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Abstract

The Structural Design of a General Hospital in dura

WORKING TEAM:
Madian-Abu Taha Mahmoud “Hamad Awad”
Haytham Al-hmamdeh

Palestine Polytechnic University

SUPERVISOR:
DR .NASR ABBOUSHI

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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Chapter 4 : Structural Design & Analysis
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
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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) :
Figure (4-8) :

tow way ribbed slab.
rib geometry.

loading of rib.

moment envelop of rib.
shear envelop of rib.
beam geometry.

Figure (4-9): load of Beam.
Figure (4-10): moment envelop of beam.
Figure (4-11): shear envelop of beam.
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77 Figure (4-12): secton of one way solid.

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

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

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

89 Figure (4-16): geometry of footing (£9)

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

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

100 Figure (4-19): moment envelop of strip (AB).

102 Figure (4-20): moment envelop of strip (CD). _

105 Figure (4-21): envelop shear and moment diagram of stairs.

108 Figure (4-22): Load from earth of Shear wall

110 Figure (4-23): Moment and Shear Diagram of shear wall.
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.

C; = 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.

J¢’ = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

xii




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.
Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

V., = factored shear force at section.

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

W = width of beam or rib.

Wu = factored load per unit area.

¢ = strength reduction factor.
€. = compression strain of concrete = 0.003mm/mm.
€5 = strain of tension steel.
&= strain of compression steel.

p = ratio of steel area .
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Cq:pressure coefficient of structure.

Iw:importance factor.

P:design wind pressure.
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Chapter 4

Structural Analysis & Design

4-1 Introduction.

4-2 factored load.

4-3 Slabs thickness calculation

4-4 load calculations.

4-5 design of topping.

4-6 design of rib (A0-R1).

4-7 design of beam (A0-B8).

4-8 design of one way solid slab(SS1).
4-9 design of tow way ribbed slab(RS1).
4-10 design of column(B0-C13).

4-11 design of isolated footng(F9).

4-12 design of combind footing(combined 9).

4-13 design of mat footing(mat 4).
4-14 design of stairs.

4-15 design of shear wall(B-Sh14).
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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-318-08 code.

NOTE:
fc'=30N/ mm? (MPa) For circular section but for rectangular
(fc'=30*.8 =24MPa) .




(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=12D.L+1.6L.L.

(4.3) Slabs thickness calculation:

>,
s
*
ey a2-a)-
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N
¥ [t 4 granm— | 3
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Figure (4-1): Ground Floor Slab.
(4.3.1) 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):
hpin for one-end continuous = L/18.5
=558 /18.5 =30.1cm
The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21
=563/21 =26.8cm
Select Slab thickness b= 32cm with block 24 om & Topping Som

= T
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(4.3.2) Determination of Thickness for Two Way Ribbed Slab:
_ b3 _ 60(40)3 _ 4
Ib3= T 320000 cm
. bhi L BO(50)? - 4
Ib6= R ETR 8333333 cm
& BhEE0(32)* 4
Ib5= T 136533.3 cm
o bW 40@2)7 - 4
Ib9= i T 109226.67 cm
_ 40%8%4+32%14%16_
Yo 40%8+32+14 1
3 3 3
Irib = =il ) + L) = 60604.66
3 3
= For exterior beam:
Short direction
el 60604.66(325 + 60) — 430088.7
54
Long direction
hpe 60604.66(480 + 40) — 5836004
54
o 60604.66(480 +50) 5048235
54
= For interior beam:
Short direction
e 60604.66(325 + 325 +80) 8192852
54
Ib  109226.
a, = = 667=0.187
Is  583600.4
Ib 320000
afz — — — o
Is  432088.7
b 1365333
Ay = = =0.229
I S504g0R 5

CUEISS. wnvererernrnessmsannssssnrasssunsses wiaiaaill @

\ ST




el ELEC

017

A S T 18192852

o = 0.187+0.74+0.229+1.017 —0.543
4
02<a<2==>02<0.543<2

_ In(0.8+ f/1500)
" 36+58(a—0.2)

. .96
=—2=""=1477
7 6.5

b

ACI-318-02 ( Eq: 9-1)

_9600(0.8+420/1500)
™~ 36+ 5%1.477(0.543—0.2)

We select the two way ribbed slab Thickness =32 cm

=26.9cm < 32cm....... ok

(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:

]

]

bestiow Plock (2Bam ) ~‘/

Fig. (4-2) One way rib slab
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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. | Parts of Rib Calculation

1 Rib 0.14%0.24*25= 0.84 KN/m

2 Top Slab 0.08*%0.54*25 = 1.08 KN/m.

3 Plaster 0.02%0.54*22 = 0.23 KN/m.

4 Block 0.4%0.24%10 = 0.96 KN/m

S Sand Fill 0.07%0.54*17= 0.64 KN/m

6 Tile 0.03%0.54*24 = 0.38 KN/m

7 Mortar 0.02*0.54*22 = 0.23 KN/m.

8

partition 2.38%0.54 =1.28 KN/m

Nominal Total Dead load = 5.7 KN/m of rib
Nominal Total live load =5*%0.54=2.7 KN/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:

L)~

&

Peaftow Bioah { B7em )

Fig. (4-3) Two way ribbed slab
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Calculation of the total dead load for one way rib sl

ab 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*0.54%0.54*24 0.2099 KN
Mortar 0.02%0.54%0.54*22 0.128 KN
Coarse Sand fill 0.07%0.54%0.54*17 0.347 KN
Topping 0.08%0.54*0.54%25 0.583 KN
Concrete Rib 0.24*0.14*(0.54+0.4)*25 0.7896 KN
Block 0.24%0.4*0.4*10 0.384 KN
Plaster 0.02*%0.54%0.54*22 0.128 KN
partition 2.38%0.54%0.54 0.694 KN

Nominal Total Dead Load = 3.263 KN
DL=3.263/0.54*0.54 =11.19 kN/m*
WuD=1.2x11.19=13.428 kN/m*

WuL =1.6 x 2=3.2 kN/m®
Wu=13.428+2.4=16.628 kN/m"

(4. 5) Design of Topping:

Dead load of topping
Tiles 0.03 * 24=0.72 KN/m?
Mortar 0.02 * 22=0.44 KN/m’
Sand 0.07 * 17=1.19 KN/m*
Slab 0.08 *25=2  KN/m?

Partitions 1.00 * 2.38= 2.38 KN/m’.
Dead Load = 6.73 KN/m?. (for Stores)
Live Load = 5 KN/m® (for Stores)
W,=12DL+ 1.6 LL
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=12%6.73+1.6*5=16.1 KN/m’. (Total Factored Load)

12 2DA2
M, = %l - 16108 = 02146 KN.m

12 12
M
Pbit® 1+0.082
= 0'42\/E*T = 0_42\/'2_4*—6—* 103 = 2.19 KN.m
o
12
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided.
For the shrinkage and temperature reinforcement :-
P
A
Asreq _ 144 ; 1
# 0f @8 = ﬁ i 2.88 — Spacing(S) = e 0.347m = 347 mm.
280 280
<380 (f—s)—2.5 *C. < 380 (f—s)
=380 % (282) _2.5% 20 <380 * (=)
ih 3ly
E gl s 5 naBe % o 280
380 (?42—0) 2.5%20=<380 (?;5)
=330 mm. <380mm.
<3 *h=3*80=240 mm........... controlled.

<450 mm.

Use @8 @ 20 Cm C/C in both directions.
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(4.6)Design of Rib (A0-R1)

Material :-

2
concrete B300 Fc'=24 N/mm2
Reinforcement Steel fy = 420 N/mm
Section :-
b=14 cm bf=54 cm
h=32cm Tf=8 cm
u z AL An
1 2 3 g
A
e — 3
08 2.6 0.8 4.55 08 4.4 0.5
f | } f } T
5.05
: 3.4 ; 5.35 % -
54,
8.
32.
14.
A-A
Figure (4-4): Rib geometry.
load group no. 1
Dead load - Service Units:kN,meter
5.70 5.70 5.70
3.4 5.35 5.05

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

—

v bV o4bs VOV v U V49gd ¥ 1

3.4

585 5.05

Figure (4-5) : loading of Rib (A0-R1)
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Moments: spans 1to 3
-25.2

I§68 e A . \/

11.6

17.2
119 2.21 | 2.41 , 2.94 ! 3.03 { 2.02 jl
Figure (4-6) : Moment Envelop of rib (A0-R1)
Shear
-24.8
-19.5 _1 9. / -1 7.2
K187 ] 126 =
5.
10.8 o
21.9 : =208
26.6

Figure (4-7) : Shear Envelop of rib (A0-R1)
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(4.6.1) Design of flexure of rib(A0-R1):-
(4.6.1.1) Design of Negative moment of rib (A0-R1):

1) Maximum negative moment Mu © =16 KN.m.

Mn=Mu/¢$=16/0.9=17.77 KN.m

 et— T —

0.85 f, 0.85%24

e My 17.77%107°
N pxd2  0.14* (0.286)2

1 2xKp *
pel(li= ’1——fyﬂ)

= (1 i1y 250 )=0.00384.

=1.55 MPa

420

—As = p * by, *d = 0.00384 * 140 *286 = 153.75 mm’.

