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The Structural Design of a Municipality

Working Team

Dunya Al-Tell Maram Hamdan.

Supervisor

Dr. Nafez Naser Al-deen.

Project Abstract

The main aim of this project is to prepare all of the structural design and

executive details of municipality building . This project consists of four floors with
total area (5332.65 m?), each floor of the building consists of many departments with

different activities.

This building is reinforced concrete structure and composite steel-concrete
structure. The project contains the structural analysis for vertical and horizontal loads

and the structural design and details for each member in the project.

By the end of this project, the structural elements in the building will be

designed.
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List of Abbreviations

A,= area of shear reinforcement within a distance (S).
b = width of compression face of member.
b,,= web width, or diameter of circular section.
DL = dead loads.
d = distance from extreme compression fiber to centroid of tension reinforcement.
E_= modulus of elasticity of concrete.
fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.
] = moment of inertia of section resisting externally applied factored loads.
L, = length of clear span in long direction of two-way construction, measured face
to face of supports in slabs without beams and face to face of beam or other
supports in other cases.
LL = live loads.
M = bending moment.
M, = factored moment at section.

M,, = nominal moment.

S = spacing of shear in direction parallel to longitudinal reinforcement.

X




V. = nominal shear strength provided by concrete.

V,, = nominal shear stress.

V = nominal shear strength provided by shear reinforcement.
vV, = factored shear force.

W, = factored load per unit area.

F = strength reduction factor.
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Table (3-3) : Wind Velocity Pressure (q) According To The

German Code (DIN 1055-5)
)

Height Above the surface . [m] 0to8 >8t020 | >20to0100 >100

45.6
Wind Speed . [ m/sec] 28.3 35.8 421 =
Wind Velocity Pressure (q). [KN/m?] 0.50 0.80 1. ,

il 7 . m/le::
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° Wind Resultant :-

W =Cp *q [KN/m?] —

W=Cp *q *A [K:N] Wind Direction Cl=55;"“i

Cp : External Pressure Coefficient . o T
A: Exposure Area . .“ il

. sial) o i gl bl Aad o 2l olad] 80 (v-v) Jodd)




° External Pressure Coefficient (Cp):-

Cp = + 0.80 (pressure, Wind Ward)

Cp = - 0.50 ( section , Lee Ward )

Cp = - 0.70 ( section , Sideward ) , for ....... h/a > 0.50
Cp = - 0.50 (section Sideward) , for ....... h/a < 0.50
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4-1 Introduction.

4-2 Determination of Slab Thickness.
4-3Topping Design.

4-4 Determination of Loads for Rib.
4-5 Design of Rib.

4-6 Design of Beam.

4-7 Design of Two — way RibbedSlab.

4-8 Design of Column (C1).

4-9 Design of Isolated Footing.
4-10 Design of Combined Footing.
4-11 Design of Stair.

4-12 Design of Shear Wall.




4.1 Introduction:-
| el ts that will be designed according to the ACI code and by using the finite e
ural elemen

The project consists of several struct
“ATIR” and “STAADpro” to

find the internal forces, deflections and moments f,
method using much of computer software such as

all structural element In order to design them.

4.2 Determination of Slab Thickness:-

e way slabs unless deflections are computed

According to ACI-Code-318-05, the minimum thickness of nonprestressed beams or on

follow:

L

- For one-end continuoush - TAEL
585

Rpnin= o =31.62cm.

L
- For both-end continuous =57

Ronin= 52—31—5 =25.5 cm.

The minimum ribbed slab thickness will be fty;;,-316.2 mm.
Take slab thickness h _320mm>h;,,-255mm .
h _32cm (24cm Hollow Block + 8 cmTopping).

4.3Topping design:-

Dead load calculations:

Dead load from KN/m
Tiles 0.03*23= 0.69
Mortar 0.03%22= 0.66
Coarse sand 0.07*17= 1.19
Topping 0.08%25= 2
Interior partitions 2.3= 2.3
z 6.84

*jve load calculations: 4*1=4KN/m

*Total factored load w,, = 1.2 %6.84 + 1.6 x4 = 14.608 KN/m

2 +0.42
M, ="k = 1S80% — 0, 195KN.m/m of strip width.

@M, > M, — strength condition,where @ = 0.55 — for plain concrete .

M, = 0.421/f'Sm

bh?

; Wheres,, = —— = 1000 * 80 x 8—6" = 1066666.67mm3




M, = 0.42 % 1 + V24 x 1066666.67 * 10-6 = 2.24KN.m
@M, = 0.55%2.24=1. 232KN.m » M, = 0. 195KN.m
« So.. no reinforcement is required by analysis
for slabs as shrinkage and temper
A, = pbt = 0.0018 + 1000 x 80 = 144mm? /m strip.
Try bars §8 with A, = 50.27mm’

n =144/50.27=2.87

*Take 3@8/m or $8@300mm in both directions.
Step “S” Is the smallest of:

1-3h =3*80=240mm (control)

2-450mm.

3-380(2280 ) —2.5%20 =330 mm.
5‘420

ss300(#°-)=3oo mm
?420

§=200 mn <Spqx = 240 mm — OK

4.4 Determination of Loads for rib (R1):-

according to AC110.5.4, provide Agmin

ature reinf orcement :

Figure (4-1):Rib One (R1).




4.4.1. a Determination of Dead loads:-

o
_/”T//’/_‘ KN/m
Type vo h
s | 0.359
Tiles 0.03*0.5 — B
" 22 .343
* %17 0.619
Sand 0.07%0.52*1
e * 1.04
Topping 0.08%0.52*25
* 0.96
Hollow block /ﬂi—”
Plaster 0.03*0.52*22 0.343
R.Crib 0.12%0.24*25 0.72
e
Partitions 2.3*0.52 1.196
4.4.1. b Determination of live loads:-
*Nominal Total live load = 4 * 0.52 = 2.08 KN/m of rib.
4.4.1. c Determination of factored dead and live loads:-
*Factored dead load = 1.2*Dead load = 1.2*5.58 = 6.696KN/m.
*Factored Live load = 1.6*live load = 1.6%2.08 = 3.328 KN/m.
4.5 Design of Rib:-
1 2 3 4 5
1 2 3 4
s ol A~ e A
B e LA iy A j
'or—f'r 4.08 '| 0.8 ‘ 4.5 , 0.8 ; 3.1 ‘ 0.8 ‘ 4.45 Efi
i
g 98 403 1 5.3 . 3.9 55 51 ‘
1 : ! —
32.
12.
A-A

Figure (4-2): Rib geometry




load group ho. 1
Dead load - Service

5.58

4.73

5.3

—

5.58

3.9

Units:kN,meter

5.58

\ \ \ \

5.1

nF

oad factors: 1.20,1.2071.80,0;

ive load - Service

2.08

1

—

T

Sl

5.1

4.73
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Figure (4-3): loading of Rib.
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Moments: spansito 4

-24.6
-28.4

17.8 16.3 o
1.75 2,14 3.06 . 2008
80l 1, 2.84 2.91 2.39 [
| T E
Figure (4-4): Moment Envelop of Rib.
Shear
L -29.7 o e b
P 18.9 o e
L 1 i ; ‘ i i i l
13.6 13.2
N 22.6 20. .
29.5 =

4.5.1 Design forflexure:-

4.5.1.1 Design of rib for Posi

1- Mu=+229 KN.m:

Figure (4-5): Shear Envelop of Rib.

tive moments:-

Assume bardiameter @12for main positive reinforcement:

d =320-20-10-(12—2)=284mm.

The effective flange width (byf) is the smallest of:




2300

a- beﬁs L/4= T= 575mm.

b- beyy < (120 + 16)* 80 = 1400mm.

c-b.sp < 400 + 120 = 520mm , (Control).

Take b,y -520mm.

Check if > hy:

M= 0.85*24*520*80%(284->)*107-6 = 207.07KN. -
Mu 22

Mg = 207. 07>>-E- =——= 25.44KN.m > a < h;.

*The section will be designed as rectangular section with b = 520 mm.

Mn_z_z_g_zs 44KN. m.

fy 420
m . 0.85% fc _ 0.85%24 3059

My _ 25445108
Ry= bd?2 5202842 = 0.607MPa.

1 1__2mRn
p= m (1- fj} )
adlay
e 30595 | 20602059 \ 0 oora7
420

2
A= 0.00147 (520) (284) = 217.09 711"

Check for A in ¢
As, = ;/(;) (Bw)d)=> 54 (17, (1) (ACI -10.5.1)
As V24 )(120)(284)> 1% 699 )(284))

= (420

49
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As,; =99.38<113.6
As,, =113.6mm’.

2
217.00MM° > ds, =113.6mm’”.

2
W e 4 217.09/113.1=2bars * Note Aggz= 113.1 mm”.

s,bar

Select 2012:

o Check for strain :

Tension = compression

1
As*fy=0.85*fc *h*a
226.2%420 = 0.85*520 * 24 * a

a=8.96mm
pia 896 o 54mm
B 0.85
5= 284 -10.54 . 5 403
! 10.5
£, =0.0778 > 0.005 o

2- Mu=+17.8 KN.m:
Check if > hf:

M,y = 0.85*24*520*80%(284-")*107-6 = 207.07KN. m.
Mu
Myp=207.075>== = 17.8/0.9 = 19.78KN.m -> a < hy.

*The section will be designed as rectangular section with b = 520 mm.

M, === 19.78KN.m.

i R
m - 085% fc . 0.85%24 _ 559

_Mp _ 19.78+10°
T pdZ 52042842

R

= 0.472MPa.



p=MmM(-

218 59
_2059;. I_ML)(LO'J,=0.00114
pE 420

2

A.=0.00114 (520) (284) = 168.36 mm -,
Check for Asmin'

VJo L4 ACI=105.1)
Asin = bw)(d) 2 —m (BWNA eerenrn (

0 A

V24 4

=V _(120)(284) > ——(120 )(284

As. =99.38<113.6
As. =113 .6mm”.

