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Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
A = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

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

b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

fc = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Xi



Pu = factored axial load

S = Spacing of shear 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.

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003.
&, = strain of tension steel.

&€ = strain of compression steel.

p =ratio of steel area .
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Chapter Four (4)

Structural Analysisand Design

4 — 1 Introduction.

4 - 2 Factored Loads.

4 - 3 Determination of thickness.

4 -4 Load Calculation.

4 - 5 Design of Topping.

4 -6 Design of rib (1) in the ground floor slab.
4 -7 Design of Two Way Rib Slab.

4 — 8 Design of Beam (1) in the Ground floor slab.
4 -9 Design of long Column (2).

4 — 10 Design of short Column (77).

4 — 11 Design of one way solid slab.

4 - 12 Design of stair.

4 — 13 Design of I solated Footing .

4 — 14 Design of shear wall.



4.1: Introduction

Concrete is a construction material composed of cement (commonly Portland
cement) as well as other cementitious materials such as fly ash and slag cement,
aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a
fine aggregate such as sand), water, and chemical admixtures. The word concrete

comes from the Latin word "concretus", which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a
chemical process known as hydration. The water reacts with the cement, which bonds
the other components together, eventually creating a stone-like material. Concrete is
used to make pavements, architectural structures, foundations, motorways/roads,

bridges/overpasses, parking structures, brick/block walls and footings for gates.

In This Project, there are three types of slabs: solid slabs, one-way ribbed and
two-way ribbed slabs. They would be analyzed and designed by using finite element
method of design, with aid of a computer Program called " ATIR- Software" to find
the internal forces, deflections and moments for ribbed slabs, and then hand

calculation would be made to find the required steel for some members.
The design strength provided by a member, its connections to other members, and
its cross-sections in terms of flexure, and load, shear, and torsion is taken as the

nominal strength calculated in accordance with the requirements and assumptions of
ACI-code.

4 .2 : Factored L oads.

The factored loads on which the structural analysis and design is based for our project

members, is determined as follows:

Ou=12DL +16L.L ACl -318-05



4.3 Determination of Thickness:

4.3.1 Determination of Thicknessfor One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):

Spans from left to right for one way slab:

L 6.20
— — =0.335m ACI-318-05
18.5 18.5
L5 _o50m
21 21

4.3.2 Determination of Thicknessfor Two Way Rib Slab:

3 3
Ib= bh = 08(0.35) =0.00311
12 12

3 3 3
b o.52(o.29355) B 0.4(0.031355) N 0.12(0.26645)  0.008989

~0.008989

x 7.625=0.01318
0.52

_Ib _0.00311
' Is 0.01318

~0.008989
0.52

=0.2359

x7.15=0.0124

Is,

_Ib 000311
> Is 0.0124

~0.008989
0.52

0.25

Is3 x5.5=0.009507

Ib 0.00311
a3d= = =0.
Is 0.009507

o 0.008989
0.52

x9.4=0.01624



4 1b _0.00311
s 0.01624

a, =025

=0.19139

0.2<a, <2

_ Ln(0.8 + fy/1400)
" 36+5b(a,, —0.2)

b= ST 1.3566
7.15

420

36 4+ 5 =1.3566(0.25 = 0.2) " 36.339
Select h=35>33.5cm.
Select h =25 cm for Two solid slab .

=0.2936 m

4.4:Load Calculation:

4.4.1: One- way ribbed dlab.

For the one-way ribbed slabs, the total dead load to be used in the analysis and

design is calculated as follows:

TR b sy 3§ emwnpmen Gty oy —

oy
Holure Bl f 25<m ] - 3

Fig. (4-1) One way rib slab



Calculation of the total dead load for one way rib slab is shown in the following
table:
Table (4 - 1) Calculation of the total dead load for one way rib slab.

No. | Partsof Rib Calculation

1 Rib 0.12*0.28*25 = 0.84 KN/m

2 Top Slab 0.08*0.52*25 = 1.04 KN/m

3 Plaster 0.02*0.52*22 = 0.2288 KN/m
4 Block 0.28*0.4*9 = 1008 KN/m
5 Sand Fill 0.07*0.52*16 =0.5824  KN/m
6 Tile 0.03*0.52*23 =0.3588 KN/m
7 Mortar 0.02¥0.52*22 =0.2288 KN/m
8 partition 1*.52=0.52 KN/m

4.8 KN/m

Nominal Total Dead Load:

D.L. tota = 0.3588 + 0.2288 + 0.5824 + 1.04 + 1.008 + 0.84+0.52+0.2288 =
4. 8KN/m of rib

Live load =5 * 0.52 = 2.6 KN/m of rib

4.4.2: Two-way ribbed sab :

For the one-way ribbed slabs, the total dead load to be used in the analysis and

design is calculated as follows:

LA Ry

Chmel Bars —

T4

Hoflows Bock § 27om ) —

Fig. (4-2) Two way rib slab



Calculation of the total dead load for one way rib slab is shown in the following
table:
Table (4 - 2) Calculation of the total dead load for two way rib slab.

Dead load:

Tiles 0.03 x0.52x0.52x 23 =0.186576 kN/ rib
Mortar 0.02 x0.52x 0.52 x 22 =0.118976 KN/ rib
Coarse Sand fill 0.07 x0.52 x0.52 x16 =0.3028 KN/ rib
Topping 0.08 x0.52 x0.52 x 25 = 0.5408kN/rib
Concrete Rib 0.25 x(0.4+0.52) x0.12 x25 =0.7728 kN/ rib
Block 0.28 x0.4x0.4 x9 =0.0.4032 kN/ rib
Plaster 0.02 x0.52 x0.52 x 22 =0.118976 kN/ rib
partition 0.52x0.52 x1 =0.2704

Nominal Total Dead Load = 2.714 kN/rib
WuD=1.2x2.714/(0.52)? =12.048KN
WuUL =1.6 x 5= 8 kN/m?

4.5 Design of Topping:

4.5.1 Design of Topping for Ribbed Slab:

Dead load = (0.66+0.44+1.12+2+1)=5.22 KN/m

Tepg
\'.

Wu = (1.2 * 5.22) + (1.6 * 5)
=14.3 KN/m

—> For a one meter strip Wu = 14.3 KN/m

ol Bk D ETim]

Assume slab fixed at supported points (ribs):

Wu * 1?2

Mu 12

_14.3*0.4°
12

Mu =0.191 KN.m

fr =0.42x,/ fc'(MPa) ACI-318-05 Fig. (4-3) Toping of slab



fr = 0.42 x \/24(MPa) = 2.057 MPa

=2.057 *1000 = 2057.57 KN / m?
Mn=fr*s
bh® 1.00x(0.08?)
-
Mn =2057.57* 1.06x107° =2.181 KN.m
® Mn =0.55* 2.181=1.19956 KN.m

S= =1.06x10°m’

@® Mn =1.19956 KN.m > Mu = 0.191 KN.m

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

p =0.0018 ACI-318-05
AS:p*b*h:O.0018*lOOO"‘8O:l44mm2

\Use®8@250m

4.6 Design of Rib (1):

—— ) ¥ = O
< 1]
/ ~ L
]
= #J.
2 ! £
R1

Fig.(4-4) Rib location



By using ATIR program we get the envelope moment and shear diagram as the

follows:-

& EE m _& 3433 m & 2.5o m%

Fig. (4 - 5) Spans length of rib (1).

=234

Fig. (4 - 7) Shear diagram for rib (1 )-(KN).



4.6.1 Design of Positive Moment :

Effective Flange width ( b.) ACI-318-05

b For T- section is the smallest of the following:
be =2.56/4=64cm
b =12+ 16t=12+ 16 (8) =140 cm

be =52 i control

» Use M, max positivefor span = 25.5 kN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m

d=350-20-10-6=0.314m

® Mn =0.9*0.85* fc*b*hf* (d- hf/2)

= 0.9*0.85*24*0.52*0.08*(0.314-0.08/2)=209.274 KN.m

® Mn =209.274 KN.m > M, = 25.5 KN.m

Design as a rectangular with b, =52 cm

AS min = \/_(b w)(d) ACI-318 -05

Nen

AS min = (120)(314) =109.877mm>
4(420)

1.4
in =——(bw)(d
A 'S min (fy)( w)(d)

A S min =i'—2‘; (120)(314) =125.6mm?

fy 420

~ = =20.588
0.85fc  0.85(24)

Mn  (25.5/0.9)*(10)®

n= =220 S —=0.5526
bd (0.52)(0.314 )
* *
C_A(y . f_2me )1 1—\/1—2 20 588 *0.5526 | _ . 10134
m fy 20 .588 420

As = 0.001334(520) (314) = 217.821 mm?> AS min = 109.877 mm’



# of bars = A / Aspar = 217.821/113 = 1.927 * Note Agir = 113 mm?

~ Select bottom bars 212

Total AS (providey =226 mm?® > 217.821 mm®

* Check Strain:

Tension = Compression
A x fy=0.85x f xbxa

226 x420=0.85x24x520x a
a=38.948mm

085 085
0.314-0.01052

e =
® 0.01052
e, =0.0865> 0.005

% 0.003=0.0865

» Use M, max positivefor span = 8.4 kN.m
® Mn =209.274 KN.m > M, =8.4 KN.m

Design as a rectangular with b. =52 cm

AS min = \/_(b w)(d) ACI-318 -05

e

ASmin =
4(420)

(120)(314) =109.877mm’
1.4
A'S min =——(bw)(d
S min (fy)( w)(d)

A S min :% (120)(314) =125.6mm°

fy 420

~ = =20.588
0.85fc  0.85(24)

* -3
Mn :(8.4/0.9) (10) _0.182

“bd?  (0.52)(0.314)2




* *
oAy _2mkn )1 1_\/1_2 20 588 *0.182 | _ 1 1oo4ae
fy 20 .588 420

As =0.001(520) (314) = 163.28 mm?> A S min = 109.877 mm?
# of bars = Ag / Ay = 163.28/113 =1.44 * Note Agpp = 113 mm?

Select bottom bars 2912

* Check Strain:

Tension = Compression
A x fy=0.85x f /xbxa

226 x420=0.85x24x520x a
a=28.948mm

a 8.948
C=——=

085~ 085 = 1053 mm

_ 0.314-0.01052

e
® 0.01052
e, =0.0865> 0.005

% 0.003=0.0865

4.6.2 Design of Negative Moment for (Rib 1):

The maximum negative moment from spans with support is
Mu = 19.8 KN.m

m = 20.588
* -3
o - |\/|n2 _19.8/0.9 (10)2 186
bd (0.12)(0.314)
* *
oAy f_2mn ) 1 1_\/1_2 20.588 *1.86 | _ 4 qo45
m fy 20 .588 420
A's =0.00465(120) (314) =175.26 mm’ > AS min = 109.877 mm?

# of bars = A/ Agpyr = 166.5/113 = 1.55 * Note Aepp = 113 mm?

Select bar 2 ® 12 |




Total AS (providey = 226 mm?

* Check strain:

Tension = Compression
A x fy=0.85x f /xbxa
226x420=0.85x24x120x a

a=38.77mm
_a 817 _
=085 08 oocmm
e, = 0-314-0.0456 _ , 03— 0.01765
0.0456
e, =0.01765> 0.005
Ok.......
Mu = 4.4 kN.m
m = 20.588
* -3
_ |\/|n2 _4.4/0.9*(10) " 04132
bd (0.12)(0.314)
* *
A N A R 1_\/1_2 20588 *0.4132 ) _ o o000
m fy 20 .588 420
A s =0.001(120) (314) =37.68 mm? < AS min = 109.877 mm?
# of bars = A / Aspar = 109.877/113 =0.97 * Note Ap1z = 113 mm?

