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Palestine Polytechnic University -2014

Supervisor

Eng .Khalil Krameh

Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and
foundations, walls and other structural elements.

It is worth mentioning the code has been used to determine the Jordanian live
loads, seismic loads and to determine the use of( UBC-97), As for the structural
analysis and design of sections has been the use of the U.S. Code
(ACI_318-08), It must be pointed out that he was relying on some computer
programs such as: Autocad2010, Office2010, Atirl2.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building is complete.

After designing this project and the work of what has been said is expected to
conclude a number of results and projections is to link the information that has
been studied in the courses different, and the analysis and design of all structural
elements and the statement of the impact of each of the elements on the other, and
then the work of structural plans of the Executive are Full and detailed for each.
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List of Abbreviations

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.

f.: = 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 in direction parallel to longitudinal reinforcement.
Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Wc = 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 4

Structural Analysis& Design

4-1 Introduction.
4-2 Determination of Slab Thickness.
4-3Deter mination of L oads of ribs and topping.
4-4 Design of Rib 27.
4-5Design of twoway rib dab.
4-6 Design of two way solid slab.
4-7Design of Beam 5.
4.8 Design of slender column C5.
4.9 Design of Isolated footing F5.
4.10 Design of stairs.

4.11 Design of basement wall.

4.12 Design of shear wall.
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4.1 Introduction:-

The project consists of several structural elements that will be designed according to the ACI code
and by using the finite element method using much of computer software such as “ATIR” and
“STAADpro” to find the internal forces, deflections and moments for the all structural element in order
to design them.

4.2 Deter mination of Slab Thickness:-

it
T

3 _||||I||I|||'||1I||I’|T|I||I| [

; \ Solid Slab

Figure (4-1): ground Floor Slab.
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According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or one way slabs

unless deflections are computed as follow:
hmin for one-end continuous = L/18.5
=605/18.5 = 32.7cm.
hmin for both-end continuous = L/21
=450/21=21.4cm
hmin for both-end continuous = L/21
=447.7/21=21.3cm
hmin for one-end continuous = L/18.5
=566/18.5=30.59cm
The controller slab thicknessis 21.3 cm.
But by deflection checked it was controlled at 32 cm thickness.
So Select Slab thickness h= 32cm with block 24 cm & Topping 8cm.
4.3 Determination of Loadsof ribs :-

4.3.1 Deter mination of Dead load: -

Tifews F crra
A Fare P o2
T RETIS S S rred FPST T orre

I crerprcaerer Forpaprrriar S «rry
& Terppcr et e fafora i

S T aerrdcretfe rudy

Plaster? oriz

g SR e e e A e et e T S
et w el = e T A, el 3y £ ol e PPN L e T T g T T T ke i
o = -
- | - i
| .= 2 %
| - | :

Ty PricAaArlr, SECTION AN RIIB3IFED SEABF
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Type

KN/m

yb h
Tiles 0.03*0.52*23 0.359
Mortar 0.02*0.52* 22 0.229
Sand 0.07*0.52* 16 0.5824
Topping 0.08*0.52* 25 1.04
Hollow block 0.4*0.24*9 0.864
Plaster 0.02*0.52*22 0.229
R.Crib 0.12%0.24* 25 0.72
Partitions 2.38*0.52 1.238
Sum 5.26
4.3.2 Deter mination of liveload:-
Nomina Total liveload =5 * 0.52 = 2.6kN/m of rib
4.3.3 Determination of factored dead & liveload
Factored dead load = 1.2* Dead load = 1.2*¥5.26 = 6.312 KN/m.
Factored Live load = 1.6*liveload = 1.6*2.6 = 4.16 KN/m
4.3.4 Design of Topping:-
Deter mination of dead load of topping
Type bh KN/m
Tiles 0.03*1*23 0.69
Mortar 0.02*1*22 0.44
Sand 0.07*16*1 1.12
Topping 0.08*1*25 2
Partitions 2.38*1 2.38
Sum 6.63
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Live Load =5 KN/m.
qu=12DL+16LL

=1.2* 6.63+ 1.6 * 5=15.96 KN/m. (Total Factored L oad)

q, *1?
9Mu: u =15.96* 0.4 /12
12

=0.213KN.m

- bh?
= Mn = 0.42./fc'* 5

' * 2
=042 24"+ 0% 2 10KNm.

>f *Mn =0.55*2.19 =1.2KN .m.
f*Mn =1.2> Mu =0.213 KN .m. QI

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

r =0.0018

As =r *b*h=0.0018*1000* 80 = 144mm?®.

Try bars @8 with As =50.27 mm 2

N=As/As38=144/50= 3 bars

S=1000/3 =300 mm
S= 3 h =3*80 =240 mm (control)
S=450 mm
S=380*280/fs-2.5Cc = 380*280/(2/3*420) -2.5*20 = 330 mm

S= 300* 280/fs =300* 280* 3/2*420 = 300 mm

Use S=200 mm < S max = 240 mm
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4.4 Design of Rib 27 :

¥ B94(30x32) - #
<
-
| T
___-_: _:_:= Bl 1O S .:_.-: 1 E
____#E BO4(BOx32) =
s B94(8 :‘:{372/}'% 2
e R, . SEFRCHNNE S PRl . - L -
i H
_ EcosBARISGe Iy Bos i =
Figure (4-2): one way rib slab.
1 2 3 4 5
1 2 3 4
A . A . A . A —
| 3.6 0.8 2.8 08 1.9 0.8 3. 06
| 4. 36 | | 2.7 37 -
1 1 1 1 1
52.
32.
12.
A-A

Figure (4- ): Rib geometry
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load group no. 1
Dead load - Service

Units:kN,meter

5.6 5.26 5.6 5.6
4, 3.6 2.7 3.7
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60 2.60
4, 3.6 2.7 3.7

Figure (4-4) : loading of Rib

Moments: spans 1to 4

-15.7

-14.1

7.9

| 2.2 .18 | 18

12.6

| 2.22 1.48

Figure (4-5) : Moment Envelop of rib
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Shear

-21.
e -18.4 -17.7 16.3
’ -11.3 -10.6 -10.2
I 1 1 1 1 1 1 1
1 1 1 1 1 1 1
7.2
14.1 14.3 15.9
19.3
22.2 21.2 23.
Reactions
Factored
I 1 ] 1 1 ] 1 1 ] 1 1
I L T 1 1 L T

DeadR 12.69 25.01 17.5 23.58 9.58
LiveR 9.52 17.15 15.22 17.16 6.71
Max R 22.21 42.16 32.73 40.74 16.29
Min R 11.54 32.61 20.01 27.87 9.18
Service
DeadR 10.58 20.84 14.58 19.65 7.98
LiveR 5.95 10.72 9.52 10.72 4.19
Max R 16.53 31.56 24.1 30.38 12.17
Min R 9.86 25.59 16.15 22.33 7.73

Figure (4- ) : Shear Envelop of rib.

4.4.1 Design of flexure:-
4.4.1.1 Design of Positive moment of rib:-
Assume bars diameter of 12 mm

d= 320-20-8-(12/2)= 286 mm.
b &<=520mm.  (Control)
<=2740\4 = 685mm.
<=16* 80 +120 = 1400mm.

ébeff =520 mm.
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Assume a=t

f * Mnf =0.9* 0.85* 24* 0.08* 0.52* (0.286 — 0.08\ 2) * 1000 =187.9KN.m.
f *Mn>Mu

187.9>12.6
- Rectangular section.
For first span: Mu=7.9 kN..m

Mn=79 /09=8.78 kN.m

B fy 420
0.85* fc  0.85* 24

=20.6

Mn 8.78*10"6
Kn= 5 = > =0.206 Mpa
b*d? 520* (286)

_1 . [ 2mkn
p= m(l y )
1 \/ 2(0.206)(20.6) } = 000049
206 420

As = 0.00049 (520) (286) = 72.9 mm?

VI ) 2 (ow _
As,. 4(fy)(b w)(d)> fy(b ) (o) — (ACI —10.5.1)
V24 14

As,, = W20 (120)(286) >

7)(120)(286))

As,, =10008<1144
As . =114.4mnY

72.8mm? < As, . =114.4mm’
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Use As,,, =114.4mm’> As= 72.8mm’

# of bars= As As 4y =114.4/78.5= 2 bars * Note Ag10= 78.5mm?
Select 2 ® 10 mm.

e Check for strain :
Tension = compression
As*fy=0.85*fc *b* a
157* 420 = 0.85* 520* 24* a
a=6.2mm
X= a._ 2 =7.3mm
b, 0.85
286—-7.3
e, =————
7.3
e,=011>0005—->f =09 .

X0.003

For Second span: Mu=8.1 kN .m

Mn=81/09=9 kN.m

= fy - = 420 =206
0.85* fc 0.85* 24
Mn 9*10"6
= =0.21 Mpa

"~ b*d? 520 (286)2

2mkn
fy

1
p=—(@1- 1- )
m

p= ) = 0.0005

1 1. \/ 2(0.21)(20.6)
20.6 420

As = 0.0005 (520) (286) = 74.74 mm?*

VI ) 4 (ow _
As,. 4(fy)(b w)(d)> fy(b ) (o) — (ACI —10.5.)
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Aﬁnin =

24

14

——-(120)(286)> 120 (120)(286))

4(420)

As,. =10008<1144

As . =114.4mnY

As . =114.4mm’ >74.74 mm?

Use As =114.4 mm?

# of bars= A As 4y = 114.4/78.5= 2 bars

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

Check for strain :
Tension = compression
As* fy=0.85* fc' *b* a
157.1* 420 = 0.85* 520* 24* a
a=6.2mm
X = a._ 62 =7.3mm

b, 0.85

287-1.3
e, =———
7.3

e, =0.11> 0.005

=f =09

X0.003
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For Third span: Mu=2.6 kN ..m

Mn=2.6 /0.9=2.88 kN.m

= fy - = 420 =206
0.85* fc 0.85* 24
Mn 2.88*10"6
= =0.06 Mpa

“b*d?  520*(286)

2mkn
fy

1
p=—(@1- 1- )
m

o= 1 1. \/ 2(0.06)(20.6)): 0.00014
20.6 420

As = 0.00014 (520) (286) = 21.27 mm?

Jfe L4 )
As.. 4(fy)(b w)(d)> fy(b ) (<] P (ACI -10.5.1)

X 4Z/fl)(lzo)(zse) 124:) (120)(286))

As,. =10008<114.4
As . =114.4mnY

As . =114.4mm? >21.27 mm?

Use As=114.4 mm?

# of bars= A9 As 4y = 114.4/78.5= 2 bars * Note Ag10= 78.5mm?
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d= 320-20-8-(10/2)= 287mm.

e Check for strain :
Tension = compression
As*fy=0.85* fc' *b* a
157.1* 420 = 0.85* 520* 24* a
a=6.2mm
X = a._ 2 =7.3mm
b, 0.85

e, =27 Sx0003
7.3

e, =0.11>0.005

=f =0.9 OK
For Fourth span: Mu=12.6 kN .m
Mn=126/09=14 kN.m
= fy - = 420 =20.6
0.85* fc  0.85* 24
Mn 14*10"6
kn= 5= > =0.33Mpa
b*d< 520* (286)
1 2mkn
p=—(@1- 1- )
m fy
. 1 - \/1_ 2(0.33)(20.6) ) = 00008
20.6 420

As = 0.0008 (520) (286) = 117.5 mm?
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Vi L1
As,. 4(fy)(b w)(d)> fy(b ) (o) —
As,, = % (120)(286) > % (120)(286))

As, =10008<1144
As . =114.4mnY

As . =114.4mm* <117.5 mm?

Use As=117.5 mm?

# of bars= As/ Asy = 117.4/78.5= 2 bars

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

e Check for strain:
Tension = compression
As* fy=0.85* fc' *b* a
157.1* 420 = 0.85* 520* 24* a
a=6.2mm
X= a = 2 =7.3mm
b, 0.85
_287-73
e, =0.11> 0.005
:>f =0.9 OK

X0.003

(ACI

52
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4.4.1.2 Design of Negative moment of rib:

+« For first span Mu=-6.5kN.m
Mn=6.5/0.9=7.22 kN.m

fy 420

= - = = 20.6
0.85* fc  0.85*24

Mn  7.22*10"6
kn = 5= 2=0.73MPa
b*d2  120* (286)

_ 2mkn
fy

1
p=—(- )
m

) =0.0018

o= 1 1. \/ 2(0.73)(20.6)

20.6 420

As = 0.0018 (120) (286) = 61.1 mm?

VT ) 1 o
A =3 K= o)

24

A= 21230 120(280)> > 24

> 120)(286))

As.. =10008<1144
As . =114.4mn"
61.1mm?<As, .= =114.4mm’

Use As = 114.4mm?

#of bars= AS/ As,, = 114.4/78.54 = 2 bars
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e Check for strain :
Tension = compression
As*fy=0.85* fc' *b* a
157* 420 = 0.85*120* 24* a
a=26.9mm
x:i:@:mﬁmm

b, 0.85

_ 286-31.6

e, =22 °22X0.003
316

e, =0.024 > 0.005

=f =09 OK

For second span Mu= -4.3kKN.m

Mn=4.3/0.9=4.8kN.m

fy 420
= - = = 20.6
0.85* fc ~ 0.85* 24
Mn  4.8%10%6
=0.48 MPa

kn = 5= 5
b*d 120* (286)

1
o=t h- 2mkn

m fy)

Ny \/1_2(0.48)(20.6)):0.0012

206 420

As = 0.0012 (120) (286) = 40.5 mm?

-3 ) > 24 o
Ao =51 09)> - ow))
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Asmin =

J24 14
220 (120)(286)> 20 (120)286))

As,. =10008<1144

As . =114.4mn"

As_. =114.4mm’">40.5 mm?

Use As=114.4mm?

#of bars= AS,;,/ ASpy = 114.4/78.54 = 2 bars

Chick for strain :
Tension = compression
As* fy=0.85* fc' *b* a
226* 420 =0.85*120* 24* a
a=38.2mm
x:i:%:%ﬁmm

b, 0.85
o 287 -45.6

s 45.6

e, =.015> 0.005

=f =09 OK

X0.003
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For Third span Mu=-7.8 kN.m
Mn= 7,8/ 0.9 = 8,66 kN.m

fy 420

m = - = = 20.6
0.85* fc  0.85*24

_ Mn _ 866*10"6
b*d?  120* (286)°

_1 . [ 2mkn
p=_0 1/1 y )

o= 1 - \/1_2(0.88)(20.6)):0.0021
20.6 420

kn =0.88 MPa

As=0.0021 (120) (286) = 73.7 mm?

-3 ) > 24 o
Asmm—4(fy)(b Xd)= fy(b Xd)
24 14

As, = W20) (120)(286)> 720 (120)(286))

As,, =10008<1144
As . =114.4mn7
As.. =114.4mm’">73.7 mm?

Use As=114.4mm?

#of bars= AS,;,/ ASpy = 114.4/78.54 = 2 bars
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e Chick for strain :
Tension = compression
As*fy=0.85* fc' *b* a
226* 420 = 0.85*120* 24* a
a=38.2mm
x:i:y:45.6mm
b, 0.85
_ 287-456

° 45.6
e, =.015> 0.005

=f =09

X0.003

4.4.2 Design of shear of rib :

1) Vud = 19.3 KN

® Ve = d)*—"écbw*d

22

= 0.75* e 120*0.286

=21 KN

1.1*dVe=11*21=23.1 KN.>Vu=19.3

® Vc>Vud no shear reinforcement is required.
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imensions.

v Statically system and D

4.5 Design of two way Rib slab :
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two way rib slab.
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Dead load from: W = yxV KN
Tiles 0.03x23x0.52° 0.1865
Mortar 0.02x22x0.52* 0.1189
Coarse sand 0.07x16x0.52* 0.303
Topping 0.08x25x0.52> 0.541
Interior partitions 2.38x0.52> 0.643
RC rib 0.24x25x0.12x(0.52+0.4) 0.662
Hollow Block 0.24x9x0.4x0.4 0.345
Plaster 0.02x22x0.52° 0.119
s 2.918

Table (4.1)Calculation of two way dead load (slab 4)

Nominal Total Dead Load = 2.918 KN/Rib

DL= 2.918/(0.522) = 10.79 KN/m2

Nomina Total liveload =5 KN/m2

Determination of factored dead & liveload

Factored dead load = 1.2* Dead load = 1.2*10.79 = 12.95 KN/m2.

Factored Liveload = 1.6*liveload = 1.6*5 = 8 KN/m?2.

W =12.95+ 8 = 20.95 KN/m2

v Flexura Design for (dab 4) :

Moments calculations :-

Ma= Cawla2brib and Mb = Cbwlb2brib

La/Lb =9.75/10.30 = 0.946

........... Case 4
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The moment calculation will be done for the slab middle strip.