2
168.36 M > As_, =113.6mm’

n=—= 168.36/113.1 = 2bars

s,bat'

Select 2¢12mm :

o Check for strain :

Tension = compression

1
As*fy=0.85*fc *hk g

* Note Aoz = 113.1 mm?.



226.2%420 = 0.85%520 %24 *a

a =8.96mm
o8 89 10 54mm
B, 0.85
£ =%8f_:1_()_'5—4*0_003
. 10.54
&, = 0.0778 > 0.005 OK

3- Mu=+16.3N.m:
Checkifa > hy:

Mys = 0.85%24*520*80%(284 - 522)*10"-6 =207.07KN.m.

Mu

M,y =207.07>> = =16.3/0.9=18.1KN.m-> a < hy.
*The section will be designed as rectangular section with b = 520mm.

M, == 18.1KN.m.

420

ma._J7 __085%24 5050
0.85* fc

M, 18.1«106
R.=—2% = ———= 0.
NS = oo oniz 0.432 MPa.

| 1_2mRn
p= m (1- fy )
1
Y VE 2(0.432)(20.
p= 20.59 1. \/:. ( 4;(() 0.59) ) = 0.00104.

A= 0.00104 (520) (284) = 153.59 mm® ;




Check for A min'

Al = ;/(Zy: (bw)d)= l—f'%(bw)(d) ................ (ACI —105.1)

N

4s, =_@(120X284)2 %(120)(284))

As,. =99.38<113.6
As., =113 .6mm’

153.50/MM" > As . =113.6mm’

* Note Ag1= 113.1 mm®.

n= A" = 153.59/113.1 = 2 bars

s.bar
Select 2¢912:

e Check for strain :

Tension = compression

A« fy=085+€ «pa
226.2%420 =0.85*520 %24 *a

a=896mm

A B 0N ey,

B,
78 284 —10.54
o 10.54
g, =0.0778 > 0.005

*0.003

OK

4— Mu=+4.5KN.m:
Check if > hf:

M,; = 0.85%24*520*80*(284 -)*10"-6 =207.07KN. m.

Mn
My =zo7.o7>>?“= 4.5/0.9=5KN.m=a < h,.



ular section withb= 520mm.

*The section will be designed as rectang

M,=53=5KN.m.

420

m - ___fj_’__ - 0.85%24 _20.59
0.85* fc

My 54106
=— = —m—— =0. 19MPa.
Ry bd%2 = 520#2842 oL

1 B 2mRn

p="(1- W )

1

p=205%@.- ,l - 2(0'112(()20'59) ) = 0.000284

2
A, = 0.000284 (520) (284) = 41.94 mm-

Check for Asmin'

As_. = Ve (bw)d)= L4 () (1) R (ACI -10.5.1)

As. =99.38<113.6
As,. =113.6mm*.

areamm’ 5 4s . =113 .6mm?.

A
n=——==41.94/78.5 = 0.53 bars * Note A= 78.5 mm?

% As,bar
Select 2010:

e Check for strain :



Tension = compression

As*fy=0.85*fc' *b*a
157 *420 =0.85*520*24*a

a=6.22mm
c.—_—a-—_—.6—'2—2—=7.32mm
B 0.85
e 284 —7.32 £0.003
' 7.82
s, =0.1134 > 0.005 OK

4.5.1.2 Design ofrib for negativemoments:-
1- Mu=-28.4 KN.m :

Assume bar diameter ¢12 for main positive reinforcement:

d =320-20-10 - (5) = 284mm.

M, =22=316KN.m.

420

R (0.85%04,
0.85* fc oy

_ My _ 3165108

N hd2 — 12042842 3.26MPa.

R

1 1_2mRn
p="(- U

1
,,=zo.59(1_\/1_w
420

) =0.00851

Ag=0.00851(120) (284) = 290.02 7"/ 3 A




Check for Agmin *

As. =99.38<113.6
As.. =113.6mm”.

200,027 > As, , =113.6mm”.

n=-A_ — = 290,02/153.9 = 2 bars * Note Agyq = 153.9mm™,

Aspar

Select 2014:

e Check for strain :

Tension = compression
A * f,=0.85 +JC ipxa
*307.8%420 =0.85*120 *24 *a

a=52.8mm

GRS o o

c=—
p 0.85
284 —62.12
g =——-—-%*
. 62.12
g, =0.0107 > 0.005 OK

0.003

2- Mu=-24.6 KN.m:

M,=22=27.3KN.m.

420

Jy
pae i (.85%24 .
0.85* fc 250




6
Mn _ 273410 _ 5 g2 MPa.
NThdZ ~ 12042842

R

1 | 2mRn

—

= 5

p= mq-

1
p=2059%@- I—M@ ) = 0.00726.
420

2
A, =0.00726 (120) (284) = 247.42 mm-

Check for Agmin *

g = Ve (bw)d)2 j;'bw)(d) ................ (ACI -10.5.1)

As =£_(120X2M)>——0(120X284))
As,;, =99.38<113.6
As,;, =113.6mm” .

2
247.42MM" 5 4s . =113.6mm”.

n=2%_ = =247.42/153.9 = 2 bars * Note Ae1a = 153.9mm?>.

s,bar
Select 2¢14:

e Check for strain :

Tension = compression

]
As*fy=0.85*fc *b*a




307.8%420 = 0.85*120 *24*a

a=52.8mm
N 528 ol D mm
B 085
=612,
ST oab
£, =0.0107 >0.005 oK

3— Mu=-183KN.m:

18.3

M, =———- 20.3KN.m.
420
mo_ B _085%24-20s50
0.85* fc

M 20.3«10%
R =—t=——=2. X
nTha2 T 12042842 21MPa

l i 2mRn

p=""(1- B

1
_ 2059 1_\ﬁ_w £
P ( T ) = 0.00529.

2
A, = 0.00529 (120) (284) = 180.28 711

Check for Agmim:
I ()

A= 4(ﬂ)(bw)(a’) — (10,17 ) . (ACI -10.5.1)
Nor

As,.. =Z@—20—(120)(284)> (120)(284))

As,. =99.38<113.6




As. =113.6mm”.

180.28MM" 5 As,, =113.6mm”

* Note Ap12 = 113.1mm?.

n=-As_ —-180.28/113.1=2bars
As,bar

Select 20 12 mm :

e Check for strain :
Tension = compression
A, * f,=0.85 #JC wpra
226.2%420 = 0.85*120 *24*a

a=238.8mm
oo 388 _ s 65mm
B 0.85
&, T2 D03
45.65

4.5.2 Design of shear for rib:
1-V, =+ 23.6KN :

Check for section dimensions:

fc
PV, = 9 * by * d
6

=1.1%* 0.75 * *120* 284*10~-3 = 22.96 KN.

J24
6

v 23.6
V=7 — Ve =5 30.61=0.857KN.




S g*m*120*284*10"-3 =111.3KN,
3

Vsnaz™ ;'\/—Z-wa xd
V, = 0.857TKN<V s max =111-3 KN.

The section is large enough.

Check forV ;pin'-
=1 %/24 % 120%284*107-3 = 10.43KN.
Vs,min=’:}; \24b,d 16
1 — +984%10A-3 = 11.36 KN- control.
Vimin=3 b,d s *120*284*10
Check for items:-

1- V, < 6V, /2 —23.6 <11.48 - not ok.
2- 9V /2 £V, < BV, — 11.48 < 23.6< 22.96 - not ok.
3- 9V, <V, < B(V, t+ Vmin ) — 22.96 <23.6<31.48 -ok.
*Minimum shear reinforcement isprovided.

Avms L« /22 « (120/420) = 0.08748KN.

Avmin — 14(120/ 420) = 0.095238 KN — control.
Take 4, = 208 = 2* 50.3 =100.6mm?
100.6/S=0.095238  — S=1056.3mm.

Sax S600,S 1oy < d/2 = 284/2 = 142 mm — control.
Select S=12cm = 120mm.

Use ¢8(2legs) @ 12cm.

2-V, = +22.6 KN :

Check for section dimensions:

oV, = 0 =

gc bw* d



.3 =22.96KN.

A w120% 284*10°

=1.1*0.75 *

V=2 v, =22 30.61= 04TTKN:
= g*,/"z4*120*2s4*10«3 = 111.3KN.

Vsmax™ %mbw xd
Vs = 0477V max™ 111.3KN.

The section is large enough.

Check forVs min'-

Vi min=azV24b,d - Lu/Z8+ 1207284103 = 10.43KN.
Vsmin™ %bwd = 5*120*284*10"-3 = 11.36 KN — control.

Check for items:-

1- V, s @V /2 — 22.6<11.48 - not ok.
2- ¢V, /2 <V, < OV, —11.48<22.6= 22.96 - ok.
+ Minimum shear reinforcement is provided.

Humis Ls 24 « (120/420) = 0.08748 KN.

fonin L4(120/ 420) = 0.095238 KN~ control.

Take A, = 208 = 2* 50.3 =100.6 mm’

100.6 /S=0.095238  — S =1056.3 mm.

S, 0x <600, Spax< d/2 =284/2 = 142 mm — control.
Select S =12 cm =120mm.

Use ¢8(2legs) @ 12c¢m.

3—-V, = +13.6 KN :

Check for section dimensions:



fcbw*d

4 *120* 244*10"-3 = 22.96KN.

=1.1%¥0.75 *

_ 2, [34%120+284*107-3 = 111.3 KN.
Vs,mur“g'mbw *d Vs = \E_

Vs = 1248 KN <V max -111.3KN.

The section is large enough.

Check for Vg mint-

Vo= VZAbyd = =228+ 12042842107 ~3 = 10.43 KN.

Vomin=3 bud = L4120%284*10%-3 = 11.36KN - control.

Check for items:-

1-V, <9V./2 —13.6<11.48-not ok.

2- ®V, /2 <V, < BV, —11.48<13.6< 22.96 - ok.
*Minimum shear reinforcement is required.

Fig
e ﬁ* V274 « (120/420) = 0.08748 KN.

Avmin _ 2%(120/ 420) = 0.095238 KN — control.

Taked, = 208 = 2* 50.3 =100.6 mm’
100.6 / S= 0.095238 — S=1056.3 mm.

