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Project Abstract




The project is in hospital in a city composed of 10 floors and a total area
of 213420m? distributed according to the Previous table.

The objectives of work :

This project centered problem on structural analysis and design of all the
structural components of the hospital building, which we have adopted
for our search revolves around this. In this area will be analyzed every
element of structural elements such as tiles and nerves (the Lord), and
columns and other structural elements constituting the building. Including
determining loads located on the building and then determine its
dimensions and design reinforcing to them. Taking into consideration the
safety factor of the building. It then will be working drawings for items
construction. Designed to bring this project into motion to the
implementation phase. Limited work for the project on the terms of
construction only where they will be working during the second and the
first of the year 2013 by working at the forefront of the graduation project
in this chapter the graduation project in the first quarter of next year, God
willing.
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Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension
reinforcement.

Ec = modulus of elasticity of concrete.

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.
Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supports in slabs without beams and face to face of
beam or other supports in other cases.

LL = live loads.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
Ve = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wu = factored load per unit area.

® = strength reduction factor.
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

4-2 Determination of Slab Thickness.

4-3 Determination of Factored Load of ribs
4-4 Design of topping.

4-5 Design of Rib.

4-6 Design of Beam.

4-7 Design of Two way ribbed slab.

4-8 Design of coloumn.

4-9 Design of isolated footing.

4-10 Design of stairs.
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4.1 Introduction:-

The project consists of several structural elements that will be designed according to

the ACI code and by using the finite clement method using much of computer software

such as “ATIR” and “STAADpro”

for the all structural element in order to design them.

to find the internal forces, deflections and moments

4.2 Determination of Slab Thickness:-

N/
/R

2,90
& // AN 3

// ‘/// N /
///////\//%//}‘

//7)*:.’ %%
0
R0 5%
\//1 ///// ////
R A<
54 \<\{(A"?/

nnnnnnn

Ground Floor Slab Reinforcement
Scale : 1/250

epmsmmmm

L
(NN

Figure (4-1): ground Floor Slab.

A i = o o
ccording to ACI-Code-318-05, the minimum thickness of nonprestressed beams

or one way slabs unless deflections are computed as follow:

47




hynin for one-end continuous = /18

=525/18.5 =28.38 cm.

hpin for both-end continuous = 21

= 604/21 =28.76 cm

The controller slab thickness is 28.76 cm.

But by deflection checked it was controlled at 32 cm thickness.

So Select Slab thickness h= 32cm with block 24 cm & Topping 8cm.

4.3 Determination of Loads of ribs :

4.3.1 Determination of Dead load:-

Type ol KN/m
Tiles 0:03%0:52+23 0.359
Mortar 0£02*0:52*22 0.229

Sand 0.07*0.52*16 0.5824
Topping 0.08*%0.52*25 1.04

Hollow block 0.4*0.24*9 0.864

Plaster 0:02*0:52+22 0.229

R.Crib 0.12*0.24%*25 0.72
Partitions 238052 1.238
Sum 5.26
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Nominal Tot

4.3.1 Determination of live load:-

al live load =5 * 0.52 = 2.6kN/m of rib

4.3.2 Determination of factored dead & live load

Factored dead load = 1.2*Dead load

Factored Live load = 1.6*live load

4.4 Design of Topping:-

Determination of dead load of topping

=1.2%5.26 = 6.312 KN/m.

=1.6%2.6 =4.16 KN/m

Type
r vp b KN/m
Tiles 0:03*1%23 0.69
Mortar 0.02%1*22 0.44
Sand 0.07*16*1 112
Topping 0l08=1*25 2
Partitions 2.38*1 2.38
Sum 6.63
Live Load = 5 KN/m.
qUESL2DE ARGIEL
= L2 SRR 5 =
6 *5=15.96 KN/m. (Total Factored Load)
LGl
> Mu = B =15.96*0.4% /12
=0.213KN.m.
- = “W_._:;\
Sidsandd ey
u:uer:lty

Y Palesting Po!y:’.
<€ \b“;
3,6

Noaiih "'_-TL‘L lhu: !v
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h?
S M = 042 * ——
—0.42 \[24° *M 2.19KN.m.

_)¢*Mn =0.55%2.19=1.2KN .m.
¢*Mn=12>Mu= 0.213KN.m. k1

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

be provided.

For the shrinkage and temperature reinforcement:

p=0.0018
As = p*b*h=0.0018%1000*80 =144mm”.

Try bars @8 with As =50.27 mm *
n=As/100=144/50= 3 bars
S=1000/3 =300 mm
S=3 h = 3*80 =240 mm (control)
S=450 mm
S=380*280/fs-2.5Cc = 380*280/(2/3*420) -2.5*20 = 330 mm
S=300*280/fs =300*280*3/2*420 = 300 mm
Use S=200 mm < S max =240 mm

Use ®8 @ 20 cm c\c in both directions.
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4.5 Design of Rib 17 :-




Loading ﬁ

—_
Unitzs:kN,“-,e,er

~Toad group no- 1
T load . Service
5.26 5.26
5.26
Y \ y
: 265 323
4 54 |
D e ———
Load factors: 1.20,1.20/1.60,0,09
Live load - Service
2.60
2&0 2.60 R |
323 b
54 465
Figure (4-3) : loading of Rib
( Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to 3
-28.5
-N -16.3
= o -8.6
: 1.3}2.12 o | /FSL |
e /:§i \ /‘:1.09 4'\ A
0.911.0 v 0.5 \_/
= lmg——l 3.2
% 1. 9.7
231
! 2.04 ‘ 3.06 ! 2.56 : 2.09 [ 1.94 gy |
! T T 1
Figure (4-4) : Moment Envelop of rib
Shear
-32.3
-25.2
-23.5
-164 142
8.7
: : 1
I 1 } L
14.9
22, 20.9 14.8
28, 22,
e e |

Figure (4-5) : Shear Envelop of rib.
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4.5.1 Design of flexure :-

4.5.1.1 Design of Positive moment of rib:-
Assume bars diameter of 12 mm
d= 320-20-8-(12/2)= 286 mm.
b <=520mm. (Control)
<= 5260 \4 = 1315mm.
<=16 * 80 +120 = 1400mm.

b = 520 mm.

