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Project Abstract

Structural design is the most important design of the building after the necessary of architectural
design, the distribution of columns, loads, offer durability, the best prices and the highest degree of
safety are the responsibility of the structural designer. In this project we will do the structural design
of the Collezge of Arts & Creativity. The building consists of three floors and Roof with a total area
of 15885 m”.

This project was selected because of the importance to know how to design these buildings,
which have a design requirements higher than other tiles with long spans and big theaters and
diversity in the form of the building by the architectural design, also it has been chosen for the
importance of increasing these centers in this area ”Nablus”.

It is important mentioning that we will use the Jordanian code to determine the live loads, and to
determine the loads of earthquakes, for the analysis of the structural and design sections we will use
the US Code (ACI 318 11), it must be noted that he will be relying on some computer programs
such as: Autocad2007, Safe , Office2007, Atir, and others.

Expected after the completion of the project to be able to provide structural design of all
structural elements with permission of Allah Almighty.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = 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.

C; = compression resultant of compression steel.
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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.

Pu = factored axial load

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

V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wc = weight of concrete. (Kg/m?).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

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

€= strain of compression steel.

p =ratio of steel area .
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Chapter Four

Chapter Four

Structural Analysis and Design

4.1 Introduction.

4.2 Factored Loads.

4 .3 Determination of thickness.

4.4 Load Calculation & Design of one way ribbed slabe.

4.5 Design of Beam (B44-GF).

4.6 Design of column(C80) .

4.7 Design of isolated footing .

4.8 : Design of stair .

4.9 Design of basement wall .

4.10 Analysis & Design concrete frame using E-tabs program .

4.11 Analysis & Design of flat plat using safe program .
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Chapter Four

4.1 Introduction:-

Concrete is the only major building material that can be delivered to the job site in a
plastic state. This unique quality makes concrete desirable as a building material because it can
be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist extreme tensile stresses, steel supplies the necessary strength.
Steel is embedded in the concrete in the form of a mesh, or roughened or twisted bars. A bond
forms between the steel and the concrete, and stresses can be transferred between both
components.

In this project, all of design calculation for all structural members would be made upon
the structural system which was chosen in the previous chapter.

So, in this project, there are many type of slabs such that “one way ribbed slab”,. They
would be analyzed and designed by using finite element method of design, with aid of a
computer program called "Beamd- Software " to find the internal forces, deflections and
moments for ribbed slabs , and then handle calculation would be made to find the required steel
for all 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-318-11 code.
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4 .2 Factored Loads:

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

members, is determined as follows:

Q,=1.2D1+1.6LL.
Q,=1.4Dl1 .

DL: Dead Load .
LL: Live Load .

Chapter Four

4.3 Slab Thickness Calculation:

Determination of Thickness for One Way Rib Slab:

According to ACI-Code-318-11 ,Table (7.3.1.1), the minimum thickness computed as

ACI—318—-11

follow of nonprestressed beams or one way slabs ( unless deflections are calculated ):

L1 3.75 ,

— = — = 0.203m .... for exterior span (control)
185 185

L1 3.65 . .

Prinievals 0.174 m .... for interior span

Select Slab thickness h=25 cm

Note: We select the whole slab
thickness depending on one way
ribbed slab requirements 25 cm .

Layout2

RS va——
[ap]
3 5
> (=)
m m
ONE WAY
RIBBED
t = Z
3 b=
< O
& &2
——
—— o
8 D
= =
L) a
< —
= w
~H
3 =
a m

O
=3
L)

PETYN]

BO41(B0X25)

=

(80x25)

g
041
R

PRETyN

041(80%25)1c0B041 (60X25)
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Chapter Four

4.4 Load Calculations & Design :
One way ribbed slab:

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

Gno wmy ' ohad S, g BV ag— —— "

Holow block 40 om width

Fig. (4-2) One way rib slab

4.4.1 Design of Topping:

Design of Topping for Ribbed Slab as a Plain Concrete Section :-

Fig. (4-3) Topping of One way rib slab
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Table (4 — 1) Calculation of the total dead load for one way rib slab topping.

Quality
No. | Material Density | 11 (KN/m)

KN/m’
1 Topping 25 0.08x25 =2
2 Sand 17 0.07x17=1.19
3 Mortar 22 0.03x22 =0.66
4 Tile 23 0.03x23 =0.69
5 Partitions 2.3 1x23=23

6.84 KN/m
=

(‘assume a stripe 1 m long with 0.4 m width) .
From Jordanian code L; =5 KN/m? .

Q= 1.2xD+1.6xL
=1.2x6.84+1.6x5 =16.208 KN/m. (Total Factored Load) .

W, 12 16.208 % 0.42

M,(—ve) = v B = 0.216KN.m
W, * 1?2 152 % 0.4%
M, (+ve) = Y 4 = 0.108KN.m

@M,, = 0.55 * 0.42 =24 * 1000 * 802/6 = 1.207 KN.m

@M, (plane concrete ) = 1.207 KN.m > M,;max = 0.216 KN.m

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

For the shrinkage and temperature reinforcement :-

Pmin = 0.0018

Ag = p*bxh=0.0018 x 1000 * 80 = 144 mm?.

Number 0f 38 = 274 = 1% _ 5 g7 _, Spacing(S) = — = 35cm = 350 mm.
Apar 503 2.87

280 280
S <380 () - 2.5 x Ce< 300 ()
=380 x (222) _2.5x 20 <300 x (22)
3y 3y

56



Chapter Four

280 280

=380 x (2*420)—2.5 x 20 =330 mm <300 x (2*420)
=S <300 mm.

<3xh=3x80=240 mm........... controlled.

<450 mm.

~ Select @8 @ 20 cm in both directions.

4.4.2 Design of one way- ribbed slab (R12-GF)

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 one way rib slab.

