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

It is worth mentioning the code has been used to determine the Jordanian
live loads, seismic loads and to determine the use of UBC-97)), As for the
structural analysis and design of sections has been the use of the U.S. Code
(ACI_318-02), It must be pointed out that he was relying on some computer
programs such as: Autocad2010, Office2007, Atir.

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

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

God grants success.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A, = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

C; = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,

measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.

LL = live loads.
Lw = length of wall.
M = bending moment.

Mu = factored moment at section.

Xl



Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear in direction parallel to longitudinal reinforcement.
Vc = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003.

& = strain of tension steel.

€= strain of compression steel.

p = ratio of steel area .
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Chapter Four — Structural Analysis and Design

Chapter Four
Structural Analysis and Design

4 -1 Introduction.

4 -2 Factored Loads.

4 -3 Slabs Thickness calculation.
4 -4 Load Calculation.

4 -5 Design of Topping.
4 -6 Design of Rib (1).

4-7Design of Beam (B3).

4-8 Design of Two Way Ribbed Slab.
4-9 Stair Design.

4-10Desing of Column.

4-11Desing of footing.

4-12Design of Basement Wall.

4-13 Design of well wall.

4-14 Design of shear wall.

4-15 Design of Dome.

38



4 -1 Introduction:-

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

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

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

So, in this project, there are Three types of slabs: one way ribbed slab, two
way ribbed slab, and two way flat slab. They would be analyzed and designed by
using finite element method of design, with aid of a computer program called
"ATIR- Soft ware " to find the internal forces, deflections and moments for ribbed
slabs and by using the previous program and "STAAD PRO 2006", Etabs, and Safe
programs to find the internal forces, deflections and moments for One way solid slab,
and then handle calculation would be made to find the required steel for all members.

The design strength provided by a member, it is 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- code.

NOTE:
*B300.. .. fc'=30N/ mmZ(MPa) For circular section

but for rectangular section ( fc'=30*0.8 = 24MPa) .
* The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}
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4 -2 Factored Loads :-

Qu=12DL +1.6L ACI—-318-02(9.2.1)

4 -3 Slabs Thickness calculation:-
The overall depth must satisfy ACI Table (9.5.a):
For rib (R1), as shown in fig.

T 4.29m T 6.34m T 5.17m
Fig.(4-1): Spans Length of Rib (R1).

The spans are one end continuous ribbed slab
= from  ACI-318-02 table (9.5a)

Min h>:

L=ﬁ=0.2 m =20cm
185 185
L=E:0.26 m =26cm
21 21
L=ﬂ=0.24m =24cm
18,5 185

For Rib1 ,will use thickness of slab 32cm
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Chapter Four — Structural Analysis and Design

One wary rib slab —,_ Shrinkage & Temperatuer Bar's ~\

L ‘\

Hollow Block 24cam | —

Fig. (4-2) One way ribbed slab [Rib 1]
4 -4 Load Calculation:-

For the one-way ribbed slabs, the total dead load to be used in the analysis and

design is calculated as follows:

0,

¢ 4.1.1 Calculation of Dead load :-
Table (4-1) calculation of the total load for (R1)

Material Unit weight Thickness
(KN/m3) (cm)
Tile 23 3
Mortar 22 2
Sand 16 7
Topping slab 24.5 8
Hollow block 9 24
Rib 24.5 24
Plastering 22 5
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Tile: 23*.03*0.52*1=0.36 KN/m
Mortar: 22*0.02*0.52*1=0.23 KN/m
Sand: 16*0.07*0.52*1=0.58 KN/m
Topping:  24.5*.08*0.52*1=1.02 KN/m
Block: 9*0.24*0.4*1=0.86 KN/m
Rib: 24.5%0.12*0.24* 1=0.71 KN/m
Plastering:22*0.02*0.52*1=0.23 KN/m
Partitions:1*0.52*1=0.52 KN/m

=>» Total dead load = 4.51 KN/m/rib

« 4.4.2 Calculation of Live load:-

From Jordanian live loads table live load for Hotels is 5 KN/m?2
=>» Total live load =5*0.52 = 2.6 KN/m/rib

4 -5 Design of Topping:-

¢ 4.4.1Calculation of Dead load
Tile: 0.03*23*1=0.69 KN/m
Mortar:  0.02*22*1=0.44 KN/m
Sand: 0.07*16*1=1.12 KN/m
Topping: 0.08*24.5*%1=1.96 KN/m
Partitions:1*1*1=1.0 KN/m

D.L tota = 5.21 KN/m

% 4.4.2 Calculation of live load

= Wu=12D.L+16L.L=1.2*521+ 1.6*5=14.25K/m

Check ®Mn > Mu
w, *1?  14.25*0.4°

Mu = =0.190kN.m
12 12
OMn = O*fr*s
bh?
5= —
6
fr=0.42x/ fc'(MPa) ACI-318-02 (22-5.1)
bh?

Mn =042,/ fc'*—
6
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* 2
= 04224 * 0608 *103 = 2.194kN.m

¢*Mn =0.55*2.194 =1.207 KN.m.
¢*Mn =1.207 > Mu = 0.190 KN.m.

s 4.4.3 Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement:
p=0.0018 ACI-318-02 (7.12.2)

As = p*b*h=0.0018*1000*80 =144mm?* /1m.

As (¢ 8) =50mm?
So number of bars =144/50 = 2.88 ,so use 3 bars.
Check spacing: 1/( number of bars) =1/2.88 =0.35 >3*h
0.35>3*.08=0.24
Then use @ 8 @ 20cm for practical purposes in both directions.

4 -6 Design of Rib (1):-

< Materials :-
Concrete B300, Fc' = 0.8*30 = 24 N/mm? =24Mpa
Reinforcement Steel , fy = 420 N/mm? =420 Mpa

¢+ Design constant :-
*b. For T- section is the smallest of the following:

be =Ln/4=4.29/4=1.07 m = 107 cm
b
bE

Control .......... 52cm

*Requirements For Slab Floor Accordingto  ACI- (318-02) .
BW > TOCI. ..o ACI(8.11.2)
Select bw=12cm

h<3.5%bw ..o ACI(8.11.2)
Select h=32cm<3.5*12=42cm

tF>Ln/12>50mm ... ACI(8.11.6)
Select tf=8cm

bw + 16 tf = 12 + 16 (8) = 140 cm

c/c spacing between beams = 52 cm
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s System :-
One -way ribbed slab :-

Geometry Units:meter,cm

A A A

]
[
[

05 3.64 08 5.54 08 4.52 05
‘ | ‘ 4.29 ‘ | ‘ 6.34 ‘ | ‘ 5.17 | ‘
52.
8.
32.
12.
A-A

Fig.(4.3): Spans Length of Rib (R1).

% Loading :-
By using ATIR program we get the envelope moment and shear diagram as the

following:-
D.L tota = 4.51 KN/m/rib L.L tota = 2.6 KN/m/rib
Moments: spans 1to 3
907 -34.4
195 181 -22.3 -22.6
| A&\ ‘ ‘ 11.98 ‘
L ‘ C ‘ ‘ 186, ‘ o
T T T T
0'87/0.98 0.99
'3.8\/ 1.08 4.7
14.
21.6 20.9
| 172 2.57 \ 3.17 ‘ 3.17 \ 3.1 2.07 |
Shear
-32.1
ra6 27,5 -28.2
' 76 20
[ 1 1 1 1 1 J
I I I I I LI |
Toa 14
27. 27.6
30.9 31.4
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Flexural Design : -
X Design for positive Moment for Rib (R1):-

Use Mu max. Positive for span =» Mu=21.6 KN.m .
Determine whether the rib will act as rectangular or T-section:
For a=t:=8cm
d = h — cover—dia. of stirrups — db/2 = 320 — 20-8 — 12/2 = 286 mm.
®.Mnf=0.9*0.85 f, *t:* b *(d- ti/2)
=0.9* 0.85 (24) (0.08) (0.52)(0.286-0.08/2)*10°
= ®.Mnf =187.9KN.m

dMnf =187.9 KN.m > Mu =21.1 kN.m
=>.". Rectanglular section

Design as a rectangular with b, = 52cm
As=p.beE .d

_ fy 420

= - = =20.58
0.85* fc 0.85*24

_ Mulg_ 21.6*10°/0.9
b*d? ~ 0.52*(0.286)°

Kn 0.564

1 2mKn 1 2*20.58*0.564
p=—|1—_[1— = 1— /1—
m fy 20.58 420

As = p.be .d = (0.00136)* (520)* (286) = 202.3mm” .
Then use 2@ 12 ,As=226 mm?