¢* Mnf =0.9%0.85%24%0.08*0.52*(0.286 — 0.08\2)*1000 =187.9KN .m.

¢ * Mn > Mu
187.9 > 23.1

— Rectangular section.

For first span: Mu=23.1 kN .m

Maximum positive moments Mu= 23.1 kN .m

Mn=23.1 /0.9=25.67 kN.m

fy 420

m = = —
085* o 085%24 0
_ Mn _ 2567107
b*d?  520%(286) 0 MPa

5 L 2(0..6) ‘
= — - ,1-22:0/20.6)
"I s 40 )= 00015
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2
As = 0.0015 (520) (286) = 223.08 mm

Jj_;ﬁ)(bw)(d)z %(bw)(d) ................ (ACI-10.5.1)

J24 1.4
VAT (120)(286) =2 — 120)(286))

As,. =10008<1144
As_., =1 14.4mm’
223.08 mm®>As,;, =114.4mm’

Use As =226.2 mm? > As = 223.08mm*

# of bars = As/ AS par = 226.2/113.1 =2 bars * Note App= 113.1mm?
- S R e Rachs SOt A SR . ) - |
N e o S R T TS O

e Chick for strain :
Tension = compression
AsEfy=i85 * fc' *b* a
226.2*420=0.85*520*24*¢q

a=8.96mm

= M
* 10.45
g, =0.078 > 0.005

X0.003

OK

For second span: Mu=11.0( kN .m

Maximum positive moments Mu= 11.00 kN .m
Mn=11.00 /0.9=12.22 kN.m
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420

—————=20.6

" omseR 085724

W 006

b*d* 520%(286)°

=(0.29 Mpa

Rn:

2mRn
04

1
ey S )
P (

R o,
ol 420

1.4

ds,, = —(——(120)(286) >——(120)(286))

V24
4(420) 420
As,;, =10008 <1144

ds, . =114.4mm’

2
Asyy =114.4mm" 104.104 1rim2

Use As =114.4 mm?
# of bars = As/ As p,, = 114.4/78.54 = 2 bars
T e e

d=320-20-8-(10/2)= 287 mm.

® Chick for strain :

Tension = compression
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* Note Ag10= 78.54mm?




As*fy=085%fc *b*a
114.4%420=0.85%520%24*a

a =4.53mm
o dibd s g
E0R5 0
o = 2875336 003
4 583
g, =0.158>0.005 OK

For third span: Mu=9.7 kN .m
Try®12 /d=286 mm

Maximum positive moments Mu= 9.7 kN .m

Mn=9.7 /0.9=10.78 kN.m

R 420
o= e =20.6
0.85* fo'  0.85%24
Mn  10.78%1076
= = 0.25 Mpa

Rn= =
b*d* 520%(286)°

2mRn
b

L i o
pm(ll )

B 2(0..
P‘—(l-\/l— 0209 )~ 00006

20.6 420

As =0.0006 (520) (286) = 89.23 mm?>

e 1.4
Sun =7 %) (Bw)d)= E(bw)(d) ................ (ACI-10.5.1)

V24
.7 1.4
Sk 4(420)(120)(286)2212—0(120)(286))
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4.5.1.2 Design of Negative moment of rib:

& For first span Mu= 18.2 kN.m

Maximum negative moment Mu= -18.2 kN.m

Mn=18.2/ 0.9 = 20.22 kN.m

L T ) . o6
0.85% fc'  0.85%24
Mn  20.22*1076
= = 2.06 MPa

Rn= =
b*d® 120%(286)°

p=l(1_ 1_2mRn
m )4

)

1 2(2.06)(20.6)
= S 1 = _— )=
P 6( f o ) =0.0052

As =0.0052 (120) (286) = 178.46 mm”

g)(b )(d)z;“(bw)(d)

G «/ﬁ
min (420)

———~(120)(286) > i;) (120)(286))
As,; =100.08<114.4

As,.. =114.4mm?

178.46 mm?* > As_. =114.4mm>

Use As = 226.2mm?

# of bars= As/ As bar = 226.2/113.1 =2 bars

J'Select 20 12mm
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* Note Ag,= 113.1 mm?




Chick for strain :
Tension = compression
As*fy=085*fc' *b*a
226.2%420=0.85%120%24*a
a =38.81mm
c—i=38 el = 45.66mm

D085

286 —45.66

g ==—————X0.003
¥ 45.66

&= 0.016 > 0.005 OK

% For second span Mu= -8.6 kKN.m

 0.85* £ 0.85%24

1
i (1= =
m

Maximum negative moment Mu= 8.6 kN.m

Mn= 8.6/ 0.9 =9.56 kN.m

§s) _ 420

Mn  19.56%1076

o e

2mRn
5y

2(0.97)(20.6)

1
N \/I—T)=°-°024

As =0.0024 (120) (286) = 82.37 mm>

JE

Smin = 4( 7) (wad )> L (bw)(d)
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gkl

= /24 V2% _(120)(286)2 5 14 (120)286))

Asuin = 3(420) 420

As,. =10008<1144
As.; =1 14.4mm’
s, =114.4mm’ >82.37 mm’

Use As =157.1mm>>114.4 mm?

# of bars = A,/ AS pr = 157.1/78.54 = 2 bars

Select 2@ 10mm

e Chick for strain :

Tension = compression

As*fy=085*fc' *b*a

157.1%420=0.85*120*24 * g

a=26.94mm
@ 26 26.94
,Bl 0.85

287 —-31.69

(o U o el
s 31.69 X0.003

=31.69mm

g, =0.024 > 0.005

OK

60
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e

4.5.2 Design of shear of rib :

1) vud =20.9 KN
o Vo= 0* */?cbw*d

= (L755 \EZ 120*0.286

=21 KN

1.1 *® Ve=1.1*%21=23.1 KN.

