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Abstract

The Structural Design of a General Hospital in dura

WORKING TEAM:
Imad alsweity Khalid awad

Mohammed zamara Moutaz jaradat
Palestine Polytechnic University

SUPERVISOR:

DR .HAITHAM AYYAD

Project Abstract

The summary of the idea of this project, is to prepare a structural design of a general
hospital , consisting of all facilities that should be available in any optimum medical

center .

This building is consisting of 5 floors with a nice elevation, which reflecting the medical
face of the building, on the other hand , no doubt that the structural design at a same level
of importance of architecture one ,by supporting the building with a structural element

,which will be designed according to ACI-318M code.

The project contains the structural analysis for vertical and horizontal loads and the

structural design and details for each member in the building.
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4.1 Introduction

4.2 factored loads

4.3 slabs thickness calculations

4.3.1 thickness for one way ribbed

4.3.2 thickness for tow way ribbed slb

4.4 load calculations
4.4.1 one way ribbed slab
4.4.2 tow way ribbed slab

4.5 Design of topping
4.6 design of rib

4.6.1 Design of flexure




4.6.1.1 Design of negative moment of ribl

4.6.1.2 Design of positive moment of rib 1
4.6.2Design of shear of rib
4.7 Design of beam

4.7.1 Design of flexure

4.7.1.1 Design of positive moment

4.7.1.2 Design of negative moment

4-8 design of two way rib

4.8.1Design of positive moment

4.8.2Design of negative moment

4.9 Design of One way solid slab

4.9.1 Load calculation

4.92 Design for shear

4.92 Design of positive moment

(4 .10) Design of Column

9.10.1 Load Calculation

4.10.2Check Slenderness Effect

4.10.3Design of the Reinforcement

(4.11)Stair Design

(4.11.1) Load calculation:-

(4.11.2)Design of Flight:-

(4.11.2.1)Design of shear

(4.11.2.2) Design of Bending

(4.11.3)Design of Landing:- Dead, Live and Load from flight

(4.11.3.1)Design of shear

(4.12) Design of Isolated footing(F7)

(4.12.1) Load Calculation

(4.12.2) Design of Footing Area




(4.12.3) Determine the Depth of Footing Based on Shear
Strength

(4.12.4) Design for Bending Moment in both direction.

4.13 Design of Strip footing

4.13.1 Load Calculation

4.13.2DESIGN FOR SHEAR

4.13.3 DESIGN FOR MOMENT

4.14 Design of Basement wall

4.14.1 Load Calculation

4.14.2Design of Bending Moment

(4.15)Design of shear wall (Sh13)

4.15.1 Load from earth of Shear wall

O 4.15.2 Design of the
Horizontal reinforcement

4.15.3Design of Vertical reinforcement

O 4.15.4Design of Moment
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Figure (4-1): Ground Floor Slab.

Figure (4-2): one way ribbed slab.

Figure (4-3) :
Figure (4-4) :
Figure (4-5) :
Figure (4-6) :
Figure (4-7) :

tow way ribbed slab.
rib geometry.

loading of rib.

moment envelop of rib.
shear envelop of rib.

Xii




Figure (4-8) : beam geometry.

Figure (4-9): load of Beam.

Figure (4-10): moment envelop of beam.

Figure (4-11): shear envelop of beam.

Figure (4-12): secton of one way solid.

Figure (4-13): load of one way solid.

Figure (4-14): moment envelop of one way solid.

Figure (4-15): tow way ribbed slab.

Figure (4-16): geometry of footing

Figure (4-17): geometry of combined footing.

Figure (4-18): geometry of mat footing.

Figure (4-19): moment envelop of strip

Figure (4-20): moment envelop of strip

Figure (4-21): envelop shear and moment diagram of stairs.
Figure (4-22): Load from earth of Shear wall

Figure (4-23): Moment and Shear Diagram of shear wall.
Figure (24):location of Strip footing

Figure (25):Section Of basement wall

.Figure (26.1) : Shear envelope diagram of basement wall
Figure (26.2) :.Moment envelope diagram of basement wall

List of Abbreviations

Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.

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

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

b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

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.

Xiii




fc’ = compression strength of concrete .
fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

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

LL = live loads.

Lw = length of wall.

M = bending moment.

M, = factored moment at section.

M,, = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

V, = factored shear force at section.

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

W = width of beam or rib.

Wu = factored load per unit area.

¢ = strength reduction factor.
€. = compression strain of concrete = 0.003mm/mm.
€, = strain of tension steel.
és= strain of compression steel.

p =ratio of steel area .
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

4-2 factored loads.

4-3 Slabs thickness calculation.
4-4 loads calculations.

4-5 design of topping.

4-6 design of one way rib (25, e5).
4-7 design of beam (38).

4-8 design of two way rib (C2).
4-9 design of one way solid slab (SS1).
4-10 design of column(C7).

4-11 design of stairs.

4-12 design of isolated footng (F7).
4-13 design of Strip footing.

4-14 design of Basement Wall

4-15 design of shear wall (Sh 13).
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(4.1)Introduction:-

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

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

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

So, in this project, there are Two types of slabs: One way solid slab, one way ribbed slab.
They would be analyzed and designed by using finite element method of design, with aid of a
computer program called "ATIR- Soft ware " to find the internal forces, deflections and moments
for ribbed slabs and by using the previous program and Etabs,Safe,And programs to find the
internal forces, deflections and moments for One way solid slab, and then handle calculation
would be made to find the required steel for all members.

The design strength provided by a member, its connections to other members, and its
cross — sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength
calculated in accordance with the requirements and assumptions of ACI-318-08code.

NOTE:
fc'= 30N / mm?(MPa) For circular section but for rectangular

( fc'=30*.8 = 24MPa).
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(4 .2) Factored loads:

The factored loads on which the structural analysis and design is based for our project
members, is determined as follows:
qu=1.2D.L+1.6L.L.

(4.3) Slabs thickness calculation:

L (00 _
J A T % T [
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i;hgilkf | il IIIIIII%IIIIIIIIII ||||I||”
[

oy -
| T Wﬂ
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I > i |

i
| * g L

[ N

Figure (4-1): Ground Floor Slab.

(4.3) Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or
one way slabs unless deflections are computed as follow:

The maximum span length for one end continuous (for ribs):

hmin for one-end continuous = L/18.5 span 1 of Rib25(e5) --- see (Fig 4-4 P51).
=3.87/18.5=0.21cm

The maximum span length for both end continuous (for ribs):

hmin for both-end continuous = L/21 ---span 3 of Rib25(e5) --- see (Fig 4-4 P51).
= 6.65/21=0.317cm

Select Slab thickness h= 32cm with block 24 cm & Topping 8cm
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(4.4)Load Calculations:

(4.4.1) One way ribbed slab:

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

Shrinkage & Temperatuer Bar's —\

One way rib slab —\
Toping \

Hollow Block ( 28cm ) /

Fig. (4-2) One way rib slab
Calculation of the total dead load for one way rib slab is shown in the following table:
Table (4 — 1) Calculation of the total dead load for one way rib slab.

No. | Partsof Rib Calculation
1 Rib 0.12*0.24*25=0.72KN/m
2 Top Slab 0.08*0.52*25 = 1.04 KN/m.
3 Plaster 0.02*0.52*22 = 0.2288 KN/m.
4 Block 0.4*0.24*15 = 1.44 KN/m
5 Sand Fill 0.07*0.52*16= 0.5824 KN/m
6 Tile 0.03*0.52*23=0.3588 KN/m
7 Mortar 0.02*0.52*22 = 0.2288 KN/m.
8 partition 2.3*0.52 =0.72 KN/m
5.795 KN/m
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Nominal Total Dead load = 5.795 KN/m of rib
Nominal Total live load =5*0.52=2.6KN/m of rib

(4.4.2) Two-way ribbed slab :
For the one-way ribbed slabs, the total dead load to be used in the analysis and design is

calculated as follows:

Steel Bar's —

Hollow Block ( 27em ) —

Fig. (4-3)Two way ribbed slab

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

Dead load:

Tiles 0.03*0.52*0.52*23 0.1866 KN
Mortar 0.02*0.52*0.52*22 0.124 KN
Coarse Sand fill 0.07*0.52*0.52*16 0.303 KN
Topping 0.08*0.52*0.52*25 0.5408KN
Concrete Rib 0.24*0.12*(0.52+0.4)*25 0.6624KN
Block 0.24*4*0.2*0.2*15 0.576 KN
Plaster 0.02*0.52*0.52*22 0.12KN
partition 2.3*0.52*0.52 0.622KN

Nominal Total Dead Load = 3.135KN
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DL=3.263/(0.52*0.52) =11.6kN/m?
WuD=1.2x11.6=13.92 kN/m?
WuL =1.6 x5 = 8 kN/m?
Wu=13.92 +8 =21.92 kN/m?

(4. 5) Design of Topping:

Dead load of topping
Tiles 0.03 * 23=0.69 KN/m’
Mortar 0.02 * 22=0.44 KN/m’

Sand 0.07 * 16=1.12 KN/m’

Slab 0.08 *25= 2 KN/m?

Partitions 1.00 * 2.3= 2.38 KN/n?’.
Dead Load = 6.55 KN/m?. (for Stores)
Live Load = 5 KN/m?. (for Stores)
W,=12DL+16LL

=1.2*6.55+1.6*5=15.86 KN/m®. (Total Factored Load)

1%0.082
6

2
= 042,/f. *% =042 V24 * *103 =219 KN.m

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

be provided.

For the shrinkage and temperature reinforcement :-

Asreq 14

#0f 8 ==t = 1% _ 5 88—, Spacing(S) = — = 0.347m = 347 mm.

Apgr 50 2.88

50

M, = f. xS

dM,, = 0.55

dM, = 1.20

p = 0.0018
Ag=pxbr



<380 (ngif)—z.s*cc < 380 (Zfif)

=380 * (22) — 2.5% 20 < 380 * (2=2)
3y 3y

_ % 280 « « o 280
380 (?Tzo) 2.5*%20<380 (E*TO)

=330 mm. <380mm.

<3*h=3*80=240mm........... controlled.

<450 mm.

~Use ®8 @ 20 Cm C/C in both directions.

(4.6)Design of Rib (Rib 25)

Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

Section :-
b =12cm bf=52 cm
h=32cm Tf=8 cm
1 2 3 4 5 6
1 2 3 4 5
LI LI LI LI
A A A Al A
05 3.37 05 3.4 05 6.15 05 3.48 05 3.12 05
o 3.87 s 3.9 s 6.65 s 3.98 C 3.62 ‘
1 - 1 1 1 1 1
8.
32.
12.
A—A

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

Units:kN,meter

5.79 5.79 5.79 5.79 5.79
3.87 3.9 6.65 3.98 3.62
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.60 2.60 2.60 2.60 2.60
3.87 3.9 6.65 3.98 3.62
Figure (4-5) : loading of Rib (A0-R1)
Moments: spans 1to 5
-35.2 -35.7
-26.2 -26.6 -28.7
-14.2
_96 -
e NI
H / = H H H
1.2 ? 7
A 1.01 54 0568 2
16.5 14.7
29.4
| 174 213 | 175 | 3.33 | 3.33 | 219 | 179 | 199 163 |
[ [ [ [ [ [ [ [ [ |
Figure (4-6) : Moment Envelop of rib (A0-R1)
Shear
-37.7
. -31.4
255 28.6
-19.2 -22.3 -20. 18.1
1 ! ! ! ! ! ! ! ! !
T T T T T T T T T Ll
12.9 13.7
19.2 20 177
' ' 22.9 24.1
31.3 29.2
37.6

Figure (4-7) : Shear Envelop of rib (A0-R1)
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Reactions

Factored

1]

1l

1l

1]

|

|+
[T
DeadR 11.42
LiveR 7.75
Max R 19.17

Min R 10.51
Service

DeadR 9.52
LiveR 4.84
Max R 14.36
Min R 8.95

T
25.7
19.78
45.48
30.35

21.41
12.37
33.78
24.32

T
39.98
26.17
66.15
46.38

33.31
16.36
49.67
37.31

T
40.61
26.26
66.87
47.48

33.84
16.41
50.25
38.13

T
24.78
19.25
44.04
29.76

20.65
12.03
32.69
23.76

L
10.64

7.42
18.06

9.58

8.87
4.64
13.51
8.2

(4.6.1) Design of flexure of rib(Rib 25):-
(4.6.1.1) Design of Negative moment of rib (Rib 25):

1) Maximum negative moment Mu ) =28.7KN.m.

