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Abstract

Structural Design of the administration building for
Palestine Polytechnic University

Project Team

Ahmed Agabna Ala’a Abu Munshar Hassan Jabareen

Palestine Polytechnic University



Supervisor
Eng.Khaleel Karamh

The main aim of this project is to prepare al of the structural design and
executive details of the administration building for Palestine Polytechnic
University in Halhul city.

This building consists of 4 floors and it contains many activities that related
to the university administration.

This building is reinforced concrete structure, and it will be designed
according to ACI-code-2002.

The project contains the structural analysis for vertical and horizontal 1oads

and the structural design and details for each member in the project.
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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 supportsin slabs without beams and face to face of beam or other
supportsin other cases.

L.L =liveloads.

L.d = 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.

Woc = weight of concrete. (Kg/m3).

Wu = factored load per unit area.

@ = strength reduction factor
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Chapter Four

Structural Analysisand Design

(4.2) Introduction

(4.2) Rib Slab thickness calculation

(4.3) Load calculation

(4.4) Design of topping

(4.5) Design of rib (02)
(4.5.1) Design for negative moment for rib (02)
(4.5.2) Design for negative moment for rib (02)

(4.5.3) Design for shear for rib (R02)

(4.6) Design of beam (B18)
(4.6.1) Load calculation

(4.6.2) Design of negative moment
(4.6.3) Design of positive moment

(4.6.4) Design of shear



4.1 Introduction

In this chapter, we will show the procedure for designing the severa structural
members of our project, so we will Discuses the steps that we followed to design the
Ribs, and beams.

So, this chapter will contain a sample calculation related to one of the preceding
members contained in this project.

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

4.2 Sab Thickness Calculation

There are two main types of loads acting on the structure: -
1- Dead loads:. - which will be determined by the weight calculations based on its
density.
2- Liveload: Anditsvalue will be taken from the American code.
The thickness of the slab will be determined according to (ACI — Code -318).
So, according to this code, the minimum thickness of the slab of non- pre-stressed
beams or one way dlabsis calculated as follows :-

We will take the most length span available in our project:

hmn=Ln/21 = 2.97/21=0.14m=14cm
h min=Ln/18.5=7.34/18.5=0.397m=39.7cm ................Control
h min = LN /16 =4.67/16=0.292m=29.2cm



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¥0.32* 25 0.96 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*0.32*9 1.152 KN/m
S. Sand Fill 0.1*0.52*14 0.728 KN/m
6. Tile 0.03*0.52* 22 0.3432 KN/m
4.50 KN/m

Nomina Total Dead Load:

D.L .iota = 0.96+1.04+0.3432+1.152+0.728+0.3432 = 4.5 KN/m of rib.
L.L =5%0.52 = 2.6KN/m.

Factored D.L = 1.2*4.5=5.4 KN/m.

Factored L.L = 1.6¥2.6 = 4.16 KN/m.



4.4 Design of Topping

The load calculation for the toping is asin the following table:
Table (4.2): calculation of the total dead load for topping

No Parts of Rib Calculation Result Unit

1. Topping 0.08*25 2 KN/m?

2. Plaster 0.02*22 0.44 KN/m?

3. Traditional Block 0.32*9 2.88 KN/m?

4, Tiles+ Sand 2*1 2 KN/m?
7.32 KN/m?

q,=12*D.L+16*L.L
q, =1.2*7.32+1.6*5=16.8KN/m’

For im strip
g, =16.8*1=16.8KN/m

Assume dlab fixed at supported points (ribs):
q,*1* 16.8*0.4°

Mu = — 0.224KN.m
12 12
fc'=0.8* 30 = 24Mpa
2
Mn = 0.42./ o * 20~
6
* 2
_ 042 24+ 2000780° 5 kN,

f *Mn=0.55*22=1.21KN.m
f *Mn=121>Mu=0.224KN.m
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must be

provided.



For the shrinkage and temperature reinforcement:

r =0.0018
As =r *b*h=0.0018*100* 8 = 1.44cm’ /1m.

Use 1910/25 cm (4910/1m), with AS = 3.14cm?/1m in both directions.

4.5 Design of Rib(02):

Span 1 Tpoar 2
3 5 2
5,4 B 5,07
Fig. (4. ) spanslength of rib (02).
Loads on therib:
Factored Liveload = 4.16 KN/m
Factored Dead load = 5.4 KN/m
By using ATIR program we get the envelope moment diagram as shown in figure 4.2 below:
-32.8
-26.7 , -26.9
, ;/{ETﬂ.?dxﬂx :
L ! !
l = (i LS " |
R U L : A
N PEERTTEENN -
3'K&m ff# I !“xxh fﬂfflh
- " TR
" 18,
22.3 i
! 2.16 : 3.24 | 3.04 _ 2.03 !




Fig. (4.2) Moment diagram of rib (02) (kN.m).
4-5-1 Design of Negative M oment

Negative Mumax = 26.9 KN.m
d=h- Cover — (d/2) - db (stirrups) =40-3-(2/2) - 1.0=35cm.

G
Mu _ 26.9x10 _ 2033VIPa.

R =
Vo f bd? 0.9x120x350°

f, 400
m= = =
0.85f/  0.85x 24

r =i(1— | _ 2mRn J

19.6

m fy

* *
L(l_\/l_z 19 .6* 2.033 J=0.0054

r =
19 .6 400

A o =T xbxd=0.0054x12x35=2.27 cm?

Check Asnin
o = VI ey 2 Y23 196)(350) = 1.3cm?
41y 4(400)
Not less than
A i = 14, heg = ﬂ(lzo )(350) =1.5cm?
fy 400
A =1.5cm?........ controls

A o =2.27cm? > As_; =1.5cm?

sdect A = 2.27 cm 2

s req

select 2f 14,As =3.08cm*® > As,,, = 2.27cm?..... ok



Check yielding

C=T

T=AxTf, =308x400=123.2 KN

C=0.85x f/xb. xa

a— C _ 123.2
0.85x f/xb. 0.85x24x120

fc'=24<28 ... b=0.85

x:i:ﬁ:S.QZ cm

=50.33mm =5.03 cm

5
&, =— —x (0.003)= $5-592 0,003 =0.015
—0.015>0.005 ok

4-5-2 Design of Positive Moment:

Positive Mu max = 22.3 KN.m
Mn=22.3/0.9=24.78 KN.m

Effective Flange width (bE ) according to ACI code 8.10.2:
be For T- section is the smallest of the following:
be =L/4=5/4=125m=125cm.
b = b, +16t=12+16 (8) = 140cm
be =bw +Lcl/2 +Lc2 /2 =12+20+20 = 52 cm
b.=52cm.

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

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

C =0.85x f/xtxb. = 0.85x24x80x520 = 848.64KN

Mn=TorC(d-05a) =848.64(0.35-0.5(0.08)) =263.1KN.m



Mn=263.1 KN.m > Mn =30.22 KN.m
Then a<t

.. Design asarectangular with bE =52 cm

rne Mn _ 24.78x10°

= =039 MPa
bd®  520x350°
r =i[1— | _ 2mRn ]
m fy
o1 [1_\/1_ 2*19'6*0'39]=o.001
19.6 400

A g =T xbxd =0.001x52x35=1.82 cm?’

VIC e g = Y22 190)(350) = 1.3cm?

= g gy ~ 2(a00)
Not less than
A i = 14, heg = ﬂ(lzo )(300) =1.5cm?
fy 400
A =1.5cm?....... controls

A & =1.82cm? > As, =1.5cm?

sdect A =1.82cm?

s req

select 2f 14,As =3.08cm? > As,,, =1.82cm?.... ok



Check yielding
T=Axf =308x400=123.2 KN
C=0.85x f/xb. xa
a- C 3 123.2

0.85x f/xb.  0.85x24x520

fc'=24<28 ... b=0.85
x=3=£=1.36 cm

b 0.85

e, = 97X, (0.003)= 2130 0,003 - 0.074
X 1.36

=11.6mm =1.16 cm

— 0.074 > 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:-
g T
P 19,
- 17.1
.-'J_fl’f -
__,.-"ff;- 1 = =
- i e .#"H’f/--'
09.78-8 ?Jﬁ/
10.7 28.8

Fig. (4.3)Shear diagram of rib (02) (KN).



Design of shear reinfor cement

VUnax = 30 KN

Vo4

fVc =1 —“6fc*b*d =O.75T*120 * 350 = 25.72 KN

min fVs =0.75* %* b*d =0.75* %*120 * 350 =10.5KN

Region No. 3
f Vc <Vu <f Vc + min f Vc

Vu =30 >f Vc = 25.72 KN

and

fVc+mnflVs=25.72 +10.5=35.22KN > Vu = 30 KN
>>> Consider the 3" region to design the shear reinforcement

Assume 2leg f 10 stirups

fVs =V —-f Vc =30 -25.72 = 4.28 KN

* 12
e Aav=2+P 1 1 57em?
* * * * * *
Sreq _ 0.75* Av * fy * d _ 0.75 * 157 4003 350 _ 3851 mm
' f Vs 4.28 *10
S, = 385 .1cm _—
2814 L =100mm
But S must be smaller than d/2 - N i
So, Select S=15cm=d/2=35/2=175cm ..... Ok % T '
=0 fd
Select S=15cm | '
So, use stirrups of @10 with 2 legswith S=15 cm S —H B, °
Use stirrups 1310 @ 15 cm. f—p—y]

The section of therip isshown in thethisfigure.



4-6 Design of the Beam (B1)
4-6-1 Load Determination
D.L ga=D.L ip/0.52
= 4.5/0.52=8.654K N/m’
L.Lga =5KN/m?
Span 1
Since this beam is an exterior beam the wall on it must be
considered as adead load on this beam
wall load
Wall dead load = 1/6 * 3.5*0.3*25 = 4.4 KN/m
D.L peam=D.L ga * (L1/2)
=8.654* (4.5/2) =21.5KN/m
Tota dead load on thisspan = 4.4 + 21.5 = 25.9 KN/m
L.L peam = 5*(4.5/2) =11.25 KN/m.
Span2and 3
D.L pean=D.L gap* (L2/2+L22)* 1.1
=8.654* (4.5/2+4/2) * 1.1 =40.5 KN/m
L.L pean = 5¥(2.25+2) * 1.1 =23.4 KN/m.
The maximum negative and positive moments on the beam are found on

the following figure:



-337F.7
-311. -312.3

SN 199.8
N -162.  -146.7
/
.85 £ ]
& | -\-\-\-\""-\—._\___,_,--"'-f ;
L i i e
™ 4 1.37)1.79 0.8
1“‘\3 // I I | 27.5 T2 .
5 _ e
e ot
s 2131
294.
3.08 | A.62 247 . 2.03 2.69
I |

Fig (4-4) : Moment Diagram For beam (B18)

4.6.2 Design of negative moment:

At support B
Mu =312.3KN.m
Mn=U _3123 _307kNm
0.9 0.9
Determination of the beam width
_ Mn
 b*d?

Rn=r * fy* (1-0.5r *m)
Rn =0.01* 400* (1- 0.5* 0.01* 19.6) = 3.608Mpa

* 6
p=_MN__ 347"10° _ 65 1m=78.5cm
Rn*d’  3.608* 350

Select b =80 cm

Check if the section behave as rectangular section or not
b, =80cm, h=T, =40cm
d=40-3-2/2-1=35cm

Assumethat T, =a



a
Mn, =C*(d~2)
C =0.85* fc*b* a = 0.85* 24* 800* 400 = 6528KN
Mn, = 6528* (0.35—0424) =979.2KN.m

Mn = w = —312'3 =347KN.m
f 0.9

Mn =347 <Mn; =979.2KN.m

So, the section behaves as a rectangular.

* +6
Rn= 347—102 =3.54M pa
800* (350)
fy 400

m= = =19.6
0.85* fc  0.85*24

r :1(1— 1
m

J2mRny 1 \/1_2 19.6"354, _ 0008

fy ' 196 400
AS,, =T *b*d = 0.0098* 80* 35 = 27.44cm’

Check Asmin
o = YT g = Y24 950 )(350) = 8.57 cm?
Aty 4(400)
Not less than
A =1%peg = 24 800)(350) = 9.8cm?
fy 400
A =9.8cm?........ controls

A o = 27.44cm? > As_ = 9.8cm?

sdect A = 27 .44cm?

s req



Use & 20

Required number of bars = 2744 =8.74
3.14

Select 9f 20
A provided = 9* 3.14 = 28.26cm’” > As,,, = 27.44cn’...... OK

Check for yielding in bottom

Tension = Compression:
A * fy=0.85* fc'*b*a
2826* 400 = 0.85* 24* 800* a
a=69.26mm
x=i:@=81.5mm
b, 0.85

e - 350-81.5

° 81.5
e, = 0.0098 > 0.005—— ok

*0.003 = 0.0098

Negative moment At support C

Mu =162KN.m
Mn:m =@ =180KN.m
09 0.9
* +6
Rn= Lloz =1.84Mpa
800* (350)
m= fy -= 400 =19.6
0.85* fc  0.85* 24
P LA LN S \/LM) -0.0048
m fy ' 196 400

As, =T *b*d=0.0048*80* 35= 13.44cm?
Check Asmin



SN e g = Y2 500)(350) = 8.57cm?

smn T4 fy 4(400)
Not less than
1.4
A *b*d—4—(800)(350)—980m

s mn fy
A, ... =9.8cm?%. ... controls
A o =13.44cm? > As_ . =9.8cm?

sdect A =13.44cm?