Smax S600mm, Smaxs 4/2 = 284/2 = 142 mm - control.
Select S= 12 cm = 120mm.

Use ¥8 (2legs) @ 12 cm.




4—-V, = +13.2KN:

Check for section dimensions:

¢Vc=¢*

h #120* 284*107-3 = 22.96 KN.

=1L1*0.75*

V= sz ~Ve %j%— 30.61 =13.01KN.

=k *784*10~-3 = 111.3KN.
Vs max=SVZby,  d =2+124+120*284*10
V,=13.01 KN <V max-111.3KN.
The section is large enough.

Check forV min'-

Vymin=io VZAb,d = & +VZH+120+284 10" =3 = 10.43KN.

Voimin =3 bwd = 1x120+284+10"-3 = 11.36KN  control

Check for items:-
1- V, < 0V./2 —13.2<11.48 - not ok.
2- pdV /2 <V, < 9V, — 1148 <13.2 <£22.96 - ok.

*Minimum shear reinforcement is required.

‘ls"‘—’; -1-1;* VZ4 * (120/420) = 0.08748 KN.
Avmin

1
= 5*(120/ 420) = 0.095238 KN - control.
Take A, = 208 = 2* 50.3 =100.6 mm>
100.6 / S = 0.095238 — S=1056.3 mm.

Smax <600, Sp0,< d/2 =284/2 = 142 mm — ¢control.



Select S=12cm = 120mm.

Use 08 (2legs) @ 12 cm.

By N==22.9' KN

Check for section dimensions:

=11*0.75* i #120* 284*107-3 = 22.96KN.

Sy B8 22,9 £ _
Vs> Ve === 30.61 =0.077KN.

— 2 -
Vimar™ %mbw wd = ;* 24%120%284*10"-3 = 111.3KN.
V= 0.077 KN <V pax= 111.3KN.
The section is large enough.

Check forVg min:~
Vomin=g;V24b,d = L .VZ4+120+284 %107 = 10.43KN.
Vmin=3 bwd = 24120+ 284+ 1073 = 11.36 KN - control.
Check for items:-

1- V, < @V./2 — 22.9<11.48 - not ok.

2- OV, < V./2 < Vu < ¢V, — 11.48 <22.9<22.96 -ok.

*Minimum shear reinforcement isprovided.

Avmin
" 1
J 0¥ V24 * (120/420) = 0.08748 K N.
Avmin _ 1,

(120/ 420) = 0.095238 KN - control.

S 3




Take A, = 208 =2* 50.3 =100.6 mm?

100.6 / S= 0.095238 — §=1056.3 mm.

i = m — control.
smax < 600mm Smaxs_ d/i2= 284/2 142 m

Select S= 12 cm =120 mm.

Use 08 (2legs) @ 12 cm.

6— V,= —18.9KN:

Check for section dimensions:

N 24
=1.1*0.75* —6— #120* 284*107-3 = 22.96 KN.

v, =2y, =222_30.61=541KN.

(4 0.75
2
Vimax = 3V24by xd =24\Z4+120*284*10%-3 = 111.3KN.

V, = 5.41 KN <V, oy -111.3KN.

The section is large enough.

Check forVg pmin: —
Vs,mhx:—l— \/2_4‘1’ d e
-V24b, = =*V24 + 120%284*10~-3 = 10.43KN.

1
Vmin=3 byd=3*120%28410"3 = 11.36KN - control
Check for items:-
1- V, < 0V./2 — 18.9<11.48 - not ok.

2- OV, /2 <V, < OV, — 11.48 <18.9 < 22.96 - ok,

Na :
Minimum shear reinforcement is provided



Avmin__}_* \/T - (120/420) = 0_08748KN-
S=16

Avmin _ 1,170/ 420) = 0.095238 KN - control.
S 3

Taked, = 208=2%50.3 =100.6 mm’

100.6 /S = 0.095238 — § =1056.3 mm.

Spax <600, Smaxsd/2= 284/2 = 142 mm - control.

Select S =12 cm =120 mm.

Use @8(2legs) @ 12 cm.

7-V, = —16.5 KN:

Check for section dimensions:

Cl
OV, = @ * é b, * d
4
=1.1* 0.75 * *120% 284*10/-3 = 22.96KN.

SV 16 i
Ves 5 Vesome 30.61 =8.61KN.

Vimax = 2VZb, * d = 2*/24+120+284*10°-3 = 111.3KN.
V; =8.61 KN <V 0= 111.3KN.

The section is large enough.

Check for Vg i -
1

Vomin=—az VZAbyd-*28 % 1204284¥107-3 = 10.43KN.
1

Vsmin=3bwd = 31*120*284*10"-3 = 11.36KN - control

Check for items:-

1- V, < 0V./2 —16.5<11.48 - not ok.



*Minimum shear reinforcement is required.

14 24 * (120/420) = 0.08748 KN.
16

Avmin
——S =

Avmin _ 2x(120/ 420) = 0.095238 KN - control.
TakeA, = 208 = 2* 50.3 =100.6 mm’

100.6/S = 0.095238  —S=1056.3 mm.

Spax< 600, Spax< d/2= 284/2 = 142mm — control.
Select S=12 cm =120 mm.

Use 08 (2legs) @ 12 cm.

8— V,= —16.2KN :

Check for section dimensions:

Cl
PV, = @ * g b, * d
J24
= L1* 078+ — #120* 284*10A-3 = 22.96 KN.
Ve="t—V,= 2 30.61=9.01KN.
P e
smax = 3V24b,, xd = 24y/24+120%284+10-3 = 111.3KN.

V, = 9.01 KN <V g = 111.3 KN.

The section is large enough.

-Check forVg min: —
Vomin——eV24b,.d VZa+
smin=g5 V24by, =24 + 120%284*10A-3 = 10.43KN.
1
Vemin = 3bw = 2+120*284%10-3 = 11.36KN  control

67



Check for items:-

1- V, <0V /2 _, 16.2< 11.48- not ok.

2- QV.j2 <Vy £ @V 11.48< 16.2< 22.96- ok.

*Minimum shear reinforcement is required.

Avmin &* V24 * (120/420) = 0.08748 KN.

—
Avmin _ 2+(120/ 420) = 0.095238 KN — control.
Take 4, = 208 = 2* 50.3 =100.6 mm’
100.6/S = 0.095238  —S§=1056.3 mm.

Simax S 600, SpaxS d/2 =284/2= 142mm — control.
Select S= 12 cm = 120mm.

Use @8 (2legs) @ 12 cm.

4.6 Design of Beam (B 18-19-20-21):-

Figure (4-6):Beam (B 18-19-20-21)
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eam:-

4.6.1. a Determination of Dead load for b
M/% KN/m
y bh

Type
Tiles W Y IR |
Mortar W 0.792
Sand st 1.428
Reinforcement concrete W 8.4
Plaster ’/W 0.792
Partitions _”_2—3—*1‘23/ 2.76
From rib 4 507
Sl 74.1

4.6.1. b Determination of dead and live loads for beam:-
*Dead load = 31.04 / 0.52 = 59.69 KN /m.

*[ive load = 12.62 / 0.52 = 24.27 KN/m.

1
1 2 3 4
i 2 3
[: —r a il A
J! & -+, r
A :l
i = 3 485 0.35 e i
jesst 5.2 ; 5.2 CAmay a1 T
1 : ‘_‘!
32,
80.
A-A
e

Figure (4-7): Beam Geometry
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load group no. 1
Dead load - Service

Moments: spans 1to 3

Figure (4-8): Load of beam

33.9

-333.
273.9 -279.4
-209.3

-162.2 -173.5

11- i

1.3911.83 |
! <%, ] '0|8: !

}—
[ (I
0.97114 Mosd . e
0.77 29.4

28
150.4 iy
248.4
2.08 :
L % 3.42 ! 2.86 % 2.34 ! 2.46 .
Figure (4-9): Moment Envelop for Beam
-352.
-304.4 ! 27
-278.
-230.4 ¥
421.5

f
1773

272.8 2114

321.1

Figure (4-10): Shear Envelop for B
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4.6.2 Designfor flexure:-

4.6.2.1 Design of beam for Positive moments:-

Assume bar diameter $20:
20
d=320-40-8- (—2—) =262mm.

1— M, =+248.4KN.m:

3 262
=—d = = 112.29mm
sl 3arorad

cmux
a= 085c= 0.85=% 112.29 = 95.45 mm.

OM,nae = 60.85 fc *axb(d—af2)

=0.82*0.85 *24*95.45%1200%(262 -95.45/2)*10-6 = 410.56 KN.m>M,, = 248.4KN.m —ok.

*Pesign as singly reinforced concrete section.

M
M, =6.—;= 248.4 /0.9 =276 KN.m.

oMy . 2765108 . ©
R,,-bd2 S e 3.35 MPa.

420
i e O
0.85* fc o
. l(l- 1_2mRn)
m Wy

e, Jl_w

A, = 0.00877(1200)(262) = 2757.29 mm>

=

= Jec 1.4
As_.. e (bw)(d)z};(bw)(d) ................. (ACI -10.5.1)

N—



1048 mm* > As ;. —916.81mm” 0K

=314.2mm’?
n=-2s_ —=2757.29/314.2 = 9 bars * Note Ap=3

s,bar

Select 9¢ 20 mm with A,=2827.8>A req - ok.

e Check for strain:
Tension = compression
A+ f,=085*% fc' *b*a
2827.8%420 =0.85*1200 *24 *a
a=48.52mm
a 4852

c=—=——=57.08mm
B 0.85

. _ 262-57.08
0 157,08
€, =0.0108 > 0.005

*0.003

Ok

Check for bars spacing:
S= (1200 — 40+2-2%8 —9%20)/8= 115.5mm > 25mm — OK.

