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Eng. Khaleel Karameh

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

executive details for acommercia building in Hebron city.

This building consists of five floors and roof, which contains each one

shops, offices and waliting area.

This building is a reinforced concrete structure, and it was designed

according to the ACI-code-02.

The project contains the structural analysis for vertical and horizontal
loads and the structural design and details for each member in the

project.

We use in our project some programs such as Autocad2006, STAAD
PRO. And office 2003.
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List of Abbreviations

As = area of non-prestressed tension reinforcement.

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

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

bw = web width, or diameter of circular section.

DL = dead |oads.

LL =liveloads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of easticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored |oads.

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

beam or other supportsin other cases.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

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

V¢ =nomina shear strength provided by concrete.



Vn = nominal shear stress.

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

W = width of beam or rib.

® = strength reduction factor.
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Chapter Four 4

Structural Analysis and Design

4 -1 Introduction.

4 — 2 Factored Loads.

4 - 3 Determination of thickness.

4 — 4 | oad Calculation.

4 -5 Design of Topping.

4 — 6 Design of rib (Rib 07) in the basement floor slab.
4 — 7 Design of Two Way Rib Slab.

4 — 8 Design of Beam (B23) in the basement floor slab.
4 — 9 Design of short Column.

4 — 10 Design of long Column.

4 — 11 Design of Isolated Footing.

4 — 12 Design of Strip Footing.

4 — 13 Design of Stairs.

4 — 14 Design of Two Way Solid slab.

4 — 15 Design of Basement Wall.

4 — 16 Design of Shear Wall.

4 — 17 Design of Retaining Wall.



4.1 Introduction

Concrete is the only major building materia 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
structural members must resist extreme tensile stresses, steel supplies the necessary
strength. Steel is embedded in the concrete in the form of a mesh, or roughened or
twisted bars. A bond forms between the steel and the concrete, and stresses can be

transferred between both components.

In This Project, al of design calculations for al 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: solid slabs, one-way ribbed and
two-way ribbed slabs. They would be analyzed and designed by using finite element
method of design, with aid of a computer Program called " ATIR- Software" to find
the internal forces, deflections and moments for ribbed slabs, and then hand

calculation would be made to find the required steel for some members.

The design strength provided by a member, its connections to other members, and
its cross-sections in terms of flexure, and load, shear, and torsion is taken as the
nominal strength calculated in accordance with the requirements and assumptions of
ACI-code.
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4.2 Factored Loads:
The factored loads on which the structural analysis and design is based for our

project members, is determined as follows:

Ou=1.2DL + 1.6L ACI -318-02(9.2.1)
4.3 Determination of Thickness:
4.3.1 Determination of Thickness for One Way Rib Slab:-

The structure may be exposed to different loads such as dead and
live loads. The value of the load depends on the structure type and the
intended use.

The overall depth must satisfy ACI Table (9.5.a):
For rib (RO7) in basement floor, as shown infig (4.1).

S 00m R 195m 110 A 7 Thmas 7 10m = Tdrm

Fli. lE]j]@f‘ In tEe Easement ﬂoor

Spans from |eft to right for one way slab:
L  6.62

I3

— =" _035m=35cm ACI-318-02 (9.5a)
185 185

L:2:0.13 m =13 cm

21 21

L:£:0.13 m =13 cm

21 21

L = 3—1 =0.147 m =14.7 cm
21 21

L = ﬁ =0.188 m =18.8 cm
21 21

L _ 5 _0270m=27 em
185 185
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4.3.2 Determination of Thickness for Two Way Rib Slab:-

Y= ZAY - 52

ZA o T W
A /,,/ el B
* * * * *
Irib:2 0.2*0.08* 0.04+0.12* 0.35 0'175=11.660m /
2*0.2*0.08+0.12* 0.35 // r
. S 2
| _052x(01166)° (052-012)x(0.006)° 0.12x(0.2334)°
rib = 3 3 3 byp
.
|, =7.82x10"m*/b -
4
gm:ﬂX6-375:9-595X10_4m4
0.52 i1
l, = ibh3 = e 1* (0.35)% =3.57*10°m*
12 12 O i [t 2
| Bajsoma ¥ Bamws W BiGoeesn B
| it o o T e L e 2]
. ;;;‘;;;;;};;; ;;;_‘;;;:;;;
I, 3.57x10" e el A=y e ]
o=-L2=—""""—-_-=3723 - h=R%lem | - =~
I 9.595x10™* ﬁ___ll_____g__ SR R R pt
e e
@ >2-3723 e e
. ==v..%:====t== ===- @::::::
According to ACI-code: T e Bhipisy
Hiriag Fiz (soven) gg‘
_1,(08+1,/1500) : S

m 36+ 9B
ACI-318-02 ( Eq: 9-12)

pota P47
L, 69
 _ 11.75(0.8+400/1500)
36+ 9x1.7

=0.2443m =24.43cm

We select from one & two way ribbed slab, The Thickness of Ribbed
Slab =35cm
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4.4 Load Calculation:

@ First: One - way ribbed slab.
For the one-way ribbed dlabs, the total dead load to be used in the

anaysis and design is calculated as follows:
One way rits slab —, Shrikage 3 Temparatuer Bar's —,

Helow Blod: {27 e ) —

Calculation of the total dead load for one way rib slab is shown in the
following table:

No. Parts of Rib Calculation

1 Rib 0.12*%0.27*24.5 = 0.7938 KN/m Linear

2 Top Slab 0.08*0.52*24.5 = 1.0192 KN/m Linear

3 Plaster 0.03*0.52*22 = 0.3432 KN/m Linear
4 Block 0.27*0.4*10 = 1.08 KN/m Linear
5 Sand Fill 0.12*0. 52*16.4 = 1.023 KN/m Linear

6 Tile & Mortar | 0.05*%0.52*24 =0.624 KN/m Linear

4.883 KN/m Linear




Nominal Total Dead L oad:

D.L. g = 0.7938 + 1.019 + 0.3432 + 1.08 + 0.624 + 1.023
= 4.883 KN/mof rib

Total dead load = 4.883/ 0.52 = 9.39 KN/m®

Liveload =5* 0.52=2.6 KN/mof rib

Factored dead Load = 1.2* 4.883 = 5.86 KN/m

Factored liveLoad =1.6* 26 =4.16 KN/m

49



& Second: Two-way ribbed slab.
For the one-way ribbed dlabs, the total dead load to be used in the

anaysis and design is calculated as follows:

Ses Dars —

the following table:

>
Huilowe Black | 270m | ="

Calculation of the total dead load for one way rib slab is shown in

(0.52*0.52) units

LRI

ke Bars

No. Parts of Rib Calculation
1 Rib 0.12*0.27*(0.52+0.4)*24.5 = 0.73 KN/unit
2 Top Slab 0.08*0.52*0.52*24. 5 = 0.53 KN/unit
3 Plaster 0.03*0.52*0.52*22 = 0.17 KN/unit
4 Block 0.27*0.4*%0.4*10 = 0.432 KN/unit
5 Sand Fill 0.12*0. 52*0.52*16.4 = 0.53 KN/unit
6 Tile & Mortar | 0.05*0. 52*0.52*24 = 0.324 KN/unit

2.72

KN/unit
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Nominal Total Dead L oad:

D.L. ot =0.73+0.53 +0.17 + 0.432 + 0.53 + 0.324 = 2.72 KN/unit
Dead load g = 2.72/(0.52*0.52) = 10.1 KN/ .

Liveload = 5 KN/m?.

Factored dead Load = 1.2* 10.1 = 12.12 KN/n’.

Factored liveLoad =1.6*5= 8 KN/m?.

Wu=12.12+8
= 20.12 KN/m?
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4.5 Design of Topping:
4.5.1 Design of Topping for One-Way Ribbed Slab:

Dead load = total dead load — dead |oad of onerib

DL — [4.883} _[0.7938} 7 864KN /M

0.52 0.52

Wu = (1.2 * 7.864) + (1.6 * 5)
= 17.436 KN/m?

-> For aone meter strip Wu = 17.436 KN/m ™~

Assume slab fixed at supported points (ribs):
WU * | ) boia Bk | et~

1 Mu =

* 2
= 0.2324 KN.m 17436704% vy =
12
f'=08*30=24
fr =0.42x[fc’(MPa)  ACI-318-02 (22-5.1)
fr = 0.42x v/24(MPa) = 2.06 MPa

)= 1.06x10°m’

Mn=fr*s

o = bh*_1.00x(0.08’
6

Mn = 2060* 1.06x10° = 2.184KN.m

® Mn =0.55* 2.184= 1.201 KN.m

® Mn =1.201 KN.m> Mu = 0.2324 KN.m

No structural reinforcement is needed. Therefore, 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* 100 * 8 = 1.44 cm*/1Im
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\ Use 1 8/ 25 cm (48 / 1m), with ASyovided = 2.00 cm?/Im both directions. \
4.5.2 Design of Topping for Two-Way Ribbed Slab:

It is apparent that the topping slab in two-way action is even stronger
than that for one-way ribbed dabs. Therefore, only shrinkage and
temperature reinforcement needs to be provided, with the same design as
before.

