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Abstract

To make a structural Design and details for a residential building according to the
architectural layouts to accomplish the recommended needs for the occupancy. The building
consists of four main floors, first floor contains a parking for the cars, other floors contains
three apartment in each floor, the building has been designed in order to make the human
comfort and safety.

The project is aimed to be up to date with the developed engineering layouts that
relates to the building for the hand of structural design beginning from the location of
columns, reinforced concrete walls to prepare the desired layouts for the whole building , the

building will be designed according to the Jordanian code.
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List of Abbreviations

a = depth of equivalent rectangular stress block

As = area of non-prestressed tension reinforcement.
Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).
b = width of compression face of member.

BW = web width, or diameter of circular section.

DL = dead loads.

Mm.



d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.
Es = modulus of elasticity of reinforcement,

MPa.
Fy = specified yield strength of non-prestressed reinforcement.
fc'= specified compressive strength of concrete,

MPa
h = overall thickness of member

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.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pu = factored axial load

Pn = nominal axial load

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

V = the total design lateral force or shear at the base .

VC = 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 = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.
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NO. material Quiality
density
1. Tile& Sand 2 KN/ m?
2. Reinforcement concrete 25 KN/ m®
3. Block 9 KN/m’
4. Plaster 22 KN/ m®
5. Partition 1.25 KN/ m*
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Dead load for one rib :-

Tile & sand & morter = 0.52* 2 =1.04 KN/m.

Concrete Rib =0.24* 0.12* 25 =0.72 KN/m.

Block =0.24* 0.40* 9= 0.864 KN/m.

Topping =0.08* 0.52* 25=1.04 KN/m.

Plaster =0.02* 0.52* 22 =0.23 KN/m.

Partitions = 1.25* 0.52 = 0.65 KN/m.
Total service Dead Load = 1.4+ 0.72+ 0.86 + 1.04 + 0.23 + 0.65
Total service Dead Load (DL) = 4.90KN/m.
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4.1 Determination of thicknessfor oneway rib dab :-

The loads that acting on the structure are the dead load and the live load. The value of
dead Load is depending on the densities for the materias used in the dab; and the
value of the live load is depending on the purpose of which the structure is to be used.

The overall depth must satisfy ACI Table.

el e——

e 50 _ne 23 ne,
For rib (R 1) in the third floor, as shown in fig (4.1)
Span (1):
hmin=_L/185 End field

hmin=300/185 =16.22cm

Span (2):
hmin=L/185 End field
hmin=330/185=17.9cm

.. Usean overall depth of 32cm

(with 24cm blocks and 8cm concrete cover).
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4.2 Design of rib slab according to Atir Program :- (R1)

Diagram from atir program :-

e Moment diagram :

1.05 t o5 | 2 1%

Fig (4.2) : Moment Diagram of Rib (1).

e Shear diagram :

-22.h

22.2

25.2
Fig (4.3) : Shear Diagram of Rib (1).

The values of positive & negative moments and shear force from the
chartsare:

Field (1) :-

Mf; = 9.7KNm.

Ms; =-16 KNm.

VUmax = 19.5KN.
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Fidd (2):-

Mf, =17.9 KNm.
Ms, =-15KNm.
VUmax = 22.2 KN.

4.2.1 Design of topping :-
Dead loads :-

Tile& Sand & Morter = 2KN/m?,
Topping Concrete = 0.08 * 25 = 2KN/m?.
Block = 0.24* 9 = 2.16 KN/n’.
Plaster = 0.02 * 22 = 0.44 KN/m2.
Partitions = 1.25 KN/m?.

Total dead load =7.85 KN/n’.
Liveload :-

Liveload = 2 KN/m?.

For one meter strip :-

Dead load = 7.85 KN/m.

Liveload = 2 KN/m.

Diagram of moment from Atir :

Lk 025

| 0.2 , 0.2 |

Fig (4.4) : Moment Diagram of topping
The magnitude of moment is very small, that can be neglected and reinforced at the
minimum reinforcement of shrinkage and temperature.
As = Asyin for shrinkage and temperature.
As=0.0018* b* h
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As=0.0018* 100 * 8 = 1.44 cm?/m.

Select ©12/20 cm with As = E d”2 * 100/20

As= f(o.u)Az * 100/20 = 5.6cm¥m > 1.44cm?/m.

e Design of shear for topping :-
Diagram of shear force from Atir :

2.5

Fig (4.5) : Shear Diagram of topping
®Vc = Vu

Where:- @V, = 0.75( “;C ]bd

d=h-c-r
d=8-2-04=56¢cm.

4
oV, =0.75* * 1000 * 56 = 34.3 KN. = 20.8 KN.

G

=—> No shear reinforcement is required.
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4.2.2 Design of Rib :-

e Design of positive moment :-
Field (1) :-

Mu = 9.7 KNm.

be =the smallest value of :-

Lb 3.0040.3+0.4
1- b= 2 = 5 = 1.00m.

2-b i 0.12
_ e + — = +
e= bu 2 ' 2

3-be=by+ 16*t=0.12+16* 0.08 = 1.4m.
Select be = 0.52m.
Check (a<t):-
If a=t:-
C=085*fc*a*b
= 0.85* 24* 80* 520
= 848.64 KN.

=1.5m.