* Negative moments at continuous edge :

Ca,neg(la/lb=0.9) = 0.06 Ca,neg(la/lb=0.946) = 0.0544
Ca,neg(la/lb=0.95) = 0.055

Ma-ve=Ca* W* La2* brib=0.0544* 20.95* 9.75 2* 0.52= 56.33 KN.m/Rib
Ch,neg(la/lb=0.9) = 0.04 Cb,neg(la/lb=0.946) = 0.0446
Ch,neg(la/lb=0.95) = 0.045

Mb-ve=Cb*W* Lb2*brib =0.0446* 20.95* 10.302* 0.52= 51.54 KN.m/Rib
* Positive moments :

CaD(la/lb=0.9) = 0.033 Ca,D(1a/1b=0.946) = 0.0296
CaD(la/lb=0.95) = 0.03

Mat+ve,D= Ca*W* La2* brib =0.0296* 12.95*9.75 2*0.52 = 18.94 KN.m/Rib

CaL(la/lb=0.9) = 0.039 Ca,L (1a/1b=0.946) = 0.0346
Ca,L(Ia/lb=0.95) = 0.035

Matve L=Ca*W* La2*brib =0.0346*8*9.75 2*0.52 = 13.71 KN.m/Rib
Matve = MatveL + MatveD = 18.94+13.71= 32.65 KN.m/Rib
Ch,D(la/lb=0.9) = 0.022 Ch,D(la/lb=0.946) = 0.0237
Cb,D(la/lb=0.95) = 0.024

Mb+ve,D=Cb*W* Lb2*brib =0.0237*12.95*10.3 2*0.52= 16.99 KN.m/Rib

Cb,L(Ia/b=0.9) = 0.026 Cb,L(1a/lb=0.946) = 0.0287
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Cb,L(1a/b=0.95) = 0.029
Mb-+ve, L=Cb*W* Lb2* brib =0.0287*8*10.3 2*0.52= 12.68 KN.m/Rib

Mb+ve = Mb+ve L + Mb+ve,D = 16.99+12.68 = 29.67 KN.m/Rib

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

My s =32 .65/3 = 10.8&N.m/Rib

M =29.67 /3 = 9.89 KN.m/Rib

a,neg

Design for Negative and Positive moment:
* Short direction

14
d=320-20-8- 2 =285mm

Positive Moment:

Midspan: (Mu = +32.65 KN.m/Rib)

Rn= Mu_ _ 32.65x10°
T Pbd? ~ 0.9x120%2852

= 3.72Mpa.

fy 420

"~ 0.85fL  0.85x24

1 amBy\ _ 1 (. [0 2x206x3.72)\ _
p= ;(1 ke ) = 20_6(1 Jl = ) =0.009851

As = p.b.d = 0.009851x120x285 = 337.14 mm2. Control.

=20.6

Check for As,min.

Asmin=0.25

(fre 1.4
X wa-dz_bw.d
f)" f}'

Asmin :0.25% 120 x 285 = 99.72 mm?
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As,min :% 120 x 285 = 114 mm?

As,required= 337.14 mm2.
Use 2 g 16 Bottom, As,provided= 402.12 mm2>As,required= 337.14 mm2.
Check spacing :

_ 120-40-20—(2X16)
3 §

S

=28mm>d, =16 >25 OK

Check for strain:

Asf 402,12x420
=23 = = 68.99 mm
0.85b f.  0.85x120%24

a 68.99
C—-’;— = = 81.16 mm

d—c 285 — 81.16
£, = 0.003 (T) ~ 0.003 (W) — 0.0075 > 0.005

Negative Moment:

Long direction : (Mu = - 51.54 KN.m/Rib)

Rn= M, _  51.54x10°

= PbdZ  09x120x2852 5.87 Mpa.

fy . 420 =206

"~ 0.85fL  0.85x24

1 amRa\ _ 1 (. [ 2x206xs587) _
p—;(l— 11— )_20.6(1 Jl 420 )_0'0169

As = p.b.d = 0.0169 x120x285 = 579.58 mmz2. Contral.

Use2@20 , Asprovided= 628.31 mm2>Asrequired= 579.58 mm2. Ok

* long direction

14
d=320-20-8- 2 =285mm

Positive Moment:

Midspan: (Mu = +29.67KN.m/Rib)
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6
My _ _29.67x10 — 3.38Mpa.

Rn= Pbd? ~ 0.9x120x2852

fy 420
T 0.85f. ~ 0.85x24 20.6

1 amBy\ _ 1 (. [ 2x206x3.38\ _
p= ;(1 - - W) = 20_6(1 Jl = ) = 0.008861

As =p.b.d = 0.008861 x120%x285 = 303 mm?2.

Use 2 g 16 Bottom, As,provided= 402.12 mm2>As,required= 303 mm2.

Check spacing :
5= @09 _ 28 mm > dy =16 >25  OK
Check for strain:
A 2
a:as:;yfg = 0‘?;;:1?:945204 ='G8.99 mm
C=-;—1:%52= 81.2 mm
e = 0.003 (=°) = 0.003 (*2=2) = 0.0098 > 0.005 0k

Negative Moment :

Continuous edge : (Mu = - 56.33 KN.m/Rib)

Rn= Mu_ _ 56.33x10°
T ¢gbd? ~ 0.9%x120%2852

= 6.42 Mpa.

f; 420
=3 = =2
0.85f.  0.85x24 0.6

o= 1(1 — Z-mﬂn) - L(1 L J1 _M) =0.019012
m 420 20.6 420

As = p.b.d = 0.019012 x120%285 = 650.2mm?2.

Check for As.min .

(fr
Asmin =0.25 "f—cbw. R Je ot
f}' f}'

by.d

63

Ok



Asmin =o.255"’2_;‘ 120 x 285 = 99.72 mm?

As,min :% 120 x 285 = 114 mm? Control.

Asrequired = 650.2 mm2.
Use 2 g 22 bottom, As,provided = 760 mm2 >As,required = 650.2 mm2. Ok
Check spacing :

120-40-20—(2x22)
1

S=

=16 mm >d, =10< 25 0K
Check for strein:

_ Asfy  650.2x420
0.85bf.  0.85x120x24

= 111.55mm

a 111.55
= —= = A4 m
C 5, NaE 131 m

315-131.4

€s = 0.003 (g;_c) = 0-003( 131.4

) — 0.0052 > 0.005 0k

v" Shear Design for (R 4):
Wa(lallb=0.9) = 0.6 Wa(la/lb=0.946) = 0.54

Wa(lallb=0.95) = 0.55

e Thetotal load on the panel being (9.75%10.30x20.95 = 2103.9 KN)
e Theload per rib at face of the long beam is (0.54%2103.9x0.52/(2x10.3)=28.67 KN)
Vud = 28.68 — 20.95x0.52x0.285 = 25.57 KN

== £/fibyd = =24 x 120 X 285 X 103 = 30.71 KN

2V =0.75x30.71 =23.03 KN.

0.5 gV =0.5x0.75x30.03 =11.51 KN

Vsmin :-13- 120 x 285 x 1072 = 11.4 KN Control

Vs,min :%\/24 x 120 x 285 x 1073 = 10.47 KN
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g Vc<Vu<g(Vc+Vsmin)

Case (3) for shear Design : Minimum shear reinforcement

Use stirrups U-shape (2 leg stirrups ) @ 10 Av = 2 x 78.5 = 157 mm2.

N

d 285
Siag = 5 < 600 mm = = 142.5 mm Control.

i 3Afyr 157 x 420 x 3
AT p, 120

= 1648.5 mm > S, take S = S;,,..x = 157.5 mm

o _16Af 157 x420x 16
T bgafE 150 V24

Use2-Leg 210 @ 140 mm, and 2-Leg @ 10 @ 200 mm in the middle space.

= 1435.73 mm > S, take S = S;,.x = 142 mm

4.6 Design of two way solid dlab :

% | - @
———q4 Solid Slab
— cree @B
—__ 14

——F

1

1

1

[

——= cree €Y
I <
i —]

[ | [ II_I e I_II

Fig (4-8)two Way Solid Slab
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Thickness calculation :-

One end continuous

(8.9+15.4)%2

oy 0.27m

b _
24
Take h =30cm

Check for the minimum thickness of the slab:

Exterior beam:

=7
52

]

3o . 30
ED

H,=25<4h=4*32=128

32+ (60) * (25 + ) + (25 30+ )

ye = T+ (30 T30 T 255303 = 33.69cm

*(23. 3 25+8. 3 33. 3 3
[p =SS B 4 30+ 22 = 630608.7cm
interior beam:

E‘\J

I‘*’

5 -
EJ O
32+(60)+(Z 3

yc = —ﬂ—eu(z—) = Ttew
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_60%(32)3

Ib = —— = 163840 cm3

12
dlab section for exterior beam:
1-inlong direction:

L=1540cm

(222430)+323

Ls=——>——-2184533.34 cm3
12

2-in short direction:

L=890

(%+30)*323

12

L

=129706.67 cm3

slab section for interior beam:
1-inlong direction:

L=1540

(1540+30)#323
S= 12

L

=4287146.67 cm3
2-in short direction:

LF(890+30)*323
12
=2517674.67 cm3

of 128306087
2184533.34
=288

_630608.7
T 129706.67

aF2

=4.86
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163840
AF3=——
428714.677

=0.3

163840
oFd=———= 1.7
251767.67

aFm="" =2.43

2.43>2 so the minimum slab
thickness will be:

In(.8+420/1400)
= 36+9+1.728

=319mm>90mm

First tria thickness h=30cm<319mm
h slab=32cm

* Load calculation :

Tile 22 x 0.03=0.66

Mortar 22x 0.02 =0.44

Sand 16 x 0.07 =1.12

Rc dab 25x0.3=75

Plaster 22x0.02=0.44

Partitions 2x1=2.

z = 12.16 KN/m"2

WD=1.2*12.16= 14.6 KN/m"2
WL=1.6*5=8 KN/m"2
WT=8+14.6= 22.6 KN/m"2
Moment cal cul ation:
Ma= Cawla2brib and Mb = Cb wlb2brib

Negative moment at continuous edge>



LaLb=9/15=0.6........... Case 4
Ca,neg(la/lb=0.6) = 0.089
Ch,neg(la/lb=0.6) = 0.011
Ma-ve=Ca* W* La2* brib=0.089* 22.6*9 2= 162.9 KN.m/m
Mb-ve=Ca* W* La2* brib=0.011* 22.6* 15 2= 55.9 KN.m/m
*Positive moments :
Ca,D(la/lb=0.6) = 0.053
Ch,D(la/lb=0.6) = 0.007
Ca,L(I1a/lb=0.6) = 0.067
Cb,L(la/lb=0.6) = 0.009
Matve,D= Ca*W* Laz*brib =0.053* 14.6* 2= 62.7 KN.m/m
Mb+ve D= Ca*W* La2*brib =0.007* 14.6* 152= 23 KN.m/m
Matve L=Ca*W* La2*brib =0.067*8*9 2= 43.4 KN.m/m
Mb+ve,L=Ca*W* La2*brib =0.009* 8* 15 2= 16.2 KN.m/m
Matve=62.7+43.4=106.1 KN.m/m
Mb+ve=23+16,2=39,2 KN.m/m
*Negative moments at Discontinuous edge (1/3 * positive moments):
Man= 1/3*106.1=35.4 KN.m/m
Mbn=1/3*39.2=103.1 KN.m/m
Design for Negative and Positive moment:

* Short direction

d=300-20-8-12/2 =274 mm

Positive Moment:

: (Mu =106,1KN.m/m)

Mn=Mu/@=106.1/0.9=117.9 KN.m/m
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_ My 1179x10%
Rn= bd2 ~ 1000x2742 1.57Mpa.

f; 420
0.85f.  0.85x24 0.6

p:i(l i 1_%) :;(1 _JI_M) — 0.0041
m 420 20.6 420

As=p.b.d = 0.0041x1000%x274 = 717.1mm2. Contral.

Check for As,min.

Asmin=0.0018 = 1000 = 300 = 540 mm?<717.1  OK

Use 7 g 12 Bottom, As,provided= 791.7 mm2>As,required= 717.1 mm2.
Check spacing :
S=150mm < 2*300=600 <450 OK
Check for strain:
_ Asty  7917x420
T0.85bf.  0.85x1000x24 36.2 mm
a 135.716.2
C—-’; E g 19.2 mm
= 0003(d_C - 0003(274_19'2 ~ 0.03 > 0.005
s=0 c)_‘ 19.2 )_‘ '

Negative M oment:

short direction : (Mu = -162.9KN.m/m)
use @ 16

d=300-20-14/2=272mm

Rn= Mu_ _ 162.9x10°

= Pba? ~ ooxto00wzrzz ~ 245 Mpa

fy 420

"~ 0.85f.  0.85x24

o= 1(1 — Z-mﬂn) - L(1 L J1 _M) =0.006233
m 420 20.6 420

As=p.b.d =0.006233 x1000x273 = 1696 mm2. Control.

= 20.6
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Use9@16 , Asprovided=1809.5 mm2>As,required= 1696 mmz2.

* Short direction

Negative Moment Discontinuous edge:

As=1/3* Aspos=1/3*717.1=239mm2<360mm2 ok
Asmin=360mm2 Control

N=Ag/As g10=360/78.5=4.9

S=1/4.9=0.205m

Teke 50 10/1m

Take @ 10/20cm

S=200<600<450 OK

* long direction

d=300- 20 - 10/2= 275 mm

Positive Moment:

(Mu =+39.2KN.m/m )

Rn= Mo _ 39.2x10°
T Pbd? T 0.9%1000%2752

= .58Mpa.

fy . 420 =206

"~ 0.85fL  0.85x24

1 amRa\ _ 1 (. [ 2x206xs8) _
P= 5(1 1™ ) - 20.6(1 3 420 ) =0.0014

As=p.b.d =0.0014 x1000x275 = 385.3 mm2.

Use 5 g 10 Bottom, As,provided= 392.7 mm2>As,required= 385.3 mm2.
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Check for strain:

_ Asty  392.7x420

A=08sbr.  0.85x1000x24 8.085 mm

a 8.085
c=—=——

= = 9.5 mm
B, 0.85

d—c 275 —9.5
gs = 0.003(—— | = 0.003{—————) = 0.081 > 0.005
c 9.5

* long direction

d =300~ 20 — 14/2= 273 mm
Negative Moment continuous edge:
(Mu = -55.9KN.m/m )

_ My _ 559x10°
T pbd? ~ 0.9x1000%2732

Rn = 0.83Mpa.

fy 420

"~ 0.85f.  0.85x24

p:i(l N _ﬁ) :;(1 ‘Jl _M) — 0.002018
m 420 20.6 420

As = p.b.d = 0.002018%1000%273 = 551 mm2.

= 20.6

Use 4 g 14Top, As,provided= 615.7 mm2>As,required= 551 mmz2. Ok

Take 2 14/25
Check for strain:

Asfy _  615.7x420

A= 8sbr. — ossxio00xza | -2:67 mm

a 12,67
C=—=——=14.9 mm
B, 0.85

d—c¢ 273 - 14.9
)-onms (2532

gs = 0.003 (T 149 ) = 0.052 > 0.005
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*Long direction

edge:

Negative Moment Discontinuous

As=1/3* Aspos=1/3* 385.3=128.4mm2<360mm2 ok

Asmin=360mm2 Control

N=As/As 210=360/78.5=4.9

S=1/4.9=0.205m

S=200<600<450 OK

4.7 Design of Beam 5:

Figure (4-9) : Beam Plan



Deter mination of Dead load of beam:-

Type Jbh KN/m
Tiles 0.03*1*23 0.69
Mortar 0.02x1*22 0.44
Sand 0.07*1*16 112

Reinforcement concrete 25* 1*0.32 8

Plaster 0.02*1*22 0.44
Partitions 2.38*1 2.38
Sum 13.07

Dead load From rib 5 (factored)= 29.08/0.52=55.9

Nominal liveload: 51 =5kN /m
Liveload (factored) Fromrib 5= 21.74 /0.52= 41.81 KN/m

Deter mination offactoreddead& liveload: -

Factored dead load = 1.2* Dead load = 1.2* 13.07+55.9=71.58KN/m.

Factored Liveload = 1.6*liveload = 1.6*5+41.81= 49.81KN/m
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Ceometry

Units:meter,cm

1 Z 3 4 5
1 2 3 4
A s A g A = A
0.25 4.25 0.25 3.75 0,25 3.75 0,25 5.55 0.25
i 4.5 o 4. t 4, L 5.8 b
37,
80.
A-A
Figure (4-10) : Beam Geomet
10aa group no. 1
Dead load - Service Units:kN,meter
76.4 76.4 76.4 76.4
4.5 4, 4, 58

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

| lzal |

o1} | |

L ey |

Lol |

4.5 5.8
Moment/Shear Envelope (Factored) Units:kM, meter
Moments: spans Tto 4
429.9
-385.8 , 3733
-291.9
2473 2521
s .
I I 1 1
[n I 6 |
0.82,0.95
MI—H ‘9
122.
226.1
381.5

, 2T |

—x
=]

2.4

i 2.4

3.48

Figure (4-11): Moment Envelop for Beam
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Moment/Shear Envelope (Factored) Units:kMN, meter

Shear
484 -365.1 a4, -360.7 —
il / e
Lt L AI i i
L IV L m
206.7
245728 2234
3266 909.9
ap1q 4444

Paartinne

Figure (4-12) : Shear Envelop for Beam

4.7.1 Design of flexure:

4.7.1.1 Design ofpositive moment :

1) (span 4) Maximum positive moment

Mu = 381.5KN.m
bw=80cm h=37cm
d= 370 -40-8-12.5=309.5 mm

1) Mu=3815KN.m
Cmax= 3/7 d= 3309.5/7=132.64 mm  a=0.85 C= 0.85*132.64=112.74 mm
®Mn max = & 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24* 112.74* 800* (309.5-112,74 /2)* 10"-6=382KN.m > Mu =381.5KN.m ok
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Design assingly
Mn= Mu/0.9= 381,5/0.9 = 423.88KN m
Assume bars of ® 25

Mn 423.88* 10"6
Rn= = > =5.5Mpa
b*d? 800* (309.5)

B 2mRn
fy

1
p—r—n(l- 1 )

p:i(l-\/1—2(5'5)(20'6))=o.016
20.6 420

As = 0.016 (800) (309.5) = 3863.2 mm”

As,,, :E(bw)(d)z%(bw)(d) ....................

