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Abstract



Structural Design Of " Palestinian Embassy In KSA"

WORKING TEAM:
Safwan Khamaiseh Mohammed Abu Iram

Palestine Polytechnic University — 2015

Supervisor:
Dr. Maher Amro

Project abstract

The idea of this project is summarized in the structural design of "
Palestinian Embassy in KSA ".  The project consists of three storeys that
have a gross area equal to 4772 m? It represents a real mirror of
development and progress in erection and construction. The area of spaces
increased inside embassy to accommodate the increment of Palestinian
who livein KSA, helps them, and facilitates their dealings. Furthermore, we
are highly considerate for the desert climate of KSA in the design and find

optimum solution for it.

The structural design will be according to ACI-318 code, and to the
Jordanian code of life loads, this project contains structural loads analysis
for vertica and horizontal loads, structural design and details for each

member in the building.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.

Av = area of shear reinforcement within adistance (S).

At = area of oneleg of aclosed stirrup resisting tension within a(S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.



Cs = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

fc¢= compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

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

LL =liveloads.

Lw = length of wall.

M = bending moment.

M,, = factored moment at section.

M,, = nomina 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/md).
W = width of beam or rib.
Wu = factored load per unit area.

¢ = strength reduction factor.

€: = compression strain of concrete = 0.003mm/mm.

Xi



€, = strain of tension steel.
€s= strain of compression steel.

p =ratio of steel area.
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P=Ce*Cqg*gs*Iw

Ce:combind height.

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 (B0-R2).

4-7 design of beam (B0-B7).

4-8 Design of tow way ribbed slap(RS1).
4-9 Design column .

4-10 Design of Isolated footing.
4-11 design of stairs.

4-12 design of shear wall(B-Sh14).
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(4.1) Introduction:-

Concrete is the only magjor 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, al of design calculation for al 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 dlabs : 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 caled "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 dlab, 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) .
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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+16L.L.

(4.3) Slabs thickness calculation:

Determination of Thickness for One Way Ribbed Slab:

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

The maximum span length for one end continuous (for ribs):
hmin fOr one-end continuous = L/18.5
=630/18.5 = 33.0cm
The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21
=530/21 = 25.0cm
Select Slab thickness h= 35cm with block 27 cm & Topping 8cm

(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:

T wvay ik wmk — " LA LE s 2§y o' —

-
Hialure Bk 2 8em ] - 3

Fig. (4-1) Oneway rib dlab
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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 0.12*0.27*25=0.81 KN/m

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

3 Plaster 0.02*0.52*22 = 0.23 KN/m.

4 Block 0.4*0.27*15 = 0.97 KN/m

5 Sand Fill 0.07*0.52*17=0.61 KN/m

6 Tile 0.03*0.52*24 = 0.37 KN/m

7 Mortar 0.02*0.52*22 = 0.23 KN/m.

8 partition 2.3*0.52 =1.2 KN/m

5.46

Nomina Total Dead load = 5.46 KN/m of rib
Nominal Tota liveload =3*0.52=1.56 KN/m of rib

Calculation of thetotal 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*24 0.1947 KN
Mortar 0.02*0.52*0.52*22 0.1189 KN
Coarse Sand fill 0.07*0.52*0.52*17 0.3217 KN
Topping 0.08*0.52*0.52*25 0.5408 KN
Concrete Rib 0.27*0.12*(0.52+0.4)*25 0.7452 KN
Block 0.27*0.4*0.4*15 0.432 KN

Plaster 0.02*0.52*0.52*22 0.119 KN

partition 2.3*0.52*0.52 0.6219 KN

40

KN/m




Nominal Total Dead Load = 3.0942 KN
DL=3.0942/0.52*0.52 =11.44 kN/m?
WuD=1.2x11.44=13.73 kN/m?

WuL =1.6 x 3=4.8 kN/m?
Wu=13.73+4.8=18.53 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 * 2.3= 2.3 KN/mZ.
Dead Load = 6.65 KN/m?. (for Stores)
Live Load = 3KN/m?. (for Stores)
W,=12DL +16LL
=1.2* 6.65+1.6* 3=12.78 KN/m?. (Total Factored Load)

M, = Yl = 27308 _ 1704 KN.m
M,= f =5
= 042 f =2 “_’ =042 V24 « 22 L 105 — 224 KN.m
hM,, = 0.55 =
OM, = 1.232
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement must
be provided.
For the shrinkage and temperature reinforcement :-
p =0.0018
A, = p=b=h
# Of ¢8=$ $—288 - Spacing(S) ———O347m 347 mm.
<380(1H“) 25* C, < 380(”“')
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280 280

=380 * (?T)_Z'S* 20<380* (?;_)

280 280

- * _ * * (-

=380 (E‘MI) 25*20<380 (§ 42“)
=330 mm. < 380mm.
<3*h=3*80=240mm........... controlled.

< 450 mm.
~Use #8 @ 20 Cm C/C in both directions.
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(4.6)Design of Rib (B0-R2)

Material :-
concrete B300

Reinforcement Steel

Fc' = 24 N/mm?
fy = 420 N/mm?

Section :-
b=12cm bf=52 cm
h=35cm Tf=8 cm
Geometry
1 2 4
1 2 3
Al Al Al
T 1 I  p——e— !
‘ 0.6 ‘ 2.8 0.8 4.8 . 1.9 ‘
‘ | ‘ 35 | ‘ 5.6 ‘ 2.3 :
I I |
52.
8.
35.
12.
A—A
Figure (4-2): Rib geometry.
load group no. 1
Dead load - Service Units:kN,meter
10.4
6.55 6.55 6.55
35 5.6 2.3 |
Live load - Service Load factors: 1.20,1.20/1.60,0.00
L loak0 Y V260 4 |
35 5.6 2.3 |

Figure (4-3) : loading of Rib (B0-R2)
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Moments: spans 1to 3

-60.1
-48.1 -45.1
-20.4
-11.11.31 , 0.94-10.1 ‘ |
[ | | [ 3.18 |
| 1 ] ] 1 1 ]
= 03 | ods 1
51 }—’—{ } 1.74 }
14.6 14. :
1.58 1.92 | 2.24 | 3.36 | 2.3
[ [ [ [
Figure (4-4) : Moment Envelop of rib (B0-R2)
Shear
-41.3
o6 -32.9
-18.2
} } } }
11.4
18.6 19.6

28.

Figure (4-5) : Shear Envelop of rib (B0-R2)

4.6.1 Design of flexure:-
(4.6.1.1) Design of Negative moment of rib (B0-R2):

1) Maximum negative moment Mu © =48.1 KN.m.

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

:350—20—10—§:314mm.

Mn=Mu/ ¢ =48.1/0.9 =53.44 KN.m

Iy

T DBS f; 08524

420

=19.76
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_ My _ 5344s107F
N ped? 012e (03140

=4.51 MPa

o= _l l:l " 1— Zelnemn }
m ,.r_v

1 24511976
= 1— X

1974 420

=0.0122.

L As=p* b*d=0.0122 * 120 *314 = 460.12 mm-.