M —C*dE
n=C*(d-3)

i)
Whefe - d = h— C—? — (Ds[irrups
d=32-2-1-1=28cm.
Mn=848.64* (280-—)

= 203.67 KNm.
Mneg = 9.7/0.9
=10.78 KNm.
Mn =203.67 KNm. >> Mnyg = 10.78 KNm.
So a<t.
Design as arectangular section with b = be.
Mnreq
bxdN2
10.78+10"6
520+280N2
0.26

Rn =
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__Fy
0.85+f¢
. 412
0.85+24
=20.2

m

2+m=fn
Fy

1
p=_"01 1= )

2=20.2=0.26
412

T 202

s(1- 1— )

= 0.000636
ASeq=p*b*d
=0.000636* 52 * 28
=0.93 cn’.
And not less than :-

0.25=b=d* fc
AS‘nin = T

_ 0.25+120+280=v24
B 412

=1.03 cm®.

or
1.4=h=d
Fy
1.4=120+280
- 412

=1.14cm?.
1.3* ASeq=1.3*0.93= 1.21cm’. > 1.14cm”,
Select As= 1.14cm?
Select 2d12with As = 2.26cm? > 1.14 cm?.

ASnin =

e Design of negative moment :-

Design as arectangular section with b = bw.

Mu =-16 KNm.
16
Mn= —
0.9
=17.78 KNm.
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Mnreg
b=dn2
17.78=1076
T 120=280°2
=1.89.
__Fy
0.85=f¢
412
08524

=20.2

Rn =

2emeRn
Fy )

1*
p="01-1

1 2:20.2+1.89
= —r (1 1- TR
20.2 412

= 0.005.
Asg=p*b*d
=0.005* 120 * 280
=1.66 cm’.

And not less than :-

0.25=b=d* fc
ASnin = T

_ 0.25+1202280=v24
B 412

=1.03 cm?.

or
1.4=h=d
Fy
1.4=120=280
- 412

= 1.14cn?.
Select As= Aseq = 1.66 cm?P,
Select 212 with As = 2.26cm? > 1.66 cm?.

ASnin =
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e Design of shear :-
VUmax = 19.5 KN.
12* ®dVe = Vu

f !
Where:- 1/2* ®V, = 1/2% 0.75 [ v 60 ]bd

d=h-c-r
d =32-2-1-1=28cm.

24
V2*®dVe =12*0.75* \/T * 120* 280 = 10.29KN.

® Vs=VUna - U2* ® Ve
=19.5-10.29 = 9.21 KN.
Select 2 legs (P8) with Av =2 *  * (d)%/4=2* m * (8)%/4 = 1.005 cm?.
TEedpeFys
5= ivusy :
_ 0.75=100.5=412=280
021=10"N3

=94.41cm.

d 28
—=—=14cm.
2 2

But 14<94.41.

—> Select ®8/10 cm stirrups.
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Fied (2) :-
e Design of positive moment :-
Mu =17.9 KNm.

be =the smallest value of :-

Lb _ 33+03+0.4

1' be= 4

= 1.00m.

2-Do= by + % :o.12+? = 1.15m.

3-be=by+ 16*t=0.12+16* 0.08 = 1.4m.
Sdect be=0.52m.

Check (a<t) :-
If a=t:-
C=085*fc*a*b
= 0.85* 24* 80* 520
= 848.64 KN.
Mn=C* (d-3)

i}
Where:- d =h—C—? _q)stirrups

d =32-2-1-1=28cm.

a0
Mn = 848,64 * (280 - —)

= 203.67 KNm.
Mng =17.9/0.9
=19.88 KNm.
Mn= 203.67 KNm. >> Mn;g = 19.88 KNm.
So a<t.

Design as arectangular section with b = be.
Mnreq
b=dn2
19.88=10°6
~ 520-28072

=0.49

Rn=
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Fy
0.85=f¢

412
0.85=24

=20.2

2em=Rn
Fy

A
p=00 1 )

1 2=20.2=0.49
= 2. 15 BEE,
20.2 412

= 0.0012.
Asg=p*b*d
= 0.0024 * 52 * 28
=1.81cm?
And not less than :-

0.25+b=d=* fc

ASnmin = Fy
_ 0.25+120+280=v24

412
=1.03 cm”.

or
1.4xb=d
Fy
142120280
B 412

=1.14 cm®.
Select As= 1.81cn?’.
Select 212 with As=2.26cm? > 1.81 cm?.

ASnin =

e Design of negative moment :-
Design as arectangular section with b = bw.

Mu =-15 KNm.

15

= 16.67 KNm.
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Mnreg
b=dn2
1667106
120=280N2
=1.77.
__Fy
0.85=f¢
412
0.85=24

=20.2

Rn =

2em=Rn
Fy

T
p=@ 1 )

1 2+20.2=1.77
=% (11— =)
20.2 412

= 0.0046.
ASeq =p*b*d
=0.0046 * 120 * 280
= 1.55cm.
And not less than :-

0.25=h=d= fc
ASnin = —
"y
_ 0.25+1202280=v24
- 412
=1.03 cm?.

or
1.4=h=d
Fy
1.4=120=280
412

=1.14 cm?.

Select As= As.eq = 1.55 cnr’.
Select 2 ®12 with As=2.26cm? > 1.55 cm?.

ASnin =
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e Design of shear :-
VUmax = 22.2 KN.
2*®dVe = Vu

f !
Where - 1/2* @V, = 1/2* 0.75{ V GC de

d=h-c-r
d=32-2-1-1=28cm.

V24
e * 120 * 280 = 10.29KN

V2*®Ve =12*0.75*

® Vs=VUna - U2* ® Ve
=22.2-10.29 = 11.91 KN.
Select 2 legs (#8) with Av = 2*  * (d)4/4 =2 * m * (8)%4 = 1.005 cm?.
TEedpeFys
=0T
_ 0.75=100.5=412=280
11.91=10"3

=73.00 cm.