S req
Use @ 20

Required number of bars = 1344 = 4.28 bar
3.14

Select 5 20

A provided = 5* 3.14=15.7cm® > As, = 13.44cn?.......OK

Check for yielding
Tension = Compression:

A* fy=0.85* fc'*b* a
1570* 400 = 0.85* 24* 800* a

a = 38.48mm
=2 3898 _ 45 o7mm
b, 085
e, = 30-45.27 4 45 003=0.02
45.27

e, =0.02 > 0.005——> ok

4.6.3 Design of Positive moment



Positive moment of field 1
Mu = 294KN.m
Mu 294
n J— J—

=—=——=326.7KN.m
09 09

| _3267%10°
800* (350)°

o fy 40 _
0.85* fc'  0.85% 24

=3.33Mpa

19.6

2mRn 1
)= o=~

* *
r= - PR
m fy © 196

) = 0.0092
400

As,, =T *b*d=0.0092*80* 35= 25.64cm?

Check Asmin
o = YT g = Y24 950 )(350) = 8.57 cm?
4 fy 4(400)
Not less than
A =1%peg = 24 800)(350) = 9.8cm?
fy 400
A =9.8cm?........ controls

A, o =25.64cm” > As_ =9.8cm?

sdect A = 25.64cm?

S req
Use @ 20

Required number of bars = 2564 =8.2
3.14

Select 9f 20....A_provided = 9* 3.14 = 28.26cm” > 25.64.......0K



Check for yielding

Tension = Compression:
A * fy=0.85* fc'*b*a
2826* 400 = 0.85* 24* 800* a
a=69.3mm
x:i:@:SLSmm
b, 085

o - 350-81.5

° 815
e, = 0.0099 > 0.005—— ok

*0.003=0.0099

Positive moment of field 2

Mu = 27.5KN.m
Mn= Mu_ 205 =30.55KN.m
09 09
* +6
= SOLloz =0.312Mpa
800* (350)
fy __ 400 =19.6

T 085 fc  0.85*24

2mRn)__( B

PRRETY: ) = 0.0008

\/  2*19.6*0.312

r :1(1— 1-
m 400

As., =T *b*d =0.0008*80*35= 2.24cm?

Check ASmin
A =3I peg o Y22 g00y(350) - 8.570m?
4ty 4(400)
Not less than
1.4
A *b*d—4—(800)(350)—98cm

s min fy



A

s min

=9.8cm?........ controls

2 2
A g = ASyi, =9.8cm” > As = 2.24cm

select A, =9.8cm?

Use @ 20
9.8

Required number of bars = — =3.12
3.14

Select 4f 20....A provided = 4* 3.14 =12.56cm” > 9.8cm”.......OK

Check for yielding in bottom

Tension = Compression:
A * fy=0.85* fc'*b*a
1256* 400 = 0.85* 24* 800* a
a=30.8mm
x=2-398_ 35 23mm
b, 085
o _350-36.23
® 36.23
e, = 0.026 > 0.005—— ok

*0.003=0.026

Positive moment of field 3

Mu = 213.1KN.m
n= m = &31 = 236.8KN.m
0.9 0.9
* +6
n= M — 2.416Mpa
800* (350)
fy 400 19.6

m= - = =
0.85* fc  0.85* 24

2mRn 1
)=l
fy 19.6

r :1(1— 1-
m

\/1_

2*19.6* 2.416

400

) = 0.0065



As, =T *b*d =0.0065*80* 35= 18.2cm?

Check ASmin
f 1
=N ey - Y22 (800)(350) = 8.57cm?
4ty 4(400)

Not less than
1.4

A . ==Zrprd= —(800)(350) _ 9.8cm?
Ty 400

A, ... =9.8cm?. ... controls

A o =18.2cm? > As_ =9.8cm?

sdect A =18.2cm 2

S req
Use & 20

Required number of bars = 182 5.8
3.14

Select 6f 20....A provided = 6* 3.14 =18.84cm” > As,, =18.2....0K

Check for yielding in bottom

Tension = Compression:
A* fy=085* fc'*b*a
1884* 400 = 0.85* 24* 800* a
a=46.2mm
X= a._ 462 =54.33mm
b, 085
o _350-54.33
s 54.33
e, =0.0163 > 0.005—— ok

*0.003=0.0163



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

-763,9 ~263.8
| areE L 1629 )
b = - a H .~/ F
A P P
b / /
185 10- » %y
258. 2193 2781 256-

Fig (4- ) : Shear Diagram For beam (B1)

VUmax = 264 KN
NALCE 24

fVc =1 . b*d = O.75T*800 * 350 =171 .5KN

min fVs = 0.75 *%* b*d = 0.75*%* 800 * 350 = 70 KN
Region No. 3

f Vc <Vu <f Vc + min f Vc

Vu =264 >f Vc =171 .5KN

but
fVc+mnfVs =171 5+ 70 = 241 5KN < Vu = 264 KN

So, go toregion No. 4

Region No. 4

fVc +mnfVs <Vu <fVc + 2f Vc
Vu >fVc +mnfVs =171 5+ 70 = 241 .5KN
3f Vc =3*171 .5 =514 5KN > Vu = 264 KN .... Ok




>>> Consider the 4™ region to design the shear reinforcement

Assume 4leg f 10 stirups
fVs =Vu —f Vc =264 —171 .5 = 92 .5KN

*12
Av = 4*T:3.160m2

S _0.75* Av* fy*d 0.75* 316 * 400 * 350
e f Vs 92.5%10°

S, =35.9cm

req .

=358 .7mm

But S must be smaller than d/2

And it must be smaller than 60 cm

So, Select S=15cm=d/2=35/2=175cm ..... Ok
Select S=15cm

S0, use stirrups of @10 with 4 legs with S=15 cm

E.ﬁ_).q.“j JJLAAJH

1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI-318-02) AND
COMMENTARY CODE (ACI -318-02).
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Chapter Four

Structural Analysisand Design

(4.2) Introduction

(4.2) Rib Slab thickness calculation

(4.3) Load calculation

(4.4) Design of topping

(4.5) Design of rib (02)
(4.5.1) Design for negative moment for rib (02)
(4.5.2) Design for negative moment for rib (02)

(4.5.3) Design for shear for rib (R02)

(4.6) Design of beam (B18)
(4.6.1) Load calculation

(4.6.2) Design of negative moment
(4.6.3) Design of positive moment
(4.6.4) Design of shear

(4.7) Design of One-Way Solid Slab
(4.8) Design of Two Way Solid Slab
(4.9) Design of Stairs
(4.10) Design of columns
(4.10.1) Design of short column
(4.10.2) Design of long column
(4.11) Design of Basement wall
(4.12) Design of strip footing
(4.13) Design of Isolated footing
(4.14) Design of Combined footing
(4.15) Design of Shear Wall
(4.16) Design of Mat Foundation
(4.17) Design of stedl structure
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4.1 Introduction

In this chapter, we will show the procedure for designing the severa
structural members of our project, so we will Discuses the steps that we followed to
design the Ribs, and beams.

So, this chapter will contain a sample calculation related to one of the
preceding members contained in this project.

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

4.2 Slab Thickness Calculation

There are two main types of loads acting on the structure: -
1- Dead loads:. - which will be determined by the weight cal culations based on its
density.
2- Liveload: And itsvalue will be taken from the American code.
The thickness of the slab will be determined according to (ACI — Code -318).

So, according to this code, the minimum thickness of the slab of non- pre-stressed
beams or one way slabsis calculated as follows :-
We will take the most length span available in our project:

hmin=Ln/21 = 2.97/21=0.14m=14cm

h min=Ln/18.5=7.34/18.5=0.397m=39.7CM ................ Control
h min = LN /16 =4.67/16=0.292m=29.2cm
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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*0.32*25 0.96 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*0.32*9 1.152 KN/m
S. Sand Fill 0.1*0.52*14 0.728 KN/m
6. Tile 0.03*0.52*22 0.3432 KN/m
4.50 KN/m

Nominal Total Dead Load:

D.L .total = 0.96+1.04+0.3432+1.152+0.728+0.3432 = 4.5 KN/m of rib.
L.L =5*0.52 = 2.6KN/m.

Factored D.L = 1.2*4.5=5.4 KN/m.

Factored L.L = 1.6*2.6 = 4.16 KN/m.
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4.4 Design of Topping

The load calculation for the toping is asin the following table:
Table (4.2): calculation of the total dead load for topping

No Parts of Rib Calculation Result Unit

1. Topping 0.08*25 2 KN/m?

2. Plaster 0.02*22 0.44 KN/m?

3. Traditional Block 0.32*9 2.88 KN/m?

4. Tiles+ Sand 2*1 2 KN/m?
7.32 KN/m?

q, =1.2*D.L+1.6*L.L
q, =1.2*7.32+1.6*5=16.8KN/m’

For 1m strip
g, =16.8*1=16.8KN/m
Assume dlab fixed at supported points (ribs):

q,*1”? 16.8*0.4°
12 2

=0.224KN.m

Mu =

fc'=0.8* 30 = 24Mpa

2
Mn = 0.42,/ fc'* %

* 2
=042 24+ % — 2.2KN.m.

f *Mn=0.55*22=1.21KN.m
f *Mn=1.21> Mu=0.224KN.m
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must be

provided.
For the shrinkage and temperature reinforcement:

r =0.0018
As =r *b*h=0.0018*100* 8 =1.44cm’ /1Im.

Use 1410/25 cm (4010/1m), with As = 3.14cm?1m in both directions
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4.5 Design of Rib(02):

Spon 1 Sparn =2

% pa
5 4 F S 07

ola

Fig. (4. ) spanslength of rib (02).
Loads on therib:
Factored Live load = 4.16 KN/m
Factored Dead load = 5.4 KN/m

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

-32.8
-26.7 , -26.9
.")lr‘)) I‘\-

i .'/{I-E?Iﬂ-.?'q\“"-. |

= | o~
g N | x"’i - ,IJIB}I I I\x"w ; _6:_.--1

3. H\H"‘-&___ .---_fff \\\\“_‘ '__H“..-________,- i
22.3 59

| 218 3.24 | 3.04 203

Fig. (4.2) Moment diagram of rib (02) (kN.m).
4-5-1 Design of Negative Moment

Negative Mu max = 26.9 KN.m
d=h- Cover — (d/2) - db (stirrups) =40-3 - (2/2) - 1.0=35cm.

Mu 26.9x10°
- - =2.033VIPa.
Rt f bd®> 0.9x120x 350

fy 400
m= = =
0.85f’  0.85x24

19.6
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r =i[1— | 2mRn j
m fy

* *
r:L 1_\/1_2 19.6* 2.033 _ 0.0054
19 .6 400

A o =T xbxd=0.0054x12x35=2.27 cm’

Check ASnmin
o = I g = Y2 990 )(350) = 1.3cm?
41y 4(400 )
Not less than
A =1%epeg - 1% 120)(350) = 1.5cm?
fy 400
A, .. =15cm?. . .. controls

A 1 = 2.27cm? > As . =1.5cm?

sdect A = 2.27cm 2

s req

select 2f 14,As =3.08cm?® > As,, = 2.27cm?.... ok

Check for strain
C=T
T=Axf =308x400=123.2 KN
C=0.85x f/xb. xa
C 123.2

a= =
0.85x f/xb. 0.85x24x120
fc'=24<28 ... b=0.85

=50.33mm =5.03 cm

 35-5.92

x 0.003 = 0.015
— 0.015 > 0.005 o.k
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4.5.2 Design of Positive M oment:
Positive Mu max = 22.3 KN.m
Mn=22.3/0.9 =24.78 KN.m
Effective Flange width ( b ) according to ACI code 8.10.2:
be For T- section is the smallest value of the following:
be =L/4=5/4=125m=125cm.
b = b, +16t=12+16 (8) = 140cm

b =bw +Lcl/2 +Lc2 /2 =12+20+20 =52 cm.................... Control

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

Assume a=t=8cm
C =0.85x f/xtxb; =0.85x24x80x520 = 848.64KN

Mn=TorC(d-0.54d) =848.64(0.35-05(0.08)) =263.1KN.m
Mn=263.1KN.m > Mn =30.22 KN.m
Then a<t

.. Design as arectangular with bE =52 cm

_Mn_2478:1C° _ 039 MPa

bd?> 520x350°

, :i[l— 1 2mRn J
m fy

o1 (1_\/1_ 2*19.6*0.39jzo_oo_1
19 .6 400

A o =T xbxd=0.001x52x35=1.82 cm’

A =N peg o Y2 150350 ) = 1.30m?
4ty 4(400)

Not less than
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Asmin :ﬁ*b*dzﬁ
fy 400
=1.

A

(120)(300) =1.5cm?