Quality
No. Material Density DL (KN/m)/Rib
KN/m’
1 Topping 25 0.52x.08x25 =1.04
2 Rib 25 0.12x0.17x25 = 0.51
3 Sand 17 0.52x0.07x17 = 0.6188
4 Mortar P 0.52x0.03x22 =0.3432
5 Tile 23 0.52x0.03%23 =0.3588
6 Plaster P 0.52x0.03x22 =0.3432
7 Block 10 0.40x0.17x10 = 0.68
8 Partitions % 0.52x1x2 =1.04

4.94 KN/m /Rib

Y=

Total Dead load = 4.94 KN/m / Rib.
Total live load=5x0.52= 2.6 KN/m / Rib.
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By using BeamD program we get the envelope moment and shear force diagram

as the follows:-

Geometry Units:meter,cm

1 2 3
[ L . il
A
X 0.6 ) 23 ) 1. ! 2.65 ) | , 2.95 | 0.6 )
' ' 3.1 ' ' 3.65 ' ' 3.75 ' '
—— = : :
25_
12.
A-A
Fig. (4-4) Geometry of rib 12 GF
Loading
Toad group no. 1
Dead load - Service Units:kN,meter
4.94 4.94 4.94
3.1 3.65 3.75
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60
EX] 3.65 3.75
Fig. (4-5) Service loading of rib
Moment/Shear Envelope (Factored) Units:kN,meter
Moments: spans 1to0 3
15.2
11.8
6.7 po
™ 401130 37 C 1.02 ,
T T 1 I 1 _79| 1
L i 1 1 i i 1 i i l
! 0.49/0.62 ' ' 10.63 ' !
o 0.74 &
i 6.5
12.2
1.86 | 1.83 , 1.82 | 2.25 , 15 |
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Moment/Shear Envelope (Factored)

Units:kN,meter

Shear

-19.4
-12.2

-20.3

-10.5

-15.7

18.7

15.7

23.

Fig. (4-6) Moment & Shear Envelope of rib 12-GF

Material :-
concrete B300

Fc¢' = 24 N/mm°

Reinforcement Steel fy = 420 N/mm?

4.4.2.1 Design of flexure of rib:-

Design of Positive moment of rib (Rib12-GF):-

Effective Flange width ( 5,.)

b For T- section is the smallest of the following:

bg < % * clear spase + b,,= 400 + 120 = 520 mm

< Span/4 = 2850/4 = 712.5 mm.
< (16x t) + by, =(16x 80) + 120 = 1400 mm.
—bg=520 mm.

1) Design of positive moment Mu *'=12.2 KN.m

ACI-318-11 (8.12.2)

Controlled.

for main positive reinforcement @ 10 Assume bar diameter , stirrups © 8

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=250-20-8-10/2= 217 mm.

~ Assume rectangular & tension control section.
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f: 420
=2 _=_——_=20.59
0.85f; 0.85%24
M, 12.2%10°
R,=—%= - =0.554 MPa
b*d?  0.9%¥520%217

1 2%Rp*
p=—(1- ll—Tm)

_ 1 <1 _ Jl _ 2*0.554*20.59): 0.00134 |

20.59 420

—ASreq = p X b xd=0.00134 x 520 x 217 = 150.8 mm?’,

Ay = ~JF by*d > 2xb,*d ACI-318-11 (10.5.9)
4 (fy) fy
=2 1204217 > 22a120217
=76 mm*< 86.8 mm’ ............. Larger value is control.
— ASmin = 86.8mm’ < Aseq = 150.8 mm®,
~ As=150.8 mm>.
2310 =157.1 mm*>As = 150.8 mm”... OK.
~ Use 2 010
— Check for strain:-(g5 > 0.005) ACI-318-11 (10.3.5)

Asxfy =0.85x f. xbxa
157 x 420 =0.85 x 24 x 520 x a

a=6.22 mm<80 mm =¥ rectangular section .
a _ 622

=3 Togs /31 mm * Note: f, = 24 MPa< 28 MPa— f; = 0.85
1 .
d =217 mm
.= 217-7.31 *(0.003
7.31
=0.086 > 0.005 ( tension control section ).
~0=09.. OK.

@Mu = 0.9%157.1%420%(217 - 6.22 /2 ) * 1076 ==12.7 KN.m > My max = 12.2 KN.m.

=~ Select 2010 For all positive moment.

2) Design of Negative moment My ©'=-6.7 KN.m

1 420
= _y, =—" _=20.59
0.85f,  0.85+24
M 6.7%10°
R, =—= =1.33 MP
M pxd?2  0.9%¥120%216° 33 a
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1 2%Rp*
p=ta- [1- )

- ;<1 _ \/1 _ M): 0.0035.
20.59 420

—ASreq = p X b xd=0.0035 x 120 x 216 = 168 mm?®,

fé
Asmin = 75 bw xd 2 b, *xd ACI-318-11 (10.5.9)

V24
4%420
=86.4 mm*<98.8 mm? ............. Larger value is control.

— ASmin = 98.8mm’ < Asyeq = 168 mm”.

~ As =168 mm®.

2 @12 =226.2 mm*>As = 168 mm” ... OK.
~ Use 2 @12

¥120 %216 > ~24120+216
420

— Check for strain:-(g; > 0.005) ACI-318-11 (10.3.5)

Tension = Compression
Agxfy =0.85x f. xbxa
226.2 x 420 =0.85x24 x 120 x a

a=38.81 mm.
c= Bi =2 = 45.66 mm * Note: f, = 24 MPa< 28 MPa— f; = 0.85
A

d=250-20-8-12/2=216

246—45.66
g, = ——*0.003
s 45.66

=0.0132> 0.005
~@=09.. OK.

@Mu = 0.9%226.2*%420%( 216 — 38.81 /2 ) x 107® ==13.4 KN.m > M, nax = 6.7 KN.m.

= Select 2012 For all negative moment.
AT ENDS:

1/3 Aspositive = 157.1/3 = 52.33 mm? < ASpin
. = Select 2010 , with hook (90degree,20cm) for ends of rib.

4.4.2.2 Design of shear of rib (R12 GF)

Ve, provided by concrete for the ribs shall be permitted to be taken as 1.1 times than that

for beams . ACI-318-11 (11.2.1)
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d=216mm.
Vunax =15.9 KN.

fe
V.=1.1 xgxbxd
~ 1.1 % x 120% 216x107 = 17.5 KN,

PV.=0.75 x 26.405= 19.9 KN.
0.5¢0Vc =8.7 < Vu =159KN < @Vc =17.5
NO SHEAR REINFORCEMENT IS REQUIRE

According to ACI-Code-318-11 required Asw minimum expect for ribs

=~ Select @8 -25¢m with 2 —legs.

_ 4320
&xia10 L=448

Fig. (4-7) Reinforcement of rib 12-GF
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4.5 Design of Beam (B44 G-F):

Material :-

L1

concrete B300
Reinforcement Steel

18.5  18.5

Selected h =60 cm (25 c¢m slab thickness ,35 drop below slab ) .

By using BeamD program we get the envelope moment and shear force diagram

as the follows:-

Fc¢' =24 N/mm°
fy = 420 N/mm?

8.4
— = —=0.46m .... for exterior span =

Geometry Units:meter,cm

A . A
A ' A
0.35 572 05 7.97 0.35
b 6.15 b 8.4 b
f } {
100.
60.
40.
A-A

4.5.1 Load of beam :-

Load of this beam come from reaction of Rib 12 GF as following :

Figure (4-8) : Beam Geometry.