\ Use 1 8/ 25 cm (408 / 1m), With ASyoviged = 2.00 m?/1m both directions. \

4.6 Design of Rib (07) in basement floor:

=

T A ——
= i ——

By using ATIR program we get the envelope moment and shear diagram

as the follows:-

A LETH oy TH e LN | T TS TN [T AT m oy
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M55
ASEMST AT
. TR

59 -9

| 24 | 38 | 212 | 223 |14 223 | 226 151037 332 | 445
I | I I

—10. (4 - o) IViIOment adlagram 10r rip (U/)-

F1J. (4 - Y) ohear diagram 10r rip (U/)-(KIN)

4.6.1 Design of Positive Moment for (Rib 07-MF1):

Thisdesign for 6 m span (MF1),
Effective Flange width ( b.) ACI-318-02 (8.10.2)
be For T- section isthe smallest of the following:

b =L/4=6/4=15m=150cm

b, =12+ 16t=12 + 16 (8) = 140 cm

b. = bw+Lc/2 =12+515/2 = 269.5 cm

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

» Use M, max positive for span = 30.4 kN.m

M requires = 30.4/0.9 = 33.8 KN.m



» Determine whether the rib will act as rectangular or T — section:
For a=t=8cm

C=0.85 fct b, =0.85 (24) (80) (520)/1000 =848.6 KN
d=h-cover-d2=35-2-1.2/2=324cm

M,=Tor C(d-0.5a) =848.6 (324 - 0.5 (80))/1000 =241 KN.m
M avaitable = 241 KN.M > My, required = 33.8 KN.m

Design as arectangular with b, = 52 cm

NV A (4
A = bw)(d ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

24

200) (120)(324) =1.19cm

Asmin=

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—24 (120)(324) = 1.36cm?
400

Asmin=136cm? = 1.19 cm?
Asmin=136cm’

me_Y_ _ 40 56
0.85fc  0.85(24)

_Mn _ 33.8%(10)° _
bd ? (520)(324)?

* *
oAy 2mRn | 1 1—\/1—2 19.6%0.62 | _ o o015
m fy 19.6 400

A s = 0.0015(52) (32.4) = 2.65 cm?> A s min = 1.36 cm?
A req= 2.65 cm®
#of bars= As/ Aspa = 2.65/1.53 = 1.73 * Note Ao = 1.53 cm?

~ Select bottom bars 2014

TOta| AS(provide) :306 sz
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* Check of strain:

Tension = Compression

A x fy=0.85x f_'xbxa

3.06x100x 400 = 0.85x 24x 520x a
a=11.53mm

~a 1153—1356 mm

T 085 085

_ 324-13.56

e =
° 13.56
e, = 0.06868 > 0.005

x 0.003 = 0.06868

4.6.2 Design of Negative Moment for (Rib 07-MS1):

The maximum negative moment (M S1) from spans with support is
Mu=22.6 KN.m

Mn =22.6/0.9=25.11 KN.m

Design of T-section for negative moment as rectangular section with

(b=hby)

Asmin= \/_ (b )(d) ACI-318 (10.5.1)
Asmin= \/ﬂ (120)(324) = 1.2cm?

4(400)

A =——(bw)(d
s min (fy)(w)()

Asmin=—2 (120)(324) = 1.36cm?
400

Asmin=136cm’ > 12cm’
Asmin=136cm> > 1.2cm’

Asmin=1.36cm’
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m=19.6
Mn  25.11* (10)°®
bd?  (120)(324)?

* *
r:i 1 i 2mRn | _ 1 1—\/1—2 19 .6*1.99 0,005
m fy 19 .6 400

A's =0.0052(12) (32.4) =2 cm®> A's min = 1.36 cm?

A req= 2 cm?

Rn =

1.99

#of bars=Ags/ Aspar = 2/1.13=1.77 * Note Aerr = 1.13 cm?

Select bar 2 ® 12

TOta| As(provide) = 2.26 sz

* Check of strain:
Tension = Compression
A x fy=0.85x f 'xbxa

2.26x100x 400 =0.85x24x120x a
a=37mm

-4 . 37 = 43.4mm
085 0.85

324434
434
e, = 0.019 > 0.005

x0.003=0.019

S
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4.6.3 Design of Positive Moment for (Rib 07-MF2):

This design for 4.95 m span (MF2),
Effective Flange width ( b.) ACI-318-02 (8.10.2)

be For T- section isthe smallest of the following:
b =L/4=495/4=1.237m=123.7 cm
b, =12+ 16t =12+ 16 (8) = 140 cm
b. =bw+Lc/2 =12+515/2 = 209.5 cm

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

» Use M, max positive for span = 10.9 kN.m

» Determine whether the rib will act as rectangular or T — section:

For a=t=8cm

C=0.85 fct b, = 0.85 (24) (80) (520)/1000 =848.6 KN
d=h-cover-d2=35-2-12/2=32.4cm

M,=Tor C(d- 0.5 a) = 848.6 (324 — 0.5 (80))/1000 =241 KN.m
Mh availaole = 241 KN.M > M, required = 12.11 KN.m

Design as arectangular with b, = 52 cm

Asmin= \/_(b w)(d) ACI-318 (10.5.1)

24

Asmin= (120)(324) = 1.19cm’
4(400)

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=14 (120)(324) = 1.36cm?
400

Asmin=136cm’ > 1.19¢cm’

58



Asmin=1.36cm°’

me_Y__ 40 56
0.85fc  0.85(24)

_ Mn _ 12.11*(10)°
bd? (520)(324)?

* *
c_Af,  J_2mRn ) 1 1_\/1_2 19.6*0.221 | _ o goee
m fy 19.6 400

A's =0.00055(52) (32.4) =0.94cm” <Asmin =1.36cm’

Asreq= 1.36 cm’

#0f bars= As/ Agpy = 1.36/1.13 = 1.21 * Note Apz = 1.13 cm?
~ Select bottom bars 2012

Rn

=0.221

* Check of strain:
Tension = Compression
A x fy=0.85x f 'xbxa

2.26x100x 400 = 0.85x 24x520x a
a=8.52mm

a 852

=——=——=10mm
0.85 0.85

e, = 32‘1(‘) 10, 0.003=0.0942

e, = 0.0942 > 0.005
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4.6.4 Design of Negative Moment for (Rib 07-MS2):

The maximum negative moment (M S2) from spans with support is
Mu = 6.6 KN.m

Mn =6.6/ 0.9 =7.23kKN.m

Design of T-section for negative moment as rectangular section with

(b=by)

A s min AT (bw)(d) ACI-318 (10.5.1)
4(fy)

2z

Asmin= (120)(324) = 1.2cm?
4(400)

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=14 (120)(324) = 1.36cm?
400

Asmin=136cm> > 1.2cm’
Asmin=136cm> > 1.2cm’

Asmin=136cm’

m=19.6
Ry - Mn _ 7.23*(10)° _
bd ? (120)(324)?
oAy 2mRn | 1 1—\/1—2 19.6*0.58 | _ ) go147
m fy 19.6 400

As =0.00147(12) (32.4) =057 cm°< Asmin =1.36cm’

Asreq= 1.36 cm”®
#of bars=As/ Aspar = 1.36/1.13=1.2 * Note Agp = 1.13 cm?

Select bar 2 ® 12

TOta| As(pro\nde) = 2.26 sz
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* Check of strain:

Tension = Compression

A x fy=0.85x f_'xbxa
2.26x100x 400 = 0.85x 24x120x a
a=37mm

a _ i = 43.4mm

T 085 085

o _324-434
* 434
e, =0.019> 0.005

x0.003=0.019

4.6.5 Design of Positive Moment for (Rib 07-MF3):

Thisdesign for 4.05 m span (MF3),
Effective Flange width ( b.) ACI-318-02 (8.10.2)
be For T- section isthe smallest of the following:
b =L/4=4.05/4=15m=101.25cm
b. =12+ 16t=12+ 16 (8) =140 cm
be =bw+Lc/2 =12+305/2 = 164.5cm
Contral .......... 52cm

» Use M, max positive for span = 9.3 kN.m

Mn required — 9.3/0.9 =10.33 kN.m
» Determine whether the rib will act as rectangular or T — section:

For a=t=8cm

C=0.85 fct b, = 0.85 (24) (80) (520)/1000 =848.6 KN
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d=h-cover-d/2=35-2-1.2/2=32.4cm
M, =T or C (d— 0.5 a) = 848.6 (324 — 0.5 (80))/1000 = 241 KN.m
M availanie = 241 KN.m > Mnrequired= 10.33 KN.m

Design as arectangular with b, = 52 cm

Asmin= \/_ (b )(d) ACI-318 (10.5.1)
Asmin= «/ﬂ (120)(324) = 1.19cm’

400)

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=14 (120)(324) = 1.36cm?
400

Asmin=136cm>> 1.19¢cm’
Asmin=136cm’

_fy 400
0.85fc’  0.85(24)

* 6
_Mn _1033*(10)°
bd 2 (520 )(324)

* *
c_A(y f_2mRn ) 1 1—\/1—2 19.6*0.189 | _ 4 40047
m fy 19.6 400

As =0.00047(52) (32.4) =0.79cm” <Asmin =1.36cm -~

2
As req= 1.36Ccm
#of bars=As/ Aspar = 1.36/1.13=1.2 * Note Agp = 1.13 cm?

~ Select bottom bars 2012
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* Check of strain:

Tension = Compression

A x fy=0.85x f_'xbxa

2.26x100x 400 = 0.85x 24x 520x a
a=_8.52mm

_a 852 852 . omm

T 085 085

324-10

s =

e, =0.0942 > 0.005

% 0.003 = 0.0942

4.6.6 Design of Negative Moment for (Rib 07-MS3):

The maximum negative moment (M S3) from spans with support is
Mu = 7.6kKN.m

Mn =7.6/0.9=8.44KkN.m

Design of T-section for negative moment as rectangular section with

(b=hby)

Asmin= \/_ (b )(d) ACI-318 (10.5.1)

@

Asmin=
4(400)

(120)(324) = 1.2cm?
. 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=14 (120)(324) = 1.36cm?
400

Asmin=136cm>> 1.2¢cm’
Asmin=136cm> > 12cm

Asmin=136cm’
m=19.6
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Mn  8.44* (10)°

" bd?  (120)(324)2

* *
r=i 1 ho 2mRn | 1 1—\/1—2 19 .6* 0.67 _ 0.0017
m fy 19 .6 400

A's = 0.0017(12)(32.4) = 0.66 cm’< A's min = 1.36 cm?
A req= 1.36 cm?