I
ASmin = ;J—(:y—)* b, *xd = ;—:* TR e AR (ACI-10.5.1)

V24
4x420

1.4
* 140 * 286 = -42—0*140*286

=116.7 mm? < 13346 mm” ............. Larger value is control.
—ASpin = 133.46 mm” < As,eq = 153.75 mm”.
« As=153.75 mm>.
2 ®10 = 157 mm®* > Asgeq = 153.75 mm*. OK.

- Use2 @10
— Check for strain:- (¢ = 0.005)

Tension = Compression

A *fy =085*f. *b*a

157 * 420 =0.85 * 24 * 140 * a

a=23 mm.
a 23 {
G T 27.16 mm. * Note: f; =24 MPa< 28 MPa— f3; = 0.85
g, = 2% 0.003

=222 % 0.003 = 0.028 > 0.005 - ¢ =0.9 OK
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2) Negative Moment Mu ) =98 KN.m.
Mn=Mu/ ¢ =9.8/0.9 =10.88 KN.m

fy 420
m=—2—=———=72
0.85f, 0.85x24 0.6

e M, _ 10.88x1073
m pxd2  0.14* (0.286)%

1 2xKp *
p === /1———&—&)

=L <1— i 22090000 >=o.00231.

= (.95 MPa

420

A= p * by, *d = 0.00231 * 140 *286 = 92.8 mm’".

fe
Asmin = 7y *bw d 2 %*bw wd Al b (ACI-10.5.1)
= Y7 1404286 2 2t 140 * 286
=116.7 mm® < 13346 mm” ............. Larger value is control.

—>ASmin = 133.46 mm® > As;eq = 92.8 mm’.
» As=133.46 mm’.
2 ®10 =157 mm® > Asgeq=133.46 mm?. OK. *Note: Ap19 = 78.5 mm®.
. Use 2 ©10
— Check for strain:- (g5 = 0.005)
Tension = Compression
As*fy =085*f. *b*a
157 *420=0.85*24*140*a

a=26.94 mm.
a 23 4
CG= -ﬁ—l- = .(E =27.16 mm. * Note: fc =24 MPa< 28 MPa— Bl =0.85
g =% 0.003

_ 286-27.16

¢ *0.003=0.028 > 0.005 - ¢=0.9 OK.
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(4..6.1.2) Design of Positive moment of rib (A0-R1)

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

=320—2o-8—323=286 mm.
M, max = 17.2 KN.m

b < Distance center to center between ribs = 540 mm............ Controlled.

< Span/4 = 5050/4 = 1262.5 mm.
< (16* t;) + by =(16* 80) +140 =1420 mm.
—bg= 540 mm.
= My = 0.85 f; by » ty * (d — L)
= 0.85 * 24 * 0.54 % 0.08 * (0.286 — 2%8) + 10° = 216.79 KN.m

dMpe= 0.9 * 216.79 = 195.11 KN.m
—PM;r=195.11 KN.m > My max= 16.6 KN.m.

»» Design as rectangular section.

1) Maximum positive moment Mu ® =16.6 KN.m
Mn=Mu/¢=17.2/0.9=19.11KN.m.

K Mn _ 19.11x1073
m pxd2  0.54* (0.286)32

1 2xKp *
Pl /1——7’")

Bt (1 4 Jl _ 220432206 )=0.001004.

=0.432 MPa

20.6 420

—Ag=p * bg *d = 0.001004 * 540 *286 = 155 mm?.

'

i

e R R e (ACI-10.5.1)
£ () fy
JVZE 1

4
o140 %286 > 2+ 140 * 286
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= 1167 mmZ < 13346 mMm> ...cccvvveees Larger value is control.

—ASmin = 133.46mm? < ASreq =155 mm?.

« As =155 mm’.

2 @10 = 157 mm® > Asreq = 155 mm’. OK.
. Use 2 @10

— Check for strain:- (¢; = 0.005)

*Note: Ap10 = 78-3 mm>.

Tension = Compression
A, *fy =085*f. *b*a
157 *420=10.85*24 * 540 * a

a=5.98 mm.
== 222 =7.04 mm * Note: f, = 24 MPa< 28 MPa— B; = 0.85
1 o
g ===*0.003

2 2367'01-04 *0.003=0.118 > 0.005 - $=09O0K

2) Positive moment Mu ® =11.6 KN.m.
Mn=Mu/¢=11.2/0.9=12.44 KN.m.

0.85f, 0.85%24

=0.262 MPa

i 11.6x1073
n pxd?2  0.54x(0.286)>2

1 2xKp *
p=ta- [1- it )

LsTapies s _ 2+0.262+20.6 \ _
e (1 Jl S ) 0.000629.

—As= p * bg *d = 0.000629 * 540 *286 = 97.2mm”,

fe
Asmin = 7e5* by +d 2 %ﬁ*bw i (ACI-10.5.1)

_ 2 1.4
—4*420*140*286 = 140 * 286

=116.7 mm® < 133.46mm’ ............. Larger value is control.

—>ASmin = 133.46 ml'l'l2 > Asreq 072 mmz'
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~ As=133.46 mm®.
2 ®10 = 157 mm® > Asreq = 133.46 mm’. OK.
~ Use 2 ®10
— Check for strain:- (€5 = 0.005)
Tension = Compression
A*fy =085*f, *b*a
157 *420=0.85 *24 * 540 * a

*Note: Ap1o = 783 mm?>.

a=5.98 mm.
- ﬁi = % = 7.04 mm * Note: f, =24 MPa< 28 MPa— f; = 0.85
1 o

g, = L% 0.003
c

_286-7.04
7.04

- Use2 @10
3) Positive moment Mu ® = 6.8 KN.m
Mn=Mu/$=6.8/0.9=7.55 KN.m.

*0.003=0.118 > 0.005 - ¢ =0.9 OK.

S T R

=0.171 MPa

K M, _ 755%1073
m pxd?2  0.54* (0.286)2%

1 2xKn *
P S /1——5—"‘)

B, ol  2+0.171%206 | _
= (1 Jl o ) 0.000408.

—As=p * bg *d = 0.000408 * 540 *286 = 63 mm”.

fe
ASe= Z\]F_y)-* b, *d > iﬁ* by ¥ QU (ACI-10.5.1)

_ V24 1.4
—m* 140 = 286 > 5*140*286

=116.7 mm* < 13346 mm* ............. Larger value is control.
—ASmin = 133.46 mm* > As,.; = 63 mm>.

~ As=133.46 mm>.
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By 2
2 ®10 = 157 mm> > Asyq = 133.46 mm’. OK. *Note: Ap1o = 78.5 mm”.

Use2 10
— Check for strain:- (€5 = 0.005)
Tension = Compression
A*fy =0.85*f *b*a
157 * 420=0.85 * 24 * 540 * a

a=5.98mm
== 22=7.04 mm * Note: f, =24 MPa< 28 MPa— 81 = 0.85
1 5
g, = L% 0.003

=222240.003=0.118 > 0.005 =09 OK.

- Use2 @10

(4.6.2)Design of shear of rib (A0-R1)
1) Vu = 20.8 KN.

e
¢Vc=¢*£*bw*d

= 0.75 * @ *0.14 * 0.286 *10° =24.52 KN.
1.1* & Vo = 1.1 * 24.52 = 26.97 KN.

—Check for items:-
1- Ttem 1: Vy < ¢TV
26.97

20.8 < Z7=13.485...... Not satisfy
[0)

E<Vus< pVe

13.485 < 20.8 < 26.97....... satisfy

2-Item 2 :

= Item (2) is satisfy — minimum shear reinforcement is required.

1Jf_cl*1m

Apii B gl ~ AR V24 e 4
% Jmin = 16* 7 by, 16* 212 *0.14= 1.04*10",
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st R B ) S Control.
= T )

Try ®8 (2 Legs):

2*50:;10—6 L% 113*10'4 — S=0.884 m

. Use ®8 @ 14 Cm C/C
2) Vu =19 KN.
I
¢Vc=<l>*—6—*bw*d
=0.75* ? *(0.14 * 0.286 *10° =24.5 KN.
1.1* ¢ Vo= 1.1 *#21.02 =26.9 KN.
—Check for items:-
Ve

1- Item1: Vy, < = -

19 < 22-13.45...... Not satisfy

2-Item 2 : % <Vu=2 6V
18245 = 19< 26:9:>.... satisfy

=~ Item (2) is satisfy — minimum shear reinforcement is required.

Ay 1 \/}CT sl 2% o -4

T)min = — H*bw_fg* 4—12-*0.14—1.04*10 4
o 1 0414
> 5*}; =§*E=1'13*104 ................ Control.

Try ®8 (2 Legs):

*50* -6

EO—S& =1.13*10* —S=1.029m

d_ 286 _

S S Eaias 143 mm.

< 600 mm.

=~ Use ®8 @ 14 Cm C/C
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3) Vu = 13.7KN.

i
(bvc:q)*_\l;*bw*d

—0.75 * ? % 0.14 * 0.286 *10° =24.5 KN.
1.1% ¢ Vo = 1.1 * 21.02 = 26.9 KN.