' Select bar 2 ® 12
Total AS (providey = 226 mm?

* Check strain:
Tension = Compression
A x fy=0.85x f /xbxa

226x420=0.85x24x120x a
a=38.774mm
a 38.77

€=—=

085~ 085 = 45.62 mm

o _0314-0.0456
: 0.0456
e, =0.01765> 0.005

% 0.003=0.01765



4.2.3 Design of shear for rib (1):

ACI - 318 — Categories for shear design:
VU critical = 25.4 KN

Use ®8 with two legs

Av =2 x50 =100 mm2

Vu < chVc
1. 2

f’
(DVC:(I)\/G—bede

20.75*@x0.12x0.314*1000
=23.1 kN

1
Vu > E(D \c............not control

2. %CDVC <Vu < dVc

1.1*11.54<25.4<1.1*23.1
12.69<254<254
OVe>Vy i, control
Select @8 @ 25 cm c/c for practical purposes

4.7 . Design of two way ribbed slab:

Nominal Total Dead Load = 2.714 kN/rib
WuD=1.2x2.714/(0.52)? =12.048KN/m?
WuL =1.6 x 5= 8 kN/m?

471 :findVuonrib:

Vud = (3.4-0.32)x(12.048 +8)x 0.52 = 32.1102KN / rib
VU = (3.4-1)x (12.048 +8) x 0.52 = 25.02KN /rib

f\Vc = %\/ﬁx 0.12x0.320x1000 = 23.515KN

1.1f Vc = 25.866 KN



stmin:f—bde zf—x fc' xbwxd
3 16

fVsmin = O';S % 0.12 x.286 x1000 = 8.58

> 0'25 x /24 x 0.12 x 0.286 x 1000 = 7.88
item:3

fVe<Vu<fVc+fVsmin
25.866<32.11<34.44

s<600<d/2---286/2=143mm
Av _ 1xbw
—_—2>
s 3xfyt
Av 1x0.12 \ 24
—_—2 > X
S 3x420 16x420
& > 0.0000952 > 0.0000875
S

A _ 0.0000952
S
2x50*10°°
5= _1

©0.0000952

0.12

Use 2n 8 @ 15 cm c/c for Im. and then use n 8 @20 cm for middle space .

4.7.2 : Design for the negative moment:

Ma-ve=0.071x(12.048+8)x6.8 ?x0.52=34.22 KN.m
Ma-ve=0.029x(12.048+8)x8.4 ?x0.52=21.33 KN.m

Maximum moment is M-ve=34.22KN.m

fy 420

m= = =20.588
0.85x fc 0.85x24

_Mu/® _ (0.03422/09) 0000

" bxd?  0.12x(0.31)2

k



1 L, 2xmxkn
r :E(l— 1—T)

oo \/1_2x20.588><3.297)
20.588 420
r =0.0086

As=0.0086x120x310
As = 320.43mm?

1.4 V24
As . =-—""_(120)310)>0.25~-"(120)310
i = (a0 1200810)> 025 120)510
ASmin =124mm? > 108.477 mm?
Use bars with @ 14

As =320.43/154=2 bar ® 14

e Check for strain
T=C
Asxfy=0.85x f_xbxa

308x420=0.85x24x120xa
a=52.843mm

a 52843

=085 085

=62.17 mm

o 0.310-0.0621

® 0.0621
e, =0.012>0.005

x 0.003=0.012

= 0Ok

4.7.3 : Design for positive moment :

Ma+ve=[Cadl.W.La%]

(ACI - 318 - 05)

Ma-+ve=[0.039x12.048x6.8 +0.048x8x6.87]x0.52= 20.53 KN.m
Ma+ve=[0.016x12.048x8.4 2+0.02x8x8.4°]x0.52=12.94KN.m

Maximum moment is Ma+ve=20.53KN.m



Check 2 ® 12 for positive moment:
d=350-20-8-12 =310 mm
Tension = Compression
A x fy=0.85x f 'xbxa
226 x420=0.85x24x520x a

a=8.947mm
L LTy,
“~os8s 085 ~ooofmm
o, = 9310-00105 4 503 0856
0.0105

e, =0.0856 > 0.005

® Mn=As*fy*(d-a/2)

= 2* 113 * 10°*420 *( 0.310 — 0.008947/2) *1000=29 KN.m
® Mn =29 > Mu = 20.53
Ok ...

Check 2 @ 14 for negative moment:

d=350-20-8-14 =308 mm
Tension = Compression

A x fy=0.85x f 'xbxa
308x420=0.85x24x120x a
a=52.84mm

_a _5284_
=085 o085 |o-oomm

6 0.308 - 0.062
° 0.062
e, =0.0119>0.005

x0.003=0.0119

dMn=As*fy*(d-a/2)

= 2* 154 * 10°*420 *( 0.308 — 0.05284/2) *1000=36.425 KN.m
® Mn = 36.425 > Mu = 34.22
Ok ...



4.8 : Design Of flexurefor beam:-

& T

00

Fig. (4 - 8) Moment diagram for Beam (1 )-(KN.m).




- .
i i
I M3

Fig. (4 - 9) Shear digram for Beam (1 )-(KN.m).

4.8.1: Design of positive moment :

C.. = %*d = 3*300 =128.57mm

a,, =0.864xC_, =0.864x128.57 =109.28mm

0.10928

Mn,_. =0.85x fc x0.6x0.10928 x (0.3 — ) *1000 = 328.19kN.m

® Mn,_, =0.82 x328.19 = 269.116>197.3 KN.m

** Design as singly .

TakeMu =197.3 kN.m ............ from Atir program

Mn _ 197.3/0.9x10°

Kn = > = -—=4.06 Mpa
bxd 600 x (300)
m= 420 50588
0.85* 24
1 2mKn
=_(1- [1-
p=— ( y )
0= 1 L- \/1_ 2(20.588)(4.06) ) = 0.01088
20.588 420

As = 0.01088 (600) (300) = 1959.6 mm?.

ps =V (bw)(d)z%(bw)(d)—%ACl _318-05)

"a(ty)
V24 14
As . = 2020) (600)(300)> 0 (600)(300)




As_.. =524.89 < 600 —— Thel arg est iscontrol .

As. .. =600mnt
A 19596
# Of bars = e = =717 Note Agp1g = 254 mm?2
254
Select bottom bars 8 ® 18 mm. Total As= 2032 mm?®

Check for yielding:

Tension = compression
As*fy=085*f . *b*a
2032x420=0.85x24x600x a

a=69.725mm

_a _69.725
T 085 085

c = 82.029 mm

o 0.300-0.082
s 0.082

e, =0.00797>0.005

x0.003=0.00797

Mu =185.9 kKN.m

Mn _ 185.9/0.9x10°

Kn = > = -—=3.82 Mpa
bxd 600 x (300)

m= 420 50588
0.85* 24
1 2mKn

=_(1- [1-

p=— ( y )

0= 1 L- \/1_ 2(20.588)(3.82) ) = 0010
20.588 420

As = 0.01 (600) (300) = 1828.3 mm?.

ps =V (bw)(d)z%(bw)(d)—%ACl _318-05)

"a(ty)
V24 1.4
As . = 220) (600)(300)> 0 (600)(300)

As .. =524.89 <600 —— Thel arg est iscontrol .



As,.. =600mnT

18283

# Of bars = AS,eq =——=7.2 Note Ap1s = 254 mm?2
As_ 254

Select bottom bars 8 ® 18 mm. Total As= 2032 mm?®

Check for yielding:

Tension = compression
As*fy=085*f.*b*a
2032x420=0.85x24x600x a

a=69.725mm
_a _69725
=085 o085 oo
o, = 030020082 503_0.008
0.082

e, =0.008>0.005

Mu =161.6 KN.m

_ Mn _ 161.6/0.9x10°
bxd?  600x(300)°

_ 420
m= ——
0.85*24

Kn

=3.325 Mpa

=20.588

2mKn
fy

o= L (- \/1_2(20.588)(3.325)
20.588 420

)

p:i(l_ 1-—
m

) =0.00869

As = 0.00869 (600) (300) = 1565.08 mm’.

P
"oa(ty)

NeY 1.4
4(420

(bw)(d)> %(wad)——)(ACI ~10.5.1)

As_ .. =———(600)(300)>——(600)300
S = 7 (600K300) > = (600)300)

)

As .. =524.89 < 600 —— Thel arg est iscontrol .



As . =600mnt

156508

# Of bars = e = =7 Note Aeyg = 254 mm2
As_ 254

Select bottom bars 7 & 18 mm. Total As= 1778 mm?

Check for yielding:

Tension = compression
As*fy=085*f.*b*a
1778x420=0.85x24x600x a

a=61mm
_a _8 45
=085 o085 'Tffmm

~ 0.300-0.07177

e
s 0.07177
e, =0.0954 > 0.005

x0.003=0.0954

4.8.2 : For the negative moments ( 238.9) KN.m

Mn _ 238.9/0.9x10°

Kn = = >—=4.91 Mpa
bxd?  600x(300)
1 2mKn
=_(1- 1-
p=— ( y )
0= 1 L- \/1_ 2(20.588)(4.91) ) = 001350
20.588 420

As = 0.01359 (600) (300) = 2446.6 mm’ > As,. =600mnT .

ASe. 24466
254

# Of bars = 9.6 Note Ap1g = 254 mm?2

ar

Select Top bars 10 ® 18 mm. Total As= 2540 mm?



Check for yielding:

Tension = compression
As*fy=085*f.*b*a
2540 x 420=0.85x 24 x600 x a

a=_87.1568mm
__a _#811s68 . .,
©T085 o085 oYM
e, = 0-300-0.1025 1, 403 0.00578
0.1025

e, =0.00578>0.005

Mu =216.8 kN.m

Mn _ 216.8/0.9x10°

Kn = > = -— =4.46 Mpa
bxd 600 x (300)
_ i (- - 2mKn )
m fy
0= 1 L- \/1_ 2(20.588)(4.46) ) =0.01213
20.588 420

As = 0.01213 (600) (300) = 2184.28 mm* > As,,, =600mn? .