#of bars=As/ Aspar = 1.36/1.13=1.2 * Note Agpo = 1.13 cm?

Select bar 2 ® 12

TOta| As(provide) = 2.26 sz

* Check of strain:

Tension = Compression

A x fy=0.85x f 'xbxa
2.26x100x 400 = 0.85x 24x120x a
a=37mm

__a _ i =43.4mm
0.85 0.85

324434
434
e, = 0.019 > 0.005

x0.003=0.019
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4.6.7 Design of Positive Moment for (Rib 07-MF4):

Thisdesign for 3.77 m span (MF4),
Effective Flange width ( b.) ACI-318-02 (8.10.2)

be For T- section isthe smallest of the following:
be =L /4=3.77/4=9425m=94.25 cm
b, =12+ 16t =12+ 16 (8) = 140 cm
b. = bw+Lc/2 =12+305/2 = 150.5 cm

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

» Use M, max positive for span = 12.5 kN.m

Mn ra:luired = 12.5/0.9 = 13.88 kN.m
» Determine whether the rib will act as rectangular or T — section:

For a=t=8cm

C=0.85 fct b, = 0.85 (24) (80) (520)/1000 =848.6 KN
d=h-cover-d2=35-2-12/2=32.4cm

M,=Tor C(d- 0.5 a) = 848.6 (324 — 0.5 (80))/1000 =241 KN.m
M availavle = 241 KN.M > M, required = 10.33 KN.m

Design as arectangular with b, = 52 cm

Asmin= \/_(b w)(d) ACI-318 (10.5.1)

24

Asmin= (120)(324) = 1.19cm’
4(400)

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=14 (120)(324) = 1.36cm?
400

A smin=1.36cm?2> 1.19 cm?
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Asmin=1.36cm°’

me_Y__ 40 56
0.85fc  0.85(24)

_Mn _13.88*(10)° _
bd ? (520)(324)?

* *
r _ 1 1 ho 2mRn | 1 1—\/1—2 19.6*0.25 _ 0.00064
m fy 19 .6 400

A s = 0.00064(52) (32.4) = 1.08 cm®* < A s min = 1.36 cm®
A req= 1.36cm?

0.25

#of bars= As/ Aspy = 1.36/1.13=1.2 * Note Agpp = 1.13 cm?
- Select bottom bars 2012

TOta| As(pro\nde) =2.26 sz

* Check of strain:
Tension = Compression
A x fy=0.85x f 'xbxa

2.26x100x 400 = 0.85x 24x520x a
a=8.52mm

a 852

=——=——=10mm
0.85 0.85

e, = 32‘;(‘) 10 0.003=0.0942

e, =0.0942 > 0.005
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4.6.8 Design of Negative Moment for (Rib 07-MS4):

The maximum negative moment (M S4) from spans with support is
Mu = 1.7KN.m

Mn =1.7/0.9=1.88 kN.m

Design of T-section for negative moment as rectangular section with

(b=by)

A s min AT (bw)(d) ACI-318 (10.5.1)
4(fy)

2z

Asmin= (120)(324) = 1.2cm?
4(400)

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=14 (120)(324) = 1.36cm?
400

Asmin=136cm? > 1.2cm?

Asmin=136cm? > 1.2cm?

Asmin=136cm’
m=19.6
Mn  1.88* (10)°
Rn - > = > =
bd 2 (120)(324)

* *
oAy 2mRn | 1 1—\/1—2 19.6*0.15 | _ ) 59037
m fy 19.6 400

A s = 0.00037(12) (32.4) = 0.14 cm’< A's min = 1.36 cm?
A req= 1.36 cm?
#of bars=As/ Aspar = 1.36/1.13=1.2 * Note Apre = 1.13 cm?

0.15

Select bar 2 ® 12

TOta| As(provide) = 2.26 sz
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* Check of strain:

Tension = Compression

A x fy=0.85x f_'xbxa
2.26x100x 400 = 0.85x 24x120x a
a=37mm

a _ i = 43.4mm

T 085 085

o - 324-43.4
° 43.4
e, = 0.019 > 0.005

x0.003=0.019

4.6.9 Design of Positive Moment for (Rib 07-MF5):

Thisdesign for 3.69 m span ( MF5),
Effective Flange width ( b.) ACI-318-02 (8.10.2)
be For T- section isthe smallest of the following:
b. =L/4=3.69/4=0.9225m=92.25cm
b. =12+ 16t=12+ 16 (8) =140 cm
be =bw+Lc/2 =12+305/2 = 146.5 cm
Contral .......... 52cm

» Use M, max positive for span = 2.3 kN.m

Mn ra:luired = 2.3/0.9 = 2.5 kN.m
» Determine whether the rib will act as rectangular or T — section:

For a=t=8cm

C=0.85 fct b, =0.85 (24) (80) (520)/1000 =848.6 KN
d=h-cover-di2=35-2-1.2/2=32.4cm
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M,=Tor C (d—0.5a) = 848.6 (324 — 0.5 (80))/1000 = 241 KN.m
M, available = 241 KN.m > Mnrequired= 10.33 KN.m

Design as arectangular with b, = 52 cm

Asmin= \/_(b w)(d) ACI-318 (10.5.1)

2

Asmin=
4(400

) (120)(324) = 1.19cm’
. 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—2 (120)(324) = 1.36cm?
400

Asmin=136cm? = 1.19 cm?
Asmin=136cm’

_fy 400
0.85fc  0.85(24)

~_ Mn _ 2.5*(10)°
bd? (520)(324)?

* *
c_A(y jp_2mRn | 1 1—\/ 2*19.6%0.045 ) _ o o014
m fy 19.6 400

= 0.045

A's = 0.000114(52) (32.4) = 0.19 cm’ < A's min = 1.36 cm?
A req= 1.36cm?
#of bars=As/ Aspar = 1.36/1.13=1.2 * Note Apre = 1.13 cm?

- Select bottom bars 2012

TOta| As(pro\nde) =2.26 sz

69



* Check of strain:

Tension = Compression

A x fy=0.85x f_'xbxa

2.26x100x 400 = 0.85x 24x 520x a
a=_8.52mm

_a 852 852 . omm

T 085 085

324-10

s =

e, =0.0942 > 0.005

% 0.003 = 0.0942

4.6.10 Design of Negative Moment for (Rib 07-MS5):

The maximum negative moment (M S5) from spans with support is
Mu = 37.6kN.m

Mn =37.6/ 0.9 =41.77 KN.m

Design of T-section for negative moment as rectangular section with

(b=hby)

Asmin= \/_ (b )(d) ACI-318 (10.5.1)

@

Asmin=
4(400)

(120)(324) = 1.2cm?
. 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=14 (120)(324) = 1.36cm?
400

Asmin=136cm’ > 12cm’
Asmin=136cm> > 1.2cm’

Asmin=136cm’
m=19.6
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* 6
_ an _ 477 (10)2 076
bd (120 )(324)

* *
r=i 1 ho 2mRn | 1 1—\/1—2 19.6* 0.76 _ 0.00195
m fy 19 .6 400

A s = 0.00195(12)(32.4) = 3.28 cm®> A's min = 1.36 cm?
A req= 3.28 cm?

#of bars=Ag/ Aspar = 3.28/2=1.64 * Note Agig =2 cn’?
Select bar 2 ¢ 16

TOta| As(provide) = 4 sz

* Check of strain:
Tension = Compression
A x fy=0.85x f_ 'xbxa

4x100x400=0.85x24x120x a
a=65.35mm

085 085

 324-76.9
76.9
e, = 0.009 > 0.005

% 0.003 = 0.009

S
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4.6.11 Design of Positive Moment for (Rib 07-MF6):
Thisdesign for 7.41 m span (MF6),

Effective Flange width ( b.) ACI-318-02 (8.10.2)

be For T- section isthe smallest of the following:
be =L/4=741/4=185m=185cm
b. =12+ 16t=12+ 16 (8) =140 cm
b. =bw+Lc/2 = 12+666/2 = 345 cm
Control .......... 52cm

» Use M, max positive for span = 46.1 kN.m

M required = 46.1/0.9 = 51.2 KN.m

» Determine whether the rib will act as rectangular or T — section:
For a=t=8cm

C=0.85 fct b.=0.85 (24) (80) (520) =848.6 KN
d=h-cover-d2=35-2-1.2/2=324cm

M,=Tor C(d-0.5a) =848.6 (324 - 0.5 (80))/1000 =241 KN.m
M avaitable = 241 KN.M > M, required = 13.88 KN.m

Design as arectangular with b, = 52 cm

Asmin=

Jic
bw)(d ACI-318 (10.5.1
2ty (105.)

2

2a00) (120)(324) = 1.19cm

Asmin=

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=14 (120)(324) = 1.36cm?
400

Asmin=136cm> > 1.19cm’

Asmin=136cm’
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oo fy a0
0.85fc  0.85(24)

19.6

_ Mn _ 51.2*(10)° _
bd 2 (520)(324)°

* *
c_A(y f_2mRn ) 1 1—\/1—2 19.6*0.93 | _ 4 4o
m fy 19.6 400

A's = 0.0024(52) (32.4) = 4cm® > Asmin = 1.36 cm?
As req= 4 cm’?