Mn=Mu/d =28.7/0.9 = 31.9KN.m

f:
== =20.6
0.85 f, 0.85%24
K = M, _ 31.9x1073
m o pxd?  0.12% (0.286)2

_ 1

" 206

—As = p * by *d = 0.0085 * 120 *286 = 292mm>.

=——=x%120* 286
4x420

=100.1 mm®<114.4mm?
—Asmin = 114.4mm*< Asreq = 292mm?°,

- As =292mm?.

* b, *

2%3.25%20.6

= 3.25 MPa

1 25K, *
p=i1- [1- )

)2 0.0085

14 120+ 286
420

(ACI-10.5.1)

Larger value is control.

where d=320-20-8-6=286mm




2 ®14 =308 mMm*> Asreq = 292mm?*. OK.
~Use2 @14
— Check for strain:- (g = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
308*420=0.85*24*120*a

a=52.84 mm.
c= ;;i 5028854 =62.17 mm. *Note: f; =24 MPa< 28 MPa— f; =0.85
1
g, = —=*0.003

_ 286-62.17

*0.003=0.011> 0.005 -¢ =0.9 OK
62.17

2)Negative moment Mu ) =28.4 KN.m.
Mn = Mu /¢ = 28.4/ 0.9 =31.56 KN.m

fy 420

M= Ges  omsan | 200
+10-3
K, == 03112-56(012236)2 =3.215 MPa where d=320-20-8-6=286mm
1 25Ky *
p=—(1- [1- Tm)

(1 B \/1 B 2*3.215*20.6)2 0.0084
~ 206 420

—As = p * by *d = 0.0084 * 120 *286 = 288 mm®.

............ (ACI-10.5.1)

N
T 4420

«120 %286 > X 4120+286
420

=100.1 mm?< 114.4mm* ............. Larger value is control.
—Asmin = 114.4mm*< Asreq = 288mm?°.
~ As =288 mm’.
2 ®14 =308 mm*> Asreq = 288mm’. OK.
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~ Use2 @14
— Check for strain:- (g = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
308 *420=0.85*24*120*a

a=>52.84 mm.
a _ 52.84

* Note: f. = 24 MPa< 28 MPa— f3; = 0.85

c=—="o—=62.17 mm.
1 085
g = d; *0.003
- % *0.003=0.011 > 0.005 -~¢ =0.9 OK

3)Negative moment Mu ) =10.8 KN.m.

Mn =Mu/¢p =10.8/0.9 =12 KN.m

_ f _ 420 _
m=——=———=
0.85 f,  0.85x24

20.6

K = M, _ 12%1073
T hxd2 T 0.12% (0.286)2

1 25Ky *
p=—(1- fl—Tm)

= 1.222MPa

=L<1 _ \/1 _w>: 0.003
206 420

where d=320-20-8-6=286mm

—As=p * by *d = 0.003 * 120 *286 = 103.1 mm®.

V24

............ (ACI-10.5.1)

= V2 1 120%286 > 22 4120+286
420

T 4x420

=100.1 mm?< 114.4mm? .......

...... Larger value is control.

—ASmin = 114.4mm*> As;eq = 103.1mn’,

o As =Asmin = 114.4mm?

2 ®10 =157mm*> Aseq = 114.4mm*. OK.

~ Use 2 @10
— Check for strain:- (g, = 0.005)
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Tension = Compression
As*fy =0.85*f *b*a
157 *420=0.85*24*120 * a

a=26.94mm.
¢ =4-=2-2=31.69 mm. * Note: f, =24 MPa< 28 MPa— f; = 0.85
1 N
g, = —=*0.003

_ 286-31.69

*0.003=0.024> 0.005 ¢ =0.9 OK
31.69

5)Negative moment Mu© =9.6KN.m.
Mn =Mu /$ =9.6/ 0.9 = 10.7 KN.m

_ fy _ 420
m=—2—-=
0.85 f,  0.85%24

=20.6

K = M, _ 10.7x1073
m o bxd?2  0.12% (0.286)2

1 25Ky *
p=—(1- fl—Tm)

_ L(l _ \/1 B 2*1.088*20.6>= 0.00266

=1.088MPa where d=320-20-8-6=286mm

206 420

—As = p * by *d = 0.00266 * 120 *286 = 91.3 mm®.

fe
= f xb, *xd = 1'4*bw*d

ASpin = 20y z by rd (ACI-10.5.1)
=% 1204286 > =X« 120+ 286
4420 420
=100.1 mm?< 114.4mm* ............. Larger value is control.

— ASmin = 114.4mm?> As;eq = 91.3mm?,

o As =Aspin = 114.4mm?

2 ®10 =157mm*> ASeq = 114.4mm*. OK.
~ Use 2 ®10

— Check for strain:- (g, = 0.005)
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Tension = Compression
As*fy =0.85*f *b*a
157 *420=0.85*24*120 * a

a=26.94mm.
¢ =4-=2-2=31.69 mm. * Note: f, =24 MPa< 28 MPa— f; = 0.85
1 N
g, = —=*0.003

_ 286-31.69

*0.003=0.024 > 0.005 -~¢ =0.90K
31.69

(4..6.1.2) Design of Positive moment of rib (Rib 25)
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=320 - 20 - 8= 286 mm.

—Mymax = 17.2 KN.m

be < Distance center to center between ribs =520 mm............ Controlled.
< Span/4 = 3620/4 = 905mm.
< (16* t;) + by, =(16* 80) +120 =1400 mm.

—bg =520 mm.

— My = 0.85 f. * by * t; *(d—%f)

— 0.85 %24 % 0.52 * 0.08 * (0.286 — %) %103 = 208.77 KN.m

M= 0.9 * 216.79 = 187.89 KN.m
— M =187.89KN.m > My max= 29.4KN.m.

=~ Design as rectangular section.

1) Maximum positive moment Mu ) =29.4KN.m
Mn=Mu/ ¢ =29.4/0.9 =19.11KN.m.

_ fy _ 420

T 0.85f, 0.85%24 =206
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_ M, _ 19.11%1073
m pxd?  0.52% (0.286)2

p:%(l— 1——2*1;"*"1)
\j y

- L<1 _ \[1 — M): 0.00186
20.6 420

—As = p * be *d = 0.001004 * 520 *286 = 277.275 mm’.

= 0.768MPa

= \[E*b * d >1'4*b *
4(f) W

_ V2
4%420

............ (ACI-10.5.1)

£120%286 > ~X 4120+ 286
420

= 100mm’< 114.4mm*............. Larger value is control.

— ASmin = 114.4 mm?< Aseq =277.275 mn?,
o As = 277.275 mm’.
2 @14 = 308mm?> Asyeq = 277.28 mm?. OK. *Note: Agyq = 154mm°.
~ Use2 @14
— Check for strain:- (g, = 0.005)

Tension = Compression

As*fy =0.85*f *b*a
308 *420=0.85*24*520* a

a=12.2 mm.

c = % =14.35 mm * Note: f. =24 MPa< 28 MPa— B; = 0.85

_a

B1

g, = 4=¢*0.003
Cc

_ 286-14.35

*0.003 =0.057> 0.005 ~¢ =0.9 OK
14.35

~ Use2 ®14

2) Positive moment Mu® =16.5 KN.m.
Mn=Mu/ ¢ =16.5/0.9 =18.33KN.m.
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f; 420
=—2_= =20.6
0.85 f,  0.85%24

m

_ M, _ 19.11x1073
b*d?  0.52x (0.286)2

p:%(l— 1—2*1;"*"1)
\j y

- L<1 _ \[1 — M): 0.00104
20.6 420

—As = p * be *d = 0.00104 * 520 *286 = 154.3mm?.

0.431 MPa

K,

= \[E*b *d >1'4*b * d
oAy W w

_ V2
4%420

............ (ACI-10.5.1)

£120%286 > ~X 4120+ 286
420

=100mm’< 114.4mm*............. Larger value is control.

—Asmin = 114.4 mm*< Aseq =154.3 mm’,
« As = 154.3mm’,
2 @10 = 157mm?> Asreq = 154.3mm?. OK. *Note: Agyo = 78.5mm?.
=~ Use 2 @10
— Check for strain:- (g, = 0.005)

Tension = Compression

As*fy =0.85*f *b*a
157 *420=0.85* 24 * 520 * a

a=6.22mm.

c= ﬁi = % =7.313mm * Note: f. =24 MPa< 28 MPa— f; = 0.85
1 .
—C

g, =<5+ 0.003
Cc

_ 286-7.313
7.313

~ Use2 ®10

*0.003=0.0114 > 0.005 ¢ =0.9 OK

3) Positive moment Mu® =14.7 KN.m.
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Mn=Mu/ ¢ =14.7/0.9 =16.33KN.m.

f; 420
m=-—2_=

T 0.85f,  0.85+24 =206

K = M, _ 16.33x1073
n - 2 = 2
bxd 0.52% (0.286)

p:%(l— 1——2*1;"*"1)
\j y

_ 1 (1 _ \[1 _ M>= 0.00923

=0.384 MPa

206 420

—As = p * bg *d = 0.00923 * 520 *286 = 137.25mm>.

= JE*b * >1'4*b *
T N v

=2 1204286 > <% 4120+286
4%x420 420

=100mm’< 114.4mm*............. Larger value is control.
— ASmin = 114.4 mm?< Asyeq =137.25mm?’.
~ As = 137.25mm?.
2 @10 = 157mm*> Asreq = 137.25mm*. OK. *Note: Agyo = 78.5mm?.
s Use 2 @10
— Check for strain:- (g; = 0.005)

............ (ACI-10.5.1)

Tension = Compression
As*fy =0.85*f *b*a
157 *420=0.85*24 *520 * a
a=6.22mm.

c :%:%:7-313 mm *Note: f; =24 MPa< 28 MPa— f3; = 0.85
1 .
—c

g, = L5 0,003
Cc

_ 286-7.313

313 *0.003=0.0114 > 0.005 ~¢ =0.9 OK

~ Use2 ®10
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4) Positive moment Mu ) =5.4 KN.m.