® Vnmax =5 ® Vc=1155>Vu=252 The Section is large Enough

® V¢ > Vud no stirrups are requred
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6 Design of Beam 124 :

<

Refeaaie

N000000000000000
N000000000000000

THRTHG

O000000

N000000000000000

Figure (4-6) : Beam Plan
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P

Determination of Dead 1

oad of beam:-

KN/m
B T ybh
L ] .03*1%*23 0.69
Tiles 0.03 s
e e | *1%22 ;
Mortar 0.02*1 it
RSt A *1% "
Sand 0.07*1*16 1
* 55
Reinforcement concrete 25% 1*0.62 L
* 0.4
Partitions 2:38*1 2.38
From rib 4 25.78/.52=49.58
Sum 70.15
Determination of live load of beam:-
Nominal live load : 5%1 =5 kN /m
From rib = 14.76 /0.52=28.38 KN/m
Determination of factored dead & live load:-

Factored dead load = 1.2*Dead load = 1.2%70.15= 84.18 KN/m

Factored Live load = 1.6*]ive load

= 1.6¥33.38= 53.41 KN/m
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Geometry YUnitsmeteLem

2
3 : A A A
A Py B
— ke Lpl
- D
3 0.7 3. 06, g
2 . 0
0.35 8.35 : : — l l < N
H- 8.87 ; . \
|f
62
80.
A-A ﬂ
Figure (4-7) : Beam Geometry
Toad Loadjng
group no.1
Dead load - Service - l
50.0 50.0 o
44 0 \ 1 ' ‘
# ; 3 44 O A
= 3.65 7 o

Liveload - Service

Load factors: 1 .20.1.20!1.60.0-00

250
3 \ \ U

25.0 .

3.65

8.79
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Moment/Shear Envelopé (Factored) Units:kN.meter

5 to 3
Moments: _spans.. 1 7865 -768.1

355 7874 5.32 | 123 , 480 | 5.27 7759 35
] I ] 1 ) 1 1
Figure (4-9) : Moment Envelop for Beam
-595.5
4945
4216
-292.7 3233
-194.4
l vl /
/ Y I7/ e T
1975
a7 301.5
491.4
589.7
e

Figure (4-10) * Shear Envelop for Beam
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4.6.1 Design of flexure:

4.6.1.1 Design of positive moment :
1) Maximum positive moment Mu = 787.4 KN.m
bw =80 cm h=62 cm
d= 620 -40-10-12.5 =557.5 mm
1) Mu =787.4 KN.m
C max= 3/7 d= 3%557.5 /7=238.93 mm  2=0.85C= 0.85*238.93=203.1 mm
@® Mn max = ® 0.85 fc’ *a*b (d-a/2)
0.82*0.85 *24*203.1*800%(557.5-203.1 /2)*10%-6=1239.3 KN.m > Mu=787.4 KN.m ok
Design as singly
Mn= Mu/0.9=787.4 /0.9 = 874.89 KN m
Assume bars of P 25

__Mn _ 87489%1076
b d* 9800* (557.5)2

= 3.52 Mpa

1
m

e 2(3.52
p=——(1- |1-23:52)(20.6
20.6( 3 T))=0.0093

As =0.0093 (800) (557.5) = 4147.8 mm?




e

1.4
ﬂ(soo)(ssls)s 156(800)(557.5))

Asmin = 4(420)

As,, =1486.6Tmm’"

4147.8mm* > ASpin = 1486.67Tmm’ OK

* —
# of bars = As/ AS par = 4417.83/490.87= 9 bars Note Ap5=490.87 mm?

Seloct9 B 25 mm with As =4417.83 >As req SReni

e Chick for strain
Tension = compression
As*fy=0.85*fc' *b*a
4417.83%420=0.85*%800%24*a
a=113.69m
o= 10O 33 55mm

G 0:8S
218575

&
i 18875
g, =0.0095 > 0.005

X0.003

ok

Check for bars placement:
S =(800 - 40*2 - 2*¥10-9%25) /8 =59.38 mm >25mm Ok
4.6.1.2 Design of Negative moment :-
Assume bars of ® 25
bw=80cm h=62 c¢m

d= 620 -40-10-12.5 =557.5 mm

1) Mu= 785 KN m

® Mn max = ® 0.85 f’

*a*p (d-a/2)
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sanl ol

0.82*0.85 ¥04*203.1*80

Design as singly

Mn= Mu/0.9= 786.5 /0.9 = 873.89 KNm

_ Mn =§73',89£(L62—=3.51Mpa
Ro=75 2% 800%(557.5)

1 2mRn
=._—1- 1_ )
) m( \/——_’ﬁ"

S jl_ﬁl)‘@&@Fo,oogz
P~ 206 420

As = 0.0092 (800) (557.5) =4103.2 mm”

L Lo ACI-10.5.1)
As i = 4(5) (Bw)d)= % 127 (71 I (

7 1.4
ds_ = Z(&BS(SOOXS”'S) e (800)(557.5))

s, =1486.6Tmm’

41032 mm*> As_. =1486. 2
mm Spin = 1486.67mm Ok

# of bars = As/ As y,, = 4417.83 /490.87 = 9 bars

Select 9 ® 25 mm with As=441783 >Asreq ok

® Check for strain:

Tension = compression

As*fy=0.85*fc' *b*g

68

O#(557.5-203.1 /2)*107-6=1239.3 KN.m > My =766:3 KNiof

* Note A¢25=490.87 mm2




4417.83%420 = 0.85*800* 24 &a

a= 1 1369mm

_a 1389 _y3375mm
g, 085

_ 557.5-133-75 4,003
BT
5, =0.0095 > 0.005 ok

(4

&

check for bars spacing:
S = (800 - 40*2 - 2*10 9%25) /8 =59.38 mm > 25mm Ok

4.6.2 Design of shear

1) Vu = 491.5 KN

= (075

800* 557.5*10"-3 =273.12 KN

V24
6

Vs =Vn-Vec=491.5/.75 —273.12/.75= 291.17 KN

@3y I
Vs max=(213) * Y= bw * d ~1465.6 kN

= The dimension is big enough.