Reactions

Factored s °
— —t— +— i

DeadR 7.16 214 24.86 8.82

LiveR 6. 16.75 18.45 6.9

‘MaxR 13.16 38.14 43.31 15.72 N

MinR 6.19 27.75 32.07 8.1

Service

DeadR 5.97 17.83 20.72 7.35

LiveR 3.75 10.47 " 11.53 4.31 °

MaxR 9.72 28.3 32.25 11.67

MinR 5.36 21.8 25.22 6.91

Figure (4-9) : Spanl&?2 service load from rib 12-GF.
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Beams load as follows :

DL =17.83/0.52 = 34.3 KN/m
LL =10.47/0.52 =20.1 KN/m

» Self-weight of beam = 0.6x25x0.35+1*25%0.25 = 9.75 KN/m

Loading
Toad group no. 1
Dead load - Service Units:kN,meter
34.3 34.3
975 QY5
6.15 8.4
Live load - Service Load factors: 1.20,1.20/1.60,0.00
20.1 201
6.15 8.4

Figure (4-10) : Load of Beam (B44 GF)

Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans T1io 2

-602.8
-515.6 -498.3

, 3.32,1.98 ,
r T 1
| 1 |
'\ . 1.68/1.51 ,
32. , , | 0.
212.1
504.5
2.15 1 4. 5.04 . 3.36 |
I T T T 1
Shear
-359.5
-292.3 -293.
2322
T T ; T
129.3
190.
361.7
4288

Figure (4-11) : Moment& Shear Envelope for Beam (B44 GF)
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4.5.2 Design of flexure:-
4.5.2.1 Design of Positive moment :-

1) Design of positive moment Mu ®=212.1 KN.m (span1)

for main positive reinforcement @ 16 Assume bar diameter , stirrups @ 10
d = depth — cover — diameter of stirrups — (diameter of bar/ 2)

=600 — 40— 10 —16/2= 542 mm.
~ Assume rectangular & tension control section.

m=———m=——-=20.59
0.85f, 0.85%24
My, 212.5%10°

= =0.802 Mpa

" bxd?  0.9¥1000%5427

1 2%Rp*
p=—(1- ll—Tm)

:;(1 _ Jl——)z 0.00195

20.59 420

Ry

—ASreq = p X b xd=10.00195 x 1000 x 542 =1056.5 mm?’,

I

1.4
ASpin = rfy)*bw*d > E*bw*d ACI-318-11 (10.5.9)
= V2% L 400 %542 > 14400 % 542
4%420 420
=637.9 mm>< 7292 mm* ............. Larger value is control.

— ASmin = 729.2mm” < As;eq = 1056.5 mm”®,
« As =1056.5 mm”.
6 16 = 1206 mm>>As,eq = 1056.5 mm” ... OK.
~ Use 6 @16
400—-40+2—-10+2—6+16
Smax = = = 40.8mm > 25 mm

— Check for strain®¢g; > 0.005) ACI-318-11 (10.3.5)

Agxfy =085 x f. xbxa
1206 x 420 =0.85 x 24 x 1000 x a
a=24.9 mm<250 mm =» rectangular section .

=5 = es ~ 292mm * Note: f, =24 Mpa< 28 Mpa— ; = 0.85
.o
d =542 mm
£ = Z222% 0,003

=0.053 > 0.005 ( tension control section ).
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~0=09.... OK.
@Mu = 0.9%1206%420*( 542 —24.9/2 ) * 1076 ==241.4 KN.m > M, ax = 212.5 KN.m.

2) Design of positive moment Mu ©)'=504.5 KN.m ( span 2 )
Checkifa<hy:

Mar = 0.85%24*1000%250(540-0.5%250)*10° = 2116.5 > My yax = ~co = 560.6 KN.m

Design as rectangular section .

My _ 504.5%10°
b*d%  0.9¥1000%5402

1 2%Rp*
p=—(1- /1—Tm)

_ 1 (1 B \/1 . 2*1.922*20.59>= 0.004806 .
20.59 420

Ry

=1.922 Mpa

—ASreq = p % b xd =0.004806 x 1000 x 540 = 2595.2 mm”.

—ASmin = 729.2mm? < ASpeq = 2595.2 mm?.
= As=2595.2 mm>.
9 320= 2826 mm”>As,e, = 2595.2 mm” ... OK.

~ Use 9 020

400-40%2—-10%2—7+20
Smax = S =26.7mm > 25 mm

the other 3 bars in layer 2 spaced layer 25 mm (clear ).
— Check for strain®¢g; > 0.005) ACI-318-11 (10.3.5)

Agxfy =085 x f. xbxa
2826 x 420 =0.85 x 24 x 1000 x a
a=58.2 mm<250 mm =» rectangular section .

c=—=22=685mm * Note: f, =24 Mpa< 28 Mpa— f3; = 0.85

d =540-10-0.5*25 =517.5 mm

_ 540-68.5

&s s *0.003
=0.0207 > 0.005 ( tension control section ).
~0=09.... OK.

@Mu = 0.9*2826*420%( 517.5—-58.2/2)* 1076 = 521.72 KN.m > M max = 504.5 KN.m.
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4.5.2.2 Design of negative moment:- ( My pax =- 515.6 KN.m)

In negative moment the effective section is rectangular section 60%40
check the maximum nominal strength as singly :

Conax =§ xd =§ %540 =231.4 mm.
amax = B1% Cmax = 0.85 x 231.4=196.72mm .  *Note: f, =24 MPa < 28 MPa—f; = 0.85
OMnpmax = 0 0.85 x f. x b xax(d-g)

=0.82 * 0.85 x 24x 400% 196.72x ( 540 —

=581.3 KN.m.
— Mu < @Mnp,y
=~ singly reinforced concrete section desgin .

196.72
2

)% 107

M, _ 515.6%10°
bxd?  0.9¥400%540%

1 2%Rp*
p=—(1- /1—Tm)

_ 1 (1 B \/1 . 2*4.91*20.59)= 0.0136. .
20.59 420

—ASreq=p ¥ b xd=0.0136 x 400 x 540 =2937.2 mm’.

R, =4.91 Mpa

— ASmin = 729.2mm” < Asyeq = 2937.2 mm”,
« As=2937.2 mm’.
10 @20= 3140 mm*>As,q = 3140 mm’ ... OK.