—Check for items:-
Ve
==

132 < Z2=1345....... satisfy

I=SlemillE: V=

= Item (1) is satisfy — No shear reinforcement is required
(4.7) Design of Beam (A0-B8):

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

B =80

h =50cm

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
=690/18.5 = 37.3 cm.
hmin for both-end continuous = L/21
=515/21 =24.5 cm.
The controller beam total depth is 37.3 cm.
>Select Total depth of beam b= 50cm. ( drop beam).
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80.

A-A
load group no. 1 ioure (4-8) : Beam Geometry.
: Flgu ( ) Units:kN,meter
Dead load - Service
I f % O S —
414 | \
63.2 3.2 58.0 63.0 e:l.o
yv v v v Vv ¥ J ¥ v v v Vv viE
9.60 . (] V g%o V ¥
6.9 4 2.62 213 495
|
B 1 |
Live load - Service Load factors: 1.20,1.20/1.60,0.00
1
: 29.0 = 1
3,00
12.3 v §28 V Vi2ay  § | 2.0
6.9 4 262 213 4.95

Figure (4-9) : Load of Beam (A0-BS)
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80.

A-A

load group no. 1
Dead load - Service

Figure (4-8) : Beam Geometry.

Units:kN,meter
) 1 T 1
4.14 414 \ ‘ v'
\ i
L] \
63.2 63.2 58.0 63.0 63.0 |
Boae:
v Vi
WL . I /l V Y \{,
T R 7 I Y’ ECS
6.9 4 2.62 213 4.95
|
i % I
Live load - Service Load factors: 1.20,1.20/1.60,0.00
: 29.0 l ‘ : :
4,00 ::‘
1230V 2 : Y v23y § | 123 vy
6.9 4 2lg2 i 213 4.95
| |
e | l

Figure (4-9) : Load of Beam (A0-BS8)
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Moments: spans 1to 3

-543.7
-4

4
| 2.76 48f'6 414 2.83 2.32 | 212 228 W
I T {
Figure (4-10) : Moment Envelop for Beam (A0-B8)
Shear
-487.3
-417.4
-291.9 251
-204.5 -181.6

/4‘!

i H HH H
268.4 [— 2625
B2 P 349.9

Figure (4-11) : Shear Envelop for Beam.
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4.7.1 Design of flexure:-

4.7.1.1 Design of Positive moment:-

—Mupg = 482.6 KN.m .

by=80Cm. , h=50Cm.

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

=500 — 40 — 8 2> = 444 mm.

Cunax =2 * d =2 * 444 = 190.29 mm.

amax = B1* Cmax = 0.85 ¥ 190.29 = 161.7mm.  *Note: f, =24 MPa <28 MPa—f;=0.85

Mngax = 0.85* f; *b*a*(d-3)
= 0.85%24 * 0.8 * 01617 * (0.444 - >0 ) * 10°
=958.33 KN.m .

$=0.65+ ? *(0.004-0.002) = 0.816

—OMnpax = 0.82 * 958.33=785.83 KN.m . * Note: €s= 0.004 — ¢ = 0.82
—OMnp = 758.83 KN.m > Mu =482.6 KN.m .

= Singly reinforced concrete section.

1) Maximum positive moment Mz ") =482.6 KN.m .

OMnpax = 758.83 KN.m > Mu = 482.6 KN.m — Singly reinforced concrete section
Mn = Mu /= 482.6/ 0.9 = 536.22 KN.m .

o _ 536.22%1073
m pxd2 0.8 (0.444)2

1 Z*Kn*
(g /1— )

jah _1_ .5 ik 2x3.4%20.6 e
= (1 1—==— ) 0.0089.

= 3.4 MPa.

420

—As=p * by, *d = 0.0089 * 800 *444 =3161.28 mm?,
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— ok R i (ACI-10.5.1)

_ V& 14
=21, 800 « 444 = o+ 80O * 444

=1035.78 mm? < 1184 mm’ ............. Larger value is control.
> ASmin = 1184 mm? < Asreq = 3161.28 mm”.
» As=3161.28 mm’.

4 0f @18 = 25rea — 316128 _ 15 44 — # of bars = 13 bars.
Apar 254

EUse13®18 — As =13 * 254 = 3302 mm” > Asyeq = 3161.28 mm’ .

— Check for strain:- (&5 = 0.005)
Tension = Compression
A *fy =085*f *b*a
3302 *420=0.85*24 * 800 * a

a=84.98 mm.
¢ = 2 =222 =99.97mm. * Note: f; =24 MPa< 28 MPa— f3; =0.85

g, = 25 % 0.003
c

_ 444-99.97 = e
=222 %0.003 =001 > 0.005 - $=0.9 OK.

~ Use 13018

2)Positive moment Mu ") =266.6 KN.m .

$Mnpmax = 758.83 KN.m > Mu = 266.6 KN.m — Singly reinforced concrete section.
Mn = Mu /$= 266.6/ 0.9 = 296.22 KN.m .

e M, _ 296.22%1073
N pxd2 0.8+ (0.444)2

1 2xKp *
p=—(1- ’1— fy"‘ )

= 1.878 MPa.
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&b (1 s )=0,0047,
20.6 420

—As= p * by *d = 0.0047 * 800 *444 = 1669.44 mm’.

'

[ e

ASpin = Wfﬁ*b‘” xd = F*bw ............ (ACI-10.5.1)
e 14
=2 800 * 444 2 -0+ 800 * 444
=1035.78 mm> < 1184 mm” ............. Larger value is control.
— ASmin = 1184 mm? < Asreq = 1669.44 mm’.
« As = 1669.44 mm®.
4 0f @18 = A5rea _ 16694% _ ¢ 59 _, 4 of bars =7 bars.
Abar 254

HUSET®I8 — As=7 * 254 = 1778 mm’ > ASreq = 1669.44 mm” .

— Check for strain:- (g5 = 0.005)
Tension = Compression
AL ¥y=035*%f *b*a
1669.44 * 420 = 0.85 * 24 * 800 * a

a=42.96 mm.
a 42.96 .
& = .(_ic;c *0.003
444-50.54
=5 — *0,005=0.0283"> 0/005 » & =0.9.0K.
- Use 718

3) Positive moment Mu ") =93.3 KN.m .

GMnpax = 758.83 KN.m > Mu = 93.3 KN.m — Singly reinforced concrete section.
Mn =Mu/}p =93.3/0.9=103.66 KN.m .

0.85f, 0.85%24

02
K, =—tn 2088610 _ ¢57 MPpa,

T bxd? 0.8+ (0.444)2

e e
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1 2+Kp
P=== /1 —Tﬂ)

s 341 2+0.657%20.6 | _
epie (1 = ﬁ— ST ) 0.00159.

—As=p * by, *d =0.00159 * 800 * 444 = 564.77 mm’.

EmE ;J%*bw vd = Haprd s (ACI-10.5.1)
Y Y.
_ V22 14
S 800 x 444 > i 800 * 444
=1035.78 mm> <1184 mm’ ............. Larger value is control.

—ASmin = 1184 mm® > Asreq = 564.77 mm’.

» As= 1184 mm>.
4 0f ©18 =‘fbﬂ=%= 4.66 — # of bars = 5 bars.

HUse5®18 — As=5 * 254 = 1270 mm’ > As,eq = 1184 mm” .

— Check for strain:- (g5 = 0.005)
Tension = Compression
At —0.85% 1 *b*a
1270 * 420 =0.85 * 24 * 800 * a

a=32.68 mm.
_ 2 _3268 30 4s * BN
G b A5 mm. Note: f, =24 MPa< 28 MPa— f3; = 0.85

g, =25 %0.003
c

=222 % 0.003=0.0316 > 0.005 = $=0.9 OK.

- Use 5@18

69




4.7.1.2 Design of negative moment:-

1) Maximum negative moment My = 484.5 KN.m . :
dMnpax = 758.836 KN.m <Mu = 484.5 KN.m — Singly reinforced concrete section.
Mn = Mu /¢ = 484.5/0.9 = 538.33KN.m .

420
m= RS 120 _ 0.6
0.85f, 0.85%24

e My« 538:33¢1073
K, = GRaZ T 0 (A 3.413 MPa.

1 25Ky *
Bl (= ’1— fym)

P <1 24 Jl _23.413+206 ):0.00395

20.6 420

—As = p * by, *d = 0.00895* 800 * 444 = 3179 mm’.

'

fe

1.4

ASpin = —wy)*bw xd = E*bw PO SN (ACI-10.5.1)

_ V22 1.4

=—=-+800+444 > 800 =444

=1035.78 mm? <1184 mm” ............. Larger value is control.
—ASpin = 1184 mm® < Aseq = 3179 mm”.
& As=3179 mm>.
#0f D18 = A—Sb-i =22 — 12.5— # of bars = 13 bars.

— Check for strain:- (¢ = 0.005)
Tension = Compression
As*fy =0.85*f. *b*a
3179 * 420 =0.85 * 24 * 800 * a

a=81.8 mm.
=288 _g625 . '
€ =2-=jps 06-25 mm. Note: f, =24 MPa< 28 MPa— B1=0.85
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g, = =5 % 0.003
G

= 45535 4 0,003 = 0.0108 > 0.005 - § =09 OK.