Check for items:-

/ . (’l
. 0

2/ ®Ve2<vVu<
SVus0 Ve =136
.56 <491.2< 27
. 3.12 ot
ok

(DVSmin >0 !
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control)
1 ¥ 5 *10/\_3: 111.5 I(N- (
0.75 (3)

@ * bw * d

20.75(16

=0.75 * —@ % 800 * 557.5 * 10-3 = 102.42 KN.
' 16

® Vsmin = 111.5 KN
3/ CDVcSVuSCDVc+CI)Vsmin

0g8:10 <A1 2>38462 == not ok

Vs' (=728= @l/—?c— *bw * d)

4/ ® Ve + ® Vsmin< Vu< ® Ve +Vs'
384.62 <491.2<819.36 ok S max =d/2 =557.5/2 =287.75 mm <600 ok
So item (4) satisfy

Take Av = 4® 10 = 4* 78.5 =314 mm>

Av/s= Vs/fy *d

157/s=314/557.5%420 > = 141.6 mm

S=70.8 < d/2=218.75 mm <600 mm.

Select S=14 ¢cm

Use © 10 (4legs) @ 14 cm for
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4.7 Design of Two way Ribbed slab :

Comparison between the thickness of one way rib slab and twe way
Il

slab @

#Check Thickness of one way rib slab

Fig 4.11: One Way Rib slab (R 1)

i
- 5 n
| | , 4
RS i i { t
207, sevenedalaleleli, o
4 s\lp " 3,
206

|
;: —4.00 m l
\\
o
4
[41]
o i
F
! 3
A—
L Sﬁl\%\b e
4000 15—
16 —_— 250 Th.e minim .
16 mm um required thickness is:

for simply supporteq
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Fig 4.12: Two way Rib slab (case 6)
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ib slab:
#Check Thickness of two way Il
v’ Statically system for (case 6) :

o
)
@
<
3
N’
=
=
@
m




32
4

; f—5—

__0.55*0.08*0.04+0.15*0.24-*0.2 =112cm

< 0.55%0.08 + 0.15%0.24
0.243
I, =0.55 * 008 qcr,008%00722+ 015#=—— +0.15%0.24+ 0.0882 = 7,032 * 1
1 ' 12
cm’
T Beam (B,G28 / B,G31):
A— —80 —
|
\
e E——
_32x80%16+28+x50%46 _ ‘
Y. 80+32 + 28+50 26.61 cm
e 323 3
I, =80 * - +80 32 10.61% + 50 == +50 28 * 19.392 = 112.447 *10* cm*

Rectangular Beam (B,G49) :

A—30——~
N

N

= 3
Ib 30*60 / 2= 54 *104 Cm4

T Beam (B9G43) .
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_32*80*16+28*50*46 =26.61 cm
c 80%32 + 28x50

2 8 +19.392 = 112.447 *10* cn’
Ib=80*?’122—3+80*32*10.612+ 50+ 2% +50 +2

External:

Long direction L = 700 cm

1025

15=_2;:8°*7.032 « 10 = 757538.1818 cm’

Internal :

In short direction L =7 cm

1025+712'66+80

I =%—— *7.032 * 10* = 1213122.284 cm*

In long direction L = 10.25 cm

700,5%5 4625

s=2—2——%7.032 * 10* = 939730.9091 cm*

700 , 645

LsS=L—%7(082 * 10" = 9621054545 o’

54x10%

1= 7575381818 0-/13

_112.447 x10%

[v5) 9857300000 1.1966

o = 112447 x10%
S L e =
3 1213122284~ 0-9269

_ 112,447 x10%
— e L
962105.4545 1.1688

_ X1+o2+ a3+ oc4
4

Olim =1.0018'<2 10.25

b= 16
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420 )
1025 (08% 14007 _ 569,264 > buin =125
e et
b= 1 5+1.464#(1.002—0.2)

The thickness of one way 1ib slab is smaller. than.in two Wa 22 S8 25
-------- b thickness = 32 cm, 24.cm for concrete block . 8 em, for topping.
al 1C. SS.T. o LTt SN

| Il
| |
.

v Statically system and Dimensions.
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2.35 —

410
8240

', 2.30 —
ations: i
v Load calcul Dead load caleulations;
0.52
NN
¢ 0.40 , /_%
Dead load from: W =yxV KN
Tiles 0.03x23x0..522 0.1866
Mortar 0.02x22x0.522 0.1189
Coarse sand 0.07x16%0.522 0.3028
Topping 0.08x25%(.522 0.5408
Interior partitions 1.5%0.522 0.4056
RC rib 0.24x25x0.12%(0.52+0.4 0.6624
HOIII’(])thIOCk 0.24x10x0.4x0.4 0.384
\2\
ASEEL, % 0.1189
\\Z\ Plap i o

Table (4.2) Calculation of two way dead load (R9)
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ad = 2.72 KN/Rib

Nominal Total Dead Lo

DL= 2.72/(0.52%) = 10.06 KN/m’

KN/m2

Nominal Total live load =5

Determination of factored dead & live load

Factored dead load = 1.2*Dead load = 1.2%10.06 = 12.07 KN/m?.