0.93

#of bars=As/ Aspy = H2=2 * Note Age=2cm?

~ Select bottom bars 2016

Total As(provide) =4 sz

* Check of strain:
Tension = Compression
A x fy=0.85x f 'xbxa

4x100x400=0.85x24x120x a
a=65.35mm

__ 8 6535 eamm
085 085

e, = 324- 769 % 0.003 = 0.009
76.9

e, = 0.009 > 0.005
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4.6.12 Design of Shear for (Rib 07):-

® Vc= q)*@ bw * d

=(0.75* g 120* 324) = 23.8 KN

Vy=39.1KN>® Vc (From Shear Envelop)
® Varin =( % * bw * d) :(0.75%*120*324) = 9.72 KN.
® Vc+ min ® Vc = 33.52KN

dVC+ D % Ji¢ * bw* d=238+0.75* %*@*120*324:71.4 KN

CDVc+minCDVc<Vu<CDVc+CD% Jfic * bw*d

33.52<39.1<71.4
Category (4)satisfy
dVs=V,.®Vc=39.1-238=153KN

_ ®xAvx fyxd
dVs
_ 0.75x (2x50) x 400 x 324

15.3x10°
S=d/2=32.4/2=16.2cm

S<60cm
UseS=15cm

S

= 635.3mm = 63.5cm

fveol “AVTFyrd

_ 0.75x(2x50) x 400 x 324
150

dVs = 64.8KN

Thenuse f 8 @ 15cm
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4.7 Design of Two Way Ribbed Slab:
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4.7.1 Determination of coefficients:

X_ T8 1125

Ly 68

Kfx = 36.7
Kfy = 62.25

Ksx =145
Ksy =17.65

KAX=1.99
KAy = 2.01

Reduction factors from Appendix A.

4.7.2 Internal forces and moments:
qu=10.1 KN/ m?
qu=12xD+1.6xL

qu=1.2x10.1+1.6x5=20.12 KN / n?’
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4.7.3 Determination of bg in X-direction '

bE=£=@=1.7m
4 4 7.63

bE =bw+16t =0.12+16x0.08=1.4m
bE=C/C=0.52m - 6 a0

4.7.4 Determination of bg in Y-direction

e L_765_ o e
4 4

bE =bw+16t =0.12+16x0.08 =1.75
bE=C/C=0.52m

For 0.52 mwidth in x direction:
qu =20.12x0.52=16.46kN / m
For 0.52 m width iny direction:
gqu=20.12x0.52=16.46kN / m
qux Lx* 10.46x6.8°

Mux(+) = =13.2kN.m/ m
kfx 36.7
2 2
Muy(+) = gqux Lx _ 10.46x6.8 7 77kN.m/ m
kfy 62.25
2 2
Muy(=) = qQuxLx” 10.46x6.8 27 AkN.M/ M
ksy 17.65
2 2
Mux(~) = XX 1046x68 o0 ooy mim
ksx 14.5
Ax — qQuxLx _ 10.46x6.8 _357kN/m
ksx 1.99
Ay = gux Lx _ 13x6.8 _3538kN /M
ksy 2.01
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Mux =13.2kN.m/m

Muy(+) =7.77KN.m/ m

Muy(-) = 27.4kN.m/ m

Mux(-) = 33.35kN.m/ m

Increasing of feild moments:
mfx=1.1

mfy=1.085

Mux(+) =13.2x1.1=14.52kN.m/ m
Muy(+) =7.77x1.085=8.43kN.m/ m
Mux(-) = 33.35x1.1=36.685kN.m/ m
Muy(-) = 27.4x1.085=29.729.kN.m/ m

4.7.5 Design of Positive Reinforcement in X -direction

Mnx = MUX _14.52 ) akn.m/m
09 009

check if a<t:

Assumea=1t=8cm

C =0.85x fc xbE xt

C =0.85x24x520x 80 = 848.64kN

Mn:CorTx(d—%)

d= h—c—(%)—d)s:35—2—%—0.8:31.60m

Mnx = 848.64 x (0.316 - %) = 234.225kN.m

Mnx = 234.225kN.m >>> Mn, ., =16.13kN.m/m
sLaxt
. Design as rectangular section with b = bE = 52cm.

Mn=16.13kN.m/m
Mn  (16.13)*10°
Rn= 2 = 2
bxd 520x 316
M= fy 400
0.85x fc 0.85x24

= 0.31Mpa

19.6
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S {1_ \/1_2Xm_an}
m fy

1 ><{1_\/1_2><19.6><0.31}:7.81“04

rre =
* 196 400
As, =T xbExd
As,., =5.03x10"* x 75x 46.6 = 1.28cm’

B 0.25x +/ fc xbwx d

Asmin
fy

As.., = 0.25x 24 x120x316 _ ) 1502
400

N ot less than:

1.4xbwxd _1.4x120x316 _; o o

fy 400
As,, =1.28cm*<As_; =1.33cm?

" As, = As_;, =1.33cm?
select 2012 with As=2.26>As_. =1.33cm?

Select bottom bars 2912 with As= 2.26 cm? > ASi, = 1.33 cm?

Check of strain

Tension = Compression

T=C

Asx fy = 0.85x fc xbE x a

226x 400 =0.85x24x520xa = a=38.52mm.
a 852

X =—=——=10mm
B, 0.85
- X

x 0.003

ES=

X
_316-10 4 003

= 0.0918 > 0.005 = ok
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4.7.6 Design of Negative Reinforcement in X -direction

Mnx = MuX_ 36685 _ 0 Zekn.m/m

0.9 0.9

d= h-c-(%)-d)s:35—2—%—0.8:31.6cm

.. Design as rectangular section with b = bw = 12cm.

~ Mn 40.75x10°
Rn= =
bwxd® 120x 3162
e fy 400
0.85x fc  0.85x24

= 3.4Mpa

=19.6

=196 400
As,, =1 xbwxd
AS., =9.35x107°x12x31.6 = 3.55cnT’
As,, =3.55cm*>As, ; =1.33cn’
Select 2016 with As = 4.019 >As,,=3.55cm’

o2 {1_\/ _2x19.6x3.4}:9.35xlo3

Select bottom bars 2916 with As = 4.019 cn? > ASy,i, = 3.55 cn®?

Check of strain:

Tension = Compression
T=C
Asx fy =0.85x fc xbwx a
401x 400 = 0.85%x 24x120x a = a = 65.52mm.
=2 _55°2_ 77 08mm
B, 085
_d-x
X
_ 316-77.08

77.08
=0.0929 > 0.005 = ok

x0.003

% 0.003
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4.7.7 Design of Positive Reinforcement in y -direction

+Mny _ My = 843 =9.36kN.m/m
0.9 0.9
check if a<t:

Assume a=t= 8 cm
C =0.85x fc xbE xt
C =0.85x24x520x 80 = 848.64kN

Mn=CorT x(d —g)

d= h—c—(%)—d)s=35—2—%—0.8=31.60m

Mny = 848.64 (0.316—0'—28) = 234.22kN.m

Mny = 234.22kN.m>>> Mn,, = 9.36kN.m/ m
soa<t
. Design as rectangular section with b=bE=52cm.

Mn= 9.36 kN.m/m
Mn (9.36)*106

Rn= 5= > =0.18Mpa
bxd 520x 316

e fy _ 400 196
0.85x fc  0.85x24

r :lx 1- 1_2><m><Rn
“m fy

o m 1 1_\/1_ 2x19.6x0.18 _ 452x10"
19.6 400

As, =T xbExd

As,, = 4.52x 10" x52x 31.6 = 0.743cn’
As,, = 0.743cm’*<As; =1.33cm’

select 2012 with As=2.26 > As_. . =1.33cm’

Select bottom bars 2912 with As= 2.26 cm? > ASi, = 1.33 cnm?
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Check of strain:

Tension = Compression
T=C
Asx fy=0.85x fc xbExa
226x400=0.85%x 24x520x a = a=8.5mm.
X = a._ 85 =10mm.

B, 085
_d-x

e x0.003

S

X

= 316-10 x0.003

=0.091> 0.005 = ok

4.7.8 Design of Negative Reinforcement in y -direction

Mny = MW 29729 ag N/ m

0.9 0.9
d= h-c-(%)-CDS:35—2—%—0.8:31.60m

.. Design as rectangular section with b = bw = 12cm.

Mn 33.03x10°
Rn= 2 2
bw xd 120x 316
o fy 400
0.85x fc  0.85x24

rl’ :ix 1_ 1_M
“m fy

foom 1 1_\/1_ 2x19.6x2.756 | __ 4o 103
19.6 400

Asy =1 xbwxd

AS,, = 7.43x107°x12x31.6 = 2.82cm’
AS, = 2.82cm°>As ;= 2.33cnT

Select 2014 with As=3.08 >As ,=2.82cm’

= 2.756Mpa

=19.6
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Check of strain:

Tension = Compression
T=C
Asx fy =0.85x fc xbwx a
308x 400 =0.85x 24x120x a = a=50.33mm.
x=2_-03_59omm

B, 085
_d-x

x0.003

e

S

X
_ 316-59.2
~ 502
=0.013> 0.005 = ok

x0.003

4.7.9 Design of Shear

4.7.9.1 Design of Shear Reinforcement in x-direction

Vu = Ax— qux.%(At the critical section)

Vu =357 —10.46x% =30.47kN

1.@.\/Cz£x0.75xlx fc xbwxd
2 2 6

i.d).\/CZEXO]lex@leOxBlG
2 2 6

%.(D.Vc —11.61kN

1

E.(D.VC =11.61kN <Vu =30.47kN

.. Shear reinforcement is required.

dVec<Wu
23.22kN < 30.47kN.