S

d 28
—=—=14cm.
2 2

But 14 < 73.00.

—> Select ®8/10 cm stirrups.
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4.3 Design of Beam :-
1. Calculation of thickness and dimensions;

e Determination of beam thickness:
Span (1):

hmin=L/185 for end span
hmin=385 /185 =20.81cm

Span (2):

hmin=L/185 for end span
hmin=480/18.5 =25.95cm.

..Usean overadl depth of 32 cm.

e Determination of beam width:
d=h-Cover-di2=32-3-2/2=28cm
Assumer =0.5r mx

Fy _ 412

£y = —

Es 200000

=0.002

Xb _ 28
0003 0005

Xb =16.8cm.
&=p*Xb

=0.85* 16.8 = 14.28 cm.
085*fc*b*a=p*b*d*Fy
p=085*24* 142.8/280* 412
p=0.026
Prax =0.75* p

=0.75* 0.026 = 0.0195

Psdected = 0.5* 0.0195 = 0.00975
MUmax = 69.2 KNm.

Fy
0.85=f¢
412
0.85=24

=20.2

m =
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Rn=p* Fy* (1-05p0* m)
Rn = 0.00975 * 412* (1- 0.5+ 0.00975 * 20.2)

Rn = 3.6MPa

_ Mnreq*
35= edrz Vo

69.2=10"6
35= ————
b=280"2

B =28 cm.
Sdlect B = 40.

* 1/0.9

Fig. 4.6 Beam geometry
Calculation of required reinforcement :-
Diagram from atir program :-

e Dead load diagram :

34.1

16.5 16.5 16.5 211

‘ R4 4:48 55 4:68 29

\
Fig. 4.7 Dead |oad geometry
e liveload diagram:

/4 i i i i i i /A i i \L \b7 7R\b \b ] \V4 56
1Y 115 E 4.05 41

Fig. 4.8 Live load geometry
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e Moment load diagram :

-13.4 773
£14 -69.2 554

M6 A 45

[ 12 | 186 2.1 .15 275 213 203 24 184

Fig. 4.9Moment diagram
e Design for positive moment:
Field 2 :-
Mu = 24.3kN.m
= F}I
0.85=f¢

412
0.85=24

20.2

Mnreq

Rn = —>*1o
bedn2

24321076

T 400=28072

=0.86 MPa

*1/0.9

2em=Rn )
Fy

-l 1=
p=@ 1

1 2+20.2=0.86
(11— =)
20.2

412
=0.0022
Aseq =p*b*d
=0.0022* 400 * 280
=2.46 cm?.
And not less than :-

0.25=h=d= fc

ASnin = Fy
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0.25+400=280+v24
= =3.33 cm?”.
412
1.4=b=d
Fy
_ 1.4=400=280
B 412
= 3.8cm”,
1.3* Ase=1.3* 2.46 = 3.2 cn’.
Select As= Aseq = 3.2 cn’.

Select 314 with As=4.62 cm? > 3.2 cm?.

ASnin =

Field 3:-
Mu =41.5kN.m
Fy
0.85=fc
3 ¥
0.85=24
=20.2

Mnreq
Rn = ——*1 o
bedn2
_ 41521076
T 40022802

=1.4/MPa

m =

1/0.9

1 2em=Rn
2% _ e
7 (1 1 Fy )

i~}
I

1 2+20.2=1.47
s 1— T2
20.2 412

=0.0038
Aseq =p*b*d
=0.0038* 400 * 280
=4.27 cnt.
And not less than :-

0.25=h=d= fc
ASmin = T

_ 0.252400+280=v24
- 412

=3.33 cn’
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1.4=b=d
Fy
1.4+400=280
B 412

= 3.8 cm?.
Select As= Aseq = 4.27 cm,
Select 3 ®14with As=4.62 cm? > 4.27 cm?.

ASnin =

Fied 4 :-
Mu = 40.4 KN.m
Fy
0.85=fc
3 ¥
0.85=24

=20.2

m =

Mnreqg
Rn = ——*1P
b=dn2
_ 40421076
T 40022802

= 1.43MPa

1/0.9

2em=Rn
Fy

T
p=@ 1 )

1 2+20.2=1.43
s 1— T2
20.2 412

= 0.0037
ASeq =p*b*d
= 0.0037* 400 * 280
=4.16 cnt’.
And not less than :-

0.25=bsd* fc
AST"n = jl
"y

_ 0.252400+280=v24
B 412

=3.33 cn?.

1.4=h=d
Fy

ASnin =
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142400280
B 400

= 3.8cm?.
Select As= As.eq = 4.16 cnt’.
Select 314 with As=4.62 cm? > 4.16 cm?.

Field 5:-
Mu = 44.3 kN.m
Fy
DB5=f¢
412
0.85=24
=20.2

Mnreq

Rn = ——*1 o
bedn2

_ 44.3+1076

T 400+280/2

=1.5/MPa

m =

*1/0.9

2em=Rn

Fy )

1, .
p=00 1

A 1= P2
=0.0041
Aseq =p*b*d
=0.0041* 400 * 280
=457 cm’

And not less than :-

= S
_ 0.252400+280=v24
412

=3.33cm

1.4+b=d

Fy
_ 1.4=400=280
412

=3.8cm’.

ASnin =
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Select As= Aseq = 4.27 cm,
Select 316 with As = 6.03 cm? > 4.27 cm?.

e Design for negative moment:

Support?2 :-
Mu =13.2kN.m
__Fy
m = 0.85=f¢
4z
T 0.85+24
=20.2
_ Mnreq
Rn = 705 Vo
13.2=10"N
_132°1076 , 4109
400+280°2
= 0.47 MPa
_ l* i - 2em=Rn
p=00 1 Fy )
=20 2047
_ ] f@1 1— 2 nzn4)
20.2 412
=0.0012
Asq =p*b*d
=0.0012* 400 * 280
=1.32 cm?