Factored Live load = 1.6*live load = 1.6¥5=28 KN/’

W = 12.07 + 8 = 20.07 KN/m’

v’ Flexural Design for (case 6) :

Moments calculations :-
Ma = Ca Wla2 bn'b and Mb = Cb W1b2 brib
L./L,=7.35/84=0.875 ........... Case 6

¥ :
Negative moments at continuous edge :

Ca,neg (la/lb=085) =0.083 € neg (1 /lb=0 90) =0.079

Caneg (1/15=0.875) = 0.081

*Positi
Ve moments at Discontinuous edg
e

CHD( /b Q % 3 % :’C S
s a

Cap (14/15=0.875) = 0.0405

M.a+ve p=C,*W* La.2*

..........

a, 1 b . =
a, a . 2

Ca,L (la/1b=0875) =( 044

747/




M

M

C AW Lo o _0.044*8%7.357%0.52=9.89 KN.m/Rib
Ma+ve.L= a L 2 rib

—73.62 KN.m/Rib

Mm_v_e,?:‘_Maf«y_c,._LxMAtY.c,D ---------------

i I=Y 80)= 0.017 Cop (la/1b=0.90) =(0.021
b,D 1a .
Covp (la/lb=0.875) =0.019

Miyrep=Co*W* L by _0.019*12.07*8.4#0.52= 8.41 KN.m/Rib

Cy1(1/15=0.85) = 0.022 Cyr (14/15=0.9) = 0.025
Cy (/15=0.875) = 0.0235

Mb+ve.L=Cb*W* ........

*Negative moments at Discontinuous edge (1/3 * positive moments):

aneg = %'62-= 7.87 KN.m/Rib
15.31 _
aneg — _3— = 5.1 KN.m/Rib

-7.87
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Design for Negative and Positive moment:

* Short direction

d=320_20_8_l§’_=285mm

Positive Moment:
Midspan: (Mu = +23.62 KN.m/Rib )

62x10°
Ro= Mo _ 2T ) 69Mpa.
N @pd2 | 0.9X120x2852

420
Loheg =20.6
0.85f]  0.85x24

S CRe s otR, ) 2 [ [g 0 2X206X269 )
p—m(l Lo >_20.6 (1 \/I 420 > 0.0069

m

As=p.b.d=0.0069 x120x285 = 235.78 mm>. Control.
Check for A min -
As min =0.2 ﬁl_c o

, St bw.dzfybw.d

g5 N2E
Asmin =0.25 7= 120 X 285 = 99.73 mm?

LA :
Asmin=7>-120 X 285 = 114 mm?

As=235.78 mm> Ag .
Use2 i L ok. As provided=235.78 mm?
._ﬁ__..4.Egtt.gm:.ésépr_qyjd_e_df_ 307.88 mm? > A s .
heckshaapniae i stequined T235.78 mm?. .. Ok
Si= 2= 0220 @iy
1 =32mm> g

14 > 25
Check for strain; 0K

A
a =S\fy — 307.88)(420

5 T \ —
0.85b r! 0.85x120%24 — 92.823 mm
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o _ 52838 _ 62,144 mm
C=3, ~ 085
285-62.144) — (0,0107 > 0.005 Ok
d—c\ _ e =i
g = 0.003 (T) =0 ( 62,144 )
Negative Moment: s
Discontinuous edge : (Mu=-7.87 KNZ L NotOK
. ~114 mm :
As = As 3= 307.88 / 3= 102.62 mmm’ < AS min=
Provided Aqmn= 114 mm’.
2
2 =
.[.J.S..e...z..ﬁ..l..z..IQP.;As,nmyjd,ed..‘—?..z..Z.é.mm_.Z..As,r.@qm.r.qd,..-.1--1-4----m--m--' ---------- Ok
Check spacing :
g= 120-40-20-(2X12) _ 36 1on s 4, =12 > 25mm 0K
Check for strain:
A
ok s.fy, _ _226X420  _ ag oo,
0.85b f; ~ 0.85x120x24
do BB
S oA 45.62 mm
s a-c\ _ 285-45.62
£ = 0.003 (%) = 0.003 (22=222) = 90157 > 0,005 Ok
* Long direction
d=320-20-8- 134 pRE
Positive Moment:

Midspan: (Mu = +15.31 KN.m/Rib )

R,= Mu_ _ _1531x106
S A1
Pbd? 0.9x120x2852 — 1.74 Mpa_
D S 420

= —————

p=$(l— 1_eyz>_ .
@0 )= m(l i \/m
oo | =0.00413

Ag= p.b.d=0 0041
: . 3 x12 i
0x285 = 141.246 mm2,
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ChGCk fOI' As,min .

’ L b
As’mi“ =0.25—[f%__; bw-d Z fy bW

V2 190 x 285 = 99.73 mm?®

As,min =O' 2 5 ZE(-)-

_ 14 150 x 285 = 114mm’ control.
420

As,min

A required = 141.246 mmz'

Check spacing :

e 120—40—210—(2><10) = 40mm >d, =10>25 0K

Check for strain:

Asf 157%420
a= 4 - = = 26.94 mm
0.85b f/  0.85X120%24

a 26.94
C=— == 2
= 1— 0.85 = 31.69 mm

& = 0003 (£5) = 0.003 (Fo22) = 0.0287 > 0.005

Negative Moment :

Discontinuous edge : (Mu = - 5.1 KN.m/Rib )
A BT 8= D3 min? < Asi 114 mm? Nt OK
Provided A pmin= 114 mm?. |

Check spacing :

§ = 120-40-20-(ax10)

1 =4Hmm>d, =10 5 Ok

Check for strain:

v" Shear Design fo- R9):
W. (1/1:=0.85) = 0 g3

W, (la/1b=0.90) =0.79
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Wa (la/lb=0.875) =(.81
35x8.4x20.07 = 1239.12 KN)

al load on the panel being ( 7.
am is (0.81%1239.12x0.52/(2x8 4)

e The tot
e The load
KN)

=31.07

per rib at face of the long be

V= 31.07- 20.07%0.52%0.285 = 28.1 KN

: - il =B
VC%A\/}; bivd= ?\/'2_4 x 120 x 285 x 10 30.72 KN

oV, =0.75%x30.72 =23.04 KN.
0.5 ¢ V, =0.5%0.75x30.72 =11.52 KN

Vimin= 120 X 285 x 107 = 11.4 KN Control

Vimin = V24 x 120 x 285 x 107% = 10.47 KN

(%] Vc <Vu<g(vc +Vs,min)
Case (3) for shear Design : Minimum shear reinforcement

Use stirrups U-shape (2 leg stirrups ) o 10 Ay =2 x 78.5 = 157 mm?>

d
Smax < = < 600 mm d _ 284
2 7 e 142 mm Control.
o s Sdvfr | 157x420%3
T h 120~ 10485mm> S, take S = S, = 142mm
e 164y fye _ 157 x 420 x 16
b/ f¢ 120v22 179466 mm > S,,,. take S = Spax