4(fy)
22

14

As. = 2420 (800)(309.5) < 720 (800)(309.5))

722<825.3

As_  =825.33mm’

3863.2mm’> As_ = 825.33mm’

# of bars= As/ As 5y = 3863.2/490.87= 8bars

(ACI —1055.1)

OK

* Note A $25=490.87 mm?
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e Chick for strain
Tension = compression
As*fy=0.85* fc' *b* a
3927* 420 =0.85*800* 24* a
a=101.1m
c= bil = 100—21351 =118.9mm

o _3095-118.9
*T 1189
e, =0.0052 > 0.005

X0.003

ok
Check for bars placement:

S=(800-40*2-2*8-825) / 7=72mm >25mm Ok
2)(span 1) positive moment

Mu=226.1 KN.m

bw=80cm h=37cm

d= 370 -40-8-12.5=309.5 mm

1) Mu=226.1KN.m

Cmax= 3/7 d= 3*309.5/7=132.64 mm  a=0.85 C=0.85*132.64=112.74 mm

®Mn max = & 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24*112.74*800* (309.5-112,74 /2)* 10"-6=382KN.m > Mu =226.1KN.m ok
Design as singly

Mn=Mu/0.9=226.1/0.9 =251.2 KN m

Assume bars of ® 25
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Mn 251.2*10"6
= =3.3 Mpa

Rn = 2~ 2~
b*d2  800* (309.5)

1 2mRn

p=—(@1- 1= )
m fy

p= L (1- \/1— 2(3:3)(206) ) = 0.0086
20.6 420

As = 0.0086 (800) (309.5) = 2129.4 mm>

_Jfe 1.4

As. = A5 (ow)(d) > F(bw)(d) .................... (ACI -10.5.2)
V24 1.4

As, = 2420 (800)(309.5)< 720 (800)309.5))

722<825.3

As,, =825.33mm?

2 _ 2
2129.4mm° > As_, . = 825.33mm OK

# of bars= A As 4 = 2135/490.87= 5bars * Note A ¢5=490.87 mm?

e Chick for strain
Tension = compression
As* fy=085* fc' *b* a
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2454* 420 = 0.85* 800* 24* a
a=63m

c:izﬁz 74mm
b, 0.85

e, = 399574+ 003
74

S

e, =0.009 > 0.005 ok

Check for bars placement:

S=(800-40*2-2*8-5*25) /4 =144mm >25mm Ok

3) (span 3) positive moment

Mu = 77.9KN.m

bw =80cm h=37cm

d= 370 -40-8-9=313 mm

4) Mu=779KN .m

Cmax=3/7 d=3*313/7=134 mm  a=0.85 C= 0.85*134=114 mm
®Mn max = & 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24* 114* 800* (313-114 /2)*10"-6=390.5KN.m > Mu =77,9KN.m ok
Design as singly

Mn=Mu/0.9= 77.9/0.9 = 86.5KN m

Assume bars of ® 18

Mn  865*10°6
RN = = ~-=1.1M
b*d?  800* (313

2mRn
fy

1
p—r—n(l- 1- )
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1 \/1_ 2(1.1)(20.6)

=—(1- =0.0027
P ( 420 )

206

As = 0.0027 (800) (313) = 676.1mm?

_Jfe 1.4

As. = e (ow)(d) > Y (G (G — (ACI -10.5.2)
V24 1.4

As,, = m(800)(313) <20 (800)313))

730< 834

As . =834mm’

676.1mm*< As, ;. = 834mm’ OK

# of bars= A9 As 4y = 834/254.5= 4bars * Note A¢15=254.5 mm?

e Chick for strain
Tension = compression
As*fy=0.85* fc' *b* a
1017.8* 420 = 0.85* 800* 24* a
a=26.2m
c:izﬁszO.Smm
b, 085
o _ 313-30.8
° 30.8
e, =0.027 > 0.005

X0.003

ok
Check for bars placement:

S=(800-40*2-2*8-4*18) / 3=210.6mm >25mm >18mm Ok
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4) (span 2) positive moment

Mu =122 KN.m

bw =80cm h=37cm

d= 370 -40-8-9=313 mm

3) Mu=122 KN .m

Cmax=3/7d=3*313/7=134 mm  a=0.85 C=0.85*134=114 mm

®dMn max = ® 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24* 114*800* (313-114 /2)* 10"-6=390,5KN.m > Mu =122 KN.m ok
Design assingly

Mn=Mu/0.9=122/0.9=1355 KN m

Assume bars of ® 18

Mn _ 1355*10°6
“b*d’ 800 (3137

=1.73 Mpa

1 ] 2mRn
p= m(1 1 fy )
o= 1 - \/ 2(1.73)(20.6))= 0.0043
20.6 420

As = 0.0043 (800) (313) = 1078.5 mm?

\/f_ W 14 W -
As,, = 4(fy)(b Xd)> fy(b ) (] P (ACI —10.5.2)
As,, 4(@) (800)(313)< 1'46(800)(313))
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730< 834

As_  =834mm’

2 _ 2
1078.5mm*> As_,. =834mm OK

# of bars= As/ As 5y = 1078.5/254.5= 5 bars * Note A¢15=254.5 mm?

e Chick for strain
Tension = compression
As* fy=085* fc' *b* a
1272.5* 420 = 0.85* 800* 24* a
a=32.7m
c:i=£=38.5mm
b, 0.85
o _ 313-38.5
° 38.5
e, =0.02>0.005

X0.003

ok
Check for bars placement:

S=(800-40*2-2¥8-518) /4=153.5 mm >25 mm> 18mm Ok

4.7.1.2 Design of Negative moment:-

1)(support 1)
Assume bars of & 25

bw=80cm h=37cm
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d= 370 -40-8-12.5 = 309.5mm

= -252.1 KN .m

®dMn max = ® 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24* 112,74* 800* (309,5-112,74 /2)* 10"-6=382KN.m> Mu =252.1KN.m ok
Design assingly

Mn= Mu/0.9= 252.1/0.9 = 280KN m

Mn 280*10"6

Rn= =
b*d® 800* (309.5)*

= 3.6Mpa

1 2mRn
=—(@1- 1-
p rn( y )
p= i(1- \/1— —2(3'6)(20'6) ) =0.0095
20.6 420

As = 0.0095 (800) (309.5) =2352.5mm?’

VT )2 24 (ow _
Asmm—4(fy)(b Xd)> fy(b ) (] P (ACI -10.5.)

As, = 2 (800)(309.5)< % (800)309.5))

" 4(420)
722<825

As . =825mm’

2352.5mm?*> As_. - = 825mm’ OK

# of bars= As/ As 5 = 2352.5/490.87 = 5bars * Note A ¢25=490.87 mm2
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e Check for strain:
Tension = compression
As*fy=0.85* fc' *b* a
2454.4* 420 = 0.85* 800* 24* a
a=63.2mm

o _3005-74
T4
e, =0.0095 > 0.005

X0.003
ok
check for bars spacing:
S=(800-40*2-2*8-5*25) /4 =144.7mm >25mm Ok
2)(support 2) Mu= 108 5KN.m
Assume bars of & 18
bw =80cm h=37cm
d= 370 -40-8-9 = 313mm
®Mn max = & 0.85 fc’ *a*b (d-a/2)
0.82*0.85 *24* 114* 800* (313-114 /2)* 10"-6=390,5 KN.m> Mu =108,5 KN.m ok
Design as singly
Mn= Mu/0.9= 108.5/0.9 = 120.5KN m

Mn 120.5*10"6
= =1.5Mpa

Rn = = =1
b*d* 800*(313)2

1
o= T (1- 1_2mRn
m fy

)
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p= 1 (1- \/1——2(1'5)(20'6) ) =0.0038

206 420

As = 0.0038 (800) (313) =954.5mm?

Jfc 1.4
o=—~——(bw)d)>=—(bw)d ).....corurun... (ACI —-10.5.0)
A= 3 (0wH)2 5 o)
V24 1.4
As =———(800)(313) < ——(800)313
S 00K < ot E00)13)
730<834
As . =834mm’
954.5mm*> As . = 834mm® OK
# of bars= A As 4y = 954.5/254.4 = 4bars * Note A¢15=254.4 mm?
Select 4 ® 18 mm with As=1017.8>As req ok.

e Check for strain:
Tension = compression
As* fy=085* fc' *b* a
1017.8* 420=0.85* 800* 24* a
a=26.2mm
c:izﬁ:SO.Smm
b, 0.85
o _ 313-30.8
° 30.8
e, =0.027 > 0.005

X0.003

ok

check for bars spacing:
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S=(800-40*2-2* 8-4*18) /3=210.7mm >25mm >18mm Ok

3)(support3) MU= -385.8 KN .m
Assume bars of ® 25
bw=80cm h=37cm

d= 370 -40-8-12.5 = 309.5mm

®dMn max = ® 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24* 112.74* 800* (309.5-112.74 /2)* 10"-6=382 KN.m< Mu =385.8KN.m

OMnNmax = 382KN.m < Mu = 385.8KN.m - Doubly reinforced concrete section
Mns = Mu /¢p-Mnc= (385.8/ 0.82)-465.85= 4.637TKN.m .

Mns=Cs (d-d") = As'(fs'-0.85fc")(d-d")
d' = cover + diameter of stirrups + (diameter of bar/ 2)

— 40 +8+ 2= 60.5 mm.

fs' = 600(-5) =600 (Z25%%) = 326.2<fy=420 Mpa

Compression steel isnot yielded.

: Mns
(fs1—0.85fc’)(d—d")

As'

B 4,637 +106
(326.2—0.85+24)309.5 —60.5)

As' =54.5mm?

T=Cs+Cs=0.85fc'ab + AS'(fs — 0.85fc’)

=[0. 85* 24 *112.7* 800 +54.5*(326.2-0.85*24)]* 10~3 =1856KN
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~ bd 800+309.5

, _ Asi _ 9817. _ .
P = 5d " soora09s 0.0396

_0.85+fc'+d’ 600 ,
PEY = iy P (GOU-fy) +p

0.85+24+60 .5 600
pcy = ————0.85 (
309.5%420 600-420

p =0.030>pcy = 0.056
4.7.2 Design of shear

) + 0.0396= 0.056

1) Vu =444.4KN

® Ve = cb*—‘V;wa*d

N

= 0.75* T 800* 309.5*10M-3=151.6 KN

Vs=Vn-Vc=444.4/0.75 - 151.6/0.75 = 390.4 KN
4/ fc'

Vs max=(2/3) * T bw * d=808.65kN

- Thedimension is big enough.
Check for items:-
1/ Vus®d Vc/2 =>4444>75.8 not ok

2/ ®Vc/l2<Vu< o Ve =>75.8<444.4>151.6 not ok
1
® Vsyin = 0.75 (:—3)* bw* d
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= 0.75*(%)*800*309.5*10"-3: 61.9 KN. (control)

/24

— *pbw*d
16

> 0.75 (

=0.75* * 800 * 309.5* 10"-3 = 56.86KN.

V24
16
® vsmin=61.9 KN

3/ ®VcsVu<s oVec+ dVsmin

151.6<444.4>213.5 => not ok

Vs (=303= CD% * bw * d)

4/ ®Vc+ dVsminsVu<d Ve +Vs
151.6<444.4<454.8 ok Smax =d/2 =309.5/2=154.75 mm <600 ok
So item (4) satisfy
Take Av = 49 10 = 2* 78.5 =314.2 mm?
Av/s= Vdfy*d
314.2/ s = 390.4* 1000 /309.5* 420 - s=113.7mm

S=113.7< d/2=154.7 cm < 600 mm.
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4-8 Design of dlender column:-
4.8.1 (B.C5): Columnin Ground floor .

Loading :-
Factored
H t Hi H H
DeadR. 163.05 465.96 276.58 556.33 215.82
LiveR 82.65 22573 193.34 26547 103.42
Max R 245,71 691.69 469.93 821.8 319.24
Min R 154,67 541.6 304.8 629.63 210.7
Service
DeadR. 135.88 3883 23049 463.61 179.85
LiveR 51.66 141.08 120.84 165.92 G4.64
Max R 187.54 529.38 351.33 629.53 244.49
Min R 130.64 435.58 243.12 509.42 176.65
Fig. (4 - 13)support reaction from beam .B5
2101 _
Pn= G525~ 3232.3K N. |
Assume rectangular section with:
Use r =0.015

Pn=0.8* Ag{0.85*fc'+ r g(fy — 0.85* fc')
3232.3=0.85*Ag{ 0.85* 24+0.015(420-0.85* 24)
Ag=0.15m?

Use0 .4 x 0.45 Agreg=0.18 > 0.15m?

* Check slenderness limit:

KU gg_pp ML ACl - (10.12.2)
r M 2

M1/M2=10 - (braced fram with Mmin).

K=1.0 (for columns in nonsway frames).

klu
—<34-12*1.0=22<40 Lu=3.43m.

' rx=0.3 h=0.3+0.45=0.135

ry=0.3*b=0.3*0.4 =0.12

Ku = 25.4)22.0 Slender column for bending about x_axis.
rx
krl—; = 28.6 > 22.0 dlender column for bending about y_axis.
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E,|
El =0.4—2°

1+ Db,
E, = 4700,/ fc' = 4700* +/24 = 23025.20Mpa
p, -12DL_ 46596 )
Pu 2101
* |3 * 3
- b*h°® _ 045" 04° _, 1,100 oo
12 12
* * * —
£y 047 23025.20% 24% 103 _ o i o
1+0.22
2
p - PE
(KLu)?
2 %
=324 TBUT o8 okN
(1.0* 3.43)
Cm = 0.6+ o.4[mj
M 2
Cm=1 c
d, = m >1.0
1-(Pu/0.75P,)
1 —1.22>1

d —
" 1-(2101/0.75 * 15182 .9)

e =15 +0.03*h =15 +0.03* 450 = 28.5mm

min

e=e, xd_ =28.5%1.22 =34.77 mm.
e_3.T7 _ 4o
h 450

From Interactio n Diagram
fP, 2101 *1073, 145

- = 1.69 ks

A, 400 * 450 1000

g0 -2%40-2-10-18
450

r, =0.017

Ag=r * A, =0.017 * 400 * 450 = 3060 mm *

Spacing <16 x d, (Longitudinal .bar.diameter) = 16x18 = 288mm
Spacing < 48x d, (tiebar.diameter) = 48x10 = 480mm

Soacing < Least.dimension = 400mm

. Usef 10@250mm
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(Detai]ingﬂf(!olumns MNo. (‘35)

G e @1 025
L=152

G0

Fig. (4 - 14)Detailing of columns No (c5).

4.9Design of |solated Footing (F5) :
4.9.1 Load Calculation :

Total factored load = 2075.1 KN.

Total services|oad = 1588.2 KN.

Column Dimensions = 40*45 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (60 cm) thick.

liveload =5 KN/m2.

Oajiow=400 - 5 - 0.3*18 - 0.6*25 =374.6 KN/m’

4.9.2 Determination of Footing Area :

1588.2
A=

— 2
3746 4.23m

=»L=23m
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Determinate q, = 2075.1/5.29= 392.3 KN/m?
4.9.3 Deter mine the depth of footing based on shear strength:

Assumeh=60cm ..... d = 600-75-14 = 511 mm

e Check for oneway shear strength

Critical Section at %+d

%+ d= 0'—§5+ 0.511 = 0.736m

Vu = 392.3* (? ~0.736)* 2.3=373.55KN
f Vo =f .(%* Jfc*b, * d)

f Vc=0.75* %* J24* 2300* 0.511 = 719.72KN

f Vc=719.72KN >Vu = 373.55KN
. Safe

e Check for two way shear action (punching)

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

v =f 2142 |1 b.d
6. b,
1( a '
fv, =f.=| -2 120/t bd
; 12[b0/d+] ¢ Do
fV, =f %\/ f. b.d

Where:

Column Length (a) 450

c = = =1.125
Column Width (b) 400

° = perimeter of critical section taken at (d/2) from the loaded area
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b, = 2(0.45+0.511) + 2(0.4+0.511) = 3.744m

a . .
S =40 for interior column

1 2 , 0.75 2
fV.=f.=|1+-= f bd=—1+ * \[24* 3744* 0511 = 3254.4KN
¢ 6[ bcj ¢ 6 ( 1.125]

FV, =f. L

7 *
12( a . 2}/ f. b,d= 01';5* (40 L 2)* 24 * 3744* 0,511 = 4369.6KN

b, /d 3.744

fV, =f é‘/ £ b,d = %* 24* 3744* 0511 = 2343 2KN

f V. =2343.2KN ..... Control

FR, =s,, *area of critical section
VU, =392.2[(2.3* 2.3) - (0.4+0.511) * (0.45+ 0.511) | = 1731.4KN

f Vc=2343.2KN >Vu, =1731.4KN........ satisfied

4.9.4 Design for Bending M oment

(7 Detaili Of F dati Mo. (5}
[L eTdalling aunddaTicon O ;]

| | =5
-
-
u J'/
ol
= o
1. i
2wl wf @ F -3 DIE 5
1= 1 Tl 2]
Tl (a¥] -+ E— —-a i
1y
%
|Z° 2Osil4 L=78ES 25|
Zz30
25
=21 &
AH 105 . 100 L 1os ag
L Zou 10

=

Figure (4-15): Isolated Footing
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1.05

Mu =392.2* 2.5* =540.5KN.m

Using Reinforced Concrete.

Mn = % = 600.55KN.m

_ Mn _ 60055x10°°
" bd?  25x0.511°

Kn =0.92Mpa
fy 420

m= - = = 20.588
0.85* fc  0.85* 24

L1 1_\/1_ 2x 20.588x 0.92
20.588 420

ASpeq =T *b*d =224~ 107°* 250* 51.1= 28.62 cm’
ASqyiiege = 0.0018* b* h = 0.0018* 250* 60 = 27cm’
ASp., = 28.62> ASqyiyage = 27CM’

Select 20f 14....As,, 4y = 30.79cm* > 28.62cm?.....0k

Check of strain:
As*fy=085* f_*b* a

] =224*10°

3079* 420 = 0.85* 24* 2500* a
a=25.35mm
x=2 _2535_ 59 85mm
b, 085
o _511-29.82
*T 7 2082
e, =0.048> 0.005

X0.003

= OK
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Mu in other direction (short direction)

1.025%

Mu =392.2* 2.5* =515.07KN.m

Using Reinforced Concrete.