And not less than :-

0.25+bsd= fc
ASnin = —
"y
_ 0.252400+280=v24
B 412
=3.33 cm?.
1.4=h=d
Fy
1424002280
B 412
=3.8cm>.

ASnin =

50



1.3* ASe=13* 1.32=1.72 cm?,
Select As= Aseq = 1.72 cm?,
Select 2 ®12 with As=2.26 cm?> 1.72 cm>.

Support3 :-
Mu =475kN.m
Fy
0.85+f¢c
412
T 08524
=20.2
_ Mnreq
b=dnZ
47 51076
~ 400+2802

=1.7MPa

m =

*1U

Rn

*1/0.9

2em=Rn
Fy

—x (1 1- )

™
I

1 2=20.2=1.7
(11— T2y
20.2

412
=0.0044
Aseq =p*b*d
= 0.0044* 400 * 280
=4.97 cm?
And not less than :-

0.25=b=d= fc

ASnin = —
y

_ 0.252400+280=v24

- 412

=3.33 cn

1.4xb=d
Fy
_ 1.4=400=280
B 412

=3.8cm>.

ASnin =
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Select As= Aseq = 4.97 e,
Select 5 ®12 with As=5.65 cm? > 4.97 cm?°.

Support4:-
Mu =69.2kN.m
Fy
0.85=¢c
412
0.85=24
=20.2

_ Mnreq
T bedn2
_ 69.2+1076
T 40028012

= 2.45 MPa.

m =

Rn *1/ o

*1/0.9

2em=Rn
Fy

N R
p=00 1 )

1 2=20.2=2.45
= r (1 1 TR
20.2 412

= 0.0065
Aseq =p*b*d
= 0.0065* 400 * 280
=7.33 cm?
And not less than :-

0.25+b=d=* fc

ASnin = v
"y

_ 0.252400+280=v24

- 412

=3.33 cn

1.4xb=d
Fy
_ 1.4=400=280
B 412

=3.8cm>.

ASnin =
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Select As= Aseq = 7.33 e,
Select 4 ®16 with As=8.04 cm? > 7.33 cm?.

Support5:-
Mu =55.1 kN.m
Fy
0.85=fc
412
085224

=20.2

m =

Mnreq

Rn= ——*1®
bedn2

_ 5511076

T 40022802

=1.95 MPa

*1/09

2em=Rn
Fy

T
p=@ 1 )

1 2=20.2=1.95
= —r (1 1- TR
20.2 412

=0.0051
ASeq =p*b*d
=0.0051* 400 * 280
=575 cm?.
And not less than :-

0.25=h=d= fc
ASmin = T

_ 0.252400+280=v24
412
=3.33 cm”.
1.4=h=d
Fy
1.4=400=280
412

= 3.8cm?.
Select As= As.eq = 5.75 cnr’.
Select 3 ®16 with As= 6.03 cm? > 5.75 cm?.

ASnin =
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e Design of shear :-

Shear force diagram :

-114.8

1066

156

Fig. 4.10 Shear force diagram

Field (2) :-

ACI - 318 — Categories for shear design:
VU gitica = 108.6 KN.

Use ®10 with two legs

Av = 2* 3.14* (1°2)/4 =1.57 c¥*2

e Check region no. 3
dVec<Vu<dVe+f Vs,

fVs.,, =0.75* :—]3'* b*d =0.75* %* 400* 280 = 28KN
E(DVC_% —‘ = 2*075*\/:_4*400* 280 = 34.3KN

@ Vc=34.3x2=68.6KN

Vu=108.6> d Vc=686KN
Vu=108.6>f.Vc+f.Vs,, =68.6+28=96.6KN

Region 3 not satisfied
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e Region4
dVe+f Vs, <Vu<1l/3F Vc
96.6 < 108.6 < 205.8
Satesfied
f Vs=108.6-68.6 = 40KN

0.75Av* fy*d B 0.75*1.57* 412* 280
f Vs 40

S= = 330mm = 33cm

but

S:330m>g:§:14cm
2 2

Select S=12.5cm
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4.4 Design of One Way Solid Slab: -
As mentioned before this project contains two types of slabs ,one way ribbed slabs

and one way solid slabs, in this section the design of one way solid slab (stairs slab) .

This slab would be analyzed and designed with the aid of a computer Program
called "ATIR" to find the internal forces, deflections and moments for one way-solid
slabs, and then handle calculation would be made to find the required steel for all

members

4.4.1 Deter mination of thickness of oneway solid slab :-

According to ACI-Code-318, the minimum thickness of non-prestressed beams or

one way slabs unless deflections are computed For simply supported slab :

he X_305_ 45
20 20
Select h =15cm

4.4.2 Load Calculations:-
The loads acts on the member divided into two part:-
e Dead Load (DL)
e Snow Load (LL)
Dead load: -
By calculation the thickness of slab was determined to satisfy all design
requirement :
e Thethicknessof dab=15cm
e Density of concrete = 25 KN/m®
Nominal Total Dead Load = 0.15*25=3.8 KN/m’
Factored Total Dead Load = 1.2¥3.8 =4.6 kN/m®.
Snow load: -
e Nomina Tota Snow Load =1 KN/m?.
e Factored Snow load = 1.6*1= 1.6 KN/m®.
qQU=46+16=62KN/m?.
For Simply Supported member
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VU= quL/2=6.2* 2.75/2 = 8525 KN/m
qu* > 6.2*3.057
—-

4.4.2.1 Design Of Shear:-
Thickness of slab (h) must be chosen to satisfy shear requirements based on dV,

working alone.
Max V at the support

V= 8.525 kN/m

DV, :O.SS(@]bd = o.ss(@]aoooxnm = 76.34 KN/m

=7.21KN.m/m

Mu =

V,=8525KN <@V, =76.34KN
Then thickness of dlab is adequate to satisfy shear requirements.