ASe 218428

=8.59 Note Agp1g = 254 mm?
As, 254

# Of bars =

ar

Select bottom bars 9 & 18 mm. Total As= 2286 mm?®



Check for yielding:

Tension = compression
As*fy=085*f.*b*a
2286 x 420 =0.85x 24 x 600 x a

a="78.44mm
a_ _7844 o
085 085 mm
e, = 0-300-0.0922 4 503-0.00676
0.0922

e, =0.00676>0.005

4.8.3 Design of shear for Beam :

ACI — 318 — Categories for shear design:
VU gritical = 283.1 KN

Use ®8 with 4 legs

Av = 4 x50 =200 mm2

dVec=0 “gc xb, xd

®Vc=0.75x \/2_4 x0.6x0.3*1000= 110.227 KN

dVs, 20.75(%)xwadz% fc' xbw xd

Vs, _075(1)><06><O3 103>01£\/_4x06><03><103

®Vs,_, > 45, 5kN > 41.33kN
®Vs,, = 45.5kN

Ve + OVs,, =110.227 + 45.5 =155.727kN

®dVc+dVs , <Vu< q)VC+CD><%W/ fc xbwxd

4 fc'
@Tx bwxd =0.75x% \/5_4 x0.6x0.3*1000 = 220.45KN

d)VC+CD><3w/fC xbwxd =123.23 + 246.47 = 369.7 >Vu



All Vud Are withinitem4 ............ So ..
Vu =283.1 kN.
dVs,, + dVc=Vu

req

= ®Vs,, =Vu-®Vc=282.2-110.227=171.973kN

_ OxAvx fyxd 0.75x200x420x300
hat dVs 171.973

reg.
3322@215(171
2 2

S 1icm

Select @8 @ 10cm c/c  (41leg)

VU critical = 2621 kN
Use ®8 with 4 legs
Av =4 x50 =200 mm2

dVe=0 “gc xb, xd

®Vc=0.75x \/2_4 x0.6x0.3*1000= 110.227 KN

dVs 20.75(%)xbw><d20i—25 fc' x bw x d

0.75

Vs, 20.75 (%) x 0.6x0.3x10° > 16 V24 x0.6x0.3x10°

®Vs, . >45.5kN > 41.335kN

®Vs,,, = 45.5kN

OVC + Vs, =110.227 + 45.5 =151 .56kN

®Ve+DVs,,, <Vu < CDVc+cI>><%,/ fc xbwxd

4 fc
@Tx bwxd =0.75x \/2_4 x0.6x0.3*1000 = 220.45KN

dVe + d x %1/ fc xbwx d =110.227 + 220.45 = 330.68 > Vu

All Vud Are withinitem4 ............
Vu=262.1 kN.



®Vs,, +dVe=Vu
= ®Vs,, =Vu-®dVc=262.1-110.227 =151.873kN

~ OxAvx fyxd 0.75x200x420x300
hat dVs 151.873

reg.
Sggzﬁzl%m
2 2

=12.50cm

S

Select 8@ 125cm c/c  (4leg)

4.9 : Design of long column(C2) :

4.9.1 Load Calculation:

p, =1900KN
=90 Hga3KN
=" 0.65

User =rg=16%

Pn=0.8* Ag{0.85* fc+r g(fy —0.85fc’)}
2.923=0.8* Ag[0.85* 24 + 0.016 * (420 — 0.85* 24) ]

Ag =0.1363m’
Use 0.3x0.6 cm with Ag =0.18m? > Agreq = 0.1363m?

4.9.2 Check Slender ness Effect:

e In 0.6 m-Dirction

MU _gy_ppML ACI - (10.12.2)
r M2

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

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

Lu=3.7 m
M1/M2 =1



K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

KU gq_pp ML ACl - (10.12.2)
r M 2

X387 5055 < 22

0.3x0.6

. short Coloumn in 0.6m:dirction

e In0.3m-Dirction

kI—“<34—12% ............... ACI —(10.12.2)

r

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

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

Lu=37m

M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

MU gq_pp ML ACI — (10.12.2)
r M 2

1x3.7

0.3x0.3

~.long Coloumn in 0.3m:dirction

=41.11< 22

E.l
El =04—% ... [ ACI 318 — 05 (Eq. 10 —15)]
1+Db,

E, = 4750,/ fc' = 4750 x +/24 = 23270.15Mpa
_1.2DL _ 1.2*(496)

b, =0.313
Pu 1900
3 3
I, = bxh _ 0.6x0.3 _ 0.00135 m*
12
£y - 0:4x23270.15x0.00135 _ o o1 2
1+0.313
p °El
Py=—— ACI318 - 05(Eq. 10 —13)
(KLu)
 3.14% x9.57

= onan) - Be%MN.



Cm = 0.6 + 0.4(£J ............ ACI 318 - 05(Eq.10 —16)

M 2
Cm =1 ... According to ACI 318 - 05(10.10.6.4)
dnsszl.O ............... ACI 318 — 05(Eg. 10 —12)
1 Pu
0.75 P,
d,. = 1 =1.58 >1
e 1 1900
0.75 x 6892

e =15+0.03xh=15+0.03x300 = 24mm = 0.024m
e=e_ xd, =0.024 x1.58 = 0.03792

e 0.03792
h

=———=0.1264
0.3

min

in

From Interactio n Diagram

fP, 1899.96 y 145
A 0.6*0.3 1000

9

r, =001

=1.530 Ksi

A, =1 x A; =0.01x 600 x 300 = 3600 mm? ¢
. usel2f 14

4.9.3 Design of the Reinfor cement:

S <16 db (longitudonal bar diameter)............c.coc..... ACI -7.105.2
S < 48dt (tie bar diameter).

S < Least dimension.
spacing <16 xd, =16 x1.8=28.8 cm

spacing <48 xd, =48x1.0 =48 cm
spacing < least.dim.=25cm
Usef 10@ 25cm



4 — 10 Design of short Column (77).
4.10.1 Load Calculation:

Pu = 5000 KN
Pn =5000 /(0.65) =7692.3 KN
rg=0.016

Pn=0.8* Ag{0.85* fc+r g(fy—0.85fc’)}

7692.3*107 = 0.8* Ag[0.85* 24(1— 0.016) + 0.016 * 420]
Ag = 0.3588m’

Try 0.7*0.6 cm with Ag = 0.42m?

4.10.2 Check Slender ness Effect:

Lu=3.7m
M1&M2 =1
K=1
e In 0.6 m-Dirction

KU gq_qp ML ACl - (10.12 .2)
r M 2
*
1737 5055 < 22
0.3%0.6

.. short  Coloumn
Pn =0.8* Ag {0.85 * fc'+rg(fy —0.85 fc')}
7692 .3*10 ° =0.8*0.42[0.85 *24 (1-rg)+ rg™>420 |
rg = 0.00624
A, =1 *A, =0.01*700*600 = 4200mm?
. Select 17f18

4.9.3 Design of the Reinfor cement:

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

S < Least dimension.

spacing <16 xd, =16 x18 = 288 cm

spacing < 48 xd, = 48 x10 = 480 cm

spacing < least .dim .= 60 cm

Usef 10 @ 25 cm



4 — 11 Design of oneway solid slab for stair.
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=1
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12320 e cle BB (L=4.55m)

h=25cm

4.11.1 Determination of L oads:

hmin for one way solid slab = L/20
Niin = 4.5/20 = 0.225 m..
Take h=25cm .

D.L=0.25*25=6.25kN /m’

FromTANK L.L=10kN/m’
qu=1.2*6.25+1.6*10=23.5KN/m’

For 1Im Strip in X direction qu=23.5KN/m



ol =pa = 1o -

Shaar

Rz=t ~n=

Fig . (4-10). moment and shear diagram from Atir (BEAMD)

4.11.2 Design of Shear:
d =250 -20-6 =224 mm
f *Vc>Vn

f *VC=%*O.75* fc *b*d =%*0.75*@*1*o.224*1000:137.17

f Vc=137.17 >>Vu=46.7KN
.. No Shear Reiforcement Required

4.11.3 Design of Reinforcement:

Mu = 48.5 KN.m
m= fy - = 420 =20.588
0.85*fc 0.85*24
Mnx:%:n.ZZKN.m
0.9
* -3
Kn Mnx  71.22*10 _1.419Mpa

Tb*d?  1%0.2242




, :i(l— 1_2mkn)

m fy
L1 *(1_\/1_2 20.588*1.419) _ ) 12506

20.588 420
AS,, =0.003506*1000* 224 = 758.36mm’ / m
) f‘m

- - oot

As,, =0.0018*1000*224=4032mn? /m | _] | I

.................

ASreg> ASnin 0| L . pLn

Select @ 12@20cm c/c 'ul‘

L Lt

Fig. (4-11). Section A-A in slab
4.11.3 Design of secondary Reinforcement

Use for the second bottom direction (min.) ® 12@25cm c/c .
Use for shrinkage and temperature @ 10@25cm c/c

4 — 12 Design of stair.

(==
A A
=
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W
L |
- (] —
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VI e
n | r"
A il

Fig. (4-12). Designed stair



4.12.1 Deter mination of Slab Thickness:
For Flight :
L=3.70m.

hreq = L/ 20.
Nreg = 3.7 /20 = 0.185 cm.
Use h=20cm.

The stair slope by 6 = 30°
For Landing:
L =4.45m.

hreq = L/ 20.

Nreq = 4.45/20 = 0.22 cm.

Use h=20 cm .

Flight in section A-A will be carried on two Beams & two Beams

carried on shear wall .also the Landing carried on shear wall .

4.12.2 Load Calculations:

For Flight :
Laading
lozd gropma -
Cesd boad - Service Lritz: kN na e
04
n n
3T
| weln= - Rardirs | redfactar=- 13711 A1 A11M

5.0C

27

Fig. (4-13). Dead load & liveload from Atir for Flight section A-A



Dead L oad for flight:
Slab = 0.20*25*1/c0s30 = 5.77 KN/m?.
Plastering = 0.02*22*1/c0s30 = 0.51 KN/ m*.
Stair = (0.17*0.3)*25*1 = 2.125 KN/ m?.
2%0.3
Tiles =(0.33+0.17)*0.03*27/0.3 = 1.35 KN/ m?.
Mortar = (0.17+0.3)*.02*22/0.3=0.69 KN/ m?,
Total dead load = 5.77+0.51+2.125+1.35+0.69
=10.44 KN/ m?.

Liveload for flight:

Live load for stairs =5 KN/ m.
Factored load

qu =1.2*10.44+ 1.6*5 = 20.5 KN/ m.

L oad on landing:-

e o e

Dawd osd - Sarvica Lriz=: kM rnat ar
==
W
445
Liwe [omd - Cmrmice Load *=cto-=: 4.20,1.20:1.00,0.00
50
4.45

Fig. (4-14). Dead load & liveload from Atir for Landing section B-B .
Dead Load for landing:
Tiles = 0.03*22
Slab = 0.20*25
Plaster = 0.02*22
Mortar = 0.02*22
Sand=0.07*16
Total dead load= 7.66KN/m?2.
Liveload:
Live load for stairs =5 KN/ m.



Factored load
qu =1.2*7.66+ 1.6*5 = 17.19 KN/ m?.

4.12.3 Design of Shear for flight:

= Assume @ 12 for main reinforcement:-
So, d =200-20-6 = 174 mm..

Taked= 174 mm

Shemr

t -
fﬁf
_-'_'-'_F'_F'-‘_
e b

Fig . (4-15). Shear envelopefor flight .

= Vu=38.3 KN.

_ 0.75*+/24*1000*0.174
6

= Vu=383 KN < @.Vc=106.55KN .