_ 515,07

Mn =572.3KN.m

572.3
Mn x1073
Rn = 5= 5
bd 2.5x0.511

=0.88Mpa

fy 420

m= - = = 20.588
0.85* fc  0.85* 24

o1 (1— \/1_ 2x20.588x 0.88
20.588 420

ASeeq =T *b*d =2.1¥107* 250* 51.1= 26.83 cm?

ASqyinage = 0.0018* b* h = 0.0018* 250* 60 = 27cm?

Asg., =26.83< As = 27cm?

Shrinkage

Select 20f 14....AS,, i = 30.78cm? > 27cm?.....oK

Check of strain:
As*fy=085* f_*b* a

J =21*103

3079* 420 = 0.85* 24* 2500* a
a=25.35mm

=825 5982mm

b, 085
_ 511-29.82

e
ST 2982
e, =0.048> 0.005

X0.003

= OK
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4.9.5 Development Length 6f main Reinforcement for Mul :

9 K sy
ldyeq = 10 A\/ﬁ * Torrep * ab
ab

Ktr = 0 (No stripes)

cb smallest of :
a
)ch=75+7=82mm or 2) §= 61.4 mm
sincea = the smallest distance between bar.

ktr + cb _ 0+614
db 14

=44>725

kfr+cb_25
dp 7

9 420 1+1%0.8

— * * 14 = 345.67 mm
10 1 x+/24 2.5

ldyeq =

L dayaitavle = (2500-400)/2 -75= 975mm

L davaitanie= 975 mm >Idr9q = 345.67mm

e not required hook

4.9.6 Design of dowels:

P.=2075.1 KN

f.Pn=f .(0.85fc'Ag)
f .Pn=0.65*[0.85* 24* (400* 450)]/1000 = 2386.8KN
But Pu=2075.1<f .Pn=2386.8KN

Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
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As .. =0.005* Ag = 0.005* 40* 60 = 12cm?
Usethecolumn barsasadowels
Sdect 8014

ASp e =12.32cm* > As., =12cm’

0.24fy db= 0.24* 420

Ld1yres=
(Lreq \/E \/ﬂ

Ld(2yeq = 0.043 x fyx db = 0.043 x 420 x 14= 252.8mm

14=288mm .

Ld@yreq = 252.8mm <Ld(1)reg=288mm =>control
Ls=0.071xfyxdb =0.071x420 x14 = 417.48mm
Ls=417.5mm

Available Ld =600- 75— 2*14= 497 mm.>288mm
Using hook >16*f

Required length of hook >16*f >16* 14= 224mm

Use Hooks= 30cm > 22.4cm

4.9.7 |solated Footing Detail:

#10,/10cm

FERIGem Q.0

20814 =285

o
inl
20814 | =285 i.ﬁ
—_ ]
\L-..'. # W B % W & W w & W M » N W -1.0,
e R A i e A

10

10 105 40 105 10
10 230 L0
270

Figure (4-16): Isolated Footing Detail
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4.10 Design of Stairs:
4.10.1 Deter mination of Slab Thickness:

L =0.4+3.6+0.4=4.4m.

heg =L/ 20

hey=L/18

hreq =440/ 18 = 24.44 cm

hieq =440/20=24.cm ............. take h=25 cm.
= Useh = 25cm.

a= tan}(rise/run) = tan(150/300)=26.57

025

Cosa =0.89
0.70 3.6 1.85 0.25
b
= A
b1
X (sh)
ey
@)
L1
P < (s a
T T 2 S
b

Figure (4-17) : Stairs plan

4.10.2 Load Calculations:;

4.10.2.1 Load on Stringer:

Dead Load:
Tiles =0.03*27*((0.35+0.15)/0.30) =1.35 KN/m.
mortar = 0.02*22 *((0.15+0.30)/0.3) = 0.66 KN/ m.
Plaster = (0.03*22)/ (Cos 26.57) =0.738 KN/ m.
Steps =((0.15*0.3)/2) * 25/0.3 =1.88 KN/ m.
Slab =25 *0.25/ Cos 26.5 =6.98 KN/ m.
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Total dead load =11.6 KN/ m.

Liveload:

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

qu=1.2¥11.6 + 1.6*5 = 22 KN/ m?.

For one meter Strip, qu =22 KN/ m.
4.10.2.2 Load on landing :
Dead L oad:

Tiles=0.0322 =0.66 KN/m*

Mortar =0.02* 22 = 0.44 KN/m*
Slab =0.25*25 =6.25 KN/m2,

Plaster = 0.03*22 = 0.66 KN/mz2.
Total dead load =8.01 KN/m.

Liveload:
Live load for stairs= 5 KN/ m?.
Factored load for landing :
qu =1.2*8+ 1.6 *5 = 17.6KN/ m?.
For one meter Strip, qu = 17.6 KN/ m.
Considered in each direction for landing (two way) 17.6/2= 8.8KN/ m.

4.10.3 Design of Shear :

=  Assume @ 12 for main reinforcement:-
So, d =250-20 -12/2 =294 mm = 29.4 cm
Vu=35KN .

f/f. *b,*d
fVo=-—Yo W =

_0.75* \/24*1000* 294
6

Vu=35KN <fVc =180 KN . 35<.5f Vc = 90

fVc =180KN

>>>>No shear Reinforcement isrequired. So the depth of the stair isOK.
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4.10.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

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

Moments: spans Tto T

Figure (4-18) : moment envelope for flight
Design for flight:
Mu =43.6 kN.m
Mn =Mu/0.9=34,6/0.9=48.4 KN.m.
d=29.4cm.
" b.d?

* 6
Kk = #B4"10° o cempa .

" 1000* 2942

__ Yy
0.85x fc'

420
m=———
0.85x 24

S D 71 ' D S O \/1_2 20.588*0.56 | _ 1 oy g0
m f, | 20588 420

AS. = 1.35*10°*100%29.4 = 3.97 cm”

K

= 20.588

As,, =0.0018* b* h = 0.0018* 100* 25 = 4.5cm’
As,;, = 45cm®>As = 3.97 cm’
Use

Use @ 12 >>>703/113 =6

Useld 12 @ 15cmc/c .............. with As =(100/ 15)*1.13 = 7.5 cr.

101



Asprovided = 7.5> Asreg=4.5cm?........................OK.
Check for strain:
Tension = Compression

A * fy=0.85* fc' *b* a
750* 420 = 0.85* 24*1000* a

a=15.44mm
_a_1A g0
b, 085
o, = 294=1544, 4 53
15.44

e, =0..0542 > 0.005—— ok
4.10.5 Secondary reinfor cement:

ASqyiniage = 0-0018x bx h = 0.0018x100x 25 = 4.5

Use ®10 @ 15¢cm ................. With As = (100 / 15)*0.79=5.26 cm?

- Design for landing

Moment/3Shear Envelope (Factored) Units:kN, meter

Moments: spans Tto 1

| 1.42 56.6 1.42 |

(4.19):Envelope diagram OfLanding (L1A)
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Vu =60.8 KN/m

- Check for shear strength (L1A):

Assume @ 12 for main reinforcement:-
d=h-20-db/2=250-20-12/2 =224 mm

_ 0.75*+/24*1000* 224
6

f\Vc

=137.17KN/m

Vu= 60,8 KN /m< 0.5* fVc=68.5KN/m .

- Thickness is adequate enough

- Calculate the maximum bending moment:
Mu = 56,6 kN.m/m
Mn =Mu/0.9=56,6/0.9 =62,8 KN.m/m

d=h-20-db/2 =250-20-12/2 =224 mm

Mn
R = b-d?
* 6
R = 566°10° | joups
1000* 224
oYy
0.85x fc'
420

m = =20.6
0.85x 24

* *
c_Af 2R |1 1_\/1_2 206*1.13) _ ) 1007
m f 20.6 420

y
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As,, = 0.0027*1000%224 = 620.4mm*/m> As,,, = 450mm>/m....

As,,, =0.0018* b* h = 0.0018* 1000 * 250 = 450mm? /m

- Step ( s) is the smallest of :-

1.3*h =3* 250 =750 mm
2.450 mm

<380 (% -2.5*C,

<380 * (22)~2.5%15 =380 * (22> )— 2.5 * 15= 342.5mm

2
Efy ;* 420

< 300 (22) =300 * (£22) = 300 * (5222) =300 mm (control)

fs gfy %"‘ 420

- Check for strain:
Tension = Compression

A* fy=085* fc'*b* a
754* 420 = 0.85* 24* 1000* a
a=155
c=2 -1 _15mm
b, 085

L _224-182

=7 182
e, = 0.034> 0.005——>0k

*0.003

e Temperature & Shrinkage reinforcement:

As

Shrinkage

= 0.0018x bx h = 0.0018x1000x 250 = 450mm* /m
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- Step ( s) is the smallest of :-

1.5*h =5* 250 = 1250 mm
2. 450 mm - control

4.10.6 Stairsat section (A-A) Details:

070 36 ) 185 0,25

: : g
.....

1
@ D808 200/L=280

P28150,/L=632

mﬂ (@l0e200/L=120
30

150 @ @L0BL50/L =250

£-78)

@moeeom=21 110

Figure (4-20) : Stair Section
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4.11 Design of basement wall
load calculation:

fc=24MPa, fy=420Mpa, Y's=20KN/m?>, qall=250KN/m?, ¢=30, surcharge =5KN/m?’

27Mpa | 400 Mpa | 18 KN/m® 400 KN/m? 30 | SKN/m?

Ca =1-sing =1-sin 30 = 0.5( Static Earth Pressure)
Pa=Ca*h* (g =0.5*7.5%18=67.5 KN/m2

Ws
hs= —= 2 20278 m
W 18

Ps=0.5%5=2.5 KN/m2

0.5 67.5 KN/m2 2.5 KN/m?

4

vl
IREERE
AV

|

Fmas T BS peCHL Y

(4-21):Static System
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Moment/Shear Envelope (Factored) Units:kMN, meter

Momentis: spans Tio 2

-102.
87.3 7.2

T 0.410.5
40.1

1.88 | 1.88 | 2.25 117.2 1.5 |
I I I I 1
Shear
156.8
102.2 1121
79.7
19.5
i f t f '.:'?
33.6 0.7 !
144
169.7

(4-22):Envel ope diagram Of Basement Wall

4.11.1 Design of positive moment :

Mu = 117.2KN.m/m(span 2)
d=300-40-14/2 =253 mm

R - an
b-d

117.2*10°

= =2MPa.
0.9*1000* 253

R,

m=—_
0.85x fc

__ 40 9206
0.85x 24

1 2m * *
r =_£1 /1_R1JL(1 1_mjzo,oo5
m f, 20.6 420
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As,req = 0.005* 1000* 253= 1265 mm2/m...........
Use ® 14@ 12 cm,
- As.min for vertical bars:
0.0012*b*h = 0.0012 * 1000* 300 = 360 mm2/m
Use ® 10@ 20 cm
~ with As,provided = 392.7 mm2/m >As req = 360 mm2/m
Mu = 40.1KN.m/m(span 1)

d =300 - 40 - 14/2 = 253 mm

*
R - 401 10 _6oMPa.

0.9*1000* 253

m=__
0.85x fc

420
0.85x24 206

1 2m * *
rotls po MR 1 1_\/1_M — 0.0017
m f, 20.6 420

Asreq=0.0017*%1000*253= 430.1 mm2/m...........

- As.min for vertical bars;

0.0012*b*h = 0.0012 * 1000300 = 360 mm2/m
Use ® 10@ 20 cm,
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- For horizontal bars :

0.002* b* h =0.002* 300* 1000= 600 mm2/m.
Use 300mm? for each side

4.11.2 Design of Negative moment:

Mu neg=-87.3KN.m/m

d=300-40- 12/2 =253 mm

* ¢
R=— /310 evpa.

0.9*1000* 253

m=—_
0.85x fc

__40 706
0.85x 24

1 2m * *
R L _ 1 1_\/1_M — 0.0037
m f, 20.6 420

As,req = 0.0037* 1000* 253= 939.8 mm2/m...........

_I
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4.11.3 Design of shear

d =400 -75-14 = 311cm

f Ve =0.75*%* for* bw * d

fVc=075* %* A/27 *1000 * 311 = 202 KN

Vu=144KN <¢Vc=202........ OK

The thickness is enough

pr_ PR I
%\b "\.
r \\ [
2014 A1
SBEIS e a o
bl =
10 @20 el = B2
| n =
S HOOK | 1 ==
APE 2
i z2@E20 |
roy S .
vy =
A

] ]
ﬂT_"I R
Iaa - @15 » 5 % 5
..% i el
s ook || g
sg0im2 |[] e
214 @2 B % 0 E20
gV D383 i Q%,_mznﬂ |
la!’m:' ng; gg/gll & - oH 21 0 % P
= g
-
-

(4-23)Basement details
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4-12 Design of Shear Wall :-

Fig. (4 - 24) location of shear wall.
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Fig(4-25) Shear wall By Using ETABS

By use ETABS software program we have:

Vi e gt
S —

o
i~
=
= [Te]
4 Laig]
) ™
)
o] ﬁ
—i

Be

Fig (4-26) shear and moment diagram of wall



fc' = 24 Mpa

fy = 420 Mpa

h = 30cm shear wall thickness
Iw = 5.9m shear wall width
hw = 10.5m building height

4-12-1Design of Horizontal Reinfor cement:

Critical Section :-
®dvn =0.75 *0.83*fc"1/2*h * 0.8 lw =4318.25 KN >Vu =545.86 ........ oK

Thick is enough .

M - 5_9 =2.95m.......... control

d =0.8xlw=0.8x59=4.72m

V, = 545.86 KN
M, = 2221.53+ 545.86(3.5— 2.95) = 2521.753 KN.m

[T

VC1= 6 ><b><d

V, = \/625_4 x300x 4720 =1156.2 KN........ CONTROL

N, xd
4x L

V, =027, fc' xbxd+

w

Assume N, =0.0
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N, x

d

V., = 0.27+/24 x 300x 4720 + ~ 1560 KN
X W
2x N
I |+ fc' + 4
Ji W[ |thJ hxd
3 — + X
20 M, I 10
vV, 2
V24 5924 +0)

{

1/2®Vc =433.575 < Vu=545.86

20 1.68

} x 250x4720 = 2782.281KN.

KN needs reinforcement.

Shear reinforcement must be provided in according with 11.9.9.

VU< ® V n=d( Ve + Vs)

Vs= Vu/® -Vc=545.86/0.75 -

also...

f Vc =0.75*1156.25 =867 > Vu =

1156.2= -428.3 KN.

545.86

So we take minimum reinforcement ....

2+78.5

P = 5200

= 0.0025 = S = 314mm

Max. Spacing :
Lw /5 =5900/5= 1180 mm
3h =3*300 = 900 mm

Control.
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4-12-2Design of Horizontal Reinfor cement

& = 105 =177
5.9

W

Pumin > 0.0025 + 0.5 (2.5 - hT“’) (pe — 0.0025) > 0.0025

4-12-3 Design of Bending moment:

5900
A = (S57) *2 %785 = 4631.5mm?

_(Ast)fy_( 46315 )420_0045
WAL/ F T \5900+300/ 24

C w+a 0.045+0

ly  2w+0.85B;  2%0.045+0.85+0.85

= 0.055

Pu <
Astfy) o lw]

= 0.9[0.5 * 4631.5 * 420 * 5900(1 + 0)(1 — 0.055)] = 4880.5 > Mu
= 4167.8 ..ok

OM,, = @ |0.5A4f, 1, (1 +
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3.5
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4. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE(ACI-
318M-02) AND COMMENTARY CODE (ACI -318-02).

5. Uniform Building Code (UBC-97)..
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Appendix (A)

Architectural Drawings

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

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply
supported

One end
continuous

Both ends
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 £/128 £/10
Beams or
ribbed one-
way slabs £N16 £/18.5 /21 £/8

MNoteas:

Values given shall be used directly for members with normalweight concrete

(densi

tions, the values shall be madified as follows:

a) For structural lightweight concrete having unit density,
1440-1920 kg/m?, the values shall be multiplied by (1.65 -
less than 1.09.

w, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-

W,
0.503wc) but not

in the range

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

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

ONE-WAY 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 fo live load L .
structural elements likely to be damaged by £/180
large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due fo 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
atlached to nonstructural elements likely to be | attachment of nonstructural elements (sum of £/480°
damaged by large deflactions the long-term deflection due to all sustained
Roof or floor construction supporting or E;;:fﬁg gli 7;‘2‘59'3‘9 deflecion due foany
attached to nonstructural elements not likely fo (240°
be damaged by large deflections

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

t Lon?-term defiection 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 aftach-
ment of nonstructural elements. This amount shall be determined on basis of accapted engineering data relafing to time-deflection characteristics of members sim-
ilar to those being considered.

¥ Limit may be exceeded if adequate measures ate taken to prevent damage to supported or attached elements.
d?}eLimit shall nodtibe greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber

§ not exceed limit.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS)
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Structural Design For Specialist Hospital In Dura

Prepared by

Samah Al-jawabreh Ghaida'a Tamimi

Lana Abu Zalatah
Palestine Polytechnic University -2014

Supervisor

Eng .Khalil Krameh

Abstract

Objective of the project can be summarized in the structural design of all
structural elements contained in the project, slabs, beams, columns and
foundations, walls and other structural elements.

It is worth mentioning the code has been used to determine the Jordanian live
loads, seismic loads and to determine the use of( UBC-97), As for the structural
analysis and design of sections has been the use of the U.S. Code
(ACI_318-08), It must be pointed out that he was relying on some computer
programs such as: Autocad2010, Office2010, Atirl2.

We hope after the completion of the project to be able to provide structural
design for all structural elements of the building is complete.

After designing this project and the work of what has been said is expected to
conclude a number of results and projections is to link the information that has
been studied in the courses different, and the analysis and design of all structural
elements and the statement of the impact of each of the elements on the other, and
then the work of structural plans of the Executive are Full and detailed for each.