5cm? ... controls

A o =1.82cm® > As ;. =1.5cm?

sdlect A =1.82¢cm?

s req
select 2f 14, As =3.08cm? > As,, =1.82cm?.... ok

Check for strain

T=Axf =308x400=123.2 KN
C=0.85x f/xb. xa
o C _ 123.2
0.85x f/xbg  0.85x 24 x 520
fc'=24<28 ... b=0.85
x:izgzl.% cm
b 0.85
d-x

=11.6mm =1.16 cm

35-1.36

e, = x(0.003) = g x0-003=0.074

S

— 0.074 > 0.005 o.k

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

follows:-
30, 319
st 19
- 17.1
oy __/—"/ ____,f’f/
} - B < i
/ T
L/EJ-. __,-"f/f;f
EEI.?]H'H T_fﬂ_/“
0.7 28.8

Fig. (4.3)Shear diagram of rib (02) (KN).
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Design of shear reinfor cement

VUmax = 30 KN
Jfe', 24

fVc =f B b*d =0.7ST*120 * 350 = 25.72 KN

min fVs =0.75* %* b*d =0.75* %*120 * 350 =10.5KN

Region No. 3
fVc <Vu <f VMc + min f Vc

Vu =30 >f Vc = 25.72 KN
and
fVc+mnfVs =25.72 +10.5=35.22 KN > Vu = 30 KN

>>> Consider the 3" region to design the shear reinforcement
Assume 2leg f 10 stirups

f Vs =Vu —-fVc =30 -25.72 =4.28 KN
*12
AV = 2*T=1.57cm2

_0.7%5* Av * fy*d _ 0.75*157 * 400 * 350

Sieq. = 3 = 3851 mm
' f Vs 4.28 * 10
Siq. = 385 .1cm e
But S must be smaller than d/2 _ kL L=100rn
U u J ""-._.\_._--__.-.“ I:f

So, Select S=15cm < d/2=35/2=175cm ..... Ok 1h [ '

= it
Select S=15cm y -

._-."Fh'

So, use stirrups of @10 with 2 legswith S=15 cm Rl T T
Use stirrups 1310 @ 15 cm. ey

The section of therip isshown in thefigure.
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4.6 Design of the Beam (B1)
4.6.1 Load Determination
D.L gao=D.L 1ip/ 0.52
= 4.5/0.52=8.654K N/m’
L.Lga =5KN/m?
Span 1
Since this beam is an exterior beam the wall on it must be
considered as adead |oad on this beam
Wall dead load = 1/6 * 3.5*0.3*25 = 4.4 KN/m
D.L peam=D.L gap * (L1/2)
=8.654 * (4.5/2) =21.5KN/m
Total dead load on thisspan = 4.4 + 21.5 = 25.9 KN/m
L.L peam =5*(4.5/2) =11.25 KN/m.
Span 2 and 3
D.L pean= D.L gan* (L2/2+ L2/2) * 1.1
=8.654* (4.5/2+ 4/2) * 1.1 =40.5 KN/m
L.L pean = 5¥(2.25+2) * 1.1 =23.4 KN/m.
The maximum negative and positive moments on the beam are found

on the following figure:

-337.7
311, -312.3
/ 199.8
A -162. , -146.7
1 i '
|...?-_’_ :'—'_ts.l G e 9_3|
I = it — H
\ SaIE | B -
.Iﬂ_II I o /
;:tl“ 3 I | 1 27.5 1. % .13"'5
“\_\ R
o e
i 213.1
294.
3.08 4.62 247 | 203 | 269 |, 221 |
| 1 1 1 L] 1 1

Fig (4-4) : Moment Diagram For beam (B18)
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4.6.2 Design of negative moment:

At support B
Mu = 312.3KN.m
Mn = m = —312'3 =347KN.m
0.9 0.9
Determination of the beam width
Rn = ﬂ
b*d?

Rn=r * fy* (1-0.5r * m)
Rn = 0.01* 400* (1— 0.5* 0.01* 19.6) = 3.608Mpa
* 6
p=—Mn__ 347710 _7gc 1mm=78.5cm
Rn*d- 3.608* 350
Selectb =80 cm

Check if the section behave as rectangular section or not

b, =80cm, h=T, =40cm
d=40-3-2/2-1=35cm

Assumethat T, =a
Mn, =C*(d - 2)
2
C =0.85* fc*b* a=0.85* 24* 800* 400 = 6528KN

Mn, = 6528* (0.35—0424) =979.2KN.m

:$:31—29'3:347KN.m

Mn =347 < Mn; =979.2KN.m

Mn

So, the section behaves as a rectangular.

* +6

800* (350)
m= fy - = 400 =19.6
0.85* fc  0.85*24
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* *
L R e
m

fy ' 196 400
As., =r *b*d =0.0098* 80* 35 = 27.44cm’

Check Asmin
A =Yg o Y24 (g0)(350) = 8.57cm?
4 fy 4(400)
Not |ess than
A, =t%epeg - 24 g00)(350) = 9.8cm?
fy 400
A, .. =9.8m?%. ... controls

A o = 27.44cm? > As_ = 9.8cm?

select A, o = 27.44cm?
Use @ 20

Required number of bars = 27—44 =8.74

Select f 20

A, provided = 9* 3.14 = 28.26cm” > As,, = 27.44cm’

Check for strain

Tension = Compression:

A * fy=0.85* fc'*b* a
2826* 400 = 0.85* 24* 800* a
a=69.26mm

X= a_ 6926 =81.5mm

b, 0.85
e, = 380=815, 1003 = 0.0098
815

e, = 0.0098 > 0.005—— ok
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Negative moment At support C

Mu =162KN.m
n=m:@ =180KN.m
09 09
* +6
Rn= 207107 e4Mpa
800 (350)
me_ Y __ 400 .96
0.85* fc 0.85*24
* *
rotas po2mRy 1 g \/LM) _0.0048
m fy | 196 400

As,, =1 *b*d=0.0048*80* 35= 13.44cmy?

Check Asmin
A =N peg o Y2 g50)(350) = 8.57cm?
4 fy 4(400)
Not less than
A =1%epeg - 1% 800)(350) = 9.8cm?
fy 400
A, .. =9.8m?%. ... controls

A o =13.44cm’ > As . =9.8cm’

select A, =13.44cm?

S

Use @ 20

Required number of bars = 13—44 =4.28 bar
3.14

Select 5f 20
A provided = 5*3.14=15.7cm’ > As ., =13.44cm’......OK
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Check for strain

Tension = Compression:
A* fy=0.85* fc'*b* a
1570* 400 = 0.85* 24* 800* a

a = 38.48mm
x=2 -89 _ 45 7mm
b, 085
e, = 304527, 4, 003 = 0.02
45.27

e, =0.02 > 0.005——> ok

4.6.3 Design of Positive moment

Positive moment of field 1

Mu = 294KN.m
_Mu_29%_ 6 7kNm
09 09
* +6
_3267*10  _333Mpa
800* (350)
__ v 40 46
0.85* fc  0.85* 24
polg poamRy 1 _\/ 1 27196%3334) ) ho0o
m fy ° 196 400
As,, =T *b*d =0.0092* 80* 35 = 25.64cm’
Check ASnin
NI g o Y2 g0 )(350) - 8.57cm?
4 fy 4(400)
Not less than
A = 14 ped = £(800)(350) = 9.8cm?
fy 400
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A =9.8cm?....... controls

A o = 25.64cm? > As_ =9.8cm?

select A, . = 25.64cm?

Use @ 20

Required number of bars = 264 8.2
3.14

Select of 20....A provided =9*3.14 = 28.26cm” > 25.64....... OK

Check for strain

Tension = Compression:

A * fy=0.85* fc'*b*a
2826* 400 = 0.85* 24* 800* a
a=69.3mm

X= a_ 693 =81.5mm

b, 0.85
o - 350-81.5
° 815
e, =0.0099 > 0.005—— ok

*0.003=0.0099

Design of Positive moment of field 2

Mu = 27.5KN.m
Mn= Mu = E =30.55KN.m
09 09
* +6
800* (350)
fy 400 19.6

m= - = =
0.85* fc  0.85*24

* *
r :l(l_ 1_2m_Rn):i(1_\/1_M):0_0008
m fy | 196 400

As., =r *b*d =0.0008* 80* 35 = 2.24cm*
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Check Asnin
€ wprd = Y22 (500)(350) = 8.57cm?

A, = _
min 4fy 4(400)
Not less than
A min = ﬁ* b*d = ﬂ(800 )(350) = 9.8cm?
fy 400
A, .. =9.8m?%. ... controls

2 2
A g = ASyi, =9.8cm” > As . = 2.24cm

sdect A = 9.8cm?

s req

Use @ 20

Required number of bars = 98 =3.12
3.14

Select 4f 20....A provided = 4* 3.14 =12.56cm?* > 9.8cm>.......

Check for strain

Tension = Compression:

A * fy=0.85* fc'*b*a
1256* 400 = 0.85* 24* 800* a
a=30.8mm

a_ 08 =36.23mm

b, 085

e - 350-36.23
® 36.23

e, =0.026 > 0.005—— ok

*0.003=0.026

Design of Positive moment of field 3

Mu = 213.1KN.m
Mn = Mu_ 2131 = 236.8KN.m
09 09
 236.8%10"

= 500° @507 - 2.416Mpa
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fy 400

0.85* fc  0.85*24
T LA LN S \/ _27196% 2416, 1065
m fy 196 400

As, =T *b*d=0.0065*80*35= 18.2cm?

Check ASnmin
o = VI g Y2 50 )(350) = 8.57 om®?
41y 4(400)
Not less than
A =lRapeg ﬂ(sooxsso) _ 9.8cm?
fy 400
A, ... =9.8cm?. ... controls

A . =18.2cm* > As ;= 9.8cm?

select A,  =18.2cm?
Use @ 20
Required number of bars = 182 _ 5.8
3.14

Select 6f 20....A provided = 6* 3.14 =18.84cm” > As, =182....0K

Check for strain
Tension = Compression:
A * fy=0.85* fc'*b*a
1884* 400 = 0.85* 24* 800* a
a=46.2mm
x=2 -2 _5433m
b, 0.85

e = 350-54.33

® 54.33
e, =0.0163 > 0.005—— ok

*0.003=0.0163
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4.6.4 Design of shear
The envelop shear diagram are shown in figure (4-6) below:

-263.9 "263.8
P =5 179.5 "_3“‘5 1 32'.5']2_‘ :
;__,/ ’ // -
> -~ b f/ b 4 t
_’,.f/ ] P
s pd /
185.480- L A

258.8 249-3 275.1 2586.

Fig (4- ) : Shear Diagram For beam (B1)

VUnmax = 264 KN
N /24

f Ve =1 5 b*d = 0.757* 800 * 350 =171 .5KN

min fVs =0.75 * %* b*d = 0.75*%* 800 * 350 = 70 KN
Region No. 3

fVc <Vu <fVc + min f Vc

Vu =264 >f Vc =171 .5KN

but

fVc+minfVs =171 .5+ 70 = 241 .5KN < Vu = 264 KN

So, go to region No. 4

Region No. 4

fVc+mnifVs <WVu <f N + 2f Vc
Vu >f Vc + mnf Vs =171 .5+ 70 = 241 .5KN
3f Vc =3*171 .5 =514 5KN >WVu = 264 KN .... Ok

>>> Consider the 4™ region to design the shear reinforcement

Assume 4leg f 10 stirups
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fVs =Vu -fVc =264 —171 .5 = 92 .5KN

*12

Av = 4*P "~ _316cm?
4
o _075%Av*fy*d _0.75* 316 * 400 * 350
rea- f Vs 92 5*10°3
Sie. = 35.9cm

But S must be smaller than d/2

And it must be smaller than 60 cm

So, Select S=15ecm<d/2=35/2=175cm ..... Ok
Select S=15cm

S0, use stirrups of @10 with 4 legs with S=15 cm
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4.7 Design of One-way solid slab (stair slab):

Check if itsone way

£ P

Ly 795

=2.18> 2.0 ...0ne way

Lx 3.65

4.7.1 Deter mination of thickness and load

calculation:
L 365
20 20

Select h=20cm

;62

=18.25cm

Load Calculation

D.L=25*0.2=5KN/m?

SL=1KN/m?

qu=1.2*5+1.6*1.0=7.6KN/m?

_qu*Ll® 7.6*365
8

4.7.2 Design for positive moment:
d=20-3-1=16cm.
_ Mu 1266

T 09 09
Mn 141

Rn = = =
bd? (1000)(160) 2

oty 400 _
0.85* fc  0.85* 24

1_2mRn)
\ fy

_1 Jl_z(lg.a)(o.ssb
19.6 400

Areg=p* b* d=0.0015*100*16 =2.4cm/m

Mu =12.66KN.m

Mn 14.1KN.m

0.551Mpa

1
p=—(@1-
m

P ) = 0.0015
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ASgyinege = 0.0018x bx h = 0.0018* 100* 20 = 3.6cm” / m
As . 14*b*d _1.4*1000*160
min Fy 400

Not Less than

_025* Jfc'*b*d _ 0.25*\/24*1000* 160
Fy 400

13* As,, =13*24= 3.2cm?/m

Sdect If 12@20cm= As=5.652cm*/m ....OK

=5.6cm?/m

As =4.9cm?/m

min.