Mn=Mu/ ¢ =5.4/0.9 =6 KN.m.
_ fy _ 420 _
m=3ss £l 0.85%24 20.6

K = M, _  6%1073
n - 2 = 2
bxd 0.52% (0.286)

1 25Ky *
p=—(1- fl—Tm)

- L<1 — \[1 — w)= 0.00034
20.6 420

—As = p * bg *d = 0.00034 * 520 *286 =50.10mm>.

=0.141 MPa

= JE*b * >1'4*b *
T N v

_ V2
4%420

=100mm’< 114.4mm*............. Larger value is control.
— ASmin = 114.4 mm?> As;eq =50.10mm?.
~ As=114.4 mm%
2 @10 = 157mm?> Asreq = 114.4mm?. OK. *Note: Agyo = 78.5mm?.
~ Use 2 @10
— Check for strain:- (g, = 0.005)

............ (ACI-10.5.1)

£120%286 > ~X4120+286
420

Tension = Compression
As*fy =0.85*f *b*a
157 *420=0.85*24 *520 * a

a=6.22mm.

c=4-=22=7313mm * Note: f, = 24 MPa< 28 MPa— f3; = 0.85

1
d—c
c

_ 286-7.313
7.313

g, = L5 0,003
*0.003 =0.0114 > 0.005 -~¢ =0.9 OK

~ Use2 ®10
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5) Positive moment Mu® =4.5 KN.m.
Mn=Mu/ ¢ =4.5/0.9=5KN.m.

_ fy _ 420

T 0.85f,  0.85+24 =206

K = M, _  5%1073
7 hxd2 T 0.52% (0.286)2

1 25Ky *
p=—(1- fl—Tm)

— L(l _ \[1 _ 2x0.1175 *20.6>: 0.00029

=0.1175 MPa

206 420

—As = p * bg *d = 0.00029 * 520 *286 =41.75mm>.

— Jﬁ*b vd >Xep «d
Ay v w
V24

- «120%286 > ~% 4120286
4%420 420

............ (ACI-10.5.1)

=100mm’< 114.4mm*............. Larger value is control.

—ASmin = 114.4 mm?> Asyeq =41.75mn.
« As = 114.4 mm?,
2 ®10 = 157mm*> ASyeq = 114.4mm?. OK. *Note: Agpio = 78.5mm?.
=~ Use2 @10
— Check for strain:- (g; = 0.005)

Tension = Compression

As*fy =085*f *b*a
157 *420=0.85*24* 520 * a

a=6.22mm.

c= ﬁi = % =7.313mm * Note: f. =24 MPa< 28 MPa— f; = 0.85

g, = —=*0.003
Cc

_ 286-7.313

313 *0.003=0.0114 > 0.005 ~¢ =0.9 OK
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~ Use2 ®10

(4.6.2)Design of shear of rib (Rib 25)
1) Vu =31.4 KN.

(1) (b*f*bw*d

—075* *012*0286*103—2102KN
1.1 Ve =1.1*21.02 = 23.12 KN.

—Check for items:-

1- Item1: V, < 1.1%.

314 < Z:2=116.......Not satisfy

2-Item2 : 11 Veg Vy < 1.1 V.

11.6 < 314 < 23.12....... Not satisfy
3‘ Item 3 .1.1(1) Vc< Vu S 1.1(1) Vc + (l)VS min

d VSmin > JE bW*d—075\/_*05*0286*103 =32.84 KN.

> Sxp,*d= 22 *05%0.286*10° =35.75 KN.......... Control.

~®VS min = 35.75KN.

1.1V, + VS min = 23.12+ 35.75= 58.87 KN.
1.1pV< Vy < 1.16Ve + GVS min
23.12<31.4< 58.87......... satisfy.

~ Item (3) is satisfy

Minimum shear reinforcement is required(4,)

fe
I * by = -+ Y22 %05 = 0.000364

Avy 1
(T)m'” Z %F fye 16 420
1 bw 1 05 _
> E*fy_t =3 * 0 0.00039%6................ Control.




Try ®8 (2 Leqgs):

2%50%1076 -3.96*10% — S = 253mm

S < %= % =143 mm........ control
< 600 mm

~ Use ®8@12.5Cm C/C .

(4.7) Design of Beam (Beam 38):

Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

Section :-

B =90cm

h =?!
According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way
slabs unless deflections are computed as follow:
hmin for one-end continuous = L/18.5
=516/18.5 = 27.9cm.
hmin for both-end continuous = L/21
= 694/21 = 33.05cm.
The controller beam total depth is 33.05¢cm.
—Select Total depth of beam h= 32cm.

According to atir software, there is no deflection for the section 90cm*32cm
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Geometry

units: meter, cm

1 5 6
1 2 3 4 5
E A ™1 Al ™1 A ™1 Al 'ma!
‘05‘ 3.76 6.44 0.5‘ 3.21 ‘05‘ 4.4 P§ 4.4 0.5
I I I I I I I
6 4.26 6.94 3.71 9 4.9 10 4.9
‘ 6 7 8 9 ‘
— Al ™1 Al Al ™1 Al :l
—T 1L 1L
A A A A
‘05‘ 4.4 ‘05‘ 4.4 ‘05‘ 4.4 ‘05‘ 4.66 p§
‘ | ‘ 4.9 o 4.9 o 4.9 o 5.16 ‘ | ‘
I |
32.
90.
A-A Figure (4-8) : Beam Geometry
load group no. 1
Dead load - Service Units:kN,meter
54.1 54.1 54.1 54.1 54.1
4.26 6.94 3.71 4.9 4.9
54.1 54.1 54.1 54.1
4.9 4.9 4.9 5.16
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Live load - Service Load factors: 1.20,1.20/1.60,0.00

19.0 19.0 19.0 19. 19.0
4.26 6.94 3.71 4.9 4.9
)
)
19.0 19.0 19.0 19.0
4.9 4.9 4.9 5.16

Figure (4-9) : Load of Beam (A0-B8)

Moments: spans 1to 9

-349.9
-281.6 . -269.
267.8  _238.2 -228.9 -217.8 -196.8 -208.3 ° 5-197.9
1673 179850 1am59T | 159403 1427
9
}2. | _?9 & i 1.5@ | 1$8 } | 14}11 " } 1.5‘6 ‘ 1. 8
K t iii t 1§4:i: Ht % t t \8\/
2714 1 W v w w 0
w 0 8
106.3 149.7 118.8 131.4 106.6
215.5
267.7
1.49 | 347 | 347 |223 |22 27 \ 2.45 245 \ 2.45 245\ 2.45 245\ 22 27 | 31 206
| I 277 | I | \l g I I | I |
Figure (4-10) : Moment Envelop for Beam (AO B8)
Shear
085 2 -331.5
213.9 TEE9E260.2 -263. -239.7 -248.7 2421 -261.2 202.8
e 168917 1168.4 177.4 1170.8 189.9 131 5' :
-89.4 '
H i i i i i i i i H
71.1
142.4 1741 156.7 1795 172. 180.3 161.1
069, 2454 228, 250.8 243.3 251.6 2325 rons 226.9
340.3 '
Reactions Figure (4-11) : Shear Envelop for Beam.
Factored
L 1 1 1l 1l 1 1 1 1 |
T T L UL UL T L UL UL T
DeadR 83.16  423.28 376.59 229.8 336.95 312.18 323.71 302.35 373.35 133.19
LiveR  59.23  202.24 200.39 158.96 176.89 170.86 176.6 172.18 186.07 69.61
Max R 142.39  625.52 576.99 388.76 513.83 483.04 500.31 474.53 559.42 202.81
MinR  62.86  495.69 409.7 244.95 403.41 372.44 386.41 354.97 441.49 125.92
Service
DeadR  69.3 352.73 313.83 191.5 280.79 260.15 269.76 251.96 311.12 110.99
LiveR  37.02 126.4 125.25 99.35 110.56 106.79 110.37 107.61 116.3 43.51
Max R 106.32  479.13 439.07 290.85 391.34 366.93 380.13 359.57 427.42 154.5
MinR  56.61  397.99 334.52  200.97 322, 7.81 308.94 284.85 353.71 106.45
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4.7.1 Design of flexure:-

—Mumax = 281.6 KN.m .
bw=90Cm. , h=32Cm.
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
= 320-40 -8 —>= 264 mm.
max = > * d =2 %264 = 113.143mm.
amax = B1* Cmax = 0.85 * 113.143= 96.3172mm.  *Note: f. =24 MPa < 28 MPa—f; = 0.85
Mnpax =0.85* f; *b*a*(d-7)
=0.85* 24 * 0.9 * 0.096* ( 0.264 7@ ) * 10°
=380.7 KN.m .
$=0.65+ % *(0.004-0.002) = 0.82

—PMnmax = 0.82 * 380.7= 312.2 KN.m . * Note: €s=0.004 — ¢ = 0.82
—PMnmax = 312.2 KN.m > Mu =281.6 KN.m .

-~ Singly reinforced concrete section.

4.7.1.1 Design of Positive moment:-

1) Maximum positive moment Mu ) =267.7 KN.m.

OMnNmax = 367.65KN.m > Mu = 267.7 KN.m — Singly reinforced concrete section
Mn = Mu /= 267.7/ 0.9 = 297.45 KN.m .

_ fy _ 420
m= ; = ———
0.85 f,  0.85%24

=20.6

K = M, _ 267.7%1073
n o pxd? 0.9+ (0.264)2

_1 _ _ 2xKyp*m
p=—(1 /1 7, )
= L(l _ \/1 _ M): 0.0115
20.6 420

= 4.267MPa.
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—As=p * by, *d = 0.0115* 900 *264 = 2740mn’.

= \[E xb, xd = 1'4*bw*d

As,.. = —xb,*xd ............ ACI-10.5.1
Smin = 703 > = (ACI-10.5.1)
= Y2 900264 > <% %900 * 264
4x420 420

= 692.86mm*<792 mm?* ............. Larger value is control.
—ASmin = 792 MM?< ASyeq = 2740mm?°,
~ As =2740mm?>.
#0f D18 =2t = 2% — 1078, # of bars =11bars.

Apar 254

~ Use 11018 — As = 11* 254 = 2794 mm*> ASreq = 2740 mm?

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
2794 *420=0.85*24*900 * a

a=63.92mm.

a _ 63.92
C——

=3 =75.19mm. * Note: f, =24 MPa< 28 MPa— B; = 0.85

085

1
—C

g, = £=5*0.003
Cc

_ 264-75.19
75.19

~ Use 11918

*0.003=0.0075> 0.005 ¢ =0.9 OK.

2)Positive moment Mu ) =106.3 KN.m.
dMnpmax = 367.65KN.m > Mu = 106.3KN.m — Singly reinforced concrete section
Mn = Mu /$=106.3/ 0.9 =118.11 KN.m .

_ fy _ 420

T 0.85f, 0.85%24 =206

K = M, _ 118.11%1073
m o pxd? 0.9+ (0.264)2

1 2xKp *
p=—1- /1—Tm)

= 1.883MPa.
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206 420

_ L(l _ \[1 ~ 2*1.883*20.6>: 0.00472

—As=p * by, *d = 0.00472* 900 *264 =1123.34 mm?.

= \[E *bw*d > 1'4*bw*d

ASpin = —xb,*xd ........... ACI-10.5.1
Smin TG =3 (ACI-10.5.1)
=L, 900 %264 > =24 900 « 264
4420 420
= 692.86mm?< 792 mm? ............. Larger value is control.