2—- M, =+150.4 KN.m:
3 262
Cnax =5d = 3+x——=112.29mm
7 7
a = 0.85c = 0.85+112.29 = 95.45mm.
PMymax = 90.85fc xaxb(d-a/2)

0.8270.85 *24*95.45+1200*(262 -95.45/2)*10"-6 =410.56KN. m>M,, <150.4KN. m k
k u =SOSR TR~ ok,

*Design as singly reinforced concrete section,
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. o Mal 150 4671 KN
"7 0.9 0.9

R.Mn _ 1671400 _ 5 g3 MPa.
"TpdZ T 12004(262)

420
m__ SV _0.85%24-2059
0.85* fc
1 2mRn

=—@-. /]1- )

; Jy
1 2(2.03)(20.59) . _

- (] 12222y =0.0051

P=2059" \F 420

2
A, = 0.0051 (1200)(262) = 1603.44 mm

L e ACI ~10.5.1
A= e (bw)d)= . (250) 7| R ( 5.

N—

N24 14
As . =————(1200 }262 )< — (1200 k262

As_. =916.81mm’

1048 mm* > 4s,, =916.81mm? oK

As

n= = 1603.44/314.2 = 6 bars * Note Apz0=314.2mm?>

s,bar

Select 60 20 mm with A; = 1885.2>4, req - ok.

@ Check for strain:

Tension = compression

A;xf,=085* fc' *bxga




1885.2%420 =0.85* 1200 *24 *a

a=32.34mm
e 8 =323 a8 05mm
B 085
, _262-3805 40 03
a 38.05
g, =0.018 > 0.005 s
Check for bars spacing:

-0 /)
s= (1200 — 40%x2-2*8 —-6x20)/5 = 196.8 mm > 25mm K

3— M, =+103.9KN.m :
Cmax =32d = 3*376,3= 112.29 mm .

a = 0.85 c = 0.85*112.29 = 95.45 mm.
OMymax = 90.85fc xaxb(d — a/2)

0.82*0.85 *24*95.45%1200*(262 -95.45/2)*10~-6 = 410.56KN. m>M,, =103.9KN. m~ ok.

*Design as singly reinforced concrete section.

M

M= —_-;—= 103.9/0.9 = 115.4 KN.m.

(=]

_ My _ 1154x10°

RSt Soonas o 1.4MPa.
420
77 o e B
0.85* fc '
D L(l— 1_ZmRn)
m fv



Ty l_gg_ﬂ@@)=o.00346
Pm 2059 420

\/?C' (bw)d)z (bw)(d) ................... (ACI -10.5.1)

As,; =_£(1zoo )262)< i;(‘) 12 1200 )(262)

As,. =916.81mm’

1048 mm* > As ;, =916.81mm* OK

==1087.8 /314.2 =4 bars * Note Aqz=314.2mm*

n=—2
As,bar

Select 4¢ 20 mm with A, = 1256.8>4; req - ok.

e  Check for strain:
Tension = compression
A xfy,=085*fc' *b*a
1256 .8*%420 = 0.85*1200 *24 * g
a=21.56mm
a 21.56
= E = W =25.36mm

262 —25.36
e =—— %
s 25 36 0.003

g, =0.028 > 0.005
ok

Check for bars spacing:
S$= (1200 — 40%x2- 28 —

4%20)/3 = 341.3mm > 25mm — OK.




4.6.2.2 Design of beam for Negative moments:”

Assume bar diameter 020 :
20
d =320-40-8- (-;) =262mm.

1- Mu = —333.9 KN.m:

3
7

w

d=—=x262= 112.29 mm.

cmux

\l

a=085c= 0.85%112.29 = 95,45 mnt.

a
OMymax = ¢*0.85*fc‘*a*b*(d_.i.)

—0.820.85 +24+95.45+1200%(262 —=2)*107-6 = 410.56KN. m>My, = 333.9 KN.m-ok.

*Design as singly reinforced concrete section.

_ Mu_ 3330
My = o5 ==—-=371KN.m.
= 45MPa R =" = 37010

Tpd2 T 1200%(262)?

420
7 R R T
0.85* fc s
P=l(1— l—szn)
i A4

e 2(4.5)(20.59)
s 059 <1 i \/I_T =0.0123

A, = 0.0123 (1200)(262) = 3867.12 mm>

................. (4CI -10.5.1)




s, =916.81mm’

1048 mm > > AS i —916.81mm” OK

=314.2mm?*
A _ _13867.12/3142=13 bars FNoeEY oss

n=—-—

As,bur

Select 13¢ 20 mm with 45 = 4084.6>A; req - 0K.

e Check for strain:

Tension = compression
As*fy=0.85*f6' *h*a
4084.6* 420 = 0.85%1200 *24 *a

a="70.08mm

C=_£l—=29£8_ =8245mm

B 085

, o 228245
TR s

£, = 0.0065 > 0.005

*0.003

Ok
Check for bars spacing:

S$= (1200 — 40+2-2+8 —13x20)/12 = 70.3mm > 25mm - OK.

2— Mu = —-209.3 KN.m :

N w

3

@ = 0.85¢c = 0.85 * 112.29 = 95,45 mm
an,max= ¢*0.85*fc‘*a*b*(d_£)
2

=0.82%0.85 *24*95.45*1200%(262 2545 )47 94 g
> -6=410.56
KN.m > M, =209.3 KN.m-ok.

*Desi i i
gn as singly reinforced €oncrete section

Mu_ 209.3
M, = =05 = 232.56KN. m.



M, _ 23256410° _ o ga3MPa.
Rn’bdz I 12000(262)2

420
AL 7. S 0.85*24 - 20.59
" 0.85% f¢
1 2mRn
— = )
P =z ( 5

R 1_29@@52)._.0.00726.
2059 420

2
A, = 0.00726 (1200)(262) = 2282.54 mm

Sqit e DR (ACT -10.5.1)
As ;0 = 105 (bw)d)= 5 (Bw)d)...

_ 4 14
a5, = Z(2565(1200 )262)< = (1200 )(262)

As,, =916 81mm>

1048 mm* > As ;. =916.81mm* ke

As
As,bar

n= ==2282.54/314.2 = 8 bars

* Note Agy=314.2mm?

Select 80 20 mm with 4, = 2513.6>4; req - ok.

®  Check for strain:
Tension = compression

A+ fy=085* fc' xpgy




2513.6%420 = 0.85*1200 *24%a

a=43.13mm
c:—f—l—=ﬁl§‘=50.74m
B 085
, _262-5074 40003
) 50.74
g, =0.0125 >0.005 o
Check for bars spacing:

s= (1200 - 40+2-2+8 —8x20)/7 = e > Dm0

4.5.3 Design of shear for beam:
1-V,= +272.8KN:
d = 320- 60 = 260 mm.

Check for section dimensions:

=10.75*

*1200* 260*10-3 = 191.06K N.

272.8

Vy
Vo= — V=272 254.75= 109 KN.

Vsmaxr= gJﬂbw *d z
= 2+\/24%1200%260+10"-3 =1019KN

V=109 KN <V ...~ 1019KN.

The section is large enough.

Vs‘= %* mbw *d

£ |
=3* V24 %1200%260+10/-3 = 509.5 KN.

V=109 KN < Vs' = 509.5 then:

S <600
o mm, Smax< d/2 = 260/2 = 130 mm -~

79
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Check fOI'Vs,mm:' 4 __1_k ,-——-24 > 1200*260*10/\_3 - 95-53KN
=46

Vs,m in='116' mb w d
_ 11200+260%104-3 = 104KN - control.
=3

Vs.mln::; bwd

Check for items:-

1V, < oV,/2 — 272.8 <95.53 - not ok.

2. ¢ V2 <V, < OV, —9553< 272.8 < 191.06 - not ok.
O V.2V, S

3- 9V, <V, <0V + Ve min ) — 191.06 < 272.8 < 269.06 - not ok.
3 c = Yu = ’

4 O( Ve + Vsmm) < V, < 8(Ve + V") —269.06 <272.8 <573.19 - ok.
Take A, = 2010 = 2* 78.5 = 157.1mm?.

A,/S=Vs/fy*xd

157.1/S = 109 /(260+x420) - S =157.39mm.

SelectS = 12cm = 120 mm.

Use 910 (2 legs) @12 cm.

2-V, = +192.1KN :
d =320- 60 = 260 mm.

Check for section dimensions:

¢vc=¢* gcbw*d

4
= (.75* *1200* 260%104.3 = 191.06KN.,

VoL 35w 1924
s (1) c = m - 254,75 = 1.38 KN.




= 24,/24*1200%260*10"-3 = 1019K N,
3
V.= 2VZ4by, * d

smax 3
V., = 1.38 KN <Vsmax = 1017 KN.

The section is large enough.

1 10-3 = 509.5 KN.
V' = %*\/-Z—wa*d= -5* m*1200*260*

V, = 1.38KN < Vs = 509.5 KN ,then :
Smax < 600 mm Spaxs 4/2 = 260/2= 130 mm — control.
max = ;

Check forV g pin-

=1 \24b,d >*V24» 1200%220*10"-3 = 95.53KN.

Vs,max 16

=L b, d £#12004220*10%-3 = 104KN — control.

Vsmin=;
Check for items:-

1- V, < 0V./2 — 192.1£95.53 - not ok.

2- V. /2 <V, < BV, — 95.53<192.1 <191.06 - not ok.

3- OV, <V, < OV, + Vymin) —191.06 < 192.1 < 269.06 - ok.

Take A4, = 2010 = 2* 78.5=157.1 mm?.
A,/S=V./fy+d

157.1/S = 1.38/(260%420) - S = 124.3 mm.
SelectS = 12 em = 120 mm.

Use 10 (2 legs) @ 12 cm.

3—V, = +177.3KN :
d =320- 60 = 260 mm.

Check for section dimensions:




7

¢V =¢*wa*

c

d

= 0.75* ——zi ¥1200* 260*10"-3 = 191.06KN.

v 1773 2 :
VS = —05 - Vc =-6-;-5-‘- 254.75 18.35 KN

Vs max=s V24 * aZeZE+ 1200422071073 = 1019KN.

V, = 18.35KN < Vsmax = 1019 KN.
The section is large enough.

Check forV s~

Vsmin= 1 V24byd = L VZE+ 1200+260*10"-3 = 95.53KN.

Vomin=2byd  =3%1200%260+10"-3 =104 KN — control.