473 Check for Strain:

Tension = Compression / : g

A* fy=0.85* fc' *b*a | H L

5.652* 400 = 0.85* 24* 100* a £ o o
a=111cm Eln Y
a 111 S g g @ 5 é
x=-2 =222 _1.3m - || S i
b, 085 ™ ol

= lalzR20cmE B e

e, = 16713, 4003 e ¢8.5my 5

) L] L]

e, =0.034>0.005 ... ok
474 Shrinkage & Temperature Reinforcement in top layer:

As=0.0018*b* h
As=0.0018* 100* 20 = 3.6cm* /m
Sdlect f 12@20cm=> AS,, iseq = 5.652cm° /m ........ OK

475 Development length of the bars:

fy
Ly = —xa xbxgxd,
2. f ¢

400
2424

Ly = xIx1x1x1.2=48.99cm Use: Ly =50cm.
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4.8 Design of Two Way Solid Slab:

4.8.1 Deter mination of Thickness:

Ly =7.8m 7,8
Lx = 4.35m o o e P
Ly = 78 =1.8<20
Ly 435
. Tow way I
o k (52)
= i,
From Table (9-5(C)) in ACI318-2008 code, the /
minimum thickness of the tow way solid dlab is
to be determined by the following equation:
h Ln B R e o,
min = g

Not less than 5in
Lh=7.8-0.2-0.2=7.4m

h= 14 0.224m
33

Salect h = 25cm
25cm > 5in =12.55cm....ok

Where Ln isthe length of clear span in the long direction.

4.8.2 Determination of L oads:

D.L=0.2*25=5kN/m®

SL=1KN/m?

qu=12*5+16*1.0

qu = 7.6KN /m?

For Im Strip in X &Y direction qu=7.6 KN/m
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From Table....% =18 then:

X
Kfx = 24.4
Kfy =77
KAx=1.94
KAy = 2.97
d, =1.05
dy =1.03
* 2 * 2

Mux = Mg - 767435, ) 05— 6.2kN.m/1m strip

Kfx 24.4

* 2 * 2

Muy = qu* IX *dy :M* =1.93KN.m/1m strip

Kfy 77

* *
Ay = qu* Ix _ 7.6*4.35 _11.15KN/m

KAy 2.97

* *

Ax — qu* Ix _ 7.6*4.35 _17.05KN/m
KAX 1.94

4.8.3 Design of Shear:
f *Vc>Vn

f*Vc= %* 0.75* |/ fc'*b*d = %* 0.75* /24 *1000 * 160

f Vc=98.0>>Vu=17.05
.. No Shear Reiforcement Required

4.8.4 Design of Reinfor cement:
d=25-3-1.0=21 cm.

Mux = 6.2 KN.m

Muy = 1.93 KN.m

In x-direction.

m= fy - = 400 =19.6
0.85* fc  0.85* 24

Mnx = Q =6.9KN.m
0.9

* 6
Rn= X _ 69710° _ 156Mpa
b*d® ~ 1000* 210
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2mRn
fy
* *
rolaq \/1_2 19.6* 0.156
400

r :1(1— 1- )
m

) = 0.0004)

196
As,o, = 0.0004* 100* 21= 0.83cm? /m

0.25/fc 5124 * 1000*
_ C oy g - 0:25v24*1000¥210 o

min fy 400

As

But not less than

_ 1.4* bw* d? _ 1.4*1000* 210
mn fy 400
1.3* Asreq‘ =1.3*0.83=1.1cm?*/m

=7.35cm?/m

As

ASgyinkage = 0.0018*100* 25 = 4.5cm? /' m
100*1.1304
20

Select f 12@20cm=> AS,, e = =5.652cm” /m

In y-direction.
Select X 12@20cm=> AS,, ,4q = 5-652cm? /m

4.8.5 Check for Strain:

Tension = Compression
A * fy=0.85* fc*b* a
5.652* 400 = 0.85* 24*100* a
a=11lcm

2 L 31em

b, 0.85

e = 21.0-131
® 131

e, = 0.0451> 0.005—— Steel yields

*0.003

48.6 Development length of the bars:
f

Ly = yl xa xbxgxd,
2.4 f ¢

L, = 400 x1x1x1x1.2 = 48.99cm
224

Ld =50cm
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487 Shrinkage & Temperature Reinforcement in Top :

ASqyiege = 0.0018* b* h = 0.0018* 100* 25 = 4.5¢m? /m
Select I 12@25cm = AS,o e = 4.52cm’
/7,8
[1 [
= e 1glee2ocmT B o
= L8O [as]
£ <
L ue ul'e
<t | @ |
au ¥
B 5
)
o 12122 0cmE. B —
C2.0m2
L] Ll

Fig.(4.6): Details of Two Solid Slab
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(4.9) Design of Stairs:

Fig (4.7) Top view of the Stair

4.9.1 Design of stair
4.9.1.1 Determination of Slab thickness:

= Stairs=11*16.7* 30
= | =330m.

« 0 =tan(17/ 30) = 29.54°,
Cos 0 =0.87.

» Ls=3.30/cos29.54 =3.793 m.

= Lu=3.793+0.4*2=4593

» h > 4593/20=0.23m=23cm.
= Useh=25cm.
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49.1.2 Load calculation:

Dead L oad:
Horizontal Tiles = 0.03*22*(0.33/0.30) = 0.726 KN/m?.
Vertical Tiles= 0.03*22%(0.17/0.30) = 0.374 KN/ m?.
Horizontal mortar = 0.03*22 = 0.66 KN/ m?.
Vertical mortar = 0.02* 22*(17/30) = 0.25 KN/ m?.
Plaster = (0.03*22)/ (Cos 29.54) = 0.76 KN/ m?.
Steps = (0.17/2) * 25=2.125 KN/ m?.
Slab = 0.25 * 25/ Cos 29.54 =7.2 KN/ n’.

Total dead load = 0.726 + 0.374+ 0.66+ 0.25+ 0.76+ 2.125+7.2

=12.1 KN/ m?,

Liveload:
Live load for stairs =5 KN/ m?.

Factored load
Qu=1.2*12.1+ 1.6*5 = 22.52 KN/ m°.

For one meter Strip, qu = 22.52 KN/ m.

The Following figure shows the shear and moment diagrams found by using
Staad2006 software:
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j’-ﬁmﬂ kN

[zz.s-gn_

& Tdm J

\>
I :

\ M rment dlagram
?9 m\ /
!
g ‘\ ax: 52319 kNm

17084 KHm

Fig(4.8) moment & shear diagramsfor stair
* Mu=5232KN.m.

= h=25cm
=  Assume @ 12 for main reinforcement:-
So, d=25-2-0.6=22.4 cm..
Taked=22cm
4.9.1.3 Design of shear:-
» Vu=4271 KN.

fJf."*b,*d
= fye=-—Y°o W -

* * *
. vyl 075 @61000 220 _ 12 2ouN

» Vu=4271 KN < @Vc=134.72 KN .

>>>>No shear Reinforcement isrequired. So the depth of the stair is OK.
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4.9.1.4 Design of Bending:
= Mu=52.32KN.m.
Mnreg=Mu/0.9=52.32/0.9=58.13 KN.m.
d=22cm.
_ _Mn
b-d?

_ 58.13*10°
1000* 220°

__ by
0.85x fc'

4
m =——=
0.85x0.24

‘ =i(1— 1- ZmR‘J
m f,

* *
o1 [1—\/1—wj:o.0031.

- R

R, =1.2MPa .

T 196 400

Asreq = 0.0031* 100* 22 = 6.81 cm*

. i 1.4
A'smin= ) (bw)(d) > E(bw)(d)

24
4(400)

Asmin=6.74 2> 1.7

Asmin=

1.4
(100)(22) > -~ (100)(22)

= Asmin=7.7cm?.......... Control.

1.3* Asreq. = 1.3* 6.8=8.85cm’
1.3*Asreg > Asmin.

UseAs=7.7 cm?.
Usel® 12 @ 10cm. .............. with As=(100/10)*1.13=11.3 cm?,
= Asprovided=11.3 > ASIeQ......ccvvvreeneennnnnn. OK.

61



(4.9.1.5) Check for yielding:
= Tension = Compression
A * fy=0.85* fc'*b*a
11.3* 400 = 0.85* 24*100* a
a=2.216cm
x:i:@: 2.61cm
b, 085
22-2.61
e, =———
2.61
e, = 0.0223 > 0.005—— ok

*0.003

(4.9.1.6) Development length of the bars:
f

L, =——2—=xaxbxgxd,
2\ T
Ly = 400 x1x1x1x1.2 = 48.99cm.

2\/24

4.9.1.7 Secondary reinfor cement:
As=1. As,, = 1. 594-12cn7
5 5
ASqinage = 0.0018x bx h = 0.0018x 100x 25 = 4.5cm’

Use®10 @ 15¢cmM ......oveevnnene With As=(100/15)*0.79 = 5.3 cm2.

4.9.2 Design of landing :-
Design as one way solid slab.
4.9.2.1 Load calculations:-
» Tiles =0.03*22=0.66 KN/m2,
» Mortar =0.03*22 = 0.66 KN/m2.
= Slab =0.25*25=5KN/nm
» Plaster =0.03*22 = 0.66 KN/m2,
Total dead load = 0.66 + 0.66 + 5 + 0.66
= 6.98 KN/m2,
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Width of landing = 1.50 m.
Dead load =6.98 * 1.5=10.5 KN /m.
Liveload on the landing =5 KN /m2.
Liveload onlanding=5*1.5=75KN /m.

= Reaction of the stair on the landing = 42.71 KN / m.

Factored Total load /m.=1.2(D.L) + 1.6 (L.L) + Reaction of the satire
= (1.2*10.5) + (1.6*7.5) + 42.71 = 67.31L KN / m.
4.9.2.2 Design of Bending:

_quxLl® 67.31x3.35°
8 8
Mu 9443

Mn=— =104.92KN.m
f 0.9

Mu = 94.43KN.m

=  Assume @ 12 for main reinforcement:-
d=25-2-1=22 cm.
Taked =22 cm.

_ Mn
b-d*
105*10°

=—— =217 MPa
R 1000* 220°

- :l(l— 1- ZmR”J
m f,

* *
= |1 Jl_M — 0.00575
19.6 400

As,o, =0.00575x100x 22 =12.65cm*

" R,

e 1.4
ASnin = 4ty PW(@) 2 = (Bw)()
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24 1.4
= 20400 (100)(17) > 5(100)(17)

As., =52>5095

— As_ =5.95cm’.......... Control

As,, =12.65cm’ > As ;. = 5.95cm’
Use 1014 @ 10 cm, with As = (100/ 10)*1.539 = 15.39 cm? > AS ;¢q = 12.65 cm?
4.9.2.3 Secondary reinforcement:

As= %x AS,, =%><12.65= 2.52cm?

ASgyinege = 0.0018x bx h = 0.0018x100x 25 = 4.5cm’
Use 1010 @ 15 cm, with As=(100/ 15)*0.79 = 5.2 cm2 > AS 1¢q = 4.5 cm?

4.9.2.4 Design of shear:
_ Qux L _ 67.31x3.35 _ 112 75KN

Vu
2
ff *b *d

* * *
fye 075 @61000 220 _ a0 2oun

f Vc =134.72KN >Vu =112.75KN

No shear Reinforcement isrequired.

-

=y FIZEIGum T DL100;

-t

.E___j.g:-':_._-fy-. st T . AL )
e ~ Rl B oo wiTe

b

G
- i ¥
N i
S W
a P ) -
k “'\-.J-"E‘;-:.,;'-Ta* oy VR
AN e
E4D@10cem T . O c3180) " P 3-_\'-*,*
- e =
ATCEHoaw O . OBl __‘!‘-"-’

Fig. (4.9): Detail of reinforcement for ST 02.
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(4.10)Design of column:

4.10.1 Design of Short column (C03 - Ground Floor):
4.10.1.1 Design of Longitudinal Reinfor cement:
Select column (CO03) in the ground floor for design.

p, =1800KN
1800
=—— = 2769.2KN
Prre 0.65
User =rg=3%

Pn=0.8* Ag*[0.85* fc'+r g(fy—0.85* fc')]

2769.2x10" = 0.8* Ag*[0.85* 24 + 0.03* (400 — 0.85* 24)]
Ag,, =1088.9cm?.

Use30cmx 40cm = Ag =1200cm? > 1088.9cm?..ok

30cm > minimum dim.= 25cm.....ok

Tofind p required for Ag = 1200 cm?