~ Use 10 020

400-40%2—-10%2—7+20
Smax = S =26.7mm > 25 mm

the other 3 bars in layer 2 spaced layer 25 mm (clear ).
— Check for strain®¢g; > 0.005) ACI-318-11 (10.3.5)

Agxfy =085 x f. xbxa
3140 x 420 =0.85 x 24 x 400 x a

a=161.62 mm
== =2 =190.14 mm * Note: f, =24 Mpa< 28 Mpa— f8; = 0.85
A
d; =540 mm

d =540-10-0.5%25 =517.5 mm

__ 540-190.14

s = *0.003
190.14
=0.00552 > 0.005 ( tension control section ).
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~0=09.... OK.
@Mu = 0.9*%3140%420%( 517.5-161.62/2 ) * 1076 = 518.32 KN.m > M, pax = 515.5 KN.m.
Reinforcement @ the top ends of beam :

As positive

As required = = Asmin.

1) @ Leftside,

1206
Ay required — "5

= Selected 5614 , As= 770mm?>.

= 402 mm? < As min = 729.2mm?.

2) @ Right side,

As required = Zzﬁ = 942 mm? > As min = 729.2mm?.

= Selected 5616 ,As= 1005mm?>.

4.5.3 Design of shear:-

7t
¢VC=¢xfxwad

6
= 0.75 % X 400%540 = 132.2 KN,

» Check For dimensions :-

GVe+( 2 xff xbyxd) =1322+( 2x0.75 xv24 x 400x540)

=132.2+528.8=661 KN>Vumax =661.7 KN.
=~ Dimension is adequate enough.

@ % VSim = % « V24 * 400 * 540 = 49.6 KN
or
B * VSpin = % 400 + 540 = 54 KN ..control .

@(Vc+Vsmin) = 186.2KN. ... 1

@(Vc+Vsmax) =661KN. ...2
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1) V,, = —232.2 KN.

try 2leg.®10 — 20cm ,,,,,Av = 2 x 78.5 = 157 mm?

Av. VsSmn s 157 %420 540 133.5

Sreq fyprd T4 T 200%1038 oo
d 540

Sreq SE=T= 270 < 600 mm

select 10 — 20 cm (2 — legs).

Use 2 legs®10 — 20 cm c/c, where Vu =< 265.7 KN .
2)Vyy = 361.7 KN..

- required designed shear reinforcement.
Vs = 2222 = 305.87 KN

try2leg.910 —10 ,,,,,Av = 2 % 78.5 = 157 mm?
Av. Vsmin _ 157 %420 = 540

= => = = .08 KN
Sreq fy*d req 100 =103 356.08

d 540
Smax S§=T= 200 < 600 mm

@(Vc+Vs) =0.75 * 356.08 + 132.2 = 399.4KN > 361.7KN

select 10 — 10cm (2 — legs) .
3)V,3 = 292.3KN

- required designed shear reinforcement.

Vs =222371322 _ 5135 KN .
0.75

try2leg.910 —15 ,,,,,Av = 2 % 78.5 = 157 mm?
Av  Vspin 157 * 420 * 540

= => req = 3
Sreq  fy*d 150 * 10
@(Vc+Vs) =0.75 x237.4 + 132.2 = 310.3KN > 292.3KN
select 10 — 15cm (2 — legs) .

= 2374 KN
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Figure (4-12) : Reinforcement for Beam (B44 GF).

4.6 Design of column(C80):

4.6.1 Load calculation:

DL=2072 KN , LL=554 KN .
Assume square section with (50cm x 50cm ) .

4.6.2 Check slenderness :

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

R: radius of gyration = % = 03h

Lu=3.75 m

M1/M2 =1 =» for braced frame .

K <34-12(Z) <40
r M2

1x3.75

0.3X0.5

=25>22 =>long column .

( long column for bending about its both axis) .
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4.6.3 Calculation minimum moment :

E. = 4700 x \/24 = 23025.2 MPa

1.2 D (sustained) _ 1.2% 2072

Bans= u 33728 =0.737
3 3
[, =22 2208 — 0,005208 m*
12 12
EI _ 0.4XEcxI — 0.5%23025.2 X0.005208 — 276161 MN_m2
1+ fBdns 1+ 0.737
_ T2 xEl
¢ (K2
_ m2x25.267
(1.0x3.75)2
=19.382 MN
Cm=0.6+04x(L2) =1
M2
cm 1
Ons = Pu_ 328 1.302<14
T 0.75 Pc "~ 0.75x19382.1

emin = 15 +0.03 h =15+ 0.03 x 500 = 30 mm
€= emin X Oy = 30x 1.302 =39.06 mm
e 39.06

» = To0 0.08

Using interaction diagram to find nominal axial load as follows :
¥=(d-d ) h = 500-40*%2-10*2-20/ 500
= 0.751.

Assume p, = 0.02 .
Pux /Ag= Puy/Ag=2.35.
Pux = Puy =2.35*500*500*0.001/0.145 = 4051.7 KN .
Puo =0.65*500*500*(0.85*24*(1-0.02)+0.02*420)

=4613.7 KN.

1 1 1 1

—_— — + —_—
(DPn Pux Puy P‘IJ,O

11 N 1 1
@P, 4051.7 4051.7 4613.7

PP, = 3611.75KN > 3372.8 KN .

As = 0.02 * 500 * 500 = 5000mm2 selected 16020 .

4.10.4 Design of the tie reinforcement :

S <16 db (longitudinal bar diameter)

S <48dt (tie bar diameter).

S < Least dimension.
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spacing < 16x dy=16x2 =32 cm .... control
spacing <48x dt=48x1.0=48 cm

spacing < least.dim =50 cm.

Use$p10@20 cm , in normal region .

GROUND FLR. TO FIRST FLR

COLUMN ID.
FC’'=24 Mpa

50
|
I
:

.

1

/ |
c -~

VERTICAL STEEL= 1& T20
PERIPHERAL N.R LINKS T 10820cmc/c.
INTERNAL SP UNKS T 10&10cme/c

Figure (4-13) : Reinforcement for column (C80).
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4.7 Design of isolated footing:

P4 Q@
= =
r Z
A HX a [ | "E?L“
8 =.h-°:m SRR I J rg_
f s
[aaP ° o

L

SECTION  A—A

[ BRI

—=— | 7—

- TR poosame
n fe
——te "H—ie
et i

Fig. (4-14) : Geometry of footing (F6)

4.7.1 Load calculation:

From column 80 :
DL=2072 KN .
LL=554 KN .

Soil weight = 18 kN/m3.

Allowable soil pressure = 350 kN/mo2.
Fc'=24 Mpa

Fy =420 Mpa

Cover=7.5 cm
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4.7.2 Determine the net soil pressure:

use steel bar @ 12

Assume h=65cm ......... d =650-75-12 =563 mm
Weight of footing= 0.65%25= 16.25 KN/m?

Weight of soil= 1*18= 18KN/m?

Total surcharge load foundation:

W= 16.25+18= 34.25 KN/m?

Gaitner = 350 — 34.25=315.75 KN/m?