— ASmin = 792 MM?< Asyeq = 1123.34mm?’.
~ As =1123.34mm?>.

BOfDle=rea S 112834 _ g5 4 o Fbars =6 bars.

Apar 201

~ Use 6®16 — As=6* 201 =1206 mm*> Asreq = 1123.34 mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
1206 * 420=0.85*24*900 * a

a=27.59mm.

c= ﬁi = —6052'3658 =32.46mm. * Note: f, =24 MPa< 28 MPa— f3; = 0.85
& = ; * 0.003

_ 264-32.46
T 3246

~ Use 616

*0.003=0.02> 0.005 ¢ =0.9 OK.

3) Positive moment Mu® =149.7
dMnmax = 367.65KN.m > Mu = 149.7KN.m — Singly reinforced concrete section
Mn = Mu /$=149.7/ 0.9 =166.33 KN.m .

f; 420
m = Yy —

T 0.85f, 0.85%24 =206

M 166.33%10 3
Kn — n _—

T bxd2? 0.9+ (0.264)2 = 2.652MPa.
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p:%(l— 1——2*1;"*"1)
\j y

_ ;(1 _ \[1 _ M)= 0.0068
20.6 420

—As = p * by, *d = 0.0068* 900 *264 =1613 mm>.

= \[E *bw*d > 1'4*bw*d

As, . = —xb,*xd ............ ACI-10.5.1
Smin 70y =3 (ACI-10.5.1)
= 2% L 900%264 > 2%+ 900 %264
4%420 420
= 692.86mm>< 792 mm? ............. Larger value is control.
~ As =1613 mm?.
#0fd14 = Asreq _ 1613 _ 10.5— # of bars =11 bars.

Aper 154

~ Use 11014 — As =11* 154=1694 mm°> Aseq = 1613mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
1694 * 420=0.85*24*900 * a
a =38.75mm.

c= ﬁi = —308;5 =45.6mm. * Note: f. =24 MPa< 28 MPa— f; = 0.85
1 .
—C

g, = L5 0,003
Cc

_ 264-45.6

e *0.003 =0.014> 0.005 -¢ =0.9 OK.

~ Use 11®14

4) Positive moment Mu® =118.8 KN.m
dMnmax = 367.65KN.m > Mu =118.8 KN.m — Singly reinforced concrete section.
Mn = Mu /¢ =118.8/ 0.9 =132 KN.m .
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f; 420
=—2_= =20.6
0.85 f,  0.85%24

m

_ M, _ 132x1073
bxd%? 0.9+ (0.264)2

p:%(l— 1—2*1;"*"1)
\j y

_ ;(1 _ \[1 _ w>= 0.0053
20.6 420

—As = p * by, *d = 0.0053* 900 *264 =1260 mm>.

=2.104MPa.

K,

= \[E *bw*d > 1'4*bw*d

As, . = Zxb, xd .. ACI-10.5.1
Smin = T 2 (ACI-10.5.1)
=2 900264 > < £900 264
4%420 420

= 692.86mm?< 792 mm? ............. Larger value is control.
- As =1260 mm?.
4 0f ©18=2rea = 1260 _ 4 96, # of bars =5 bars.

Apar 254

~ Use 5018 — As =5* 254=1270mm>> AS;eq = 1260mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
1270 * 420=0.85*24*900 * a

a=29.05mm.

=29 —34.2mm. * Note: f. =24 MPa< 28 MPa— f3; = 0.85

c = =
0.85

a

B

g, = —=*0.003
Cc

_264-34.2
34.2

~ Use 5d18

*0.003 =0.02> 0.005 ¢ =0.9 OK.

5) Positive moment Mu® =126 KN.m
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dMnmax=367.65 KN.m > Mu =126 KN.m — Singly reinforced concrete section.
Mn = Mu /¢ =126/ 0.9 =140 KN.m .

_fy _ 420

T 0.85f,  0.85+24 =206

_ M, _ 140%1073
bxd%? 0.9+ (0.264)2

1 25Ky *
p=—(1- fl—Tm)

- L<1 — \[1 — M)z 0.00564
20.6 420

—As = p * by, *d = 0.00564* 900 *264 =1341 mm?’.

K, =2.232MPa.

= JE b, *d = 1A*l)w*d

As, . = by, kd ACI-10.5.1
Smin = 35y = (ACI-10.5.1)
=% L 900%264 > 1% 4900« 264
4%420 420

= 692.86mm?< 792 mm? ............. Larger value is control.
—ASmin = 792 MM’< Asreq = 1341 mm?,
~ As =1341 mm?.
#OfDlo="Srea = 1341 _ ¢ 7, 4 ofbars =7 bars.

Apar 201

~ Use 7®16 — As =7* 201=1407mm?*> As;eq = 1341mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
1407 * 420=0.85*24*900 * a

a=32.18mm.

& = 3218 _37 gmm. * Note: f, = 24 MPa< 28 MPa— f3; = 0.85

c =
0.85

B
g, = —=*0.003
Cc

_ 264-37.8
37.8

~ Use 716

*0.003=0.018 > 0.005 -¢ =0.9 OK.
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6) Positive moment Mu® =131.4 KN.m
OMnmax=367.65 KN.m > Mu =131.4 KN.m — Singly reinforced concrete section.
Mn = Mu /¢ =131.4/ 0.9 =146 KN.m .

fy 420
m=—=2—=———>-=20.6
0.85 f, 0.85%24

K = M, _ 146x1073
n - 2= 2
bxd 0.9+ (0.264)

1 25Ky *
p=—(1- fl—Tm)

=L<1 _ \[1 _w>= 0.006
206 420

—As = p * by, *d = 0.006* 900 *264 =1401 mm®.

=2.33MPa.

= JE b, *d = 1A*l)w*d

ASmin = 7 B = Sy rd (ACI-10.5.1)

=2 900264 > < £900 264

4%420 420

= 692.86mm?< 792 mm? ............. Larger value is control.
— ASmin = 792 MM’< Asreq = 1401 mm?,
~ As =1253 mm?.
#Ofp18="Srea 1801 _ 55w Fhars =6 bars.

Apar 254

~ Use 6018 — As =6* 254=1524mm?> Asyeq = 1253mm? .

— Check for strain:- (g; = 0.005)
Tension = Compression
As*fy =085*f *b*a
1524 * 420=0.85*24*900 * a

a =34.86mm.
c= ﬁi = —304&8 =41.02mm. * Note: f. =24 MPa< 28 MPa— f; = 0.85
1 .

g, = 450,003
Cc
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_ 264—41.02

os  0.003=0.016> 0.005 ~¢ =0.9 OK.

~ Use 618

7) Positive moment Mu® =106.6 KN.m
dMnNmax=367.65KN.m > Mu =106.6 KN.m — Singly reinforced concrete section.
Mn = Mu /¢ =106.6/ 0.9 =118.44 KN.m .

_ i _ 420
m=—2—-=
0.85 f,  0.85+24

=20.6

K = M, _ 118.44%1073
n - 2= 2
bxd 0.9+ (0.264)

1 25Ky
p=i1- [1- )

= L(l — 1= M): 0.0047
206 420

=1.89MPa.

—As = p * by, *d = 0.0047* 900 *264 =1123 mm>.

fe 1.4

As,m = 4{; xb, *d > o b, *d ............ (ACI-10.5.1)

=2 900264 > <% £900 264

4%420 420

= 692.86mm?< 792 mm? ............. Larger value is control.
—ASpin = 792 MM’< ASeq = 1123 mm?.
. As =1123 mm?.
#0fdl6= e ~ 123 _ 56, 4 o Fbars =6 bars.

Apar 201

= Use 616 — As =6* 201=1206mm?>> Aseq = 1123mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085*f *b*a
1206 * 420=0.85*24*900 * a
a=27.59mm
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a _27.59

¢ =_-=2"-=32.46mm * Note: f. =24 MPa< 28 MPa— f3; = 0.85
1 .
g, = —=*0.003
= 26473240 5 4 003 = 0.02> 0.005 -~ =0.9 OK.
32.64
~ Use 6016

8) Positive moment Mu® =2155 KN.m
dMnmax367.65 KN.m > Mu =215.5 KN.m — Singly reinforced concrete section.
Mn = Mu /¢ =215.5/ 0.9 =239.44KN.m .

_ f _ 420 _
m=—=—=———=
0.85 f,  0.85x24

20.6

K =M _ 239.44%1073
n - 2= 2
bxd 0.9 (0.264)

1 25Ky
p=—(1- fl—Tm)

— L(l _ 1= 2*3.82*20.6>: 0.010

=3.82MPa.

206 420

—As=p * by, *d = 0.010* 900 *264 =2412 mm?,

ASmin = 7 3 = Sy rd (ACI-10.5.1)

=2 900264 > <% £ 900 264

4%x420 420

= 692.86mm’< 792 mm’ ............. Larger value is control.
—ASmin = 792 MM’< ASyeq = 2412 mm?,
o As =2412 mm?.
#0fd18= e 242 _ g5, w Fhars =10 bars.

Apar 254

5 Use 10018 — As =10* 254=2540mm? = Asyeq = 2412mm? .

— Check for strain:- (g, = 0.005)

Tension = Compression
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As*fy =085*f *b*a
2540 * 420 = 0.85 * 24 * 900 * a
a=58.104

a _ 58.104

¢ = -~ == =68.36mm * Note: f. = 24 MPa< 28 MPa— f3; = 0.85

1
d—c

Cc

*0.003

& =
_ 264—68.63
68.63

~ Use 1018

*0.003 =0.0085> 0.005 ¢ =0.9 OK.

9) Positive moment Mu® =1.55 KN.m
dMnmax= 367.65KN.m > Mu =1.55KN.m — Singly reinforced concrete section.
Mn = Mu /¢ =1.55/ 0.9 =1.72KN.m .

_ f _ 420 _
m=——=———=
0.85 f,  0.85x24

20.6

K = M, _ 1.72%1073
7 hxd2 T 0.9+ (0.264)2

1 25Ky *
p=—(1- fl—Tm)

= L(l _ \/1 _ 2*0.0275*20.6>: 0.000065

=0.0275MPa.

20.6 420

—As = p * by *d = 0.000065* 900 *264 =15.54 mm?.

Asmin = 303 = Sy rd (ACI-10.5.1)
=21 1900 + 264 > =+ 900 * 264
= 692.86mm?< 792 mm® ............. Larger value is control.
— ASmin = 792 MM*>As;eq = 15.54 mm®.
o As =792 mm?.
#0f D16= Zb—q =22 =3.94— # of bars =4 bars.

. Use 4016 — As =4* 201=804mm’> Asreq = 792mm? .
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— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85*f *b*a

804 *420=0.85*24*900 * a

a=18.34

a _ 18.34

¢ =--=—--=21.64mm * Note: f. =24 MPa< 28 MPa— f3; = 0.85

1
d—c

Cc

*0.003

E =
_ 264-21.64
21.64

=~ Use 4016

*0.003=0.033> 0.005 -¢ =0.9 OK.

4.7.1.2 Design of negative moment:-

1) Maximum negative moment Mu® =281.6 KN.m .
dMnpax = 367.65KN.m > Mu = 281.6KN.m — Singly reinforced concrete section.
Mn = Mu /¢ =281.6/ 0.9 =312.89KN.m .

_ fy _ 420
0.85 f, 0.85%24

=20.6

= 4.99MPa.