4.4.2.2 Design for Positive Moment: -
Mu=7.21 kN.m
Mn=7.21/0.9 =8.1 kN.m

Determine A s max.
= d=15-3-1=11cm
= ASnax= I *b*d*
= ASnax=0.02*100* 11 = 22 cn??

Determine A S min :-
A S min —L(b w)(d) > E(bW)(d) ........... (ACI-10.5.2)

Z/_Z) (100)(11) > il (100) (11)

Asmin=3.3> 3.73

= ASmin=

= Asmin=3.73 cm?
fy _ 412

= - = =20.2
0.85* fc 0.85* 24
* 6
ane _ Mu__ 81*10 __07Mpa
f *p*d?  1000* (110)
1 2mRn
p==(1- 1-00)
m fy
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p = i(l - Jl_m ) =0.00173
20.2 412

A S = 0.00173 * 100%11

= ASge=19cm? < Asmin=3.73cm?
So, provide 1 As,, according to ACI-Code
3 .

— AS(eg=1.33*1.9 cm? = 253 cr?

e Bottom reinforcement

As Shrinkage And Temperature
As=0.0018*h*b = 0.0018* 15*100 = 2.7

Use ®12@20cm ..... with As=5.65 cnm? /m.

e Top reinforcement

As Shrinkage And Temperature
As=0.0018*h*b = 0.0018* 15*100 = 2.7

Use ®10@20cm ..... with As=3.925 cm? /m.
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4.5 Design of column:

4.5.1 Design of Column (CO1):
The Column is an Interna one.
Pu = 2000 KN
Pn req = 2000/0.65 = 3077 KN
User =rg=3%
Pn=0.8Ag{0.85 fc' + I' g(fy—0.85( fc'))}
3077 * 10° = 0.8 Ag {0.85(24)+0.03(412-(0.85)(24))
Ag=1196.4 cm?
Use 30cm x 40cm with ..... Ag = 1200cm?
3077+10° = 120000(0.8) { (0.85)(24) + r g (412-(0.85)(24))}
r g=0.02>r min =0.01

<r max =0.08
Ast e = (0.02)(1200) = 24cm?
Use 628 ..... with As= 36.93 cn?

45.2 Check dender ness effect:

Klu M1
— |<(4-12| =
(( r j ( [MZE)
<40 . ACI 10-12-2

Lu: Actua unsupported (unbraced) length. | [
K: effective length factor (K= 1 for braced frame). '

R: radius of gyration = 0.3 h = \/_I_A

Klu :( 1x2.8m j —214<
r 0.3x0.4m

<40

.. Slenderness effect must not be considered

Fig. (4-11): cross section in column.
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453 Lateral Ties Selection:

For ® 10 mm ties:

S<16db

S<48dties

S < Leastdimension

S<16db = (16 x 2.8) = 45cm

S < 48dties = 48(1) = 48cm

S< Leastdimension=30cm
Use3 ®10-mm ties @ 30 cm

ACl -7.10.5.2
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4.6 Design of Isolated Footing:

From Column (C 01):

Total dead load = 1250 KN

Total liveload =312.5KN

Factored load =1.2¥1250 + 312.5* 1.6 =2000 KN
Soil weighting = 17 KN/m3

Allowable soil pressure =500 KN/m?2

Column =30cmx 40 cm

4.6.1 Footing Area:
Estimate footing to be about 50 cm thick, in addition to about
10 cm of blinding concrete.

e ServicelLoad = 1250 + 312.5 = 1563 KN

e Footing Weight = (0.6) (25) = 15 KN/m®

e P net =500-15 =485 KN/m?

Area (A) = Total Weight / Soil Pressure

= 1563 /485
=33m ........... Use ...... L=25m,B=20m, A=50m?
s P #
"\. \\ = I_:I 3
§ 7 o F-lJ
e g i s = kl'li
-.\-._{ l_ ‘+ 1 q%
L 033

= [l

] '-";'-:r 3 :-'E [ o |

Fab e rainfercerrze

Fig. (4-12): Isolated Footing (from CO1)
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4.6.2 Deter mine depth based on shear strength:
oV, = CD%\/TC' b,d = 0.85x %\/ﬂ x (2500) x (420) = 728.73KN

P 5
Py=—"—7= 2000 =400 KN/ m*
Area 5

Vu = (Pnet)* Shear area= (400)* (2.50)*[(2.0-0.3)/2 - 0.42/2)] = 640 KN
One way shear is satiesfied

4.6.3 Check thisdepth for two way shear action (punching):
The punching shear strength is the smallest of:

:%(Hbijﬁbod = 0331, b,d
v, = [b/d erd = 0571, b,d

v, :%w/ f.'b,d =0.33 £, d v Control

Where:

b.=a/b=40/30=1.33

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(40+42) + (30+42)} =308 cm

a, =40 for interior column

V. = 0.33,/24(3080)(420) = 2091.3KN

DV, >V, 0.852091.3=1778 > 640 KN  ...... OK

4.6.4 Check transfer of load at base of column:
®Pn = ®(0.85fC'Ag)
®Pn = 0.65(0.85)(24)(400 x 300) = 1591.2KN < 2000 KN

. Dowels arerequired for load transfer.
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®Png, = 2000-1591.2 = 408.8KN
_f.Png, 4088%10

" fFy  065%412

15.3cm?