PV, =( CD*:—]B' * bw * d)= (0.75*:—:;*120* 316) =9.48 KN
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® Vc + mind Vc = 327 KN
dVc<Vu<dVc+d.Vs
23.22<30.47<32.7

= Catigory No 3is satisfied.

min. reinforcement is required.

®.Vs,, =mind.Vs
min®.Vs=9.48kN
Assume ®8-2legs.

Av=2x %(8)2 —100.53mn?.

min®.Vs= @ Avfyd

req

0.75x100.53x 400x 316 _
Seq

9.48x10° =

S =1005.3mm

SSE:%:BSmm
2 2

.. Select S=150mm=15cm.

Select P8@ 15cm

4.7.9.2 Design of Shear Reinforcement in y-direction

Vu = Ax— qux.%(At the critical section)

Vu = 35.38—-10.46x % = 30.15kN

%_q)_\/(;:%xo.%x%xd fc xbwxd

L ove=11075x L% 24 x120x316
2 2 6

%.CD.VC —11.61kN

1

E'(D'VC =11.61kN <Vu = 30.15kN
.. Shear reinforcement is required.

dVs,,, = CD.%.bw.d

OVs, - O.75><:—:;><120x 316= 9.48kN.
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dVc<Vu<dVc+d.Vs
23.22<30.15< 23.22+9.48
23.22<30.15<32.7

= Catigory No 3is satisfied.

min. reinforcement is required.

®.Vs,, =mind.Vs

min ®.Vs=9.48kN
Assume ®8-2legs.

Av=2xE(8)” =100.53mn,
4
®.Av.fy.d

mind®.Vs=
€q

0.48x10° =

0.75x100.53x 400x 316 -

Seq

S =1005.3mm

Select 8@ 15cm




4.8 Design of Beam (B 23) in basement floor:-
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4.8.1 Design of Positive Moment (B 23 - Field 1):

b =100 cm,
h=35cm
d = 35-(3+1) =32cm

Mu = 390.6 KN.m

Asmin= Ve (ow)(d) ACI-318 (10.5.1)
4(fy)

22
400)

Asmin=

(1000)(320) = 9.79cm?
. _ 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=14 (100)(320) = 11.2cm?
400

Asmin=112cm’ = 9.79cm”

Asmin=11.2cm?’

Mn (reg) = 390.6/0.9=434 KN.m
M =19.6

g Mn _ 434 10°
bd? (1000)(320)>

* *
oAy 2mRn | 1 1—\/1—2 19.6*4.23 | _ 1 010
m fy 19.6 400

Asge =0.012(100) (32) = 38.34cm’

Select 8 @ 25 with As prov. = 39.28 cm2.
Use 7 @ 25 at the top of the beam in order to decrease deflection to
L/360
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* Check for strain:

Tension = Compression

A x fy=0.85x f_xbxa

8x 491x 400 = 0.85x 24x1000x a

a=77mm
-2 _ T _gp6mm
0.85 0.85
e, = 329=908 4 6503-0.0076
90.6

e, = 0.0076 > 0.005

4.8.2 Design of Shear for Beam (B 23 - Field 1):

V, =358 KN (Max. value of Vuinfield 1)
d Ve = CD*@* bw * d

=(0.75* %* 1000* 320)/1000

= 195.95 KN.
® Varin = (P % * bw* d) = (0.75%*1000*320) /1000 = 8OKN.
V, =358 kN (From Shear Envelope)

dVe+ D % Jfc * bw* d=195.95+0.75* %*@*1000*320:391.9 KN

CDVc+minCDVc<Vu<CDVc+CD% fc" * bw* d

275.95< 358 < 391.9
Category (4) satisfy
® Vs=V,.® Vc=358-195.95=162.05KN
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_ dxAvx fyxd
dVs
_ 0.75x (4% 78.5) x 400x 320

162.05x10°
S=d/2=32/2=16cm
S<60cm
UseS=15cm

S

=186mm=18.6cm

Thenuse 4 legsf 10 @ 15cm

V,=229.6 KN (Min. value of Vuinfield 1)
®Vc= CD*@* bw * d

=(0.75* %* 1000* 320)/1000

= 105.95 KN.
® Varin = (P % * bw* d) = (0.75%*1000*320) /1000 = 8OKN.

V,=229.6 kKN (From Shear Envelope)
dVc<Vu<dVc+mind Ve

195.95 < 229.6 < 275.95 so .. Reigon(3)Satisfy :
Minimum Reinforcement is required

® Vgnin = 80KN.

_ ®dxAvx fyxd

- dVs

_ 0.75x (4x50) x 400x 320
- 80x 10°

S=d/2=32/2=16cm
S<60cm
UseS=15cm

S

= 240mm = 24cm

Then use 4 legsf 8 @ 15cm
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4.8.3 Design of Negative Moment (B23 - MS1):
b=100cm

h=35cm

d=35-(3+1) =32cm

Mu = 480.6 KN.m

Asmin= \/_(b w)(d) ACI-318 (10.5.1)

2

Asmin=
4(400)

(1000)(320) = 9.79cm’
. 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—24 (100)(320) = 11.2cm?
400

Asmin=112cm> > 9.79cm’

Asmin=11.2cm?’

MnN o =480.6/0.9=534 KN.m
m= 19.6
_Mn _ 534 (10)°

bd®  (1000)(320)?

* *
o[y f_2mRn ) 1 1—\/ _2*196*5.21 | _ | 45
m fy 19.6 400

Asgeg = 0.015(100) (32) = 48cm’

Select 10 ® 25 with A, o, = 49.1 CIT?.
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4.8.4 Design of Positive Moment (B23 - Field 2):

b =100 cm,
h=35cm
d = 35-(3+1) =32cm

Mu = 261.6 KN.m

NV A (4
A = bw)(d ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

22
400)

Asmin=

(1000)(320) = 9.79cm?
. _ 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=14 (100)(320) = 11.2cm?
400

Asmin=112cm’ = 9.79cm”

Asmin=11.2cm?’

MN (e = 261.6/0.9 = 290.66 KN.m
m=19.6

q Mn _ 29066 10°
bd?  (1000)(320)>

* *
oAy 2mRn | 1 1—\/1—2 19.6* 2.83
m fy 19.6 400

A s reqy= 0.0076 (100) (32) = 24.32 cm”

]z 0.0076

Select 5 ® 25 with A, o, = 24.55 ciT.
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* Check for strain:

Tension = Compression

A x fy=0.85x f xbxa

5x 491x 400 = 0.85x 24x1000x a
a=48.13mm

a_ _ 413 _ s 63mm

" 085 085

o _ 320-56.63
° 56.63
e, =0.0139> 0.005.......0k

x0.003=0.0139

4.8.5 Design of Shear for Beam (B23 - Field 2):

® Vc= q)*@* bw* d

= (0.75 * g 1000* 320)/1000
= 195.95 KN.
® Vyin = ( % * pw* d) = (0.75%*1000*320) /1000 = 80KN.

V,=330.7 kN (From Shear Envelope)

® Ve + D % Jfc * bw* d=195.95+ 0.75 * % V24 *1000*320 = 391.9 KN

¢Vc+minCDVc<Vu<CDVc+CD% Jfc *bw*d

275.95<330.7 < 391.9

Category (4) satisfy

®Vs=V,.® Vc=2358-19595=162.05 KN
_ ®dxAvx fyxd

OVs
_ 0.75x (4% 78.5) x 400x 320

162.05x10°

S

=186mm =18.6cm

S=d2=32/2=16cm
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S<60cm
UseS=15cm

¢ Vs:f Av* Fy*d

Thenuse 4 legsf 8 @ 15cm

4.8.6 Design of Negative Moment (B23 - Ms2):
b=100cm

h=35cm

d=35-(3+1) =32cm

Mu = 285 KN.m

Asmin= \/_(b w)(d) ACI-318 (10.5.1)

Asmin= V24 (1000)(320) = 9.79cm?
4(400)

. 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—24 (100)(320) = 11.2cm?
400

Asmin=112cm> > 9.79cm’
Asmin=11.2 cm?
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Mn ey =258/0.9=286.66 KN.m
m= 19.6
_ Mn _ 286.66* (10)° _

“ bd?  (1000)(320)?

* *
r:iﬁl— | _ 2mRn J: 1 (1—\/—2 19.6* 2.79

m 19 .6

fy

Asge =0.0075 (100) (32) = 24 cm’

400

J = 0.0075

Select 5 ® 25 with A, o, = 24.55 ci.

4.8.7 Design of Positive Moment (B23 - Field 3):

b =100 cm,
h=35cm
d = 35-(3+1) =32cm

No positive moment is exist, so design at min. reinforcement.

Asmin=

\/_ (b )(d)

Asmin= @ (1000)(320) = 9.79cm?
4(400)

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=14 (100)(320) = 11.2cm?
400

Asmin=112cm> > 9.79cm’
Asmin:11.20m2

A spg =11.2cm’

ACI-318 (10.5.1)

Select 3 ® 25 with Ag v, = 14.73 .
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* Check for strain:

Tension = Compression

A x fy=0.85x f_xbxa

3x 491x 400 = 0.85x 24x1000x a

a=28.8mm
_ 2 _ 288 _ 3mm
0.85 0.85
e, = 320-338 40030025
33.8

e, =0.025> 0.005

4.8.8 Design of Shear for Beam (B23 - Field 3):
V, =184 kN (Max. value of Vuin field 3)

d Ve = CD*@* bw * d

=(0.75* %* 1000* 320)/1000

= 105.95 KN.
® Varin = (P % * bw* d) = (0.75%*1000*320) /1000 = 8OKN.