***Check Minimum Reinforcement As min .........(ACI- 318 - 10.5.1)
f !
Asmin=Y"C_ bw)(d) =-Y22(120)(286) = 100mm’
4( fy) 4(420)

e _14 _ 2
As mln—(fy) (bw)(d) 420(120)(286) 114.4mm (control)
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For 212 ,As=226 mm>>114.4 , OK

***Check for Tension steel yielding:-

Tension = compression
As*fy=085*f,*b*a
2*113*420=0.85*24*520*a

a==8.9mm
- ﬂil - % —10.5mm
B=0.85..... f.<28MPa ....... ACI (10.2.7.3)
286 —-10.5

=(d -c)/cx0.003 = ———x0.003 =0.079
10.5
g, =0.079 > 0.005

X Design for Negative Moment for Rib (R1):
use Mu =22.6 KN.m
Design as a rectangular with b=12 cm
m = fy = _ 420 =20.58
0.85* fc'  0.85*24
Kn= Mu/g _ 14.0*10°/0.9 _
b*d?  0.52*(0.286)>

p= (- o 2mRn)
fy

o= 20 _ 1 a- \/ 2(20. 58)(0 59 ) = 0.001

As = 0.001 (520) (286) = 149 mm? .

***Check Minimum Reinforcement As min .........(ACI- 318 - 10.5.1)
Asminz V0 ( w)(d) _L(lzo)(zsfs) =100mm?
4(fy) 4(420)

4 _14 _114.4mm?
As min= ) (bw)(d) 2420 (120)(286) =114.4mm (control)

AS min= 134 mm2 > As=114.4 mm?
D> Agreq= 149 mm?
# of bars = As/ As ,, = 149/79 = 1.88 * Note Agpio =79 mm?
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Select Bottom bars 2 ® 10 mm. Total As= 158 mm?.

***Check for Tension steel yielding:-
Tension = compression
As*fy=0.85*f *b*a
2*79*420=0.85*24*520*a

a=6.25mm
~2 _525_735mm
B, 085

B=0.85..... ACI (10.2.7.3)
&, =(d —c)/cx0.003=7.35x0.003=0.11
£, =0.11>0.005=> ¢ =0.9

X/
L X4

Design for Negative Moment for Rib (R1):
Use Mu max. negative for support =» Mu=22.6 KN.m

Design as a rectangular with b=12 cm

m = fy = 420 =20.58
0.85* fc' 0.85*24
Mu/ ¢

-3
Kn= brd? = 226*10°/0.9_, s
0.12*(0.286)°

1
p= H(l- 1_2mRn)
fy
1
p= 2058 (1 - \/1_ 2(20.58)(2.56) ) = 0.0065
420

As = 0.0065 (120) (286) = 233.08 mm?.

***Check Minimum Reinforcement As min..(ACI- 318 - 10.5.1)

% P fC’ — \/ﬂ _ 2
% Asmin= a(ty) (bw)(d) —m(120)(286)_100mm

et _14 11447
AS min = ) (bw)(d) 420 (120)(286) =114.4mm (control)

AS = 233.08 mm2 > AS=114.4 mm?
> A req= 233.08 mm?
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Select Top bars 2 ® 12 mm. Total As= 226 mm?.

***Check for Tension steel yielding:-
Tension = compression
As*fy=085*f *b*a
2*113**420=0.85*24*120*a

a =38.8mm
_ 2 _388_ cssmm
B, 085
B=0.85..... ACI (10.2.7.3)

g, =(d—c)/cx0.008 = 20 =8 6003 -0.016
15 65

&, =0.016 >0.005 = ¢=0.9
% Design shear for Rib (R1):-

Factored shear forces at d=0.286 m from support
VUmax =28.2KN (From Shear Envelop)
Determine shear strength provided by concrete (¢ Vc).
Item #2:

dVc/2 <V <DV,

11® Ve = 1.1*® * /' pw*d

6
= 1.1% 0.75 * ~/§7‘ 0.12 * 0.286*10° = 23.11 kN

®dVc=23.11 kN <Vu=27.8kN
Not item #2

Item #3:

® V< Vy<® V, +® Vs min

48



fc
#\Vs min z%xﬂ*bw*d :%X\/z_*o.lz*o.zses:?.ssm

#Vs min > % x bw*d =% x 0.12*0.286 =8.58KN — control

23.11<28.2<31.69
.. item#3 — min. shear reinforcenent is required

fl
(ﬂj s L V€ L 2 g

min > — =" x—
S 16 Fy 16
[ﬂjmin zlxb—wzixw=9.5*10‘5 — control
S 3 Fy 16 420
try¢8(2leg)
* *10-6
27507107 _g 54108
S
§=1.05m

but:s< % <600mm = @ =0.143m <600

. Use ®8@14cm(2 leg)
4 -7 Design of Beam (B 3):-

« Material :-
— concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel fy = 420 N/mm?
s System : -

4.25 1 5.36 1 6.14 1 6.75

« Section :-

B =80 cm

h =50 cm

h=L/18.5 .......... ,for exterior span ACI-318-02 (9.5.a)
h=L/21 ......... ,for interior span ACI-318-02 (9.5.a)
h=1/18.5=5.15/18.5=0.28 m

h=L1/21=6.35/18.5=0.30 m......... (Control)

= Select h = 50cm.
% Loading :-
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***Reaction_from rib(R1) ,
D.L =26.59/0.52 =51.1 KN/m
L.L =16.5/0.52 =31.7 KN/m
***Reaction _from rib(R2) ,
D.L =25.12/0.52 =48.3 KN/m
L.L =14.48/0.52 =27.8 KN/m

Using "Atir" software for the following values of moment and shear:-

Moments: spans 1to 5
-485.1 -502.2
-386.1 -404.4 -401. -416.6 -418.4
-297.6 -332.9 -328.8
-252.1 -247.4
| 1.7 | o1 | | \1' 6 | | \l' | | \2'0 |
! ! ! ! 2.16! ! ! 27! ! ‘ 1.97/ ‘
(N é:lé) ”I iil iI-JIL |
73,0.8 .9 .06 .02
WH—? (J)—O—]( el T 401
.85 1.03 1.15
L 2014 264.8
’ 314.2 309.7
| 17 | 255 | 268 | 268 | 307 | 307 | 338 33 | 33 | 22 |
[ [ [ [ [ [ [ [ [ [ |
Shear
-416. -440.1
-364.2 . -361.
o -312.2 2013 337. -276.7
e -203.8
L i i 1 N 1
I L L T TTT T
133.7
201 271.2
344.1 ' g 318.8 353.8 352.
: 432.9 431.1
R1
Factored
—t | ! ! | (|
L [ 1 |
DeadR 7.96 31.91 35.28 10.35
LiveR 8.42 26.4 28.19 9.66
Max R 16.38 58.31 63.47 20.02
Min R 5.67 40.8 47.67 8.65
Service
DeadR 6.64 26.59 29.4 8.63
LiveR 5.26 16.5 17.62 6.04
Max R 11.9 43.09 47.02 14.67
Min R 5.2 32.15 37.14 7.56
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R2

Factored

DeadR
LiveR
Max R
Min R
Service
DeadR
LiveR
Max R
Min R

| ! ! | |

[ T T I 1
9.13 30.14 -11.94
7.03 23.17 -10.7
16.16 53.3 -10.42
9.12 31.79 -22.63
7.61 25.12 -9.95
4.39 14.48 -6.69

12. 39.59 -9.
7.6 26.15 -16.63

Design of beam :

++ Design of Negative Moment for Beam:

Mu =

4184 KN .m ......... from Envelope shear diagram

b=80cm.....h=50cm
d =500-40-10-10=440mm

= =*440

c =188.6mm

a=
ama

B xc

, =0.85%x188.6 =160.3mm

®=0.65+ 250 *(0.004-0.002) = 0.82
3

Mnc =0.85 f, * b * amax *(d- amax /2)

=0.85 (24) (0.8) (O.1603){(0.440-(0.1603/2)}*103
=941.4 KN.m

= ®Mnc =0.82*941.4 =772 KN.m > Mu=418.4 KN.m

=

The section must be design as Singly Reinforced Concrete section:
fy 420

T 085*fc  085%24

Kn =

Mu/ ¢

b*>d?

418.4*1073/0.9

58020y = 3.0 N/mm? (Mpa)
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p=(- [ 2mKn)
m fy

pzi(l_ /1—M):O.OO78
20.6 420

Asreq=p * b * d =0.0078* 800 * 440 = 2746 mm?