4.7.3 Design of footing area:

. Pn 2626
gall.net 315.75

A=Db*b
Take b=2.8 m

= 33728 _ 430.2 KN/m?
2.8%2.8

=7.75 m?

4.7.4 Check for one way shear:

Vu=((L —a)*0.5 —d)x quxb
Vu=((2.8- 0.5)*0.5 - 0.563)x 430.2x2.8
Vu=707.1 KN

OVe=¢ (Vic’ *bw*d)/6
=0.75 * 24 * 2800*563*107 / 6
=956.4 KN > Vux =707.1 KN .OK

4.7.5 Check for punching shear:

Vu = qu*(b*1 - (a+d ) (c +d))
=430.2 (2.8%¥2.8 - (0.5+0.563) (0.5 + 0.563))

=2458.2 KN.
as = 40 for interior column
50

bo = Perimeter of critical section taken at (d/2) from the loaded area
bo =2* (atd+c+d)

=2 *(0.5+0.563*2+0.5)

=4.252m
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Vc the smallest of:

V. =%*(1+§)\/f_é*bo*d where%*(1+§)=%*(1+%)=0.5

V.= 1—12(%(1+ 2)\/f_c’*bo *d  where 1—12(%(1+ 2) = 1—12(40*0'563 + 2) = 0.61

4.252
chg*\/f_c’*bo *d where§= 0.333............control
_1 [} _1 -3 _
Take VC—E*\/f_C* bexd= ~% V24 4252+ 563 * 107 = 3909.2 KN

@V. = 0.75 * 3909.2 = 2931.9 KN
OV, = 2931.9 > V, = 2458.2KN ... ... ... ok

4.7.6 Design for bending moment:

use steel bar @ 12
b=2.8m ,h=650mm, d= 563 mm

2.8 * 1.152
My = 4302 ————="7965KN.m
_ fy — 420 _
M= 085, 08524 20.59
_ My _ 796.5%10° _
Rn - 0 b*d? T 0.9+2800+ (563)? 0.9972 MPa.
— l _ _ 2*Rp*m
p B m (1 1 fy )
~ 55 (1 - \/ 1- M)= 0.00244
20.59 220

Ay =p * b *d =0.00244 * 2800 * 563 = 3839mm’.

ASmin = 0.0018 b *h = 0.0018 * 2800 * 650 = 3276mm?2
ASpin = 3839 mm*>As,.q = 3276mm”.
« As 3839 mm’.

=——=—=""=339
Apar®12 1131
~ Use 3412
2800 —75%x2 —34x12
S= 33 = 87mm

Step S is the smallest of
1- 3h=3*650=1950mm
2- 450......... control

S = 82< Sax = 450 ..........0k
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4.7.7 Check transfer of load at base of column:

OPn= ®(0.85 fc'Ag)
=0.65(0.85)(24)*500*500*1073=3515 KN > Pu=3372.8 KN.
Since ®Pn > Pu.

.. Dowels are not required for load transfer

The min. area of dewels= 0.005*Ag = 0.005*500*500 = 1250 mm”.

Use 16020, As= 5024 mm?2 >Asmin=1250 mm?2 .
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4.8 : Design of stair :

| | l
/N N
= L1025/ |
U
~
ﬂ‘ N\ :-\\J
N 3
>
N
=
_ |an292+
= d'F.F.L
] 150 | 330
4 N\
Fig. (4-15) : Stair plan
h=(496.25) /.20 =248 ....... select h =25 cm
0 = tan"l(rrifl) = tan‘l(%) = 28.07°

4.8.1 Load calculation :-
Flight dead load computation :-

The structural system & dead load calculation :-
Plaster =( 0.03x22x1)/(c0s28.07) = 0.75 KN/m
Concrete slab = (0.25x25x1)/(cos 28.07) = 7.08 KN/m
Mortar = (0.34+0.16)x0.03x22/(0.3) = 1.012 KN/m
Stair = 0.16x0.3x0.5x1x25/(0.3) =2 KN/m

Tiles = (0.35+0.16)x 0.03x27/(0.3) = 1.377 KN/m
Total load = 12.22 KN/m

Dead load = 12.22 KN/m , Live load = 5 KN/m
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Landing dead load computation :

Tiles = 0.03x22x1 = 0.66 KN/m
Mortor = 0.02x22x1 = 0.44 KN/m
Sand =0.07x17x1 =1.19 KN/m
Concrete = 0.25x25x1 = 6.25 KN/m
Plastering = 0.03x22x1 = 0.66 KN/m

Total dead load = 9.2 KN/m , Live load= 5 KN/m and the reaction from flight.

4.8.2 Design of flight:

By using Beam D program :

Loading
Toad group no. 1
Dead load - Service Units:kN,meter
12.2
L4 | Las ]
4.96
Live load - Service Load factors: 1.20,1.20/1.60,0.00

e~ S A A A A 0 A O e >

4.96

Fig. (4-16) : Load diagram for flight

Moment/iShear Envelope (Factored) Units:kN meter

Moments: spans 1 to 1

\——”//‘

! 2.48 6-’?-2 2.48 !

Shear

451 43

Fig. (4-17 ) : Shear & moment envelope diagrams for flight .
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4.8.2.1 Design of shear:

Vu=43.4 KN.
Assume dp,= 10
d =250-20-5=225 mm

oVe = ¢(/fc " xbwxd) /6
=0.75 x V24 x 1000x225x107 /6
=156.2 KN

0.5% ¢Vc =78.1 KN >43.4 KN

The thickness of slab is adequate enough.

4.8.2.2 Design for flexure:

Mu= 65.2 KN.m
Mn= Mu/ 0.9 = 65.2/0.9 = 72.44 KN.m
Rn=Mn/(bxd?)

= 72.44/ (1000%2252)

=1.431 MPa
m = fy / (0.85% f.')

=420/ (0.85 x 24)

=20.59

1

p=—(1- 1=

2XRpXm

)

fy

1 2x1.431x20.59
P= 3059 (1 —Jl T I—
p=0.00354
—ASeq = p * bg xd = 0.00354 x 1000 x 225 = 795.7 mm®,
Aspin = 0.0018 xb *d
=0.0018x1000x250
=450 mm?< 795.7 mm* ............. Larger value is control.
Use 912
n= As/As@P14
=795.7/113.1
=7.04

s === — = 0.14m
n 7.04

«. Take 8 #12/m ,With As= 904.8 mm?*/m or $12 @12.5 cm
step (S) is the smallest of :-

1) 3h=3x250=750 mm
2) 450 mm
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280

3) 380 ()25 % C

280
%*420
280 280

4) 380 (F) = 380 (§*420

=380 x (2= )~ 2.5% 20 =330 mm

) =300 mm — control

S=125 <Smax =300 mm .... ok

For the shrinkage and temperature reinforcement :-

p = 0.0018
As = p*bxh=0.0018 * 1000 * 250 = 450 mm?.