I
HS””-H == _$bw *d = F*bw *d (ACI'1051)

4(fy)

_ VZ4
T 4e420

=112.14mm?*< 1256 mm?............. Larger value is control.
= ASpin = 125.6 mm? < Aseq = 460.12 mm?,
“ As=460.12 mm?,
2 ©18 =509 mm’ > Aseq = 460.12 mm®. OK.
& Use 2 @18
— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85* f'*b*a
509* 420=0.85* 24* 120* a

120314 = ﬁ¢120¢314

a=83.8 mm.
c= ,.-T, =22=98. 63 mm. * Note: f! = 24 MPa< 28 MPa— f3, = 0.85
£, = —"* 0.003

_ 314=-98.63

= *0.003 =0.0065 > 0.005 - ¢ =0.90K

G863

2) Maximum negative moment Mu © =11.1 KN.m.
Mn=Mu/ ¢ =11.1/09=12.33 KN.m

Y I
OS5 f,  DEG24

=19.76

_ My 1233.107F
N ped? 012e (03140

=1.04 MPa
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. ZeKnem }

=1 —
p_m(1 1 ,.’_-,_r

=1 - - EMT S _ 00254

T 1476 420

L As=p* b*d=0.00254* 120 *314 = 95.93 mm>.

[

.Fl.'

Ain = 7s*by *d 2 fxfaw sd ..........(ACI-10.5.1)
=1 41204314 > 1141204314
=112.14mm?< 1256 mm? ............. Larger value is control.
— ASpin = 125.6 mM* > ASe = 95.93 mm®,
~ As=125.6 mm?.
2 ©10 = 157 mm? > Asq = 125.6 mm?. OK.
& Use 2 910

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
157* 420=0.85* 24* 120* a
a=25.85 mm.

¢ _ B8 _ 2542 mm. * Note: f.' = 24 MPa< 28 MPa- fi, =0.85

T

£, =25% 0,003

©
_ 314-30.42
30.42

* 0.003=0.028 > 0.005 - ¢ =0.9 0K

(4.6.1.2) Design of Positive moment of rib (B0-R2)
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=350 20— 10-% =314 mm.
My mex = 14.6 KN.m

be < Distance center to center between ribs = 520 mm............ Controlled.
Span/4 = 3200/4 = 575 mm.
(16* tf) + by, =(16* 80) +120 =1400 mm.

IN

IN
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- bg =520 mm.
My, =085f shyst,+ d—-

2
0.08

=085%24+052+0.08=* 0.314 == 2 10% = 2421 KN.m
MMy =0.9* 242.1 = 217.89 KN.m
- My =217.89 KN.m > My max= 14.6 KN.m.

~ Design asrectangular section.
1) Maximum positive moment Mu ) =14.6 KN.m

Mn=Mu/ ¢ =14.6/0.9=16.22 KN.m

m=—2_=_*2 1976

T DBS f; 08524

_ My _ 1623.107F
N ped? 012e (03140

=137 MPa

o= _l l:l " 1— Zelnemn }
m -I'_v

=1 1. - EUT _ 00337

19.76 420

L As=p* b*d=0.00337 * 120 *314 = 127.23 mm>.
I

ﬂs:m’rz = 40y *

b, *=d Estawsd vieieierr.(ACIF105.2)

=V 1204314 = 112120 %314

T 4ea20

=112.14mm?*< 1256 mm?............. Larger value is control.

. ASpin = 125.6 mM? < ASeq = 127.23 mm?,
4 As=127.23 mm?,
2 10 = 157 mm? > AS = 127.23 mm?. OK.
s Use 2 @10
— Check for strain:- (g, = 0.005)

Tension = Compression

As*fy =0.85* f'*b*a
157* 420=0.85* 24* 120* a
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a=25.85 mm.

= ;T: = E =30.42 mm. * Note: f.' =24 MPa< 28 MPa- [i, =0.85
£, = 5% 0,003

_ 314-30.42
T 3042

*0.003=0.028 > 0.005 - ¢ =0.9 OK

2) Positive moment Mu ) =14 KN.m.

Mn=Mu/ ¢ =14/ 0.9=1555 KN.m

m=-—2_=_*2 1976

T DBS f; 08524

_ My _ 1555.107%
N ped? 012e (03140

=131 MPa

o= _l l:l " 1— Zelnemn }
m Iy

=1 1. EUET - 500323

19.76 420

L As=p*b*d=0.00323* 120 *314 = 121.7 mm-.

i

ASmin = 77 b * d = fsfaw «d ......(ACI-10.5.1)
=1 .120+314 > 1141204314
=112.14mm?*< 1256 mm?............. Larger value is control.
~ ASpin = 125.6 mM? > Aseq = 121.7 mm?.
~As=1256 mm?
2 ®10 = 157 mm? > Aseq = 125.6 mm?. OK.
& Use 2 910

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85* f'*b* a
157* 420=0.85* 24* 120* a
a=25.85 mm.
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=4 = =2=30.42 mm. * Note: £/ = 24 MPa< 28 MPa— f3,
1 LB
£, = —"* 0.003
= 1130424 0,003 = 0,028 > 0.005 : ¢h =09 OK

(4.6.2)Design of shear of rib (B0-R2)

1)Vu = 32.9 KN.

|_'

q) VC - q) * % b\N d
= 0.75* — *0.12* 0.314*10° = 23.55 KN.
1.1% h Vo= 1.1* 2355=25.9KN.
— Check for items:-

1- Item1l: V, <

|%
b

259
2

329 < =12.95.......Not satisfy

2-1tem2: LE<v, < V.
12.95< 32.9< 259 ... .... Not satisfy

3-1tem3: V. < Vy £ dVe+HVSmin

B VSmin = — ?*bw*d 075 V24 * 0.12+0.314* 10° = 883KN.

16

1\

& VS min =9.42 KN.
OVe < Vy £ OVetPVShin
259< 329< 259+942
259< 329< 3532 satisfy

Vs
(fyeedy

+ Item (3) is satisfy — (—)

=0.85

q)*bw d= 2% 012* 0.314* 10°=9.42KN.......... Control.
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Vi

=(5-Ve)

=(22_314)=12.46 KN. *Note: V¢ = “‘“—314 KN.
.75

Try ®10 (2Legs) =2* 79 =158 mm?.
T - : i -3
27907 12460 10 o1 67m=1670 mm........

5 {420 +01.314 )
s< 2_2_157 mm.

< 600 mm.

4~ Use @10 @ 15 Cm.

1)Vu = 19.6 KN.

DVe=gp* l;*b\N d

74

=0.75* & *012*0314*103 = 23.55 KN.

1.1* pV=1.1* 23.55=25.9 KN.

- Check for items:-

1- Item1: V, < %.

19.6< == 12.95......Not satisfy

2-1tem2: LE<v, < V.

1295< 196< 259... ... Satisfy
~ Item (2) is satisfy — minimum shear reinforcement is required.

I T
(% Jmin 2 e * by = L % *(.12= 8.93*10".

16 fyt 16

Lobw 1,012 _950%105................Control.

3 fput 3 420

Try @8 (2 Legs):

1\

- = =6
2 -952410° - S=1.05m

5
i 114

S < g ——157mm

< 600 mm.
& Use @8 @ 15 Cm
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(4.7) Design of Beam (B0-B7):

Material :-
concrete B300
Reinforcement Steel

Section :-

B =80
h=35cm

Fc' = 24 N/mm?
fy = 420 N/mm?