V, =184 kN (From Shear Envelope)
Vy<®Vc+mind Ve
184 < 275.95
so .. Reigon(3)Satisfy :
Minimum Reinforcement is required
® Vgnin = 80KN.

_ ®xAvx fyxd

- dVs

_ 0.75x (4x50) x 400x 320
- 80x10°

S

= 240mm = 24cm
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S=d/2=32/2=16cm
S<60cm
UseS=15cm

Then use 4 legsf 8 @ 15cm

4.8.9 Design of Negative Moment (B 23 - MS3):
b=100cm

h=35cm

d = 35-(3+1) = 32cm

Mu = 220.7 KN.m

NV A (4
A = bw)(d ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

N
4(400)

Asmin= (1000)(320) = 9.79cm?

. 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—24 (100)(320) = 11.2cm?
400

Asmin=112cm’ > 9.79cm’

Asmin=11.2cm?’
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Mn (eq =220.7/0.9=245.22 KN.m
m=19.6
_ Mn _ 24522*(10)° _

“ bd?  (1000)(320)?

* *
oAy 2mRn | 1 1—\/1—2 19.6*2.39 | _ | 1oe38
m fy 19.6 400

Asgey = 0.00638 (100) (32) = 20.4cm’

Select 5 @ 25 with Ag oy, = 24.55 cn?.

4.8.10 Design of Positive Moment (B 23 - Field 4):

b =100 cm,
h=35cm
d=35-(3+1) =32cm
Mu = 236.9 KN.m

Asmin= \/_(b w)(d) ACI-318 (10.5.1)

2

Asmin= (1000)(320) = 9.79cm’?
4(400)

. 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—2 (100)(320) = 11.2cm?
400

Asmin=112cm> > 9.79cm’
Asmin=11.2 cm?
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MN ey =236.9/0.9=263.2 KN.m
m=19.6

qoMn _ 263.2* (10)°
bd? (1000)(320)>

* *
c_A(y f_2mRn ) 1 1_\/1_2 19.6* 2.57 | _ 1 00689
m fy 19.6 400

Asge = 0.00689 (100) (32) = 22 cm’

Select 5 ® 25 with A, o, = 24.55 ciT.

* Check for strain:

Tension = Compression

A x fy=0.85x f 'xbxa

5x 491x 400 = 0.85x 24x1000x a

a=48.13mm
_a BB e
0.85 0.85
e, = 320=5683  03_0.00139
56.63

e, = 0.0139 > 0.005

4.8.11 Design of Shear for Beam (B 23 - Field 4):
V,=3215KkN (Max. vaue of Vuinfield 4)

® Vc= q)*@* bw* d

=(0.75* %* 1000* 320)/1000

= 195.95 KN.

® Vyin = (® % * pw* d) = (0.75%*1000*320) /1000 = 80KN.
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V,=321.5kN (From Shear Envelope)

1*

dVc+o % fc' * bw* d=195.95+0.75* 3 24 *1000* 320 = 391.9KN

CDVc+minCDVc<Vu<CDVc+CD% fc" * bw* d

275.95<321.5<391.9
Category (4) satisfy
®dVs=V,.® Vc=321.5-195.95= 12555 KN

_ OxAvx fyxd
dVs
_ 0.75x (4% 78.5) x 400x 320

125.55x10°
S=d/2=32/2=16cm
S<60cm
UseS=15cm

S

= 240mm = 24cm

Thenuse 4 legsf 10 @ 15cm

4.8.12 Design of Negative Moment (B 23 - MS4):
b=100cm

h=35cm

d=35-(3+1) =32cm

Mu = 466.3 KN.m

Asmin=

Jic
bw)(d ACI-318 (10.5.1
2ty (105.)

2

2ao0) (1000)(320) = 9.79cm

Asmin=

. 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—2 (100)(320) = 11.2cm?
400
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Asmin=112cm’ > 9.79cm’

Asmin=11.2cm’

Mn ey =466.3/0.9=518.1KN.m
m=19.6

~ Mn _ 5181*(10)°
bd? (1000)(320)>

* *
oAy 2mRn | 1 1—\/1—2 19.6%5.05 | _ 0147
m fy 400

A = 0.0147 (100) (32) = 47.34 cm’

Select 10 ® 25 with A, o, = 49.1 CIT?.

4.8.13 Design of Positive Moment (B 23 - Field 5):

b =100 cm,
h=35cm
d=35-(3+1) =32cm
Mu=394.1 KN.m

YA (4
A = bw)(d ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

2
4(400)

Asmin=

(1000)(320) = 9.79cm
. 14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—2 (1000)(320) =11.2cm?
400
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Asmin=11.2cm” = 9.79cm”’
Asmin=112cm’

Mn o =394.1/0.9=437.88 KN.m
m=19.6

* 6
_ Mn_437.88*(10° _,

~ bd?  (1000)(320)2

* *
1 2mRn ) 1 1—\/1—2 19.6*4.27 | _ (o101
fy 19.6 400

r =

1
m

Ase =0.0121(100) (32) =38.8cm’

Select 8 @ 25 with As prov. = 39.28 cm2.
Use 7 @ 25 at the top of the beam in order to decrease deflection to
L/ 360.

* Check for strain:
Tension = Compression
A x fy=0.85x f 'xbxa

8x491x400=0.85x24x1000x a
a=77/mm

_a _ 90mm
0.85 0.85

e, = 320-90, 003 = 0.007
90

e, =0.007 > 0.005
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4.8.14 Design of Shear for Beam (B 23 - Field 5):
Vu= 3559 kN (Max. value of Vuinfield 4)

® Vc= q)*@* bw* d

=(0.75* %* 1000* 320)/1000

= 195.95 KN.
® Vrin =( P % * b * d) :(0.75§*1ooo* 320) /1000 = 80KN.

Vu=355.9kN (From Shear Envelope)
dVc+d % fc' * bw* d = 195.95+ 0.75 * %* 24 *1000%320 = 391.9 KN

CDVc+minCDVc<Vu<CDVc+CD% fc" * bw* d

275.95 < 355.9< 3919
Category (4) satisfy
® Vs=V,.® Vc=23559-195.95=159.95 KN

S ®x Avx fyxd
Vs
_ 0.75x (4% 78.5) x 400x 320
- 159.95x10°

S=d/2=32/2=16cm
S<60cm
UseS=15cm

=188mm=18.8cm

Thenuse 4 legsf 10 @ 15cm
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4.9. Design of Short Column(C41) in Basement:
4.9.1 Design of longitudinal Reinforcement:

The Column is an internal one.

]
— Calurmin

Pu = 8360 KN
PN = 2200 1286153 KN
0.65

User =rg:3.5%

Pn = 0.8x Ag {0.85fc’ + r, (fy-0.85fc' )}
12861.53x10° = 0.8x Ag,, {0.85x24 + 0.035 (400-0.85x 24 )}

Ag,, = 47725 e’

Select 60*80 cm with Ag = 0.48 c? > AQyeq = 0.4772 cm?

4.9.2 Check Slenderness Effect
[K—Iuj < (M—lz(m) [ ACI 10-12-2
r M 2

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

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

k=1
lu=4.25m
r=0.3xh=0.3x0.8=0.24

1x4.25
0.24

js (34-12(1)< 40

17.7<22<40

.. Short Column.

.. Slenderness effect must not be considered
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Pn = 0.8x Ag {0.85fc’ + r  (fy-0.85fc" )}

12861.53x10° = 0.8x 480x10° {0.85x24 + r (400-0.85x 24 )}
=r,=0.035x10"

ASq =T X AG

As,, = 0.035x10°° x (4800)

As., =168 cm’?

check for As,,,, :

r=r.,=1%

ASin =T min X AQ

As. = 0.01x (60x80)

As . =48cm’

= As,, =168 cm® > As; =48 cm’

Use 28028 with As=172.32 cm? > ASreq = 168 cm?
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4.9.3 Design of the Tie Reinforcement
For @ 10 mm ties :

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

S < Least dimension.

S<16 x 2.8=44.8cm.

S<48 x 1.0=48cm.

S<60cm.

S<44.8cm

Use ®10mm ties @ 25 cm spacing.

Use ®10@ 25cm ties

4.9.4 Short Column Detail:

441 D@25
£
28025
#10@25 e,
L=DE8 " b=
|II IIJII
a
&
3
1B
=
A1 0m25
L=218
;
¢ o
/ 210825
=270 5
i
47 =
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4.10 Design of Long Column (C41 in the second floor)

4.10.1 Design of Longitudinal Reinforcement

The Column is an internal one.

Pu = 3500 kN

Pn . = 3500 _ 5384.61 kN
0.65

req
User =r =35%
Pn = 0.8x Ag {0.85fc’ + r, (fy-0.85fc' )}
5384.61x10° = 0.8x Ag,,, {0.85x24 + 0.035 (400-0.85x 24 )}
Ag,, = 2001.7 e’
Ag,, =0.2 M’

Use 40*60 cm with Ag = 0.24 cn? > Agyeq = 0.2 Cni?

4.10.2 Check Slenderness Effect
(K—lu] < (M—lz(ﬁj a0 I ACI 10-12-2
r M2

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

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

k=1
lu=4.3m
r=0.3xh=0.3x0.6=0.18

(ﬂ] < (34—12(ﬂj <40
M2

r
(1>< 4.3

0.18 j <(34-12(1)<40

23.9>22<40

.. Long Column.