But the minimum reinforcement of dowels:
As = 0.005 * (40 x30) = 6 cm?
Use5® 20 dowels with A =157 cm?

4.6.4.1 Development Length (L,):

Ld for @ 20:

412
424

UseLd =50cm

L, = x20 =42cm

4.6.5 Design for Bending Moment:

Mu = Pnethx[L—EJ xO.E(L—E)
2 2 2 2

:(400>< 2.5x% (2—20 —%D* % =361.25KN.m

2
Mn = Mu _ 361.25 = 401KN.m
) 0.9
6
Rn = Mr21 = 40110 > =0.91Mpa
bd 2500x 420
1 2mRn
=—@1- [1-
P m( y )
o = 1 1- \/1_ 2(20.2)(0.92) ) = 00023
20.2 412

A S (req= 0.0023 * 250*42 = 23.7 cm’
Use 13® 16 with ..... A, =26.13cm? (In Short Direction)

For Long Direction

Mu = PnaxWx(L—Ej xo.s(k—ﬁj
2 2 2 2

=| 400x 2.0x 25_04 *%:MlKN.m
2 2 2
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Mn = m:ﬂl: 490KN.m
(0)) 0.9

6
. Mrzl _490x10 _14Mpa
bd?  2000x 420
Sl fp2mR
m fy
0 = 1 - \/1_ 2(20.2)(1.4))= 0.0035
20.2 412

A 'S reqy = 0.0035 * 200*42 = 29.6 cm’
Use 10® 20 with ..... A, =31.4cm? (In Long Direction)

4.6.5.1 Development Length (L, ):
Category (A), item 2 applies,
Ld for & 20:
L, = 412 *a*b*| * db:4—12*1*1*1* 2=84.1cm
2\/24 2,/24

Available embedment = ((250-40)/2) — 8 = 97cm > 84.1 cm
. OK.
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4.7 Design of combined footing (CF1) :

Allowable soil pressure =500 KN/m?
Column C18(30cm* 40cm)

D.L =1250KN

L.L =3125KN

Total Load = 1562.5 KN

Pu=1.2* 1250+1.6* 312.5=2000K N
Column C19(40cm™* 50cm)

D.L =2687.5 KN

L.L =671.87 KN

Total Load = 3359.4 KN

Pu =1.2*2687.5+1.6*671.87 = 4300kn

4.7.1 Determine length of footing :

J— *
X = 4300* 2.2 _15
2000 + 4300

Length of footing=1.5*2.0=3 m.

UseL =5.0 m.

4.7.2 Deter mine width of footing .
Allowable soil pressure =500 KN/m?2

Assumed footing thicknessis 1.00 m.
Net soil pressure =500 KN/m2-25* 1.00 KN/m2 =475 KN/m2,

Footing width = 4925 =2.2m

47550
Usewidth =3.00 m.

_ 4300+ 2000

a, = 420KN / m?
3*5.0
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4.7.3 Shear and Moment Diagrams:

COMBITEID FOOTINNG CEH1
:'-/*"l 17l
Eottom reinforocment

s 047
e -5 £
= o
i
et |
- " e
& | =T T &
h
= (48]
g
3 £
b T “ Taw
d
- -
Pty k= r L1115
1 [T
-4
~ za |g
TN F | —a.5 .

Fig. (4-13): Combined Footing (CF1)

Fig (4.14) Shear and Moment Diagram for combined footing
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4.7.4 Depth Required for One-Way Shear:

Vu at adistance (d) from interior face of right column = 570.8 KN
Vu=570.8KN

OV, = cp%\/ f.'b,d = 0.85x %@ x (3000) x 520 = 1082.7KN

DV, >V,
.. Thickness of footingissatisfying One—Way Shear requirements

4.7.5 Main longitudinal reinforcement at face of column B:

M, =-5246 KN.m

fy 412

m= = =20.2
0.85f ~ 0.85*24

6
_ Muz _ 524.6x10 - 0.72Mpa
fbd 0.9x 3000x 520

: =1[1— - ZmR”J
m f,

_ 1 (1_\/1_ 2><20.2><O.72j20.0018

Rn

202 412

Aseq = 0.0018 * 300 * 52 = 28.1 cm?

Asnin = 0.002 * 300 * 60 = 36 cm* > AS = 28.1 cm®
1.3*28.1=36.5 cm®

No . of ®20 bars=11.6 bars

= Usel2d 20 @ 25cm ( Bottom reinforcement)

4.7.6 Design of short — Span Steel under Interior Column:
Assuming steel spread over width = column width + 2(%)

=50+ 2(5—22) =102 cm

d, 830 _ ookn/m?
5*3

M, =420*1.3*1.02* 1;23: 362 KN.m
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fy 412

m= = =202
0.85f ~ 0.85*24

R - M,  362x10°
fbd? 0.9x1020x 520°

: =1[1— - ZmR”J
m f,

_ 1 1_\/1_2><20.2x1.46 _ 0.0037
20.2 412

=1.46Mpa

Asieq = 0.0037 * 102 * 52 = 19.6 cm’?

Aspin=0.002 * 102 * 60= 12.25 cm’< A = 19.6 cm’?
No . of ®25 bars= 4.1 bars

= Use 250 25@ 20 cm As= 24.5cm?