=142 mm

Use 2-Leg ¢ 10 @1
40
mm , and 2-Leg ¢ 10 @ 200 mm in the middl
1 € space.
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4.8 Design of Column (c21):

4.8.1 Design of Longitudinal Reinforcement :

Select column (C21) for design

pu = 1340 KN
Pn = 1340/(0.65) = 2061.5 KN

Assume pg =1.5%

Pn=0.8* Ag{0.85* fe'+pg(fy — 085/ )} *
2061.5%10~ = 0.8 * Ag[0.85 %24 +0.015* (420 - 0.85*24)]

Ag =0.1m’

Use 60%30cm with Ag = 1800 cm? > Ag req = 1000 cm”

IR T e s o s e

4.8.2 Check Slenderness Effect :

b ACI —(10.12.2)
M2

7

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration=03 h= \/g
Lu=37m
M1&M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effecti
be taken as 1.0.

*#*In 0.3 m-Dirction

(=041 =
g e,

1%3.7
03%03  H-11>22

ve length factor, k, shall be permitted t0

ACI10-12-2

< long Coloumn
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1.2DL _1147.61 _ ¢s6

=

brh’ _0.6*03" | 354107 m!

L5 12 ;
_04%230252*10°6*1.35%107 _ ¢ 737y 2
1+0.856
sl ACI318—2002(Eq. 10—13)
cr (KLu)Z
_314*6T _y eany.
cRs )
M1
Cm = O6+O4( ) ............ ACI318—2002(Eq.10—16)
M?2
Cm=E.. ... According to ACI318-2002(10.10.6.4)
e B R ACI318—2002(Eg. 10~12
L 1—(Pu/0.75Pc)_' ............... (Eq.10-12)

1
1-(1340/(0.75%4.83*10°%))

e =1.59>1

e, —15+003*h—15+oo3*3oo_24mm = 0.024 m
€= eny x5, = 0.024 *1.59 = 0.03816

£=0.03816 .

o e

From Interaction Diagram -

[ __1340 el

4 \06*03 1000 =1079.44 py;
P, =0.01

AP ¥ Ag=0.01%60%30 = 1g o, 2

Used 16 >> #Ofbar g
el 201 — 10

=20 1 cm’->AS req = e
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i ar
e Check for spacing between the b

600—2*40-2%10-4*16 _ 4533
00 P A0E 104716
5= 3

4
> —M.A.S
S = 145.33 mm for 600 mm length of column 2 5

4
S= 76 mm for 300 mm of column> —3— M.A.S

> 40 mm

>1.5db =24 mm

4.8.3 Design of the Tie Reinforcement :

§ <16 db (longitudonal bar diameter,..................... ACI-7.10.5.2
S <48dt (tie bar diameter).

S < Least dimension.

Spacing <16xd, (Longitudinal bar.diameter) =16x1.6 = 25.6¢cm.
Spacing < 48x d ; (tie.bar.diameter) =48x1.0 = 48cm.
Spacing < Least.dim ension = 30cm

. Use 1¢10@25(;m

***In 0.6 m-Dirction

1
U 3q_1p M1

e

: W ACI - (10.12.2)
1x3.35
03x046 186<22

" short Coloumn in

O.6.Dz’rectz'on
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4.8.4 Detail of column 21 :

: 21
(Defcili’ng 0f Colums No. (21) j
> ] 2
10816
(0
L 310@25
L=168 onac
2
i - 22~ Re
52 -

Figure (4-13) : Column Details

4.9 Design of Isolated Footing F21) :
4.9.1 Load Calculation :

Total factored load = 1340 KN.

Total services load = 1031 KN,

Column Dimensions =30*60 ¢m,

Soil density = 18 Kg/em3,

Allowable soil Pressure = 400 KN/m2.
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Assume footing to be about (40 cm) thick.

Jive load =5 KN/m2.

2
q S A00R 5-0.6%18" - 0.4%25 =374.2 kN/m
allow

4.9.2 Determination of Footing Area :

A= 10_3-]; =026 mz
374.2

= 1=17m

Try17% 17 m with area = 2.89m°> A g =2.76m°

Determinate q, = 1340/2.89 = 463.7 KN/m’
4.9.3 Determine the depth of footing based on shear strength:
Assume h=40cm ..... d = 400-75-20 = 305 mm

© Check for one way shear strength

Critical Section at %+ d

a 0.3

E +d = 7 +0.305 = O455m

Vu =463 .7 * (1?7 —0.455)
1

pVe = ¢-(g *Vfe b, *g)

$Ve =0.75 *%* 2

L =31

4*1700*0.305 = 317.52KN

Ve =317.52kN > Vu=311.4KN
. Safe

e (C w n (Punchip
heck for two ay shear actig (Punchj )
g

IO
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Where:

600 _
T300

Column Length (a)
e Column Width (b)

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

b, =2(0.6+0.305) +2(0.3 +0.305) = 3.02m

o

s =40 for interior column

Ll I
¢.VC—¢.6(1+ﬁj

[

o
% ¢12[b /d+2) f.bd=

C o

I bia =%
6

0.75
o0

{

40*0.305

24 %3020 %), 305

88

2
( +5)*\/§Z*3ozo*o.3os =1128.11KN

3.02

=28 11KN

+ 2) *+/24 *3020*0.305 =17034K)



¢V, =1128.11KN ..... Control
Ve =Bk,

T i ;
FR, =0, *area of critical section

Vug = 463.7([1.7%1.7) = (0.6+0.305) * (03 + 0.305)]=1086.2KN

¢Ve=1128.11KN >Vu, = 1086.23KN........ satisfied

4.9.4 Design for Bending Moment:

( Detailing Of Foundation No.(Q@

Y\ O\ o\
N —N\
" 25 |
(o6
\\ g
o
x 3| e L1
QST B |2
§ < =B
\\ :2
ip]
o E
. 11894 Laz‘gg g
| 8\\ oY 180 J

Fi
gure (4-14): Isolated Footing
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2
Mu =463.7*1.7*9'-22— =193.13KN.m

Using Reinforced Concrete.