Asre 450 . 1
Number of @10 = % =2=5.7 — Spacing(S) = — = 17.444 cm
o~ @10@15 em.

step (S) is the smallest of :-
1) 5h=5%x250=125mm
2) 450 — control
S= 150 <Smax =450 mm ... ok

4.8.3 Design of landing:-

By using Beam D program :

Loading
load group no. 1
Dead load - Service Units:kN,meter
20.6
3.6
Live load - Service Load factors: 1.20,1.20/1.60,0.00
9.50
3.6

Fig. (4-18) : Load diagram for landing .
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 1

| 1.8 64.7 1.8
T T

Shear

-71.9
-63.

63.

71.9

Fig. (4- 19 ) : Shear & moment envelope diagrams for landing .

4.8.3.1 Design for flexure :

Mu= 64.7 KN/m

Mn=Mu/ 0.9 =64.7/0.9 = 71.88 KN/m

d=250-20-12-6 =212

Rn=Mn/(bxd?)
=71.88/(1000x2122)

=1.6 MPa.

_ 1 [ 2x16x2059
P= 5055 (L \/1 20 )
0 =0.00397

—ASreq = p X bg xd =0.00397x 1000 x 212 = 842.01 mm?>.
Aspin = 0.0018 b xh
=0.0018x1000x250
=450 mm”>< 842.01 mm” ............. Larger value is control.
=~ Use @12
113.1/0.125 =904.8
P12 @12.5 em <300mm .

For the shrinkage and temperature reinforcement :-

p =0.0018
As = p*bxh=0.0018 * 1000 = 250 = 450mm?.
Number 0Of 10 =» 78.5/0.15 = 523.3mm?2

Selected @10-15 cm <450mm .
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4.9 Design of basement wall:

— loads

DL=70 KN/ kb§50 KN/m

v = 17 KN/m?
$ = 30"
= = =
— <
~ <
¥
- i
2 ; ]
F= , =17 KN/m?3
b = 30°
c = 0 kPa

Fig. (4- 20 ) : Geometry and load of basement wall .

we use [ES .Quick- Suite program to analysis the basement wall ,then we check the results by
hand calculations , and we find it as same as hand calculations .So we will suffice view the

program analysis as follows :

lateral earth pressure :

4.7 m
4.7 m

[T

At - Rest Earth Pressure Theory 7¢—93.88 kN/m

57 m

}-
i

-39.95 kPa

|-

Ko=1-sin ¢ = 1-sin 30° =0.50
oh=KoyH = 050 17kN/m® 47m =

39.95 kPa . 2\
\ o +——82.28 kN/m
Lateral Earth Pressure (stem only) T \-374kPa M|
oh = Ko\‘:H = 050 17kN/m® 44 m
= 37.4 kPa

Fig. (4- 21) : lateral earth pressure
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Later surcharge earth pressure :

At - Rest Earth Pressure Theory
osur=Koq = 050 5kPa = 25kPa

Bearing Pressure Calculation :

Contributing Forces

4.7 m—]

E
=

-2.5kPa <+—11.75kN/m

|=—4.7 m—]

-2.5kPa 11kNm

Fig. (4- 22 ) : lateral surcharge pressure .

Vert Force ...offset Horz Force ...offset OT Moment
Backfill Pressure -0 kN/m - 0 kN/m - -0 kN-m/m
Uniform Surcharge Pressure -1.75 kN/m 0.83m 0 kN/m - -1.44 kKN-m/m
Axial Dead Load -70 kN/m 0.5m 0 kN/m - -35 kN-m/m
Axial Live Load -50 kN/m 0.5m 0 kN/m - -25 kN-m/m
Footing Weight -7.5 kN/m 0.5m 0 kN/m - -3.75 kN-m/m
Stem Weight -33 kN/m 05m 0 kN/m - -16.5 kN-m/m
Backfill Weight -26.18 kN/m 0.83m 0 kN/m - -21.6 kN-m/m
Soil over toe Weight -2.38 kN/m 0.17m 0 kN/m - -0.42 kN-m/m
Stem Base Shear -0 kN/m - -60.35 kN/m 03m 18.11 kN-m/m
Stem Base Moment 0 kN/m - 0 kN/m - O kN-m/m

-190.81 kN/m -85.6 kN-m/m

Sliding Check
Sliding Force(s)

Backfill pressure

93.88 kN/m
11.75 kN/m Surcharge (uniform) lateral pressure
Total: 105.6 kN/m
Resisting Force(s)
Passive pressure @ toe Friction
12.49 kN/m
85.86 kN/m
Lateral Support Reaction 42.93 kN/m
Total: 161.3 kN/m
RE = 1.56>1.50
FS. = 1613 kN/m
105.6 KN/ m

SF [ )
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Bearing capacity check :
Bearing pressure allowable 109.2kPa<350kPa —OK.

Bearing resultant eccentricity < allowable (0.05<0.17)m — OK .

Stem Flexural Capacity :

4.4

3.96

3.52

3.08

2.64

2.2

1.76

1.32

0.88

0.44

40 -13.33 13.33 40 66.67

Moment (kN-m/m)

93.33

Fig. (4- 23 ) : stem bending moment .
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Capacity (ACI318-11 10.2) @ 0 m from base [Negative bending] :

_ A f, (3.1cm?/m)(420 MPa)
3%085F, - 0.85(24MPa)

M, = §A f(d-a/2) = (0.90)(3.1 cn? / m)(420 MPa)[(220 mm)- (6.38 mm)/2] = 25.38kN-m/m

= 6.38mm

capacity (ACI 318-11 102) @ 0 m from | [p bending]
- Agfy  _ (10.32cm?/ m)(420 MPa)
T085F, 0.85 (24 MPa)

M, = A T (d-a/2) = (0.90)(10.32 cm? / m)(420 MPa)[(273 mm)-(21.25 mm)/ 2] = 1024 kKN-m/m

= 21.25mm

i A1y Ay B e et
S Alfy _ (10.32¢m?/ m) (420 MPa) _
A=585F, 0.85 (24 MPa) L=

M, = §A f,(d-a/2) = (0.90)(10.32 cm? / m) (420 MPa) (273 mm)-(21.25 mm)/2] = 1024 kN-m/m

Capacity (ACI 318-11102) @ 4.1 m from base [Negative bendingl
S Aty . (.1om?/m)(420 MPa) _
3= 085F, 0.85 (24 MPa) S