""*Check Minimum Reinforcement As min .........(ACI- 318 - 10.5.1)
f ! /
Asmin= Y (b)(d) :i(soo)(440) =1027mm’
4( fy) 4(420)

a1 _14 _117amme?
As mm_(fy) (b)(d) 420(800)(440) 1174mm (control)

As > ASmin

# of top bars _ 2746 =8.7
314

= Select 9 20 As=2826 mm® .
¢ Design of Negative Moment for Beam:-

Mu =4044 KN.m......... from Envelope shear diagram

Cmax = Ed
7
Crax = §*440
7
c =188.6mm
a=f, xc

&, = 0.85%x188.6 =160.3mm

®=0.65+ 250 *(0.004-0.002) = 0.82
3

MnC = 085 fC * b * amax *(d' amax /2)

= 0.85 (24) (0.8) (0.1603){(0.440-(0.1603/2)}*10°
= 941.4 KN.m
= OMnc =0.82*941.4 =772 KN.m > Mu=404.4 KN.m

= The section must be design as Singly Reinforced Concrete section:
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m=__¥ - _ 420 _5554
0.85*fc  0.85*24

Kn = Mu/ ¢
b>d 2

> -3
0.8*(0.44)2

p=(- [ 2mKn)
m fy

. 1 L- \/1_ 2(20.6)(2.9)
20.6 420
Asreq=p * b * d = 0.0075 * 800 * 440 = 2640mm?2
"""Check Minimum Reinforcement As min .........(ACI- 318 - 10.5.1)

fc’ 24
4( fy) (0)(d) ~ 4(420)

) = 0.0075

A S min=

(800)(440) =1027mm?

nold _14 pry—
As min = ) (b)(d) 420(800)(440) =1174mm (control)

As > Asmin

# of top bars _ 2640 =84

314

= Select 9 ®20 As=2826 mm’ .
¢+ Design of Negative Moment for Beam :-

Mu=3329 KN.m......... from Envelope shear diagram
3

C:max = 7 d
3

C,... = —*440
7

c =188.6mm

a= /[ xc
.« = 0.85x188.6 =160.3mm

®=0.65+ 250 *(0.004-0.002) = 0.82
3

MI’]C = 0.85 fC * b * amax *(d' amax /2)
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= 0.85 (24) (0.8) (0.1603){(0.440-(0.1603/2)}*10°

=941.4 KN.m

= ®Mnc =0.82*941.4 =772 KN.m > Mu=332.9 KN.m

= The section must be design as Singly Reinforced Concrete section:

m=__Y =420 _5g
0.85* fc  0.85*24
Kn = Mu/ ¢
b>d?
* -3
Kn = 382.9%107°/0.9 _ 5 39 \/mm? (Mpa)
0.8%(0.44)?

p=(- f 2mKn)
m fy

p:i(l-\/1—2(20'6)(2'39)):0.0061

20.6 420
Asreq=p * b * d =0.0061 * 800 * 440 = 2147mm?2
"""Check Minimum Reinforcement As min .........(ACI- 318 - 10.5.1)
f !
Asmin=Y""_(b)(d) :ﬂ(soomm) =1027mm?
4( fy) 4(420)

A's min :%(b)(d) :%(800)(440) =1174mm®  (control)
As > Asmin

# of top bars _ 2147 =6.8
314

=  Select 7 ®20 As=2198 mm? .

54



¢+ Design of Negative Moment for Beam:-

Mu =252.1 KN.m ......... from Envelope shear diagram
3

Cmax = ?d
3

C,.ax = =*440
7

c =188.6mm

a=f, xc

.« = 0.85x188.6 =160.3mm

®=0.65+ 250 *(0.004-0.002) = 0.82
3

Mnc =0.85 f, * Db * amax *(d- amax /2)

= 0.85 (24) (0.8) (0.1603){(0.440-(0.1603/2)}*10°

=941.4 KN.m

= ®Mnc =0.82*941.4 =772 KN.m > Mu=252.1 KN.m

= The section must be design as Singly Reinforced Concrete section:

0.85* fc' 0.85*24
Kn = Mu/ ¢
b*d?
> -3
0.8%(0.44)2

p :l(l_ ll_ZmKn)
m fy

p= = (1- \/1——2(20'6)(1'8) ) =0.0045

20.6 420
As req=p * b * d = 0.0045* 800 * 440 = 1584mm?
""""Check Minimum Reinforcement As min .........(ACI- 318 - 10.5.1)
f !
Asmin=Y""_(b)(d) :ﬂ(soO)(MO) —1027mm?
4( fy) 4(420)

i —ﬂ :ﬂ = 2
As mln—(fy) (b)(d) 420(800)(440) 1174mm (control)
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As > AsSmin

# of top bars _ 1584 =5.04
314

= Select 6 ®20 As=1884 mm’ .
¢+ Design of Positive Moment for Beam:-

Mu=3142KN.m......... from Envelope shear diagram
3

Cmax = 7 d
3

Crnax = = * 440
7

c =188.6mm

a=f, xc

&« = 0.85x188.6 =160.3mm

®=0.65+ 250 *(0.004-0.002) = 0.82
3

MnC = 0.85 fC * b * amaX *(d' amax /2)

= 0.85 (24) (0.8) (0.1603){(0.440-(0.1603/2)}*10°
= 941.4 KN.m
= OMnc =0.82*941.4 =772 KN.m > Mu=314.2 KN.m

= The section must be design as Singly Reinforced Concrete section:

0.85* fc  0.85*24
Kn = Mu/ ¢
b>d?2
* -3
Kn= 3142710 7/0.9 _ 5 75 N/mm? (Mpa)
0.8*(0.44)?

p=—(t- o 2mKn)
m fy

o 1 L- \/1_ 2(20.6)(2.25)
20.6 420
Asreq=p * b * d = 0.0057 * 800 * 440 = 2006mm?
""'Check Minimum Reinforcement As min .........(ACI- 318 - 10.5.1)

) = 0.0057
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fc' V24

A S min= b)(d) =———(800)(440) =1027mm?

min 4(fy)( )(d) 4(420)( )(440)

14 14

As min=——(b)(d ==""(800)(440) =1174mm? control

min (fy)( )(d) 420( ) (440) ( )
As > ASmin
of bottom bars = @ =6.4

314

= Select 7020 As=2198mm? .

= Use 4 ®12 in top ,for practical purposes.
¢+ Design of Positive Moment for Beam:-

Mu =264.8KN.m......... from Envelope shear diagram
3

C,.x=—=d

max 7

3

Cnax = = * 440
7

c =188.6mm

a=f, xc

.« = 0.85x188.6 =160.3mm

®=0.65+ 250 *(0.004-0.002) = 0.82
3

Mnc =0.85 f, * b ™* amax *(d- amax /2)

= 0.85 (24) (0.8) (0.1603){(0.440-(0.1603/2)}*10°

=941.4 KN.m

= ®Mnc =0.82*%941.4 =772 KN.m > Mu=264.8 KN.m

= The section must be design as Singly Reinforced Concrete section:

m= fy = 420 =
0.85* fc'  0.85*24
Kn = Mu/ ¢
b>d?

* -3
0.8%(0.44)°

p==(t- o 2mKn)
m fy
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p= L(1- Jl—w) =0.0048

20.6 420
Asreg=p * b * d = 0.0048 * 800 * 440 = 1690mm?

""*Check Minimum Reinforcement As min .........(ACI- 318 - 10.5.1)
f !
Asmin=Y""_(b)(d) :ﬂ(soO)(MO) —~1027mm?
4( fy) 4(420)

14 14
As min =——(b)(d = (800)(440) =1174mm? trol
S min (fy)( )(d) 420( ) (440) mm (control)
As > Asmin
1690 _

314
= Select6 ®20 As=1884 mm?> .

# of bottom bars = 54

¢ Design of Positive Moment for Beam:

Mu=2014KN.m......... from Envelope shear diagram
3

C,..=—=d

max 7

3

Crnax = = * 440
7

c =188.6mm

a=f, xc

.« = 0.85x188.6 =160.3mm

®=0.65+ 250 *(0.004-0.002) = 0.82
3

Mnc =0.85 f, * b * amax *(d- amax /2)

= 0.85 (24) (0.8) (0.1603){(0.440-(0.1603/2)}*10°

=941.4 KN.m

= OMnc =0.82*941.4 =772 KN.m > Mu=201.4 KN.m

= The section must be design as Singly Reinforced Concrete section:

mo b _ 420 _
0.85*fc’  0.85%24
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Kn = Mu/ ¢
b>d?

> -3
0.8 (0.44)°

p =£(1_ [1_2mKn)
m fy

o 1 L- \/1_ 2(20.6)(1.44)
20.6 420
Asreq=p * b * d =0.0036 * 800 * 440 = 1267mm?
""""Check Minimum Reinforcement As min .........(ACI- 318 - 10.5.1)
fc’ V24

4(fy) (b)d) = 2420 (800)(440) =1027mm

) = 0.0036

A S min=

As min :%(b)(d) :%(800)(440) =1174mm*>  (control)

As > Asmin

# of bottom bars = @ =4.03
314

= Select 5 ®20 As=1570 mm? .

++ Design of Positive Moment for Beam:-

Mu=177KN .m......... from Envelope shear diagram
3

C,..==d

max 7

3

Cax = 7 *440

c =188.6mm

a=fxc

a, . =0.85x188.6 =160.3mm

®=0.65+ 250 *(0.004-0.002) = 0.82
3

MnC = 085 fC * b * amax *(d' amax /2)

= 0.85 (24) (0.8) (0.1603){(0.440-(0.1603/2)}*10°
= 941.4 KN.m
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= ®Mnc =0.82*941.4 =772 KN.m > Mu=177 KN.m
= The section must be design as Singly Reinforced Concrete section:

m=__Y =420 _5g
0.85* fc 0.85*24
Kn = Mu/ ¢
b*>d?
* -3
0.8*(0.54)2

p= (- [ 2mKn)
m fy

o 1 (1_\/1_2(20.6)(1.28)):0_0031
20.6 420

Asreg=p * b * d = 0.0031 * 800 *440 = 1091mm?

"""Check Minimum Reinforcement As min .........(ACI- 318 - 10.5.1)
f ! /
As min= Y (b)(d) :i(soo)(440) =1027mm?
4( fy) 4(420)

neold _14 _1174mm?
As mln—(fy) (b)(d) 420(800)(440) 1174mm (control)

As > AsSmin

# of bottom bars = &91 =3.47
314

= Select 5 ®20 As=1570 mm? .