( Bottom reinforcement — in short direction)

4.7.7 Check shear strength based on two-way shear action.
column A:-

Check punching shear under column A.
Vu=570.8KN
The punching shear strength is the smallest of:

v, :%(u bi}/? bd =037/t b
V. =1—12[b0a/8d N 2}/? b,d =123/f, b,d

v, :%w/ f.'b,d =033y f, byd covovoreen Control

Where:

b.=a/b=50/40=1.25.

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{ (50+52)+(40+52)} =388 cm

a, =40 For interior column

®Ve = 0.85x 0.33v/24 * (3880)(520) = 2773 KN.
IV SSV TR OK
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column B:-

Check punching shear under column B
.Vu =336 KN.

The punching shear strength is the smallest of:

v, :%[m bij\/T bd = 04051 bd
v, :1—12[b0a;d . zJ\/T b,d =066y 1, bd
v, :%\/T b,d =033y 1, b,d

Where:
b.=a/b=50/40=1.25.

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

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

= 2{ (40+52)+(30+52)} =348 cm

a, =40 For interior column

DVC = 0.85x 0.33+/24 * (3480)(520) = 2487 KN.

dve>wu L OK
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4.8 Design of stairs:
4.8.1 Loads:

Dead L oads:
h > L/20 =300/ 20 = 15cm.
take h = 15cm

6 = tan™(17/30) =209.

Cos 6 =0.87

~

Mortar

oncrete 17cm

Plaster 3cm

28.8°

Fig. (4-15): Stairs Section

Dead load of slab = 25 *.0.15/ 0.87 = 4.32 KN/m?
Plaster =0.03* 22/ 0.87 = 0.76 kN/m”.

Stair =0.17 * 25/ 2 = 2.2 kN/m?

H-mortar = 0.03 * 22 = 0.66 kN/m?.

V-mortar =0.03* 22 * 0.17/ 0.3 = 0.375 kN/m?
H-Plate= 0.03 * 22 *0.33/0.3 = 0.726 kN/mZ.
V-plate = 0.03* 22 * 0.17 /0.3 = 0.375 kN/m?.

Total Dead L oads = 9.45 kN/m?.
Ultimate dead load = 9.45*1.2=11.5 kN/n?>.
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Liveload:
Ultimate live load = 1.6*4 = 6.5 KN/m?.
qu = 115+ 6.4 = 18 KN/m?

]

m TR,
ﬂ ,-F-\'.b‘ 2 kBN
/‘&:{ﬂ HiE

27 BN
r T[P’
T J £
ks
TR
’ﬂ:-u.dm 5 g

Fig. (4-16): Shear Diagram Of Stair

-
s
-
-
.
- g L
/.-"" LT EE S SN
'-'\?""\-'b_:‘:_-.l",.\ e 3

i s TR TR

ID.d:nl =2 m In'.'o‘ml

Fig. (4-17): Moment Diagram Of Stair
Support reaction & moment design :
Vu=A=18*3/2=27kN
Vu=B =27kN.
My=27* (1.5+0.4) -1.5*18 = 24.5 KN.m.
M, =24.5/0.9 = 27.5 KN.m.
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Select @12 :
d=15-2-0.6=124cm.=12cm.
m=15.7
__Mu_

f-b-d?

* 6
R = 2057107 1 gan /.

~ 1000* 1207

: zi[l_ /1_2m_&j
m fy

* *
ro L 1_J1_M _ 0.005
15.7 400

Rn

Required As = 0.005* 100* 12 = 6 cm?

Check Asnin
ASin = ﬂ.EEx[j::s F
=0.25* 100 * 12 * (24)*° /400
=3.67 cm?
or
ASnin = 1'4]:?“1
=1.4*100%12 / 400
=4.2 cm?.

Shrinkage and temperature

As=0.0018* b* d = 0.0018*100*12 = 2.2 cm”

Use @12@15cm

ASprovidedy = 100/15%1.1304 =7.536 cm? > AS¢q. = 6 Ccm°

Astop=0.2* 6=1.2cm?

Shrinkage and temperature

As=0.0018* b* d = 0.0018*100*12 = 2.2 cm®
Use @8@25cm

ASprovided) = 100/20%0.5 = 2.5 cm*> As¢q = 2.2 CM°
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4.8.2 Design of shear:
fVC:M

_ 0.85*+/24*1000* 120
6

f\Vc =833KN
Vu=27 kN < @Vc=833kN

No shear Reinforcement is Required.

4.8.3 Design of landing:
Ly/Lx =2.6/1.52=1.72 ...... Tow-way

From tables

hzgzlscm ..... h =15cm
20

D.L =0.15* 25+ 2 = 5.8KN /m?
L.L = 4KN/n?
qu=1.2*58+1.6*4=135KN/n"
qu* Lx* 13.5* 1522

Mufx = =1.5KN.m/m
Kfx 21.7
* 2 * 2

Mufy = qu* Lx _ 13.5*1.52 _ 05KN.M/m
Kfy 70.4

From-—Tables

dx =1.05

dy =1.045

Mux = Mu*dx =1.5*1.05=1.6KN.m/m
Muy = Mu*dy = 0.5*1.045 = 0.53KN.m/m
Design

m=— Y __ 40 g6
0.85* Fc' 0.85* 24
Mnx = Mu_16_ 18
f 09
Mny =MW _ 033 _ ¢
f 09
* 6
Rix= X __L8710° 15
bd® ~ 1000120
0.6*10°

ny=————_-0042
1000* 120 73



) = 0.0004

d- ia—\/l— 2*19.6* 0.125
19.6 400

As,, = 0.0004*100* 12 = 0.5cn’
As...shrinkage & temp.
As = 0.0018* 100* 15 = 2.7cn’

_ 1.4*1000* 120
" 400

_ 0.25* 4/24*1000* 120
" 400
1.3* As,, =1.3*0.5=0.65cm” < ASmin
select...AS = ASyiyage = 2.7CNY
select..f 10@20cm
As,,, =100*0.785/20 = 3.925cnT....OK

prov.