Depth is ok since there is no shear Reinforcement .

fVc =106.55KN

4.12.4 Design of Bending Moment for Flight :
The Following figure shows the Moment Envelope acting on the stair

Fig. (4-16). Moment Diagram for flight



Mu = 35.1 KN.m.
Mnreq=Mu/0.9=235.1/0.9=39 KN.m.

d=174 mm.
Mn
kn - b d2
* -3
=710 1 osgmPa .
1*0.174°
oty
0.85x fc'
m :4—20220.588
0.85x 24

* *
Y PR L 1_\/1_2 20588*1.288 | _ ) 001
m f, ] 20588 420

As req = 0.00317*1000*174= 551.6 mm?
Use 10 12@ 20 cm. .............. with As =(100 / 20)*112 = 560 mm2,
560 mm?>551.6 mm? ...... ok

A s min =0.0018*1000*200=360 mm?*
Use 1® 10@ 20 cm. for secondary Rein.
Check for strain:

Tension = Compression

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

560 * 420 = 0.85*24 *1000 *a

a=11.53mm
x:izﬁzl&%mm
b, 0.85
e, - 0.174 — 0.01356 %0 0354
0.01356

e, = 0.035 > 0.005 —— ok
4.12.5 Development length of the bars:

fy
L, = xa xb xgxd,

24/ f %

L, = 420 x1x1x1x12 =514mm

2424

Lq available > Lg req= 60cm:




Details of Beam for stair fig (4-0) :

4716

x\- T

TgERll
@y  L=180

|£|
—

26

4.12.6 Stairsat section (A-A) Detailsfig (4- 17 ):-
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Design of landing:- same thickness =20 cm

Dead load = 7.66 KN/ m.
Live load = 5.0 KN/ m.
Vu =383 KN.

AL

_ 0.75%+/24 *1000 *174
6

Vu=38.3 KN < @.Vc=106.55 KN .

fVc =106.55KN

Depth is ok since no shear reinf. Is required

Design of moment for landing :-

Mu = 42.6 KN.m.

Mnreq=42.6/0.9 =47.3 KN.m.
d =174 mm.

~ Mn

b-d?

47.3*10°°

K,=————
1*0.174°

_ Ty
0.85x fc'

420
m=——_
0.85x 24

* *
L Y WL P 1—\/1—2 2058871562 | _ 0 003873,
m f, | 20588 420

y

K,

=1.562MPa .

=20.588

As req = 0.003873*1000*174 = 673.988 mm?*

i 1.4
A'smin = W) (bw)(d) > W(bw)(ol)

o4 1.4
As min -Maoooxlm) > - (000)A74)



Asmin=507.39 < 580
As min = 507.39 mm?

Use 1® 12@ 20 cm. .............. with As =(100 / 20)*113 = 565 mm?.

As provided=565> Asreg........................OK.
Check for strain:

Tension = Compression
A, *fy =0.85 * fc'*b*a
565 * 420 = 0.85 *24 *1000 * a
a =11 .63 mm

X = a :11'63 = 13 .685 mm
b, 0.85
- 0.174 - 0.01368 £ 0003
0.01368
e.=0.035 > 0.005 — — ok

4.12.7 Stairsat section (B-B) Detailsfig (4- 18):-
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4 — 13 Design of | solated Footing (FO4).
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Fig. (4-19) Geometry of Footing (F04)

4.13.1 Load Calculation:

From Column 24 :

Service load = 1300 KN .

Factored Load = 1770 kN .

Soil Weight = 18 kN/m°.

Soil Depth=1 m.

Column geometry 60x 30 cm.
Allowable Soil Pressure = 400 kN/m?.

4.13.2 Design of Footing Area:
Assume footing to be about (50 cm) thick.

A Force(service)

Qat net

O =400-5-1.0x18-0.5%x25
Oy e = 364.5kN / m?

Ao 1300

364.5
A=3.566m’
A=WxL =3.5661m’

L =W =+/3.566 =1.89m= 2.00m
_ Force(Factored) 1770

d, = = 496.35kN / m?
A 3.566




Where:
A: Area of footing.
W: Width of footing.
L: Lenth of footing.

4.13.3 Deter mine the Depth of Footing Based on Shear Strength:
Assumeh=50cm......... d =500-75-20 = 405 mm

e Check For OneWay Action:-
For X- direction
(L-a)

2
(2.00 - 0.6)
2

v, =(

—d)xq, xW

v, =(

u

— 0.405) x 496.35 x 2.00

V, =292.84kN

@ch% fc¢'xLxd

OV, = %\/ﬂ x 2.00 x 0.405x 10°

®V, = 496.00kN
DV, >V,.......0K

For Y- direction
V, :((L—;a)—d)xqu xW

V, =(

M ~ 0.405) x 496.35 x 2.00

V, =441.75kN
DV, =496.00kN
DV, >V,......0K



e Check for Two Way Action :-

The punching shear strength is the smallest value of the following equations:

1(. 4
V, =—| 2+ | /T, b,
C 12( +bcj C (0)
l(a.d '
v, == 29 o1/t b,d
; 12( b, +J @
v, =%\/ f b.d

Where:

Column Length (a) 60
€ Column Width () 30

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

= 2x {(a+d) + (b+d)} = 2x {(0.60+0.405) + (0.30+0.405)} = 3.42 m.

a, =40 for interior column

V, = %[2 ; %j\/f_ b,.d =0.333,/F, b, d

1 (40x0.405 ! !
v, = = [40x0405 o)t " b,.d =056y f, b,.d
ClZ( 3.424_}':o ¢ e
V, :%w/ f b,.d=0333f. b, d...Control

VU = 496.35* ( (2.0*2.0)-( 1.005*1.005) ) = 987.736 kN

v, =%w/ f. b,.d = 0.333//24 x 3.42 x 0.405 10°

Vc=2259.596kN.......f =0.75
fVc=0.75x2259.596 =1694.697kN
fve>Wu.......! OK.



4.13.4 Design for Bending Moment:

At X- Direction

Mu=496.35x2.00x 0.7 x 0—27 =243.21kN.m (2.00-0.6)/2=0.7

Using Reinforced Concrete.

Mn= %921 =270.23 kN.m

kn=MN__ 21923 4 gy37Mpa
bd?  2.00 x (0.405)
y 120 __ 20588

m: N p—
0.85x fc  0.85x 24

; :l 1- 1_2><m><KI’1
m fy

1 1_\/1_2><20.588x0.8237
20.588 420

ASg., =T xbxd =0.002x 2000x 405 =1620 mm’
ASqyiegeqnny = 0-0018xbx h=0.0018x 2000x500 =1800 mm?

r

J: 0.002

Asmin =1800mMm°.......c.......... control
select 12f 14 withAs=1848 mm® > Asreq. =1800 mm?

At Y- Direction

Mu = 496.35x2.00x0.85x 085

=358.61kN.m  //(2.00-0.3)/2=0.85

Using Reinforced Concrete.

Mn= 358'61=398.46 kN.m
q= Mn_ 39846 _1.2146Mpa
bd?  2.00 x (0.405)?
fy 420 =20.588

m= - =
0.85x fc  0.85x24



3

" :i[l_ /1_2><m>< Kn}
fy

o1 1_\/1_2><20.588><1.2146
20.588 420

As. =1 xbxd=0.003x2000x405 = 2430 mm?
As =0.0018 xbx h = 0.0018 x 2000 x 405 = 1458 mm?

Asreq = 2430mm°.................. control
select 16f 14 withAs = 2464 mm’® > Asreq. = 2429.96 mm’

J: 0.003

Req.

Shrinkage(min .)

4.13.5 Check for Strain:

At Y- Direction
Tension = Compression

Asx fy=0.85x fcxbx a

2464 x 420 =0.85x 24 x 2000 x a
a=25.364 mm
wo & 25.364

bl 0.85
o — 0.405 - 0.02984
° 0.02984

e, =00377>0005 .. OK

=29.84 mm

x 0.003

At X- Direction

Tension = Compression

Asx fy =0.85x fc'xbx a

1848x 420 = 0.85x24x 2000 x a

a=19.023 mm

x=2 =198 _ 5538 mm
bl 0.85

o = 0.405-0.02238

° 0.02238

e, =0.051>0.005 ... OK

x0.003




4.13.6 Check transfer of load at base of column:

®Pn = ®(0.85fc'Ag)
®Pn=0.65(0.85)(24)(0.3*0.6) *10° = 2386.8kN > 1770KN.

Since ®Pn>Pu.
.. Dowelsare not required for load transfer

4.13.7 Development Length (Lg):-

Ldb= fy < d
aJic "
420

424

But not less than:
Ldb = 0.04(fy) d,=0.04(420)*16 =268.8 mm

Available Ld =h-cover-db=500-75-16=409mm
409> 385.8 OK

[S = 0.071*fy*db=0.071* 420* 16 = 0.477m ......... use lap splices length 50 cm

Ldb= x16 =385.8mm control



4 — 14 Design of shear wall.

ETTR
R 1 L
R 1+ 4
F ) s
Fig.(4.20) Shear Diagrams
Fc =24 MPa
Fy =420 MPa

t=25 cm .shear wall thickness
Lw = 6 m .shear wall width

Hw for one wall = 3.7 m story height

4.14.1: Design of the Horizontal reinforcement:

Internal forces & moments:

> Fx=Vu=1290.4KN

4.14.2: Design of shear

=3m...... control

d=08xIw=08x6=4.8m



’

Jio

VcizTXbXd
vV, = 24 x 0.25 x 4.8*10° =979 .8 KN (control )
v :«/fc'xbxd N N, xd

c2

4 4xL,
Assume N, =0
N24 x0.25x 4.8*10° 0x 4.32

V,, = + =1469 .7KN
4 4x5.4
2x N
|+ fc" + 4
fc' W[ wahJ hxd
Vg = + X

2 M, I, 10
vV, 2

My L) 0750
Vv, 2

u

=V, =Will apply
Vi = {‘/57% 6(‘/(2?47* 0)} x 0'251; 48 110° = 5332.9KN

Vs =Vn -Vcl
= (1290 .4/0.75)-979 .8 = 740 .7 KN
(Av j Vs 0.7407

= | = = = 0.000036 m
S2 Fy *d 420 *4.8

(ASVZ J: 0.0025 *h = 0.0025 *250 = 0.625 mm

S2 :"Sl: 6000 /5 = 1200 mm

S2 =3*h =3*250 = 750 mm

select — > 2f10 — —> As = 158 cm 2
A 9625 mm > 0.178

S2

ﬁ: 0.625 — S2 = 252 .8mm

S2

Slect — > S2 =25cm < Seq = 25.2cm
S 2 selected =25cm < 75cm < 110 cm

use — > 2f10 @ 25 cm (c / c)in 2layer

select 2 10/ 25cm In tow layer

~Usef 12@20cm c/c  For the reinforcement in two layers (horizental )



4.14.3: Design of the Vertical reinforcement:-

hw,  Avh
[ i = (0.0025 +05(2.5 _W)(§ -0.0025))Sh,

%:E:1.85<2.5

w

Avn=0.0025x S, x h,

S - % L, = %x 6000 = 2000mm

S, =3xh=3x250=750mm
Select 2f10 With area As=158mm’

158 =0.0025x% S x 250
5§ =252.8mm

Select S =25cm< 25.2cm
S=25cm< 75cm < 200cm

— > Sdect 2f10/25 cm c/c

Select 2 10/ 25cm. In tow layer

4.14.4: Design of bending moment:

> (L—Wj -0 _143m
45

45

C=C-01xL,

C=1.43-0.1x6=0.83m

C,=— =B _o7
20 20

Select Theboundary element = 85cm

x 158 = 3792mm?