.. Slenderness effect must be considered
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E xI

o B Y ACI - 318 - 02 (10.12.2)

1+b,

E, = 4750,/ fc' = 4750x /24 = 23270.15MPa

_12xD.L 2863
~ Pu 3500
| = bh? _ 0.4x0.6°
12 12

El = 0.4x 23270.15x0.0072 _ 36.86MN M7
1+0.818
p2><EI p2x36.86
Pcritical = 7= 2
(kxL) (1x4.3)

Cm:0.6+0.4xﬂ:1
M2

=0.818

by

=0.0072m*

=19.65MN.

Cm

dnS =
1_(Pu )
0.75% Pyijca
1

d =
® 1 (3500><107 )
0.75x19.65x10°

N LYo 100

o _15+0.03x600
min 1000

e=e xd_=0.033x1.31=0.0432m

e 00432

h 06

=131>1

=0.033m

=0.072

From Interaction Diagram

®Pn _ 3500 145
Ag  04x0.6 1000
r,=00213

As=r g ¥ bxh
As=0.0213x 40x 60 = 51.12cm?
Use 12d25 with As = 58.8cny’

=2114.58Psi

e ACI (10.12.3)

ACI (10- 12.3.2)

Use 12025 with As = 58.8 cm? >As;q = 51.12 cm?
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4.10.3 Design of the Tie Reinforcement

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

Spacing <16 x db (Longitudinal bar diameter) = 16 x 2.5=40cm

<

<

48 x dt (tie bar diameter) = 48 x 1.0=48 cm.
Least dimension = 40cm

Use ®10@ 25cm spacing

4.10.4 Long Column Detail:

2010825

e

"

12825

210825
(=188 210@25

L=132

32
32

B o4
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4.11 Design of Isolated Footing (F15 for column 41) e

Soudebols g =
-

4.11.1 Load Calculation

~» Total factored load = 8360 KN.

» Column Dimensions = 60* 80 cm.

Soil density = 18 Kg/em?®.
» Allowable soil Pressure = 500 KN/m?.

» Assume footing to be about (80 cm) thick.

» Footing weight = 1.2x(24x0.8) = 23.04 KN/m?.

“» Soil weight above the footing = 1.6x (1.3-0.8) x 18 = 14.4 KN/m®.
» Base Slab weight = 1.2x0.15x 24 = 5.04 KN/m*.

o= P« = (23.04+14.4+5.04) = 42.48 KN/nv’.
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4.11.2 Determination of Footing Area

EJF Pe S1AXS jionaie

eq

8390, 42.48<1.4x500
eq
= A= 127m?

Try 3.6x3.6 with area= 12.96m* > A, =12.7m?

Try 3.6* 3.6 mwith area= 12.96m? > A = 12.7 m2

4.11.3 Determination of Footing Depth

s, = DU p - B30 4548 - 687.54 KN /P <1.4x500=700 KN /¥
A 12.96
VUigien) = 687.54x10° x 3600 (1500 d,,,) — 42.48x 10" x 3600 (1500~ d

VU, ggc) = 2322.2% (1500 d)N

req)

dVc= O.75><%>< fc xbwxd

®.Ve= 0.75><%><\/ﬂ><3600><dreq
®.Vc =2204.54xd,,, N

DONC 2 VU yigcay

2204.54xd,., > 2322.2x(1500—-d)
de = 76.9cm
he=0d,+5+1.6=835cm.
Select h=90 cm.
d=90-5-1.6=83.4cm

-The punching shear strength is the smallest of:
1, 2\ [ 1
:6(1+b0]\/zb°d = 5

V.= b,d 2 |\/24x 6136x 834 = 11358.38 KN
: [b/d j\F (6136/834+ j‘/_x g

x+/24 x6136x 834 =10461.6 KN

= %\/ f bd= %JZ x 6136x 834 = 8356.7 KN....Control
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Where:

b.=a/b=80/60=1.33

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2x{(a+d) + (b+d)} = 2x{(60+83.4) + (80+83.4)} = 613.6 cm.

a.=40.....cccceiiinnn. For interior column.

Vv, = %\/ f.'b,d = %\/24 x 6136x 834 = 8356.7 KN....Control

®Vc=0.75x8356.7 = 6267.5kN

Vir = R =S o X Avitical

V. = (8360+42.48 —687.54(L.634x1.434)

Vr =6191.46 KN.

dVc=6267.5KN > Vir= 6191.46 KN....... OK

No punching shear failure.

P = 8360 KN
N/
/
rd
# 14m 0.8 E it
4248 KMim 42.48 KIN'mu
[TTITITTITTIT] [TTTTTITTTIT]

09 m

RNARARARANARGRARERANARARARANARNND

contact pressure = 687.54 KN/
e 36m b
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P =8360 KN

o

- 15m 0.0 15m——

4248 KNim 42.48 Kl¥im

0.9 i

aNiRaRRNANAERRRRNnRRRERRIRARRRIRD

contact pressure = 68754 KN/m

e 36m o+

-

4.11.4 Design of Bending Moment

4.11.4.1 Design in Plain Concrete
®Mn = 0.55 x 0.42 x /fc' x Sm.

bxh?>  3600x (900)°
= -
6 6

Sm = 9n=0.486x10°mn?.

®Mn = 0.55x0.42x+/24x0.486x10° = 550 KN.m.

ML = (s,,-P)xWx| C-2)x05x[L-2
2 2 2 2

Mu = (687.54-42.48)x3.6x| >0-08 055 20.98
2 2 2 2
Mu = 2275.77 KN.m
Mu2 = (s, - P )xWx| -2 ]05x[ .2
272 272
Mu = (687.54-42.48)x3.6x| =098, 05« 36.96
2 2 2 2
Mu = 2612.5KN.m
OMn<Mu....................... Not OK.

-Design in plain concrete is not satisfied so, the section of footing

must be reinforced.
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4.11.4.2 Design of Bottom Reinforcement at Section (1 - 1)

*Mu 1=2275.77 KN.m

Mul = 2275.77 kKN.m at sect.1

M= MU - 227577 _ o0 63 KkKNim
D 0.9

_ Mn 252863x10°
bxd®>  3600x834°

e fy 400
0.85x fc  0.85x24

rl’ :lx 1_ 1_M
“m fy

= 1 1_\/1_ 2x19.6x1.0L | _, oo 13
19.6 400

As, =T x bxd
As = 2.59x1073 x 360x83.3= 77.76cm>

Rn =1.01Mpa

=19.6

Check for min. reinforcement

0.25x 4/ fc xbwxd
fy

As = 0.25x+/24x3600%834

min 400

Not less than:

Laoxbwxd _ 14x3600x834 _ 5 o8 om?

1.3x As,, =1.3x77.76 =101.08cm’
As, .= 101.08cm?

As_,, for Shrinkage and temperature:
As_,, = 0.0018xbxh

As,, = 0.0018x360%90

As,.. =58.32cm?

As.. =

In

=91.92 cm?

As=As_ =101.08cm* > As_. for shrinkage and temperature =58.32cm?

Use 21925 with Asyqy = 103.03 cm?2 > Apy;ip = 101.08 cm?
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* Check of strain:

T = Asx fy=103.03x 400=4121.5 KN
C=0.85x ftxb xa

T=C
3
T mnsas oo
0.85x f€ xb  0.85x 24x3600
b = 0.85
x=2_2012_ 4 q0oem
0.85

e, = 9%, (0.003) = 834°6:802 4503_ 0035

X 6.602
5 0.085 > 0.005.......ccoovvvrrrrrrroirioisnsssssssssseeeeeeees OK.

4.11.4.3 Design of Bottom Reinforcement at Section (2 — 2)

*Mu 2 =2612.5 KN.m

Mn= MU _ 26125 005 27 kNm
® 0.9
__ Mn _290277x10°
bxd®>  3600x834?
e fy _ 400 _
0.85xfc  0.85x24

1 2xmxRn
preqzﬁ{l',/l'T}

D= 1-\/1-w =2.98x10°
400

=1.16Mpa

19.6
As,,,=pxbxd
As,,=2.98x10°x360x83.3=89.36cm’
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Check for min. reinforcement

0.25x 4/ fc xbwxd
fy
_ 0.25x+/24x3600%834
min 400
Not less than:
1.4xbwxd _ 1.4x3600x 834 _ 105.08 crm?
fy 400

1.3x As,, =1.3x77.76 =101.08cm’
As, .= 101.08cm?

As_,, for Shrinkage and temperature:
As_,, = 0.0018xbxh

As,, = 0.0018x360%90

As,.. =58.32cm?

As.. =

In

As =91.92 cm?

As=As_ =101.08cm* > As_. for shrinkage and temperature =58.32cm?

Use 21925 with Asyqy = 103.03 cm?2 > Apy;ip = 101.08 cm?

* Check of strain:

T = Asx fy =103.03x 400 = 4121.5 KN
C=0.85x ftxb xa

T=C
3
L T __M215x10° o
0.85x ft xb  0.85x24x3600
b = 0.85
x=2 22012 & 602em
0.85
e, = 97X, (0.003) = 834-6:802 03_ 0035
X 6.602
5 0.085> 0.005..........000mmmmmrenrennneees e OK.
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4.11.4.4 Development Length of main Reinforcement for Mul

Ld =

fy xa xBxgxdb
fc'

2
400

224

AvallableLd =135cm>Ld,,= 102 cm.
0.24fy 0.24x 400
db=
fc' V24
=0.044x fyxdb=0.044x400x2.5= 44 cm
= 44 cm<Ld,,.,
360 - 80

Ld = x1Ix1x1x 2.5 =102 cm.