K = M, _ 312.89%1073
n o pxd? 0.9+ (0.264)2

1 2xKp *
p=i1- [1- )

= L(l — 1= M): 0.0138
206 420

—As = p * by *d = 0.0138* 900 *264 = 3292mm>.

fe
= f shy,*d = Z2ub, xd oo, (ACI-10.5.1)
£y

=% 9004264 > < 4900 % 264
4%x420 420

77



= 692.86mm?< 792 mm?® ............. Larger value is control.

—ASmin = 792 MM< Aspeq = 3292mm?°.,

- As =3292 mm?.
#0f D18 = ‘;—q = % = 12.96— # of bars =13bars,
bar

~ Use 13018 — As = 13* 254 = 3302mm*> Asyeq = 3292 mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085*f *b*a
3302* 420 =0.85 * 24 * 900 * a

a=75.54.

= = =2 =88.87mm. * Note: f, = 24 MPa< 28 MPa— 8, = 0.85

1
d—c
c

_ 264-88.87
88.87

e, = 5% 0,003

*0.003 =0.0059> 0.005 ¢ =0.9 OK.
~ Use 1318

2) Negative moment Mu© =259.7KN.m .
OMnNpmax = 367.65KN.m > Mu = 259.7KN.m — Singly reinforced concrete section.
Mn = Mu /¢ = 259.7/ 0.9=288.56 KN.m .

f; 420
m = Yy —

T 0.85f, 0.85%24 =206

= 4.6MPa.

K = M, _ 288.56%1073
n o pxd? 0.9+ (0.264)2

1 2xKp *
per(l— [1-20)

= (1 - J1- —2*4'6*20'6>: 0.0138
20.6 420
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—As = p * by *d = 0.0125* 900 *264 = 2990mm>.

= \[E xb, xd = 1'4*bw*d

ASpin = by kd ol ACI-10.5.1
Smin = 3Gy z - (ACI-10.5.1)
=21 900 %264 > <2 4900 « 264
4%x420 420

= 692.86mm?< 792 mm? ............. Larger value is control.
—ASmin = 792 MM?< ASyeq = 2990mm?®.
~ As =2990 mm?.
#0f D18 =2t =299 — 198, # of bars =12bars.

Apar 254

. Use 12018 — As = 12* 254 = 2998mm*> Asyeq = 2990 mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
2998* 420 =0.85*24 * 900 * a

a =65.58

¢ =+ =222=80.68mm. * Note: f, = 24 MPa< 28 MPa— 8, = 0.85

1
d—c
c

_ 264-80.68
80.68

=~ Use 12918

g, = L5 0.003

*0.003 =0.0068> 0.005 -.¢ =0.9 OK.

3) Negative moment Mu® =104.7KN.m .
dMnmax = 367.65KN.m > Mu = 104.7KN.m — Singly reinforced concrete section.
Mn =Mu /$ =104.7/ 0.9= 116.33KN.m .

_ fy _ 420

T 0.85f, 0.85%24 =206

M 116.33%10 3
Kn — n _—

T bxd2 0.9+ (0.264)2 = 1.855MPa.
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p:%(l— 1——2*1;"*"1)
\j y

_ ;<1 _ \[1 _ M): 0.0046
20.6 420

—As = p * by, *d = 0.0046* 900 *264 = 1102mm>.

= \[E *bw*d > 1'4*bw*d

As,.. = —xb,*xd ........... ACI-10.5.1
Smin 1) =3 (ACI-10.5.1)
= Y2 L 900%264 > 2% 4900+ 264
4%420 420

= 692.86mm?< 792 mm? ............. Larger value is control.
~ As =1102 mm?.
BOfDl6="rea — 1102 _ 55 4 Fhars =6bars.

Apar 201

~ Use 6@16 — As=6* 201=1206mm*> Aseq = 1102 mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
1206* 420 = 0.85* 24 * 900 * a
a=27.59

c= ﬁi = —2072'3559 =32.46mm. * Note: f, =24 MPa< 28 MPa— f3; = 0.85
1 .
—C

g, = L5 0,003
Cc

_ 264-32.46

*0.003 =0.021> 0.005 -¢ =0.9 OK.
32.46

~ Use 616

4) Negative moment Mu® =170.3 KN.m .
dMnmax = 367.65KN.m > Mu = 170.3KN.m — Singly reinforced concrete section.
Mn =Mu /¢ =170.3/ 0.9=189.22.m .
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f; 420
=—2_= =20.6
0.85 f,  0.85%24

m

K = M, _ 189.22%1073
n - 2 = 2
bxd?2  0.9% (0.264)

p:%(l— 1—2*1;"*"1)
\j y

— L(l _ |1 2*3.02*20.6>: 0.0078

= 3.02MPa.

206 420

—As = p * by, *d = 0.0078* 900 *264 = 1856mm>.

= \[E *bw*d > 1'4*bw*d

As,_ . = Zxb, xd .. ACI-10.5.1
Smin = T 2 (ACI-10.5.1)
=% 9004264 > 1% 4900« 264
4%420 420

= 692.86mm?< 792 mm? ............. Larger value is control.
~ As =1856 mm?.
4 OfDl6="3rea — 1856 _ g3 | 4 Fbars =10bars.

Apar 201

» Use 10016 — As =10* 201= 2010mm?> Aseq = 1856 mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
2010* 420 =0.85 * 24 * 900 * a
a =46

¢ ==y =5412 * Note: f, =24 MPa< 28 MPa— f; = 0.85
1 R

g, = 4=¢*0.003
Cc

_ 264-54.12
54.12

~ Use 1016
5) Negative moment Mu© =147.8 KN.m
dMnmax = 367.65KN.m > Mu = 147.8 KN.m — Singly reinforced concrete section.

*0.003 =0.012> 0.005 -¢ =0.9 OK.
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Mn = Mu /p =147.8 / 0.9= 164.22 KNm .

f; 420
m=-—2_=

T 0.85f,  0.85+24 =206

K = M, _ 164.22%1073
n - 2 = 2
bxd?2  0.9% (0.264)

p:%(l— 1——2*1;"*"1)
\j y

— L(l _ 1 — 2*2.62*20.6>: 0.0067

=2.62MPa.

20.6 420

—As = p * by, *d = 0.0067* 900 *264 = 1591mm>.

= \[E b, *d = 1A*bw*d

As, . = Zxb,xd . ACI-10.5.1
Smin = 30y 2 (ACI-10.5.1)
=2 900264 > ~*£900 264
4%420 420

= 692.86mm?< 792 mm? ............. Larger value is control.
~ As =1591 mm?,
40 D16 =2 =191 79, 4 of bars =8bars.

Apar 201

~ Use 8016 — As=8* 201= 1608mm?*> Aseq = 1591mm? .

— Check for strain:- (g; = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
1608* 420 =0.85*24 * 900 * a

a=36.78

¢ == =43.28 * Note: f, =24 MPa< 28 MPa— f; = 0.85

g, = —=*0.003
Cc

_ 264—-43.28
43.28

~ Use 8016
6) Negative moment Mu® =159.7 KN.m

*0.003 = 0.0153> 0.005 ¢ =0.9 OK.
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dMnpmax = 367.65KN.m > Mu = 159.7KN.m — Singly reinforced concrete section.
Mn = Mu /¢ =159.7/ 0.9= 177.44KNm .

_ fy _ 420
0.85f, 0.85%24

=20.6

K = M, _ 177.44%1073
n - 2 = 2
bxd?2  0.9% (0.264)

1 25Ky *
p=—(1- fl—Tm)

= L(l — 1= M): 0.0073

=2.83MPa.

20.6 420

—As = p * by, *d = 0.0073* 900 *264 = 1730mm>.

= JE b, *d = 1A*l)w*d

ASpin = 7 B 2 Trbyrd (ACI-10.5.1)
=2 L 900+264 > 2% 4900 %264
4x420 420
= 692.86mm?< 792 mm? ............. Larger value is control.
—ASmin = 792 MM?< Asyeq = 1730mm?,
~ As =1730 mm?.
#OFDI8 =2rea =130 _ 69 | 4 of bars =7bars.

Aper 254

~ Use 7®18 — As =7* 254=1778mm*> Aseq = 1730mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85*f *b*a
1778* 420 =0.85*24* 900 * a

a =40.67

& =208 _47.85 * Note: f. =24 MPa< 28 MPa— 8, = 0.85

c =
0.85

B
g, = —=*0.003
Cc

_ 264—47.85
47 85

~ Use 718

*0.003 =0.0135> 0.005 -.¢ =0.9 OK.
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7) Negative moment Mu© =142.7 KN.m
dMnpmax = 367.65KN.m > Mu = 142.7 KN.m — Singly reinforced concrete section.
Mn = Mu /$ =142.7/ 0.9= 158.56KNm .

fy 420
m=—=2—=———>-=20.6
0.85 f, 0.85%24

K = M, _ 158.56%1073
n - 2 = 2
bxd 0.9+ (0.264)

1 25Ky *
p=—(1- fl—Tm)

_ L(l _ 1 — 2*2.53*20.6>: 0.0065

=2.53MPa.

206 420

—As = p * by, *d = 0.0065* 900 *264 = 1532mm>.

= JE b, *d = 1A*l)w*d

As, . = by, kd ACI-10.5.1
Smin = 35y 2 (ACI-10.5.1)
=2 900264 > < £900 264
4x420 420

= 692.86mm?< 792 mm? ............. Larger value is control.
—ASmin = 792 MM?< Asyeq = 1532mm?°.,
~ As =1532 mm?.
BOfD16="3rea 1532 _ 56 | 4 Fbars =8 bars.

Apar 201

~ Use 816 — As =8* 201=1608mm>> Aseq = 1532mm? .

— Check for strain:- (g; = 0.005)
Tension = Compression
As*fy =085*f *b*a
1608* 420 =0.85* 24 * 900 * a

a=36.78
cC = ﬁji - 306;758 =43.27 * Note: f;:, — 24 MPa< 28 MPa—s lgl ~ 085
1 .

g, = 450,003
Cc
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_ 264-43.27

252, 0.003=0.0153> 0.005 -~¢ =0.9 OK.

~ Use 816

8) Negative moment Mu ) =208.3KN.m
dMnpmax = 367.65KN.m > Mu = 208.3 KN.m — Singly reinforced concrete section.
Mn = Mu /¢ =208.3/ 0.9= 231.44 KNm .

f, 420
m=—2—=—=20.6
0.85 f,  0.85+24

K = M, _ 231.44%1073
n - 2= 2
bxd 0.9+ (0.264)

1 25Ky
p=i1- [1- )

= L(l — 1= M): 0.00977
206 420

=3.69MPa.

—As = p * by, *d = 0.00977* 900 *264 = 2321mm?°.

fe 1.4

As,m = 4{; xb, *d > o b, *d ............ (ACI-10.5.1)

=2 900264 > <% £900 264

4%420 420

= 692.86mm?< 792 mm? ............. Larger value is control.
—ASpmin = 792 MM’< ASreq = 2321mm>,
o As =2321 mm?.
#0fd16 =2 = 2321 _ 19 55, # ofbars =12bars,

Aper 201

» Use 12016 — As =12* 201= 2412mm>> Asreq = 2312mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085*f *b*a
2412* 420 =0.85 * 24 * 900 * a
a =55.2
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55.2

c= E =~ =65 * Note: f, =24 MPa< 28 MPa— f3; = 0.85
g, = —=*0.003

26‘; —% % 0,003 = 0.0092> 0.005 - =0.9 OK.
= Use 1216

(4.7.2) Design of shear:-

Maximum Vu = 269 KN .
Q)VC_Q)*Ji*b *d

_075* % %0.9*0.264 * 10° = 145.5KN.
— Check For dimensions:-
Ve + ( %*q)*\/f * by * d) =145.5 + ( §*0.75*m *0.9 *0.264 * 10°)
= 145.5+ 582=727.5KN > Vu =269 KN.
=~ Dimension is big enough.
— Check For items:-
1- Item1: V, < %.