The same equation can be applied as follows:

Pn=0.8* Ag*[0.85* fc'+r g(fy—0.85* fc')]

2769.2x10% = 0.8* 1200* [0.85* 24+ I * (400— 0.85* 24)]
r =0.0223
As,, = 0.0223*1200 = 26.7cm’

Select 6f 25...As,,,, = 29.44cm” > As, = 26.7cm?”....0k

Check if the column is short or long

(k-LujS (34_12(%}) <40, ACI.10-12-2
r

2

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

R:radius of gyration = /IZ

I: Moment of inertia

A: Cross sectional area of the column
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bh® .
I :—2....for rectangular section

A=Db*h

3 2
r=\/I=1/L=1/h—=O.3*h
A 12*b* h 12

r =0.3*0.4=0.12m?
k=10
Lu=3.0m
kL, 1*35

r 0120
oo Short Column

=25<34

4.10.1.2 Design of the Tie Reinfor cement:

Sacing < 16x d, (Longitudinal bar.diameter) =16x 2.5 = 40cm

Facing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm

Soacing < Least.dimension = 40cm

use ®10@20cm

But the spacing between ties must be reduced by the factor of 0.67 in above and below the slab by a
length which must be grater than the long dimension of the column as follows:

Long diminution for the column = 40 cm

Spacing between ties= 0.67 * 20 = 13.4 cm
So, 50 cm below the slab and 50 cm above the slab must the ties be every 10 cm

30

Fig.(4.10): Detail Of Column.
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4.10.2 Design of long column(C 25):
4.10.2.1 Design Of Longitudinal Reinfor cement:

Select column (C25) for design.
Pu=1800 KN
Pn = 1800/(0..65) = 2769 KN

rg=15%

Pn =0.8* Ag{0.85* fc'+r g(fy—0.85fc")}

2769 = 0.8* Ag[0.85* 24 + 0.015* (400 — 0.85* 24)]
Ag =1326cm?

Select 40X40cm=> Agp ,iu = 1600cm?

Lu=7.0m

M1&M2 =1
K=1, According to ACI 318-2008 (10.10.6.3) The effective length factor, k, shall be permitted

to be taken as 1.0.

klu M1

—<34-12—— s ACI —(10.12.2)
r M2
*
17 _sga3s
0.3*0.4

. long Coloumn

Check denderness limit:

KU _ 5533100

r
Slenderness limit not exceeded.
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E.l
El =04— ... ... [ ACI 318 — 2008 (Eq. 10 —15)]
1+ by,

E, = 4750,/ fc' = 4750 * /24 = 23270 .15Mpa
_1.2DL _ 1.2(1000)

b, = 0.67
Pu 1800
* lh3 * 3
I, = b*h” _04704" 2.13*10°m*
12
* * 6 % * -3
El - 0.4*23270.15*10°* 2.13*10 _ 11 88MN m?
1+0.64
p ’El
Py = o s e ACI 318 — 2008 (Eq. 10 — 13)
(KLu)
2 %
P.= lez'l: 2.39MN .
(1.0*7)
M1
Cm=0.6+ OA(WJ ............ ACI 318 — 2008 (Eq.10 — 16)
Cm=1.... According to ACI 318 — 2008 (10.10.6.4)
d_ = €M 510 ACI 318 — 2008 (Eq. 10 — 12)
1-(Pu/0.75P,

d - L _5
= = 1_ (1800 /0.75 * 2390)

e —154+0.03* h =15+ 0.03* 400 = 27mm = 0.027 m

«d_ = 0.027*59=0.16

9>1

=€

min

From Interactio n Diagram

fP,_ 1800 , 145 . o oo

A 0.4* 0.4 1000

g

r, =0.025
A, =1 * A, =0.025*40* 40 = 40 cm?
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Check f.P, >P,
tPn,, =f [0.8%{0.85% fc'(A, A)+ f,AG ] oo ACI 318 — 2008(Eq.10 - 2)

= 0.65[0.8* {0.85* 24(160000 — 4000) * 107°) + 400* 4200*10°° }]
=2486.85 KN >1800 KN Ok
. Select 10f 25=> ASp o0 = 49.06cm? > As . = 40cm?
4.10.2.2 Design of the Tie Reinfor cement:
Sacing < 16x d,, (Longitudinal bar.diameter) =16x 2.5 = 40cm
Sacing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm

Soacing < Least.dimension = 30cm
. Use If 10@20cm
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4.11 Design of Basement wall:

SEN m?

E | " Max: 34.800 kNm
- | 43 m
b
|
20cmA | \1
|
|
- >< ) 2.5KN /m
40.5EN /m Makg 75.654 kNm

Fig.(4.11): Basement wall moment Diagram

4.11.1 Load Calculation:

When ®=30,y = 18KN/m*> & K= 0.5
& = K* y*H

=0.5*18*4.5 = 40.5 KN/m?
o= K*P

=0.5*5=2.5K N/m?

4.11.2 Thickness Calculation:
M max = 76 KN.m

Assume r = 0.5r max =0.01
L Fy 400 _
0.85fc' 0.85*24
Rn=r * fy(1—0.5mr ) = 0.01* 400* (1— 0.5*19.6* 0.01) = 3.61Mpa
Mn \/ 76*10°
> = d=
bd 0.9*1000* 3.61
h=153+30+10=193mm

select h=20cm

19.6

Rn= =152.9mm
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4.11.3 Wall Design:

Negative moment:
Mu=76 KN.m

* +6
n= 76710 > =3.3Mpa
0.9*1000* (160)

potly p FRYmI_ 1 1—\/1—M — 0.00905
m fy 196 400

Areq = 0.00905* 100* 16 = 14.5cm? / 1Im
100, p *1.4>

Use if 14@10cm— As,,,, = 10 2 =15.4cm® > As
Positive moment:
Mu= 35 KN.m
* +6
35710 =1.52Mpa

n=
0.9%1000* (160)2

potlq_ o Rmy 1 1—\/1—M ~ 0.004
m fy 196 400

A.req = 0.004*100* 16 = 6.33cm’ /1m

* 2
Use If 14@20cm — As,,, = %* %

2
=7./cm” > As,

Check for minimum As

ps =1 wety > 2 (owy(a)

™ 4(ty) fy
24 1.4
ASy, = 4(400) (100)(16) = 4—00(100)(16)
As,, =49>56
— As, . =5.60m’.......... Control

As,, =6.33%cm’ > As; =5.6cm’

For horizontal reinforcement

Use shrinkage and temperature reinforcement
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ASqyiryage = 0.0018* b* h=0.0018*100* 20 = 3.6cm’ /m
* 2
Usef 10@20cm > As,,,, =10+ P 7107
20 4
Check for yielding:
Tension = Compression
A * fy=0.85* fc'*b* a
15.33* 400 = 0.85* 24*100* a
a=3.006cm
X= 2a._ 3006 =3.54cm
b, 085
_16-354

S

*0.003

e, =0.011> 0.005—— ok

4.12 Design of strip footing:

=3.925cm*/m> As,, =3.6cm’/m

5KN /m?
LLLLLLLL
< =
]
]
. D
% D
j —
20cm; L |
Weartk =
1 LT <
g —|
gl s eap
T e ea

Fig.(4.12) load calculation for strip footing

4.12.1 Depth of footing.
hp=(0.1to0 0.2)*H
hp=0.1*3.5=35cm.............. select hp=40cm
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4.12.2 Width of footing.
ea=k *y*H
=0.5*18*3.5=3L.5K N/m’

eap=k.*p

=0.5*5=2.5KN/m”
Wwall=0.2*3.1*25=15.5KN/m
Wfooting=0.4*L*25
Wearth=y*h*(L/2-0.1)
Over turning moment:

M=25.1KN.m
Standing M oment:

Ms=Ww* L/2+Wf*L/2+Wearth* ((L/2-0.1)*0.5+0.1+L/2)
Mg/ Mg22
Select L=1.5m
So...Wf=15KN/m............... Wearth=78.12KN/m
4.12.3 Deter mine reinfor cement for moment strength:
Pnet=1.2(15+15.5)+1.6*(78.12)

=162Kn/m

footing width—wall width . footing width —wall width

Mu = (Pnet) ( > ) *( 2

= 162(0.65)*(0.325)
=34.22 KN.m
M, *10°

ReCIUI red Rn= W

* 6
Required Rn = 3422710 > =0.329
0.9*1000* 340

.ty 40 _
0.85* fc  0.85* 25

19.6

0 =i(1_ 1- 2mRn
m fy

- 1 ‘@ \/1_ 2(19.6)(0.329)

)

= — ) = 0.0.000829
19.6 400

Areq=p* b* d=0.000829 * 100 * 34 = 2.81 cm?

73



. D25 =425 _ _ ]
Asmin =——— * 1000340 = 10.625em’

Not Less than

14=10U0U-320

Asmin= = 11.9¢m?*

1.3*Asreq=1.3*2.81=3.653
As=3.653

As(shrinkage & temperature)=0.0018*40* 100=7.2cm?
As=7.22cm?

usef 14@20cm Asprovided = 7.7 cm?

4.12.4 Development length of main reinfor cement:
Ld = fy
2,/ fc'

For f14 bars

ab.g.d,

Ld = ﬂ1* 1*1*1.4

2\/24

Ld =57.15> 30cm

Available Ld =30 < Required Ld =57.15 cm.
So a standard hook of (20 cm ) must be used to provide Ld.

4.12.5 Design of dowelsbars:
As min, =0.0012 * 100 * 34 = 4.08cm”

Use f 12@25 cm

For f14 bars

Ld = 4é'ol* 1¥1*1.2

2424

Ld =48.99 > 30cm

OK
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4.12.6 Design for secondary reinfor cement:
Asmin = 0.0018 * 100* 40 = 7.2cm?

Use f 14@20cm
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Fig.(4.13) Strip footing details
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4.13 Design of | solated 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) :

4.13.1 Load Calculation:

From Column :

Service dead load (D.L) = 630 KN

Serviceliveload (L.L) = 315 KN.

Total serviceload = 630 + 315 = 945 KN

Factored load =1.2* D.L +1.6* L.L
=1.2*630 + 1.6* 315
=1260 KN

Soil weight = 18 KN/m®

Soil depth=1.0m

Column geometry 30*40 cm

Allowable soil pressure = 500 KN/m?
Pu =1260Kn

Cw= 25* 0.3* 0.4* 15 = 45Kn
Sw=18*3*1="54Kn

Pu, = Pu+1.2* Cw+1.2* Sw

Pu, =1260+1.2* 45+1.2* 54 =1380Kn

Total service load = 945 + 54 + 45 =1044 KN
Where:
Cw: Column weight
Sw: Soil weight
Pu: Factored load from the column
Pur: Total load on foundation

4.13.2 Design of Footing Area:
To determinetherequired footing ar ea, the total service load will be used
Allowable soil pressure = 500 KN/m?2
Area (A) = Total serviceload / Soil Pressure
=1044 KN / 500 KN/m?
=2.1m
Try 1.50m* 2.0m Area= 3.0m’ > Required Area= 2.1 m?
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For the design of the renforce concrete member, factored load must be used :
Pu=1360 KN
Pu 1360

S Actual —
AProvided

4.13.3 Deter mine the depth of footing based on shear strength:
Assumeh=hp,=40cm.....d=40-7-1=32cm

= 453.3KN /m* <1.4* 500 = 700KN / m?......OK

e Check for oneway shear strength

Critical Section at %+d

2,d-9% 032-05m

2 2

Vu=s * L[:oundation _(§+ d) *B .
—2 2 Foundation

Vu = 453.3* (g ~0.52)*1.5 = 360KN

f.\/c:f.(%*\/f_c'*bw*d)

f Vc = 0.75* %* 24 *1500* 320 = 300Kn

f Vc = 300KN < Vu = 360KN
The Foundation Depth must be increased

Selecth=50cm....d=42cm

Check for one way shear

2, 4=9% 042-062m
2 2

Vu = 500* (% —0.62)*1.5 = 285KN

f.\/c:f.(%*\/f_c'*bw*d)

f Vc=0.75* %* 24*1500* 420 = 394Kn

f Vc =394Kn > Vu = 285Kn
Safe

e Check for two way shear action (punching)

The punching shear strength is the smallest value of the following equations:
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FV, = %(u bi]ﬁ b.d
FV =f. (b/d ]\/7bd
FV, =f —\/7bd

Where:

Column Length (a) 40

c =133
~ Column Width (b) " 30

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

b, =4d +2a+2b=4*0.42+2*0.4+2*0.3=3.08m

a, =40 for interior column
1 2 ) [ 0.75 2
fVe=f.=|1+— |y f bd= *11+ * 124> 3080* 420 = 2021Kn
© 6[ bcj T 6 ( 1.33)
/ 0.75, ( 40*0.42
fV.=f.— bd— *4/24* 3080* 420 = 3014Kn
(b /d j 12 ( 3.08 j

f V. =f —\/ b d= 03?5* 24* 3080* 420 =1617Kn
f V. =1617Kn ..... Control
Vu. = Pu-FR,

FR, =s,, *area of critical section
VU, =1360—[500* (0.3+0.42)* (0.4+ 0.42)] = 1065KN

f Vc=1617Kn >Vu, =1065Kn........ satisfied

4.13.4 Check transfer of load at base of column:

f.Pn=f.(0.85fc’Ag)
f.Pn=0.65*[0.85* 24* (300* 400)]/1000 =1591.2Kn
But Pu=1360<f .Pn=1591.2

.. Dowels are not required for load transfer.
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But use the minimum reinforcement of dowels:
As_ =0.005* Ag = 0.005* 30* 40 = 6cm?
Select 6012

AS, ,i4eq = 6.78CM* > As

Req.