Lw 6
Asv= =— —> =
AS =g hs 0.25

z 1
Lw  2+0.85%b * fc* Lw*h/(As* Fy)
z 1

. - =0.055
Lw  2+0.85x0.85x 24x 6x0.25/(3792x10° x 420)



Mu =0.9x Fyx0.5x Asx LWx(l—(LA/ZD =
W

0.9*420*0.5*3792x10° x 6*(1—&255) = 4060 kn.m

MU ey, = 6683.83 - 4060 = 2623.83kn.m

~ Mu/f 2623.83x10°/0.9
fyx (Lw—Cw) 420 x (6000 — 850)
As =1347.83 + (6 x 79) = 1821.83mm?
. Usef 16 — > Select 10f 16

=1347.83mm’

10%16
10025

F1ORLs

BUH = 10F1h

1z
WE=te]

Fig.(4.21): Section in shear wall



FES =50

AR,

FE2S =5

#1135 L=500

Yl

el last Floer

Rbed Hab 35cm

Firsl Floor

Aibbed Blch 3Gom

Fig.(4.22): Details of shear wall

370 035 270 035
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Chapter Four (4)

Structural Analysisand Design

4 — 1 Introduction.

4 - 2 Factored Loads.

4 - 3 Determination of thickness.

4 -4 Load Calculation.

4 - 5 Design of Topping.

4 -6 Design of rib (1) in the ground floor slab.

4 -7 Design of Two Way Rib Slab.

4 — 8 Design of Beam (1) in the Ground floor dlab.
4 - 9 Design of long Column (2).

4 — 10 Design of short Column (2).

4 — 11 Design of one way solid slab.
4 — 12 Design of shear wall.



4.1: Introduction

Concrete is a construction material composed of cement (commonly Portland
cement) as well as other cementitious materials such as fly ash and slag cement,
aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a
fine aggregate such as sand), water, and chemical admixtures. The word concrete

comes from the Latin word "concretus", which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a
chemical process known as hydration. The water reacts with the cement, which bonds
the other components together, eventually creating a stone-like material. Concrete is
used to make pavements, architectural structures, foundations, motorways/roads,

bridges/overpasses, parking structures, brick/block walls and footings for gates.

In This Project, there are three types of slabs: solid slabs, one-way ribbed and
two-way ribbed slabs. They would be analyzed and designed by using finite element
method of design, with aid of a computer Program called " ATIR- Software" to find
the internal forces, deflections and moments for ribbed slabs, and then hand

calculation would be made to find the required steel for some members.

The design strength provided by a member, its connections to other members, and
its cross-sections in terms of flexure, and load, shear, and torsion is taken as the
nominal strength calculated in accordance with the requirements and assumptions of
ACI-code.



4 .2 : Factored L oads.

The factored loads on which the structural analysis and design is based for our project

members, is determined as follows:

Ou=12DL +16L.L ACI - 318-02(9.2.1)

4.3 Determination of Thickness:

4.3.1 Determination of Thicknessfor One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):

Spans from left to right for one way slab:

L 5.5

185 185
L 59

—=—=0.28m
21 21

=0.30m ACI-318-02 (9.5a)

L:%20.30 m
21 21

4.3.2 Determination of Thicknessfor Two Way Rib Slab:
bh® 0.8(0.36)°

b= —~0.00311
12
3 3 3
i 052(0.00355)° _ 0.4(0.01355)° _0.12(0.26645)° _ oo
3 3
_ 0008989 - 505001318
0.52

_lb _o000311_,

= = =0.2359
Is 0.01318

1



~0.008989

Is, x7.15=0.0124
052
_tb _oom11_ ..
s 0.0124
1s3= 2008989, 5 & 0.009507
0.52
b _ 000311 _ ..
s 0.009507
s4.= 2098989 4 4 _0.01624
052
410 0003, g5
s 0.01624
a,, =025
0.2<a, <2

_ Ln(0.8+ fy/1400)
" 36+5b(a,, —0.2)
9.7

b =——=1.3566
7.1

_9.7(0.8+420/1400)  10.67
mn 361 5%1.3566(0.25—0.2)  36.339
Select h =36 >30cm

4.4:Load Calculation:

=0.2936m

4.4.1: One- way ribbed dlab.

For the one-way ribbed slabs, the total dead load to be used in the analysis and
design is calculated as follows:

Ona wesy Mib wek — Sl 1 e amwnpmeatuey B —
-

F 3
Fiolow Bhock £ 38 crm 1=

Fig. (4-3) One way rib slab



Calculation of the total dead load for one way rib slab is shown in the following
table:
Table (4 - 1) Calculation of the total dead load for one way rib slab.

No. | Partsof Rib Calculation

1 Rib 0.12*0.28*25 = 0.84 KN/m

2 Top Slab 0.08*0.52*25 = 1.04 KN/m

3 Plaster 0.02*0.52*22 = 0.2288 KN/m
4 Block 0.28*0.4*9 = 1008 KN/m
5 Sand Fill 0.07*0.52*16 =0.5824  KN/m
6 Tile 0.03*0.52*23 =0.3588 KN/m
7 Mortar 0.02¥0.52*22 =0.2288 KN/m
8 partition 1*.52=0.52 KN/m

4.8 KN/m

Nominal Total Dead Load:

D.L. tota = 0.3588 + 0.2288 + 0.5824 + 1.04 + 1.008 + 0.84+0.52+0.2288 =
4. 8KN/m of rib

Live load =5 * 0.52 = 2.6 KN/m of rib

4.4.2: Two-way ribbed sab :

For the one-way ribbed slabs, the total dead load to be used in the analysis and

design is calculated as follows:

LA Ry

Chmel Bars —

T4

Hoflows Bock § 27om ) —

Fig. (4-4) Two way rib slab



Calculation of the total dead load for one way rib slab is shown in the following
table:

Table (4 - 2) Calculation of the total dead load for two way rib slab.
Dead load:

Tiles 0.03x0.52x0.52x 23 =0.186576 kN/ rib
Mortar 0.02x0.52x 0.52x 22 =0.118976 KN/ rib
Coarse Sand fill 0.07%0.52%0.52x16 =0.3028 KN/ rib
Topping 0.08x0.52x0.52x 25 = 0.5408kN/rib
Concrete Rib 0.25%(0.4+0.52)x0.12x 25 =0.7728 kN/ rib
Block 0.28x0.4x0.4 x9 =0.0.4032 kN/ rib
Plaster 0.02x0.52x0.52x 22 =0.118976 kN/ rib
partition 0.52x0.52x1 =0.2704

Nominal Total Dead Load = 2.714 kN/rib
WuD=1.2x2.714/(0.52)? =12.048KN
WuUL =1.6 x 5 = 8 kN/m?

4.5 Design of Topping:
4.5.1 Design of Topping for Ribbed Slab:

Dead load = (0.66+0.44+1.12+2+1)=5.22 KN/m
Teging =,

Wu = (1.2 * 5.22) + (1.6 * 5)
=14.3 KN/m

- For a one meter strip Wu = 14.3 KN/M tan aoa 1 71~
Assume slab fixed at supported points (ribs):

Wu * |2
T

14.3%0.4°
12

Mu =0.191 KN.m




fr =0.42x,/fc'(MPa)  ACI-318-02 (22-5.1) Fig. (4-5) Toping of slab
fr =0.42 x/30(MPa) = 2.3MPa

= 2.3*1000 = 2300 KN / m?
Mn=fr*s
_bh? 1.00x(0.08?)
==
Mn = 2300* 1.06x107° =2.45 KN.m
@ Mn = 0.55 * 2.45= 1.35 KN.m

S =1.06x10°%m’

® Mn =1.35 KN.m > Mu =0.191 KN.m

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

p =0.0018 ACI-318-02 (7.12.2)
AS:p*b*h:O.0018"‘100"‘8:144mm2

\Use®8@250m

4.6 Design of Rib (1):

R1

Ly

Fig.(4-6) Rib location



By using ATIR program we get the envelope moment and shear diagram as the

follows:-

P 55 m & 333 m 2 256 m &

Fig. (4 - 7) Spans length of rib (1).

Fig. (4 - 9) Shear diagram for rib (1 )-(KN).



4.6.1 Design of Positive Moment :

Effective Flange width ( b.) ACI-318-02 (8.10.2)

b: For T- section is the smallest of the following:
b. =256/4=64cm
b =12+16t=12 + 16 (8) = 140 cm

b =52 . control

» Use M, max positive for span = 25.5 kN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m

d=360-20-10-6=0.324m

® Mn =0.9*0.85* fc*b*hf* (d- hf/2)

= 0.9*0.85*30*0.52*0.08*(0.324-0.08/2)=234.86 KN.m

® Mn =234.86 KN.m > M, =25.5 KN.m

Design as a rectangular with b. =52 cm

\/@
4(y)

ASmin=

(bw)(d) ACI-318 (10.5.1)

V30

20) (120)(324) = 126.75mm

Asmin=
4
.14
A =——(bw)(d
S min (fy)( w)(d)

Asmin =<2 (120)(324) =129.6mn?’
220

me—_ __ 420 16,7
0.85fc  0.85(30)

_ Mn _ (25.5/0.9)*(10)°°
“bd?  (0.52)(0.324)2

* *
r=i[1— 1_2mknj 1 (1_\/1_2 16 .47 *0.519 J=0.00125

kn = 0.519

m fy | 16.47 420



As = 0.00125(520) (324) = 210.4 mm?> Asmin = 129.6 mm?
# of bars = As/ Aspar = 210.4/113 = 1.86 * Note Az = 113 mm?

~ Select bottom bars 212

Total AS (provide) =226 mm®

* Check Strain:

Tension = Compression

A x fy=0.85x f_'xbxa
226x420=0.85x30x520x a
a=7.16mm

a —7'16 =8.4mm

T 0.864  0.864

o _0.324-0.084
* 0084
e, =0.113>0.005

x0.003=0.0113

» Use M, max positive for span = 8.4 kN.m
® Mn =234.86 KN.m > M, = 8.4 KN.m

Design as a rectangular with b, =52 cm

Asmin= \/_(b w)(d) ACI-318 (10.5.1)
Asmin= 30 (120)(324) =126.75mm’

4(420)

1.4
A's min=——(bw)(d
S min (fy)(W)()

As min =% (120)(324) = 129.6mm’
420

_fy 420
0.85fc  0.85(28)

=16.47



* -3
_Mn _(8410.9)*(10)° 40
bd (0.52)(0.324)

* *
c_ Ay fp_2mkn ) 1 1_\/1_2 16.47 *0.171 | _ 4 4o
m fy 16 .47 420

kn

A's =0.001(520) (324) = 168.48 mm?*> As min = 129.6 mm?
# of bars = As/ Aspar = 168.48/113 = * Note Agpiz = 113 mm?

Select bottom bars 2912

* Check Strain:

Tension = Compression

A x fy=0.85x f xbxa
226x420=0.85x30x520x a
a=7.16mm

a ﬂ:8.4mm

C= =
0.864 0.864

o _0.324-0.084
* 0084
e, =0.113>0.005

x0.003=0.0113

4.6.2 Design of Negative Moment for (Rib 1):

The maximum negative moment (MS1) from spans with support is
Mu = 19.8 KN.m
m = 16.47

Mn 19.8/0.9*(10)°°
= 7 = > = 1.72

bd (0.12)(0.324)

* *

c_L[; jp_2mn )1 \/1_ 2%16.47 *1.72 | _ o soa0e

m fy 16 .47 420
A's = 0.00425(120) (324) =166.5 mm? > As min = 129.6 mm?’

#of bars = A;/ Agpr = 166.5/113=1.4 * Note Aepp = 113 mm?

kn




Select bar 2 ® 12

Total AS (provide) = 226 mm?

* Check strain:

Tension = Compression

A x fy=0.85x f xbxa
226x420=0.85x30x520x a
a=31lmm

Cc= a :i:36.5mm
0.864 0.864

o _324-365
*T 365
e, =0.024 > 0.005

x0.003=0.024

Mu = 4.4 kN.m

m = 16.47

o Mn _4.4/09%(10)°
bd 2 (0.12)(0.324)?