269 < “>2=72.75......Not satisfy.

2- Item2 Ve Vi< oV,

72.75<269<1455....... Not satisfy.

3- Item 3 :cl) V< Vy £ ¢ Vet dVSnin

0.75

dVSmin = —./f. *bu*d= 24 * 0.9%0.264 * 10° = 54.56KN.

> %*bw*d— 07*09*0264* 10° =59.4KN.......... Control.

“.®VS min = 59.4KN.
Ve + DVS min = 145.5+ 59.4= 205KN.
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(1>Vc< Vu < (ch+ (bVS min
145.5<269< 205.......... Not satisfy.

4-ltem 4 :pVe + QVsmin< Vy < dVe+ (2 * [ *bu*d)

145.5+ 59.4<269 < 145 5+ (> *V24 * 0.9 *0.264 *10°)
205<269< 436.5............. Satisfy.
. . Av | _ Vs
=~ Item (4) is satisfy — (?) = e d)
Vs = ( Ve )
o
= 22 _194) = 164.7KN. *Note: V¢ = 222 = 194 KN,
0.75 0.75
Try ®10(2 Legs) =2* 79 =158 mm?.
* * -6 * -3
27910 " _ 1687+ 10 © < - 0.166m=106 mm......... control
S (420 %0.264 )
s< =213 mm.
2 2
<600 mm

+$=106 MM < Syax = 132 mm Ok.

=~ Use @10 @ 10 Cm C/C.
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(4.8)Design of two way ribbed slab(C2) :-

i
O
]DDDDDDDDDDDDDD[

Figure (4-15) : two way ribbed slab(RS1)
Nominal Total Dead Load = 3.135 KN
DL=3.263/0.52*0.52 =11.6 kN/m?
WuD=1.2x11.6=13.92 kN/m?
WuUL =1.6 x5 = 8 kN/m’
Wu=13.92+8= 21.92 kN/m®

(4.8.1)Design of positive moment :-

According to ACI-code:
Ca.LL =0.035 Ca.dl=0.025
Cb.LL=0.024 Cb.dI=0.019

Ma positive(DL) =( 0.025*13.92*7.852 *0.52)= 11.15 KN. m/rib
Ma positive(LL)=( 0.035*8*7.85 *0.52 = 9 KN. m/rib
» Ma positive(D+L)=11.15+9=20.15KN. m/rib

Mb positive(DL) = 0.019*13.92*8.952 *0.52= 11 KN. m/rib
Mb positive(LL)= 0.024*8*8.95 *0.52 =8 KN. m/rib
» Mb positive(D+L)=11+8= 19KN. m/rib

= short direction:
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» Mu=20.15KN.m
d=320- 20-16 =284

Mn = Mu /$ =20.15/ 0.9 =22.4 KN.m

M, _ 22.4%1073
b*d?  0.52% (0.286)>2

_ fy _ 420
0.85 f, 0.85%24

1 25Ky *
p=—(1- fl—Tm)

= L<1 ~ 1= M>= 0.001278

m =206 K, = =0.53 MPa

206 420

—As = p * bg *d = 0.001278* 520 *286 = 190.06 mm>.

= JE b, *d = 1A*l)w*d

ASmin = 7 B = Sy rd (ACI-10.5.1)
=21 11204286 > -+« 120286
=100.1 mm*< 1144 mm*............. Larger value is control.
— ASmin = 114.4 mm?< Asyeq = 190.06 mm?.
~ As = 190.06 mm?,
2 @12 =226 mm*> Aseq = 190.06 mm?. OK. *Note: Apqp = 113 mm?

- Use2 ®12

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085*f *b*a

226 *420=0.85* 24 *520 * a
a=28.95 mm.
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a _ 895

¢ =2-=5 = 10.53mm. * Note: f, =24 MPa< 28 MPa— f; = 0.85
1 .

g = —=*0.003

_286-10.53

*0.003=0.078 > 0.005 ~¢$=0.90K
10.53

= Long direction:

> Mu=19KN.m
d=320-20-16= 286mm

Mn = Mu /d =19/ 0.9 = 21.1 KN.m

_ fy _ 420 _
M =085 f, ~ 085w22 20.6
+10-3
K, =2 =219 ° g 5e5MPa

T bxd? T 0.52+ (0.286)2

1 2xKp *
p=—(1- /1—Tm)

= L(l _ \/1 _ 2*0.565*20,6>: 0.00136

20.6 420
—As = p * by *d = 0.00136* 520 *286 = 203 mm?

I

1.4
Asmin = rfy) * bE xd > E * bw xd (ACI'1051)
= V2 1204286 > L4120+ 286
4%420 420
=100.1mm’*< 1144 mm* ............. Larger value is control.

— Asmin = 114.4 mM*< Asreq = 203mm?°,
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~ As = 203 mm?.
2 @12 =226 mm?> As;eq = 203 mm?. OK. *Note: Agyp = 113mm?
Use 2 @12
— Check for strain:- (g = 0.005)
Tension = Compression
As*fy =085*f *b*a

226 * 420 =0.85 * 24 *520 * a

a=8.95 mm.
== =2 =1053 mm. * Note: f, = 24 MPa< 28 MPa— 8, = 0.85
1 .

g, = —=*0.003

_ 286-10.53

*0.003=0.078> 0.005 -~¢ =0.90K
10.53

(4.8.2)Design of negative moment :-

According to ACI-code:
Ca.neg = 0.043

> Ma negative (D+L)=0.043*21.92*7.85% *0.52=30.2 KN. m/rib

Negative moment at discontinuous edges =(1/3)*positive moment\
Ma negative ((discontinuous)=(1/3)*20.15=6.72 KN. m/rib
= short direction:

» Mu=-302KN.m
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d=320-20-16=286 mm

Mn =Mu /$ =30.2/ 0.9 =33.6 KN.m

_ fy _ 420 _
m=3ss £l 0.85%24 20.6
+10-3
K, =2 = 3390 " -3 42 MPa

T bxd?  0.12% (0.286)2

1 25Ky *
p=—(1- fl—Tm)

— 1 <1 _ 1 — 2*3.42*20.6>: 0.00898

20.6 420

—As = p * bg *d = 0.00898* 120 *286 = 308.2 mm®.

fe 1.4
Asy i = 4{; whyxd 2 by rd e (ACI-10.5.1)
= V2 120%286 > 2% 4120+ 286
42420 420
=100.1mm’< 114.4mm?............. Larger value is control.

— ASmin = 114.4 mm?< Asyeq = 308.2 mm?°.
~ As = 308.2 mm?.
2 @16 =402 mm*> Aseq = 308.2 mm*. OK. *Note: Apig = 201 mm?
Use 2 ®16
— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085*f *b*a

402 *420=0.85*24*120*a

a=68.97 mm.
a _ 6897 _ * - f =
€= =Tes - 81.1 mm. Note: f, =24 MPa< 28 MPa— f3; = 0.85
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g = —=*0.003

=222 %0.003 = 0.00758 > 0.005 -.¢p =0.9 OK

> Mu=-6.72KN.m
d=320-20-16= 286mm

Mn=Mu/p =6.72/ 0.9 = 7.47 KN.m

fy 420

= 0.85 fo T 08522 20.6

m

K =M _ 7.47%1073
n - 2 = 2
bxd?  0.12% (0.286)

1 25Ky *
p=—(1- fl—Tm)

=0.76 MPa

= L<1 — 1= w>= 0.001846
20.6 420

—As = p * by*d = 0. 001846* 120 *286 = 63.4 mm”

fe
= f xb, *xd = 1'4*bw*d

ASpin = 7 ) z by rd (ACI-10.5.1)
= 2% 1204286 > =X« 120+ 286
4420 420
=100.1 mm?< 114.4mm? ............. Larger value is control.

—Asmin = 114.4 mm*> Asreq = 63.4 mm?,

s As=114.4 mm?,
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2 @10 = 157 mm*> ASyeq = 114.4 mm®. OK. *Note: Agyo = 78.5 mm?
~ Use 2 ®10

— Check for strain:- (g = 0.005)

Tension = Compression
As*fy =085*f *b*a

157 * 420 =0.85*24 *120 * a

a=26.94 mm.
a 26.94 ’
c= B— = o8s = 31.7mm. * Note: fc =24 MPa< 28 MPa— ,81 =0.85
1 .

g, = —=*0.003

_286-31.7

o *0.003=0.024 > 0.005 -¢ =0.9 OK
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(4.9) Design of One way solid slab :-g ) <u 318

Material:-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

Section :-
L/20 =3.65/20=0.19m
(Control)
Select h = 25cm
load calculations
Live Load and Snow Load :-

Water Tanks + Snow =10 KN/m?

Dead Load :-
Weight Of Solid =0.25*25=6.25 KN /m?

d= 250-20-(12/2)=224

1

[ ;

| 0.25 | 34

0.25

3.65

100.
AA

Figure (4-12) : section in one way solid
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Loading

Toad group no. 1
Dead load - Service

Units:kN,meter

Live load - Service

Loadfactors:1.20,1.20/1.60,0.00

3.65

Figure (4-13) : Load of one way solid

MomentiShear Envelope (Factored)  UnitskM meter

Moments: _spans _1to 1

| 183 396 182
f

-35.9

359

434

Figure (4-14) : Shear and Moment Envelop for one way solid

= Design of shear:

Vu =359 KN.
f 'xp *d
o BT
6
e~ 0.75*\/2_2*1*0.223 _136.56KN

Vu=359 KN< @.Vc=136.56 KN.
>>>>No shear Reinforcement is required. So the depth of the stair is

= Design of positive moment.
Mu=39.6 KN

------
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m=_1f =_420 =206
0.85* fc'  0.85*24

Rn= Mu’d_ 306*10°/09 -  gg\pa
b*d 1*(0.224)°

p=(1- - 2mRn)
m

p=_L1 (1- | 2088)(208))=0,0022
20.6 420

p=0.0022

ASreq = 0.0022*(1000) *(224) = 493 mm?/m.
Asmin= 0.0018 * 1000 * 250 = 450 MM?
ASreq =493>A5m|n =450 mm2

Note Agpjr = 113 mm?2

ASreq

#0f @12 = =2 = =2 = 4.4 — Spacing(S) = -— = 0.23m = 230 mm

Aper 113

<380 (2%) _25*C,

=380 * (22 )~ 2.5% 20
3y

280
=380 * (7))~ 2.5* 20
§*420

=330 mm.......... S$=300....... control
<3 *h=3* 250 =750 mm.
<450 mm.