Check for items:-

1- V, < 0V./2 —177.3 <95.53 - not ok.

2- V. /2 <V, <PV, — 9553<177.3 <191.06 - ok.
*Minimum shear reinforcement is provided.
Take A, = 208 = 2+ 50.3 = 100.6 mm?.
A,/S =Vs/fy, xd
100.6/S =18.35/(260%420) — S =598 7mm.
Smax < 600 mm, Smax < d/2 = 260/2 = 130 o

SelectS = 12cm = 120 mm,

Use @8 (2legs) @ 12 cm.

4-V, = —304.4KN :




d =320-60 = 260 mm.

Check for section dimensions:

‘[fgbw*d

oV, = ¢*T

\/EZ #1200% 260%10°-3 = 191.06KN.

= 0.75*

v 3044 & ¢
v, =12 - v, 5025475 151.12KN

Vsmar™ % V24b, +d = ﬁ*\lz_‘t*lzoo*zeo*w-s =1019KN.
V.= 151.12KN <V smq,= 1019 KN.
The section is large enough.

Vi = $+V2db,+d= L4 /22 +1200+260+10*-3 = 509.5KN.

V, = 151.12KN<V’ = 509.5KN , then:
Smax < 600 mm, Smax< d/2 = 260/2 = 130 mm - control.
Check forV min:-

1
Vomin=cV24b,d  =-*V2Z&x1200%260*107-3 = 95.53 KN.

1
Vemin =3 byd = $*1200%260%107-3 = 104 KN — control.

Check for items:-

1-V, < 0V./2 — 304.4<95.53- not ok.

2- OV /2 <V, < BV, —9553< 304.4<191.06 - not ok

3-0V, <
e S Vu < 0V +V,,,, ) = 191.06 < 304.4 < 269.06- not ok
4<269. ot ok

( c s,min ) < u ( c s ) ; 5 3 19
4- D 2 . ok.




2
of="2* 78.5 —=157.1mm=

Take A, = 201

A,,/S = vS/fJ’* d

—S = 113. 52 mm.

157.1/ S =151.12 / (260*420)
Select S = 10cm = 100 mm.

Use@10 (2 legs ) @ 10 cm.

5-V, = —230.4KN:
d = 320- 60 = 260 mm.

Check for section dimensions:

oV, = @ *

= 0.75* *1200* 260*10/-3 = 191.06 KN.

V24
6

_W 2304
V=0V S5 254.75 = 5245KN.

Vemax= E\/—Z_Ibw * d= g* 24*1200%260*10~-3 = 1019KN.
Vs = 52.45KN<V; 1p0y= 1019KN.

The section is large enough.

Vs = 5 *V2ab,, * d*VZE+ 12002601073 = 509.8 KN,
Vs =52.45KN<V;’ =509.5KN,then:

Smax < 600,Sp,,,< d/2 =260/2 = 130 mm — control,

Check forV -

74 =t 24 EIRE |
smin™ J¢ \[—bwd = E*m1200*260*10/\_3 = 985Kk

Vs.min% b,d

— 1*
= =*1200*260*
3 10A3 =
3 =104KN — control,
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Check for items:-

1- v, < 0V./2 —+230.4_<_95.53-not ok.

T2 = Va2

3. gV, < Vy < 00+ Vymin.) -191.0

2
Take A, = 2010 = 2% 78.5 = 157.1mm".

A,/S = Vs/fy* d
157.1/S = 52.45/ (260 * 420) 5= 327.08mm.

Select S = 12cm = 120 mm.

Use $10 (2 legs) @ 12 cm.

3<2304 = 191,06 - not ok.

6 < 230.4 < 269.06 —0K-

6-V, = —87.6KN:
d = 320- 60 =260 mm.

Check for section dimensions:

I
S
*

oV,

4
= 0.75* *1200* 260%10~-3 =191.06 KN.

v 87.
V-, %‘756“ 254.75 = 137.95KN.

2
Vomax=5V24b,, * d=2*VZ2*1200+260*10-3 = 1019 KN
V= 137.95KN<V 0= 1019KN,

The section is large enough.

Check forV ,;,,:-

-..-_-_1- 1
Vs,min 16 I‘24-bwd = E*\/24— * 1200*260*101\

-3=9553 KN.




.3=104KN - control

*1200*260*10"

1

—
=

3

&
LEEE D : g
: =
~
= Q
-]
& : =
1] &
| 2
SEE 00 :
L] :
& b=
RN <
B 2
= bl Mb
| :

Lp.d

smin~ ;
1-V, < 0V, /2 —8762 95.53 -ok.

*No shear reinforcement is required.
4.7 Design of Two- way Ribbed Slab:-

Check for items:-

V

5
~
P
8
2
£
E
=
E
-
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cm

m

Figure (4-12):Slab section for exterior beam.

*For exterior beam:

_ bRd _ 80s(52)3_ 4
*]p = R 937386.6667 cm

52+8+(8+5 ) +12:24+(5)
xy = 2 2
c 5248+12424

=16.73cm

52 + (15.27)3 220+ (7.27)3 . 12 * (16.73)3

rib= 3 3 3 = 75323cm*

*Short direction L=740mm:

75323+(80+ 22
I, = —5(2!—)=651834 cm*
*Long direction L=950mm:
75323*(304—9—;'2)
o= ————2/-803928 cm#

*For interior beam:




_ ¢51834cm*

sShort direction:Is

4
i = cm
*Long direction:Is = 803928

937387 _
X1 651834

937387 _
%f2 = g03928

937387
=Rl e
%f3 = 651834

937387 _
%4 ='g03928

14+12+14+12
af,,,= 4 T

— 9500 _
B= 2200 1.3

af=’s

1.3

*The minimum slab thickness will be:

420
- 9500+(0.8+; 157) _ 10450
52 4315

So.. h=320mm>242.18 mm - ok.

=242.18mm>125mm — ok.

Take hgj,), = 320mm, 80mm Topping ,240mm Concrete block.

*Loads calculation:

Material Quality Density KN/m3 W=y .VEN ‘/’T
Tiles R ——
- 22 22%0.03*0.52*0.52=0.178
ortar
Sand 22 22%0.02*0.52*0.52=0.119
an
16 =
- 16*0.07*0.52*0.52=0.303
Reinforced Concrete Topping 7% 22*:: :;:: Z*z :2 —
Reinforced Concrete Rib ; : A
25 =0.6624
Concrete Block - 25%0.24*0.12*(0.52+0.4)=0.66
Plaster 9%0.24*0.4*0.4=0.346
22
Partitions 2.3 KN/m?2 et W e U 22%0.02*0.52*0.52=0.119
(e 2.3%0.52%0.52=0.622
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Total Dead Load ,KN

¥Dead load of slab:

DL=2.89/ (0.52*0.52) =10.69 KNIm?

wp =1.2%10.69 = 12.828KN/m’
*Ljve load of slab:

LL=4.0KN/m?*

w=16x4= 6. 4KN/m?*

w, = 12.828+6.4 = 19.23KN /m?

I 2 730 _ 078
I, 950
Mooy = [0.073 +19.23 * (7.4)%] «0.52 = 39.97 KN.m/m

My ney = [0.027 +19.23 * (9.5)?]  0.52 = 24.37 KN.m/m
M posp = 0.0406 * 12.83 » (7.4)? = 28.52 KN.m/m
Mpposp = 0.0148 x 19.23  (9.5)% = 17.14 KN.m/m

M posy = 0.0496 * 6.4 * (7.4)2 = 17.38 KN.m/m

Mp 4051 = 0.0184 % 6.4 + (9.5)? = 10.63 KN.m/m

Mgpos = [28.52 + 17.38] + 0.52 = 23.868 KN.m/m

Mppos = [17.14 + 10.63] + 0.52 = 14.44 KN.m/m

*Negative mom i i
ents at discontinuoug edges (l * positive
= moments) :

bl
ameg = 3% 23.868 = 7.956KN. m/m

i
bneg =3 * 14.44 = 4. 813KN, m/m




*Slab reinforcement:

*Design for negative moments:

1- M= -39.97 KN.m:

Assume bar diameter @14 for main reinforcement:

d =320 - 20 - 8 - (14/2) = 285mm.

M= 39"7 - 44.411 KN.m.

420
S SNERE 04
T =20.59
Mn
R D* d? _ #as114108
- T 4.56MPa.
1
e 1_2mRn )
fy
gl
p= 2059 1 2E500)
420 ) =0.01245

A= 0.01245(120) (285) = 425.79 mm °

Checkfor A 1pint

=3 k)2

V24
AS | ee——
i 1 1.4
4(420)( 20X285)ZE(120)(285))

(bw)(d) ................ (A4CT-10.5.1)

As ;0 =99.73 <114




s, =114mm’

2
o Fo > S, = 114

* Note Ap1s = 254.47mm?.

1= —As - 425,79/254.47= 2 bars

As par

Select 2(318:

o Check for strain :
Tension = compression
A+ f,=0.85 +JC xpra
508.94 * 420 = 0.85*120 *24*q

o =87.32mm
PGSR 100 T3m
5, 085
BT
102.73
£, =0.00532 > 0.005 s

2-M,=-24.37KN.m :
Assume bar diameter @14 for main reinforcement;:

d =320-20-8-(14/2) = 285mm.

24.37
M, ==-=27.078 KN.m.

5 420

m . YET =

085* 1z 0.85%24 - 30,50
Mn

Rn= b X dZ 2 M
120+(285)2 2.78MPq,

1

p=m(1-‘/@)
VA




1 0.59) 14
= 2(2.78)(20-27) y - 9,007
2(2. 78N\
p= 20590 1-7""190

2
m .
A= 0.00714(120) (285) = 244.188 1M

Checkfor As,min:

ds,, =99.73 <114mm’
As . =114mm”.
244.188 mm > s, =114mm”.

n= %: 244,188/201.1= 2 bars * Note Agis =201.1mm?.

s bar

Select 2¢16:

e Check for strain :

Tension = compression

1
As*fy=0.85*fc *phg

402.2%420 =0.85%120 %24 * ¢
a = 69mm

gs — M
81.2
&, =0.0075 > 0.005

*0.003

OK
3-M,=-4813 KN.m ;




r diameter @14 for main

Assume ba

4 =320-20-8-(14/2)= 285mm.