* *
c_A(y o 2mkn ) 1 1_\/1_2 16.47 *0.388 | _ o oo,
m fy 16 .47 420

A's =0.001(120) (324) =38.88 mm* < As min = 129.6 mm?’
# of bars = As / Aspar = 129.6/113 =1.146 * Note Ao, = 113 mm?
Select bar 2 ® 12 |

0.388

* Check strain:

Tension = Compression

A x fy=0.85x f_ 'xbxa
226 x420=0.85x30x520x a
a=31lmm

Cc= a :i:36.5mm
0.864 0.864




o _324-365
*T 365
e, =0.024 > 0.005

x0.003=0.024

4.2.3 Design of shear for rib (1):

ACI - 318 — Categories for shear design:
VU gritical = 28.7 KN

Use ®©10 with two legs

Av = 2x79 =158 mm2

Vu < 1d)Vc
1. 2

lCDVC—%x(I) fe xb, xd

:lq) Vc :1x0.75x@x0.12 x0.324*1000

2 2 6
=13.3 kN
1
Vu>E<I) \Vc............not control

2. %(DVC <Vu < dVce

1.1®0 Vc =13.3x2*1.1=29.28KN
Vu <® Vec...... control

Select @8 @ 25 cm c/c for practical purposes

4.7 : Design of two way ripped slab:
Nominal Total Dead Load = 2.714 kN/rib
WuD=1.2x2.714/(0.52)? =12.048KN/m?

WuL =1.6 x 5 =8 kN/m?

471 :findVuonrib:



Vud = (3.4 - 0.32) x (12.048 + 8)x 0.52 = 32.1102KN / rib
VU = (3.4 -1) x (12.048 + 8) x 0.52 = 25.02KN /rib

f\Vc = %\/ﬁ x 0.12 x 0.320 x 1000 = 28.921KN
1.1f Vc = 31.812 KN
o f f ,
fVsmin=—bwxd >—x./fc' xbwxd
3 16

fVsmin =

2 . 0.12x.286 1000 — 8.58

0'25 % \J24 x 0.12 x 0.286 x 1000 = 7.88

>

item: 3
fVc<Vu<fVc+fVsmin
21.01<24.6402 < 21.01+8.58
21.01< 24.6402 < 29.59

$<600<d/2---286/2=143mm
&> 1x bw

s  3xfyt
AV 1x002 o0 V30

s 3x420 T 16x 420

A >0.0000952 > 0.0000978

S

A _ 0.0000978
S

* -6
_2x50*10°

©0.0000978

% 0.12 x1000

Thenuse 2 n 8 @ 15 cm c/c for 1m from the face of the support @ n 8 @20 cm
for middle space .

4.7.2 : Design for the negative moment:

Ma-ve=0.071x(12.048+8)x6.8 %x0.52=34.22 KN.m
Ma-ve=0.029x(12.048+8)x8.4 ?x0.52=21.33 KN.m

Maximum moment is M-ve=34.22KN.m



fy 420

m= = =16.47
0.85x fc  0.85x30

_ Mu/® (0.03422/0.9)
" bxd? 0.12x(0.32)*

1 L, 2xmxkn
I‘:E(l— 1—T)

Kk =3.094MPa

c_ 1 (1_\/1_2x16.47x3.094)
16.47 420
r =0.00788

As=0.00788x120x 320
As =302.6 mm?

As

min

As. . =i(120)(320)z 0.25%(120)(320)

(420)
ASmin =128mm? > 125.2 mm?
Use bars with @14
As =308/154=2 bar ® 14

e Check for strain
T=C
Asxfy=0.85x f_xbxa

2x154x420=0.85x30x120xa
a=42.27mm
C :i:@: 49.73mm
b 0.864
o _ 320-49.73
s 49.73
e, =0.016 > 0.005

x0.003

= 0Ok

4.7.3 : Design for positive moment :

Ma+ve=[Cadl.W.La%]

_ %(bw)(d)z 0,253 (o d )

(ACl -10.5.1)



Ma+ve=[0.039><12.048><6.82+O.048><8><6.82]><O.52= 20.53 KN.m
Ma+ve=[0.016><12.048><8.42+O.02><8><8.42]><O.52=12.94KN.m
Maximum moment is Ma+ve=20.53KN.m

Check 2 ® 12 for positive moment:
d=360-20-8-12=320 mm
Tension = Compression
A x fy=0.85x f_/'xbxa
226 x420=0.85x30x 520 x a
a=7.15mm

Cc= a :£:8.42mm
0.864 0.864

o _320-842
* 842
e, =0.11>0.005

x0.003=0.11

dMn=As*fy*(d-a/2)

=2* 113 *10°*420 *(0.320 - 0.0715/2) *1000=26.98 KN.m
® Mn = 26.98 > Mu = 20.53
Ok ...

Check 2 @ 14 for negative moment:

d=360-20-8-14=318 mm
Tension = Compression

A x fy=0.85x f 'xbxa
308x420=0.85x30x120x a
a=42.27mm

Cc= a :@:49.73mm
0.864 0.864

320-49.73

eS
49.73
e, =0.016>0.005

x0.003=0.016

dMn=As*fy*(d-a/2)



= 2% 154 * 10° *420 *( 0.318 — 0.04227/2) *1000=38 KN.m
® Mn =38> Mu = 34.22
Ok ...

4.8 : Design Of flexurefor beam:-

" “'ﬁ _

w1 ﬁ I

M

i Ll LTI
____.'/ - . ] I |
' - e

1 1
et || 1
=" = |

51 | 200 . 24

Fig. (4 - 8) Moment diagram for Beam (1 )-(KN.m).
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Fig. (4 - 8) Shear digram for Beam ( 1 )-(KN.m).

4.8.1: Design of positive moment :

Cou = %*d = ;*300 =128.57mm

max

a,, =0.864xC_, =0.864x128.57 =109.28mm

0.10928

Mn,, =0.85x fc x 0.6x0.10928 x (0.3— )*1000 = 410.24kN.m

® Mn_, =0.82 x410.24 = 336.39 kN.m

** Design as singly .

Mn _ 197.3/0.9x10°

Kn= == >—=4.06 Mpa
bxd 600 x (300)
m= i: 16.47
0.85*30
1 2mKn
p=—(1- -0
m
o= 1 (- Jl_w) ~ 0.0106
16.47 420

As = 0.0106 (600) (300) = 1906 mm?.




&
E

min

~4(ty) fy
V30 1.4
As,. :M(GOO)@OO) 120 —_ (600)(300)

As .. =586.84 < 600 —— Thel arg estiscontrol .

As. .. =600mnY
A

# Of bars = Seq _ 190624 75
As, 254

Select bottom bars 8 ® 18 mm.

Check for yielding:

Tension = compression
As*fy=085*f.*b*a
2032x420=0.85x30x600xa

a=55.8mm
a 55.8

C=—= =65.6mm
b, 0.864
e, =390-056 4 403-0.0107
65.6

e, =0.0107 > 0.005—— Ok

Mu =185.9 kN.m

Mn  185.9/0.9x10°

Kkn= M0 Y —382Mpa
bxd’ 600 (300)

m= 220 _ 1547
0.85*30
1 2mKn

=_(1- [1-

P rn( y )

0= L _(1- \/1——2(16'47)(3'82) ) = 0.009917
16.47 420

As = 0.009917 (600) (300) = 1785 mm? .

© (bw)(d)> 22 (bw)(d)—(ACI ~10.5.1

Note Agpig = 254 mm?2

Total As= 2032 mm?



&
E

© (bw)(d)> 22 (bw)(d)—(ACI ~10.5.1

min

~4(ty) fy
V30 1.4
As,. :M(GOO)@OO) 120 —_ (600)(300)

As .. =586.84 < 600 —— Thel arg estiscontrol .

As. .. =600mnY
A 17

# Of bars = P 1785 _ 7 Note Ap1g = 254 mm?
As, 254

Select bottom bars 7 & 18 mm. Total As= 1778 mm?

Check for yielding:

Tension = compression
As*fy=085*f.*b*a
1778x420=0.85x30x600xa

a=48.81mm
c= 2 4881 o omm
b, 0.864
e, _300-57.42 4 003 = 0.01267
57.42

e, =0.01267 > 0.005—— Ok

Mu =161.6 kKN.m

Mn  161.6/0.9x10°

Kn = == -—=3.325 Mpa
bxd 600 x (300)
= i: 16.47
0.85*30
_ 1 (1- - 2mKn )
m fy
0= 1 1- \/1 2(16.47)(3.325) ) = 0.0.0085
16.47 420

As = 0.0085 (600) (300) = 1530 mm?.



>
E

© (bw)(d)> 22 (bw)(d)—(ACI ~10.5.1

min

~4(fy) fy
J30 14
As =———(600)300 600)(300
= 2lazp) ©00)300) > 0 (600)00)
As .. =586.84 < 600 —— Thel arg estiscontrol .
As, . = 600mnY
A 1
# Of bars = j = ﬂ) =6 Note A1 = 254 mm?2
As, 254
Select bottom bars 6 ® 18 mm. Total As= 1524 mm?

Check for yielding:

Tension = compression
As*fy=085*f.*b*a
1524x420=0.85x30x600xa

a=41.83mm
c- 2 _4183  9517mm
b, 0.864
- 300-49.217 ) 003 -0.0152
49217

e, =0.0152 > 0.005—— Ok

4.8.2 : For the negative moments ( 238.9) KN.m

6
Kn = an _ 238.9/0.9><120 _ 491 Mpa
bxd 600 x (300)

2mKn

=L@ g 2mKn,
m

p:i(l_\/]_ W) 0.013

16.47 420
As = 0.013 (600) (300) = 2361.93mm? > As,.. =600mn? .



AS., 236193
254

# Of bars = 9.2 Note A1 = 254 mm?2

ar

Select Top bars 10 ® 18 mm. Total As= 2540 mm?

Check for yielding:

Tension = compression
As*fy=085*f.*b*a

2540x 420 =0.85x30x600xa
a=69.7mm

c:i: 69.7 =82mm
b, 0.864
.= 3008;82><O.003=0.008

e, =0.008>0.005—— Ok

Mu =216.8 kN.m

Mn _ 216.8/0.9x10°

Kn = - = >—=4.46 Mpa
bxd 600 x (300)
1 2mKn
=_(1- [1-
P rn( y )
o= 1 (- Jl_w):o_om
16.47 420

As = 0.01176 (600) (300) = 2116.81 mm? > As, . = 600mnT .

A 2116.81
# Of bars = Seq = =8.33 Note Ap1g = 254 mm?2
. 254
Select bottom bars 9 ® 18 mm. Total As= 2286 mm?