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one

way slabs unless deflections are computed as follow:

hin for one-end continuous = L/18.5

hmin for both-end continuous = 550/21
=515/21 =26.2 cm.
- Select Total depth of beam h= 35cm.

=540/18.5=29.19 cm.

1 2 3 4 5 6
1 2 3 4 5
l: Al ™1 Al ™1 Al ™1 Al ™1 Al :|
L, L, 1L, L,
A A A A A
0.3 5. 0.5 5.04 0.5 3.7 0.5 3.8 0.5 2.3 0.3
1‘} 54 1‘} - 1‘} 42 }‘} 13 1‘} 27 1‘}
I I I I I |
Figure (4-6) : Beam Geometry.
load group no. 1
Dead load - Service Units:kN,meter
49.3 49.3 49.3 49.3 49.3
By .59 s P YT
Live load - Service Load factors: 1.20,1.20/1.60,0.00
28.5 28.5 28.5 28.5 28.5
5.4 5.54 4.2 4.3 2.7
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Figure (4-7) : Load of Beam (B0-B7)

Moments: spans 1to 5

-378.
-287.8 -294.2 2505 s
-177. -186.6 - . -163.2
-132.6 1311 1035 1136
} 19}2. } }}/1} }1.26} &9{}1.63 }
8 .
H HH +HH tHH tHH \_/H
98| '1.08 0.7 oés\/ 5 156
2 0/76 0.69 0.66 625"
107.8 128.3
187.5
275.8
| 216 3.24 | 277 277 | 21 | 21 | 215 | 215 | 162 1.08
[ [ [ [ [ [ [ [ [ [ |
Figure (4-8) : Moment Envelop for Beam (B0-B7)
Shear
-375.1
-314.1 -308.2
2472 -252.9 -252.9
-191.8 -191.9
-118.9
-69.2
H [ [ [ [ 1
I I I I I I I I I |
152.
200. 208.6 197.6 213.
249.7 288.3 269.7 258.6
349.3

Figure (4-9) : Shear Envelop for Beam (B0-B7)
4.7.1 Design of flexure:-

4.7.1.1 Design of Positive moment:-

- MUmax = 275.8 KN.m .

by=80Cm. , h=35Cm.

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

=350-40- 10— i; = 287.5 mm.
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Cinex = ;‘ *d= ;‘ * 2875 = 123.2 mm,

anax = fi1* Crax = 0.85* 123.2=104.7mm.  *Note: f.' = 24 MPa< 28 MPa— fi; = 0.85
Mnina = 0.85* f/*b*a* (d-7)

=0.85* 25* 0.8* 0.1047 * (0.2875 - 2127 ) » 103

2

= 41854 KN.m.
(h=0.65+ 250_*(0.004-0.002) = 0.816
3

- (PMnNma = 0.82* 418.54 = 343.2 KN.m.. * Note: €5=0.004 - ¢ =0.82
- PMnNma = 343.2 KN.m > Mu =275.8 KN.m..

~ Singly reinforced concrete section.

1) Maximum positive moment Mu ™ =275.8 KN.m .

MOMnNmax =343.2 KN.m > Mu =275.8 KN.m - Singly reinforced concrete section
Mn=Mu /= 275.8/0.9=306.44 KN.m.

Al 420

m= = =19.76

T 0B5J.  0BS5.24

_ My 306441073
N ped? D8« (02875)F

=4.63 MPa

o= _l I:l - 1— Zelnemn }

m T

1 2¢4.63+19.76
= 1-—- -

19.76 4210

= 0.0126.

~As=p* by, *d=0.0126 * 800 *287.5 = 2898 mm?>.

I
A—S:lm'rz = moae bw * = ﬁ";bw * (1 (AC"].OS].)
40fy) Iy
VZi 1.4
=——=800 #2875 = — *800 = 287.5
4uq 200 420
=684.5mm? < 766.67 mm’ ............. Larger value is control.
— ASpin = 766.67 MM’ < As,eq = 2898 mm>.
“ As = 2898 mm”.

# Of ¢25:M:¥’:*:5_9_) # of bars = 6 bars.

Abar 19

53



4 Use 6025 - As=6*491 = 2945 mm?* > Asyeq = 2898 mm’ .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
2945* 420=0.85* 24* 800 * a

a=72.78 mm.
c= ;}—‘1 = ?;'F:f =85.62 mm. * Note: f,' = 24 MPa< 28 MPa- fi, =0.85
£, = —=* 0.003

— 2875-8562 4+ 5003 =0.007 > 0.005 .- ¢ =0.9 OK.

B5.62

# Use 625

2) Maximum positive moment Mu ) =187.5 KN.m.

PMnNma = 343.2 KN.m > Mu = 187.5 KN.m - Singly reinforced concrete section
Mn=Mu /i =187.5/0.9=208.33 KN.m.

T 420

m=——= =19.76
0BS5S fp 08524
M. 2083341077
Wy = = ~_=3.15 MPa.
beed? 0.8 (028752
1 2e K ern
p=r1— 1-ZT
1 2+3.15+19.76
= - 1—- 1———— =0.00816.
19.76 420

~As=p* b,*d=0.00816 * 800 *287.5 = 1876.8 mm’.

r

I
H'S:lj'lj-ri = _$bw$d = ﬂ*bw$d (ACI'1051)
Afy) fr
V24 1.4
=——=800=2875 = —=800=2875
Gug 20l G20
=684.5mm? < 766.67 mm* ............. Larger value is control.

— ASpin = 766.67 MM’ < A = 1876.8 mn’.
=~ As=1876.8 mm?,
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#Of (D18 - -'q-"r:'q — 1876.8

Abar 254

=7.3- # of bars = 8 bars.

4 Use 8018 . As=8* 254 =2032 mm? > Asyeq = 1876.8 mm?.

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
2032* 420=0.85* 24* 800 * a

a=50.2 mm.

_oam _ 502 _

— =59.05 mm. * Note: f.' =24 MPa< 28 MPa- fi, =0.85

T

£, = 5% 0,003

c

_ 287.5-59.05
T 5aos

* 0.003=0.0116 > 0.005 . ¢ =0.9 OK.
# Use 8dp18

3) Maximum positive moment Mu ) =107.8 KN.m.

PMnma = 343.2 KN.m > Mu = 107.8 KN.m - Singly reinforced concrete section
Mn=Mu/p=107.8/0.9=119.78 KN.m.

m=—2_=_*2 1976

T DBS f; 08524

_ My _ 119781073
N ped? D8« (02875)F

=181 MPa

o= _l I:l - 1— Zelnemn }
m I

— 1 1— 1— 2¢1B1+19.76 = 0.0045.

19.76 420

L As=p* by, *d=0.0045* 800 *287.5 = 1035 mm?’.

r

.lll_'

-‘qs:lnj"r: = _$bw$d = ﬂ*bw$d (ACI'1051)
Afy) I
V24 1.4
=——=%800 #2875 = — #800 #2875
4420 420
=684.5mm? < 766.67 mm* ............. Larger value is control.

— ASpin = 766.67 MM’ < As.eq = 1035 mm®.
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&~ As= 1035 mm?.

1035

#0f @18 = 2ree — 1935 _ 4 07 | 4 of bars = 5 bars.