= ﬂ: 5.35 KN.m.
0.9

420
fy _ 0.85%24 =20.59

085*fc

m -

Mn
Rn= b*dz =

5.35%10°
LR LT

= (285)2= 0,549 MPa.

1

o T 2mRn

b4

o

A,= 0.001325(120) (285) = 45.315 mm *.

= )

122059, [y 2058)2059)

420

Checkfor A min:
Jre 1.4
ASpin = 4(fy) (bw)(d) ;(bw)(d)
As, = 4(4£‘:)) (120 )(285)> = (120 )(285))

As;. =99.73 <114 mm*
Asnin =114m2 2

2)
45315mm < As . =114mm?,

A
n= L
As bar

=2 bars

reinforcement=

) = 0.001325

(ACI -10.5.1)

* Note Aoy =783 mm2
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Select 2 010:

o Checkfor strain :

Tension = compression

=0.85*fc' *p*a

Ag *fy
157 *420 -0.85*120 *24*a
a=26.94mm
c= 4= /—26'94 =31.7mm
= 285 —31.7*0.003
: 31.7
g, =0.024 > 0.005 OK

4- M,=-7.956KN.m :
Assume bar diameter ¢14 for main reinforcement:
d =320-20-8-(14/2) = 285mm.

M= 2= 8.84 KN.m.

420

mo Y _085*2.
0.85* fc =20.59

Mn

R"= b*dz = 8.84+10° 2
120“(285)2_

0.907 MPa.

|
p=mM(. I—M)

1

p= 2059y |1 2(0907)(20.59)
420 ) =0.00221

A= 0.00221(120) (285) = 75.582 jpyp 2

Checkfor 4

s,min*
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J 1.4 :
Asin = B (120)285)2 159 (120)(28 )
4(420)

. = %0W8 <114mm’
As,, =114mm*.

75582 mm < As_; = 114mm*.

* =78.5mm>.
n=-25 = 114/78.5= 2 bars Note Aoto

As bar
Select 2(010:

e Check for strain :

Tension = compression

As*fy=0.85*fc *ph*a
157 ¥420 =0.85*120*24 * g
a=26.94mm
e

B 085

285-31.7
gs =

31.7

&, =0.024 > 0.005

*0.003

OK
*Design for positive moments:

1_Mu= +23.868KN. m:

Assume bar diameter ¢10 for main reinforcement:

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

23.868
My =——=2652 KN.m,

g5




a0
fy X 085*24 =20.59

mz ———_+
0.85* fc

Mn

—;__2-- 26'52"106=0.619Mpa'
Ro= 0% =gy

1
i gﬂRﬁ)
p=M(1- 1= W
1
.- 2(0.619)(20.59) )= 0.0015
_2(0.61502V-97) ) . g,

2
A= 0.0015(520) (287) = 223.86 ..

Checkfor A qin'

S M o) ACI-105.1)
P R
N 24 1.4
ASmiu = @—0—5 (120 X287 ) 2> '4?0 (120 X287 ))

As,;, =100.43 <114.8mm*
As i =114 8mm? .
223.86mm’> As,, =114 .8mm?

N = - 223.86/201.1= 2 bars * Note Ay =201 1mm2.

Select 20016

°  Check for straip :

Tension = Compression

As*fy=0_85*fc' *h,
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402.2%420 = 0.85%520 *24%a

a= 15.92771"1
c___f__.:_l_é;?% =18.73mm
B 08
, B71-18B 40,003
i 18.73
g, =0.043 > 0.005 OK

2-M,= +14.44KN.m :

Assume bar diameter @10 for main reinforcement:

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

1444
M, = o 16.04KN.m.

R.= b*4? _ 1604108

= S20e@BN)E 0.374MPa.

1
pe . 1 2R

1

0= 2055, i 20370)3055)
420 ) =0.000899

A,=0.0008
; 99(520) (287) = 134.17 ypy; 2

Checkfor 4

s,min*
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J2 14 (120)287))
_ N2 (120)287)2
ASgin 4(420 )( X 420

4s,,, =10043 <114.8mm’

ds,. =114.8mm’".

2
134,07 min*> AS i, =114 .8mm

- 2
=45 _= 134.17/78.5= 2 bars * Note Ap1o =78.5 mm".

As bar

Select 2(010:

e Check for strain :

Tension = eompression

A+ f,=085% fc' *b*a

157 %420 = 0.85%520 * 24 * a
a=622mm
=222 13
e
6}:@
732
g, =0.115 > 0,005

*0.003

OK

*Design for shear:

*Maximum shear ¢ i
oefficient will be
e in the short direction with boundary conditions as in case "9" W =084
Wa ™

*The total load on the
Panel being (0.95*7
i 4*19.23) =1351
87 KN

.5)] =31.153KN

wu * b * d:
f * d=31.153.19,23+
+23%0.52*%0.285=
-285=28.3 KN

/4 =11 =
; *s*m*uo*zss*m-%so 72 KN

BV=0.75*30.72=23 g3 v
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< @V = 32.03KN
KN <Vud = 28.3KN :
1¢V =_1_*23.03=1152
o 2

t.
So.. No need for shear reinforcemen
| 7.4 _ .285) = 34.15KN

s

In =19'23*0.52* 2
Vya = Wu* bf(—z—— d)

v, = 23.03KN < Vya = 34 15KN
-3 = 10.47KN
Vo =—1~*ﬁZ*120*285*1o =10.4
smun 16
Vs"ﬂn = ";’* 120 * 285 * 10_3 = 11. 4‘KN

—34,15KN < 8V + Vg) = 64.92KN = Case IV

gV, = 23.03KN <V

BV, + Vs min) = 31.58KN < Vua

So... Stirrups are required.

d 285

<—= 5 = 142.5mm < 600mm.

Smax < '2'
Smax = 142.5mm

Use §10 (2legs)@12.5cm.

4.8 Design of column:
*Service dead load = 266.51*4=1066.04 KN
*Service live load =34*4=136KN

1- Check for slenderness:

klu M1
;s34 12(M—2) <40

=i

M, 1.0 - braced frame with M,
K=1.0-for columns in non-sway frameg

kL,
T S3M-1241=22 49

kL, 135

: o 2~1long column for bending about x ]
= axis.
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bout y — axis.
mn for pending @
o _.L*’S—-s-‘ ~29.17> 22~ Jong colu i

= 03w0/4 |
y d the minimuii moment:

m eccentricity an

2-calculate the minimu
3 %400 = 27mm

0.03+h)=15+0.0

Emin = (15 o

p, =1.2+1066.04+ 1.

M pyin = Pu * €min = 1496.848 *. 027 = 40. 4KN.m

3-Compute EL:

.= 4700 % J fe' _ 4700v24 = 323025.2MPa

E
3 4
I,= %:%—: 2.133 * 10°mm*

! 066. 04
= 1.2D =12*1 — 0.855
dns ~ 1.2D + 1.6L 1496.848

EI=04E 1,/ (148 4, =0.4*23025.2*2.133/(1+0.855)=10590.35KN.m2

4-Determine the Euler buckling load:

w2+El_m?+10590.35
Po=T ey —B93L5KN

5- Calculate the moment magnifier factor:

M
Cn=0.6+04—=0.6+04x1=1

M,
sow Calnd i 1
ms T Py o 14oemes — 1:31>1.0
0.75P, 0.75+8532.5

*The magnified eccentrically and moment:

€=€mm * 0, =27x1.31 = 35.37mm
Me=8ns+M; =1.31440.4 =5 924KN.m
Where M, = Moy = 40, 4KN.m

6-Select the column reinforcement:

a-Compute the ratio:

b-Compute the ratio y;
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_2040-2+10-25 _ 0,688

R L
T 400

1496848+ 10° 145 = 1.36ks!

PPy _

I; =200 * 400

For y=0.6,pg < Pmin =0.01
=0.01

For y=0.75,P4 < Pmin

Pg = Pmin =0.01

*Qelect the reinforcement:

2
Ay =Pglg= 0.01 % 400 + 400 = 1600mm

4.9 Design of isolated footing:

*Service dead load = 266.51*4=1066.04KN .
*Service live load =34*4=136KN .

*Service surcharge =SKN/m?.

*Permissible soil pressure g, = 400KN / m?2.
*Soil density =20KN/m?2.

1-Calculating the footing soil and the surcharge floor load:

Figure (4-1
~13):Isolat i
ed footing concentrically load
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= 50cm ):

a- Weight of footing (ussumch footing

_0.5+25=12 5KN/m*

Wfooting
b- Weight of soil:
Wsoit = 1x20= ZOKN/mz

c- Total surcharge Joad on foundation:

w=s+20+12.5=37.51U\l/m2

d- Net soil pressure:

— 400 — 37.5 = 362. 5KN/m®

Qanet
¢- Required sizes of footing:

P. 1066.04+136
n_ _ 1066044136 _ 3 39m?

Gamee = | 13625

A=I2 ; 1=+vA=+332=1822m
Take =2m,

2-Depth of footing and shear design:

P, =1.2+1066.04 + 1.6 + 136 = 1496.848KN

- 196049
5 2%2

= 374.212KN /m?.

MY aros tor one

Figure (4.