- Use 13018

2) Negative moment Mu © = 202 KN.m .
dMnmax = 758.83 KN.m > Mu = 202 KN.m — Singly reinforced concrete section.

Mn=Mu/ d=202/0.9=2244KN.m.

0.85f, 0.85%24

M, _ 224.4.2%1073 1.42 MP
= = =1. a.
K b*d?2 0.8+ (0.444)%

S __ 2xKnxm
Pl /1 7, )
| 2%1.42%20.6 | _
S (1 B TS ) 0.0035

—As=p * by, *d = 0.0035 * 800*444 = 1243.2 mm?®.

fe
Asnin = 7g5*bu*d 2 ;—j*bw 2l S (ACI-10.5.1)

V24
4420

* 800 * 444 > =% 800 * 444
=1035.78 mm* <1184 mm” ............. Larger value is control.
—ASmin = 1184 mm® < Asyeq = 1243.2 mm?,

& As = 1243.2 mm>.

£ Use5®18 = As =5 * 254 = 1270 mm” > Asreq = 1243.2 mm? .

— Check for strain:- (¢; = 0.005)
Tension = Compression
A*fy =085*f *b*a
1270 * 420 =0.85 * 24 * 800 * a
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¢ =-=T5 = 3845mm * Note: f; =24 MPa< 28 MPa— f; =0.85
g = — * 0.003
= 443845 4 0.003 = 0.0316 > 0.005 - $=0.9 OK.
- Use 5018
(4.7.2) Design of shear:-

1) Vu=417.4 KN.

¢Vc—¢*J—*b *d

\/_

=075 * Y22 % 0.8 * 0.444 * 10° = 217.5 KN.

— Check For dimensions:-

dVe + ( —*¢ JF *by*d) =217.5+( 2 *075*ﬂ *0.8 *0.444*10%)
=217.5+870=1087.5 KN>Vu=417.4 KN.

= Dimension is big enough.

— Check For items:-

1- Item1: V< (ﬂﬁ.

417.4< Z22=108.75...... Not satisty.

2-Item 2 : -d)—‘fg =WV, = oV
108.75%< 4174 =217.5 ....% Not satisfy.
3-Item 3 : cch = Vy = oW+ dVsmn
O Vsmin 2 =[] *by*d=21 V24 * 0.8 %0.444 * 10° = 81.57 KN.
(i) 0.75
= E*bw*d *08*0444*103—888KN .......... Control.
oo (l)VS min — 88.8 KN.
®V. + GVS min = 217.5 + 88.8 = 306.3 KN.

B e
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‘bvc < Vg = ¢Vc+¢vsmin
RIS <2 417.4°< 3063 .......-. Not satisfy.

A-Ttemd s GVe+ BVsmn < Va < dVe+ (2 2 /F *bw*d)
3
217.5 + 88.8 < 417.4 <2175+(°75 x24 * 0.8 * 0.444 *10°)

306.3 < 417.4< 652.53......c00veee Satisfy.

: Ttem (4) is satisfy — (%) = ——

VS=("—”-Vc)

= (525-290)=266.53 KN.

Try ®10 (4 Legs)

4%79+10~% _ 266.53 * 1073
S (412 +0.444 )

& s=216 mm < Spax =222 mm OKk.
. Use ®10 @ 20 Cm C/C.

2) Vu=329.9KN.

<1)Vc—¢*‘l_,*b *d

\/_

=0.75*X2% (0.8 * 0.444 * 10° =

— Check For dimensions:-

(fyerd) ~

=4%79 =316 mm>.

—s=0216 m=216 mm.........

*Note: Vc = 2—01—7—5 =290 KN.

control

217.5 KN.

2
GVe+ (2% o* I *by*d) =217.5 +( %*0.75*\@ * 0.8 *0.444 * 10%)
=217.5+870=1087.5 KN> Vu=1329.9 KN.

-~ Dimension is big enough.
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— Check For items:-

1- Item1: Vy < _¢_2V£

329.9 < 2—1;ﬁ= 108.75.......Not satisfy.

2-Ttem2: LE< Vi< Ve
108.75 < 329.9 < 217.5 .......Not satisfy.
3-kem3: ¢ Ve < Vu < ¢ Vet dVSmin
_ 075 * 103 = 81.57 KN.
D L, td= 0 YRR 080444 % 107 =817

> $xp, rd=2Ex0.8%0.444 > 10° = 88.8 KN.......... Control.
3

% VS min = 88.8 KN.
bV + OV min = 217.5 + 88.8 = 306.3 KN.
Ve < Vu < dVe+ Vi
21s= 3299 = 306:3720....... Not satisfy.
4-Ttemd: Vet Vsmn < Vo < dVet (£ ¥/ *bu*d)

217.5+88.8 < 329.9 <217.5+ (% *\24 * 0.8 * 0.444 *10%)
306.3 < 329'= 652585 .cveviivns Satisfy.
. Av Vs

o 4 i —)= 5

tem (4) is satisfy — ( 2 ) Tl

Vs = ( ‘%‘ -Ve)
329.9
= (=>=-290)=149.86 KN. *Note: Vo = =72 =290 KN.

Try ®10 (4 Legs) =4 *79 =316 mm>.
4x79%1075 _ 149.86 * 1073

S G 0.385m=38mm......... control

d_ 444 _
s< -2-—7—222 mm.
<600 mm.

& s=385 mm> sy =222 mm S=222
% Use ©10 @ 20 Cm C/C.

.......... contro]

e ——
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3) Vu=262.5KN.
dVe = *J—*b * d
=075 *g* 0.8 * 0.444 * 10° =217.5 KN.

— Check For dimensions:-
pVe+(Z*p* Ff *bu*d) =2175+(3 240,75 * V24
=217.5+870=1087.5 KN > Vu =262.5 KN.

% (.8 *0.444 * 10°)

~ Dimension is big enough.
— Check For items:-

1- Item 1: V, < %.

262.5 < 222=108.75......Not satisfy.

2-Item2: ZE<Vis oV
108.75 < 262.5< 217.5 .......Not satisfy.
3-TItem 3 : <1>Vc < Vy £ ¢ Vet dVsmin
b Vsmin > 2 JF *by*d=22 V24 * 0.8 *0.444 * 10> = 81.57 KN.

> %* b, *d= 937—5 *0.8%0.444 * 10°=88.8 KN.......... Control.

* VS min = 88.8 KN.

OV + Vs min=217.5 + 88.8 = 306.3 KN.

dVe < Vy < ¢Ve+ dVsmin

217.5 < 262:58="306.3%5....... satisfy.
=~ Item (3) is satisfy

Minimum shear reinforcement is required(4,)

o |

Av 1 a5
)mm z E* fyt bw_g* 412 *0 8= 945*104
1 by 1 0.8
> = L == — =
> o e e 647 NORE S o ava il Control.

Try ®8 (4 Legs):




4x50%10~°

=6.47%10* — S$=0.309m

S <-== == D00 MM 3o s i control

< 600 mm.
. Use ®8 @ 20 Cm C/C .

(4.8) Design of One way solid slab :-

Material:-

concrete B300 Fc' = 24 N/mm®
Reinforcement Steel fy =420 N/mm?

Section :-

L/20=3.35/20=0.1675 m , for interior span
(@Control)icc.. . .ccnsiisis ACI-318-02 (9.5.a)

Select h=25¢m

load calculations

Live Load :-
L.L =5 KN/m*

Dead Load :-
Weight Of tiles =0.03*24=0.72 KN /m>
Weight Of morter =0.02*22=0.44 KN /m?
Weight Of sand =0.07*17=1.19 KN /m?
Weight Of Solid =0.25%25=6.25 KN /m?
Partitions =2.38 =2.38 KN /m>

D.L=10.98 KN/m?
d=250-20-(12/2)=224




p SRR |
0.2
i {
=]
1
100.
A-A
load group no. 1 Figure (4-12) : section In one way solid UnitatkNaet

Dead load - Service

42.6
o el | S el - 1 A TR R R e |
1.85 ‘ 15
Live load - Service Load factors: 1.20,1.20/1.60,0.00
A4 A\'4 AVA A4 A4 Y A4 a:gg\v AV Y Y AV A4 AVA A4

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

Moments: spans 1to 1

2.01 62.
= Ma 1.34 J

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

e ——
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= Design of positive moment.

Mu=62.3 KN

. = 20—
0.85* f&' 0.85*24

Rn = Muld_ 62.3*107 /09 _ 4 37Mpa
b*d> 1#(0.224)°

| 2mRn
= e 7 S TR
[ ( 1 )

S f1_2(1.37)(20.6))=0_()034
20.6 420

p=0.0034
Asreq = 0.0034%(1000) *(224) = 761.6 mm’ /m.

AS min=0.0018 * 1000 * 250 = 450 mm*
ASreq =761 .6> ASmin =450 mm2

Note Api12 = 154 mm?

#0f D12 = e ——=4.9 — Spacing(S) = :}5 =0.204m =204 mm

5380(%0)—2.5 *C, < 380(%0)

=380 * (=) —2.5% 20 <300 * (22
g‘fy §fy
4 280 280
=380 * —2.5%20 <300 *
(?E) 20 <300 (%m)
=330 mm. > 300mm.......... S=300
<3 *h=3*250 =750 mm.