Apar 254

4 Use 5018 — As=5* 254 = 1270 mm? > Asyeq = 1035 mm?.

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
1270* 420=0.85* 24* 800 * a

a= 3137 mm.
£= ;],—: = % =36.91 mm. * Note: f.' =24 MPa< 28 MPa- fi, =0.85
£, = —"* 0.003

= 252704 0,003=0.02 > 0.005 - ) =0.9 OK.
~ Use 5918

4) Maximum positive moment Mu ) =128.3 KN.m.

PMnNma = 343.2 KN.m > Mu =128.3 KN.m - Singly reinforced concrete section
Mn=Mu /i =128.3/0.9=142.56 KN.m .

m=—2_ =_* _1976

T 0B5J.  0BS5.24

_ My _ 1425Re1073
N ped? D8« (02875)F

=2.156 MPa

o= _l I:l - 1— Zelnemn }
m I

=1 g q_ZE2se1978 _ 50054

19.76 4210

L As=p* by, *d=0.0054* 800 *287.5 = 1242 mm?°.

I
-‘qs:lnj"r: = _$bw *d = F*bw *d (ACI'1051)

4(fy)

_ VZ4
T 4ea20

+800 +2875 = ﬁ «800 = 2875
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=684.5mm? < 766.67 mm*............. Larger value is control.
— ASpin = 766.67 MM’ < As,eq = 1242 mm>,

& As= 1242 mm?,
#0f @18 =20 — 1242 _ 4 98 | 4 of bars = 5 bars.
Apygr 254

4 Use 5018 - As=5* 254 = 1270 mm?* > Asreq = 1035 mm® .

- Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
1270* 420=0.85* 24* 800 * a

a=31.37 mm.
ok ;T, = Hnl.;: =36.91 mm. * Note: f! = 24 MPa< 28 MPa— f, = 0.85
£, = —=* 0.003

= 2528914 0,003=0.02 > 0,005 - ¢h =09 OK.
<~ Use 5918

5) Maximum positive moment Mu ) =625 KN.m.

MOMnNmax = 343.2 KN.m >Mu =62.5 KN.m - Singly reinforced concrete section
Mn = Mu /i =625/ 0.9=69.44 KN.m .

_ f _ oazo _
m = 85 fi 0BSe24 19.76
M, 69441073
K, == _=1.05 MPa
beed? 0.8 (028752
_ _l . . ZeKnem
p=— 1207
1 Z2+1.05+19.76
= - 11— 1————" =0.00256.
19.76 420

~As=p* b, *d=0.00256 * 800 *287.5 = 588.8 mm?’.

I
H'S:lj'lj-ri = _$bw *d = F*bw *d (ACI'1051)

4(fy)
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_ VI
44420

+800 =2875 = ﬁ +800 +287.5

=684.5mm? < 766.67 mm’ ............. Larger value is control.
— ASpin = 766.67 mm? > A = 588.8 mm”.
“ As = 766.67 mm®,
Thh6T

#0f @16 = 204 = 78657 _ 3 99 | 4 of bars = 4 bars.

Abgr 201

4 Use 4016 — As=4* 201 =804 mm? > Asyeq = 766.67 mm?.

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
804* 420=0.85* 24* 800 * a

a=19.86 mm.
¢ == =2336mm, * Note: £ =24 MPa< 28 MPa— f3; = 0.85
£, = 5% 0,003

= 255304 0,003=0.034 > 0.005 - ¢p =0.9 OK.

& Use 4016
4.7.1.2 Design of negative moment:-

1) Maximum negative moment Mu © =294.2 KN.m .
OMnmax = 343.2 KN.m > Mu =294.2 KN.m - Singly reinforced concrete section
Mn=Mu /i =294.2/ 0.9 = 326.89 KN.m .

m=—2_ =_* _1976

T 0B5J.  0BS5.24

_ My _ 326891073
N ped? D8« (02875)F

=4.94 MPa

o= _l I:l - 1— Zelnemn }
m ,.r_v

= 1- 12 —00136.

1974 420
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~As=p* by *d=0.0136 * 800 *287.5 = 3128 mm>.

r

.|I|_'
Aspin= —=h,*d = Zsp,+d ... .(ACI-105.1)
"1'|;,|l'|,r:| JI_'I-"
VZi 1.4
=——=800 = 2875 = — *800 = 287.5
4uq 200 420
=684.5mm? < 766.67 mm*............. Larger value is control.
— ASpin = 766.67 MM’ < As,eq = 3128 mm®.
“ As= 3128 mm®.
_ -q-\r':'q _ 3128 _ _
#0f P18 =——"= =12.3- #of bars = 13 bars.
Abgr 254

4 Use 13018 - As =13 * 254 = 3302 mm’ > Asyeq = 3128 mm” .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
3302* 420=0.85* 24* 800 * a
a= 8157 mm.
c=2=257T-9506 mm. * Note: f.' = 24 MPa< 28 MPa- f#, =0.85

{085

el

£, = —* 0.003

©
_ 2B7.5-9596
95.96

4 Use 13918

* 0.003=0.0059 > 0.005 - ¢ =0.9 OK.

2) Maximum negative moment Mu ©) =186.6 KN.m .
MOMnmax = 343.2 KN.m > Mu = 186.6 KN.m - Singly reinforced concrete section
Mn=Mu /¢ = 186.6/ 0.9 = 207.33 KN.m..

m=—2_ =_* _1976

T 0B5J.  0BS5.24

_ My _ 207331073
N ped? D8« (02875)F

=3.13 MPa

o= _l I:l - 1— Zelnemn }

m T
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— 1 1— 1— 2:3.13+19.76 = 0.0081.

19.76 420

~As=p* by *d=0.0081* 800 *287.5 = 1863 mm>.

r

I
Aspn= —=h,*+d = 2sp, +d ......(ACI-105.1)
"1'|;,|l'|,r:| JI_'I-"
VZi 1.4
=——=800 #2875 = — # 800 # 287.5
4uq 200 420
=684.5mm? < 766.67 mm* ............. Larger value is control.
— ASpin = 766.67 MM’ < As,eq = 1863 mm>.
~ As= 1863 mm®.
Asppg 1853
#0f ®18= =——=7.33- #of bars= 8 bars.

Apar 254

4 Use 818 - As=8*254=2032 mm® > Asyeq = 1876.8 mm®

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
2032* 420=0.85* 24* 800 * a
a=50.2 mm.
c=2=22-5905 mm. * Note: f.' =24 MPa< 28 MPa- f§, =0.85

fy  0as

£, =25% 0,003

'

— 2875-5905 4 1,003 = 0.0116 > 0.005 - ¢ =0.9 OK.

59.05

4 Use 818

3) Maximum negative moment Mu ©) =132.6 KN.m.
MOMnmax = 343.2 KN.m > Mu =132.6 KN.m - Singly reinforced concrete section

Mn=Mu/t=132.6/0.9=147.33 KN.m.

= - % _1976

T DBS f; 08524

K, = Mn _ 1473300070 _ 5 on oo

T ohed? T 0Ee (0.2875)2

o= _l (1 . 1 — ZeKnem }

m Iy
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=— 1- 1-Z2221 =0,0056.