Wiy uhonr

14);
): Shear design for footing
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a- One-way shear (beam shear):
port:

20 )
Li’._d)=374.z12*2*(i" z

Vu=qu*b*(2 2

of sup
xy, @distanceé d from the face

*Let Vu = ¢VC’

Vc=%*\/2—4_*2000*d

Bl ) : 00+d
374.212*2*(5————— )_0.75*6*47*20

d=0.3m

* Agsume cover 75mm, and steel bars of920:

h=300+75+20=395mm

b- Twe —way shear (punching shear):

*LetV, = 0V,

V, =374.212(2+ 2 — (0.4 + 0.305)%) = 1310. B6KN
$=400/400=1

b, = 4(0.4 + 0.305) = 2.82m

ag =20 — for corner column
V.= : 1 g
5= 6( + -i-)\/2_4* 2820+305+10"2 = 2106.81KN

1/ 204305
Vi— = 20305
c 12(2+ )

1
Vv, = §m *2820 %305+ 1073 = 1404, 54K N

V., = 1404.54KN

oV, =1
e 053.4KN<Vu =1310.86KN — NOT ok,

Try b= 500mm:
d =500-75-20=405 1

by =4(0.4 + ¢, 405) = 3.22,,

Vu — 3 . 212 S—
'74 * — 4- + 4 . 3SK~

103

St V2442820 %305 + 10-3 = 1461.8KN




405 * 1073 = 2129. 6KN

Vc=;-*~/ﬁ*3220*

o7, = 1596.2KN > y, = 1254 35KN — OK.

3- Design for flexure:

*Take steel bars of 020:

b=2m
h =500mm
d =500-75-32ll = 415mm
. m
€
Figure (4-1
5): Desi
M, = esi -
w=374.212+2+0.g. 23 gn of footing for flexure.
0
‘9%2000 %4152 0.773MPqg
m =20.59
e o
p= 2 0.5 9
(2- ,[1-20-773)(20 39)
20-773)(20.59)
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= = 2
d 0 00188 * 2000 * 15 15
xhxd=" 4 4

A=P
E 0500 = 1800mm’

Agmin =0 0018 * 200
' 2
m
Acpin = 1goomm? > As = 1560.4m
sm
Take 4s = 1800mm’

Ll =169
153.94

2
Take 12 914 with As = 1847.26mm

5_29}&-_75;2:‘—2'—1—'5 = 153mm
e

Step “S” is the smallest of:

1- 3h =3*500=1500mm

2-450mm “control”

§=153mm<S sy = 450mm - OK.

4-Design the column —footing joint:

P, = 1496.848KN

*The allowable bearing on the base of the column is:

#(0.85f. * A) = 0.65 = 0.85 * 24 = 400 = 400 » 1073 = 2121. 6KN

“The allowable bearing on the footings:

0(0.85f, xA,) \IE
Aq

=0.65*0.85*24*400*400%210~3
P, =1496.848KN < 424302KN

So... Dowels are not needed.

4.10 Design of Combineqd Footing

Footing for columns(c14) and (€2y)

-Dimensiong of (Cl4) =40*40
cm,
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_Dimensions of (C21) =40*40cn.

P. —2000+1500=3500KN-

P,=P,/1 .3=3500/1.3=2692.3KN.

qa,,=400KN/m2.

a- Determination of footing dimensions:

Net allowable soil pressure = 400 KN/m?.
A=P,,/q,,,,=269z.3/400=6.73m2.
*Take 2.55 *3.15 footing dimensions.
*Distance between two columns is 1.28m center to center.
b- Determination of footing depth:
Assume h = 70cmand steel bars of ¢20:
dyg=700 — 75 — 20 =605 mm.
*Factored load:
P,for (C14) = 2000KN.

Pufor (CZ]) = lsﬂoKN.

i Pu(c14) + Pu(czyy _ 3500
a, ~ 2.55+3.15 ~ 435.7KN/m?.

*Check f
for one way sheay strength for Ci4




+0.605) =477 3KN

Vu = 2000 —-435.7*3.15(0.8+O.4 ;

e =g AT 0D

1 _1167KN
gy =075% " 54 * 605 *3150 l

Ve > Vu
- Safe

#Check for one way shear strength for C21:

Vu =1500 —435.7*3.15(0.68 + 0.4+0.605) = 812.6KN
¢Vc=¢(-é—* 7o *b, *d)

¢Vc=0.75*é*\/—22*605*3150 _1167KN

Ve >Vu
. Safe

*So ... The thickness h=70cm is adequate enough.

* Check for two way shear (punchingshear):

“Th ; X
e punching shear strength is the smallest value of the following equations:

1 ;
o, =¢g(l+ﬂi) f.bd

c

llad ;
v —gl(ad
¢‘ ¢12( bo +2]\/_f?bud

. =¢%\/J?bod

Where:
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Column Length ()
Pe = Column Width ()

i m the loaded area:
tical section taken at distance (d/2) fro
f critica
by= Perimeter 0

for exterior column.

b, = 4 = (0.4 + 0.605) = 4.02m.

1 -3 = 2978.7KN.
1 i = —/24 4020 * 605 = 10
(DVc—m‘g' fcrbﬂd_0'75*3 24+

oV, = 2978.7KN — control.

0.605

= 1342KN.
Vu((.'ll») =2000 - 4’35. 7 * (0. 8+ 04’ + ) * (0- 4‘ + 0. 605)

¢V¢ = 2978.7KN > Vu(614) = 1342KN.

*80 ... The thickness h=70cm is adequate enough.

5
Vuayy = 1500 - 435.7 « (0.68 + 0.4 + ) + (0.4 + 0.605) = 894. 6KN,.

BV, = 2978.7KN > V51 = 894. 6KN.

*S0 ... The thickness h=70cm is adequate enough.
¢- Design for Bending Moment:

My=317.5KN.m
The steel bars of 020:

b=2.55m, b=700mm, d=700 - 75

-20 - 22—0 = 595mm,

Je=24 MPa, f,~420 pp,,

R=Me_ 3175/09 "
_\
bd® 2550 %505 % 505 *10° = 0.39 7P,




i _/@,:20.59
T

2xmxRn
_ TG 1—/]
p—n1 .fy

e M):0.000M
P=20.59 420

2
A p*b*d= 0.00094 *2550 *595 = 1426 .2mm 2
s cq. = :

: —0.0018 *b* h =0.0018 *2550 *700 = 3213 mm

AS Shrinkage

2
A; shrinkage = 3213mm? > A; o = 1426.2mm
So...A; = 3213mm?

2
Ul DR ottt s inens with Asprovided = 3456.2 7'M

Q2550 -75+2 — 11420
1 10

218mm

|
|
|
Step (8) is the smallest of: ‘I
1- 3%h = 3*700 =2100 mum. |

2- 450 mm

S=218 Mm<Sp,..=450mm-ok.

d-Design the flexural reinforcemep¢ in the transvers direction

*For C14; ZZLS"S" =784.3KN/m.

Mu 7843 * (2.55 0.4

2 —_

2
2 T) =453.2 KN.m

d=700-75 .20
; ~ 615 mm

Rn=E_ 4532/ ;
\ —
bd* 1600 *g15 % 613 *10° = 0.8327p,
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m= "f)f)"
0.85* fc

420 _20.59
T 0.85*24

L
pm

= f:),

1(1 2x09x08

S it

J =0.00202
20.59

420

4s,,. = p*b*d=000202 *1600 *615 = 1987.
cq.

_ 0.0018 *b* h = 0.0018 *1600 * 700 = 2016 mm

2
Tmm
2
AsShrinkage

. As = 2016 mm* |

2
Use7 @20......cc000veees with Asprovided = 2199.4 mm

_ 1600 75— 7+20_

~ 230.8mm< 450 mm -Ok,

S

*For C21; 1%" =588.2KN/m.

5882
2

0.4\2
%) = 639.8KN.m

M, > (ﬁ_

2
= 20
d=700-752= 615 mm

Mu _ 639.8/09

Rn =
B e I SR
bd® 1600 *615 * g5 10° =1.17MPq

m= L = 420
0.85* fc' (.85 % g ~ 20-59

i 7

Y
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1.17 | _ 0.0029
2% 20.59 % ]_ ;
R |
6] 42
P =059

2
= 536771m
*b*d=0.0029*]600*615 28 o
ASch.=p 8*b*h—-00018*1600*700=
=0.001 i

AS Shrinkage

L As= 2853 .6mm :

2
mm
with Asprovided = 2199.4
Usel0 @20......ccneeeeneer

g 1600 =75~ 10201 47, 2mm< 450 mms -Ok.
-
9

4.11Design of stair:

Figure (4-16): Stair Plan.
Minimum slab thickness:1-

h in=_L _ 520
min= 30 =T =26cm.

hmin: 26 0 mm,

2- Loads:

Flight Dead Load Computation:

B=
fe () =t () = 26.56"

WKEm,,////




0.15+.035
27 27*( 0.3 ‘)*0.03*1=13‘
mz/ °
22 .15+.03
22 * (\)*002* %
Mortar 0.3 L
25 0.15+.03 &
= 03* 7 e
: - e
Stair Steps T 25%0.25%1
T CoIE EE =6
e ed Concrete Solid Slab €0526.56 %
Reinforc 5 22 %0.03 %1
__,_t_————/ €0526.56 0738
laster
Plas 11.61
Total Dead Load
. li DCHSityKN/ma Y.h.lKNIm
Material Quality > 22*0,03*1=0,4
Tiles 22 22%0.02*1=0.44
Mortar - 25 25%0.25*1=6.25
ll)lleinfcvrced Concrete Solid Slab ) 22*0-03*l=0.66
aster 8.01
Total Dead Load

*Live load = 4 KN/m>

w=12D+161L

*ForFlight w=1.2x11.61+ 1.6 x4 = 20. 33KN/m.

*ForLlanding w=1,2 « 801+1.6+4= 16.01KN /m.
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3- Design of slabS1:

Figure (4-17):Slab (S1).

*Check for shear strength:

*Assume bar diameter ¢14 for main reinforcement:
d =260-20- (14/2)=233mm.

V,=38.1 KN.

Ve =2+ V24 % 1000 « 233 + 1073=190.24 KN/1m strip,

OV = 0.75 «190.24 = 142.68 KN/1m strip.

1
Vimax=38.1 KN < -Z-(ZW,_. =71.34KN.

So... The thickness of the slab is a dequate enough

*Calculate t i i
he maximym bending momen¢ and steel reinforcemen
en




(1.815Y) _ 45 56 KN.m

= —_— *
M, = 38.1x (1.815+ 0.785) — 20 33 2
u

My _ 6556 _ 72 84 KN.m/m.

M n= [’} 09

S A
*Assume bar diameter @14 for main reinforcemen

d =260-20- (14/2) =233mm.