Design for shear:
1

(DVCZE*CD*J fc'*b*d = %*0.75@*0.8*0.44*1000= 215.6 KN
Check if the dimensions are big enough:
:%*®*1/fc’*b*d +§q),/fc’*b*d

=(%*O.75\/ﬂ*0.8*0.44+%*0.75*@*0.8*0.44 )*1000

=1077.8 KN >354.9 ,dimensions are big enough.
For Vu=203.8 KN

60



ltem 1:

VU< dVe
2

dVc/2=215.6/2=107.8 KN , not item 1.
Item 2:
(D—VC <Vu<®dVc —ltem 2

Minimum shear reinforcement is required.
J fc’
Av lbw _ 1 *bw

> — >
S Jmin 3Fyt 16 Fyt
AV) 108124,
S Jmin 3420 16 420
Av >6.34*10* >5.8*10"*
S min
Av) 6.34*10°*
S min
try4@10
* *10-6
u =6.34*107*
S
d 440

3:0.50—>but—>SSE:T:ZZOmmSGOOmm

.. Use @10 ,4 legs @200mm c/c

For Vu=361.0 KN
Item 1:

Vu< (D—VC
2

®Vc/2=215.6/2=107.8 KN , not item 1.
ltem 2:

(DTVC<VU<CDVC

Not item 2.
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Item 3:
dVe<Vu< dVe+DVs,

dVe> 9,/ fc' *bw*d = %m*0.8*0.44*1000 =80.8KN

dVs >§b *d—0;5*08*044*1000 88KN (control)

mln -

- dVe+ Vs, = 215.6+88=303.6KN

s notitem 3
ltem 4:

dVe+dVs,,, <Vu< ®Vc+9,/ fc' *bw*d

@Vc+—,/fc *pw*rd = 2156+O75\/_4*08*044*1000 646.7KN

303.6< 361< 646.7
" ltem#4
Av_ Vs
S Fy*d
ve= YU o361 2156 _,459kN
D 0.75 0.75
*1N0-3
Av_1939%107 _, 45%10-3
S 420*0.44
Try®10,4leg
* *10-6
4*79*10 " =1.05*10"° — s = 300mm, but
S
s< 9 <600
2
440

I/\

600 < — =220
2

". Use @10 ,4 legs @200mm c/c

For Vu=337KN

Vu< d)_\/c
2

®Vc/2=215.6/2=107.8 KN , not item 1.
Item 2:

CI)T\/C<VU<CDVC

Not item 2.
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Item 3:
dVe<Vu< dVe+DVs,

dVe> %,/ fc' *bw*d = %m*0.8*0.44*1000 =80.8KN

dVs . > %bw*d = %*0.8*0.44*1000 = 88KN (control)

. dVe+ Vs, = 215.6+88 =303.6KN

s notitem 3
ltem 4:

dVe+ Vs, <Vu< (DVC+%\/TC'*bW*d

<I>Vc+%\/f73’ *hw*d = 215.6+%\/ﬂ*o.8*0.44*1000: 646.7KN

303.6 <337 < 646.7 —.". [tem4

ﬂ Vs
s Fy*d
()] 0.75 0.75
* *3
Av _ 162*10 _g3.8*10-
s 420%0.44
Try®10,4leg
*70 %106
# ~8.8*10™* — s = 359mm, but
s< 9 <600
2
440

SSGOOST:ZZO

.". Use @10 ,4 legs @200mm c/c
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For Vu=291.3 KN
tem1:

VU< dVe
2

¢ Vc/2=215.6/2=107.8 KN , not item 1.
Item 2:

(DTVC <Vu<®dVce

Not item 2.

Item 3:
dVe<Vu< dVe+ dVs, ;.

dVe > 9,/ fc’ *bw*d = Oi—?\/ﬂ*o.s*o.44*1ooo —80.8KN

dVs . > Ebw*d = 055*0 8*0.44*1000 = 88KN (control)

min =

. OVe+dVs . =215.6 +88 = 303.6KN
o Item3

215.6 < 293.1< 303.6
Minimum shear reinforcement is required.

ﬂj Jlbw 1 yfc

T2 > N7 %
S

ﬂj ,1,08 1J_

Zx T > - Y%
S 3 420 16 420

ﬂ} >6.34*10* >5.8*10*
S min

ﬂj =6.34*10"*
S min

try4 @10
4*79*10°°
S

=6.34*10""

s=0.50—>but>s< %0 =220mm < 600mm

*. Use @10 ,4 legs @200mm c/c
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For Vu=245 KN
Item1:

VU< dVe
2

®dVc/2=215.6/2=107.8 KN , not item 1.
Item 2:

(DTVC <Vu<®dVce

Not item 2.

Item 3:
dVe<Vu<dVe+dVs,,

DVe > 9,/ fc' *bw*d = %ﬂ*o.a*om*moo —80.8KN

Vs, = b *d = 0;5*0 8*0.44*1000 = 88KN (control)
S dVe+ CDVsmin =215.6 +88 = 303.6KN
- tem3
215.6 < 245 < 303.6
Minimum shear reinforcement is required.
Av 1 bW \/
S Jumin 3 Fyt 16 Fyt
Av) 1,08 1424,
s ). 3 420 16 420
AV) S 63a*10 ¢ >58%10
S min
AV) _g34%10"
S min
try4@10
* *10-6
M =6.34*107*

S

s=050—>but>s< % =220mm < 600mm

*. Use ®10 ,4 legs @200mm c/c
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4-8 Design of Two Way Ribbed Slab :-

« Material :-

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?
s System : -
b
p = M’E

-
Fig.(4-8-1)
Plan of two way slab.
¢ Section :-
a=153m
b=15.5m

Table 10-6 Minimum Thickness of Slabs without Interior Beams (Table 9,.5(c))

Without drop paneist With drop pansist
Exterior panels Intenor Exencr panels Interior
Yield panels pansis
atrength, With owut Wit Wit out With
iy edge edge edge edge
MPa beams beams!? beams beams?
£ ¥ £ £ 4 £
= il 1 1 =L . = flcl 1
<N 33 36 38 40 40
'3 £ £ 4 £
. Y =Ll i . pul . . B
420 0 @ KR R 26 Kl
I, ¥ '3 4 Fo
| -l i 1 § 1 ¥ -l 1
<) 28 a1 a1 31 34 a4
According to table( 9.5¢):-
h=Ln/33 .......... ,for exterior span ACI-318-02 (9.5.¢)

h= 15.5/33=0.47 m
Select h =50cm.
bw=50/3.5=15cm
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« Loading :-

Tile: 23*0.03*0.65*0.65=0.29
Mortar: 22*0.02*0.65*0.65=0.19
Sand: 16*0.07*0.65*0.65=0.47

Topping:  25*0.08*0.65*0.65=0.85

Block: 0.2*0.4*0.5*0.42=0.017

Rib: (0.65+0.5)*0.15*0.42*25=1.8
Plastering:22*0.02*0.65*0.65=0.19
Partitions:1*0.65*0.65=0.43

Total Dead Load =4.33 KN

Total Dead Load =4.33/(0.65*0.65)=10 KN/m?
Live Load =5 KN/m?

qu =1.2*10+1.6*5=20KN /m?

Design of Shear:

d =500-20-8-14 =458mm
1.1Nc= %*CD* fc' *bw*d *1.1= 1.1*%@*0.15*0.458*1000 =42.1K

W, =05
W, =05

05 0.65

Vu *15.5*15.3*20* —— = 49.7KN
2 155

a

Vu, = %*15.5*15.3*20*@ =50.4KN
2 15.3
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Item 3:
PVe<Vu<dVe+DVs,
S 0.75

min —

> %*0.15* 0.458*1000=17.2KN

Vs 24*0.15*%0.458*1000=15.7KN

DVs

42.1<504<426+17.2

.. Minimum Shearis Required

Av) _ Jfc*bw _24*0.15
S mm_ 16*Fy 16*420

Av > bw _ 015 =1.2*10"* control

s )T 3%Fy 3%420

2*50*10°

=1.1*10"

=1.2*10"*

S =0.83m
but

SSES6OO
2

8360034758:229

.". Use @8 ,2 legs @200mm c/c

%+ Design of Moment for Two way Ribbed Slab(Simply Supported):
la 153
m=—=——~1
Ib 155

Caneg= 0

Ca. L,.L: 0.036

Cbneg:0 1 ) Mb‘

Fig.(4-8-2)
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MaPOS —0.036*12*15.32 *0.65 + 0.036 *8*0.65*15.32* =110 KN.m

MbPOS —0.036*12*15.52 *0.65 + 0.036 *8*0.65*15.52* =113KN.m

m=__Y =_420 _5g
0.85* fc 0.85*24
Kn = Mu/ ¢
b*>d?
* -3
Kn= 113*107°/0.9 _;g, (Mpa)
0.650 *0.4587>
1
p=—(- | 2mKn)
m fy
p= L (1- \/1——2(20'6)(0'92) ) =0.0022
20.6 420
Asreq=p * b * d=0.0022* 650 * 458 = 669mm?
"""Check Minimum Reinforcement As min .........(ACI- 318 - 10.5.1)
fc'
Asmin= (b)(d) :£(150)(458) = 201mm?
4( fy) 4(420)

ekt _14 _ 200mm
As mln—(fy) (b)(d) 420(150)(458) 229mm (control)