19.76 420

~As=p* b, *d=0.0056* 800 *287.5 = 1288 mm?>.

r

I
JEI-S:lj'u'r: == _$bw$d = ﬂ*bw*d (ACI'1051)
Afy) fr
VZi 1.4
=——=800=2875 = —=800=2875
4uq 200 420
=684.5mm? < 766.67 mm* ............. Larger value is control.

— ASpin = 766.67 MM’ < As,eq = 1288 mm>.

~ As= 1288 mm?>.
Aspeg _ 1288

#0f P18 =——=—"-=507 - #of bars= 6 bars.
Appr 254

4 Use 6018 - As=6* 254 = 1524 mm® > Asyeq = 1288 mm” .

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
1524 * 420=0.85* 24* 800 * a
a=37.65 mm.
2 =275 — 44,29 mm. * Note: f! = 24 MPa< 28 MPa— f3, = 0.85

fy 085

=

£, =25% 0,003

'

= 27212« 0,003 =0.016 > 0.005 - ¢ =0.9 OK.

44.29

4 Use 6018

4) Maximum negative moment Mu ©) =113.6 KN.m.

PMnNma =343.2 KN.m > Mu =113.6 KN.m - Singly reinforced concrete section
Mn=Mu/ip=113.6/ 0.9=126.22 KN.m.

= - % _1976

T DBS f; 08524

]
o My _ 126220007F g oo

7 hed® T 0ge (0.2875)
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ZeKnem

p=,l— 1=}

=1 1 1 -ZEMUT_ 60047

19.76 4210

L As=p* b, *d=0.0047 * 800 *287.5 = 1081 mm°.

[

It

J‘,!-S;lj'”"rg - *bw-xd } _xbw- d ............(AC|-10.5.1)
4y Iy
= /2 =800 =2875 = —x800 287.5
-1 420

=684.5mm? < 766.67 mm’ ............. Larger value is control.
— ASpin = 766.67 MM’ < ASr = 1081 mm?,
 As= 1081 mm®,
#0f 18 = ‘L—‘* 1 =425, #of bars=5 bars

T %

4 Use 5918 — As=5*254=1270 mm®> ASreq = 1035 mm?.

— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =085* f'*b* a
1270* 420=0.85* 24* 800 * a
a=31.37 mm.

_ '%I'%.-
ﬂj L?IH'-'.

= 36.91 mm. * Note: f,' =24 MPa< 28 MPa- f3,

=g

£, =% 0,003

_ 287.5-36.91
T 3s91

& Use 518

*0.003=0.02 > 0.005 - ¢ =0.90K.

(4.7.2) Design of shear:-
1) Vu=314.1 KN.

hVe=d * "*bw d

"_| .

=0.75* —*0.8* 0.2875* 10° = 143.75 KN.

=0.85
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- Check For dimensions:-
Ve + ( Ti* oh* T * by * d) =143.75 + ( ,—i* 0.75* V25 * 0.8 * 0.2875* 103)
=143.75+ 575= 718.75 KN > Vu = 314.1 KN.

=~ Dimension is big enough.

- Check For items:-

1- Item1: V, < %.

314.1< “‘f‘q

=71.87.......Not satisfy.

2-1tem2: 2L <v,< Ve

71.87< 314.1< 143.75....... Not satisfy.

3-1tem3: V. < Vy £ dVe+HVSmin

OVsmn 2 = f7*by,* d="2 v24* 0.8*0.2875* 10°= 53.9KN.
® _ 075
> _E* by*d= =—*

—*0.8*0.2875* 10°=555KN.......... Control.

o q)VSmin = 555 KN
BV + DVSmin = 143.75 + 55.5 = 201.25 KN.
q)VC < Vu S q)VC + ¢VSm|n

143.75< 3141<201.25.......... Not satisfy.

4-1tem4: GVe+PVSmn < Vu < GVt (2% f7 *by* d)
143.75+55.5 < 314.1<143.75+ (“2° V24 * 0.8* 0.2875*10%)
201.25 < 314.1<413.25

~ Item (4) is satisfy — ("T"") = ”;"‘M .
o P
= Y
Vs=( b Vc)
314

= (2= - 191.67) = 227.13KN.

*Note: Ve = = = 191.67 KN,

Try ®10 (4 Legs) =4* 79 =316 mm?>.

42791075 _ 22713 « 1078
5

= - 5=0.167m control
{420+0.2875)

d _ 2875

s< —=—==143.75 mm.
Z 2
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< 600 mm.
~ Use @10 @ 14 Cm.

2) Vu = 247.2 KN .

hVe=dh* "*uN d

79

=0.75* ~=* 0.8* 0.2875* 10° = 143.75KN.

- Check For dimensions:-

GVC+(=*d* f *by*d) =14375+( Z* 0.75* V24 * 0.8 * 0.2875* 10°)
= 143.75 + 575= 718.75 KN > Vu = 247.2 KN.

~ Dimension is big enough.

— Check For items:-

1- ltem1: V < 2%

2
143.75

247.2< == =7187......Not satisfy.

2-1tem2: LE<v, < V.

71.87< 247.2< 143.75....... Not satisfy.
O VSmin = — fi*by*d= — 24 * 0.8*0.2875* 10° = 53.9KN.

16

l]'-'|

> qo*bw d= *08*02875*103 55.5KN.......... Control.

& VSmin=55.5 KN.
BV + HVSpmin = 143.75 + 55.5 = 201.25 KN.
®MVe < Vy < Ve + ®OVSmin

143.75< 247.2<201.25.......... Not satisfy.

4-1tem4: ¢Ve+ OVSmn < Vu < GVe+ (2 * £ *by*d)
143.75+55.5 < 247.2< 14375 + (E *\/24 * 0.8* 0.2875*10°%)
201.25< 247.2< 41325 ............. Satisfy.
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» Item (4) is satisfy — (—) = ”;:dj .

¥

Vs= (—-V )

2472
0.75

*Note: Ve = = = 191.67 KN,

Try ®10 (4Legs) =4* 79 =316 mm?.
42791075 _ 13793 «
H

10~3
= -5=0.276m
{420 +0.2875 )

s< =285 _ 14375 mm,
2z 2

< 600 mm.
~ Use @10 @ 14 Cm.

3) Vu =200 KN .

hVe=d * "*bw d

= 0.75* ij*os * 0.2875* 10° = 143.75 KN,

- Check For dimensions:-

Ve +( ,—i* h* f' *by*d) =143.75+( j—i* 0.75* V24 * 0.8 * 0.2875* 10%)
=143.75 + 575= 718.75 KN > Vu = 197.6 KN.
=~ Dimension is big enough.

- Check For items:-

1- Item1: V, < 0"’2”‘.

200< “== =71.87......Not satisfy.

2-1tem2: 2L <v,< Ve

71.87< 200< 143.75

....... Not satisfy.
3-1tem3: hV. < Vy £ dVe+HVSmin

B VSmin 2 - ?*bw*d 075 V24 * 0.8*0.2875* 10° = 53.9KN.

> qs*bw d= *08*02875*103

555KN.......... Contral.
e q)VSmin = 555 KN
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OV + QVSmin = 143.75 + 55.5 = 201.25 KN.
®MVe < Vy < Ve + ®OVSmin
143.75< 200< 201.25..........