Asrop = Asshrinkage = 2'7cm2
SAlect..f 10@20cm...in — both — direction

As. = 4.2cm’/ m

As. =3.7cm’/m
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Appendix (A)

Architectural & Structural
Drawings

This appendix is an attachment with this project

76



Sla gill g iladl)

79



Sla gil) g G.i\:ul\

(-)

) 2 & jlare Gldalade e Jpanll S g pdiall 130 8

Anliny) cildaladall 285 8 el g4 : Jiaad a8 Gllliall aves
A0Sl 3 jlenll

e P PR PP (530 ) bl dlaay) dalusall 4l

Sl Alalia¥) anes (208 ) 4 jlexal) asebiaill dlae ) die lde W) G

8 JUEBY) Ay ja il ¢ 5 Apidadddll LY B) ) ) al mraaill & Agag

Al yalic 5456l 53 )0V gy yun s A sgn JSo (el jualic (G g3 5enll

b a3 IS Letlaladind 5 inally 33 53 pall el asen Ciua g a3 o i) 134 g
o A Y bl lleal) gsen DSy il e 3 Sigall JaaY) aenl Juaia
e s cilalioe (pe b a1 isall o) Jal Jaalis asaraill

sl 8 ALY ealiall Calis el bl iS5

80



(-)

A€ 8 jlanll Al ALY el 5 A jlanall msebialll (3o ele¥) 3as
A i) ) il
A sthaall Ay jlerall () 5ll ApSdl 3 jlaall il eliyl are
g s adsall a5e A 5 jlanll apanll (o lanall maadll
LSl a1 4l )
(5 Kg/em3)la Jlaie 4o il Jeati s 58 aladinly el 138 Gl sranal o
Jseaall SIS il g o3 o el el Sl JSal) jlaal Jully

C Y Jlaall 35S (e cuilS 5 il 138 8 Aexdiad) al) Jaal)

652 IS ppanatl e 1508 (5% o L) aaaae 5f Callls S e cany
sl Bpaganaill el all aladiinl 348 prall 55 il Il ki i

LAY paaliall (o B 1 488 o JLAY) apensl] ol shad ol (ga) 2ai
Lasanail yualinl) 030 43503 3 (30 5 (isall ) sl 5 5Lail) JNA (0 Ailiadl)

e V) Gy Al g plal) 38T e sl 488 48 jaay 3
(Solid - -« - .(One-way ribbed slab) -

oV G saial glgh)

(ATIR) gabin plasinul a3 28 daxdisal) @ lal) sl ol dpilly
pxeaill 8 (Prokon) ( Sap2000)

81



gl (- )

JS ALY ao jliiall daplal Liagd (Baani g a3 (A 1S ) g0 g g piiall 13¢] IS adl
Ao sana a2 O 4 el 028 A (e s it 2535 asebiaiy Jallad s Juualdi (e Led L
e il sl jlidg s hbad ad ail) g sa3lally 3 g Gl Jus a5l (e

DL aly Ga A jlenal) cillaladall JulS aeadi s Gl oy ol cang ddglall 8
sl iy o Lol b glaa¥) lle g ani ae ¢ nall LY a5 Ll ol e
Aaall el alas of Gl i jaal) cilgal sl 5 dalisal) Blu Al (e CaiSa Jiae
oda 4 Y danll Alee oL Aials Joaaling 48y ) 2 lias 03V 5 A ladll
s 8 (A el Lelaad s g g Ay i g ad sall o ALald Cla slae J3 55 (0 Ala
ALy Ll e W15 Alalall Gl jaadl adl ge apaa oy Glld dey ¢ dikaial) elliy (ala
Jsanll dda jall oda 8 JSLEY) adigall Jslag s ¢s olazall Gy dl) ae Ul (Gl
Sl platie JS8s e ) ga ()5S Cnmg Aalisall Al AN ) aall (e (Sas 8 ST e
La e s IOV ) Jlaal da glie 8y L Lgwlaiiina) aid ¢ all ela i A alaiie 403

-

(S £ i) Jlee | pandli Sy
omalic 5 il Ll paah s dally Al lge s Jlad) Glas

. CJ\ C‘J'j} P g._whasi} Calaae UAZ\,,\SSY\ ).na\_'uj\ ("73'““‘3 .
OV s baee ] e Al Il jualial) araial
4 j5a O3l oda (65 o Jundy 4
1&)49}2\:\;)&\ u\‘)d;“ JPJUAE.JLQMY\ eﬂhSJ‘;wd‘ c\ﬁ\@e\.k.ub
L e 5 IOV e 481 (5 Al A slaal @lld g cAalisall dnlu Al o) paadl (e
AS jidall caliadiall sdabisa) LIS 5 Lol ol b)) araad
Gmy ledn Al @l e SH Aplay) Jealall 4l :
A sleral) Jralidll 5 cillalaadl)

82



Dbl oY danigl) 5 Al Cliial gall UK daa) oy 2l (U b ey

& s dall (Sl 5 AL eS)) aranaill Jae JlaSinl Cany
ASLEY) Al (e dgle dlaiae COlbaed ol JRaY il

83



Lual Al Ll

ALy 5 i el clalaadll

77



Appendix (A)

Architectural Drawings

This appendix is an attachment with this project
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