4.13.5 Design for Bending Moment:
At section A-A

'\.-Tk _____ i
My l
IR— ! ; H
153 FKh S M o L
_Lu,uux )
I s A 0.90 58 B Lt s
Sesezliavry A—A E 2 f;:?]-u;w'
Mu = 453.3* (0.6* 2.0)* 0.3=163.2Knm |5 S
Try to design it by Plain concrete Iﬁ
f Mn>Mu =
* 2 = =
f Mn=055*0.42* /24 12007 (500)° 9. 2.90 04
1,19 _ 110
f Mn=70.73 KN.m ]

163.2>70.73 ... Not Satisfied

Using Reinforced Concrete.
Mn = 1632 =181.3KN.m
09

Mn  181.3x10°
Rn= =
bd? 1500x 420°

m= fy - = 400 =19.6
0.85* fc  0.85* 24

" :l 1- 1_2xm><Rn
m fy

=0.685Mpa =0.59Mpa.
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. _ 1 L \/1_ 2x19.6x 0.685 | _ 0.00174
19.6 400
ASge, =T *b*d =0.00174* 150* 42 =10.96 cm’
Check As,,,
0.25* ./ fc'*b* d * * *
As.. - c _ 0.25*/24*1500* 420 _ 19,30
Fy 400

Not less than

* * * *
As, - 14*b*d _1.4*1500* 420 _ 22 10m?

Fy 400
Asreq < Asmin

1.3* As,, =1.3*10.96 =14.28cm’ < As ;| = 22.1cm’
ASgyinage = 0.0018* b* h = 0.0018* 150* 50 = 13.5cm*
. As=13* As,,, =14.28cm’

Sdlect 10f 14....AS,, 4 jqe = 15.4cm” >14.28cm?......0K

At section B-B
s =
Mu = 453.3* (0.8* 1.5)* 0.4 = 217.62Knm : ok
Mn = 22752 _ 541 gk b st b b i i R e
0.9
6
o Mr21 _ 241.8><102 _ 0.685Mpa A
bd?  2000x 420 ik
me—Y____40 _,46 2040
0.85* fc 0.85*24 1.20 0. 80

. :%(1— /LMJ Section B—B
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1 (1_\/1_2x19.6xo.685]=0_00174

[ = —
19.6 400

ASzeq =T *b* d = 0.00174* 200* 42 =14.64 cm’

Check As;,

ps L 025*4fc*brd _ 0.25* 124 % 2000* 420

mn Fy - 400

Not less than
* * * *

As. - 14*b*d _14*2000%420 .o,
Fy 400

ASreq <As_..

1.3* As,, =1.3*14.64 =19.03cm’ < As;, = 29.4cm’
ASgyinage = 0.0018* b* h = 0.0018* 200* 50 = 18cm’

- As=1.3* As , =19.03cm’

Select 10F 16....AS, 4y = 20.1cm* >19.03cm?’.....0k

1
#
R R
i H
-~
P e T T T :
=
= o
i L
=
1L, L)
Dowsls g .
el 21 Exn Y 1L M0 Deaar) 2
10 R ) P
bk b & Fw 2 & o | Tale&E0em) oA
I.- T e T e a7 T .'/.-‘".-"’I —
; a2l
1.50
170

ection 4 0 A

Fig.(4.14) Isolated footing details
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4.13.6 Check for Strain:

Tension = Compression

As* fy =0.85* fc*b* a

2010* 400 = 0.85* 24*1500* a

a=26.3mm
x= & _263 5594
bl 085
o, = 420=30.94, 453
30.94
e, =0038>0005 ... OK

4.14 Design of combined footing

Footing for the column C04 & C05
Co4:50*60 ......D.L =2075 KN, L.L = 1038 KN
Pu =1.2*2075+1.6*1038 = 4150 KN
Co05:30%*40......D.L =630 KN, L.L =315KN
Pu =1.2*630+1.6*315 = 1260 KN
4.14.1 Deter mination of the footing diminutions
Allowable soil pressure = 500 KN/m?
Pu =1260+ 4150 = 5410Kn
Cw=25*15* (0.3* 0.4+ 0.5* 0.6) =157.5Kn
Sv=18*10*1=180Kn
Pu; = Pu+1.2* Cw+1.2* Sv
Pu; =5410+1.2*157.5+1.2* 180 = 5815Kn
Total service load = 2075+1038+630+315 + 157.5+180 = 4395.5 KN
Where:
Cw: Column weight
Sw: Soil weight
Pu: Factored load from the column
Pur: Tota load on foundation

Distance between the tow columnsis 2.6 m center to center
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FR = 4150+ 1260 = 5410Kn
FR Position

5410* X =1260* 2.6

= X =0.6m from C04 center

FR 43955
=—= =8.8m?
Area s 500

Foun. o, > 2% (20+.2) =4.4
. select Ag =5x25=125m" > 8.8m*

= %1; = 432.8Kn/m* <1.4* 500 = 700KN / m®.....OK

4.14.2 Deter mination of the foundation depth
Assumeh=70cm ..... d =70-7-1=62 cm

e Check for oneway shear strength

Critical Section at g+d

2,4-28 062-092m
2 2

Vu=s * I‘Foundation _ (E_'_ d) * B
2 2

Foundation

VU = 432.8* (L.9—- 0.92) * 2.5 = 1060.4KN

f.\/c=f.(%*\/f_c'*bw*d)

f Vc=0.75* %* 24 * 2500* 620 = 968.8Kn

f Vc =968.8KN <Vu =106.4KN

The Foundation Depth must be increased
Selecth=80cm....d=72cm

Check for one way shear
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2,4-96,072-1.02m
2 2

Vu = 432.8* (1.9-1.02) * 2.5 = 952.2KN

f.\/c:f.(%* fo b, * d)

fVc= 0.75*%* \24* 2500* 720 = 1125Kn

f Vc =1125Kn >Vu = 952.2Kn
. Sofe

e Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

fy, :f.é(ub—ijﬁ b,d
fv, =t —[b = jrbd
fv, =f —\/7bd

Where;
b. Column Length (a) 60
€ ColumnWidth (b) 50

bo = Perimeter of critical section taken at (d/2) from the loaded area
b, =4d +2a+2b=4*0.72+2* 0.6+ 2* 0.5=5.08m

a,=40 ... for interior column

fV, =f %[n bi}/ f. b,d= 0'%5* (1+ %} J24* 5080* 720 = 5972Kn

)\/ b,d = O . (40 0'72} 24+ 5080* 720 = 6349Kn

f V. f —
b/d 5.08

fV. =f —\/ bd_O;S* 24*5080* 720 = 4480Kn
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f V. =4480Kn .... Control
Vu. = Pu-FR,

FR, =s,, *area of critical section

VU, = 4150 [432.8* (0.6+0.72) * (0.5+ 0.72)] = 3453KN

f Vc = 4480Kn >Vu, =3453Kn........ satisfied

4.14.3 Design for Bending M oment:
e Bottom reinforcement
At section A-A

Mu = 432.8* (1.1*1.0)* 0.55= 262Kn.m/ m

Mn = @ = 291.1KN.m
0.9

q Mn _ 291.1x10°
bd? 1000x 7207

me__ ¥ __ 400 96
0.85* fc _ 0.85* 24

" :l 1- 1_2xm><Rn
m fy

= 0.562Mpa

85

e ¥

PN L]

1.E4

b

B

P

.



- 1_\/1_ 2x19.6x0.56 | _ ) 00145
19.6 400

ASy., =T *b*d =0.00142*100* 72=10.22 cm’
Check As,,,

_025*[fc'*b*d _ 0.25* Y24 *1000* 720

min = 2204cm2
Fy 400
Not less than
* % * *
As. = 1.4*b*d _ 1.4*1000* 720 _ 25 9017
Fy 400
ASreq < ASmin

1.3* As,, =1.3%10.22 =13.28cm’? < As,,, = 25.2cm’
As = 0.0018* b* h = 0.0018* 100* 80 = 14.4cm?

Shrinkage

.. As=14.4cm? /m
Select f 20/20cm....AS,, iqq = 15.7CM’ / m> 14.4cm” /m....0K

At section B-B
Mu = 432.8* (1.6* 1.0) *0.8=554Kn.m/m

Mn = @ =615.6KN.m
0.9

6
Rn= Rn= M _ 6156x10° _ 1 1901pa
bd®  1000x 720

oty 40 _
0.85* fc  0.85* 24

" :i 1- 1_2xmen
m fy

19.6
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= 22.04cm? /' m

R \/1_ 2x19.6x119 | _ ) 1oa0
19.6 400

ASeeq =T *b*d =0.0031*100* 72=22.1 ¢’ /m

Check As,,

ps 025" fc*b*d _ 0.25*y/24%1000* 720

e Fy - 400

Not less than
*h* * *

ps, - L14rbrd _14+10004720 o, 0L,
Fy 400

Asreq < ASmin

1.3* As,, =1.3*22.1= 2873cm*/m> As,, = 25.2cm? /m

As

Shrinkage
s As=As . =252cm’/m
100* 4.9

Select f 25@15cm...AS, yiged = =

Check for Strain:

Tension = Compression

As* fy =0.85* fc*b* a

3270* 400 = 0.85* 24*1000* a

a=64.12mm

e = 720-64.12
° 64.12

e, =0031>0005 ... OK

*0.003

e Top reinforcement

In Long Length

Max. Mu s at zero shear
The shear diagram is show that zero shear is
Atx=0.675m

Mu =1260* 0.675-432.8* (0.675+0.5)*1.0 =

Mn = 342 = 380KN.m
0.9
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_Mn_ 380x10°
bd? ~ 1000x 7207

me__ ¥ __ 400 96
0.85* fc _ 0.85* 24

" :l 1- 1_2xm><Rn
m fy

= 0.733Mpa

R \/1_ 2x19.6x0.733 | _ ) 10 oo
19.6 400
ASreq = *b* d =0.00187*100* 72 = 13.44cm* /m
Check As,,
0.25* /fc'*b* d * \[24* *
As. - _ 025 \24*1000* 720 _ 22 04emE I m
Fy 400
Not less than
As. 14*b*d _14*1000*720 ., o,
Fy 400
Asreq < ASmin

1.3* As,, =1.3*1344=17.5cm*/m< As,,, = 25.2cm? /m
ASqyiryage = 0.0018* b* h = 0.0018* 100* 80 = 14.4cm? / m
. As=13* As, =17.5cm*/m

*
Select f 20@15cm.... ASy, e = % =20.9cm? > 17.5cm?’......0k

In Short length
As= ASg, e = 0.0018*100* 80 = 14.4cm?
~ 100*3.14

prov. —

Select f 20@20cm.....As =15.7cm?/m
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4.15 Design of Shear Wall:

4.15.1Calculation of shear force on shear walls:
< Earthquakeloads

From Uniform Building Code (UBC) 1997:

Z=0.3

R=5.5
=1
Ca=0.33
Cv=045
hn = 14m
Ct=0.02
Where:

Z = Seismic zone factor as given in table

16-1.debends on the zone number which is
equal to 3 for Jerusalem according to Appendix chapter 16 in UBC.

R = numerical coefficient representative of the inherent over strength and global ductility capacity of
lateral force resisting systems, as set in Table 16-N depends on the basic structural system .

I = importance factor given in table 16-K.depends on occupancy category

Ca = seismic coefficient, as set forth in Table 16-Q.debends on sail profile type and the seismic zone
factor.

The soil profile type is considered to be SC which represent Very Dense Soil and Soft Rock in Table
16-J.

Ct = numerical coefficient given in section 1630.2.2.

WHERE:

Ct = 0.035 (0.0853) for steel moment-resisting frames.

Ct = 0.030 (0.0731) for reinforced concrete moment-resisting frames and eccentrically braced frames.
Ct = 0.020 (0.0488) for all other buildings.

Cv = seismic coefficient, as set forth in Table 16-R. depends on soil profile type and the seismic zone
factor.

hi, hn, hx = height in feet (m) above the baseto level i , n or X, respectively.