<450 mm.

....... control

S=204 mm < S nax =300 mm

-Use @14 @20 Cm C/C




= Check for Tension steel yielding:-
Tension = compression
As*fy=0.85*f,*b*a
770*420=0.85*24*1000*a

a=15.8mm
c=i=ﬁ=18.65mm
B, 0.85
£ B 1860 i01008'= 01038
g 18.65

£, =0.033>0.005=>¢=0.9

= Shrinkage &temperature reinforcement(use @10)

AS min=0.0018 * 1000 * 250 = 450 mm*

A re . l, 1 bk Ak
#0f @12 = 7% = 222 = 3.98 — Spacing(S) = 755 = 0251 m =251 mm.

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

S=251 mm<S nax =450 mm
Use ® 12 @25 cm in other direction

(4.9)Design of two way ribbed slab(RS1) :-

9.60
B3
AU I L L TC T o Jut
LILIDO0D000O0000aaa0aan
I 1 ] 0l
10000 | | ACID00
NOoOn0oonnD *:_Ttnr;=
2 - 158 o | o |
REOO0000SEESE OnoO00 o
© ='F__.:J}___ | O] 1 [
00000 DOOOOOaDOn
misim i =§ff:§;E;
8515 i e
B8

Figure (4-15) : tow way ribbed slab(RS1)
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Nominal Total Dead Load = 3.263 KN
DL=3.263/0.54*0.54 =11.19 kN/m”
WuD=1.2x11.19=13.428 kN/m’

WuL =1.6 x 2 =3.2 kKN/m’
Wu=13.428+2.4=16.628 kN/m’

(4.9.1)Design of positive moment :-

According to ACI-code:

Ca.LL =0.062 Ca.dI=0.052

Cb.LL=0.011 Cb.d1=0.008

Ma positive(DL) =( 0.052*13.428%6.52 *0.54= 15.93 KN. m/rib

Ma positive(LL)= 0.062*3.2%6.5% *0.54 = 4.52 KN. m/rib
> Ma positive(D+L)=15.93+4.52=20.45 KN. m/rib

Mb positive(DL) = 0.008*13.428%9.6% *0.54= 5.35 KN. m/rib
Mb positive(LL)= 0.01 1#3.2%9.6% *¥0.54 = 1.75 KN. m/rib

> Mb positive(D+L)=5.35+1.75=7.1 KN. m/rib

= short direction:

> Mu=20.45KN.m
d=320- 20-8-7=285

Mn=Mu/ ¢ =20.45/0.9 =22.72KN.m

K= ML . 22721072
n pxd2  0.54* (0.285)2

1 2xK, *
Pl /1——3—’")

=0.517 MPa




G (1 ¢ \F_Z_EEZ_ZO_G )=o_001249
20.6 420

? 2
A, = p * by, *d = 0.001249* 540 *285 = 192.28 mm

i 14 CI-10.5.1
Asmm=4i(;—)*bw*d ZE-*bW*d ............ (A )
_ V24 14
B a0 285 = 0% 140°%285
=116.35mm? < 133 mm* ............. Larger value is control.
5> ASmin = 133 mm? < Aseq = 192.28 mm”.
« As=192.28 mm’.
)
2 ®12 =226 mm® > Asreq = 192.28 mm”*. OK. *Note: Ap1z = 113 mm
- Use2 ®12
— Check for strain:- (g5 = 0.005)
Tension = Compression
A *fy =0.85*f *b*a
226 *420=0.85 *24 *540 * a
a= 8.6 mm.
S 85 01 * wel
G55 0ms D Note: f =24 MPa< 28 MPa— ; = 0.85
£y = 5% 0.003
_ 285-10.1

*0.003=0.082 > 0.005 .. ¢=0.9 0K

10.1




= Long direction:

» Mu=7.1KN.m
d=320-20-8-7=285
Mn=Mu/¢$=7.1/0.9=7.88 KN.m

=Sees =20
M= 0857, 085+24

Mp 7.88%10~3 0.179 MP
—4 == = 5 a
K b*d?  0.54* (0.285)% 9

e 1 o i __ 2xKp*m

=@ 1 ==

w1l K _ 2x0.179%206 | _

== (1 Jl g ) 0.000425

—As=p * by, *d = 0.000425* 540 *285 = 65.4 mm’

I
Aspin = ;%* b, *xd > 17;3* ka7 gk, 0 M e (ACI-10.5.1)
Vo7

1.4
%140+ 285 > -+ 140 % 285

=116.35mm*< 133 mm’ ............. Larger value is control.
—ASmin = 133 mm” > As;eq = 65.4 mm?.,
~ As=133 mm’.
2 @10 =157 mm’ > Asreq = 133 mm?. OK. *Note: Agy = 78.5 mm’
5 Use2 @10
— Check for strain:- (g5 > 0.005)
Tension = Compression

As*fy =085*f *b*q




157 * 420 =0.85 * 24 *540 * a

a=5.98 mm.
c=<+=222=703mm * Note: f, =24 MPa< 28 MPa— f; = 0.85
B1 085 g ?

g, =25 % 0.003
Cc

= 3% 0,003 =0.1186 > 0.005 = ¢ =0.9 OK

(4.9.2)Design of negative moment :-

According to ACI-code:
Ca.neg =0.092

» Ma negative (D+L)=0.092%16.628* 6.52 *0.54=34.9 KN. m/rib

Negative moment at discontinuous edges =(1/3)*positive moment\
Ma negative ((discontinuous)=(1/3)*20.45=6.81 KN. m/rib
= short direction:
» Mu=-349KN.m
d=320-20-8-7=285

Mn=Mu/ ¢ =34.9/0.9=38.7 KN.m

o= M, _  38.7+1073
n bxd?2  0.14* (0.285)>2

1 2%K;, *
s e

=3.4 MPa




) =0.00892
j 2
—As=p * by, *d= 0.00892* 140 *285 = 355.9 mm".

fe : :
ASpp = ~—* by, *d = j,—‘**bw e T (ACI-10.5.1)

4 (fy) y

_ V2% L 140+285 > ~2 140 %285
4%420 420

=11635mm® < 133 mm’ .......ceees Larger value is control.
—ASmin = 133 mm?® < Asgeq = 355.9 mm’.
» As=355.9 mm’.

2
2 ®16 =402 mm* > Asreq = 355.9 mm”. OK. *Note: Aps =201 mm

- Use2 @16

— Check for strain:- (¢ = 0.005)
Tension = Compression
As*fy =0.85*f. *b*a

402 ¥420=0.85 *24 *140 * a
a=>59.11 mm.

a _ 59.11

€ =5-= G5 = 69.55 mm. * Note: f, =24 MPa< 28 MPa— f; = 0.85

g, = L€ % 0,003
c

__285—69.55
69.55

*0.003 =0.00929 > 0.005 .- ¢ =0.9 OK

» Mu=-6.81 KN.m

d=320-20-8-7=285




Mn =Mu/ $ =6.81/0.9 = 7.56 KN.m

el 4200 506
0.85 f, 0.85%24

RNy G75esl07S . MPa
Ky = bxd?  0.14+ (0.285)2 0.665

ik 250.665+206 | _
-.L (1_ﬁ__——420 > 0.0016

._’As = p * by, *d = 0.00016* 140 *285 = 6.384 mm’

e
Aspin = %* b, *d = ;—:* B o (ACI-10.5.1)
N7

1.4
e 140 * 285 > = 140 * 285

= 11635 mm> < 133 MM’ .cconernensos Larger value is control.
—ASpin = 133 mm? > Asgeq = 6.384 mm?.

& As =133 mm>.

2 ®10 = 157 mm® > Asgeq = 133 mm?. OK. *Note: Agpo = 78.5 mm>

- Use2 @10

— Check for strain:- (5 > 0.005)
Tension = Compression
As*fy =085*f, *b*ga

157 * 420=0.85 *24 *140 * a

a=23 mm.
C—i=ﬁ=271 !
e oo - * Note: f; =24 MPa< 28 MPa— B, =0.85

\
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g, = 25 %0.003
c

= 285-27.1 4 7 003 = 0.0285 > 0.005 =& =0.9 OK
27.1

(4 .10) Design of Column:-

= Design column(B0-C13) :
= Load Calculation:

p, =3916KN
b =% 6004 6KN
7%, 0465

Usep = pg =1.6%
Pn=0.8% 4g{0.85* fe'+pg(f - 0.85 ")}
6024.6 = 0.8* 4g[0.85% 24 +0.016 * (420 — 0.85 * 24)]

Ag =0.28m*
Use0.4x 0.7 m with Ag=0.28m?