Vi



iy ginal) (o g

I S
Il T A £ 9 ppl
Il slay)
\Y il g Sl
\Y 4 ) dadlly Gadlal)
Vi 4 plad¥) A3l adlal)
VII-IX < giaal) G pgd
X- X1 List of abbreviation
XII J 3\4%3! g
X1 JEY) Cu g
X1V List of Figures
-1
t}):ul\ &J\Mi -

4 Jdlisall Camy - -
el il - - -
BEY RPN - - -

48 5y sindl dgal 5l
g o) g i) g5l
Al sl dgal g - - -
A8 a0 e dgal )

ALY eabiall Ay el il pall -

Al Jaall -
VI



iall Jlal -
Al JlalY) - -
Aalaall &l lsay)
iall 4 Kl Alaay) yualial)

eI ) Coanl) Clsie - - -

Loty sl - -
( Expansion Joints ) - -

a9 &

Glua gill

VI



Subject Page

Chapter 4 : Structural Analysis and Design 39
4-1 Introduction 40
4.2 Determination of Slab Thickness 40
4.3 Determination of Loads of ribs and topping 41
4.4 Design of rib 27 44
4.5 Design of two way rib slab 58
4.6 Design of tow way solid slab 65
4.7 Design of Beam 5 73
4.8 Design of slender column C5 90
4.9 Design of Isolated footing F5 92
4.10 Design of stairs 99
4.11 Design of basement wall 106
4.12 Design of shear wall 111



List of Abbreviations

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.

f.: = 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 in direction parallel to longitudinal reinforcement.
Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Wc = 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 4

Structural Analysis& Design

4-1 Introduction.
4-2 Determination of Slab Thickness.
4-3Deter mination of L oads of ribs and topping.
4-4 Design of Rib 27.
4-5Design of twoway rib dab.
4-6 Design of two way solid slab.
4-7Design of Beam 5.
4.8 Design of slender column C5.
4.9 Design of Isolated footing F5.
4.10 Design of stairs.

4.11 Design of basement wall.

4.12 Design of shear wall.

39



4.1 Introduction:-

The project consists of several structural elements that will be designed according to the ACI code
and by using the finite element method using much of computer software such as “ATIR” and
“STAADpro” to find the internal forces, deflections and moments for the all structural element in order
to design them.

4.2 Deter mination of Slab Thickness:-

it
T

3 _||||I||I|||'||1I||I’|T|I||I| [

; \ Solid Slab

Figure (4-1): ground Floor Slab.
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According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or one way slabs

unless deflections are computed as follow:
hmin for one-end continuous = L/18.5
=605/18.5 = 32.7cm.
hmin for both-end continuous = L/21
=450/21=21.4cm
hmin for both-end continuous = L/21
=447.7/21=21.3cm
hmin for one-end continuous = L/18.5
=566/18.5=30.59cm
The controller slab thicknessis 21.3 cm.
But by deflection checked it was controlled at 32 cm thickness.
So Select Slab thickness h= 32cm with block 24 cm & Topping 8cm.
4.3 Determination of Loadsof ribs :-

4.3.1 Deter mination of Dead load: -

Tifews F crra
A Fare P o2
T RETIS S S rred FPST T orre

I crerprcaerer Forpaprrriar S «rry
& Terppcr et e fafora i

S T aerrdcretfe rudy

Plaster? oriz

g SR e e e A e et e T S
et w el = e T A, el 3y £ ol e PPN L e T T g T T T ke i
o = -
- | - i
| .= 2 %
| - | :

Ty PricAaArlr, SECTION AN RIIB3IFED SEABF
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Type

KN/m

yb h
Tiles 0.03*0.52*23 0.359
Mortar 0.02*0.52* 22 0.229
Sand 0.07*0.52* 16 0.5824
Topping 0.08*0.52* 25 1.04
Hollow block 0.4*0.24*9 0.864
Plaster 0.02*0.52*22 0.229
R.Crib 0.12%0.24* 25 0.72
Partitions 2.38*0.52 1.238
Sum 5.26
4.3.2 Deter mination of liveload:-
Nomina Total liveload =5 * 0.52 = 2.6kN/m of rib
4.3.3 Determination of factored dead & liveload
Factored dead load = 1.2* Dead load = 1.2*¥5.26 = 6.312 KN/m.
Factored Live load = 1.6*liveload = 1.6*2.6 = 4.16 KN/m
4.3.4 Design of Topping:-
Deter mination of dead load of topping
Type bh KN/m
Tiles 0.03*1*23 0.69
Mortar 0.02*1*22 0.44
Sand 0.07*16*1 1.12
Topping 0.08*1*25 2
Partitions 2.38*1 2.38
Sum 6.63
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Live Load =5 KN/m.
qu=12DL+16LL

=1.2* 6.63+ 1.6 * 5=15.96 KN/m. (Total Factored L oad)

q, *1?
9Mu: u =15.96* 0.4 /12
12

=0.213KN.m

- bh?
= Mn = 0.42./fc'* 5

' * 2
=042 24"+ 0% 2 10KNm.

>f *Mn =0.55*2.19 =1.2KN .m.
f*Mn =1.2> Mu =0.213 KN .m. QI

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

r =0.0018

As =r *b*h=0.0018*1000* 80 = 144mm?®.

Try bars @8 with As =50.27 mm 2

N=As/As38=144/50= 3 bars

S=1000/3 =300 mm
S= 3 h =3*80 =240 mm (control)
S=450 mm
S=380*280/fs-2.5Cc = 380*280/(2/3*420) -2.5*20 = 330 mm

S= 300* 280/fs =300* 280* 3/2*420 = 300 mm

Use S=200 mm < S max = 240 mm

43



4.4 Design of Rib 27 :

¥ B94(30x32) - #
<
-
| T
___-_: _:_:= Bl 1O S .:_.-: 1 E
____#E BO4(BOx32) =
s B94(8 :‘:{372/}'% 2
e R, . SEFRCHNNE S PRl . - L -
i H
_ EcosBARISGe Iy Bos i =
Figure (4-2): one way rib slab.
1 2 3 4 5
1 2 3 4
A . A . A . A —
| 3.6 0.8 2.8 08 1.9 0.8 3. 06
| 4. 36 | | 2.7 37 -
1 1 1 1 1
52.
32.
12.
A-A

Figure (4- ): Rib geometry
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load group no. 1
Dead load - Service

Units:kN,meter

5.6 5.26 5.6 5.6
4, 3.6 2.7 3.7
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60 2.60
4, 3.6 2.7 3.7

Figure (4-4) : loading of Rib

Moments: spans 1to 4

-15.7

-14.1

7.9

| 2.2 .18 | 18

12.6

| 2.22 1.48

Figure (4-5) : Moment Envelop of rib
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Shear

-21.
e -18.4 -17.7 16.3
’ -11.3 -10.6 -10.2
I 1 1 1 1 1 1 1
1 1 1 1 1 1 1
7.2
14.1 14.3 15.9
19.3
22.2 21.2 23.
Reactions
Factored
I 1 ] 1 1 ] 1 1 ] 1 1
I L T 1 1 L T

DeadR 12.69 25.01 17.5 23.58 9.58
LiveR 9.52 17.15 15.22 17.16 6.71
Max R 22.21 42.16 32.73 40.74 16.29
Min R 11.54 32.61 20.01 27.87 9.18
Service
DeadR 10.58 20.84 14.58 19.65 7.98
LiveR 5.95 10.72 9.52 10.72 4.19
Max R 16.53 31.56 24.1 30.38 12.17
Min R 9.86 25.59 16.15 22.33 7.73

Figure (4- ) : Shear Envelop of rib.

4.4.1 Design of flexure:-
4.4.1.1 Design of Positive moment of rib:-
Assume bars diameter of 12 mm

d= 320-20-8-(12/2)= 286 mm.
b &<=520mm.  (Control)
<=2740\4 = 685mm.
<=16* 80 +120 = 1400mm.

ébeff =520 mm.
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Assume a=t

f * Mnf =0.9* 0.85* 24* 0.08* 0.52* (0.286 — 0.08\ 2) * 1000 =187.9KN.m.
f *Mn>Mu

187.9>12.6
- Rectangular section.
For first span: Mu=7.9 kN..m

Mn=79 /09=8.78 kN.m

B fy 420
0.85* fc  0.85* 24

=20.6

Mn 8.78*10"6
Kn= 5 = > =0.206 Mpa
b*d? 520* (286)

_1 . [ 2mkn
p= m(l y )
1 \/ 2(0.206)(20.6) } = 000049
206 420

As = 0.00049 (520) (286) = 72.9 mm?

VI ) 2 (ow _
As,. 4(fy)(b w)(d)> fy(b ) (o) — (ACI —10.5.1)
V24 14

As,, = W20 (120)(286) >

7)(120)(286))

As,, =10008<1144
As . =114.4mnY

72.8mm? < As, . =114.4mm’
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Use As,,, =114.4mm’> As= 72.8mm’

# of bars= As As 4y =114.4/78.5= 2 bars * Note Ag10= 78.5mm?
Select 2 ® 10 mm.

e Check for strain :
Tension = compression
As*fy=0.85*fc *b* a
157* 420 = 0.85* 520* 24* a
a=6.2mm
X= a._ 2 =7.3mm
b, 0.85
286—-7.3
e, =————
7.3
e,=011>0005—->f =09 .

X0.003

For Second span: Mu=8.1 kN .m

Mn=81/09=9 kN.m

= fy - = 420 =206
0.85* fc 0.85* 24
Mn 9*10"6
= =0.21 Mpa

"~ b*d? 520 (286)2

2mkn
fy

1
p=—(@1- 1- )
m

p= ) = 0.0005

1 1. \/ 2(0.21)(20.6)
20.6 420

As = 0.0005 (520) (286) = 74.74 mm?*

VI ) 4 (ow _
As,. 4(fy)(b w)(d)> fy(b ) (o) — (ACI —10.5.)
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Aﬁnin =

24

14

——-(120)(286)> 120 (120)(286))

4(420)

As,. =10008<1144

As . =114.4mnY

As . =114.4mm’ >74.74 mm?

Use As =114.4 mm?

# of bars= A As 4y = 114.4/78.5= 2 bars

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

Check for strain :
Tension = compression
As* fy=0.85* fc' *b* a
157.1* 420 = 0.85* 520* 24* a
a=6.2mm
X = a._ 62 =7.3mm

b, 0.85

287-1.3
e, =———
7.3

e, =0.11> 0.005

=f =09

X0.003
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For Third span: Mu=2.6 kN ..m

Mn=2.6 /0.9=2.88 kN.m

= fy - = 420 =206
0.85* fc 0.85* 24
Mn 2.88*10"6
= =0.06 Mpa

“b*d?  520*(286)

2mkn
fy

1
p=—(@1- 1- )
m

o= 1 1. \/ 2(0.06)(20.6)): 0.00014
20.6 420

As = 0.00014 (520) (286) = 21.27 mm?

Jfe L4 )
As.. 4(fy)(b w)(d)> fy(b ) (<] P (ACI -10.5.1)

X 4Z/fl)(lzo)(zse) 124:) (120)(286))

As,. =10008<114.4
As . =114.4mnY

As . =114.4mm? >21.27 mm?

Use As=114.4 mm?

# of bars= A9 As 4y = 114.4/78.5= 2 bars * Note Ag10= 78.5mm?
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d= 320-20-8-(10/2)= 287mm.

e Check for strain :
Tension = compression
As*fy=0.85* fc' *b* a
157.1* 420 = 0.85* 520* 24* a
a=6.2mm
X = a._ 2 =7.3mm
b, 0.85

e, =27 Sx0003
7.3

e, =0.11>0.005

=f =0.9 OK
For Fourth span: Mu=12.6 kN .m
Mn=126/09=14 kN.m
= fy - = 420 =20.6
0.85* fc  0.85* 24
Mn 14*10"6
kn= 5= > =0.33Mpa
b*d< 520* (286)
1 2mkn
p=—(@1- 1- )
m fy
. 1 - \/1_ 2(0.33)(20.6) ) = 00008
20.6 420

As = 0.0008 (520) (286) = 117.5 mm?
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Vi L1
As,. 4(fy)(b w)(d)> fy(b ) (o) —
As,, = % (120)(286) > % (120)(286))

As, =10008<1144
As . =114.4mnY

As . =114.4mm* <117.5 mm?

Use As=117.5 mm?

# of bars= As/ Asy = 117.4/78.5= 2 bars

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

e Check for strain:
Tension = compression
As* fy=0.85* fc' *b* a
157.1* 420 = 0.85* 520* 24* a
a=6.2mm
X= a = 2 =7.3mm
b, 0.85
_287-73
e, =0.11> 0.005
:>f =0.9 OK

X0.003

(ACI
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4.4.1.2 Design of Negative moment of rib:

+« For first span Mu=-6.5kN.m
Mn=6.5/0.9=7.22 kN.m

fy 420

= - = = 20.6
0.85* fc  0.85*24

Mn  7.22*10"6
kn = 5= 2=0.73MPa
b*d2  120* (286)

_ 2mkn
fy

1
p=—(- )
m

) =0.0018

o= 1 1. \/ 2(0.73)(20.6)

20.6 420

As = 0.0018 (120) (286) = 61.1 mm?

VT ) 1 o
A =3 K= o)

24

A= 21230 120(280)> > 24

> 120)(286))

As.. =10008<1144
As . =114.4mn"
61.1mm?<As, .= =114.4mm’

Use As = 114.4mm?

#of bars= AS/ As,, = 114.4/78.54 = 2 bars
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e Check for strain :
Tension = compression
As*fy=0.85* fc' *b* a
157* 420 = 0.85*120* 24* a
a=26.9mm
x:i:@:mﬁmm

b, 0.85

_ 286-31.6

e, =22 °22X0.003
316

e, =0.024 > 0.005

=f =09 OK

For second span Mu= -4.3kKN.m

Mn=4.3/0.9=4.8kN.m

fy 420
= - = = 20.6
0.85* fc ~ 0.85* 24
Mn  4.8%10%6
=0.48 MPa

kn = 5= 5
b*d 120* (286)

1
o=t h- 2mkn

m fy)

Ny \/1_2(0.48)(20.6)):0.0012

206 420

As = 0.0012 (120) (286) = 40.5 mm?

-3 ) > 24 o
Ao =51 09)> - ow))
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Asmin =

J24 14
220 (120)(286)> 20 (120)286))

As,. =10008<1144

As . =114.4mn"

As_. =114.4mm’">40.5 mm?

Use As=114.4mm?

#of bars= AS,;,/ ASpy = 114.4/78.54 = 2 bars

Chick for strain :
Tension = compression
As* fy=0.85* fc' *b* a
226* 420 =0.85*120* 24* a
a=38.2mm
x:i:%:%ﬁmm

b, 0.85
o 287 -45.6

s 45.6

e, =.015> 0.005

=f =09 OK

X0.003
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For Third span Mu=-7.8 kN.m
Mn= 7,8/ 0.9 = 8,66 kN.m

fy 420

m = - = = 20.6
0.85* fc  0.85*24

_ Mn _ 866*10"6
b*d?  120* (286)°

_1 . [ 2mkn
p=_0 1/1 y )

o= 1 - \/1_2(0.88)(20.6)):0.0021
20.6 420

kn =0.88 MPa

As=0.0021 (120) (286) = 73.7 mm?

-3 ) > 24 o
Asmm—4(fy)(b Xd)= fy(b Xd)
24 14

As, = W20) (120)(286)> 720 (120)(286))

As,, =10008<1144
As . =114.4mn7
As.. =114.4mm’">73.7 mm?

Use As=114.4mm?

#of bars= AS,;,/ ASpy = 114.4/78.54 = 2 bars
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e Chick for strain :
Tension = compression
As*fy=0.85* fc' *b* a
226* 420 = 0.85*120* 24* a
a=38.2mm
x:i:y:45.6mm
b, 0.85
_ 287-456

° 45.6
e, =.015> 0.005

=f =09

X0.003

4.4.2 Design of shear of rib :

1) Vud = 19.3 KN

® Ve = d)*—"écbw*d

22

= 0.75* e 120*0.286

=21 KN

1.1*dVe=11*21=23.1 KN.>Vu=19.3

® Vc>Vud no shear reinforcement is required.
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imensions.

v Statically system and D

4.5 Design of two way Rib slab :

AN

w x%m,.v.,.f o,
0 %ﬁ xwf,

i
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o et
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-
&
" 2
N

two way rib slab.
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Figure (4

12

ions

v Load calculat
Dead load calculations




Dead load from: W = yxV KN
Tiles 0.03x23x0.52° 0.1865
Mortar 0.02x22x0.52* 0.1189
Coarse sand 0.07x16x0.52* 0.303
Topping 0.08x25x0.52> 0.541
Interior partitions 2.38x0.52> 0.643
RC rib 0.24x25x0.12x(0.52+0.4) 0.662
Hollow Block 0.24x9x0.4x0.4 0.345
Plaster 0.02x22x0.52° 0.119
s 2.918

Table (4.1)Calculation of two way dead load (slab 4)

Nominal Total Dead Load = 2.918 KN/Rib

DL= 2.918/(0.522) = 10.79 KN/m2

Nomina Total liveload =5 KN/m2

Determination of factored dead & liveload

Factored dead load = 1.2* Dead load = 1.2*10.79 = 12.95 KN/m2.

Factored Liveload = 1.6*liveload = 1.6*5 = 8 KN/m?2.

W =12.95+ 8 = 20.95 KN/m2

v Flexura Design for (dab 4) :

Moments calculations :-

Ma= Cawla2brib and Mb = Cbwlb2brib

La/Lb =9.75/10.30 = 0.946

........... Case 4

59




The moment calculation will be done for the slab middle strip.