420
m - Jy i 0.85%24 - 20.59
0.85* fc
Mn
% J2 72845105 _
Ry= b*d = o = 1.34MPa.
|
T 2mRn
p=mM@- |1- )
)z
1
2(1.34)(20.
p=20590. \/1—(——% ) = 0.003303

Ag=0.003303(1000) (233) = 769.55 mm *.

Check for Ag it

As;, =0.0018 *1000 * 260 = 468 m>.

As=769.55 mm?>A ., = 468mm2. OK

As
n= T 769.55/153.93= 5 hars

* Note Agy, =153.93mm?.

=dve
S Z=020m

*Take 5014/m or ?14@200 mm
Step (S) is the smallest of:
1-3h =3*260 = 789 mm,

2- 450 mm.




<__2_8_°—> ~2.5%20= 330 mm.
5400(52—82-)=300 mm — control.
b 54420

§=200 mm<Smax = 300 mm — OK.

“Shrinkage reinforcement: Temperature and

A,=0,0018(1000) (260) = 468 7171 2

* Note Aoys =153.93 mm>.

n=—25_ - 468/153.93= 4 bars

s bar
s=1=033m.
*Take 4014/m or $14@300 mm.
Step (S) is the smallest of:
1-5h = 5%260 = 1300 mm.
2- 450 rmm —control,

$=300 mm <S,,,,, = 450 mm — OK.




4 DESign of Slab S2:

Figure (4-18): Slab (S2).

35.73
=— 8. 71 N »
Wr=To1 = 18.71KN/m
*Check for shear strength:
*Assume bar diameter 014 for main reinforcement:

d =260-20- (14/2) = 233mm,

V,.=36.45KN.

1
Ve=5*V24+1000+233. 107°<190.24 KN /11n strip,

c=0.75%190,24 142.68 KN/1m strip.

ST




1

14y =71.34KN.
Vymax-63- 45 KN <3 oV,

So... The thickness of the slab is 2 dequate enough.

ment and steel reinforcement:

*Calculate the maximuin bending mo

2
(2.035%) _ 18 71+1.65*(

5-16.01*——

1.65
2

M, = 36.45+2.03

=58.6 KN.m

My 596
M=t =57 =65.13 KN.m/m.

*Assume bar diameter §14 for main reinforcement:
d =260-20- (14/2) =233mm.
420

Tl el S OI85EDA,
0.85* fc e

Mn
65.13+106

Rabtd
: Dot 12MPa.

1

Jy

)

1
p= 2059, i 20D20.5)
420 ) = 0.00295

A=
5= 0.00295(1000) (233) = 687.35 73, 2

Check for 4

smin¢

A5z = 0.0018 *1000 * 260 = 45,2
it

A=
5 687.35mm2>As,,,,n = 468mmz2. gk

- As‘
= -

T 687.35/153.93: S bars

% Note A°u

117
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+ —

2

=153.93 mm?2.




S=$=o.zz4m

+Take 5¢14/m or $14@200 mm.

Step (S) is the smallest of:

1-3h =3*260= 780 mm.

2- 450 mm.

3-380(%) _2.5%20 =330 mm.
2.4
3

ssaon( 260 )=300 yum — control.

24420
§=200 mm <Sy,ax = 300 mm — OK.
“Shrinkage reinforcement: Temperature and
A,=0.0018(1000) (260) = 468 mm ",

A
n=—=
Ag bar

= 468/153.93= 4 bars * Note Agy4 =153.93 mm?>.

=1
$=-=0.33m.

*Take 4014/m or $14@300 mm.
Step (S) is the smallest of:

1-5h = 5%260 = 1300 mm.

2- 450 mm —control,

S=300 mm<S,,,, = 450 mm - QK.




5- Design of slab §3:

Figure(4-19):Slab (S3).

*Check for shear strength:

*Assume bar diameter 14 for main reinforcement:
d =260-20.- (14/2) = 233mm.
Vu=65.12kp,

Ve=2+v24

*1000 « 233 « 10-3<190,94 KN /1m strip

0.75+190.24 = 145 58 KN/1m styip,
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1

Loy, =71.34 KN.
V,,,,,,,,x=65. 12 KN <3 oV,

b is a dequaté enough.

So... The thickness of the sla
aximuin bending moment and steel reinforcement:

xCalculate the m
0.77

0.8715 * 1.21 — 7.82705 * ( - )

M, = 65.12* 2.035— 26.4165 * 121 ~3

=61.7KN.m

M=t = 87 - 68.55 KN. m/m.

*Assume bar diameter @14 for main reinforcement:

d =260 -20- (14/2) = 233mm.

P! 420
el ) R5% 24
0.85* fc -
Mn
R,= h*d* __6855410°
Toon.azy= H26MPa.
o
DRI e /I_ZmRn )
Wy
g L
o= 20501, \/l_w
420 ) =0.003099

A=
s= 0.003099(1000) (233) = 722,03 1y, 2

Check for A

smin+

Asy =
mia = 0.0018 *1000 * 260 = 4¢g.,,..2
=468 .

A=722
IO M A e = 4682
mm?- oK

n=—fe
3 722.03/153.93= 5 bar
s

s bar

*
N
ote Agy, =153.93 mm?
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s=§= 0.213m.

Take 5014/m oF ¢14@200 mmnt.

Step (S) i the smallest of:

1-3h =3*260= 780 mm.
2- 450 mm.

280 i)
A — —2.5*20—330mm.
3 380(2.4”)

5<300( 22 300 mm — control.
5*420

§=200 mm<Spax = 300 mm — OK.
“Shrinkage reinforcement: Temperature and

A= 0.0018(1000) (260) = 468 mm .

= AS -
n= == 468/153.93= 4 bars * Note Agys =153.93 mm>.

s bar

=1
§=-=0.33m.

*Take 4¢014/m or $14@300 mm.
Step (S) is the smallest of:

1-5h = 5%260 = 1300 mm.

2- 450 mm —control.

§=300 mm<S e = 450 mm — 0K
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4-12Design of shear wall:

. Vu—Diagram
Mu —~Diagrarm

S50 KN

——\100.2 KN.m - 62 KN

U: J
™
238. 7KN.m R (e AR |32

177 KN

,\\\ Um! V v

'\\f?).’i’().'l 5 KN.m 338KN
T\ 2666.15 KN.m

Figure (4-20) : Moment & Shear—Diagram for Shear Wall.

Shear Waly Design Parameteys.

=24 MPa f¢'

=420 MPa, §i%
h=30 ¢y, Shear waj) thickness,
Ly=2.4m, shear way width
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Hw=14 m. Story height.

Design of the Horizontal l'cim'urcemcnt:

Internal forces & moments:

Y Fx=Vu= 388 KN

Critical Section

o I 1.2m(Control)
dat)

/

A D Tm

Ve 2

Mu=2132.65KN

Design it by using Reinforced concrete:

Vu =388 KN
Vn= Vu/0.75 =517IQV

Design of shear
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=0 = 24*0.3*192=470'3KN
1 MR a=
Vc,’—"g*‘/'f; 6 ﬁ*03*192 _]__*:1_9__2_—905.5KN
\/'f'c’.*h*d __/ / 4%2.4
Vcﬁ”’f"Jr 4* 1y 2
Z*NHJ T 2-4(‘52”*2—.1;33 5 0.3%1.00
% 1( 23T *El%‘l: e i ia9ie5 0.4 10
b ) G
Cc; = 9 - Mu l“’ 388 2

Vs =Vn —VCI
Vs =l -308 =209KN

Av,)_ Vs _209*107 _ o500 %107 m
(Szj Fy*d 420%1.92

(Avh min )= 0.0025 * 4 =0.0025 *0.3=0.75*107 m(Control)
52

sz-%"——2400/5 480 mm

8§2=3*%h=3%300 =900 mm
select > 2410 > As =1.58cm?2
Av

=0.75mm
S2

158
2
Select....§2 =20cm < Sreq.=21.07¢cm
§2selected = 20cm < 75¢m

use....2¢10 @ 20cm(c / c)in 2layer

=0.75 = 52 =210.7mm(Control)

Select 20 10 / 20¢m, In tow layer

Design of the Vertical reinforcemepg.

124

=308 KN (con
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Iws AV _,0025))S, 5
00025+ 05357, N h |

fhl‘l:s.ss >2.5

De 2.4

om0t 0025 xS, <

—x 2.4 =800mm

3
= 3% 300 = 900mm

S, = §L

S =3xh=
Select 2910 With ai ea As = 158mm’*
158 = 0.0025 x S, x300

=~ 8 = 210.7mm(Control)
SelectS, = 20cm < 21 .07cm

S =20cm

—» Select2410/20cmce/ ¢

Select 2@ 10/ 20cm. In tow layer

Design of bending moment:

Mu =2666.15 KN.m

G W
600 » (sn/hw)

Assume Sn/hw = 0.007

e 2.4
= 600+0.007 057
CF = C—O.lew
€, =057-01] 24=0.33y,
0 0.285m C =2\C0
Select ' |
Theboundmyelement: 50c
: ﬂ i m>33cy,
T 0 = 1896 4
o
= As

sl
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1
o Do DA )

L
Ty 2+(085

z /J///T"‘ —0.100
i 2.4%0.3)/(1896 x10 x 420)

Ty 2+(0.85%0.85%

Z )y
=Mu=0.9xFy><0.5xAst x Lwx|1- o

0.100
0.9%420* 0.5%1896 x 107 x2.4*0 ———2~—) =817.02 kN.m

Mure = 2666.15 — 817.02 = 1849 13kNm

6
G Mul ¢ 2 1849.13x10°/0.9 — 9574 T
fyx(Lw—Cw) 420X (2400 —500)

As = 25747+ (4% 79) = 2890.7mm
- Use20——> Select10420 —> As = 3140 mm 2
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dix A: Architectural Drawings 1,
.Appendix A:
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dix B : Structural Drawings
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1.6 Appendix A: Architectural Drawings
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2.6 Appendix B: Structural Drawings
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1. American Concrete Institute (A.C.I), Building code Requiremens for s
\ :
concrete (ACI-318M-05).
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