= Check Slenderness Effect:

= In 0.7 m-Dirction

klu M1
—<34-12——  ....ccann... ACI —(10.12.
r M2 (0-222)

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

R: radius of gyration=0.3 h = \/§

Lu=3.1 m
M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3 :
L S ( ) The effective length factor, k, shall be permitted to




g aB ML ACT —(10.12.2)
r M2

1x3.1
0.3x0.7
. short Coloumn in 0.7m..dirction

=14.76 <22

= In 0.4 m-Dirction

@-<34—12£1— ............... ACI —(10.12.2)
r M2

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

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

Lu=3.1 m
M1/M2 =1

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

ki
L PR DL T N ACI —(10.12.2)
r M2

1x3.1
0.3x0.4

- long Coloumn in 0.4m'dirction

=25.83>22




A= 0.4-% ................ [4CI318—05 (Eq-10 ~15)]
1+,
E, = 4750 fc' = 4750x /24 = 23270.15Mpa

412DL. 1 1:2%(25790) —0.787

Pa Pu 3916
3 3
I bxh 1y 0.7x0.4 — 0.003733m"
gD 12
gy - 0-4%23270.15% 0.003733 _ 10 444N -1
1+0.787
2
= L N ACI318—05(Eg. 10-13)
cr (KLu)z
2
= M =23.389MN.
(1.0x3.1)
T = 0.6+0.4[Al—1) ............ ACI318—05(Eq.10—16)
M2
Cm=1 ....... According to ACI318—05(10.10.6.4)
5,,s=—C;”,—21.o ............... ACI318—05(Eg. 10—12)
Uu
"~ 0.75P,
1
5,,s=1_ 3516 =1.287>1
0.75% 23389

€min =15+0.03xA2=15+0.03x400 =27mm = 0.027m
e=e %0, =0.027x1.287 =0.0347
e 0.0347

—= =0.08675
h 0.4

From Interaction Diagram
¢P, 3916 145

= X =2.32 Kisi

4, 0.7*0.4 1000

p, =0.018

A, = px A, =0.018x700x 400 = 5040 mm?**

.. use20418




= Design of the Reinforcement:

ACI-7.10.5.2

S <16 db (longitudonal bar diameter).......ccceeeeeeeeeee:
S <48dt (tie bar diameter).

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

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

(4.11) Design of Isolated footing:-

Once the ultimate column or load is determined, the proper footing can be designed. The
following subsections describe the analysis and design of footing (F9) .

Fig. (4-16) Geometry of Footing (F9)
(4.11.1 ) Load Calculation:-

Factored load Pu=3916 KN (Load from column (B0-C13)

Soil weight = 18 KN/m?

Column dimentions =40*70 cm
Allowable soil pressure = 400 KN/m?

e —
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(4.11.2) Design of Footing Area:-

7%25=364.5 KN/m?

Allowable net soil pressure = 400-1 8*1-0
Area (A) = Total Weight / Soil Pressure
=3090 KN/ 364.5 KN/m?

2
=8.5m
Try 3.35 * 3.05 Area=102m’
Select Foot Geometry 3.35 * 3.05

For the design of the reinforced concrete member factored load

must be used :
Pu=3916 KN %
Pnet (factored) = Pu/ Area = 3916 /10.2 =383.9 KN/m

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

Assume h=70cm .....d =700-75-20 = 605 mm

e Check for One Way Shear Strength

Vu = (—322 —0.35- O.605J x383.9*3.05 =843.1KN

Vu =843.1KN

75
#Ve = %«/ﬁx&OSx 0.605x10° =1129.9KN

Ve >Vu OK
selecth=70cm .....d =605 mm

e Check for Two Way shear Action (Punching).

The punching shear strength is the smallest value of the followin

o, =¢%[1+ J\/f_ bd

g €quations:

2
B.




g ¢1l2(—9‘— . 2}/}- b,d

b,/d
1 ’
oV, = ¢.§\/fc b,d
Where:

Column Length (a) S0

= Column Width (b)) 0.4

b, = Perimeter of critical section taken at (d/2) from th
=2(0.4+0.605)+2(0.7+0.605)= 4.62 m.

175

e loaded area

a, =40 for interior column
1 2 7 075, 2 )* ) %0.605*10° =3667.8kN
o a 1+—= |*~/24 %4.62*0.
oV ¢.6(1+ ﬂc] e ( =

V. =¢p—| ——+2 b,d= * +2 |*+4/24 *4.62*0.605 :
#¥e "512[1;¢,/¢1Jr ) T ( 4.62

[ 0.75 3
V. =¢.— bd=—"%24%462%0.605*10° =3423.28kN .... control
¢ C ¢ 3 f;: 4 3
Vu = (3.05*3.35) — ((0.4 + 0.605) * (0.7 + 0.605)) * 383.9 = 3419kN
Viu=3419 < @Vic =8423.28...cuc0wsesossnss OK
(4.11.4) Design for Bending Moment of long direction.

d =700-75-(20/2)=615 mm

Mu =383.9 *3.05 *1.325%1.325/2 = 1027.8 KN

mee B 8,
0.85* ' 0.85%24

_ Mulg _ 1027.8*107 /0.9

= 2
R giisE (e
1 2mRn
p=—q- I-22%,
b
I 2(20.6)(0.989)
=—(-,)1-—=""7\=
=l \/ 420 ) =0.002414

Asreq = 0.002414 (3050) (615) = 4328 mm?® contro]
ASreq =4328 mm®




P =0.0018
A_ min = 0.0018 (3050) (700) = 3843 mm :

# of bars = As/ As par = 4328/201 = 21.5
= Note Api16= 201 mm?
= s<3h=3*650=1950 mm
= 450

__3050—75*2—22%16
5 21
take S=12cm

=[iQRBE el control

Use 22 16
(4.11.5) Design for Bending Moment of short direction.

d =700-75-16-(20/2)=599 mm

Mu =383.9 *3.35 *1.325*1.325/2 = 1128.9 KN

. .0
085* & 0.85%24

_ Mulg _ 1128.9%107/0.9

= = 1.04 N/mm?

b*d®  3.35%(0.599)° g
1 2mRn

p=—(- 1-=22)

N4
1 2(20.6)(1.04)
Suse Gl 6 fp. 2SR N o
P 20.6( \/ i ) =0.00255

Asreq = 0.00235 (3350) (599) = 4715.6 mm® control
AsSreq =5116.9 mm*
Puin =0.0018

A, min=0.0018 (3350) (700) = 4221 mm*

# of bars = As/ As v, =4715.6/201 = 23 46
= Note Aq>16 =201 mm?
= s<3h=3*700=2100 mm

\
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= s<450

i L b N control
23
take S=12cm

Use 24@ 16

(4.12)Design of combined footing (combined 9)

PD=1750 KN PRrBDRi
B PL=765 KN
0.4"0.6 0.4%0.7
width=3.3 m
1 I
oom | 3.1 m b

Fig. (4-17) Geometry of combined Footing (9)

= Footing dimentions:

Assume h=0.6 m

a net =400-0.6*25-1*18=367KN /m?
P=1750+639+1900+765=5054 KN
Ycor1M=0
(1900+765)*3.1-5054*X=0

X=1.63 m

Pn 5054
= ="""-13.77 m>
Ganet 367

> A=B*L




» Assume B =3.3 m then 1=13.77/3.3=4.17m
» Take L=5m

> Depth of footing and shear design

Pyy=1.2*%1750+1.6*639=3122.4 KN
P,y=1.2%¥1900+1.6*765=3504 KN

Py=3122.4+3504=6626.4 KN

=t =401.6 KN /m’

> Détermine the Depth of Footing Based on Shear Strength:-

Assume h=60cm ..... d = 600-75-20 = 505 mm

> Check for One Way Shear Strength

For column 1:

Vu =3122.4-401.6*3.3*(0.504 + 0.504 + 0.4) = 1256.4KN
Vu =1076.34KN

Ve =°_-67_5m x3.3%0.505%10° =1020.5KN

@Ve <Vu notOK
Assume h=80cm ..... d =800-75-20 =705 mm

» Check for One Way Shear Strength

For column 1:

Vu =3122.4—401.6*3.3%(0.705+0.705 + 0.4) = 723 6 KN
Vu =T23.6KN

75
o Qg_m x3.3% 0.705x10° = 1424.6 KN

Ve >Vu OK




For column 2:

Vu = 3504 —401.6*3.3*(0.705+0.705 + 04)=1 105.2KN
Vu =1105.2KN

gVe = O—ZS\/ZIX 3.3%x0.705%x10° = 1424.6 KN

@Ve >Vu OK

> Check for Two Way shear Action (Punching).