* Negative moments at continuous edge :

Ca,neg(la/lb=0.9) = 0.06 Ca,neg(la/lb=0.946) = 0.0544
Ca,neg(la/lb=0.95) = 0.055

Ma-ve=Ca* W* La2* brib=0.0544* 20.95* 9.75 2* 0.52= 56.33 KN.m/Rib
Ch,neg(la/lb=0.9) = 0.04 Cb,neg(la/lb=0.946) = 0.0446
Ch,neg(la/lb=0.95) = 0.045

Mb-ve=Cb*W* Lb2*brib =0.0446* 20.95* 10.302* 0.52= 51.54 KN.m/Rib
* Positive moments :

CaD(la/lb=0.9) = 0.033 Ca,D(1a/1b=0.946) = 0.0296
CaD(la/lb=0.95) = 0.03

Mat+ve,D= Ca*W* La2* brib =0.0296* 12.95*9.75 2*0.52 = 18.94 KN.m/Rib

CaL(la/lb=0.9) = 0.039 Ca,L (1a/1b=0.946) = 0.0346
Ca,L(Ia/lb=0.95) = 0.035

Matve L=Ca*W* La2*brib =0.0346*8*9.75 2*0.52 = 13.71 KN.m/Rib
Matve = MatveL + MatveD = 18.94+13.71= 32.65 KN.m/Rib
Ch,D(la/lb=0.9) = 0.022 Ch,D(la/lb=0.946) = 0.0237
Cb,D(la/lb=0.95) = 0.024

Mb+ve,D=Cb*W* Lb2*brib =0.0237*12.95*10.3 2*0.52= 16.99 KN.m/Rib

Cb,L(Ia/b=0.9) = 0.026 Cb,L(1a/lb=0.946) = 0.0287
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Cb,L(1a/b=0.95) = 0.029
Mb-+ve, L=Cb*W* Lb2* brib =0.0287*8*10.3 2*0.52= 12.68 KN.m/Rib

Mb+ve = Mb+ve L + Mb+ve,D = 16.99+12.68 = 29.67 KN.m/Rib

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

My s =32 .65/3 = 10.8&N.m/Rib

M =29.67 /3 = 9.89 KN.m/Rib

a,neg

Design for Negative and Positive moment:
* Short direction

14
d=320-20-8- 2 =285mm

Positive Moment:

Midspan: (Mu = +32.65 KN.m/Rib)

Rn= Mu_ _ 32.65x10°
T Pbd? ~ 0.9x120%2852

= 3.72Mpa.

fy 420

"~ 0.85fL  0.85x24

1 amBy\ _ 1 (. [0 2x206x3.72)\ _
p= ;(1 ke ) = 20_6(1 Jl = ) =0.009851

As = p.b.d = 0.009851x120x285 = 337.14 mm2. Control.

=20.6

Check for As,min.

Asmin=0.25

(fre 1.4
X wa-dz_bw.d
f)" f}'

Asmin :0.25% 120 x 285 = 99.72 mm?
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As,min :% 120 x 285 = 114 mm?

As,required= 337.14 mm2.
Use 2 g 16 Bottom, As,provided= 402.12 mm2>As,required= 337.14 mm2.
Check spacing :

_ 120-40-20—(2X16)
3 §

S

=28mm>d, =16 >25 OK

Check for strain:

Asf 402,12x420
=23 = = 68.99 mm
0.85b f.  0.85x120%24

a 68.99
C—-’;— = = 81.16 mm

d—c 285 — 81.16
£, = 0.003 (T) ~ 0.003 (W) — 0.0075 > 0.005

Negative Moment:

Long direction : (Mu = - 51.54 KN.m/Rib)

Rn= M, _  51.54x10°

= PbdZ  09x120x2852 5.87 Mpa.

fy . 420 =206

"~ 0.85fL  0.85x24

1 amRa\ _ 1 (. [ 2x206xs587) _
p—;(l— 11— )_20.6(1 Jl 420 )_0'0169

As = p.b.d = 0.0169 x120x285 = 579.58 mmz2. Contral.

Use2@20 , Asprovided= 628.31 mm2>Asrequired= 579.58 mm2. Ok

* long direction

14
d=320-20-8- 2 =285mm

Positive Moment:

Midspan: (Mu = +29.67KN.m/Rib)
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6
My _ _29.67x10 — 3.38Mpa.

Rn= Pbd? ~ 0.9x120x2852

fy 420
T 0.85f. ~ 0.85x24 20.6

1 amBy\ _ 1 (. [ 2x206x3.38\ _
p= ;(1 - - W) = 20_6(1 Jl = ) = 0.008861

As =p.b.d = 0.008861 x120%x285 = 303 mm?2.

Use 2 g 16 Bottom, As,provided= 402.12 mm2>As,required= 303 mm2.

Check spacing :
5= @09 _ 28 mm > dy =16 >25  OK
Check for strain:
A 2
a:as:;yfg = 0‘?;;:1?:945204 ='G8.99 mm
C=-;—1:%52= 81.2 mm
e = 0.003 (=°) = 0.003 (*2=2) = 0.0098 > 0.005 0k

Negative Moment :

Continuous edge : (Mu = - 56.33 KN.m/Rib)

Rn= Mu_ _ 56.33x10°
T ¢gbd? ~ 0.9%x120%2852

= 6.42 Mpa.

f; 420
=3 = =2
0.85f.  0.85x24 0.6

o= 1(1 — Z-mﬂn) - L(1 L J1 _M) =0.019012
m 420 20.6 420

As = p.b.d = 0.019012 x120%285 = 650.2mm?2.

Check for As.min .

(fr
Asmin =0.25 "f—cbw. R Je ot
f}' f}'

by.d
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Asmin =o.255"’2_;‘ 120 x 285 = 99.72 mm?

As,min :% 120 x 285 = 114 mm? Control.

Asrequired = 650.2 mm2.
Use 2 g 22 bottom, As,provided = 760 mm2 >As,required = 650.2 mm2. Ok
Check spacing :

120-40-20—(2x22)
1

S=

=16 mm >d, =10< 25 0K
Check for strein:

_ Asfy  650.2x420
0.85bf.  0.85x120x24

= 111.55mm

a 111.55
= —= = A4 m
C 5, NaE 131 m

315-131.4

€s = 0.003 (g;_c) = 0-003( 131.4

) — 0.0052 > 0.005 0k

v" Shear Design for (R 4):
Wa(lallb=0.9) = 0.6 Wa(la/lb=0.946) = 0.54

Wa(lallb=0.95) = 0.55

e Thetotal load on the panel being (9.75%10.30x20.95 = 2103.9 KN)
e Theload per rib at face of the long beam is (0.54%2103.9x0.52/(2x10.3)=28.67 KN)
Vud = 28.68 — 20.95x0.52x0.285 = 25.57 KN

== £/fibyd = =24 x 120 X 285 X 103 = 30.71 KN

2V =0.75x30.71 =23.03 KN.

0.5 gV =0.5x0.75x30.03 =11.51 KN

Vsmin :-13- 120 x 285 x 1072 = 11.4 KN Control

Vs,min :%\/24 x 120 x 285 x 1073 = 10.47 KN
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g Vc<Vu<g(Vc+Vsmin)

Case (3) for shear Design : Minimum shear reinforcement

Use stirrups U-shape (2 leg stirrups ) @ 10 Av = 2 x 78.5 = 157 mm2.

N

d 285
Siag = 5 < 600 mm = = 142.5 mm Control.

i 3Afyr 157 x 420 x 3
AT p, 120

= 1648.5 mm > S, take S = S;,,..x = 157.5 mm

o _16Af 157 x420x 16
T bgafE 150 V24

Use2-Leg 210 @ 140 mm, and 2-Leg @ 10 @ 200 mm in the middle space.

= 1435.73 mm > S, take S = S;,.x = 142 mm

4.6 Design of two way solid dlab :

% | - @
———q4 Solid Slab
— cree @B
—__ 14

——F

1

1

1

[

——= cree €Y
I <
i —]

[ | [ II_I e I_II

Fig (4-8)two Way Solid Slab
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Thickness calculation :-

One end continuous

(8.9+15.4)%2

oy 0.27m

b _
24
Take h =30cm

Check for the minimum thickness of the slab:

Exterior beam:

=7
52

]

3o . 30
ED

H,=25<4h=4*32=128

32+ (60) * (25 + ) + (25 30+ )

ye = T+ (30 T30 T 255303 = 33.69cm

*(23. 3 25+8. 3 33. 3 3
[p =SS B 4 30+ 22 = 630608.7cm
interior beam:

E‘\J

I‘*’

5 -
EJ O
32+(60)+(Z 3

yc = —ﬂ—eu(z—) = Ttew
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_60%(32)3

Ib = —— = 163840 cm3

12
dlab section for exterior beam:
1-inlong direction:

L=1540cm

(222430)+323

Ls=——>——-2184533.34 cm3
12

2-in short direction:

L=890

(%+30)*323

12

L

=129706.67 cm3

slab section for interior beam:
1-inlong direction:

L=1540

(1540+30)#323
S= 12

L

=4287146.67 cm3
2-in short direction:

LF(890+30)*323
12
=2517674.67 cm3

of 128306087
2184533.34
=288

_630608.7
T 129706.67

aF2

=4.86
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163840
AF3=——
428714.677

=0.3

163840
oFd=———= 1.7
251767.67

aFm="" =2.43

2.43>2 so the minimum slab
thickness will be:

In(.8+420/1400)
= 36+9+1.728

=319mm>90mm

First tria thickness h=30cm<319mm
h slab=32cm

* Load calculation :

Tile 22 x 0.03=0.66

Mortar 22x 0.02 =0.44

Sand 16 x 0.07 =1.12

Rc dab 25x0.3=75

Plaster 22x0.02=0.44

Partitions 2x1=2.

z = 12.16 KN/m"2

WD=1.2*12.16= 14.6 KN/m"2
WL=1.6*5=8 KN/m"2
WT=8+14.6= 22.6 KN/m"2
Moment cal cul ation:
Ma= Cawla2brib and Mb = Cb wlb2brib

Negative moment at continuous edge>



LaLb=9/15=0.6........... Case 4
Ca,neg(la/lb=0.6) = 0.089
Ch,neg(la/lb=0.6) = 0.011
Ma-ve=Ca* W* La2* brib=0.089* 22.6*9 2= 162.9 KN.m/m
Mb-ve=Ca* W* La2* brib=0.011* 22.6* 15 2= 55.9 KN.m/m
*Positive moments :
Ca,D(la/lb=0.6) = 0.053
Ch,D(la/lb=0.6) = 0.007
Ca,L(I1a/lb=0.6) = 0.067
Cb,L(la/lb=0.6) = 0.009
Matve,D= Ca*W* Laz*brib =0.053* 14.6* 2= 62.7 KN.m/m
Mb+ve D= Ca*W* La2*brib =0.007* 14.6* 152= 23 KN.m/m
Matve L=Ca*W* La2*brib =0.067*8*9 2= 43.4 KN.m/m
Mb+ve,L=Ca*W* La2*brib =0.009* 8* 15 2= 16.2 KN.m/m
Matve=62.7+43.4=106.1 KN.m/m
Mb+ve=23+16,2=39,2 KN.m/m
*Negative moments at Discontinuous edge (1/3 * positive moments):
Man= 1/3*106.1=35.4 KN.m/m
Mbn=1/3*39.2=103.1 KN.m/m
Design for Negative and Positive moment:

* Short direction

d=300-20-8-12/2 =274 mm

Positive Moment:

: (Mu =106,1KN.m/m)

Mn=Mu/@=106.1/0.9=117.9 KN.m/m
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_ My 1179x10%
Rn= bd2 ~ 1000x2742 1.57Mpa.

f; 420
0.85f.  0.85x24 0.6

p:i(l i 1_%) :;(1 _JI_M) — 0.0041
m 420 20.6 420

As=p.b.d = 0.0041x1000%x274 = 717.1mm2. Contral.

Check for As,min.

Asmin=0.0018 = 1000 = 300 = 540 mm?<717.1  OK

Use 7 g 12 Bottom, As,provided= 791.7 mm2>As,required= 717.1 mm2.
Check spacing :
S=150mm < 2*300=600 <450 OK
Check for strain:
_ Asty  7917x420
T0.85bf.  0.85x1000x24 36.2 mm
a 135.716.2
C—-’; E g 19.2 mm
= 0003(d_C - 0003(274_19'2 ~ 0.03 > 0.005
s=0 c)_‘ 19.2 )_‘ '

Negative M oment:

short direction : (Mu = -162.9KN.m/m)
use @ 16

d=300-20-14/2=272mm

Rn= Mu_ _ 162.9x10°

= Pba? ~ ooxto00wzrzz ~ 245 Mpa

fy 420

"~ 0.85f.  0.85x24

o= 1(1 — Z-mﬂn) - L(1 L J1 _M) =0.006233
m 420 20.6 420

As=p.b.d =0.006233 x1000x273 = 1696 mm2. Control.

= 20.6
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Use9@16 , Asprovided=1809.5 mm2>As,required= 1696 mmz2.

* Short direction

Negative Moment Discontinuous edge:

As=1/3* Aspos=1/3*717.1=239mm2<360mm2 ok
Asmin=360mm2 Control

N=Ag/As g10=360/78.5=4.9

S=1/4.9=0.205m

Teke 50 10/1m

Take @ 10/20cm

S=200<600<450 OK

* long direction

d=300- 20 - 10/2= 275 mm

Positive Moment:

(Mu =+39.2KN.m/m )

Rn= Mo _ 39.2x10°
T Pbd? T 0.9%1000%2752

= .58Mpa.

fy . 420 =206

"~ 0.85fL  0.85x24

1 amRa\ _ 1 (. [ 2x206xs8) _
P= 5(1 1™ ) - 20.6(1 3 420 ) =0.0014

As=p.b.d =0.0014 x1000x275 = 385.3 mm2.

Use 5 g 10 Bottom, As,provided= 392.7 mm2>As,required= 385.3 mm2.
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Check for strain:

_ Asty  392.7x420

A=08sbr.  0.85x1000x24 8.085 mm

a 8.085
c=—=——

= = 9.5 mm
B, 0.85

d—c 275 —9.5
gs = 0.003(—— | = 0.003{—————) = 0.081 > 0.005
c 9.5

* long direction

d =300~ 20 — 14/2= 273 mm
Negative Moment continuous edge:
(Mu = -55.9KN.m/m )

_ My _ 559x10°
T pbd? ~ 0.9x1000%2732

Rn = 0.83Mpa.

fy 420

"~ 0.85f.  0.85x24

p:i(l N _ﬁ) :;(1 ‘Jl _M) — 0.002018
m 420 20.6 420

As = p.b.d = 0.002018%1000%273 = 551 mm2.

= 20.6

Use 4 g 14Top, As,provided= 615.7 mm2>As,required= 551 mmz2. Ok

Take 2 14/25
Check for strain:

Asfy _  615.7x420

A= 8sbr. — ossxio00xza | -2:67 mm

a 12,67
C=—=——=14.9 mm
B, 0.85

d—c¢ 273 - 14.9
)-onms (2532

gs = 0.003 (T 149 ) = 0.052 > 0.005
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*Long direction

edge:

Negative Moment Discontinuous

As=1/3* Aspos=1/3* 385.3=128.4mm2<360mm2 ok

Asmin=360mm2 Control

N=As/As 210=360/78.5=4.9

S=1/4.9=0.205m

S=200<600<450 OK

4.7 Design of Beam 5:

Figure (4-9) : Beam Plan



Deter mination of Dead load of beam:-

Type Jbh KN/m
Tiles 0.03*1*23 0.69
Mortar 0.02x1*22 0.44
Sand 0.07*1*16 112

Reinforcement concrete 25* 1*0.32 8

Plaster 0.02*1*22 0.44
Partitions 2.38*1 2.38
Sum 13.07

Dead load From rib 5 (factored)= 29.08/0.52=55.9

Nominal liveload: 51 =5kN /m
Liveload (factored) Fromrib 5= 21.74 /0.52= 41.81 KN/m

Deter mination offactoreddead& liveload: -

Factored dead load = 1.2* Dead load = 1.2* 13.07+55.9=71.58KN/m.

Factored Liveload = 1.6*liveload = 1.6*5+41.81= 49.81KN/m
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Ceometry

Units:meter,cm

1 Z 3 4 5
1 2 3 4
A s A g A = A
0.25 4.25 0.25 3.75 0,25 3.75 0,25 5.55 0.25
i 4.5 o 4. t 4, L 5.8 b
37,
80.
A-A
Figure (4-10) : Beam Geomet
10aa group no. 1
Dead load - Service Units:kN,meter
76.4 76.4 76.4 76.4
4.5 4, 4, 58

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

| lzal |

o1} | |

L ey |

Lol |

4.5 5.8
Moment/Shear Envelope (Factored) Units:kM, meter
Moments: spans Tto 4
429.9
-385.8 , 3733
-291.9
2473 2521
s .
I I 1 1
[n I 6 |
0.82,0.95
MI—H ‘9
122.
226.1
381.5

, 2T |

—x
=]

2.4

i 2.4

3.48

Figure (4-11): Moment Envelop for Beam
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Moment/Shear Envelope (Factored) Units:kMN, meter

Shear
484 -365.1 a4, -360.7 —
il / e
Lt L AI i i
L IV L m
206.7
245728 2234
3266 909.9
ap1q 4444

Paartinne

Figure (4-12) : Shear Envelop for Beam

4.7.1 Design of flexure:

4.7.1.1 Design ofpositive moment :

1) (span 4) Maximum positive moment

Mu = 381.5KN.m
bw=80cm h=37cm
d= 370 -40-8-12.5=309.5 mm

1) Mu=3815KN.m
Cmax= 3/7 d= 3309.5/7=132.64 mm  a=0.85 C= 0.85*132.64=112.74 mm
®Mn max = & 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24* 112.74* 800* (309.5-112,74 /2)* 10"-6=382KN.m > Mu =381.5KN.m ok
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Design assingly
Mn= Mu/0.9= 381,5/0.9 = 423.88KN m
Assume bars of ® 25

Mn 423.88* 10"6
Rn= = > =5.5Mpa
b*d? 800* (309.5)

B 2mRn
fy

1
p—r—n(l- 1 )

p:i(l-\/1—2(5'5)(20'6))=o.016
20.6 420

As = 0.016 (800) (309.5) = 3863.2 mm”

As,,, :E(bw)(d)z%(bw)(d) ....................