S5=23 mm < Spax =300 mm

~Use ®12 @ 20 Cm

= Check for Tension steel yielding:-
Tension = compression
As*fy=085*f *b*a
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565*420=0.85*24*1000*a
a=11.7mm
c=i=£=13.8mm
B 0.85

224-13.8

Eg=———
13.8

&,=0.046>0.005=¢=0.9

*0.003=0.046

= Shrinkage &temperature reinforcement(use ®10 )
ASmin = 0.0018 * 1000 * 250 = 450 Mm?
Asreq _ 450

#0f ©12 = =0 = 20 = 398 — Spacing(S) = — = 0.251 m =251 mm.
Apgr 113 3.98

S<5* h=5*250 = 1250 mm.
S<450 mm........... controled

S=251 mMM<Smax =450 mm

Use @ 12 @ 20 cm in other direction
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(4 .10) Design of Column:-

= Design column(C7) :
= 4.10.1 Load Calculation:

p, =3762KN
b, =% 5787 7kN
T 0.65

Usep = pg =1.6%

Pn =0.8* Ag{0.85* fc'+pg(fy —0.85fc')}

5787.7 = 0.8* Ag[0.85* 24 + 0.016* (420 — 0.85* 24)]
Ag =0.27m?

Use0.45x 0.6 m with Ag =0.27nm?

= 4.10.2 Check Slenderness Effect:

= In 0.6 m-Dirction

KU gy ML ACI —(10.12.2)
M2

r

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

R: radius of gyration =0.3 h = \/'IA\:

Lu=40 m
M1/M2 =1
K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to

be taken as 1.0.

m<34—12m ............... ACI —(10.12.2)
r M2

1x4.0
0.3x0.6

. short Coloumn in 0.6m..dirction

=22<=22
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= In 0.45 m-Dirction

kI—u<34—12ﬂ ............... ACI —(10.12.2)
M2

r

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

R: radius of gyration =0.3 h = \/,IA:

Lu=4.0 m
M1/M2 =1

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

@<34_12ﬂ ............... ACI —(10.12.2)
r M 2

_1x40 596522

0.3x0.45

..long Coloumn in  0.45m:dirction
E.l

El =04—"% ., [ACI318—-05 (Eq.10-15)]
1+ B,

E, = 4750,/ fc' = 4750 x+/24 = 23270.15Mpa
_1.2DL _ 1.2*(2083)

= 0.665
B Pu 3762
3 3
1, =X _06x045 _ 4 go456m
12
£y _ 0:4x23270.15%0.00456 _ o o0
1+ 0.665
7°El
A AC1318—05(Eqg. 10-13)
(KLu)
2
= LX2525 =15.7MN.
(1.0x 4.0)
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Cm= 0.6+O.4(%) ............ ACI1318 —05(Eq.10—-16)
Cm=1....... According to ACI318—-05(10.10.6.4)
S —_CM 90 . ACI 318 —05(Eqg. 10 —12)
1_ Pu
0.75P,
S, = 1 =1.47 >1
ns 1 3762 T

~ 0.75%<15700

€min =15+ 0.03xh =15+0.03x450 = 28.5mm = 0.0285m
€=¢e,, X0, =0.0285x1.47 =0.042
e
HE

0042 0.0931
0.45

From Interaction Diagram
M, 3762 145

A, T 06%045 1000 - 02 "

p, =0.0165

A, = px A, =0.0165x 600 x 450 = 4450mm”"
.. Usel6¢20

= Design of the Reinforcement:

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

S < Least dimension.
spacing <16xd, =16x2.0=32.0cm

spacing <48xd, =48x1.0=48cm
spacing < least.dim.=45cm
select @ 25cm
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Supporting beam

L=0.25+3.3+0.85=4.4 m
Ry, =4.4/20=0.22 m

take h = 25cm >
Tan angle = 16.5/30 --- angle=28.8

|
l
(4.11)Stair Design: P -'%i%‘ ------- ety
i
I
|
l
t
!
i

(4.11.1) Load calculation:- M

% Flight dead load:
= Tiles =23*0.03*((0.33+0.165)/0.3)*1 = 1.2 KN/m.

= Mortar =22*0.03*((0.3+0.165)/0.3)*1= 1.1 KN/ m.
= Plaster = (22*0.02*1)/ (Cos 28.8) = 0.6 KN/ m.
= Steps = 25*((0.165*0.3)/(2*0.3))*1= 2.1 KN/ m.
= Slab = 25*0.25*1/ Cos 28.8=7.2 KN/ m.
Total dead load(flight) =12.2KN/ m.

% landing dead load:
Tiles =23*0.03*1 =0.7 KN/m.

= Mortar =22*0.03*1= 0.7 KN/ m.

» sand =17*0.07*1 =1.2 KN/ m.

= Slab =25*0.25*1=6.3KN/ m.

= plaster =22*0.02*1= 0.5 KN/ m.
Total dead load(landing) = 9.4KN/ m.

« Live load:-
Live load for stairs =3 KN/ m?.

+»+ Factored load
For flight =1.2*%12.2+1.6*3 = 19.5 KN/ m.
For landing=1.2*9.4+1.6*3=16.1 KN/ m.
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19.5 KN/m

(4.11.2)Design of Flight:- ERERE l%

(4.11.2.1)Design of shear:

Assume @ 14 for main reinforcement
d =250-20-(14/2)= 223 mm

Vu = 36.5*c0s28.8=32 KN .

¢t *b,*d
S

T Ry = 217KN

¢VC R, = 36.5KN T«—O.zsm-»l«—— 3.3 M ————>te—0.85m
e =078 \/2_46 1%0.223 _ o coen

Vu=32 KN< @.Vc=136.56 KN .

>>>>No shear Reinforcement is required. So the depth of the stair is...... OK.

Momenis: spans 110 1

Shear

217

36.5

Figure(4-21) : Envelope Shear and moment Diagram of Flight

(4.11.2.2) Design of Bending:

Mu=43.2KN.m
Mn = Mu /d = 43.2/ 0.9 = 48 KN.m
m=-—L_ =2 __996

T 0.85f, 0.85%24

M 48+10~3
Kn p— n _—

T bxd2? 1% (0.223)2 =.97MPa
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p:%(l— 1—2*1;"*"1)
\j y

p= L(l _ 1— 2*0.97*20.6>: 0.0024
20.6 420

—As=p * by *d = 0.0024 * 1000 *223 = 536 mm°. ........... control

—>Asmin = 0.0018*1000*250= 450 mm?.

~ As = 892 mm?.
#0fd14 =21 = 38 = 35, Spacing(S) =100/3.5 = 0.286 m = 286 mm.
bar

<380 (Zfif) _25*C,

=380 * (7 ) — 2.5% 20

fy
=330mm. ........... controlled.
<3 *h=3*250=750 mm
<450 mm.

~Use ®14 @ 20 Cm.

Temperature and shrinkage reinforcement:
As=0.0018*b*h
=0.0018*1000*250=450 mm?
~Use ®14 @30 Cm.
Check for step:
<5 * h =5* 250 = 1250 mm
<450 mm.

S5=300<S max=450 mm

- Check for strain:

Tension = Compression
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A *fy=0.85* fc' *b*a
770*420=0.85*24*1000*a
a=15.9mm
c:i:&:w.?mm
S, 0.85

223-18.7

& =————
18.7

&, =0.033>0.005—— o0k

*0.003

(4.11.3)Design of Landing:- Dead, Live and Load from flight

(4.11.3.1)Design of shear:
Assume @ 14 for main reinforcement
d =250-20-(14/2)= 223 mm

Vu=66.2 KN.
f.'*b, *d
i = T
6
o= 075 \/2_46 1*0.223 _ o oo
Vu=66.2 KN< @.Vc=136.56 KN.
>>>>No shear Reinforcement is required. So the depth of the stair is...... OK.

MomentiShear Envelope (Factored)  Units:kN,meter

WMoments: _spans 1to_ 1

\ 1.83 73 1.82 |
. |

-80.
-66.2

66.2

80.

Figure(4-22) : Envelope Shear and moment Diagram of Landing
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(4.11.3.2) Design of Bending:
Mu=73 KN.m
Mn =Mu /¢ =73/0.9 =81.2KN.m

_ fy _ 420

T 0.85f,  0.85%24 =206

K = M, _ 81.2x1073
n - 2 = 2
bxd? 1% (0.223)

1 25Ky *
p=—(1- fl—Tm)

_ 1 <1 _ 1 — 2*1.6*20.6>: 0.004

= 1.6 MPa

206 420

—As=p * by, *d = 0.004 * 1000 *223 = 892 mm’. ........... control

—>Asmin = 0.0018*1000*250= 450 mm?.

~ As = 892 mm>.
#0f D14 = ‘;—q = % = 5.8 — Spacing(S) =100/5.8 = 0.17 m = 170 mm.
bar

<380 (2%) _25*C,

=380 * (22 )~ 2.5% 20
3ly

=330mm. ........... controlled.
<3 *h=3*250=750 mm
<450 mm.

~Use ®14 @ 15 Cm.

Temperature and shrinkage reinforcement:
As=0.0018*b*h

=0.0018*1000*250=450 mm?
~Use ®14 @30 Cm.
Check for step:
<5 * h =5* 250 = 1250 mm
<450 mm.

S$=300<S max=450 mm
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- Check for strain:

Tension = Compression
A *fy=0.85*fc' *b*a
892*420=0.85*24*1000*a
a=18.4mm
c=2_ 184 =21.7mm
£, 0.85

223-21.7

Eg=————
21.7

&, =0.028 > 0.005—— 0k

*0.003
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(4.12) Design of Isolated footing(F7):-

Once the ultimate column or load is determined, the proper footing can be designed. The
following subsections describe the analysis and design of footing (F7) .

a2z

LE

23

EAptd L=335

L

F7
| Plans | Sections
T - T | LOAD CASE: 7
” P o= 4000,
» o ] ” Qo= 400,
) = ” Gr=  393.86

30 000 o OLIK0-m
]

1

(4.12.1) Load Calculation:-

Factored load Pu = 3762 KN (Load from column (C7)

Soil weight = 18 KN/m?

Column dimentions =45*60 cm

Allowable soil pressure = 400 KN/m?

(4.12.2) Design of Footing Area:-

Fig. (4-16) Geometry of Footing (F7)

Allowable net soil pressure = 400-18*0.75-0.75*25=367.75 KN/m?

Area (A) = Total Weight / Soil Pressure
= 3000 KN / 367.75 KN/m?2

=8.10m’
Try2.85*2.85 Area=10.12 m’
Select Foot Geometry 2.85m * 2.85m

108




For the design of the reinforced concrete member factored load
must be used :

Pu=3762 KN

Pnet (factored) = Pu/ Area = 3762/10.12 = 371.8 KN/m?

(4.12.3) Determine the Depth of Footing Based on Shear Strength:-

Assume h=75cm ..... d = 750-50-20 = 680 mm

e Check for One Way Shear Strength
Vu = [% -0.3- 0.680] x371.8*2.85=471.53KN
Vu =471.53KN

AVe = 0'—g5\/ﬂ x 2.85x 0.680 x10° =1186.78KN

gvc >Vu OK
selecth=75cm..... d =680 mm

e Check for Two Way shear Action (Punching).