Mn = 1903'913 =214.59KN.m

=
o M;Z A 214.59><102 S 561
bd 1.7x0.305

e, 20 oo
0.85* /= 0.85%24

p:i 1_\/1_2xm><l€n
i 7

420

1_\/1_ 2x20.588x1.36
20.588

ASpeq. = P*b*d =3.35%10 %265 %55 5
AS Sirintage = 0.0018*b* = 0,0018 * 265 65

ASRC‘L = 1737 > ASShrinkage e 12.246’?)’12

j =13135%10°

=17.37 cm?
=12.24cm?

Select
OIS, s =17 TR = 17.37cm?

[ ——

S I Aty <17.T80m? 517 370

Check of Strain:
As * fy =(.85 S b
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1778 *420 = (.85%24*1700*a

a=21.53mm
G50

¥ = —=——=2533mm
B, 0.85
PR 1003
X 2933

g, =0.033>0.005

= OK

Mu in other direction (short direction)

0.55°

My =463.7*1.7%* =119.23KN.m

Using Reinforced Concrete.

Mn = H:TB =132.48KN.m

Mn _132.48x107

" bd? 17x03050 03 Mpa
> Jy 420

C0.85%fr  0.85%pq 20588

:i[l_ l_zxmen
% 5

= T
20.588 ey 5208540

e 0rh g B
. 2.035%10 3*170*30.5:10.55 cm?

170%40 = 12 94, -
Shrinkage = 12240}112

ASShrinkage = 00018 *b *h = 0-0018 *
Asg., =10.55 < As

Sel
elect 5¢18....Asprovided =12.7cm? < 12.24cp,2

SR i s

rovied =12 7cm? 1250,

il

—



Check of strain:
As * fy=0.85 xf*b*a

1270%420 = 0.85 *24%1700*a

a =15.38mm

x____fl_=l_5_'i§=l8.1mm
B, 0.85

s A0 18 1003
T

g, =0.05>0.005

=1OK

4.9.5 Development Length of main Reinforcement for Mul :

9 Fy lpelpslpt 5

l —_——

dreq R 10 *A\/fc- % ktr+cb
db

db

Ktr = 0 (No stripes)

cb smallest of :

1= = = g
ch =75+ 18 = 93¢m or 2—§= 127.67 cm

Sincea = the smallest distance between bar -

ktr + cp 0+ 93

ktr + ch
S =)L

(7))

9
ldreq 2\*&*1*1*0-8

1xv22 T*18=444.4mm

Ld avaitape = 1700/2 75—

775 mm

Ld

available= 775 mm > ldreq = 444‘ 4-771
“TMmm
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o not required hook

4.9.6 Design of dowels :

p,= 1340 KN

¢.Pn = .(0.85fc'4g)
4.Pn = 0.65*[0.85*24* (300 600)]/1000 = 2386.8KN

But Pu=1340 < ¢.Pn = 2386.8KN

Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As,;, =0.005* Ag = 0.005*30%*60 = 9cm?

Use the column bars as a dowels
Select 4018

ASp, pyized =10.16cm® > Asg,, =9cm?

_ 0245 . 0.24%420
Ld(])req— dezT‘llg =37cm 5

Ldareg = 0.043 xfy xdb = 0.043 x420 x 1.8 = 3, S5cm
Ld(2)req = 32.5cm < Ld()eq=37cm = control

Ls =53.68cm

Available Ld = 4()
TAUEY S0 o
0=28.9 cm.

Using hook >16% ¢
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4.9.7 Isolated F ooting Detail:

=
g
>

$10/100m_ ﬁfl / 7
+0.45n' 2 \ {
r_ 7 B ‘——-‘% \F
PELS 55
L Do
-0.30m D 3
v— A N

13614 L=240 K =l
Jo. 70 60 70 10
10 209 1
5% 220 iy

Figure (4-16): Isolated F ooting Detail

4.10 Design of Stairs :
4.10.1 Determinatiop of Slab Thickness:

L=0443.6+0.93 =493
heeq=1/20

his AL

Breg =493 / 18 = 97 3 cm

e = =
eq =493 /20 = 2465 CIm o o
= Useh = o - . =

— -1 1
a=tan (rise/run) < tan?

Cos a = 0.89
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3.6 5 185 025
Rl ——— b

[‘“ﬁ
Ein T
( Sl
]
S2
2
0 N
Ta JL \Sl/
bl—

Figure (4-17) : Stairs plan

4.10.2 Load Calculations:

4.10.2.1 Load on Stringer:
Dead Load:

Tiles = 0.03*27*((0.35+o.15)/0.30) =1.35 KN/m.
mortar = ),02%)7 *(0.15+0.30)/0.3) = .66 KN/ m,
Plaster = (0,03+27), (Cos 26.57) = g.73g KN/ m,

Steps = ((0.15%0.3y/2) # 95/ 3 _ 1.88 KN/ m
Slab =25 %0.35/ (s 26.57

= 8.945 KN/ m,
Total deaq load 13.573 KN
= / m
Live load:
Live load for Stairs =5 KN/ m?2
Factoreq load fq, flight - .

S ) TS
Bt 1ges- 24.3 KN/ 2

95
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' = m.
For one meter Strip, g4 — 24.3 KN/

4.10.2.2 Load on Janding :

Dead Load: ;
Tiles = 0.03*%22 = 0.66 kN/m

Mortar =0.02%22 = 0.44 kN/m”
Slab =0.32%25 =8 KN/m?
Plaster = 0.03*23 = 0.66 KN/m”.
Total dead load =9.79 KN/m.