Check for yielding:

Tension = compression



As*fy=085*f.*b*a
2286 x420=0.85x30x600xa

a=62.75mm
2 _8275 438omm
b, 0.864
. = 300 - 73.82 4 003=0.00919
73.82
e, =0.00919 > 0.005 —— Ok

4.8.3 Design of shear for Beam :

ACI — 318 — Categories for shear design:
VU griticat = 283.1 kN

Use @10 with two legs

Av = 4x79 =316 mm2

q)VC:d)\/g_bewxd

®Vc=0.75x

V30
6

x0.6x0.3*1000= 123.23 KN

dVs, ., 20.75(%)xwad201'_25 fc' xbw xd

Vs, >0.75 (%) x0.6x0.3x10° > %@x 0.6x0.3x10°

®Vs,, > 45.5kN > 46.2kN

®Vs,,, = 45kN

OVC+DVs,, =177.6+72.5 = 250kN

®OVc+dVs,,, <Vu £®V0+q>x%,/ fc xbwxd

f’
q)\/g_cxbde:O.?Sx\/g_O

x0.6x0.3*1000 = 246.47KN

oVe+ D x%,/ fc xbwxd =123.23+ 246.47 = 369.7 >Vu

All Vud Are withinitem4 ............ So ..
Vu=283.1 kN.



OVs,, +PVCc=Vu
= OVs,, =Vu-DVec=2822-123.23 =158.97kN

s - dx Avx fyxd 0.75x316x420x 300
hat Vs 158.97 x10°

req.
Ssgzﬂzﬁcm
2 2

=18.78cm

Select @10 @ 12.5cm c/c  (4leg)

VU critical — 262 1 kN
Use @10 with two legs
Av =4x79 =316 mm2

q)VC:d)\/g_bewxd
V30
6

®Vc=0.75x x0.6x0.3*1000= 123.23 KN

dVs, ., 20.75(%)xwad201'_25 fc' xbw xd

®Vs, _075(1)x06x03 10° >¥\/_0x06x03x103

OVs, .. > 45. 5kN > 46.2kN

mlh -

®Vs, . = 45kN
dVe+ DVs,, =177.6+72.5 = 250kN

OVc+DdVs,,, <Vu < @Vc+®x%,/ fc xbwxd

x0.6x0.3*1000 = 246.47KN

f’
q)\/g_cxbde:O.?Sx\/g_O

oVe+ D x% fc xbwxd =123.23+ 246.47 = 369.7 >Vu

All Vud Are withinitem 4 ............
Vu=262.1 kN.
OVs,, +@Vc=Vu
= ®Vs,,, =Vu->dVc=282.2-12323=158.97kN



s dx Avx fyxd 0.75x316x420x 300
hat Vs 158.97 x10°

req.
3322@:15”]1
2 2

=18.78cm

Select @10 @ 125cm c/c  (4leg)

4.9 : Design of column :

o I R
| 1]

1INV
e
T
S —




4.9.1 Load Calculation:

p, =1900KN
orea = 1900 _ 2923KN
065

User =rg=1.6%

Pn=0.8* Ag{0.85* fc'+r g(fy —0.85fc’)}
2.923 = 0.8* Ag[0.85*30 + 0.016 * (420 — 0.85* 30)]

Ag =0.1216m’
Use 0.25x 0.6 cm with Ag =0.15m?> Agreq=0.1216m?

4.9.2 Check Slender ness Effect:

e In 0.6 m-Dirction

kI—“<34—12% ............... ACI —(10.12.2)

r

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

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

Lu=37m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

KU _gp_pp ML ACI —(10.12.2)
r M 2

1x3.7

0.3x0.6

- short Coloumn in  0.6m:dirction

=20.55 <22



e In 0.25m-Dirction

KU gy ML ACI —(10.12.2)
r M2

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

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

Lu=37m

M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

Ku g4 oML ACI —(10.12.2)
r M 2

_1x3.7 49.3> 22

0.3x0.25

~.long Coloumn in 0.25m:dirction

E.I
Bl =04 Cbg ................ [ACI 318—2002 (Eq.10-15)]

d
E, = 4750~/fc’ = 4750x+/30 = 26016.8Mpa
_1.2DL 496

b, = ——— =026
Pu 1900
3 3
| =b><h _ 0.6x0.25 _ 0.000781m*
g 12
6
El - 0.4x26016.8x10 XO'OOO781:6.45Mpa
1+0.26
p2El
P = ACI 318-2002(Eq. 10-13)
(KLu)
2
) :LXGAE:4.645MN.
(1.0x3.7)
M1
Cm =0.6+0.4(mj ............ ACI 318-2002(Eq.10-16)
Cm=1.... According to ACI 318-2002(10.10.6.4)
d, :C—nI;le.O ............... ACI 318-2002(Eq.10-12)
~ 0.75P,
1
d, = 1900 =22>1

© 0.75x4.645x10°



e . =15+0.03xh=15+0.03x 250 = 22.5mm = 0.0225m
e=e . xd_=0.0225x2.29 = 0.0515
e 0.0515

=0.2061
h 025

From Interaction Diagram
fP _ 1899.96 y 145 _
A, 0.6x0.25 1000
ry,=0.02

1.8 Ksi

A =1 x A, =0.02x600x 250 = 3000 mm**
- usel2f 18

4.9.3 Design of the Reinforcement:

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

S < Least dimension.

spacing <16 xd, =16 x1.8 =28.8 cm

spacing <48 xd, =48x1.0=48 cm

spacing <least.dim.=25cm

Usef 10@20 cm
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project



Appendix (B)

Structural Drawings

This appendix is an attachment with this project



TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end | Both ends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
deflections.

Member

Solid one-
way slabs

Beams or
ribbed one-
way slabs

MNotes:

Values given shall ba us%d directly for members with normalweight concrete
{density w, = 2320 kg/m*) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural lightweight concrete having unit density, w_, in the range
mgﬁ? Iégma. values shall be multiplied by (1.65 - ﬂ.ﬂlﬂw,} but not

s than 1.09.

£120 £124 £/28 £M10

ENne L85 /21 L8

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

Table(4-1) MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABSUNLESSDEFLECTIONSARE CALCULATED

TABLE 9.5{s) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Ty ol member Diefleciion o be congidersd Deflecilon limitaling

Flat raots mot & inig or attacieed o no- vt dellection due i e oad L E
airuciursl slemen Mﬂ 1o e caminged by £-180
large deflections
Floom nof aupporting or stinched fo nonstrec. | immedsts deflecion dus & live load L
tural edemsants likoly to b damagesd by Inrga £/360
sieflectiom | [P PPy e
Roaf ar fioar construction supparting o That part of e total detlecton coourng afer
mitmchied o nonsiruciursl slements ikely 1o be | aRachman of nonsruchurel slements (Sum of fAB0°
damaged by large dallscions E::{gﬂu-lﬂew 11!"!'.;1'](\ LT 'Iﬂﬁaﬂc :ul:.ilar.uirﬂ_-l:l

b T 1 ar immediale daflecion die 1o any
Roal or floor consiruction supparting o ;
aftachid bo nonstruciural slemants not ey e | 208icaal Bve bad) £ 2400

e darnaged by |arpe defiections

* Lami1 not imanded 10 sadsgumand aganst ponding. Pond
walar, and consmenng long-ssrm atiscis of ol susmeed Dade. camdes, constructon lemnos, and miabiity of provsons o
T Long-term datiscion shad be detarmined in accotands with $.5.0.5 o 0,503, bet iy be mdacd by amos of
mant o rngireciunl samans. This amoun! shall be dealiimsdned o6 B o] séonied drgmsiing dali riling 6 liEs-dolscion chirss e of mambars dm-

W %0 thiks Bsing conssned

shiik] 1e Grecked by sulabls cakssaiors of defacaon, |r-:|m'i|:$ ackiad defacning dus to ponded

i Limin Py e secwadad i ekaginie maasored A lnken o prevent dcamage fo supporied o wfached oemaenin

¥ Lirrit shall ot I'-&P'-nnai Wiy el i iad prouidid for nonstotunl ssmants. Limt may be seceeded i camiber is proviced so that total dalleckan minus cairder

o Fad | econd B

dhalictann cakiflaned b dcour bafiore atiach-

uirige

Table (4-2): MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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2. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE
(ACI-318M-05 .

3. Uniform Building Code (UBC-97).




4.14 Design of Stairs:

4.14.1 Deter mination of Slab Thickness:
-L =3.70m.

- hreg = L/ 20.
-Neg=370/20=185cm ............. take h=20 cm.
= Use h = 20cm.
-9 = tan(191 / 330) = 30°
-Cos 6 = 0.866
» Thestairsat section (A-A) will becarried on the shear wall.

4.14.2 Load Calculations at section (A-A):

Crezewed leveacd

11 B
A AT
Liwve load
&5 O0D
k"_if:.'-_-_-;;_'_i_-_'.';.'.3-'-:,1'_:;'-'{"..'-3-";.'-'-':':'-'[’-13-"1'3'_';11-3-'-'-{Jf:i'-'_"..'-3}:I-'{"i-"{"1-3:::{::-'-'f'-i':ﬁ.i

» Fig.(4-10) Structural system of stairsat section (A-A)

Dead L oad:
slab = 0.20*25*1/c0s30 = 5.77 KN/m?,
plastering = 0.02*22* 1/cos30 = 0.51 KN/ m?.
stair = (0.17*0.3)*25*1 = 2.125 KN/ m?.
2*0.3
tiles =(0.33+0.17)*0.03*27/0.3 = 1.35 KN/ m?.
mortar = (0.17+0.3)*.02* 22/0.3=0.69 KN/ m?.
Tota dead load = 5.77+0.51+2.125+1.35+0.69
=10.44 KN/ m?.




Liveload:

Live load for stairs =5 KN/ m?,
Factored load

Qu =1.2*10.44+ 1.6*5=20.5 KN/ m.

Load on landing :-
Dead L oad:
» Tiles =0.03*22
= Slab=0.20*25
» Plaster =0.02*22
= Mortar =0.02*22
Sand=0.07*16
Total dead load= 7.66K N/m2.
Liveload:
Live load for stairs =5 KN/ m?.
Factored load

Qu=1.2*7.66+ 1.6*5=17.19 KN/ m*.

4.14.3 Design of Shear :

=  Assume @ 14 for main reinforcement:-
So, d = 200-20-7 = 173mm..

Taked= 173 mm

HES By
ane

P T

» Fig.(4-11) Shear envelope of stairs

= Vu=38 KN.

fJf. *b,*d
= fve=-Yo =



_ 0.75*24*1000* 173
6

= Vu=38 KN < @.Vc=106KN .
» >>>>No shear Reinforcement isrequired. So the depth of the stair is OK.

=106KN

= f\C

4.14.4 Design of Bending Moment :
The Following figure shows the Moment Envelope acting on the stair

Morment ciarn

Fig.(4-12) Moment diagram of stairsat section A-A)

Mu = 35.1 KN.m.
Mnreg=Mu/0.9=35.1/0.9=39 KN.m.
d =137 mm.
_ Mn
" b-d?
39*10°°
Ki=—rs
1*0.173

N

=1.18MPa .

R 1 B 1L B 1_\/1_M — 0.002896
m f, | 208 420

As req = 0.002896* 1000* 173= 500.1 mm*
Useld 12@ 20 cm. .............. with As =(100/ 20)* 112 = 560 mm?.
> Asprovided=560 >= ASTe]..........eevvvrnennnn. OK.