4(fy)
22

14

As. = 2420 (800)(309.5) < 720 (800)(309.5))

722<825.3

As_  =825.33mm’

3863.2mm’> As_ = 825.33mm’

# of bars= As/ As 5y = 3863.2/490.87= 8bars

(ACI —1055.1)

OK

* Note A $25=490.87 mm?
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e Chick for strain
Tension = compression
As*fy=0.85* fc' *b* a
3927* 420 =0.85*800* 24* a
a=101.1m
c= bil = 100—21351 =118.9mm

o _3095-118.9
*T 1189
e, =0.0052 > 0.005

X0.003

ok
Check for bars placement:

S=(800-40*2-2*8-825) / 7=72mm >25mm Ok
2)(span 1) positive moment

Mu=226.1 KN.m

bw=80cm h=37cm

d= 370 -40-8-12.5=309.5 mm

1) Mu=226.1KN.m

Cmax= 3/7 d= 3*309.5/7=132.64 mm  a=0.85 C=0.85*132.64=112.74 mm

®Mn max = & 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24*112.74*800* (309.5-112,74 /2)* 10"-6=382KN.m > Mu =226.1KN.m ok
Design as singly

Mn=Mu/0.9=226.1/0.9 =251.2 KN m

Assume bars of ® 25
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Mn 251.2*10"6
= =3.3 Mpa

Rn = 2~ 2~
b*d2  800* (309.5)

1 2mRn

p=—(@1- 1= )
m fy

p= L (1- \/1— 2(3:3)(206) ) = 0.0086
20.6 420

As = 0.0086 (800) (309.5) = 2129.4 mm>

_Jfe 1.4

As. = A5 (ow)(d) > F(bw)(d) .................... (ACI -10.5.2)
V24 1.4

As, = 2420 (800)(309.5)< 720 (800)309.5))

722<825.3

As,, =825.33mm?

2 _ 2
2129.4mm° > As_, . = 825.33mm OK

# of bars= A As 4 = 2135/490.87= 5bars * Note A ¢5=490.87 mm?

e Chick for strain
Tension = compression
As* fy=085* fc' *b* a
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2454* 420 = 0.85* 800* 24* a
a=63m

c:izﬁz 74mm
b, 0.85

e, = 399574+ 003
74

S

e, =0.009 > 0.005 ok

Check for bars placement:

S=(800-40*2-2*8-5*25) /4 =144mm >25mm Ok

3) (span 3) positive moment

Mu = 77.9KN.m

bw =80cm h=37cm

d= 370 -40-8-9=313 mm

4) Mu=779KN .m

Cmax=3/7 d=3*313/7=134 mm  a=0.85 C= 0.85*134=114 mm
®Mn max = & 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24* 114* 800* (313-114 /2)*10"-6=390.5KN.m > Mu =77,9KN.m ok
Design as singly

Mn=Mu/0.9= 77.9/0.9 = 86.5KN m

Assume bars of ® 18

Mn  865*10°6
RN = = ~-=1.1M
b*d?  800* (313

2mRn
fy

1
p—r—n(l- 1- )
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1 \/1_ 2(1.1)(20.6)

=—(1- =0.0027
P ( 420 )

206

As = 0.0027 (800) (313) = 676.1mm?

_Jfe 1.4

As. = e (ow)(d) > Y (G (G — (ACI -10.5.2)
V24 1.4

As,, = m(800)(313) <20 (800)313))

730< 834

As . =834mm’

676.1mm*< As, ;. = 834mm’ OK

# of bars= A9 As 4y = 834/254.5= 4bars * Note A¢15=254.5 mm?

e Chick for strain
Tension = compression
As*fy=0.85* fc' *b* a
1017.8* 420 = 0.85* 800* 24* a
a=26.2m
c:izﬁszO.Smm
b, 085
o _ 313-30.8
° 30.8
e, =0.027 > 0.005

X0.003

ok
Check for bars placement:

S=(800-40*2-2*8-4*18) / 3=210.6mm >25mm >18mm Ok
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4) (span 2) positive moment

Mu =122 KN.m

bw =80cm h=37cm

d= 370 -40-8-9=313 mm

3) Mu=122 KN .m

Cmax=3/7d=3*313/7=134 mm  a=0.85 C=0.85*134=114 mm

®dMn max = ® 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24* 114*800* (313-114 /2)* 10"-6=390,5KN.m > Mu =122 KN.m ok
Design assingly

Mn=Mu/0.9=122/0.9=1355 KN m

Assume bars of ® 18

Mn _ 1355*10°6
“b*d’ 800 (3137

=1.73 Mpa

1 ] 2mRn
p= m(1 1 fy )
o= 1 - \/ 2(1.73)(20.6))= 0.0043
20.6 420

As = 0.0043 (800) (313) = 1078.5 mm?

\/f_ W 14 W -
As,, = 4(fy)(b Xd)> fy(b ) (] P (ACI —10.5.2)
As,, 4(@) (800)(313)< 1'46(800)(313))
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730< 834

As_  =834mm’

2 _ 2
1078.5mm*> As_,. =834mm OK

# of bars= As/ As 5y = 1078.5/254.5= 5 bars * Note A¢15=254.5 mm?

e Chick for strain
Tension = compression
As* fy=085* fc' *b* a
1272.5* 420 = 0.85* 800* 24* a
a=32.7m
c:i=£=38.5mm
b, 0.85
o _ 313-38.5
° 38.5
e, =0.02>0.005

X0.003

ok
Check for bars placement:

S=(800-40*2-2¥8-518) /4=153.5 mm >25 mm> 18mm Ok

4.7.1.2 Design of Negative moment:-

1)(support 1)
Assume bars of & 25

bw=80cm h=37cm
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d= 370 -40-8-12.5 = 309.5mm

= -252.1 KN .m

®dMn max = ® 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24* 112,74* 800* (309,5-112,74 /2)* 10"-6=382KN.m> Mu =252.1KN.m ok
Design assingly

Mn= Mu/0.9= 252.1/0.9 = 280KN m

Mn 280*10"6

Rn= =
b*d® 800* (309.5)*

= 3.6Mpa

1 2mRn
=—(@1- 1-
p rn( y )
p= i(1- \/1— —2(3'6)(20'6) ) =0.0095
20.6 420

As = 0.0095 (800) (309.5) =2352.5mm?’

VT )2 24 (ow _
Asmm—4(fy)(b Xd)> fy(b ) (] P (ACI -10.5.)

As, = 2 (800)(309.5)< % (800)309.5))

" 4(420)
722<825

As . =825mm’

2352.5mm?*> As_. - = 825mm’ OK

# of bars= As/ As 5 = 2352.5/490.87 = 5bars * Note A ¢25=490.87 mm2
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e Check for strain:
Tension = compression
As*fy=0.85* fc' *b* a
2454.4* 420 = 0.85* 800* 24* a
a=63.2mm

o _3005-74
T4
e, =0.0095 > 0.005

X0.003
ok
check for bars spacing:
S=(800-40*2-2*8-5*25) /4 =144.7mm >25mm Ok
2)(support 2) Mu= 108 5KN.m
Assume bars of & 18
bw =80cm h=37cm
d= 370 -40-8-9 = 313mm
®Mn max = & 0.85 fc’ *a*b (d-a/2)
0.82*0.85 *24* 114* 800* (313-114 /2)* 10"-6=390,5 KN.m> Mu =108,5 KN.m ok
Design as singly
Mn= Mu/0.9= 108.5/0.9 = 120.5KN m

Mn 120.5*10"6
= =1.5Mpa

Rn = = =1
b*d* 800*(313)2

1
o= T (1- 1_2mRn
m fy

)
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p= 1 (1- \/1——2(1'5)(20'6) ) =0.0038

206 420

As = 0.0038 (800) (313) =954.5mm?

Jfc 1.4
o=—~——(bw)d)>=—(bw)d ).....corurun... (ACI —-10.5.0)
A= 3 (0wH)2 5 o)
V24 1.4
As =———(800)(313) < ——(800)313
S 00K < ot E00)13)
730<834
As . =834mm’
954.5mm*> As . = 834mm® OK
# of bars= A As 4y = 954.5/254.4 = 4bars * Note A¢15=254.4 mm?
Select 4 ® 18 mm with As=1017.8>As req ok.

e Check for strain:
Tension = compression
As* fy=085* fc' *b* a
1017.8* 420=0.85* 800* 24* a
a=26.2mm
c:izﬁ:SO.Smm
b, 0.85
o _ 313-30.8
° 30.8
e, =0.027 > 0.005

X0.003

ok

check for bars spacing:
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S=(800-40*2-2* 8-4*18) /3=210.7mm >25mm >18mm Ok

3)(support3) MU= -385.8 KN .m
Assume bars of ® 25
bw=80cm h=37cm

d= 370 -40-8-12.5 = 309.5mm

®dMn max = ® 0.85 fc’ *a*b (d-a/2)

0.82*0.85 *24* 112.74* 800* (309.5-112.74 /2)* 10"-6=382 KN.m< Mu =385.8KN.m

OMnNmax = 382KN.m < Mu = 385.8KN.m - Doubly reinforced concrete section
Mns = Mu /¢p-Mnc= (385.8/ 0.82)-465.85= 4.637TKN.m .

Mns=Cs (d-d") = As'(fs'-0.85fc")(d-d")
d' = cover + diameter of stirrups + (diameter of bar/ 2)

— 40 +8+ 2= 60.5 mm.

fs' = 600(-5) =600 (Z25%%) = 326.2<fy=420 Mpa

Compression steel isnot yielded.

: Mns
(fs1—0.85fc’)(d—d")

As'

B 4,637 +106
(326.2—0.85+24)309.5 —60.5)

As' =54.5mm?

T=Cs+Cs=0.85fc'ab + AS'(fs — 0.85fc’)

=[0. 85* 24 *112.7* 800 +54.5*(326.2-0.85*24)]* 10~3 =1856KN
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~ bd 800+309.5

, _ Asi _ 9817. _ .
P = 5d " soora09s 0.0396

_0.85+fc'+d’ 600 ,
PEY = iy P (GOU-fy) +p

0.85+24+60 .5 600
pcy = ————0.85 (
309.5%420 600-420

p =0.030>pcy = 0.056
4.7.2 Design of shear

) + 0.0396= 0.056

1) Vu =444.4KN

® Ve = cb*—‘V;wa*d

N

= 0.75* T 800* 309.5*10M-3=151.6 KN

Vs=Vn-Vc=444.4/0.75 - 151.6/0.75 = 390.4 KN
4/ fc'

Vs max=(2/3) * T bw * d=808.65kN

- Thedimension is big enough.
Check for items:-
1/ Vus®d Vc/2 =>4444>75.8 not ok

2/ ®Vc/l2<Vu< o Ve =>75.8<444.4>151.6 not ok
1
® Vsyin = 0.75 (:—3)* bw* d
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= 0.75*(%)*800*309.5*10"-3: 61.9 KN. (control)

/24

— *pbw*d
16

> 0.75 (

=0.75* * 800 * 309.5* 10"-3 = 56.86KN.

V24
16
® vsmin=61.9 KN

3/ ®VcsVu<s oVec+ dVsmin

151.6<444.4>213.5 => not ok

Vs (=303= CD% * bw * d)

4/ ®Vc+ dVsminsVu<d Ve +Vs
151.6<444.4<454.8 ok Smax =d/2 =309.5/2=154.75 mm <600 ok
So item (4) satisfy
Take Av = 49 10 = 2* 78.5 =314.2 mm?
Av/s= Vdfy*d
314.2/ s = 390.4* 1000 /309.5* 420 - s=113.7mm

S=113.7< d/2=154.7 cm < 600 mm.
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4-8 Design of dlender column:-
4.8.1 (B.C5): Columnin Ground floor .

Loading :-
Factored
H t Hi H H
DeadR. 163.05 465.96 276.58 556.33 215.82
LiveR 82.65 22573 193.34 26547 103.42
Max R 245,71 691.69 469.93 821.8 319.24
Min R 154,67 541.6 304.8 629.63 210.7
Service
DeadR. 135.88 3883 23049 463.61 179.85
LiveR 51.66 141.08 120.84 165.92 G4.64
Max R 187.54 529.38 351.33 629.53 244.49
Min R 130.64 435.58 243.12 509.42 176.65
Fig. (4 - 13)support reaction from beam .B5
2101 _
Pn= G525~ 3232.3K N. |
Assume rectangular section with:
Use r =0.015

Pn=0.8* Ag{0.85*fc'+ r g(fy — 0.85* fc')
3232.3=0.85*Ag{ 0.85* 24+0.015(420-0.85* 24)
Ag=0.15m?

Use0 .4 x 0.45 Agreg=0.18 > 0.15m?

* Check slenderness limit:

KU gg_pp ML ACl - (10.12.2)
r M 2

M1/M2=10 - (braced fram with Mmin).

K=1.0 (for columns in nonsway frames).

klu
—<34-12*1.0=22<40 Lu=3.43m.

' rx=0.3 h=0.3+0.45=0.135

ry=0.3*b=0.3*0.4 =0.12

Ku = 25.4)22.0 Slender column for bending about x_axis.
rx
krl—; = 28.6 > 22.0 dlender column for bending about y_axis.
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E,|
El =0.4—2°

1+ Db,
E, = 4700,/ fc' = 4700* +/24 = 23025.20Mpa
p, -12DL_ 46596 )
Pu 2101
* |3 * 3
- b*h°® _ 045" 04° _, 1,100 oo
12 12
* * * —
£y 047 23025.20% 24% 103 _ o i o
1+0.22
2
p - PE
(KLu)?
2 %
=324 TBUT o8 okN
(1.0* 3.43)
Cm = 0.6+ o.4[mj
M 2
Cm=1 c
d, = m >1.0
1-(Pu/0.75P,)
1 —1.22>1

d —
" 1-(2101/0.75 * 15182 .9)

e =15 +0.03*h =15 +0.03* 450 = 28.5mm

min

e=e, xd_ =28.5%1.22 =34.77 mm.
e_3.T7 _ 4o
h 450

From Interactio n Diagram
fP, 2101 *1073, 145

- = 1.69 ks

A, 400 * 450 1000

g0 -2%40-2-10-18
450

r, =0.017

Ag=r * A, =0.017 * 400 * 450 = 3060 mm *

Spacing <16 x d, (Longitudinal .bar.diameter) = 16x18 = 288mm
Spacing < 48x d, (tiebar.diameter) = 48x10 = 480mm

Soacing < Least.dimension = 400mm

. Usef 10@250mm
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(Detai]ingﬂf(!olumns MNo. (‘35)

G e @1 025
L=152

G0

Fig. (4 - 14)Detailing of columns No (c5).

4.9Design of |solated Footing (F5) :
4.9.1 Load Calculation :

Total factored load = 2075.1 KN.

Total services|oad = 1588.2 KN.

Column Dimensions = 40*45 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (60 cm) thick.

liveload =5 KN/m2.

Oajiow=400 - 5 - 0.3*18 - 0.6*25 =374.6 KN/m’

4.9.2 Determination of Footing Area :

1588.2
A=

— 2
3746 4.23m

=»L=23m
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Determinate q, = 2075.1/5.29= 392.3 KN/m?
4.9.3 Deter mine the depth of footing based on shear strength:

Assumeh=60cm ..... d = 600-75-14 = 511 mm

e Check for oneway shear strength

Critical Section at %+d

%+ d= 0'—§5+ 0.511 = 0.736m

Vu = 392.3* (? ~0.736)* 2.3=373.55KN
f Vo =f .(%* Jfc*b, * d)

f Vc=0.75* %* J24* 2300* 0.511 = 719.72KN

f Vc=719.72KN >Vu = 373.55KN
. Safe

e Check for two way shear action (punching)

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

v =f 2142 |1 b.d
6. b,
1( a '
fv, =f.=| -2 120/t bd
; 12[b0/d+] ¢ Do
fV, =f %\/ f. b.d

Where:

Column Length (a) 450

c = = =1.125
Column Width (b) 400

° = perimeter of critical section taken at (d/2) from the loaded area
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b, = 2(0.45+0.511) + 2(0.4+0.511) = 3.744m

a . .
S =40 for interior column

1 2 , 0.75 2
fV.=f.=|1+-= f bd=—1+ * \[24* 3744* 0511 = 3254.4KN
¢ 6[ bcj ¢ 6 ( 1.125]

FV, =f. L

7 *
12( a . 2}/ f. b,d= 01';5* (40 L 2)* 24 * 3744* 0,511 = 4369.6KN

b, /d 3.744

fV, =f é‘/ £ b,d = %* 24* 3744* 0511 = 2343 2KN

f V. =2343.2KN ..... Control

FR, =s,, *area of critical section
VU, =392.2[(2.3* 2.3) - (0.4+0.511) * (0.45+ 0.511) | = 1731.4KN

f Vc=2343.2KN >Vu, =1731.4KN........ satisfied

4.9.4 Design for Bending M oment

(7 Detaili Of F dati Mo. (5}
[L eTdalling aunddaTicon O ;]

| | =5
-
-
u J'/
ol
= o
1. i
2wl wf @ F -3 DIE 5
1= 1 Tl 2]
Tl (a¥] -+ E— —-a i
1y
%
|Z° 2Osil4 L=78ES 25|
Zz30
25
=21 &
AH 105 . 100 L 1os ag
L Zou 10

=

Figure (4-15): Isolated Footing
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1.05

Mu =392.2* 2.5* =540.5KN.m

Using Reinforced Concrete.