As > AsSmin

# of bottom bars :ij =22

= Select 2 ®20 As=628mm’ .
***Check for Tension steel yielding:-

Tension = compression
As*fy=085*f.*b*a
2*314*420=0.85*24*650*a
a=20mm

a 20

=—=——=23.4mm
£, 0.85

B=0.85..... f_<28MPa ....... ACI (10.2.7.3)

Cc
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g, =(d—c)/cx0.008 = 2824 4 003 - 056
152 1

&, =0.056 > 0.005
Load on Beam 1:

D.L=7.9*1.2*10=95KN/m
L.L=7.9*%1.6*5=63.2KN/m

Self Weight of Beam=0.5*0.5*25=6.25KN/m
Weight of Wall=0.3*25*3.55=26.6KN/m

Load on Beam 9:

D.L=7.9*1.2*10=95KN/m
L.L=7.9*%1.6*5=63.2KN/m

Self Weight of Beam=0.5*0.5*25=6.25KN/m
Weight of Wall=0.3*25*3.55=26.6KN/m
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4-9 Stair Design:-
4-9-1 Design of Stair #1 :-

EEE

el e Bl Ll )
X

SEEE

STAIR (1)

L=2.7+1.0=3.7m
h=3.7/20=0.185m

***Use h=

20cm

Flight Load calculation:-

X/
o
[ |
]

Dead Load:-
Tiles
Mortar
Stairs
m?.
Slab
Plaster

Total dead load

X/
L X4

Live load:-

Fig.(4-9-1)

= 0.03*(0.33+0.17)*(24/0.30) = 1.2 KN/m?.
=(0.17+0.3)* 0.02%(22/0.3) = 0.68 KN/ m?.
= ((0.5*b*h)*25=(0.5*0.3*0.17*25)\0.3= 2.125 KN/

=0.20 *25/ Cos 33=6 KN/ m?.
= (0.02*22)/ (C0s33) 0.25 KN/ m?.
=10.5 KN/m

Live load for stairs =5 KN/ m?.
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Geometry UniEmekrocm

1 2
1
[ : ]
By
(1] 38 03
: T3 —
I i
. |]
100
A-A
Loading
s TRE T
Dead - Service Units: kM meter
105
bed L s |
[E] 27 [%:]
Live load - Service Load factors: 1.20,1.20v1.60,0.00
340
_'h.illlr ! Z:EIJ' !
(5] 2T [I%:]

Moment/Shear Envelope {Facored)

Units: kN meer

Woments: spans 110 1

23

Shear

g, -37.3

qpg 384

Design of Bending:-
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Calculate the magnitude of the maximum moment by using the shear diagram.
d =200-20 -7 = 173 mm..
Mu = 51.3 kN.m/m

_ Mn
" pb-d?
R — 51.3*10°%/0.9 _1.90
1*0.173°?
m=_ fy =_420 =206
0.85* fc  0.85*24
p=1(1- 1 2TRD)
m fy
o= 1 (- \/1_ 2(20.6)(1.95) ) = 0.0049
20.6 420

A q = pbd =0.0049* 1000*173 = 845 mm?%/m
Use AS req = 854 mm?.
Use @ 14 @ 17.5cm for main reinforcement
A's min = 0.0018*1000*200=360 mm?
Use @ 10 @ 20cm for transverse reinforcement
4.9.1.6. Design of shear:-

Vu=36 KN.

¢ch¢ﬁzbw*d

0.75* /24 *1*0.173
Ve = 5

Vu=36 KN < @.Vc=106 KN.
No shear Reinforcement is required.

=106 KN

Landing Load calculation:-

++ Dead Load:-

» Tiles =0.03*22 = 0.66 KN/m?.

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

= Sand =0.07*16= = 1.12 KN/ m.

= Slab =0.2*25= 5 KN/ m>.

= Plastering = 0.02 *22=0.44 KN/ m%.
dead load =7.66 KN/m

Additional dead load from flight=18.6KN/m
< Live load:-
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Live load for stairs =5 KN/ m?.
Additional live load from flight=11.5KN/m

Geometry UniEmeerom

1 2z
1
— il
[ : ]
. 03 . 282 . 03 .
I 1 312 1 1
f i
A0
100
B-A
Loading
— f ]
Dead - Service Units: kN meter
18.6
199
ai!
Live load - Service Loadfactors: 1.20,1.20/1.60,0.00
1.3
11!
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Moment/Shear Envelope (Facored) UniskNmeter

Toments: cpans Tio 1

| 15 &0. 1.5 |

769

Design of Bending:-
Calculate the magnitude of the maximum moment by using the shear diagram.

d =200-20 -7 =170 mm..

Mu =60 kN.m/m
_ Mn
" p.d?
R, — 60*10 °/0.9 _ 55
1*0.172
m = fy = 420 =206
0.85* fc' 0.85*24
p= i (1 1— 2mRn )
fy
o=t @- \/1_% ) =0.0056
20.6 420

AS 1¢q = pbd = 0.0056* 1000*170 =957mm?/m
Use AS eq = 957mm?,
Use @ 12 @ 10cm for main reinforcement
A's min = 0.0018*1000*200=360 mm?
Use @ 10 @ 20 cm for transverse
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Design of shear:-
Vu=69.5 KN.

NN
A 2l

PV *\/2_46*1*0.173
Vu=695 KN <@.Vc=106 KN.
No shear is required.

Yo

=106 KN

4-9-2 Design of

Stair#2 :-
SR 7
2 T
<2 - _,__:::::_«;;77
% W
/
/
X /
T A b/
&
Fig.(4-9-2).
Stair (2)
L=2.7+1.0=3.7m
h=3.7/20=0.185m
***Use h=20 cm
Flight Load calculation:-
+ Dead Load:-
= Tiles = 0.03*(0.33+0.17)*(24/0.30) = 1.2 KN/m?.
= Mortar =(0.17+0.3)* 0.02*(22/0.3) = 0.68 KN/ m?.
= Stairs = ((0.5*b*h)*25=(0.5*0.3*0.17*25)\0.3= 2.125 KN/
2
m-.
= Slab = 0.20 *25/ Cos 33=6 KN/ m>.
= Plaster = (0.02*22)/ (Cos 33) = 0.25 KN/ m?.
Total dead load =10.5 KN/m
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++ Live load:-

Live load for stairs =5 KN/ m?.

Geometry UnisE:meErocm

1 2
1
[ ; ]
By
03 38 0.3
I } K } |
I |
0
100~
A-A
Loading
— i TRE T
Cead - Service Uinits: ki meter
105
THE
2T I 2z

Live load - Service

Load factors: 1.20,1.20/1.60.0.00

[Tl TTTITTTTH#I]

Moment/Shear Envelope (Facored) UniskNmeter
Moments: spans 110 1
I ]
I 1
| 235 335 235 |
I T 1
Shear
-43.
I
1
47.
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Design of Bending:-

Calculate the magnitude of the maximum moment by using the shear diagram.
d =200-20 -7 =173 mm..
Mu = 53.5 kN.m/m

~ Mn
" p.d?
R — 53.5*103/0.9 _20
1*0.1732
m = fy =_ 420 =206
0.85* fc' 0.85*24
p=1(1- 1 2TRN)
m fy
N \/1_ 2(20.6)(2) - 0,009
20.6 420

AS 1eq = pbd = 0.0049* 1000*173 = 845 mm?%/m
Use AS req = 854 mm?.
Use @ 14 @ 17.5cm for main reinforcement
A's min = 0.0018*1000*200=360 mm?
Use @ 10 @ 20cm for transverse reinforcement
Design of shear:-

Vu=36 KN.

e =0T * 24 *1*0.173
6

Vu=36 KN < @.Vc=106 KN.
No shear Reinforcement is required.

=106 KN
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Landing Load calculation:-

«» Dead Load:-

» Tiles =0.03*22 = 0.66 KN/m?.

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

= Sand =0.07*16= = 1.12 KN/ m>.

= Slab =0.2*25= 5 KN/ m*.

= Plastering = 0.02 *22=0.44 KN/ m.
dead load =7.66 KN/m

Additional dead load from flight=18.6KN/m
% Live load:-
Live load for stairs =5 KN/ m.
Additional live load from flight=11.5KN/m

Geometry UniEmekrocm

1 2
1
[ : _ ]
By
03 282 03
I } 717 } |
I |
w ‘
0.
A-A
Loeading
o TEE 1
Dead - Service Units: kM meter

186

[ ]
)
raa

Live load - Service

Loadfactors: 1.20,1.2001.60,0.00

"3

Rk
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Moment/Shear Envelope (Facored) UniskNmeter

Toments: cpans Tio 1

| 15 &0. 1.5 |

769

Design of Bending:-
Calculate the magnitude of the maximum moment by using the shear diagram.

d =200-20 -7 =170 mm..