A s min =0.0018* 1000* 200=360 mm?*
Use 10 10@ 20 cm. for secondary Rein.
Check for strain:

Tension = Compression

A * fy=0.85*fc'*b*a

955 * 420 = 0.85* 24*1000 * a

a=20mm
x=2_ 20 _ o3 5mm
b, 0.85
o 125,00
235

e, =0.019 > 0.005 —» ok

4.14.4.1 Development length of the bars:
f

Ly=—F—xaxbxgxd,

2"' f [
420

T 224

L, x1x1x1x12 =514mm

Lq available > L eq=60cm



4,145 Stairsat section (A-A) Details:-

> Fig.(4-12) Section A-A of stairs
Design of landing:- same thickness =20 cm

Dead load = 7.66 KN/ m.
Liveload =5.0 KN/ m.
= Vu=383 KN.

f /. *b,*d
= fve=-—Y°o W

_ 0.75%+/24*1000* 173
6

* Vu=383 KN < @Vc=106 KN .
» >>>>No shear Reinforcement isrequired. So the depth of the stair isOK.

fVc =106KN




Design of moment :-

Mu = 42.6 KN.m.
Mnreq=42.6/0.9=47.3KN.m.
d=173 mm.
K, =M
b-d

* -3

k,=473"10" 1 sempa .
1*0.173
Mmooy
0.85x fc'
0.85x 24
P Y 1. B 1—\/1—M — 0.0030.
m f, | 208 420

Asreq = 0.0039* 1000* 173 = 674.7 mm*
Asmin=""" bwyd) > =2 (bw)(d)

4(fy) fy
Asmin=—2 1000273 = 24 1000)a73)

4(420) 420
Asmin=5045 < 5767

> ASMIN=6747mm>.......... Control.

Use 10 12@ 15cm. ............. with As=(100/ 15)* 112 = 746.7 mim.

Asprovided=746.7 > ASTEQ........ccvvvvervennnnn, OK.



Check for strain:
Tension = Compression
A *fy =0.8 * fc'*b*a
746 .7 * 420 = 0.85 * 24 *1000 * a

a =15 .4 mm
a 15 .4

X = - = 18 mm
b, 0.85
. = 13 -18 , 0.003
18
e, =0.025 > 0.005 — —> ok

* For shrinkage and temperatureuse ® 10@ 20 cm .



4.11 Design of I solated Footing (FO1):

= fus
iE I :
h o 1 i .
"
e
|| |#& 8 -
b |
w e E ] i Nk
- Jf——
[
| —
b e S
[ L % ¥ T o T |
a A —R
) Entin (A-K)
Tosting ) Sk (U1
Saak (LB

Fig. (4-7) Geometry of Footing (FO1)

Once the ultimate column or load is determined, the proper footing can be designed.
The following subsections describe the analysis and design of footing (FO1) :

4.11.1 L oad Calculation:

From Column 27 Part B :

Service load=1900kN

Factored Load = 2500 kN.

Soil Weight = 18 kN/m?.

Soil Depth=1 m.

Column geometry 60x 40 cm.
Allowable Soil Pressure = 400 kN/m?.

4.11.2 Design of Footing Area:
Assume footing to be about (75 cm) thick.

_ Force(service)

A

Qat et

O e =400-5-1.0x18-0.5x25
Oy e = 364.5kN / m?



1900
" 3645
A=5.21m?
A=W x L =5.21m?
L =W =+/5.21=2.28m= 2.3m
q, = Force(F:ctored) _ 25;);) _ 480.0kN / 11

Where:
A: Areaof footing.

W: Width of footing.
L: Lenth of footing.

4.11.3 Deter mine the Depth of Footing Based on Shear Strength:

Assumeh=75cm......... d = 750-75-20 = 655 mm

Check For One Way Action:-

[}
V, :(("—;e‘)—ol)xqu xW
V, = (@—0.655»460@3

V, = 206.3kN

For X - direction @V, =% fc'xLxd

oV, = %\/ﬂ x 2.3x 0.655x10°

DV, =922.5kN
DV, >V, ......0K

For Y- direction
Surely it will be satisfied since 0.4< 0.6 ...

e Check for Two Way Action :-
The punching shear strength is the smallest value of the following equations:



1 4
V,=—|2+— |4 f.b,d
c 12( bcj ¢ Mo

l(a.d ’
V.=—|Zs= 4+ 20/f. b.d
C 12[ bo j C (o]
V, :%\/ £ b.d
Where:

Column Length (a) 60
€ Column Width (b) 40

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2x{(atd) + (b+d)} =2x{(0.60+0.655) + (0.40+0.655)} =4.62 m.

a, =40 for interior column

V, —i(2+i)1/f b,.d =0.38,/f_ b, d

° 12\ a5 )V T TV T
1(40x0.655

V. = 2|\ f. b,.d=064f, b,d

¢ 12( 4.62 ]

V, :%\/ f b.d=0333f. b, d....Control

Vu = 460% ((2.3*2.3)-( 1.055+1.255) ) = 1824.35 kN

_ %,/ f.'b,.d = 0.333,/24 x 4.62x 0.655x 10°

Ve =4936.7kN....... f =075
fVc=0.75x4936.7 = 3702.5kN
fvec>Wu........! OK.



4.11.4 Design for Bending M oment:

At X- Direction
0.85

Mu = 480x 2.3x 0.85x =398.8kN.m (2.3-0.6)/2=0.85

Using Reinforced Concrete.

3988

Mn 9 =4431 kN.m

_ Mn 4431
bd? 2.3x(0.655)°

oty 40
0.85x fc'  0.85x 24

, :i 1- 1_2xm><Kn
m fy

po 1 1—\/1—M — 0.001083
206 420

ASge, = xbxd =0.001083 x 2300 x 655 = 1631.5 mm?

= 0.45Mpa

=20.6

As

'Shrinkage(min
Asmin = Asreq = 3105mm-.................. control
select 13f 18 withAs = 3302 mm® > Asreq. = 3105 mm?

; =0.0018xbx h = 0.0018x 2300 x 750 = 3105 mm?

At Y- Direction

Mu = 480x 2.3x 0.95x 0.9

=49818kN.m  //(2.3-0.4)/2=0.95

Using Reinforced Concrete.

an%g =5535 kN.m

_ Mn _ 5535
bd? 2.3x(0.655)2

= 0.56Mpa

fy 420

0.85x fc  0.85x24




" :l[l_ 1_2><m><KnJ
m \/ fy

o1 (1_\/1_2><20.6><O.56j20.00135

" 206 420
ASnq =T xbxd=0.00135x 2300x 655 = 2037 mm?’

ASgyagernny = 0.0018x bx h=0.0018x 2300 x 750 = 3105 mm?
As= Asreg =3105mm?>.................. control
select 13f 18 withAs=3302 mm?® > Asreq.=3105 mm?

4.11.5 Check for Strain:

At X- Direction
Tension = Compression
Asx fy =0.85x fc'xbx a
3302 x 420 = 0.85x 24 x 2300 x a
a=295 mm
a 295
X=—=——=
bl 0.85
655-35
e = —_—

S

35 mm

x 0.003

e, =0053>0005 .. OK

At Y- Direction

Tension = Compression
Asx fy =0.85x fc'xbx a

3302 x 420 = 0.85x 24 x 2300 x a

a=295 mm
_a_25_ 35 mm
bl 0.85
- 655-35 0.003
35



4.11.6 Check transfer of load at base of column:

®Pn = ®(0.85fc'Ag)
®Pn = 0.65(0.85)(24)(0.4* 0.6) * 10° = 3182.4kN > 2500KN.

Since ®Pn>Pu.
.. Dowelsare not required for load transfer

4.11.7 Development Length (L g):-

Ldb= fy %< d
4./ fc' ®

420

424

But not less than:
Ldb = 0.04(fy) d,=0.04(420)* 18 =325.08 mm

Available Ld =h-cover-db=75-7.5-1.8=65.7 cm
65.7 > 38.6 OK

[5 = 0.071*fy*db = 0.071* 420* 18 = 53.7m ......... use lap splices length 60 cm

Ldb= x16 =385.8mm control



4.15 Design of shear wall :-

e ;
8 o e i
= MO 1H I
ADFG B
|
PRl NUES-S 1A, =t
L TG MR
Lo Svall Fwear Lii g Sulizinn Lag
Fig.(4.13) Moment and Shear Diagrams
Fc =24 MPa
Fy =420 MPa

t=25 cm .shear wall thickness
Lw = 6 m .shear wall width
Hw for onewall = 3.7 m story height

Design of the Horizontal reinfor cement:

Internal forces & moments:

" Fx=Vu=1290.4KN



Design of shear

Iﬂ: Ez 3m... ... control
2 2
w 111 o
2 2
d=08xIw=08x6=4.8m
4/ fc'
VClZ 6 XbXd
vV, = V:“ x 0.25 x 4.8* 10° = 979.8 KN (control )
VCZ:,/fC’xbxd . N, xd
4 4x L,
Assume N, =0
* 3
V., = V24 x 0.25x 4.8*10 N 0x 4.32 1469 .7KN
4 4x5.4
2x N
I+ fc" + 4
fc’ W( |thj hxd
V. = + X
2 M, I, 10
v, 2
<M“—IW>:0.7>O
v, 2
=V, =Wl apply
Vi = {‘/34 + 6(‘/5717* 0)} x 0'2513 48 10° = 5332.9KN

Vs =Vn —-Vcl
.= (1290 .4/0.75) - 979 .8 = 740 .7KN
(Av ] Vs 0.7407

Eall I = = 0.000036 m
S2 Fy *d 420 * 4.8

[ASVZ j = 0.0025 *h = 0.0025 * 250 = 0.625 mm

sz:"si: 6000 /5 = 1200 mm

S2 =3*h=3*250 = 750 mm
sdlect — > 2f10 — —» As = 158 cm 2

A 0625 mm > 0.178
S2

8 0625 - s2 - 252 .8mm

S2

Slect — > S2 =25cm < Seq = 25.2cm
S 2 selected =25cm < 75cm < 110 cm

use — > 2f10 @ 25 cm (c / c)in 2layer



select 2 10/ 25cm In tow layer

~Usef 122@20cm c/c  For thereinforcement in two layers (horizental )



Design of the Vertical reinforcement :-

hw,  Avh
[ i = (0.0025+05(25-) (g -0.0025))Shy,

%:E:1.85< 2.5

w

Avn = 0.0025x S, x h,

s, - % L, = %x 6000 = 2000mm

S, = 3x h = 3x 250 = 750mm
Select 2f 10 With area As=158mm?

158 = 0.0025x S, x 250

- § =252.8mm

Select S = 25cm< 25.2cm
S=25cm< 75cm < 200cm
——>Select 210/25 cm c/c

Select 2® 10/ 25cm. Intow layer

Design of bending moment:

>(ij:£:1.43m

45) 45
C=C-0.1xL,
C =1.43-0.1x 6= 0.83m
_C 18 44

Y20 20



Fig.(4.14): Section in shear wall
Select Theboundary element = 85cm

x 158 = 3792mm?

Lw 6
Asv= =——x — =
AS, sl AS, 0.25

A{ “ o T @& [y _., ™ Rl O = =
z_ L
Lw 2+0.85* b * fc* Lw* h/(As* Fy)
Zz_ L —_-0055
Lw  2+0.85x0.85%x 24x6x0.25/(3792x10" x 420)
Z
Mu = 0.9x Fyx 0.5x Asx LWx(l— (—/ZD
Lw
=0.9* 420* 0.5* 3792x10°° x 6* (1—&255) = 4060kn.m
MU}, = 6683.83— 4060 = 2623.83kn.m
6
Mu/f ~2623.83x10°/0.9 _ 1347 83mm?’

" fyx (Lw—Cw) _ 420 (6000 — 850)
As = 1347.83 + (6x 79) = 1821.83mm?
- Usef 16— Select 10f 16




TM0RE |
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Fig.(4.15): Details of shear wall
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