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

oV, = ¢%(1 + ;

c

1 a /
YV, =¢.— S 2 b,d
47 ¢12(bo/d+ j\/fc :

A =¢%\/7clbod

For column 1:

J £ b,d

E Column Length (a) _ 600

= - = 1155
Column Width (b) 400

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

= (0.705+0.4)*2+(0.705+0.6)*2=4.8 m.

a, =40 for interior column
Sl PNl . D
24 —¢-6(l+ ﬂc] Tl d ey (HE)* 24%4.8%0.705*10° = 4835 3kN

1(_a, 2 0.75 ,( 40*0.705
Ve =¢.— 52 b,d= E
i ¢12(bo/d jf‘ Aoy ( 43 +2)* 24*4.8*0.705%10° = 8159.5kN

1 ' 0.75
Ve =g\f. bd =524 48+ i
oV, ¢3 oDy 24*4.8*%0.705*10 =4144 5kN ... control
Vu =3122.4-401.6*2(0.705+ 0.4 +0.705 + 0.6)=1 186.6kN
®dVce>Vu ........ OK
‘\

95



PN 3

For column 2:

Column Length (@) 700 _ | s
¢ = "Column Width (b) 400

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

= (0.705+0.4)*2+(0.705+0.7)*2=5 m.

a, =40 for interior column

1 2
¢'VC = ¢.g[1 + '3

c

J fc'b,,d=9'67—5*(1+T%J* 54 *5%0.705*10° =4625.50kN

Ve =¢.—| ——+2 \/ b,d= *( +2)* 24 *5%0.705*10° = .
i ¢12(b,,/d J S 12 5

1 ! 0.75 3
W = .—\’ bd=——"*,24*%5%0.705%¥10° =4317.2kN .... control
¢ (o) ¢ 3 .fc o 3

Vu = 3504 —401.6* 2(0.705 + 0.4 + 0.705 + 0.7) = 1496kN DOV VU wivsia OK

Design the flexural reinforcement in the longitudinal direction:
b=3.3 h=800mm  d=800-75-20-(20/2)=695mm
Mn=Mu/¢$=1017.11/0.9=1130.1 KN.m

=(0.71 MPa

=M 1130%1073
m bxd2  3.3%(0.695)2

1 2xKy, *
i /1—%)

T el _2+0.71x20.6 \ _
=0 (1 e )—0.00172.

As =0.00172*3300%695=3944.82

AS min=(.0018 * 3300 * 800 = 4752 mm?
As=4752= AS min

~Use 19918

3300—75+2—19+18
s 156
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el

S <3 * h=3* 800 = 2400 mm.
<450 mm.

S=120.2 mm < S pax =450 mm

~Use ®18@15cm C/C

: ; rection: =
Design the flexural reinforcement in tranverse direction:

For column 1:§13—2:ﬁ=946.18 KN/m

1
» The maximum moment in this transverse beam at the face of column

946.18 (3.3  0.6\%_
18 (22 28) =862.2 KN.m

D=800-75-20/2=715 mm

; 0.705
The band width under column 1 is (27705- + 0.4+ —2—)=1.1 m

Take the band width 1.2 m
Mn=Mu/¢d=862.2/0.9 =958 KN.m

=1.6 MPa

B 958+10~3
m pxd2 1.2 (0.705)>2

1l 2%Ky, *
=l /1— )

Soall (A% T BeEe0% A
=— (1 1 -8 )—0.00397

As =0.00397*1200*705=3358.62 mm?

AS min=0,0018 * 1200 * 800= 1728 Mm?
As=3358.62> AS min

~Use 11920
< 1200-75+2-11+20

S T =83 <450mm.................... ok




el

For column 1:3:‘;4—1061.8 KN/m

The maximum moment in this transvers

e beam at the face of column 2

1061.8 (2 L 91)2=897 22 KN.m
2 2 2 : .

d=800-75-20/2=715 mm

. ,0.705 0.705,
The band width under column 1 is (—— + 04+~ )=1.1m

Take the band width 1.2 m
Mn=Mu/d=897.22/0.9=996.9 KN.m

0.85f, 0.85%24

Mp 996.9%x10~3
= = =1.67
K b*d?2  1.2x(0.705)2 67 MPa

Sl __ 2xKp¥m

=11 /1 =2

oot e § I 21.67+2006 N &

T (1 1 -2 > 0.00415

As =0.00415%1200*705=3510.9 mm?

AS min=0,0018 * 1200 * 800= 1728 mm?
As=3510> As min

~Use 12020
o_1200-75+2—12+20 _

S = 37.6 <450MM.ceeeennnnennnnnnns ok




(4.13) Design of mat footing(mat 4)

n
= S_’ MAT.4
o
PD=1389 PD=[1919
PL=i521 PL=60% 1 _22
1.12 ¢
o 3.20 o
— . 5%
- B -—
Fig. (4-18) Geometry of mat Footing (4)
2032 2696 4728
1910 2524 4434
3942 5220 9162
' 5220%3.20
T 1.823 m
' 4728+3.10
—W




e, = X' —2=1.823-(3.20/2)=0223 m

ey =y —£=1.599-(3.10/2)=0.049 m

P Mx My
e =X
Q A g Ix y Y Iy :
Q= 9162 9162*0.223 % 3.20 , 9162x0.049 b 3.10_ 275.48 KN/m
6.15%6.15 119.2 2 119.2 2

The maximum soil pressure 275.48 KN/m? will be at point “p” and is less the allowable soil

pressure 400 KN/m2.

2652 3477.6 6129.6

2500.4 3270.8 5771.2
11900.8

11900.8 11900.8%x0.049 6.15 11900.8x0.223 3.07
o * 2= 363.648 KN/m?

Qu(A)= 6.15+6.15 + 119.2 2 119.2 2

_ 119008  11900.8+0.049 6.15  11900.8+0.223 3.07_ 2
Qu(B) 6.15%6.15 119.2 e + 119.2 i 2 295.46 KN/m
Check:
> Pu=3477.6+3270.8=6748.4 KN
363.648+295.
2 EET03.07%6.15=6222.14 KN

Moments: spans 1to 3
-1623.2
s -1275.1 -1270.3
-587.3 -580.7
= Gl e

i

L 1.24

I I } 1-86 \L\
1.73

Fig. (4-19) envelope moment of strip (AB)

\
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Design of strip (A,B):

d=1000-75-(20/2)=915 mm
1) Mu =1275.1 KN.m.
Mn =Mu /¢ = 1275.1/0.9 = 1416.7 KN.m..

= _ 2 _506

T 085f, 0.85+24

751073
K,=2n - 14870 __ (551 MPa.
b*d?2  3.07* (0.915)

=l p o 2xKnp*m
= (1 1 5 )
el _2*0.551*20.6 =
- L (1_ \/1 20551:200 ) 0.00133

Ay = p * by *d = 0.00133* 3070 * 915 = 3736 mm”.
A, = p*bxh=0.0018 * 3070 * 1000 = 5526mm?

Smin

3070—75%2—15%22
s= 7 =150.5 mm

» Use 22 @15 cm

2) Mu =587.3 KN.m.
Mn =Mu /¢ = 587.3/ 0.9 = 652.55 KN.m..

_ M, _ 652.55%1073

" e 3070015y 0-253 MPa.
P=%(1_ 1_2*Kn*m)

fy

s 511 2%0.253%20.6
T (1 = Jl R )=0.000606

—As=p * by *d = 0.000606* 3070 * 915

=1702.7 mm?,

W




Moments: spans 1to 3

0 %1000 = s526mm’

As, . = pxbxh=00018+* 307

4 Of @2 = rea — 5526 _ 14 5 bars.=15 bars
Apgi s 380
3_3070_752*12—15*22_123 i

= Use ®22 @15 cm

= Design of strip (C,D)

119008  11900.8+0.049 3.07 . 11900.8#0.223 6.215_ 390.6 KN/m?

u —
Qu(c) 6.15%6.15 119.2 2 119.2
8%0.223 6.15 2
Qu(d)= 11900.8 11900.8+0.049 5 307 11900.8%0.223 i —253.68 KN/m
6.15%6.15 119.2 2 119.2 2

-1345.
-1006.9 -1018.3

189.1

1.42 1.44
I | 1.76 1.52

Fig. (4-20) envelope moment of strip (CD)

1) Mu =1018.3 KN.m .

Mn =Mu /g =1018.3/ 0.9 = 1131.4 KN.m..

m=——=———
0.85 f, 0.85*24 20.6

K. = Mn = 1131.4%x1073
" heaZ 307+ 0015y 044 MPa.

1 e
pis—=(1= = iy

fy

*




2x0.44%20.6 = 0001059
o )

2
* b, *d = 0.001059* 3070 * 915 = 2976.6 mm .

A=
e 26mm?

Ao = P*b*h=0.0018*3070*1000 =55
= Asreq 3520 =15 bars
# Of @22 _Za_r = 14.5 bars

—75%2—15%22
3070 72*12 ~123

= Use ®22 @10 cm

2) Mu=600.3 KN.m.
Mn = Mu /¢ = 600.3/ 0.9 = 667 KN.m..

420
m= _fy_ = =906
0.85f, 0.85%24

= M, _  667%1073
m pxd2  3.07* (0.915)2

Aol e __ 2*Knpxm
~(1 /1 =)

= it (1 3 \/1 _ 2%0.259+20.6 >=0.00062

= 0.259MPa.

20.6 420
—As=p * by, *d = 0.00062* 3070 * 915 = 1743.39 mm>.
As,n = P*bxh=0.0018 * 3070 * 1000 = 5526mm?

#0f ®22 = T 5o 14.5 bars.=15 bars
«3070-75+2—15%22

S =~ 123 mm

= Use ®22 @10 em

‘—.103\—




(4.14)Stair Design:

L=1.65+3.3=4.95 m
Ronin =4.95/20=0.247
take h = 25cm

L2

= Tiles

= Mortar
= Plaster
= Steps

= Slab

Total dead load(flight)

= Tiles
= Mortar
= sand
Slab
plaster

% Live load:-

% Flight dead load:

Total dead load(landing)

(4.14.1) Load calculation:-

_ 0.03%27%((0.33+0.15)/0.3)¥1 = 1.296 KN/m.
—p7%0.02*((0.3+0.15)/0.3)*1= 0.66 KN/ m.
_ (22*0.02*1)/ (Cos 26.57) = 0.492 KN/ 'm.