Ft =0.07*T*V

T=C.(hJ" Eg...30-8UBC)
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T =0.0481* (14)** =0.353
* *
Cv* 1,y __045%1

V, = = *W =0.231*W
R*T 5.5*0.353
Not Exceed
* * * *
v, = 2.5* Ca* | W= 25 50533 1*W _ 0.15*W

And Not Less than
V, =0.11*Ca* | *W =0.11* 0.33* 1* W = 0.0363* W
SV =015*W............. Control

To calculatetheforce at thetop (Ft)

According to UBC 1630.5, Ft need not exceed 0.25V and may be considered as zero where T is 0.7
second or |ess.
So, Ft=0.0since T =0.353< 0.7

_(V-Ft)*w, *h,
D (w*h)
i=0
For 3" Floor
W = (D.L +0.25% LL)* Area
W = (10+ 0.25* 5)* (56* 56) = 35280Kn

V =0.15*W = 0.15* 35280 = 5292Kn
W *h = 35280* 14 = 493920Kn.m

39 floor

> (w, *h ) = 35280* (14 +10.5+ 7+ 3.5) = 1234800Kn.m
_ (5292—0.0)* 493920

Fx

3" floor

Fx= = 2116.8Kn
1234800

VU, poee = FX+ FL

VU, poee = 2116.8+ 0.0 = 2116.8Kn

MU, .. = FX* H = 2116.8* 14 = 29635.2Knm

To find the shear force acts on the shear wall, Staad Pro. 2006 software is used for analyses.
By applying 100 KN force at the center of the building, and by dividing the shear wall into plates, the

shear stress and shear force that acts on each plate are shown in the table below:

FX SX Plate Plate
(KN) | (KN/m? Dim. No.
3.6 14.4 1.0 ¥0.25 1
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3.15 12.6 1.0 *0.25 2
2.95 11.8 1.0 *0.25 3
2.85 11.4 1.0 *0.25 4
2.7 10.8 1.0 *0.25 5
15.25 Sum

That’s mean in each 100 KN horizontal force applied to the building, 15.25 KN act on this shear wall

% FX = %;5 = 0.1525=15.25%

For 3" floor

FX =0.1525* 2116.8 = 322.812 KN
Vu = 322812

Mu=0.0

For 2" floor

FX =0.1525*1587.6 = 242.11 KN
Vu =322.812+ 242.11=564.92 KN
Mu =322.812* 3.5=1129.842 KN.m

Table (4 . 3) Calculation of the total earthquake forces, shear, and moment

Calculation Table for earthquake Forces, Shear and Moment

Mu Vu FX* % Fx Fx (W*H) | (V-Ft) | Ft H V W Floor
Kn.m Kn KN Kn Kn.m Kn Kn M Kn Kn #

0 322.812 | 322.812 | 2116.8 | 493920 5292 0 14 5292 | 35280 3™
1129.842 | 564.921 | 242.109 | 1587.6 | 370440 5292 0 10.5 | 5292 | 35280 2"
3107.066 | 726.327 | 161.406 | 1058.4 | 246960 5292 0 7 5292 | 35280 1%
5649.21 | 807.03 | 80.703 529.2 | 123480 5292 0 3.5 | 5292 | 35280 | Ground
18359.93 | 807.03 0 0 0 0 0 0 0 0 At base

Design Values : Vu =808 Kn ,

Mu = 18360 Kn.m

Design wind pressures for buildings and structures shall be determined for any height in accordance

7

with the following formula:

< Wind load calculations

92




P=Ce*Cqg* gs* Iw
Where:

Ce = combined height, exposure and gust factor coefficient as given in Table 16-G.

Cq = pressure coefficient for the structure or portion of structure under consideration as givenin Table

16-H.
Iw = importance factor as set forth in Table 16-K.
P = design wind pressure.

gs = wind stagnation pressure at the standard height of 33 feet (10.0 m) as set forth in Table 16-F.

From table 16-G in the UBC, the value of Ce for Exposure B depends on the floor height and its value
for each floor is shown in the calculation table below.

Cq=13..fromtable 16— H in UBC
lw=1.0

gs. from table 16-F, and by assume the wind velocity equal to 100 Km/h, then:

gs = 0.604Kn/ m?

P=Ce*Cqg* gs* Iw

P =0.95*1.3* 0.604* 1.0 = 0.746Kn/ m’
Force(Fx) = P*h
Mug,.. = FX* h=146.22* 14 = 2046.86Kn.

m

foor + Lioor = 0.746* 3.5* 56 = 146.22Kn

Table (4 . 4) Calculation of the total earthquake forces, shear, and moment

Calculation Table for Wind Pressure, Shear and Moment at Base.

Floor Base Shear Force P Ce H Floor
Moment | Moment Kn Kn kn/m2 From Table 16-G m No.
4513.86 0.00 481.70 0.00 0.000 0 0 | AtBase
2827.90 333.96 386.29 | 95.42 | 0.487 0.62 3.5 | Ground
1475.89 775.65 275.48 | 110.81 | 0.565 0.72 7 1%
511.71 1357.39 | 146.20 | 129.28 | 0.660 0.84 lé)' 2"

0.00 2046.86 0.00 146.20 | 0.746 0.95 14 3™

4513.86 481.70 Total
Design Values : Vu = 482 Kn<808KN , Mu =4514 Kn.m<18360KN.m

4.15.2 Design of shear wall:

Design values:

Vu =808.0 Kn

Mu =18360.0 Kn.m
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fc'=24 Mpa

Fy =400 Mpa

Shear wall thickness(t) = 25cm
Shear wall width(L,)=5.0m
Shear wall height(h,) =14m

4.15.2.1 Design of the Horizontal reinfor cement:

Vu =808 Kn

Mu = 18360Kn.m

weight, ., = 24* (5* 0.25* 14) = 420Kn
PU o gabs = 2500KN

Pu;,, = 2500+ 420 = 2920KN

e Determination of effective depth (d)

According to (ACI 318-2008 11.9.4) , For design for horizontal shear forcesin plane of wall, d shall
be taken equal to 0.8Lw , where Lw isthe wall length.
d=08*50=4m

e Calculating of shear reinforcement

Vu = 808KN
Vn = Vu = 808 =1077.33KN
f 075

w:%*\/ﬁ*h*d

Ve = %* J24* 250* 4000 = 816.5KN
Vs=Vn-Vc=1077.33-816.5 = 260.83
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& Vs 260.83* 10°
S Fy*d 400* 4000
Not Less than

% — 0.0025* h = 0.0025* 250 = 0.625mm

= 0.163mm

* 2
Sdect 2f12 = Av=2%* % = 2.261cm?

AV =0625—= S= 226 =361.6mm
S 0.625

Salect S=30cm
. Use 2012@30cm

v" According to (ACI 318-2008 11.9.9.3) , Spacing of horizontal shear reinforcement shall not
exceed the smallest of Lw /5, 3h, and 18 in., where Lw isthe overal length of the wall. So

S :L_W:@:mo(;m
5 5

max.

S, =3*h=3*25="75cm
S, =18*2.51=452cm
Salect S=30 cm

e Check Asminimum

v According to (ACI 318-2008 14.3.3) , Minimum ratio of horizontal reinforcement area to gross
concrete area (p) shall be 0.0025.

AS, oy = 2.2610m?

Ag = 25* 30 = 1000cm?

r = AS 2261 o302
Ag 750

r =0.003>r ,,=0.0025 ........ ok

4.15.3 Design of the Vertical reinforcement:

Avn =1 0.0025+ 0.5* 2.5—Mj* ﬂ *S*h
Lw S*h

w_1t_ 58525

Lw 5

= Avn=0.0025* S* h

Sdect X 12= As= 2.26cm’

226 = 0.0025* S* 250

= S=361.6mm
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Check S max.

s - W_500_ 6 67em
S

S, =3*h=3*25=75cm
S, =18*251=1452cm

Slect S=30 cm< S, =36.1cm
Use 2f12@30cm

4.15.4 Design of moment:
Design of heavy loaded shear wall:

Mu =18360 KN.m

Sw_50_ .4
45 45

Cw=C-0.1*Lw
Cw=111-0.1*5.0=0.6Im

0.61

= Cw ——— =0.305m

each boundary =

Select Cw = 60cm > 30.5cm
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:L—W* Avn
S

Asv = %* 2.261= 37.683cm?

i B Asv* Fy

Lw 2+0.85* B1* fc"*Lw* h

i B 3768.3* 400

Lw 2+0.85*0.85* 24* 5000* 250

=0.0695

Mu = 0.9* 0.5* Asv* Fy* Lw* (1_£j
Lw

Mu = 0.9* 0.5* 3768.3* 400* 5000* (1— 0.0695) = 3155.76 KN.m
Mu =18360—-3155.76 =15204.24 KN.m

Design

Mu  15204.24
.

Mn = =16893.6 KN.m

As - Mn _ 16893.6*10°

" Fy* (Lw—Cw)  400* (5000 - 600)
AS,, = 0.08* b* Cw= 0.08* 250* 600 = 12000mm* > As,, = 9598.6mm?
p* 2.5

= 9598.6mm?

Sdlect f 25— As= = 4.91cm?

No. Of bzrs= M =19.55 bar
491

Select 20f 25.....ASy o4 = 20* 4.91=98.2cm” > As,,, = 95.986cm’

e At theopeningsin shear walls

According to (ACI 318-2008 14.3.7), not lessthan 2f 20 barsin walls having two layers of
reinforcement in both direction shall be provided around window, door, and similar sized openings.

4.15.5 Design of the shear wall footing

Design the footing for the stairs shear wall as strip footing
4.15.5.1 Load Calculation

Pu=Pu,,, +Pug,.+Pug,

Puy, yar =14*0.3*1.0* 25=105KN/m

Pug,,s = 2500KN

Pug,,s =112.75* 4 = 451KN

— Py, =105+ 222, B _go5okN/m
5 5
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4.15.5.2 Deter mination of footing width
PU;; =695.2KN/m

S aw = 500KN / m?

Select the width=1.5m

S = % =463.5<1.4*500....0K
4.15.5.3 Determination of foundation depth
Select h=40cm
—d=40-7-1=32cm
1.5-03

Vu = 463.5*1.0* ( - O.SZJ =129.8KN

f Ve=f .(%*\/f_c'*bw*d)

f Vc=0.75* %* 24*1500* 320 =196Kn

f Vc=196Kn >Vu =129.8Kn
. Safe

4.15.5.4 Design of moment

1.5-0.3 1.5-03

Mu = 463.5* *0.5* =41.72KN.m

Mn = aLr2 =46.35KN.m
0.9

qMn _ 46.35%10°
bd® 1000x 320

oty 40 _
0.85* fc  0.85* 24

" :i 1- l_2><men
m fy

= 0.453Mpa

19.6
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r=——
19.6 400

As.., =T *b*d =0.0012*100* 32 = 3.84cm’ /m
Check As;,
ae L 025%4/fc*b*d _ 0.25*v/24*1000* 320
m Fy 400
Not less than

_14*b*d 1.4*1000* 320
mn Fy 400
ASreq < Asmin
1.3* As,,, =1.3*3.84=5.0cm*/m< As;, =11.2cm*/m
ASginage = 0.0018* b* h=0.0018*100* 40 =7.2cm’ /m

- AS= ASqyiage = 7-2CM7 /M

1 [1_ \/1_ 2><19.6><O.453j _ 0.0012

=9.8cm?/m

=11.2cm?/m

As

100* p * 1.6
20* 4

Sdlect f 16@20cm.... ASy, igeg = =10.05cm* > 7.2cm?

74 em. T e

#1520, B R e |
18

m -_\ 0 1} i Lt .
E
=L

Fig.(4.16): Details of shear wall
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4.16 Design of Mat Foundation:
10.0

125, 1.5 .64 | Lig L. 2e

g
- S
L L R I T T A
== = Ho of of o
= g fist L it b
| 0 () () () () ()
= Sh.9
-~

4.16.1 L oad calculations:

Dwaj =0.2¥25*14*1.0 = 70 KN/m
Elevator = 40 KN
Sh. 7

Dead load from ribbed slab = 40 KN/m

Live load from ribbed slab = 20 KN/m

qu = 1.2 *( 40+70+40) + 1.6 * 20 = 212 KN/m
Pu=212*7.7=1633 KN

Sh. 8

qu=1.4* (40+70) = 154 KN/m
Pu=154* 1.8 =278 KN

Sh.9

Dead load from ribbed slab = 120 KN/m
Liveload from ribbed slab = 45 KN/m
qu=1.2*( 70+120+40) + 1.6 * 45 = 348 KN/m
Pu=348* 7.7 = 2656 KN

Sh. 10

Dead load from ribbed slab = 80 KN/m
Liveload from ribbed slab = 40 KN/m
qu=1.2*( 70+80+40) + 1.6 * 40 = 292 KN/m
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Pu=292* 1.8 =526 KN
Total Pu= 1633 + 278 +2656 + 526 = 5093 KN

4.16.2 Calculation Of The Required Area Of Footing ( Approximate Solution ):
P.,r = 5093 KN.

Pu

<1.4* 500
Areq
5093 4 4%500 . . Areq > 7.3m?
Areq
select ..Area =10* 4=40m? > 7.3m>......... ok

4.16.3 Eccentricity calculations

> Mx =0

Mx + 526 * 3.85 + 278 * 2.1+ 278 * 0.35 - 278 * 2.3-526 *3.85 =0
= Mx = -41.7KN .m

> My =0
My + 1633 * 0.9 — 2656 * 0.9 = 0
= My = 920.7KN.m

L = 0.0082 m
Pu 5093

=My 9207 _g18m
Pu 5093

€rax :%:%: 0.667 m > 0.18m...... Ok

Pu_, Mxy My

P Area  Ix ly

3 * 3
Ix = on" _ 47107 _ 53 g
12 12
3 * 3
_bh” 10747 _ o3 331
12 12

_ 5093 417, 9207
40  333.3 53.33

*5=213.4KN /m?