M, = 4A 1 (d-a/2) = (0.90)(31 cn? / m)(420 MPa)[(220 mm)- (6.38 mm)/ 2] = 25.39kN-m/m

capacity (AC 318-11 10.2) @ 4.4 m from base [Negative bendingl

Asfy . (Qom*/m)@20MPa) _ o

A°085F, ~ 08504MPa)

M, = $Af (d-a/2) = (0.90)(0cm?/ m)(420 MPa)[(220 mm)- (0 mm)/2] = OkN-m/m

Lapacity (ACI 318-11 10.2) @ 4.4 m from base [Positive bendingl
a= Aty . (0cm?/m)(420 MPa)
0.85F, 0.85 (24 MPa)

M, = A1 (d-a/2) = (0.90)(0cm?/ m)(420 MPa)[(273 mm)- (0 mm)/2] = OkN-m/m

= 0mm
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Shear

44
3.96
3.52
Stem Shear Capacity : s.08
264
2.2 Offset (m)
1.76
1.32
0.88

0.44

-200 -133.33 -66.67 66.67 133.3 209

Shear(:kNlm)
Fig. (4- 24 ) : stem shear

Shear Capacity (ACI 318-11 11.1.1, 11.2.1) @ 0 m from base [Positive shear]

2=10 (normal weight concrete)

Ve=224F.d = 2(1.0){24 MPa (273 mm) = 2221 kN/m
Vo =6V, = (0.750)(222.1kN/m) = 166.6 kN/m

Shear Capacity (ACL 318-11 11.1.1, 11.2.1) @ 0 m from | T——

2 =10 (normal weight concrete)

Vo=22{F.d = 2(1.0){24 MPa (273mm) = 222.1 kN/m
Vo =4Ve = (0750)(222.1kN/m) = 166.6 kN /m

Shear Capacity (AT 318-11 11,11, 11.2.1) @ 4.4 m from | [Positive shear]

A= 1.0 (normal weight concrete)

Ve=224F.d = 2(1.0{24 MPa (273mm) = 2221 kN/m
Va=6Ve = (0750)(222.1kN/m) = 166.6 kN/m

r ity (ACI 318-11 11.1.1, 11.2.1 4.4 m from ba Negative shear
A=1.0 (normal weight concrete)

Ve=224Fcd = 2(1.0){24 MPa (273 mm) = 2221 kN/m
Va=6Ve = (0750)(222.1kN/m) = 166.6 kN/m
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Toe Checks [1.2D + 1.61. + 1.6H] :

Lontrolling Moment
Note: Design toe moment is not imited to stem moment because stem base is pinned

Myge = 17.86 KN-m/m

Flexure Check (ACT 318-11 10.2

- Aty (174cm?/m) (420 MPa)
O85F,  08Q4NPY

= 15.94 mm

M= 4Ah,d-al2) = (0.90)(7.74 cm? / m) (420 MPa) [(220 mm) - (15.94 mm)/ 2] = 6206 kKN'm/m

iy = 6208KNm/m > M, = 1786kN-m/m v

hear Check (ACT 318-11 11.1.1, 11.11.31
1 =10 (nomal weight concrete)

Vez204F,d = 2(10){24 MPa (20 mm) = 179KN/m
Noz4Ve = O750)(1T0KN/m) = 1343KN/m
Wy = 1343KN/m 2 V= 006K /my

Minimum Strain Check (ACI 318-11 10.3.
Br= 0850  (Fy<4000psi

Al (7174cm?/m)(420 MPa)
085F, = 0.85(24MPa)

) (220 mm) . ] )
8= 0003( alh 1) 0'003[(15.94mm]l(0.850)1 00322

a= = 1594 mm

0= 0032 > 0004

MInImum Steel Lheck (ALL 318-11 10.5.1
oM, = 6206 kNm/m > (4/3)M, = [4/3](1786 kN'm/m) = 23.81 kN-m/m
Check is waived per AC1 10.5.3 v

hrink nd Temperatur | (ACI 318-11 7.12.2

——_— Agr _ _(60.96 cm?/ m)
PO tser (300 mm) (150 mm)

~0.0018(60000) _ 0.0018 (60000)
PST_min & (420 MPa)

PST_min = 0.0018
pST prov = 0.0034 > pgr in = 0.0018 v/
18 inch limit governs

= 0.0034

= 0.0018

SST_maX = 4572 mm
ssT = 150 mm < Sgr max = 457.2mm /

— Toe Unfactored Loads
Unfactored Loads

| \\
!

10mm @ 100 mm .

it

249.6kPa 2085 kPa

6.8-6.8 kPa (Soll) Y
7.5kPa (Self-wi) 1

-t

==

300 mm

Fig. (4- 25) : Toe loads
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Heel Checks [1.2D + 1.61L + 1.6H] :

Controlling Moment
Note: Design heel moment is not imted to stem moment because stem base is pinned

Mgy = 650N/

Flexure Check (ACI 318-11 1(0.2

.- Ay (7.74cm? | m) (420 MPa)
085F, 0.85 (24 MPa)

= 15,94 mm

i = o Asty(d-a/2) = (090)(7.74cm?/ m) 420 MPa) (220 mm)- (15,94 mm) 2] = 6208 kN /m

i = 6206kNmIm > My = 54kNmim v/

Shear Check (ACI 318-11 11.1.1, 11.11.3.1
=10 (normal weight concrete)

Vo=23F,d = 210) 24 WPa 20 mm) = 79N/
Wz, = (O780)(T9N/m) = 134340 m

/
Minimum Strain Check (ACI 318-11 10.3.

By = 0.850  (F'; <4000 psi)
__Asfy _ (1.74cm?/m)(420MPa) _
3%085F, 0.85 (24 MPa) Ll

) d _ (220 mm)
& = 0.003 (—a 5 1) = 0.003 [(15.94 mm)/(0.850)"

o = 00322 > 0004 v

1} = 0.0322

Minimum | Check (ACI 318-11 10.5.1
oM, = 6206 KNm/m > (4/3)M, = [4/3](6.54kN'-m/m) = 8.72kN'-m/m

Check is waived per ACI 10.5.3 v/

nd Temperatur | (ACI1 318-11 7.12.2

bST oro = Ast _ (60.96 cm?/ m)
ProV=tsgr (300 mm) (150 mm)

~_0.0018(60000) _ 0.0018 (60000)
ralon fy (420 MPa)

psT_min = 00018
pSTJ)rOV = 00034 2

hrink
= 0.0034

= 0.0018

pST min = 0.0018 v/

18 inch limit governs
SST_max = 457.2 mm 88

ssT = 150 mm < SgT max = 457.2mm \/

— Heel Unfactored Loads

Unfactored Loads

1YY 5kPa (Uniform Surcharge
1YY 74.8 kPa (Soil weight)
[YY 7.5 kPa (Concrete self-wt

|AALAAL
J 1AAAAAL
AdAAAA

Q

10;11{1@, 100 mm g
3

(neglect bearing pressure)

Fig. (4- 26 ) : heel loads



Chapter Four

4.10 Analysis & Design concrete frame using E-tabs program :

By using e-Tabs program , we design concrete frames in Art Building . The following figure
shows analysis results :

m 812
N
r~
o
o
= 14.9588
2
>
[<=]
b2
o

Fig. (4- 27 ) : Bending moment frame result.