Live load:
Live load for stairs = 5 KN/ m>.

Factored load for landing :

qu =1.2%¥9.79+ 1.6 *5=19.71 KN/ m>
For one meter Strip, gu =19.71 KN/ m.

Considered in each direction for landing (two way) 19.71/2= 9.86 KN/ m

4.10.3 Design of Sheay :

Ass 1
ume @ 12 for main reinforcement'—

So, d =250-20 -12/2 = 294 mm =29 4
-4 Cn

Vu=39.84 KN .

e~ PUITb, 2
6
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For one meter Strip, qu = 243 KN/ m.

4.10.2.2 Load on landing :

Dead Load:
Tiles = 0.03%22 = 0.66 kN/m”

Mortar =0.02%22 = 0.44 kN/m’
Slab = 0.32*25 =8 KN/m>
Plaster = 0.03*23 = 0.66 KN/m>.
Total dead load =9.79 KN/m.

Live load:
Live load for stairs = 5 KN/ m®.
Factored load for landing :

qu =1.2%9.79+ 1.6 *5 = 19.71 KN/ m>.
For one meter Strip, gqu =19.71 KN/ m.
Considered in each direction for landing (two way) 19.71/2=9.86 KN/ m .

4.10.3 Design of Shear :

A e
Assume @ 12 for main reinforcement:-

So, d=250-20-12/2 = 294mm =294 cm

Vu=39.84 KN .

¢VC=M
6

e = 075%24 *1000*294
== 0% 904
6 =180Kn
Vu=3984 KN < ¢VC:180 KN

39.
€quire

d.
So the depth of the stair is OK.
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4.10.4 Design of Bending Moment :

Mu = 39.6 kN.m

Mn =Mu/0.9=39.6/0.9 =44 KN.m.
d=29.4 cm.
_ Mn
" hd
44 %105

A 051MPa .
K, 1000 * 2942

TRERE
0.85x fc'

=20.588
0.85x 24

* *
p=i = 1_% il A i I—M =1.23%103
m f, ) 20583 420

A8, = 1.23%10°*100%29.4 = 3 ¢ cm®
A5, =0.0018*b* , = 0,001 8 210080 =5 7. 2
4

Use

Smin=15.76 cm? > 4s,,.= 3.62 cm?

Use ® 125> 5767113 ¢
o with As

=(100/17.5y%1 13 = 6.46 cm?.
As provided = 6.46 > Ag req=

0k e OK
Check for Strain:

Tension = Compression
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4.10.4 Design of Bending Moment :

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

Mu=39.6 kN.m
Mn =Mu/0.9=39.6/0.9 =44 KN.m.
d=294 cm.
i Mn
N bd2
_ 44*10°
" 1000 *294?

s
0.85x fe'

420

m = =20.588
0.85x 24

Vol ==l I—L = 1 o I—M =1.23*107
m 7 20.588 420

Asreg = 1.23%10°%100%29.4 = 3,67 oy
4

=0.51MPa .

Smin =0.0018* 5% 1 = 0,0018 #1¢¢ *32 =5.7cm?
A4

Use

Sun= 376 om®> 45 = 36 o2

Use @ 12 >>> 576/113 = 6

Use 10 12 @17.5 cm c/c

=(100/ [7.5)*1.13 = 6.46 cm>
As provided = !

........................ OK.
Check for Strain:

Tension = Cornpression

7/




A% fy=085%fe' *b*a
646 * 420 = 0.85%24 *1000 *a
a=133mm

@ s

x:-—:——=15.6mm
B, 0.85

St 294 -15.6
SR (1505
g, =0.0535 > 0.005——>0k

*0.003

4.10.5 Secondary reinforcement:

=0.0018xbx A =0.0018x100x32 = 5.76cm’

ASShrinkage

Use @10 @ 12.5Cm ..evvvninnnnnnnns With As = (100 / 12.5)*0.79= 6.32 cm”.
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f

ils:
at section (A-A) Detal

4.10.6 Stairs

Figure (4-18) : Stair Section
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S

Figure (4-18) : Stair Section
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§ 06 Bhairs at section (A-A) Details:




ings 1.5
A: Architectural Drawing
dix A:
Appen
i 5
dix S : Structural Drawings 2
Appendix S :

35
Appendix ¢

Ll g odladl 45
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APPENDIX (A)

ARCHITECTURAL
DRAWINGS

This appendix is an attachment with this project
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APPENDIX (S)

STRUCTURAL
DRAWINGS

This appendix is an attachment with this project

G o
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ss OF
INIMUM THICKNES
TABLE 9"5%’");75“@,50 BEAMS OR ONE-WAY SLABS
NONPRESTR ARE CALCULATED

Iiess DERLECTONS AR e
e Minimum thlckness,

nd Both ends _
s continuous Cantilever

ttached to partitions or
bers not supportin g ora
mg]r :onstructlon likely to be damaged by large

Member deflections.
Solid one 8 2110
. 0 ¢/24 )

way slabs ¢12
Begn:js or

i one-
:l:/gyeslabs £/16 ¢/18.5 ¢ /21 £/8

Notes

Vgll?es given shall be used dlrectly for members with normalweight concrete

forcement. For other condi-

(densnx w, = 2320 k /m3) and Grade 420 rein

tions, the values shall e modmed as follows:

a) For structural hﬁhtwelght concrete having unit density, w, et in the range
0

1440-1920 kg/m3, the values shall be multi lied
less than 1 Og plied by (1.65 - 03w,) but not

b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + f,,/700).

Table @(/;EEI,MUM THICKNESS OF NONPRESTRESSED BEAMS OR
-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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el ally siladi3 5

crete Institute (A.C.D,

1. American Con
de Requirement for structura

2. Building c0 1 concrete (ACI-318M-08).

3 Uniform Building Code (UBC).
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