— 25%((0.15*0.3)/(2*0.3))*1= 1.875 KN/ m.

= 25%0.25*1/ Cos 26.57=6.988 KN/ m.

=11.311 KN/ m.

¢ landing dead load:

= 24*0.03*1 = 0.72 KN/m.
=22%0.02*1= 0.44 KN/ m.
= 17*0.07*1 = 1.19 KN/ m.
=25%0.25*%1=6.25 KN/ m.
=22%0.02*1= 0.44 KN/ m.

=9.04 KN/ m.

Live load for stairs =3 KN/ m?.

% Factored load
For flight =1.2*11.311+ 1.6*3 = 18.37 KN/ m.
For landing=1.2%9.04+1.6*3=15.648 KN/ m.

—1\04‘




(4.14.2)Design of shear:-

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

Vu=51.15 KN.
’* *d
¢Vc—¢‘/— b,

75%[24 ¥1*0.223
¢Vc=075 J’&'61

Vu=45.9 KN < 0.Vc=136.56 KN

5555No shear Reinforcement is requil

=136.56KN

Moments: spans 1to 1

iired. So the depth 2 of f the s stalr iS...... OK.

2.23




(4.14.3) Design of Bending:-

moment by using the shear diagram.

Calculate the magnitude of the maximum

Mu=59.2 KN.m
Mn=Mu/$=59.2/0.9= 65.77 KN.m

fp. ... 220 506

M= o8sf, 085+24

LMy esarwTS
K, = bedZ — 1s (0223)2 1.322 MPa

1 2*Kp *m
Pl = fl— fy )

ol (1 4 \/1 ~ 2+1322+206 )= 0,00325

20.6 420

—As=p * by, *d = 0.00325 * 1000 ¥223 = 724.75 mm’. ........... control

—ASmin = 0.0018*1000*250= 450 mm?>.
& As=724.75mm?>.

Asreq _724.75

#0f @14 = B i 4.7 — Spacing(S) =4.7 =0.212 m =212 mm.
280 , 280
=380—)—-25%C, = 300 (=
=380 * (7=)-2.5%20 <300 * ( 280
Z e
=380 % (z--)-2.5 % 20 < 380 * ( 20
Leaz /™4 = (E—)
3
=300 mm. <330mm, ... .. controlled.

S3*h=3*250=750mm
<450 mm.

6




Use ®14 @20 Cm.
Temperature and shrinkage reinforce
As=0.0018*b*h
—0.0018*1000%250=450 mm”

ment:

Check for step:
<5 *h=5*250=1250 mm

<450 mm.

S=300<S max=450 mm

#0f D12 = A:Sr_eq_ L % =3.98 — Spacing(S) =1/3.98=0.251 m =251 mm.
bar

Use 12 @25 Cm.

(4.15)Design of shear wall(B-Sh14):

Shear wall 2-2

= Material :-

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

= Section :-
t=25 cm .shear wall thickness
Lw = 7.9 m .shear wall width
hw=3.6*5=18 m.story height

“




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

v Design:-
= Design of the Horizontal reinforcement:

Critical Section

lﬂ = B =3.95M;..0 control
291 )

d=0.8xhw=0.8x7.9=632m
V, =947.86KN

M, =5000.51+151.24(3.6 - 0.35) = 5492.07 KN

‘w




C,

il

5

Va= V24 | 0.25x6.32*10° —1290.06 KN
2 6
Jfe' xbxd i N, xd
c2 = 4 ————4XLW
Assume N, =0
J24 x 0.25x 6.32*%10° i 0x6.32 _ 1935.09 KN
e 4 4x7.9

aa 2x N,
fC’ lw fC lw xh v hxd
VC3 E 2 + <MII lw> 10

|4 2

u

e R
947.86, 2

=V, =Will apply

{«/ﬁ 7.9(/24 + o)] 0.25x 632
VcB = + X S

10° =3710.34KN
2 1.84 10

Control for V1=1290.06 KN

it o
5> Fy xd
|14 947.86
V.=—2-V_ = -1290.06 = —
5 075 90.06 26.25 KN
Ath

===0.0025x b5 = 0.0025x 0.25 = 0.000625

AY)
79
S, <X=—=1.58
ARG "
S, £3xh=3x025=0.75m.......... control
S, =250mm < Smax = 750mm....... ok
= Usedl0@25cm c/c inboth.sides.of the.wall

w




ertical reinforcement:

= Design of V

[ _Aw_ 0.0025)] xSy xh
AV" = {0.0025 + 0.5(2.5 = Z)[Sz x h

18 J(Mi_o.oozs)] <5, h

250x 450

o [0.0025 e 0.5(2.5 s

A, =0.0025xS, xh

278 S0
1 0.0025%0.25

S, < l?w = -793ﬂ =2633.3..mm

=02512m ... control

S, <3xh=3%0.25="750mm
S1<450mm
S1=25cm < SMaAX = 45CHcuuvvveeeerreeesessecreeeens ok

. Usegl0@25cm c/c For thereinforcement in two layers (vertical)

=  Design of Moment:

289.91
o74,37

796.62
947.86

Figure( -23) : Moment an ear
0o shear W
all




The boundary elemant is required if C :-
Lw

- 600* (&n/ hw)

assume o/ hw=0.007

A 7.9
600*0.007
Cw=C-0.1xLw
Cw>1.88-0.1x7.9=1.09m

Cw2£=@=0.94 m
2 2

=1.88m

Select Cw=0.1.15m

L
S,

7.9

Ast = x2x78.5 = 4961.2mm*
0.25

Z 1

Iw 2_l_0.85x,Bl X fe'xLwx h
Asx fy

Z 1

T 5, 085x0.85x24x7.9%0.25 00542

4961.2x107° x 420

Mu = 0.9x0.5xAsxjj)wax(l—£)

Lw
Mu=0.9%x0.5x4961.2x107° x 420x 7.9 x a- 0.0542)
Mu =7006.07KN.m
Mu,,,., =11648.54 -7006.07 = 4642.47KN.m

Muy 4642.47 x10°
Ast = /¢ /0.9

Bx(Iw=Cw) ~ 420x(79-1.15) = '819:5 mm?
sty =0.08xbx Cw

Astyge =0.08x250x 1150 = 23000 g2 Ast =

Ast =1819.5+(4*78.5) = 2133 52
Select 10018

with As = 10x 2540 = 254 mm® > At

1819.5 mm?

2133.5 mm?.

‘1\11‘
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5. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI-
318M-02) AND COMMENTARY CODE (ACI -318-02).

6. Uniform Building Code (UBC-97).







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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ISESSMEREE
ICKNESS OF
MINIMUM TH i
AL o ESSED BEAMS oR l?CNUEL.m :
UNLESS DEFLECTIONS ARE
Minimum thickness, g
s
Ry C(?f?tﬁ’lﬁggs cBo?;(tri]nirc])us Cantilever

supported r attached to partitions or

ot supporting 0
Mﬁg:bc%gsr:ructio% likely to be damaged by large

Member | deflections.
0 ¢124 0128 10
e

ibbed one-
\r/vay slabs /16 ¢/18.5 e L/8

Notes: N c
Values given shall be used directly for members with normalweight concrete
(density w, = 2320 kggms) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows: : ; :

a) For structural liﬂhtweight concrete having unit density, w,, in the range
1440-1920 kg/m3, the values shall be multiplied by (1.65 - 0.503wc) but not

less than 1.09.
b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + 1, [700).

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

ONE-WAY SLABS UNLESS DEFLECT, IONS ARE CALCULATED)
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NS

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIO e

Type of member Deflection to be considered
Flat roofs not supporting or atlached to non- | Immediate deflection due to live load L L/180°
structural elements likely to be damaged by
large deflections : T
Floors not supporting or attached to nonstruc- | Immediate deflection due to live loa 1360
tural elements likely to be damaged by large
deflections : —
Roof or floor construction supporting or That part of the total deflection occurring after )
attached to nonstructural ele?r?ents likely to be | attachment of nonstructural elements (sum of ¢/480°
damaged by large deflections the long-term deflection c:jueﬂ to t?Il sgjteatlgea?m
Roof or floor construction supporting or g’ggg&"ﬂ m ',’('}a"(‘,)eF'ate SRoceon y -
attached to nonstructural elements not ikely to
be damaged by large deflections

* Limit not intended to safequard against ponding. Ponding should be checked by suftable calculations of deflection, including added deflections due to ponded
u;aler, and considering long-gtgerm effgcts of mustgmed Ioags, camber, construction tolerances, and reliability of provisions for mmag; k5 s
Long-term defiecton 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 attach-
ment o?nonstrudural eloments. This amount shall be determined on basis of accepled engineering data relating to time-deflection characteristics of members sim-
ilar to those being considered.
 Limit may be exceeded if adequate measures are taken to prevent damage to supported or attached elements.
dZeLsim'rt !shalm Il?e igeater than tolerance provided for nonstructural elements. Limit may be exceeded if camber is provided so that fotal deflection minus camber
not exceed limi

MAXIMUM PERMISSIBLE COMPUTED DEFLECT IONS)
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