~ Item (3) is satisfy
Minimum shear reinforcement is required(4,,)

Ay 1 I 1 VEZd _ -4
(T Jmin - 2 Pk ™ * by = e W *0.8 =5.952*10".

L. 08 —635¢10%................Control.

1L By _ _
— —_ - — =
3 S 3 420

Try @8 (4 Legs):
2 w4 =-F
4:50+107° _ 6.3510% - S=0.314m

s<i= %m =143.75mm........ control
< 600 mm.

A Use P8 @ 14 Cm.
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(4.8)Design of two way ribbed slab(RS1) :-

Figure (4-10) : tow way ribbed slab(RS1)
Nominal Total Dead Load = 2.982 KN
DL=2.982/0.52*0.52 =11.03 kN/m?
WuD=1.2x11.03=13.236 kN/m?
WuL =1.6 x 3= 4.8 kN/m?
Wu=13.236+4.8=18.04 kN/m*

(4.8.1)Design of positive moment :-

According to ACI-code:
CalL =0.048 Ca.dl=0.039
Cb.LL=0.02 Cb.dI=0.016

Ma positive(DL) =( 0.039* 13.24*5.4% )*0.52= 7.82 KN. m/rib
Ma positive(LL)= 0.048*4.8*5.4% *0.52 = 3.49 KN. m/rib
» Mapositive(D+L)=7.82+3.49=11.32 KN. m/rib

Mb positive(DL) = 0.016*13.24* 6.9 *0.52= 5.24 KN. m/rib
Mb positive(LL)= 0.02*4.8*6.97 *0.52 = 2.37 KN. m/rib
> Mb positive(D+L)=5.24+2.37=7.62 KN. m/rib
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= short direction:
> Mu=1131KN.m
d=350-20-8-12=310 mm

Mn=Mu/ ¢ =11.310.9=12.56 KN.m

v _ 420

T DBS f; 08524

=20.6

_ My _ 1256+1077F
7 o2 T 052e (03172

=0.251 MPa

o= _l I:l - 1— Zelnemn }
m -I'_v

1 2+0.251+20.68

=— 1- 1-——— =0.0006
206 420

ﬂs:m’r: = _*bw*d = _""bw*d (AC"].OS].)
40fy) Iy

n

=Y L 190+310 = 14120310
20 4210

T 4ed

=108 mm*< 124mm?............. Larger value is control.
= ASpin = 124 mm? > As.eq = 97 mm?,
~ As= 124 mm?,
2 ®10 = 158 mm? > A = 124 mm?. OK. *Note: Agyq = 79 mm?

s Use 2 d10

— Check for strain:- (g, = 0.005)
Tension = Compression

As*fy =085* f'*b*a
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158 * 420=0.85* 24*520* a
a=6.25 mm.

B.25
£ =—=222=735mm.
f;  08s

£, = 25% 0,003

'

= 310-735 4 5003=012 > 0.005 - ¢ =0.9 OK

T 735

= Long direction:

» Mu=7.62KN.m
d=350-20-8-12=310
Mn=Mu/ ¢ = 7.62/ 0.9 = 8.46 KN.m

=_Jr - % _59g

m=—-=
085 f; EGe24

- e10=3
=M o 88010 169 MPa

K, = — = -
N ped?  053s (0.310)

. ZeKnem }

=Ltn-
p=—(1 1 fy

=— 1- 1-Z2"80 -0000404
4210

~As=p* b, *d=0.000404* 520 *310 = 65.1 mm?

i

ﬂs:m’rz = 40y

xh, +d Estawsd viereeerrs(ACIF105.2)

n

=221 1204310 = 211204310
20 420

B o)

=108 mm?< 124mm?............. Larger value is control.

— ASpin = 124 mm? < Aseq = 97 mm?

* Note: f.' =24 MPa< 28 MPa-, fi, =0.85
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2 ®10 = 157 mm? > Ase = 133 mm?. OK. *Note: Apyg = 78.5 mm?
Use 2 ®10
— Check for strain:- (g, = 0.005)

Tension = Compression

As*fy =0.85* f/*b*a

157* 420=0.85* 24*540* a

a=5.98 mm.
£ = ﬁ— = E =7.03 mm. * Note: £ = 24 MPa< 28 MPa— f3, = 0.85
1 LS
£, = 5% 0,003

_ 285=-7.03
7.03

* 0.003=0.1186 > 0.005 ¢ =0.9 OK

(4.8.2)Design of negative moment :-

According to ACI-code:
Caneg =0.071
Ch.neg = 0.029

> Manegative (D+L)=0.071*18.04* 5.4% *0.5 =19.42 KN. m/rib
Mb negative (D+L)=0.029* 18.04* 6.92 *0.5 =12.95 KN. m/rib

= short direction:
» Mu=-1942KN.m
d=350-20-8-12=310
Mn=Mu/ ¢ =19.42/ 0.9 =21.58 KN.m
I 4240

m= = =206

T 0B5J.  0BS5.24
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K = My _ 215841073
N ped?  012e (0.310)

=1.87 MPa

ﬂz—llzl— 1 _Zak'nam }
m I

_ 1 2«1.87+20.6

= 1 1 -ZMTE _g00468
2.6

420

L As=p* b, *d=0.00468* 120 *310 = 174 mm?.

i

-‘qs:lnj"r: = _$bw$d = ﬂ*bw$d (ACI'1051)
4(fy) Iy
=Y 41204310 = 21 +120+310
4420 420
=108 mm*< 124mm?............. Larger value is control.

— ASpin = 124 mm? < ASeq = 174 mm?

~ As=174 mm?.

2 ®12 = 226 mm’ > Aseq = 174 mm?. OK. *Note: Agyz = 113 mm?

& Use 2 P12

2

— Check for strain:- (g, = 0.005)
Tension = Compression

As*fy =0.85* f/*b* a

226* 420=0.85* 24*120* a

a=38.77 mm.
£ = ﬁ— = _H;é: = 45.61 mm. * Note: f! = 24 MPa< 28 MPa— f, = 0.85
1 LS
£, = —=* 0.003

_ 310=-45.61

45.61 *0.003=0.017> 0.005 - ¢ =0.9 0K
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» Mu=-1295 KN.m
d=350-20-8-12=310

Mn=Mu/ ¢ =12.95/ 0.9 = 14.38 KN.m

2
m=—2_ =_*0 _959p
DB f;  DBG24
M. 14.38«1072
K,=—t="1""""" —124MPa
bed? 012 (03132
1 2e K ern
p=r(- 1-Zm
1 Z2+1.24+20.6
=— 1—- 1——— =0.0030
20.6 G20

~As=p* b, *d=0.0030* 120 *310 = 114.12 mm?