So , in this example ,we will check if the joints are stable or not & the flexural steel are in
horizontal members are correct or not .

v Check sum of moments about joints :

o J17?
806.4-8064=0........ ok stable joint .
o J27

784.5+215-999.5 = 0 ...ok stable joint .
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Chapter Four

v" Check flexural steel area :

¢ Lower horizontal member (Mu = 618.3 KN.m) :

Assume db=25mm , d = 600 -40-10-12.5 = 537.5 mm

M, 618.3%10°
R,=—== -=3.97 Mpa
b*d?2  0.9¥600%537.5

1 2%Rp*
p=—(1- ll—Tm)

:;<1 _ Jl _ w>z 0.014
20.59 420

—ASreq = p X b xd=0.014x 600 x 537.5 = 4515 mm?>.
I

1.4
Asmin = 35 *burd 2 Zebyvd ACI-318-11 (10.5.9)
V24

%600 * 537.5 = 940.5mm? > —= x 600 * 537.5 = 1075mm?
4+420 420
As=4515 mm2 = .. Use 10 @25

600—-40+2—-10+2—10* 25
Smax = 9 =27.7mm > 25mm

— Check for strain®¢g; > 0.005) ACI-318-11 (10.3.5)

Agxfy =085 x f. xbxa
4515 x 420 =0.85 x 24 x 600 x a

a=154.9 mm
_a _ 154.9
“ B1 085

d; =537.5 mm

=182.1 mm * Note: f, =24 Mpa< 28 Mpa— f3; = 0.85

_ 537.5-182.1
g = T % 0,005855

=0.05855> 0.005 ( tension control section ).
~0=09.... OK.
@Mu = 0.9%4515%420*( 537.5 —154.9 /2 ) x 107 = 785 KN.m > M, yax = 618.5KN.m.
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Chapter Four

R/

¢ lower horizontal member (Mu = 699 KN.m) :

Assume db=25mm , d = 600 -40-10-12.5 = 537.5 mm

M 699%10°
R,=—= =44 M
M pxd?2  0.9¥600%537.57 805 Mpa

1 2%Rp*
p-ta- [1- )

_ 1 (1 B \/1 . 2*4.4805*20.59)= 0.0168
20.59 420

—ASreq=p ¥ b xd=0.0168x 600 x 537.5 = 5418 mm”.

fé
ASpin = r\/;)*bw*d > ;_:*bw*d ACI-318-11 (10.5.9)

V2% 600 % 537.5 = 940.5mm? > 1% 4600 « 537.5 = 1075mm?

* —_—
4%420 4

As =5418 mm2 =» .. Use 12 @25

600 —-40+2—-10+2—10* 25
Smax = ) =27.7mm > 25mm

the other 2 bars in layer 2 spaced layer 25 mm (clear ).

— Check for strain®¢g; > 0.005) ACI-318-11 (10.3.5)

Agxfy =085 x f. xbxa
5890.5 x 420 = 0.85 x 24 x 600 x a

a=202.1 mm

c== 222 =237.2 mm * Note: f, =24 Mpa< 28 Mpa— 8, = 0.85
T
d; =537.5 mm

d =600-40-10-25-12.5 = 512.5 mm

_ 537.5-237.2
T 0.00509
=0.0509 > 0.005 ( tension control section ).
~0=09.... OK.

@Mu = 0.9*5890.5%420%( 512.5-263.5/2 ) * 1076 = 847.8 KN.m > M, max = 699 KN.m.
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4632 1064 4632
2243 4697 2243
R R
& &
5781 1276 5781
2676 5544 2676

Fig. (4- 28 ) : flexural steel area frame result.

Seoe BChﬂ F21

See Bepm F11

FPRAME 1 & 2 ELEVATION

Fig. (4- 29 ) : flexural steel area frame drawing .
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Chapter Four

4.11 Analysis & Design of flat plat using safe program :

By using SAFE program to analyses and design of flat plat we get the following shape of
maximum bending moment in X&Y directions ( by using finite element method ) for slab part 4
of parking floor un music building :

Fig. (4- 30 ) : maximum bending moment of flat plat.

As a result of previous analyses , the following shapes display the way that we used to
reinforcing this slab :
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NT TO
TOP REINFORCENE .
;DAgggo‘:E%ﬂ (14®20} ‘BOTH DIRECTIO

Fig. (4- 31) : Top flexural steel reinforcement .

For more clear details back to AutoCAD drawings .
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3. ACI Committee 318 (2011),4CI 318-11: Building Code Requirements for Structural
Concrete and Commentary, American Concrete Institute, ISBN 0-87031-264-2.
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (S)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

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

Member | deflections.

Solid one-
way slabs €120 €124 £/28 £Nno

Beams or

ribbed one-
way slabs £M16 £/18.5 er21 L8

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 kg/m3) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural Iightweight concrete having unit density, w,, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.503wc) but not

less than 1.09.
b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700).

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
SLABS UNLESS DEFLECTIONS ARE CALCULATED
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member

Deflection to be considered

Deflection limitation

Flat roofs not supporting or attached to non-

Immediate deflection due to live load L

be damaged by large deflections

structural elements likely to be damaged by (/180
large deflections

Floors not supporting or attached to nonstruc- | Immediate deflection due to live load L

tural elements likely to be damaged by large (/360
deflections

Roof or floor construction supporting or That part of the total deflection occurring after ‘
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of (/480
damaged by large deflections the long:term deflection due to all sustained

Roof or floor construction supporting or mﬁjﬁj }R,i 'E?d‘;g'ate deflecton dus o any '
attached to nonstructural elements not ikely to (240}

flar to those being considered.

does not exceed limt.

imit may be exceeded if adequate measures are taken to prevent damage to supported or attached elements.
§ it shall no be greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber

* Limit not intended to safequard against ponding. Ponding should be checked by suitable calculations of deflection, including added deflections due to ponded
water, and considering long-term effects of all sustained loads, camber, construction tolerances, and reliability of provisions for drainage.

f Lon?-term deflection shall be determined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur before attach-
ment of nonstructural elements. This amount shall be determined on basis of accapted engineering data relating to time-deflection characteristics of members sim-

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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