Mu = 60 KN.m/m
_ Mn
" b-d?
R, — 60*10 °/0.9 _ 55
1*0.172
m = fy = 420 =206
0.85* fc' 0.85*24
p=1(1- 1 2TRN)
fy
o=t @- \/1_% ) =0.0056
20.6 420

As g = pbd =0.0056* 1000*170 =957mm?/m
Use AS eq = 957mm?,
Use @ 12 @ 10cm for main reinforcement
A's min = 0.0018*1000*200=360 mm?
Use @ 10 @ 20 cm for transverse
Design of shear:-
Vu=69.5 KN.
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Wczczfﬁ;bw*d

¢VC=O'75 \/2_46 1%0173 _ o v
Vu=695 KN <@.Vc=106 KN.

No shear Reinforcement is required.

4-9-3 Design of Stair #3 :-

4
| LR
A | BEEAY A
Ty
| L1 Ly
— —
STAIR (3)
From Basement To Second ’
Fig.(4-9-3)

L=2.7+1.0=3.7m
h=3.7/20=0.185m
***Use h=20cm
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Flight Load calculation:-
+ Dead Load:-

= Tiles = 0.03*(0.33+0.17)*(24/0.30) = 1.2 KN/m?.
= Mortar =(0.17+0.3)* 0.02*(22/0.3) = 0.68 KN/ m.
= Stairs = ((0.5*b*h)*25=(0.5*0.3*0.17*25)\0.3= 2.125 KN/
m?.
= Slab =0.20 *25/ Cos 33=6 KN/ m?.
= Plaster = (0.02*22)/ (Cos 33) = 0.52 KN/ m?.
Total dead load =10.5 KN/m

« Live load:-
Live load for stairs =5 KN/ m?.

Landing Dead Load calculation:-

Tiles =0.3*22*1
Mortar =0.02*22*1
Sand =0.07*16
Concrete =0.2*25*1
Plastering =0.02*22*1

=7.66 KN/m

[ : ]
0.3 3.15 0.3
‘ 345

20.
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Toad group no. 1

Dead load - Service Units:kN,meter
10.5
R
27 ) 0.75
T
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.p0
L 2k |
27 ) 0.75
T
Moment/Shear Envelope (Factored) Units:kN, meter
Moments: spans Tto 1
B —
5 4.
1.73 2. 1.73
I T 1
Shear
25 21.5
T T
28.6

Design of Bending:-

Calculate the magnitude of the maximum moment by using the shear diagram.
d =200-20 -7 =173 mm..

Mu =29 kKN.m/m
R, — Mn
b-d?
P -3
R :29 10 /0'9=1.O8

" 1*0.173?

m = fy =__420 =206
085*fc  0.85*24
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p=£(1_ 1_2mRn)
m fy

p=_1 (1-\/1_M):0_0026
20.6 420

AS rq = pbd = 0.0026* 1000*173 = 450 mm*/m

Use @ 10 @ 15cm for main reinforcement
A's min = 0.0018*1000*200=360 mm?

Use @ 10 @ 20cm for transverse reinforcement
4.9.1.6. Design of shear:-

Vu=28.6 KN.

¢yt *b,*d
B W C

PYLAL *\/2_46*1*0.173
Vu=28.6 KN < @.Vc=106 KN .
No shear Reinforcement is required.

e

=106 KN

9-10 Design of Column:-

9-10-1 Design of Col #6(In Basement Floor):

Dead load from (Beam 2)(basement Slab&3™ Slab)=247.8*2=495.6 KN
Live load from (Beam 2) (basement Slab&3™ Slab)=60.9*2=121.8 KN
Dead load from (Beam 2) (ground,1%,2" Slab)=137*3=411 KN

Live load from (Beam 2) (ground,1%,2™ Slab)=37*3=111 KN

Self Weight of Columns=25*0.6*0.3*(3.73+3.73+3.46+2.5+2.5)=72 KN
Total Dead L0oad=495.6+411+72=979 KN

Total Live Load=121.8+111=233 KN
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Pu=1.2*979+1.6*233=1548KN
Lu=3.73

*** Assume pg =0.015

*** Bracedcolumn
Pn=08Ag(085fc (1- pg) + pg * fy)

1548

Pn = 2382KN
65

2.382 = 08Ag(085* 24(1— 0.015) + 0.015* 420)
Ag=0.113cm®
Use60*30=0.18m°

Check Slenderness Effect:

(k-l—ujs(34_1z(%j)£40 .............. ACI.10-12-2
r

2

L, : Actualunsup ported (unbraced)length
K : effectivelength factor

R :radiusof gyration=0.3h = \/IA
K*Lu 1*3.73

= =414
rx 0.3*0.3
* *
K*lu _1*373 _, .
ry  03*0.6

= Long Column in Y Direction.

= Short Column in X Direction.

***The Long Column Case Used To Design.
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E.I
El=04—2 ... [ACI318-2002 (Eg. 10-15)]
1+ 5,

E, = 4750,/ fc = 4750*+/24 = 23270Mpa
1.2%979  (1175)

=0.76
Py Pu 1548
*Rh3 * 3
| _b*h®_03%06° oo, .
T 12 12
* *1Nn6
£y 0:4%23270*10° *0.0054 _ 0 o111 2
1+0.76
2
5 =”—E'2 ............... AC1318— 2002(Eq. 10-13)
(KLu)
2 %
3147288 o0 omN.
(1.0*3.73)
M1
Cm=0.6+0.4 == | ..........ACI318 - 2002(E.10 - 16)
Cm=1...... According to ACI1318-2002(10.10.6.4)
5. = M 210 ACI318— 2002(Eq. 10-12)
1-(Pu/0.75P,

1

5., = —=1.1>1
1—(1548/0.75*20.2*10%)

€, =15+0.03*h =15+0.03*600 =33mm = 0.033m
e=¢e,, %0, =0.033*1.1=0.0363

e 0.0363
h

min
— “min

= =0.0605
0.6

From Interaction Diagram

¢P, 1548 9 145

A 0.6x0.3 1000

g

py =0.01

=1.25 Ksi
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A, = p, x A, =0.01x600x 300 =1800 mm?"
Use@25, A, = 314mm?

. Use6¢25

A, =6*314=1884mm’

9-10-2 Two Way Shear Action(Punching):
Interior Column(In Third Floor):
Design of Column(C 28) :
% Material :-
= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel fy = 420 N/mm?
Circular Column D=50cm

Slab Thickness =32cm

d =320-20-20 = 280mm
Ln=275

*** Dead Load = 4.2KN /m?
*** | jveLoad = 5KN /m?
***SupportReaction = 372KN
Wu=1.2*%4.2+1.6*5=13.04KN /m°
r =250+140=390mm

b, =22 =2*7*0.39 = 2.45m
A=7*0.390° = 0.478m°
Vu=372-(0.478*13.04)365

ves tae 2y fich. *d = 2@+ 2)fch. *d = 05y fcb, *d
6" fc 6

1 os*d 1 40*0.28

Ve — (22 o) fch *d = —( +2)\fch, *d =054,/ fcb, *d
12" b, 12° 245

ng% fch. *d = 0.333./fcb. *d —s control

Ve =0.75%0.333+/24 * 2.45%0.28*1000 = 839.3KN > 365
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4-11Design of Footing:-

4-11-1Design of strip Footing:-

% Materials :-
Concrete B350,  Fc'=0.8*35 = 28N/mm?’=28Mpa
Reinforcement Steel , fy = 420 N/mm? =420 Mpa

d P

Fig (4-11-1)
Plan of strip footing.

Determination of load:-

From slab and Wall Weight :
Dead:

Weight from "Etabs" =270KN/m
Live:

Weight from "Etabs” =30KN/m
Soil density = 18 KN/m®.

Allowable soil Pressure = 400 KN/m2.
Assume depth of strip =70cm.
Q alow =400 - (0.7*25+0.15*25) — (0.6*18) -5= 363 KN/m?

= For one meter strip
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_ 300
363
b=1.0m,
assume h=70 cm
d=700—-75-20 =605 mm

Uuttimate = 372 =372KN /m? > 363KN /m?
1.0*1.0

Check of One Way Shear:-
Vu = [1'020'3 —0.605}372*1: 94KN

b =0.8m

e = %mxlx 0.605x10° = 400KN

gVc>Vu OK

Design of Bending Moment:-
(for 1.0m Strip)

* 2
Mu :M:BGKN.m
* -3
qne M 1867102109 oo
bd 1*0.605
fy 420 17.6

m= - = =
0.85*fc 0.85*28

p=1{1_ /1_2xmenJ
m f,

p=—1 (1—\/1——2”7'6)(0'6]=o.00145

T176 420
ASeq = p*b*d = 0.00145*605*1000 = 880 mm?’
As,. =0.0018*b*h = 0.0018*300*1000 = 540mm?

ASpeq =880> ASq iiace = 540mm?
Use @ 12@12.5cm in both directions

Check of strain:-
As*fy=085*f *b*a
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mailto:12@12.5cm

880*420=0.85*28*1000* a
a=15.5mm

o :izgzl&me

p, 0.85

_ 605-18.2

S

&, =0.096>0.005

= OK

4-11-2 Design of Isolated footing(F1):-
% Materials :-
Concrete B350, Fc' = 0.8*35 = 28N/mm? =28Mpa
Reinforcement Steel , fy = 420 N/mm? =420 Mpa

X0.003

Load Calculation(For C5 in ribbed slab region):-
P(Dead)=1669 KN

P(Live)=393 KN

Pu=2632 KN

Soil weight = 18KN/m?