I
-‘qs:lnj"r: = _$bw *d = F*bw *d (ACI'1051)

4(fy)

=Y L120%310 = 1 %120+310
20 4210

B o)

=108 mm*< 124mm?............. Larger value is control.
- ASpin = 124 mm? < Aseq = 114.12 mm?
~ As= 124 mn?,
2 ®10 = 158 mm? > Aseq = 124 mm?. OK. *Note: Agpig = 79 mm?
- Use 2 010
— Check for strain:- (g, = 0.005)
Tension = Compression
As*fy =0.85* f/*b* a
158* 420=0.85* 24*120* a

a=27.1 mm.
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a _ 271

1 - 31.89 mm. * Note: f! = 24 MPa< 28 MPa— £, = 0.85

b =8 T oes

el

® % 0.003

£¢ =

'

_ 310-31.89
T 3189

* 0.003=0.026 > 0.005 - ¢ =0.90K
(4 .9) Design of Column:-

= Design column(A-C4) :
= Load Calculation:

p, =827.6KN
827.6
= 2202 _1273.23KN
Prres =70 65

User =rg=1.0%
Pn=0.8* Ag{0.85* fc'(1-rg) + (fy*rg)}
1273.23= 0.8* Ag[0.85* 24(0.99) + (420* 0.01)]

Ag = 0.065m°
Use0.5x 0.2mwith Ag=0.1m?

= Check Slenderness Effect:

= In 0. m-Direction

MU gy oML ACI - (10.12.2)
r M2

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

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

Lu=320 m

M1U/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.
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MU gy pp ML ACl —(10.12.2)
r M 2

1x3.20
0.3x05

. short Coloumn in 0.5m..dirction

=21.33<22

= In 0.2 m-Dirction

MU gp ML ACI —(10.12.2)

r M2

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

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

Lu=3.20 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.

KU gy oML ACl —(10.12.2)
r M 2

1x3.2
0.3x0.2

~.long Coloumn in 0.3m:dirction

=53.33> 22
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E.l
El =04—9 . [ ACI 318 - 05 (Eq. 10 —15)]
1+by,

E, = 4750,/ fc' = 4750 x /24 = 23270 .15Mpa
_12DL  1.2*(583)

b, 0.74
Pu 827.6
3 3
I, = bx h _ 0.5x0.2 — 0.001125 m*
12 12
El - 0.4x 23270.15x 0.001125 — 6.018MN .m?
1+0.84
p *El
Py = e ACI 318 — 05(Eq. 10 —13)
(KLu)
2
- 3.14°x6.018 _ 5 794MN .
(1.0x3.2)2
M1
Cm=0.6+ 0.4(mj ............ ACI 318 — 05(Eq.10 - 16)
Cm=1.... According to ACI 318 —05(10.10.6.4)
d,. :C—TMZLO ............... ACl 318 - 05(Eg. 10 -12)
 0.75P,
1
d, = -~ 557 6 =1.23>1
0.75x 5794
€., =15+ 0.03x h=15+0.02 x 400 = 23mm = 0.023m
e=e,, xd,=0.023x1.23=0.028
e_0028 ..,
h 0.2

From Interaction Diagram
fP, 8276 _ 145

A, 05702 1000 2
r,=0.01

A, =1 x A; =0.01x500x 200 = 1000 mm?**
. usesf 14
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= Design of the Reinforcement:

S <16 db (longitudonal bar diameter).......................

S < 48dt (tie bar diameter).

S < Least dimension.
spacing <16xd, =16x1.4=22.4cm

spacing <48xd, =48x1.0=48 cm
spacing <least.dim.= 20 cm
Usef 10@20 cm

ACl -7.10.5.2
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(4.10) 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 (F2) .

Seclions

AI3 —
A win g g R
'r ) : e e | 1] | ==y
= e

Fig. (4-11) Geometry of Footing (F2)

(4.10.1) Load Calculation:-

Factored load Pu = . KN

Soil weight = KN/m?

Column dimentions= * 0cm
Allowable soil pressure = KN/m?

(4.10.2) Design of Footing Area:-

Allowable net soil pressure 450-0.5* 25-0.625* 18=426.25 KN/m?
Area(A) = Total Weight / Soil Pressure

= . KN /426.25 KN/m?
=297m’
Try . * . Area= . m’

Select Foot Geometry . *

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

Pnet (factored) = Pu/ Area= KN/m?

~~
I
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(4.10.3) Determine the Depth of Footing Based on Shear Strength:-
Assumeh= 0cm ..... d= 005 - = mm

e Check for One Way Shear Strength
19

Vu = (7 —0.25— 0.438j x 417.23* 1.6 = 174.9KN
Vu = 174.9KN

0.75 ,
f\Vc= T@ x1.9x 0.438x10° = 509.6KN

fVc>Vu OK
sdecth= Ocm.....d= mm

e Check for Two Way shear Action (Punching).

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

tv. =t 142 |/t bd
6l b,
1( a !
v, =f 2 2 ol f. b.d
: 12(b0/d+J ¢ Do
FV, =t é\/ f'b,d

Where:
Column Length (&) 05

©” ColumnWidth (b) 0.2
b, = Perimeter of critical section taken at (d/2) from the loaded area
=2(0. +0. )+2(0. +0. )= . m.
a, =40 for interior column

2.5

fV =f %(u bi}/ f, b,d = 0'—675* (1+ 2%)* 24 * 3.152 * 0.438*10° =1521.7kN  control

1( a ' 0.75, ( 40* 0.438
fV,=f.—| =5 4+21/f bd=—r +2 [*/[24*3.152% 0.438* 10° = 3195kN
¢ 12(b0/d j 12 ( 3.152 j

fv, =f %w/ f'b.d =O'T75* 24* 3.152* 0.438* 10° = 1690.8kN ....
Vu = (1.9*1.6) - ((0.2+0.438)* (0.5+0.438))* 417.23=1018 7kN
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Vu=1018.7 < ®Vc=1521.7.........ccu..... OK
(4.10.4) Design for Bending Moment of long direction.

d=00- -( /2= mm

Mu= . * . *0.7*0.7/2=163.55 KN
m = L = 420 =206
0.85* fc 0.85* 24
* -3
. Mu/f2 _ 16355*10 /3.9: 0,502 N
b*d 1.6* (0.439)
1 2mRn
p=—(1- 1~ )
m fy
1 ) )
p= —(1_ \/]__W) =0.00143
20.6 420

Aseq = 0.00143 (1600) (438) = 1002.14 mnT
r... =0.0018

A, min = 0.0018 (1600) (500) = 1440 mm? control

ASeq = 1440 mm?

# of bars= As/ Aspy = 1440/113 = 12.7
= Note Ap1z = 113 mm?
= s<3h=3*500=1500 mm
= <450

1600=502=13+12
12

take S=1 cm

............... control

Use 13® 12
(4.10.5) Design for Bending Moment of short direction.
d=00- -( /2= mm

Mu= . * . *0.7%0.7/2= . KN

= L _ 420 _ 20.6
0.85* fc 0.85* 24
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_ Mu/f _191.6%10°/09 _ )

Rn= > = > N/mm
b* d 1.9* (0.438)
1 2mRn
p=—(1- [1-=20)
m fy

p= L (1- \/1——2(20'6)(0'584) ) = 0.001411
20.6 420

Aseq = 0.00141 (1900) (438) = 1174.6 mn"’
r... =0.0018
A, min = 0.0018 (1900) (500) = 1710 control

ASeq =1710 mn?

# of bars= A ASpy =1710/113=15.13
= Note Ap1s = 201 mm?
= s<3h=3*500=1500 mm

= s<450
100750 271812 _197.2...............control
take S=10cm
Use 14d 12
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(4.11)Stair Design:

L=.