L.L

_ 5098 417 ,, 907, ¢ 513 9kN /m?
4 3333 ° 53.33

L.R

5093 417, 920.7

= xp T2l % 5= 40.755 KN / m?
40 333.3 53.33

U.L
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_5003 417, 9207

o R * 5= 41.3KN / m?
®T 40 3333 53.33

S =213.9<1.4*500....... ... OK

max

4.16.4 Design of shear
d=40-75-1-1=30.5cm

f Vc :0.75*%* fc'* bw*d

fVc=075* %* /24 * 4000 * 305 = 747 .1KN

Pu,, =348KN /m
f Ve = 747 1KN > Pu = 348KN ......... OK

4.16.5 Design of bending moment
By using the StaadPro.2006 software to analyze the foundation, the moment result isasin the

following chart:

A locel]
wHredr
<=-11.2
207
6.4

-
[=r]

e
3.4
dlLh
43 |
Ry 7
B3
Tl
0.5
921

(=]
pur

=
=

) b l=inimimlal=gag =) § § F J-F |

Fig.(4.17) Moment in X-direction
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“m
Tl

Fig.(4.18) Moment in Y -direction

4.16.5.1 Design In X-directions:
h =40cm
d=40-75-1-1=30.5cm.

Fy =400 Mpa.

fc'=24 Mpa

Design of positive moment
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+ve Mu, =128KN.m

Mn=&=%=142.22KN.m
f 0.9

_ Mn  142.22*10°

b.d? 1000 * 305°

fy

085
c_1(y n 1 1_\/1_2 19.6*1.53 | _ ) 0o4
m T196 400

e =1 *b*d=0.004*100*31=12.4 cm?

_ 0.25+/24 * 1000 * 305
me 400

~ 1.4*1000 * 305
mn ST 00
Svrinkage & temperatur e =0.0018 * b* h=0.0018 * 100 * 40 = 7.2 cm?

=1.53Mpa

=9.4 cm?

=10.7 cm?

As =12.4cm?.......... Control
* 2
Select f 16 @15cm = As = 110; (p 1‘6 j=13.4cm2 > AS,, =12.4cm?
Design of negative moment
—ve Mu =-16.3KN.m
Mn = & = E =18.11KN.m
f 0.9
* 6
_ an _ 18.11* 10 __0.2Mpa
b.d 1000 * 305
fy
0 85
* *
co1y n 1 1_\/1_2 19.6*0.2 | _ 1 0005
m 19.6 400

e =1 *b*d=0.0005*100 * 31=1.56 cm?
0.25+/24 * 1000 * 305

As, . = =9.4 cm?
400
* *
As.. = 1.4* 1000 * 305 ~10.7 cm?
400
Svrinkage & temperatur e =0.0018 * b* h=0.0018 * 100 * 40 = 7.2 cm?
As=7.2cm?....... Control
* 2
Select f 12 @15cm = As = 110; (p 1'2 j: 7.54cm? > As,y, = 7.2cm’

4.16.5.2 Design In Y-directions:

Design of positive moment
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+ve Mu =127 KN.m
—ve Mu =-11.2KN.m
Mu 127

Mn = =141 .11KN .m
f 09
* 6
R - an _ 102 _1.517 Mpa
bd? 1000 * 305
fy
085
* *
co1(y n 1 1_\/1_ 2%19.6*1.52 | o,
m T196 400

=r *b*d=0.004 *100 * 31 =12.4 cm?
_0.25+/24 * 1000 * 305

req

As .. = =9.4 cm?
400
* *
As . :M:m] cm?
400

Srinkage & temperatur e =0.0018 *b* h=0.0018 * 100 * 40 = 7.2 cm?
As =12.4cm”°......... Control

* 2
Sdect f 16 @ 15cm = As:ﬂ*[&

=13.4cm? > As,, =12.4cm?
15 4

Design of negative moment

—ve Mu=-11.2KN.m
Srinkage & temperatur e As=0.0018 * b* h=0.0018 *100 * 40 = 7.2 cm?
As=7.2cm?........ Control

100

* 2
Select f 12 @ 15cm = As = —— [ﬁ

4

=7.54cm? > As, = 7.2cm?
15

NN R

=)
|
29 8]
& [ EiSem T B4 )
H ﬁ : | S18m 00 BE(4am} |
== g Sectiom B—H
- o 7
C #EeiEeoTHI0Sm] )
Sectlon A—A

Fig.(4.19) Mat foundation details
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4.17 Steel Design

4.17.1 Load calculation

Load calculation
Dead load

D, =0.1x 25+ 0.07 x 23=4.2KN / m?

< Wind load calculations

Design wind pressures for buildings and structures shall be determined for any height in accordance
with the following formula:

P=Ce*Cqg* gs* Iw
Where:

Ce = combined height, exposure and gust factor coefficient as givenin Table 16-G.

Cq = pressure coefficient for the structure or portion of structure under consideration as givenin Table
16-H.

Iw = importance factor as set forth in Table 16-K.

P = design wind pressure.

gs = wind stagnation pressure at the standard height of 33 feet (10.0 m) as set forth in Table 16-F.

From table 16-G in the UBC, the value of Ce for Exposure B depends on the floor height and its value
for each floor is shown in the calculation table below.

Cg=1.3...fromtable 16— H in UBC

lw=1.0

gs: from table 16-F, and by assume the wind velocity equal to 100 Km/h, then:
gs = 0.604Kn/ m?

P=Ce*Cqg* gs* Iw

P =0.95*1.3* 0.604* 1.0= 0.746Kn/ m?

Snow |oad

The value of roof (or other member) snow load, Pf, shall be determined
by the following formula:

Pf = Cel Pg (40-1-1)

where Ceisgivenin Table A-16-Aand | isgiven in Table A-16-B.

Pg = basic ground snow load, psf (N/mz).

Ce=09
1=1.0
Pg = 1.OKN/n?

Pf =0.9*1.0*1.0=0.9KN/m

Factored load
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q, =1.2Dg +1.6S
qy =1.2x4.2+1.6x0.9=6.5KN / m?
For the beam

qu=65x+v22 + 2% =184KN/m

Using STaad.pro Software, the moment diagram for the steel frameisas

follows:
4.17.2 Moment diagram

Fig.(4.20)Moment diagram

Design Values
MU o = 57.4KN.m

VU e = 33KN
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Design of beam

Assume Compact Section
f .Mn>Mu

f.Fy.Z>Mu
0.9%x36xZ>508.1

= Z,eq =15.7i0°

From the code

Select wl0x15

From the code for the w10x15 profile:
Z =16.0in°

|, =7.4

| » =38.5

Fromtable 7.4.1

I = 27.7

rFlange

| =161 .7

Mweb

Fromtable 7.4.2
I =10.8

I:)FI ange
=107

| e
Now

| flange — 7.4<]| Pflange = 10.8

>> The section is compact, and the assumption is
satisfied.
f.Mn>Mu
f.Fy.Z>Mu
0.9x36x Z >508.1
0.9x36x16=518.4>508.1....... Safe
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Design of shear

Vu =33KN=33*0.2248=7.42Kip
Fromtable 7.7.1

|, =697

And fromthe code :

| e =385

=1 e =385<I, =697

fVn>Wu

fty.A, >2Vu

ty =0.6x Fy

A, =dxt, =9.99x0.23 = 2.3in?
=f1y.A, =09%x0.6x36x2.3=44.7kip
>>>> f Vn =44.7 >Vu = 7.42Kip

Safe

Design for deflection

- 'f\-‘
..';I.-"r 1-..
&}{-’.—-n—- Y

Fig.(4.21) Deflection diagram
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dmax. <daJIowabIe
d e =5.8mm....From STaadpro.
L 3
d =——=——=0.0083m=8.3mm
allowable 360 360
dmax. = 5.8mm<da||owab|e :83mm

.. Safe

£y Wo10xl5

o o| Jpes
=

10.0¢

Beam Profile
WI10X 15

Fig.(4.22) Beam Profile

Design of bolts
Assumption
0 Theboltis7/8 inchin diameter.
o Thebolt'slengthis 1.5 inch, 0.25 inch head, and with threads on
the 0.25 inch of its edge.

Shear design

The shear will design without threads since there is no threads on the
shear stress area.
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f .Rn=mx0.45x Fu® x Abxf
m=1, Fu® =120ksi,f =0.65

7
p(g)2
Ab= — " 0.601in?

f.RNn=1x0.45x120x 0.601x 0.65= 21.1kip/ bolt

Bearing Design
f.Rn=f x24x Fuxtxd

Fu=58ksi,f =0.75t=0.5,d =

o< JIEN}

ol

f.Rn=0.75x 2.4x58x O.ng = 45.675kip/ bolt

>> The design strength of each bolt isequal to:
f .Rn=21.1kip/bolt

No. of bolts = Tu = 33 =1.564holt
21.1

f.Rn

>> Sdlect 2 bolts, one bolts in each arrow

Spacing Design
_ Pu
~f.Fut

min

but...Pu :3—23:16.5kip/bolt

L __ 165 _
™ 0.75x58x 0.5
Lyax =12t =12x0.5=6

0.76

Edge Spacing
L>15d =15x g =0.85"
Slect » L=1.0"

Tearing out failure
For the edge area:
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f Vn=0.75x 0.6 x Fux Anv
f Tn=0.75x Fux Ant

Anv=[1.0- 0.5(Z + 3)] <3 _0.375in2
8 8 4

Ant =[1.0—0.5x (Z+1)x§=o.375in2
8 8 4

f Vn=0.75x 0.6 x58x 0.375=9.8kip
f Tn=0.75x58x% 0.375=16.3kip
f Vn=9.8<f Tn=16.3kip

>> Tension fracture — Shear yield
f Tn=0.750.6x 36 x (1L.5x% %) +58x 0.375] = 35.5kip

f Tn=35.5>Tu=33kip
>>> Safe for tearing out

Weld Design

design asfillet weld — Submerged arc weld ( SAW):

Shear Design :
f .Rn=0.75xtex0.6x Fu"
f Rn=0.75xtx0.6x Fu

A, = 1_36 ...... from — Table5.11.1

1 8 1 7 1

a,=t-—=——-"—=— t>=

16 16 16 16 4
Select—>i<a:£<1
16 16 16

3 5

a<—-—ote=a=—

8 16

f.Rn=0.75x 1—56>< 0.6x120=16.875kip — weld

f .Rn=0.75x 0.5x 0.6 x 58 =13.05kip — Base
f .Rn=13kip
Fu = 33kip
L= o5y
13

Sect L = 37, 1.5 each side
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Fig.(4.23) Details of connectionsin steel structure
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Chapter 6
Appendix A

Project Drawings

ARCHITECTURAL STRUCTURAL STRUCTURAL
[ AL ] WG TTLE s ] WG TILE L ELTILE
GEHERAL [RAWRGS. GENERAL [IRAMINGS. GEHERAL [FAWTNGS,
AN P LIk Tabée of doundation delais &7 Toblm of beams deioi

1 LUST OF CREMHNGS Al FOUNCATIONS FLAR KE FEINTERCEVENT DETAL OF BEENS

0| o e A5 | DO OF  (SOLATED FOOTNEGS MM | RENFOBCEVENT DETAL OF BEANS

A2 | GROUND FLOOR PLAN CINENSIK Ll [ETRLS OF  [SOCATED & combised - FOOTINGS KE FEFORCELENT DETAL. CF BEANS

MG | FRET FLOOR PLAN TINERSION ME | LEALS OF Combined FOOTINGS M6 | REINTORCEVEMT DETML OF BERNS

MM | SECOND. FLOCK FLAN. DIMENSKN M| DERLS DF lschaled FODTHG A7 | FEINFORCEVENT DETAL (F BEMNS

MG | THRD FLOCR FLAK ONENSH Mg DEERLS OF  Isdlotod FOLUTNG ME FEINFCRCIMENT OOTAIL OF BERNS

A6 | GROUND FLOCR PLAN FURNITURE CHE] DERRLS OF  techolea FODTRG fe FERFORCEVENT DETHL CF BERNS

M7 [ FRST FLOGR: PLAN FURNITLRE 0| DETAL OF Nl Foundation M0 | FENFORCEVENT DETAL OF BEANS

ME | SECOMD FLOCR PLAN PURNILRE A2 | DEEAL OF Stip Foundutim W1 | FENFORCEMENT DITAL OF BESMS

4B | THRD FLOGR FLAN FLRMTLRE 42| DETAL OF wolh M7 | PEEORCEVENT DETALL CF BERNG

00 | ELENATING L3 | DERML OF ST M3 | FERIORCEMENT DETAL GF BESMS

M| SR A | THRLE OF COLUWG M4 | FERFORCEMENT DETAL COF BEMME

K2 | SECTHOMG A2 | DETMLS OF COLNNG b FEMFORCEMENT DETAIL CF BOANS
35 | DETNES OF CORLIWS MG | FEWFORCEMENT OETML CF BERMS
M7 | DETRLS OF COLLIWG M7 | RENFIRCENENT O RES OF GROGING FIGOR
K2 | DETELS OF CORLIWNG nd | RENFORCENENT OF FIES OF FIRST FLOGR
L] [HTLS OF OIS A4 REMFIRCENENT OF RIBS OF SECONG FLOOR
A% DETELS [F UG A5 FEMFORCENENT OF RIBS OF THRO FLOGR
31 | DETALS OF COLLWNG #51| RENFIRCENENT-OF SOUD SLAR

51 FEWFORCENENT OF  SOLIL SLAR
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