; ads: j
::lcmatwn :f:l):dArea+ pi*Walls* Area+ DI *col + Dl stat
W;,gﬂdﬂ = 9456KN
W orprstpioor = BO1a LT
W orsonilocr i 8044KN
W orthicdpioor = 8044KN
W eopuortifioor = 8044KN
W troor = 1000KN

Calculation of shear force on shear walls :
From Uniform Building Code UBC 1997

Z-0.3 zone 3"
R=55

=1

Ca =0.24

Cv=0.24

hn=20m

Ct =0.02

Where:

Z=Seismic zone factor as given in table 16-1.
R -numerical

coefficient representative of the inherent over strength and global ductility capacity of lateral force

resisting systems, as set in Table 16-N or 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
hi, hn, hx i

R.

T'=0.0488(21)"¢ _ g 4g
Vl L CVJW: 024*1

RT "~  s55%942 W=009
2%0.48 /4 — > Control

 =0. 7 T l ~007*043*387951:11 I
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Calculation of Loads: ] .
W o ome oo = DI Ar€A DI *Walls * Area+ DI*col +D

W rsrounioor = IA56KN

W oo = B044KN

W o scsonaoor = BOA4KN

W orisaoor = BOMKN

W i = 8044KN

W trooy = 1000KN

Calculation of shear force on shear walls :
From Uniform Building Code UBC 1997

Z=0.3 zone'3"
R=55

I=1

Ca =0.24

Cv=0.24

hn=20m

Ct =0.02

Where:

Z=Seismic zone factor as given in table 16-1.
R -numerical

resisting systems, as set in Table 16-N or 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 ) @above the bage to lev:

(&
G (h”)m Eq... 30-8 )uB(y

T'=0.0488(21)* _ 43

P CvJW: 0.24 %1

BT m*W= 0.091W\\>.Control
V:0.091*W=0.091*426322387951KN

F:=0-07*T*V=0.o7*o.43*337951 116\> b
6 = 8KN

1i, nor x, T€spectively.
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T

o TWRNC [N [ DMC | TEOENC [ VR (OWEC
——f7—9_—57—-—25“" 116.8 2762.71 | 20000 108.07
== 1000 i"%T (7168 276271 | 144792 782.37
f:lrt: :Z:: ;:,79:_51,_ T 1168 | 2762.71 | 120660 651.98
:e::m 8044 WTW’ 2762.71 | 96528 521.58
_ o =owl B | 1168 | 2762.71 [ 72396 391.18
e T 387951 | 6 116.8 2762.71 | 56814 306.99
Table4.3Calculation of the total Fx.
_ v -F)*wx*hy
> wi *hi
Vu = Fx *21%
Floor SFX Vu Mu
Roof 108.07 22.7 454
fourth 890.44 187 606.4
thired 1542.42 323.91 1578.13
second 2064 433.44 2878.45
first 2455.18 515.59 442522
ground 276217 580.1 7905.82
Table 4.4Moment & Shear Values
606.4
157813 3.9

287845

442522

790582

43344

915,59

980.1

Fig 4,30Momen¢ & Shear Diagram
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Design of shear wall:

Fc =24 MPa

Fy =400 MPa

t-30 cm .shear wall thickness

Lw =3.8 m .shear wall width
hw=20m.story height

Design of the Horizontal reinforcement:

Internal forces & moments:

ZFx:Vu=276217KN

Design it by using Reinforced concrete:

Vu = 580.1KN
Vn=Vu/0.75 =773 .47TKN

Design of shear
d=08*Lw=08%38=32m

1
Ve=—*\fe"*h*d :%«/2_4*30*300 =734.85KN

Vs=Vn-Vc

~.=T773-734.85=38.15KN
(ﬂ)_ Vs. . 38.15*10"
S2) Fy*d  400%300

=320mm

Ak _ 0.0025 +
B h=0.0025*0.3 = 750 mm control

Avh
(L) — TS0

S2
2*%113

S2 =750
S2=031m

Lw
Sordell s
2 === 4000 /5 = 900 rmm

S2=3%p=3%3( =900 mm
use...2¢12 @ 30cm (c/c)in 2layer
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forcement:

AV _0.0025)S/
o =(0.0025+05(2.5~ 7;)( Sh

Design of the Vertical rein

hy _20 53525

e 3.8

w

Avn=0.0025% .S, X Iy

S, = 1Lw = %x 3.8 =1266.66mm
3

S, =3xh=3x300=900mm

Select 2¢12Witharea As = 226mm’

226 =0.0025x S, x300

.8, =301.333mm

Select S, =30cm <30.1cm

S =30cm <90cm <127cm

——Select2¢12/30cmc/c

- Select 20 12 /30cm.In tow layer

4.14.3.3 Design of bendingmoment:
Mn =7905.82 KN.m
>(Q L 0.8
BT i

C=C-0.1xL,
C=0.85-0.1x3.8=047m

Select The boundary element —

Lw

S0cm > 0.47¢m

Asv=As, =" x 4 Lo
1 A5, \>=O\.3x226 =2862.667mm>
Z _ 1
Lw 2+1085%g% 7.7
7 B* Je* Ly * ¥ I(4s7
Lw 24085 1
x0.85x 243 g 0.3/(2862.667x 108 =0052

x 400)
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fi ,,,Z/z -
Mu=0.9xFy><O.5xAstw>< 7
0.052 —1907.16 kn.m

*(1___,’——

5*2862.667><10‘5 %x3.8 3

—=0.9*400*0.

Mitpien = 7905.82—1907.16 = 5998.66 kn.m

3
Astz_’w——zwz5049.38mmz
Fyx(Lw—Cw) 400x (3.8—0.5)

As =5049.38+(4x113) = 5275.38mm”
Use¢25———>Selecth¢25

i 2 E @

BEEE e o E)

|
S0

|
i@ @2 g
Qe 2

Fig4.31Details of shear wall:
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