+3.3=4. m

h,,;,=4.95/20=0.2
take h = 20cm

(4.11.1) Load calculation:-

% Flight dead load:

= Tiles =0.03*2 *((0.33+0.16)/0.3)*1=1. 76 KN/m.
= Mortar =22*0.0 *((0.3+0.16)/0.3)*1= . KN/ m.
» Plaster =(22*0.0 *1)/ (Cos . )=0. KN/m.
= Steps =25* . * . *1= KN/m.
= Slab =25*0.2 *1/ Cos26.57= . KN/ m.

Total dead load(flight) = . KN/ m.

% landing dead load:

» Tiles =24*0.03*1 = 0.72 KN/m.

= Mortar =22*0.02* 1= 0.44 KN/ m.

* sand =17%0.07*1=1.19 KN/ m.

= Slab =25*0.2 *1= . KN/ m.

= plaster =22*0.0 *1=0. KN/ m.
Total dead load(landing) = . KN/m.

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

+ Factored load
For flight =1.2* . +1.6*3= . KN/ m.
For landing=1.2* . +1.6*3= . KN/ m.

(4.11.2)Design of shear:-

Assume & 14 for main reinforcement
d=2 0-20-(12/2)= 4 mm
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Vu= 6.3 KN.

f/f'*b, *d
fVc=-—Y ¢ w -
tye_ 075 \/z_zt5 10173 _ o oauny
Vu=463 KN < @Vc= . KN.

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

(4.11.3) Design of Bending for flight

Moments: spans 1to 1

2.05 47.4 2.05

Shear

-43.1

-46.3

16.3 43.1

Figure(4-12) : Envelope Shear and moment Diagram of flight
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Calculate the magnitude of the maximum moment by using the shear diagram.

Mu=47.4 KN.m
Mn=Mu/® =47.4/ 0.9 =52.67KN.m

fy 420

m=———= =20.6
085 f; DBEG5«24
3 £a10™3
K, = = 22010 _ -1 737 MPa
bl L {0173}
o =_l (1 . 1 — ZeKnem }
m I
=— 1-— 1-ZMTPHE —000433
2.6 G20
~As=p* by, *d=0.00433 * 1000 *173 = 753.32 mm*/m ........... control

— ASpin = 0.0018* 1000* 200= 360 mm%/m.

“ As = 753.32 mm*/m.

Use ®12/15 cm with Ag = 753.33 mm?/m.

Check for step:
< 3* h=3* 200 = 600 mm
< 450 mm.

S=150<S max=450 mm

~Use ®12 @ 15 Cm.
Temperature and shrinkage reinforcement:
As=0.0018*b*h
=0.0018*1000*200=360 mm?
sUse @12 @25 Cm.
Check for step:
<5* h=5* 250 = 1250 mm
< 450 mm.

S=250 < S max=450 mm
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(4.11.4) Design of Bending for landing

Moments: spans 1to 1

Shear

-38.4

-35.7

38.4 357

Figure(4-13) : Envelope Shear and moment Diagram of Landing

Calculate the magnitude of the maximum moment by using the shear diagram.

Mu=38.4 KN.m
Mn=Mu/®=2384/0.9=42.67KN.m

m=—2_ =" _-206

T o8s T 08524

_ My 425741073
N ped? 1o (01730

=1.425 MPa

o= _l I:l - 1— Zelnemn }

m T

1 21425206
= 1= === ==

20.6 420

= 0.00352

- As=p* b, *d=0.00352* 1000 *173 = 609.31 mm?/m

........... control
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~ ASmin = 0.0018* 1000* 200= 360 mm?/m.

~ As=609.31 mm%/m.

Use ®12/15 cm with Ag = 753.33 mm?/m.

Check for step:
< 3* h=3* 200 = 600 mm
< 450 mm.

S=150<S max=450 mm

~Use @12 @ 15 Cm.
Temperature and shrinkage reinforcement:
As=0.0018*b*h
=0.0018*1000*200=360 mm?
~Use @10 @15 Cm.
Check for step:
<5* h=5* 250 = 1250 mm
< 450 mm.

S=150 < S max=450 mm
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(4.1 )Design of shear wall(C-Sh5):

T
Al

eimiers

Figure(4-14) : Load from earth of Shear wall .

=  Material :-
concrete B300
Reinforcement Steel

= Section :-
t=20 cm .shear wall thickness
Lw = 2.4 m .shear wall width
hw=3.8*3=11.4 m.story height

Fc' = 24 N/mm?
fy = 420 N/mm?
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v Design:-
= Design of the Horizontal reinforcement:

Critical Section

M = ﬁ =12m...... control
2 2

hw_114 ..
2 2

d=08xIw=08x24=1.92m
V, =3084KN
M, =16336 KN.m

fc xbxd

VC1:
NeTy

Ve =~ % 020x1.9210° = 313 53 KN

ch_wlfc’xbxd+ N, xd

4 4x L,
Assume N, =0
* 3
vV, - V24 x0.20x1.92*10 N 0x1.92 — 470 3 KN
4 4x2.4
2x N
| | +/fc' + s
fc' W( IthJ hxd
Vc3 = + x
2 M, |, 10
vV, 2
1633.6, _2_4 — 40950
3084, 2
=V =Will apply
V.- V24 2424 +0) L020x1.92 o e
2 4.09 10

Control for V,-3=204.45 KN
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\Y, :V—”—V :%—20445 206.75 KN
0.75

A =0.0025xb = 0.0025x 200 = 0.5

S, <+=—=048m.......... control
5 5

S, <3xh=3x0.20=0.6m
S, =150mm< Smax = 480mm............... ok

Usef 10@15cm c/c  inboth.sidesof thewall
= Design of Vertical reinforcement:

A= {0.0025+ 0.5[2 5- I_J(% - 0.00ZSH xS xh

A, =| 00025+ 08 25- 14| 2X785 400551, 5 xh
" 2.4 \150% 200
A, =0.0025x S xh
-6
S = 2x785x10 7 _ 0.314m ... control
0.0025x 0.2
S+ IW 2?0 = 800..mm
S < 3>< h =3x0.2 = 600mm
S1<450mm
S1=31l.4cm< Smax = 45CM......cccoevviierinnennns ok

~Usef 10@10cm c/c  For thereinforcement in two layers (vertical)
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= Design of Moment:

R

J HE 4

2377

Yo7

YoAmIE T

Figure(4-15) : Moment and Shear Diagram of shear wall .

The boundary elemant is required if C :-
c>_ W
600* (dn/ hw)

assume dn/hw> 0.007

24
C>—M—
600* 0.007
Cw=C-0.1x Lw
Cw>0571-0.1x2.4=0.331m
Cw> 9 = —0'571 =0.286 m
2 2
Seect Cw=0.35m
Ast ==-E!Y-x Asv
S

1

=0.57Im

Ast = %x 2x 78.5 = 3792mm’?
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z 1
0.85x b, x fc'xLwx h
+
Asx fy
ya 1
w ,, 0.85x0.85x24x24x02 =0.138

3792x107° x 420

2

MU = 0.9x 05x Asx fyx Lwx (1~ —2)
2Lw

Mu = 0.9x 0.5x 3792x107° x 420x 2.4 x (1-0.069)
Muv = 3002.6KN.m
Muv... > Mu

Boundary steel not required .
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