Column geometry 60 *30 cm

Allowable soil pressure = 400 KN/m?

Design of Footing Area:-
Oait net = 400-(0.6*18)-(0.6*25+0.15*25)-5= 370 KN/m?
Area (A) = Total load / Allowable Soil Pressure
_ 1669+ 393
R
Try2.8*25 Area=7.0m?
Pu =1.2*1669+1.6*393=2632 KN
~ 1.2*1669+1.6393
Quimate = 8% 2.5

=5.6m?

=376KN /m? > 370KN /m?

Thickness Determination:-
Assume h=60cm ..... d =600-75-20 = 505 mm
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¢ Check for One Way Shear Action

Vu [2.80 —-.6

- 0.505] x376*2.80 = 624.4KN

MNC= %\/ﬁ % 2.80%0.505x10° = 935.3KN

gc>Vu OK

% Check for Two Way shear Action (Punching).
h = 600mm

d =505mm
The punching shear strength is the smallest value of the following equations:

¢'\/c = ¢%[1+£j\/f»c’bod

e = (b /d jrbd
4V, =¢.%\/fbod

Where:
Column Length (a) 60

Pe = Column Width (0) 30
b, = Perimeter of critical section taken at (d/2) from the loaded area
b. = (0.505 +0.6)* 2+ (0.505 +0.3)*2 = 3.82m

=40 for interior column

AR =¢.(13[1+2]\/ £, b,d =0'75*(1+ 220)* 28*3.82*0.505*10° = 2552kN

6
1 0.75_( 40*0. 505
V. = \ . b d= */28*3.82*0.555*10° = 4712kN
We =01 [b /d j 12 ( 3.82 j

YA =¢%\/f b,d :%*\/2_8 *3,82*0.505*10° = 2552 kN control

Vu=|(2.80*2.5) (0.3+.505)(0.6 +0.505) [*376=2298kN
MNC>Vu ok
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Design for Bending Moment.
***In 2.8 m direction

(2.8-.6) , (2.8-.6)

Mu =376* *2.5=570KN.m

v 40 .
085*fc _ 0.85%28

_ Mulg_ 570%10°/0.9 _

Kn = 5 > = 0.9 MPa
b*d 2.80*(0.505)
1 2mRn
p=—(@1- 1- )
m fy

b= L (1- Jl_w ) =0.00219
17.6 420

Asreq = 0.00219 (2800) (505) = 3097 mm?
p.. =0.0018

A, min = 0.0018 (2800) (600) = 3024 mm

# of bars = As/ AS pyr = 2595/154 = 21.1
= Note Api4 = 154 mm?

Use 22 14  As provided = 3234mm?

***|n 2.5m direction
(25-.6), (2.5-.6)
2 4

m=_ - 40 _..q
0.85*fc _ 0.85*28

_ Mu/g_ 475%10°/0.9

Mu =376* *2.8=475KN.m

Kn = o= > = 0.8 MPa
b*d 2.50*(0.505)
1 2mRn
p=—(@1- 1- )
m fy

p= i(l - Jl_w ) =0.00194
17.6 420
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ASyeq = 0.00203(2500) (505) = 2450 mm?’
p.. =0.0018

A, min = 0.0018 (2500) (600) = 2700 mm?

# of bars = As/ As p,r = 2700/154 = 18.1
= Note Api14 = 154 mm?2

Use 20 14  As provided = 3080mm?
%+ Check for yielding:-

Tension = Compression

As* fy=0.85* fc'*h*a
3234*10°° *420=0.85*28*2.80*a
a=20.3mm

S, 085
¢ = 505-24

24

&, =0.06 > 0.005 e OK

24mm

*0.003=0.06

¢+ Check transfer of load at base of column:

OPn = d(0.85fc’Ag)

®Pn = 0.65(0.85)(28)(0.6*0.3)*10° = 2785kN > Pu =2632 KN.
No dowels are required, but use minimum dowels.

As . =0.005* Ag = 0.005*60*30 = 9cm’

Use thecolumnbarsas a dowels

Select 2018

ASproiges = 45CM? > Asy. . =9cm?

Use 20 @ 18 dowels As Provided =45 cm2

% Development Length (L, ):-

9 fy wtrwexws
Ld=— ktr+cb * db

Loyy/fe db
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Ch=75+14/2=82mm
9 420 1.0%1.0%0.8

Ld=—
1028  0+82
14

Available Ld =(2800-600)/2 — 75 = 1025>137 mm
OK.

*x 14 = 137 mm

Ldb: fy % db
4./ fc
Ldb= 420 x18 =1270 mm control

428
But not less than:
Ldb = 0.04(fy) d,=0.04(420)*16 =268.8 mm
Available Ld =h-cover-db=60-7.5-2*1.6=74.3 cm
74.3>12.7 OK

120

10

Fig.(4-11-2)

Section (A-A) in Isolated Footing.
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4-12Design of Basement Wall:-

« Position :-

Basement Wall (BW) .

« Material :-

Concrete B300,

s System :-

Fc' = 0.8*30= 24 N/mm?=24Mpa
Reinforcement Steel , fy = 420 N/mm? =420 Mpa

2.9m

269KN/m’( from foundation)

5 KN/m 4 live load)

S T

Rl
RN
Qi
=
] =
— =
c é\
i 4 e
< < <
< < <
< < <
| R2 P» < <
2.5 KN/m? 36 KN/m? GSKNLmZ
.
e
Ve
e
Fig.(4-12-1).

Load on Basement wall
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% Loading :-
Load calculation
¢ =30°
K, =1-sin30=0.5
y =18KN /m?®

Self weight of earth
e, = yhk, =18+ 4% 0.5 = 36KN/m?

Load from live load [ L.L=5 KN/m?]
W=P*K,=5%05=25KN/m

Load from foundation (F= 2028 KN)

Basement Wall

[=29m

D=29m

—0 6 A~

l S=2.6m

foundation

(Paln Drawing For Foundation Effect)
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Fig. (4-12-2).

2.90 2.60 269 KN/m?
23
o™ S
=
h=4.64 i
=4, I
68 KNmP_ = _ _
— M h
c=8.80 _ _ NR74 KN/m?

Fondation Effect To The Basement Wall

Fig.(4-12-3).

2028
T 26+29

2 2
8a.=§¢ :§*30 = 20°

= 269 KN/m?
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(wall friction angle)

f.= cos(x +9) = 0.44

. sin(@ + 8,) * cos(a + B) * cos(8, — @)
sin(@ + 3q) + j sin(@ — )

U,: ground sliding angle

__ sin(@)+f*cos(@+6,—x) __
tanl,. = cos(@)+fxsin(@+6,—x) 1.48

U, = 56°

From atir program:

V, =147.9KN
M, =1232KN.m

14
d.=300—20—7=273mm

BV, = 0.75 = % /fc- # b % d=0.75 * = * V24 * 1 % 0.273 x 1000 = 167.2 KN
oV. =V, . OK.

For vertical reinforcement

M,/¢  123.2/0.9

ky = 2= 2
bxd® 1+%(0.273)
£, 420

1073 = 1.84

= = = 20.59
M 085+ fc- 0.85 x 24
1 " " 2mxk, | 1 " 2%20.59 x1.84 = 0.0046
P = f, | 2059 420 e
As =p*bxd=0.0046 x273 * 1000 = 1256 mm?  ........ (control)

Agmin = 0.0012 * b * h = 0.0012 * 1000 * 300 = 360 mm?

Use ® 14@10 cm  (in vertical direction) in air side
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Use @ 14@20 cm  (in vertical direction) in earth side

For horizontal reinforcement

Ag min = 0.002 % b * h = 0.002 * 1000 * 300 = 600 mm?

Use ® 10@25 cm  (in horizontal direction) in both sides

Design of the basement wall (1) under concrete column :-

basement wall part 1

We will design the columns in the basement wall by considering new dimensions

of the columns (Im * 0.3m)

Design the transport load in tension position:
according to German

(along 0.4h = 0.4*4=1.6 m vertically )..............
Code
Pu X
r="(1-7)
773 0.6
T, = TT(l — T) = 164.26 KN
As =

0.9+fy

5= 0420 _ 4345 cm?
0.9%42
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But we have from the horizontally reinforcement along 1.6 m As=4.74 cm?
So no need for extra reinforcement.

T, === (1 — T) = 699.76 KN
T

a 0.9%fy

699.76

= = 1851 cm?
0.9%42

As from ® 10@25 em = 4.74 cm?

18.51-4.74=13.77 cm?
Use 5 ® 14 in each side with As =15.4 cm? > 13.77 cm?

And the same calculation to the rest.

T, === (1 — T) = 1023.6 KN
T

T 0.9%fy

_1023.6

= =271 cm?
0.9%42

As from ® 10@25 em = 4.74 cm?

27.1-4.74=22.36 cm?
Use 8® 14 in each side with As = 24.64 cm? > 22.36 cm?