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

oV, =¢.1[1+i}/ f.'b,d

61 B

1 o !
V. =g %o/t b,d
Ve ¢12(b0/d+ ] ° Do
SV, =¢.%w/ f'b.d

¢ Column Width () 045

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

=2(0.45+0.680)+2(0.6+0.680)= 4.82 m.
a, =40 for interior column

AV :¢%[1+ﬁ£}[ fclbod :%*(1+ é)* 24*4.82*0.680*10° =5025.3kN
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! *
AV :qﬁ.i % 12 W f. b,d :%* 40 0'680+2 *\/24*4.82*0.680*10° = 7670.33kN
12{b, /d 12 4.82

BV, = ¢%w/ £, b,d :0'—;5* 24*4.82*0.680*10° = 4014.2kN ..... control

VU = (2.85*2.85) — ((0.45+ 0.68) * (0.6 + 0.68)) *371.8 = 2482.2kN
VU=2482.2< Ve =4014.2.................. OK

(4.12.4) Design for Bending Moment in both direction.
d =750-50-(20/2)=690 mm

Mu =371.8 *2.85*1.125*(1.125/2) = 670.5 KN
e b 42
0.85*fc  0.85*24

*1N-3
R = Mu/¢: 670.5*10 /0'9=O.56 N/mm

b*d?  2.85*(0.690)°

=20.6

1 2mRn

p=—@1- 1- )
m fy

o 1 - \/1_ 2(20.6)(0.56) ) = 0.00135
20.6 420

ASreq = 0.00135* (2850)* (690) = 2659 mm?
ASreq =2659 mm?
p.. =0.0018

A, min = 0.0018 (2850) (750) = 3847.5 mm 2 control

# of bars = As/ As s = 3847.5/154 = 26 bars
= Note Api4 = 154 mm?
= s<3h=3*750=2250 mm
= s<450 mm

2850 —50+2—26%14 _
= - -
take S=10cm

Use 26® 14 @10cm in both direction

100 mmM.....coo.t.. control
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4.13 Design of Strip footing.

| e e e e |

o

Fig. (4.24)location of Strip footing .
4.13.1 Load Calculation :
H (slab) = 0.32m
H (32') = 0.10m
Weight of wall (D.L.) = height* Thickness * 1m wide * y. =20* 0.3 * 25 =150 KN/m
From plaster D.L =2*(0.03* 4* 23) = 5.52 KN/m2

D.L =150+5.52 =155.52kn/m

Total W= 155.52 = 155.52 KN/m
Allowable soil pressure = 400 KN/m?

Assume footing thickness is 0.25 m.
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Pn 15552

= = =0.3888m2
qall 400
= B =0.40m
Take B=80 cm .
Pu = 1.4*155.52 = 217.73 KN/m
queY 218 o0 16Km2
A 1x0.80

Assume h=30cm

h =300mm

d =300-75-10 =215mm

V, =1x(0.4-0.15-0.215)x 272.16 = 9.53kn

N, = 0.75x% fc' b,.d = 0.75x%@ x1000x 0.215x10°

=131.66kn
¢Vc >>VU

So No Shear Reinforcement

M, =272.16 x 0.25><1><(O'225j =8.51kn/m
.= M, :E:9.45kn/m
09 09
6
Kn Mn _ 9.45x10 _ 0.204Mpa

“b*d?  1000x 2152
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f
me_y 420 5,
0.85f,  0.85(24)

1 2mKn
P=E(1—1/1— fy )

1 \/1_ 2x20.6x0.204

= —_— 1—
P =506 420

) = 0.000489

A s req) = 0.000489 (1000) (215) = 105.18 mm’

A's min for shrinkage and temperature:
A's min =0.0018*b*h

=0.0018*1000*300=540 mm"’

AS,,, = 450mm’

#of bar = 4—50 =4
113.1

Select @12 @25cm c/c with Agprov452.4mmz2/m.
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4.14Design of Basement wall:

¢ load calculation:

fc =27 MPa, fy=400Mpa, Y's=20KN/m?, gall=250KN/m?, ¢=30, surcharge =5KN/m?

415

40

375

.

Fig (25 ):Section Of basement wall

Ca =1-sin@=1-sin30 = 0.5( Static Earth Pressure)

Pa=Ca*h* y =0.5*3.90*18 = 35.1 KN/m2

Ws
hs = — 5

== =0.278m

W 18

Ps=Ca*hs* y =0.5*0.278 * 18= 2.5 KN/m2

114

fc fy Ys qall ¢ surcharge
27Mpa | 400 Mpa | 18 kKN/m? 400 KN/m? 30 | 5KN/m?
SKN/m2




0.5 35.1 KN/m2 0.278 m 2.5 KN/m?

O O N W X

I O . R Y )

Fi

Fi)

T, . .

Fig. (47):Static System
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From Atir we have moment and shear envelop

Shear

-64.

-78.2

50.8 47.1

Fig. (26.2) :Shear envelope diagram of basement wall.

Moments: spans 1to 1

2.14 63.5 1.76

Fig. (26.1) :Moment envelope diagram of basement wall.
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Design of Bending Moment
Mu = +63.5 KN.m/m

d=300-75-20/2=215mm

Mn
R =
" b-d?
*1N6
R, = 635710 > =1.5264MPa .
0.9*1000*215
o
0.85x fc'
m =4—00=17.43
0.85x 27

1 2mR, * *
potl1- h- _ 1 1_\/1_2 17.43*1.5264 — 0.003952
m fy 17.43 400

As, req = 0.003952*1000*215= 849.706 mm?*/m.........
Use ® 16@ 20 cm,
With As,provided = 1005.31 mm2/m > As,req = 849.706 mm2/m
- As.min for vertical bars:

- 0.0015*b*h = 0.0015 *1000*300 = 450 mm?/m

- 025 ;/Oi_g *1000*250= 812 mm?/m.
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- X w1000 %250 = 875 mmP/m. . ... CONTROL

Use ® 16@ 20 cm, with As, provided = 1005.31 mm2/m > As, req = 875 mm2/m

- For horizontal bars :
0.002*b*h =0.002*300*1000= 600 mm?/m.

Use ® 14@25cm, with As, provided = 616 mm2/m > As,req = 600 mm2/m
- Check for shear

d =300 — 7510 = 215cm
¢.\/c=0.75*%* o *bw*d

pVC = 0.75*%* 27 *1000*215=139.65.1KN

Vu= 64 KN < ¢Vc=139.65........ OK

The thickness is enough
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(4.15)Design of shear wall (Sh13):

=  Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

= Section :-
t=25 cm .shear wall thickness
Lw = 5.8 m .shear wall width
hw=20 m story height

89,91

284.4

EELEAT

1ol.24

/8.08

Figure(4-22) : Load from earth of Shear wall .
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c89.91

o/ 43

79662

247,86

102294

v Design:-
= Design of the Horizontal reinforcement:

Critical Section

M = @ =2.9m...... control
2 2

w_20_19
2

d=0.8xIw=0.8x5.8=4.64m
V, =947.86KN
M, 1=4718.75—-(151.24*2.9) = 4280.154 KN.m
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2000,21

4718.72

1164854




V01: AL xbxd

V, =——x0.25x4.64*10° =947.136 KN

fc' xbxd N N, xd
4 4xL,
Assume N, =0

* 3
v, = V24 x0.25%x4.64*10 N 0x4.64 14207 KN
4 4x5.8

2 N,
I, +/ fc’
fc' [ J h><d

><
V= +

TRy

ch =

4280154, 58\ . o
04786, 2
=V =Will apply
v. Zh 5.8(24 + 0) L025x484 o e
2 1.62 10

Control for V1 =947.136 KN

¢ Vr1=0.75*947.136 = 710.35 KN <V, =947.86KN
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An_ V.
s, F/xd

v Ve _y _ 94786
=y Ve

A, 316.65*1000
S., 420x4640

—947.135=316.68 KN

=0.1624.

M =0.0025x h =0.0025 % 250 = 0.625.......control
S;

select.......¢12....two.....legs

An _ 065 then 228 _ 0625

Sreq Sreq
Sreq = 226/0.625 = 361.6mm

l, 5.
s, <28 _115m
5 5

S, £3xh=3x0.25=0.75m............ control
S, =250mm < S max = 750mm............... ok

~Usegl2@25cm  c/c  inboth.sides.of the.wall
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Design of Vertical reinforcement:

A, = {0.0025+ 0.5(2.5—?—““}(%— o.oozsﬂ xS, xh

w 2 x
A, =|0.0025+ 0.5(2.5—§j£ﬂ— o.oozsj xS, xh
Vn 5.8 \ 250 x 250
A, =0.0025x S, xh
6
= 2x11310 7 _ 561 6mm .. control
0.0025x0.25

S, < %W = i;)() =1933.33mm

S, £3xh=3x250=750mm
S1<450mm
S1=20cm < Smax =45CM.....cccceeviviiiienaeeanenn. ok

~Usegl2@20cm c/c  For thereinforcement in two layers (vertical)

= Design of Moment:
The boundary elemant is required if C :-
Lw

C>————
600* (o / hw)

assume on/hw>0.007
5.8
> 7
600*0.007
Cw=C-0.1xLw
Cw>1.38—-0.1x5.8=0.8m

CW29=@:0.69 m
2 2

=1.38m

Select Cw = 0. 65m

Ast :M x AsvV
1

Ast = 5.8 x 2x113 = 5243mm?
0.25
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Z 1

Lw 085 f,x foxLwxh
As x fy
7 1
w 5, 0-85x0.85x24x5.8x0.25 = 00745

5243.2x107° x 420

Mu =0.9x0.5x As x fy x LWx(l—Li)
"

Mu = 0.9x 0.5x5243.2x10™° x 420 x 5.8 x (L— 0.0745)
Mu = 5319.4KN.m
MU gyeign =11648.54 —5319.4 = 6329.14KN.m

Mu 6329.14x10°
Ast = i . 09 =3251.2 mm?
fy x (Lw—Cw) 420 (5.8 0.65)
Ast,,,x =0.08xbxCw
Ast,,,, =0.08x 250x 650 =13000 mm? > Ast = 3251.2 mm?

Select 14®18
with As = 14x 254 = 3556 mm?> Ast = 3251.2 mm?>.
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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, b

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 £/20 £124 £i28 £M10
Beams or
ribbed one-
way slabs £/16 £M18.5 £/21 £/8

MNotes:

Values given shall be use-d directly for members with normalweight concrete
) and Grade 420 reinforcement. For other condi-

(density w, = 2320 k%
tions, the values shall be modified as follows:

a) For structural |I%thEIght concrete having unit density, w, |r1 the range
1440-1920 kg/m¥, the values shall be multiplied by (1.65 - 0.603 =) but not

less than 1.09.

b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + fyf?ﬂﬂ}.

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)

131




TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to be considered Deflection limitation
Flat roofs not supporting or attached to non- | Immediate deflection due to live load L _
structural elements likely to be damaged by £/180°

large deflections
Floors not supporting or attached 1o nonstruc- | Immediate deflection due to live load L

tural elements likely fo be damaged by large £/360
deflections

Roof or floor construction supparting or That part of the total deflection occurring after .
attached to nonstructural elements likely to be | attachment of nonstructural elements (sum of £,/480°
damaged by large deflections the long-term deflection due 1o &ll sustained

Roof or floor construction supparting or gﬁﬂ;ggﬂ H\]:z ‘Q;“d??‘ate deflection dueto any ‘
aftached to nonstructural elements not likely to £/2408

he damaged by large deflections

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

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

tLimi may be exceaded if adequate measures are taken fo prevent damage to supperted or attached elaments,

§ Limit shall not be greater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that total deflection minus camber
does not exceed limit.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS)
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