Mn = % = 600.55KN.m

_ Mn _ 60055x10°°
" bd?  25x0.511°

Kn =0.92Mpa
fy 420

m= - = = 20.588
0.85* fc  0.85* 24

L1 1_\/1_ 2x 20.588x 0.92
20.588 420

ASpeq =T *b*d =224~ 107°* 250* 51.1= 28.62 cm’
ASqyiiege = 0.0018* b* h = 0.0018* 250* 60 = 27cm’
ASp., = 28.62> ASqyiyage = 27CM’

Select 20f 14....As,, 4y = 30.79cm* > 28.62cm?.....0k

Check of strain:
As*fy=085* f_*b* a

] =224*10°

3079* 420 = 0.85* 24* 2500* a
a=25.35mm
x=2 _2535_ 59 85mm
b, 085
o _511-29.82
*T 7 2082
e, =0.048> 0.005

X0.003

= OK
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Mu in other direction (short direction)

1.025%

Mu =392.2* 2.5* =515.07KN.m

Using Reinforced Concrete.

_ 515,07

Mn =572.3KN.m

572.3
Mn x1073
Rn = 5= 5
bd 2.5x0.511

=0.88Mpa

fy 420

m= - = = 20.588
0.85* fc  0.85* 24

o1 (1— \/1_ 2x20.588x 0.88
20.588 420

ASeeq =T *b*d =2.1¥107* 250* 51.1= 26.83 cm?

ASqyinage = 0.0018* b* h = 0.0018* 250* 60 = 27cm?

Asg., =26.83< As = 27cm?

Shrinkage

Select 20f 14....AS,, i = 30.78cm? > 27cm?.....oK

Check of strain:
As*fy=085* f_*b* a

J =21*103

3079* 420 = 0.85* 24* 2500* a
a=25.35mm

=825 5982mm

b, 085
_ 511-29.82

e
ST 2982
e, =0.048> 0.005

X0.003

= OK
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4.9.5 Development Length 6f main Reinforcement for Mul :

9 K sy
ldyeq = 10 A\/ﬁ * Torrep * ab
ab

Ktr = 0 (No stripes)

cb smallest of :
a
)ch=75+7=82mm or 2) §= 61.4 mm
sincea = the smallest distance between bar.

ktr + cb _ 0+614
db 14

=44>725

kfr+cb_25
dp 7

9 420 1+1%0.8

— * * 14 = 345.67 mm
10 1 x+/24 2.5

ldyeq =

L dayaitavle = (2500-400)/2 -75= 975mm

L davaitanie= 975 mm >Idr9q = 345.67mm

e not required hook

4.9.6 Design of dowels:

P.=2075.1 KN

f.Pn=f .(0.85fc'Ag)
f .Pn=0.65*[0.85* 24* (400* 450)]/1000 = 2386.8KN
But Pu=2075.1<f .Pn=2386.8KN

Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
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As .. =0.005* Ag = 0.005* 40* 60 = 12cm?
Usethecolumn barsasadowels
Sdect 8014

ASp e =12.32cm* > As., =12cm’

0.24fy db= 0.24* 420

Ld1yres=
(Lreq \/E \/ﬂ

Ld(2yeq = 0.043 x fyx db = 0.043 x 420 x 14= 252.8mm

14=288mm .

Ld@yreq = 252.8mm <Ld(1)reg=288mm =>control
Ls=0.071xfyxdb =0.071x420 x14 = 417.48mm
Ls=417.5mm

Available Ld =600- 75— 2*14= 497 mm.>288mm
Using hook >16*f

Required length of hook >16*f >16* 14= 224mm

Use Hooks= 30cm > 22.4cm

4.9.7 |solated Footing Detail:

#10,/10cm

FERIGem Q.0

20814 =285

o
inl
20814 | =285 i.ﬁ
—_ ]
\L-..'. # W B % W & W w & W M » N W -1.0,
e R A i e A

10

10 105 40 105 10
10 230 L0
270

Figure (4-16): Isolated Footing Detail
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4.10 Design of Stairs:
4.10.1 Deter mination of Slab Thickness:

L =0.4+3.6+0.4=4.4m.

heg =L/ 20

hey=L/18

hreq =440/ 18 = 24.44 cm

hieq =440/20=24.cm ............. take h=25 cm.
= Useh = 25cm.

a= tan}(rise/run) = tan(150/300)=26.57

025

Cosa =0.89
0.70 3.6 1.85 0.25
b
= A
b1
X (sh)
ey
@)
L1
P < (s a
T T 2 S
b

Figure (4-17) : Stairs plan

4.10.2 Load Calculations:;

4.10.2.1 Load on Stringer:

Dead Load:
Tiles =0.03*27*((0.35+0.15)/0.30) =1.35 KN/m.
mortar = 0.02*22 *((0.15+0.30)/0.3) = 0.66 KN/ m.
Plaster = (0.03*22)/ (Cos 26.57) =0.738 KN/ m.
Steps =((0.15*0.3)/2) * 25/0.3 =1.88 KN/ m.
Slab =25 *0.25/ Cos 26.5 =6.98 KN/ m.
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Total dead load =11.6 KN/ m.

Liveload:

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

qu=1.2¥11.6 + 1.6*5 = 22 KN/ m?.

For one meter Strip, qu =22 KN/ m.
4.10.2.2 Load on landing :
Dead L oad:

Tiles=0.0322 =0.66 KN/m*

Mortar =0.02* 22 = 0.44 KN/m*
Slab =0.25*25 =6.25 KN/m2,

Plaster = 0.03*22 = 0.66 KN/mz2.
Total dead load =8.01 KN/m.

Liveload:
Live load for stairs= 5 KN/ m?.
Factored load for landing :
qu =1.2*8+ 1.6 *5 = 17.6KN/ m?.
For one meter Strip, qu = 17.6 KN/ m.
Considered in each direction for landing (two way) 17.6/2= 8.8KN/ m.

4.10.3 Design of Shear :

=  Assume @ 12 for main reinforcement:-
So, d =250-20 -12/2 =294 mm = 29.4 cm
Vu=35KN .

f/f. *b,*d
fVo=-—Yo W =

_0.75* \/24*1000* 294
6

Vu=35KN <fVc =180 KN . 35<.5f Vc = 90

fVc =180KN

>>>>No shear Reinforcement isrequired. So the depth of the stair isOK.
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4.10.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

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

Moments: spans Tto T

Figure (4-18) : moment envelope for flight
Design for flight:
Mu =43.6 kN.m
Mn =Mu/0.9=34,6/0.9=48.4 KN.m.
d=29.4cm.
" b.d?

* 6
Kk = #B4"10° o cempa .

" 1000* 2942

__ Yy
0.85x fc'

420
m=———
0.85x 24

S D 71 ' D S O \/1_2 20.588*0.56 | _ 1 oy g0
m f, | 20588 420

AS. = 1.35*10°*100%29.4 = 3.97 cm”

K

= 20.588

As,, =0.0018* b* h = 0.0018* 100* 25 = 4.5cm’
As,;, = 45cm®>As = 3.97 cm’
Use

Use @ 12 >>>703/113 =6

Useld 12 @ 15cmc/c .............. with As =(100/ 15)*1.13 = 7.5 cr.
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Asprovided = 7.5> Asreg=4.5cm?........................OK.
Check for strain:
Tension = Compression

A * fy=0.85* fc' *b* a
750* 420 = 0.85* 24*1000* a

a=15.44mm
_a_1A g0
b, 085
o, = 294=1544, 4 53
15.44

e, =0..0542 > 0.005—— ok
4.10.5 Secondary reinfor cement:

ASqyiniage = 0-0018x bx h = 0.0018x100x 25 = 4.5

Use ®10 @ 15¢cm ................. With As = (100 / 15)*0.79=5.26 cm?

- Design for landing

Moment/3Shear Envelope (Factored) Units:kN, meter

Moments: spans Tto 1

| 1.42 56.6 1.42 |

(4.19):Envelope diagram OfLanding (L1A)
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Vu =60.8 KN/m

- Check for shear strength (L1A):

Assume @ 12 for main reinforcement:-
d=h-20-db/2=250-20-12/2 =224 mm

_ 0.75*+/24*1000* 224
6

f\Vc

=137.17KN/m

Vu= 60,8 KN /m< 0.5* fVc=68.5KN/m .

- Thickness is adequate enough

- Calculate the maximum bending moment:
Mu = 56,6 kN.m/m
Mn =Mu/0.9=56,6/0.9 =62,8 KN.m/m

d=h-20-db/2 =250-20-12/2 =224 mm

Mn
R = b-d?
* 6
R = 566°10° | joups
1000* 224
oYy
0.85x fc'
420

m = =20.6
0.85x 24

* *
c_Af 2R |1 1_\/1_2 206*1.13) _ ) 1007
m f 20.6 420

y
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As,, = 0.0027*1000%224 = 620.4mm*/m> As,,, = 450mm>/m....

As,,, =0.0018* b* h = 0.0018* 1000 * 250 = 450mm? /m

- Step ( s) is the smallest of :-

1.3*h =3* 250 =750 mm
2.450 mm

<380 (% -2.5*C,

<380 * (22)~2.5%15 =380 * (22> )— 2.5 * 15= 342.5mm

2
Efy ;* 420

< 300 (22) =300 * (£22) = 300 * (5222) =300 mm (control)

fs gfy %"‘ 420

- Check for strain:
Tension = Compression

A* fy=085* fc'*b* a
754* 420 = 0.85* 24* 1000* a
a=155
c=2 -1 _15mm
b, 085

L _224-182

=7 182
e, = 0.034> 0.005——>0k

*0.003

e Temperature & Shrinkage reinforcement:

As

Shrinkage

= 0.0018x bx h = 0.0018x1000x 250 = 450mm* /m

104

OK



- Step ( s) is the smallest of :-

1.5*h =5* 250 = 1250 mm
2. 450 mm - control

4.10.6 Stairsat section (A-A) Details:

070 36 ) 185 0,25

: : g
.....

1
@ D808 200/L=280

P28150,/L=632

mﬂ (@l0e200/L=120
30

150 @ @L0BL50/L =250

£-78)

@moeeom=21 110

Figure (4-20) : Stair Section
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4.11 Design of basement wall
load calculation:

fc=24MPa, fy=420Mpa, Y's=20KN/m?>, qall=250KN/m?, ¢=30, surcharge =5KN/m?’

27Mpa | 400 Mpa | 18 KN/m® 400 KN/m? 30 | SKN/m?

Ca =1-sing =1-sin 30 = 0.5( Static Earth Pressure)
Pa=Ca*h* (g =0.5*7.5%18=67.5 KN/m2

Ws
hs= —= 2 20278 m
W 18

Ps=0.5%5=2.5 KN/m2

0.5 67.5 KN/m2 2.5 KN/m?

4

vl
IREERE
AV

|

Fmas T BS peCHL Y

(4-21):Static System
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Moment/Shear Envelope (Factored) Units:kMN, meter

Momentis: spans Tio 2

-102.
87.3 7.2

T 0.410.5
40.1

1.88 | 1.88 | 2.25 117.2 1.5 |
I I I I 1
Shear
156.8
102.2 1121
79.7
19.5
i f t f '.:'?
33.6 0.7 !
144
169.7

(4-22):Envel ope diagram Of Basement Wall

4.11.1 Design of positive moment :

Mu = 117.2KN.m/m(span 2)
d=300-40-14/2 =253 mm

R - an
b-d

117.2*10°

= =2MPa.
0.9*1000* 253

R,

m=—_
0.85x fc

__ 40 9206
0.85x 24

1 2m * *
r =_£1 /1_R1JL(1 1_mjzo,oo5
m f, 20.6 420
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As,req = 0.005* 1000* 253= 1265 mm2/m...........
Use ® 14@ 12 cm,
- As.min for vertical bars:
0.0012*b*h = 0.0012 * 1000* 300 = 360 mm2/m
Use ® 10@ 20 cm
~ with As,provided = 392.7 mm2/m >As req = 360 mm2/m
Mu = 40.1KN.m/m(span 1)

d =300 - 40 - 14/2 = 253 mm

*
R - 401 10 _6oMPa.

0.9*1000* 253

m=__
0.85x fc

420
0.85x24 206

1 2m * *
rotls po MR 1 1_\/1_M — 0.0017
m f, 20.6 420

Asreq=0.0017*%1000*253= 430.1 mm2/m...........

- As.min for vertical bars;

0.0012*b*h = 0.0012 * 1000300 = 360 mm2/m
Use ® 10@ 20 cm,
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- For horizontal bars :

0.002* b* h =0.002* 300* 1000= 600 mm2/m.
Use 300mm? for each side

4.11.2 Design of Negative moment:

Mu neg=-87.3KN.m/m

d=300-40- 12/2 =253 mm

* ¢
R=— /310 evpa.

0.9*1000* 253

m=—_
0.85x fc

__40 706
0.85x 24

1 2m * *
R L _ 1 1_\/1_M — 0.0037
m f, 20.6 420

As,req = 0.0037* 1000* 253= 939.8 mm2/m...........

_I
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4.11.3 Design of shear

d =400 -75-14 = 311cm

f Ve =0.75*%* for* bw * d

fVc=075* %* A/27 *1000 * 311 = 202 KN

Vu=144KN <¢Vc=202........ OK

The thickness is enough

pr_ PR I
%\b "\.
r \\ [
2014 A1
SBEIS e a o
bl =
10 @20 el = B2
| n =
S HOOK | 1 ==
APE 2
i z2@E20 |
roy S .
vy =
A

] ]
ﬂT_"I R
Iaa - @15 » 5 % 5
..% i el
s ook || g
sg0im2 |[] e
214 @2 B % 0 E20
gV D383 i Q%,_mznﬂ |
la!’m:' ng; gg/gll & - oH 21 0 % P
= g
-
-

(4-23)Basement details
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4-12 Design of Shear Wall :-

Fig. (4 - 24) location of shear wall.
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Fig(4-25) Shear wall By Using ETABS

By use ETABS software program we have:

Vi e gt
S —

o
i~
=
= [Te]
4 Laig]
) ™
)
o] ﬁ
—i

Be

Fig (4-26) shear and moment diagram of wall



fc' = 24 Mpa

fy = 420 Mpa

h = 30cm shear wall thickness
Iw = 5.9m shear wall width
hw = 10.5m building height

4-12-1Design of Horizontal Reinfor cement:

Critical Section :-
®dvn =0.75 *0.83*fc"1/2*h * 0.8 lw =4318.25 KN >Vu =545.86 ........ oK

Thick is enough .

M - 5_9 =2.95m.......... control

d =0.8xlw=0.8x59=4.72m

V, = 545.86 KN
M, = 2221.53+ 545.86(3.5— 2.95) = 2521.753 KN.m

[T

VC1= 6 ><b><d

V, = \/625_4 x300x 4720 =1156.2 KN........ CONTROL

N, xd
4x L

V, =027, fc' xbxd+

w

Assume N, =0.0
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N, x

d

V., = 0.27+/24 x 300x 4720 + ~ 1560 KN
X W
2x N
I |+ fc' + 4
Ji W[ |thJ hxd
3 — + X
20 M, I 10
vV, 2
V24 5924 +0)

{

1/2®Vc =433.575 < Vu=545.86

20 1.68

} x 250x4720 = 2782.281KN.

KN needs reinforcement.

Shear reinforcement must be provided in according with 11.9.9.

VU< ® V n=d( Ve + Vs)

Vs= Vu/® -Vc=545.86/0.75 -

also...

f Vc =0.75*1156.25 =867 > Vu =

1156.2= -428.3 KN.

545.86

So we take minimum reinforcement ....

2+78.5

P = 5200

= 0.0025 = S = 314mm

Max. Spacing :
Lw /5 =5900/5= 1180 mm
3h =3*300 = 900 mm

Control.
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4-12-2Design of Horizontal Reinfor cement

& = 105 =177
5.9

W

Pumin > 0.0025 + 0.5 (2.5 - hT“’) (pe — 0.0025) > 0.0025

4-12-3 Design of Bending moment:

5900
A = (S57) *2 %785 = 4631.5mm?

_(Ast)fy_( 46315 )420_0045
WAL/ F T \5900+300/ 24

C w+a 0.045+0

ly  2w+0.85B;  2%0.045+0.85+0.85

= 0.055

Pu <
Astfy) o lw]

= 0.9[0.5 * 4631.5 * 420 * 5900(1 + 0)(1 — 0.055)] = 4880.5 > Mu
= 4167.8 ..ok

OM,, = @ |0.5A4f, 1, (1 +
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3.5

-?\ 9. cdﬁ‘)‘\ﬂ Ol cg_'m‘)‘\ﬂ ‘5_\.‘::‘5&\ el pulsa ¢ cg_'mj\ﬂ s.\kjl\ slall cala < Y
Sl WY cllaadle Y
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4. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE(ACI-
318M-02) AND COMMENTARY CODE (ACI -318-02).

5. Uniform Building Code (UBC-97)..
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Appendix (A)

Architectural Drawings

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

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply
supported

One end
continuous

Both ends
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 £/128 £/10
Beams or
ribbed one-
way slabs £N16 £/18.5 /21 £/8

MNoteas:

Values given shall be used directly for members with normalweight concrete

(densi

tions, the values shall be madified as follows:

a) For structural lightweight concrete having unit density,
1440-1920 kg/m?, the values shall be multiplied by (1.65 -
less than 1.09.

w, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-

W,
0.503wc) but not

in the range

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

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

ONE-WAY 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 fo live load L .
structural elements likely to be damaged by £/180
large deflections
Floors not supporting or attached to nonstruc- | Immediate deflection due fo 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
atlached to nonstructural elements likely to be | attachment of nonstructural elements (sum of £/480°
damaged by large deflactions the long-term deflection due to all sustained
Roof or floor construction supporting or E;;:fﬁg gli 7;‘2‘59'3‘9 deflecion due foany
attached to nonstructural elements not likely fo (240°
be damaged by large deflections

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

t Lon?-term defiection 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 aftach-
ment of nonstructural elements. This amount shall be determined on basis of accapted engineering data relafing to time-deflection characteristics of members sim-
ilar to those being considered.

¥ Limit may be exceeded if adequate measures ate taken to prevent damage to supported or attached elements.
d?}eLimit shall nodtibe greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber

§ not exceed limit.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS)
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