T, === (1 - T) = 872.L KN
T

T 0.9%fy

872.1
0.9%42

=23.1 cm?

As from ® 10@25 cm = 4.74 c¢m?
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23.1-4.74=18.36 cm?
Use 6 ® 14 in each side with As =18.48 cm? > 18.36 cm?

T, === (1 — T) = 360.4 KN
T

h 0.9xfy

As from @ 10@25 em = 4.74 cm?

9.5-4.74=4.76 cm?
Use 3® 10 in each side with As =4.74 cm?

5
= (1 - —) = 288.15 KN
4T

0.9xfy

As from @ 10@25 em = 4.74 cm?
7.6-4.74=2.86 cm?

Use 2 ® 10 in each side with As=3.16 cm? > 2.86 cm?

T, = 22 (1 - —) = 663.43 KN
4

4
T

T 0.9%fy

_ 663.43

= = 17.55 cm?
0.9%42

As from @ 10@25 em = 4.74 cm?

17.55-4.74=12.81 cm?
Use 5® 14 in each side with As=15.4 cm? > 12.81 cm?
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g = (1 - —) = 377.19 KN
4T 4

T 0.9%fy

377.19

= =90098 cm?
0.9%42

As from @ 10@25 em = 4.74 cm?

9.98-4.74=5.24 cm?
Use 2 ® 14 in each side with As =6.16 cm? > 5.24 cm?

T, =22 (1 - —) = 504 KN
_ T
T 0.9xfy

504
0.9%42

= 13.3 cm?

As =
As from @ 10@25 em = 4.74 cm?

13.3-4.74=8.56 cm?
Use 3® 14 in each side with As =9.24 cm? > 8.56 cm?

Ty = (1 - —) = 455.18 KN
4

As from @ 10@25 em = 4.74 cm?

12-4.74=7.26 cm?
Use 3 ® 14 in each side with As=9.24 cm? > 7.26 cm?

Ty =2 (1 — T) = 456.24 KN
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_ T
h 0.9xfy

_ 456.24

= =12.1 cm?
0.9%x42

As from ® 10@25 cm = 4.74 cm?

12.1-4.74=7.36 cm?
Use 3 ® 14 in each side with As =9.24 cm? > 7.36 cm?

Ty, = (1 - T) = 493 KN
_ T
a 0.9%fy

493
0.9%42

=13 cm?

As =
As from @ 10@25 cm = 4.74 c¢m?

13-4.74=8.26 cm?
Use 3 ® 14 in each side with As=9.24 cm? > 8.26 cm?

Tyy = (1 - —) = 290.7 KN
4

As from @ 10@25 em = 4.74 cm?

7.7-4.74=2.96 cm?
Use 2 ® 10 in each side with As=23.16 cm? > 2.96 cm?
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4-13Design of well walls:

Live load=5 KN/m?
e \Water Load :

q, =yxh

Ve =10 Kn/m?®

gqwater =10x 3.4 = 34KN/m?

e Soil Load :

g, = 7/*h* Ka

K,=05

Vo =18 Kn/m?®

gsoil =18*5*0.5 = 45KN/m?
= Design

Live Load

Water Side

3,4

Soil Side

Fig .(4-13-1)
Load of well wall.
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Leading

_EEET'“ T
Dead - Factored Units: N meter

T
1= 533 f
I
Moment/Shear Envelope (Facored) UniskNmeter
~ Woments: spans Tio 1
I
) T
| k| 136. 229
I 1
Shear
g g 1307
I
707 89
m.136 kN =Mu
Vud =120.1 kn
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mo Py _ 420 o
0.85fc  0.85x24

d =300-20-10=270mm

_Mn_ 136*10°/0.9

K =—= =2.01
" bd® " 1.0%0.270?
Design of the Vertical reinforcement:
1 2mKn
p=—(- [1-0)
m fy
o= L(l_ Jl_w) —0.0052
20.6 420

As,,, =0.0052x1000x 270 = 1404mm?
As,_ . =0.0012 *1000 *300 =360 mm?*/m
ASs,i, =360mm? /m < As,., =1634mm* /m

#of bar in on meter = % =7
201

Use @ 16 @ 14cm
Design of the Horizontal reinforcement:

AS, e = 0.002*1000*300 = 600mm? / m

#of bar= @ =53
113

Use @ 12@15cm for horizontal reinforcement

: Check for Shear
pxVc=Vu
¢><VC=%,/ fc'xbxd :%x/24 x1000x0.270

#Ve=166>Vu=120.1kN

. No Shear reiforcement is required
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4-14 Design of shear wall (W6 in Part 1):-

«» Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
«+ According to soil profile type ""SA™ ,and Seismic Zone Factor *"Z"'=0.3:
Ca:" Seismic Coefficient" =0.24
Cv:"Seismic Coefficient"=0.24
I:"Importance Factor'=1.0
R:"Structural System"=5.5
+» System For Shear Walls :-
The basement floor is considered as rigid box, due to enough walls .

.') 4.00

Basement Wall

i
| Level Of Foundation

Rigsd Box //77-"

Fig.(4-14-1)
Shear wall W6 in part 1.
«» Section :-
t=30 cm .shear wall thickness
Lw = 2.6 m .shear wall width
hw=14 m.
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Chapter Four — Structural Analysis and Design

4KN

23KN

46KN

86KN

Shear Diagram

2,6

Fig. (4-14-2).

2,75

3,55

3,7

11KN.m

1013KN.m

Moment Diagram

Load from earthquake (X Direction) for Shear wall (W05).

¢+ Design of the Horizontal reinforcement:

Critical Section:

I?W = ﬁ =13m...... control
hw = 14 =7.0m

2 2
d=08xlw=0.8x1.3=1.04m
V, =160KN

M, =1013KN.m
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fc’
V, = xbxd
6

Jfe'xbxd N, xd
= +

Vc2
4 4xL,
L[ e+ 22N
fc’ Iw x h hxd
Vg = + x
2 M, |, 10
V, 2
Vv V24

=" x030x1.04*10° =255 KN

Assume N, =0

>* 3
V,, = V24x0.30x1.04*10°  0x1.04 _0r

V22 13J24) | 030x13

V,=|—+ x x10® =142KN Control
2 "Ji013_13) " 10
<160 2>
<M“—'W>_5.2>0
vV, 2
An_ V.
s, F,xd
vsz\i—vczﬂ—mz:?l KN
é 0.75
-3
A _ 7107 o g0016m
g, 420x1.04

Aunni =0.0025x h = 0.0025x 0.30 = 0.00075...control
S

I :

S, <2 = 13_ 0.26m

5 5

S, <3xh=3x0.30=0.9m
o 2x A, _ 2x113x10°° _03m

0.00075 0.00075
~Usegl2@20cm c/c intwo layers (horizontal)

<
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¢+ Design of Vertical reinforcement:

A= {0.0025+ 0.5(2.5 - T—W](SAV" o 0.0025]} xS, xh
W X

2

A= 0.0025+O.5(2.5—£j(£—0.0025) xS, xh
" 2.6 \ 200x 300

A, =0.0025x S, xh

_ 2x113x10°
' 0.0025%0.30

s, < _26_ggem
3 3

=0.30m ... control

S, <3xh=3x0.30=0.9m
$1<0.45m

~Usegl2@20cm c/c intwo layers (vertical)

¢ Design of Moment:
The boundary element is required if :
C>___ W
600* (sh/ hw)
on : Lateral Displacement forwall

assume on/hw=>0.007
c>— 2% __gem
600*0.007
Cw=C-0.1xLw
Cw>0.6-0.1x2.6=0.35m
Cw > E = % =03 m
2 2

No boundary is required
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4-15 Design of Dome:-

++» Materials :-
Steel , fy = 4000 psi
Glass , 25KN/m?
% Loads:-

Dead load=2*.07*25=0.5KN/m?

Live load "Snow Load" =1.25KN/m?

Wind Load

After Design We get the profile as Horizontal is HSS 4X2 X0.125
as Vertical HSS 4 X2 X 0.125

% Design Strength of Weld Metal:-

a=0.25"

Fpu'weld"= 70ksi

T = Lw*¢gRnw

T =0.027KN — From "Sap"

0027

4448
Lw = 0.003inch

Lw=0.075mm
Select Lw=1.0cm

=Lw* 0.75(0.707*%) *0.6*70
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(iwove Weld

Fillet Weld

",
5 N 2X0NS
E ASSEX2N0ms /nsaxaxoias”| HSaX2x 0125 BSSex2X0)
5 i %
O 3 & d Gv‘
Z g : S0
8 / § £ 3 '\ o
N SRy ) 7 4\ peaxayen
) = HSSANDX0128 =) HSS4X2X 0028 | B g
g 3\
& s 17} %
&/ & 5 g clé
4 g X y jn \ 3 -
ASax 20125 HSSAX X035 4 HSSAX2XDI2S 7| HSSAX2XDlas B HSSAX XS

12.86

Elevation of Dome

Fig. (4-15-1)
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1. American Concrete Institute (A.C.l.) , Building Code Requirement for
structural concrete (ACI - 318M - 02).
2. Uniform Building Code (UBC-97).
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