Ld x25= 49 cm.

(Dreg —

Ld
Ld

(Areq

@)req = 49 cm= Controls

AvailableLd =

-5=135cm.

AvailableLd 135cm > Ld;) ,

== Using Hook > 16®
Required Length of Hook > 16® = 16x 2.5 =40 cm.

= 49 cm

Use Hookgy. = 45cm > Hookeq = 40cm

4.11.4.5 Development Length of main Reinforcement for Mu?2

Ld = fy xa xBxgxdb
2,/ fc

Ld = x1Ix1x1x 2.5 =102 cm.

400
2J24
AvalableLd =145 cm < Ld,,= 102 cm.
_0.24ty db= 0.24x 400
(Dreg fo J24
=0.044x fyxdb=0.044x400x2.5= 44 cm
= 44 cm< Ld

Ld x25= 49 cm.

Ld
Ld

(Areq

wreg = 49 cm= Controls

360 - 60

(2)req

AvailableLd = -5= 145 cm.

AvalableLd 145¢cm>Ld,, ., = 49 cm
== Using Hook > 16®

Required Length of Hook > 16® = 16x 2.5 =40 cm.

Use Hookgy. = 45cm > Hookeq = 40cm
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4.11.4.6 Check Transfer of Load at Base of column (Design of Dowels)
®Pn =® x(0.85fc’Ag)

®Pn = 0.65(0.85)(24)(600* 800) = 6364.8kN.
Pu = 8360 KN.
®Pn=6364.8 KN <8360 KN

= Dowelsarerequired for load transfer.
®Pn = 8360 - 6364.8 = 1995.2 KN

Asreq. = ®Pn /0.65 fy = 1995.2 / 0.65%400 = 76.7 CM°

[ =0.005 ...oooeiiveeeeieieeeeeie e eeee e ee e e (ACH -Code-15.8.2.1)

min. dewels = 0.005x 80x 60 = 24 cn?

Use dowels with the same number of column.

Use 28® 28 with Asyyq, = 172.4cm2
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4.11.4.7 Development Length of Dowels

fy 400
Ld_ = db=
o4 /e 424

AvailableLd=90-5-25-25= 80cm.
AvalableLd =80 cm>Ld,,=57.15cm.

x 2.8=57.15 cm.

Use Ld=80cm > Ldreg=57.15cm

4.11.5 Isolated Footing Detail:

A%

350
27a25 L=450

aFy

1 i i 1
280

0. (4-23). Isolating Footing Deta
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4.12 Design of Strip Footing:
4.12.1 Load Calculation
Weight of wall (D.L.) = (height) Thickness * Imwide * y.

= 4.3 * 0.3 * 24 =30.96 KN/m
From beam D = 3352 KN

L =500 KN

Wu= (3352+500)/10.2=377.64KN/m
Total W= 377.64+30.96 = 408.6 KN/m
4.12.2 Determine the Footing Width:
Allowable soil pressure = 500 KN/m?
Assume footing thicknessis 0.3 m.

Wtotal 368
gall .net 500

Footingwidth = =0.736 m

The main reinforcement needs an enough

Distance to anchorage development length due
to the following Equation:
_024xfy . _0.24x400
- =

L 1.2 =23.51cm
Jic' J2z
L= . fromeach side, wehave L=30

So select 90 cm width of strip footing.
Determined of the contact pressure:
Factored |oads:

Ou= 1.2*Dw+1.6*L

g,= 1.2*3325+1.6*500= 4790 KN
qJ/lw=4790/10.2 = 469.6 KN/m

Quv= 30.96*1.2 = 37.152 KN/m

P — P, _ 469.6+37.152

net =563 kN / n?
Area 1x0.9
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v, =V, == |f.he

DV, =V,

0.75x éﬁ % (900) x () _563( 0'9;0'3—dJ

(d)=0.156 m
(d)=16cm
Total thicness=16+5+2=23cm

So select strip at min. thickness as 30 cm due to ACI code

4.12.3 Determine Reinforcement for Moment Strength:

footing width — wall width footing width —wall width
MU = (Pre) (= ) (e

=563* 0.3* (0.15)
Mu= 25.335 KN/m.
d=30- - = cm

_ Mn_ 25335*(10)°
bd?  0.9(900)(230)2

)

_ fy _ 400

- = =19.6
0.85* fc 0.85* 24

r :i(l— [ 2mRnJ: 1 (1_\/ j 2*19.6*0.59]2 0.0015
m fy 19.6 400
Asge =00  (90)( )=3.9cm’

r

Asmin=

(b )(d) ACI-318 (10.5.1)

@
4(400)

Asmin= (900)(230) = 6.33cm’”
. _ 14
A =——(bw)(d
s min ) (bw)(d)

A smin :£(900)(230) = 7.24cn?
400
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Asmin=724cm’ > 6.33cm’

1.3xAs,, =1.3x3.09=4.01cm*/m

As,;, for Shrinkage and temperature:
As,;, = 0.0018xbxh

As,;, = 0.0018x90x30

As., =4.86cm’/m

Select @14 @ 25 with As prov. = 6.15 cmz/m.

* Check of strain:

T=C

T = Asx fy = 615x 400 = 246kN
C=0.85x fc'xbxa

3
a- C _ 246x10 _12.05 mm
0.85x fc. xb  0.85x24x1000

b,= 0.85

b, 0.85

d-x
g, = — x (0.003)

X

_184-14.05

€ x 0.003 = 0.0263
14.05

= 0.0263 > 0.005 ..OK.

4.12.4 Development length of main reinforcement:

Ld = 12*fy a.b.g.d
_25*\/f .b.g.d,
For ®14 barsdb=1.4 cm:
Ld = 00 1x1x1x1.4 >30cm
ZXM

Ld =57.15cm >30cm
AvailbleLd =30-5=25cm < Requiered Ld =51.43 cm

0.24* fy*1.4*0.7* ! -=19.2cm

fc
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So a standard hook of (20 cm) must be used to provide Ld

4.12.5 Design of Secondary Bottom Reinforcement
As,, for Shrinkage and temperature:

As,. =0.0018xbxh

As_. =0.0018x90x30

As,, =4.86cm*/m

Select ®12 @ 25 With A proy, = 5.65 cmé/m,

4.12.6 Check Transfer of Load at Base of Column (Design of Dowels)

Pu =506.75 kN

®OPn=®x(0.85x fc'x Ag+ As, x fy) > Pu

®Pn = 0.65x (0.85x 24x 900x 300+ As,, x 400) > 506.75x10°
= As,, =—118.20cm’

-~ Asmin. isrequired

As., =0.0012xAg

As,, =0.0012x90x 30

As_ =3.24cm’/m

Select Asto be the same as As for the basement.
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4.12.7 Strip Footing Detail:

5 - 712025
#4025 =120 | W W
B
b 4| 18810
#F17875 |k s
]
| ] |
15
Compocted Selechid FR = ,»_1_ 3 m
Vi - L
| & M T 1 | m
F L=
68815 "L 517095
%” 1|  =5.45
Yadt e
} 1, \. \k— ) E_ i-'l _{1'5‘?5
_1-4:1.; — S ] ‘ma‘
110
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4.13 Design of Stairs:

4.13.1 Determination of Slab Thickness
-L=05+3+04=39m.

- hyeq = L/ 20.

-Neg=390/20=19.5¢cm ............. take h=20 cm.

=  Use h=20cm.

-0 = tan(16.54 / 30) = 28.87".
-Cos 6 = 0.876.

@ ()5 T3 1)) || e p @

Rt o] 0% | L
39
sl (7
{ng
(= (o2
gﬂ Eﬁlg
(24 (o2

VA @ |
28 moam B

ig.(4- arsPlan

» The stairs at section(B-B & C-C) will be carried on the slab at section (A-A)

* The stairs at section (A-A) will be carried on the shear wall.
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4.13.2 Load Calculations at section (B-B & C-C):

Dieod load
050 1.00 | 040
Live Load
| 050 | 3.08 | .
-Dead Load

Horizontal Tiles = 0.04x 24 x (%) =1.06 KN/m?,

Vertical Tiles = 0.03x 24x (%) ~ 0.396 KN /2

Vertical mortar = 0.03x 22x (%) =0.36 KN /m?.

Horizontal mortar = 0.03x 22= 0.66 KN/m?2.
Plaster = (293 22 _ ¢ 75 KNy,
(Cos 28.87)
Steps = (0.1654
2
_ 02x 24
Cos 28.87

) 24=2KN/m2.

=55 KN/m?.

— Total dead load = 10.73 kN/ m2 .
-Live Load

Liveload for stairs=5 KN/mZ.

-Factored Load
-For one meter strip:
qu=1.2xD.L +1.6xL.L

125



=qu =12 x10.73+ 1.6 x5=20.87 KN/m.

4.13.3 Design of Shear

Vu,,, =35.9*c0s(28.87)=31.4 KN

612.37xd = 31.4x10°

= d=5.86cm

== h, =513+2+1=813cm < hg ., =20cm.
s h=hg4 =20cm.

And No Shear Reinforcement is Required

4.13.4 Design of Bending Moment

The Following figure shows the Moment Envel ope acting on the stair.

Mu =36 KN.m
Mn = U = B okNm.
09 09

Assume g 12 for main reinforcement:
d=20-2-1=17cm.
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Mn
bxd?
. 40x10°
1000x170?
fy
0.85x fc
m= 400 _ 19.6
0.85x24

_— 1(1_ /LM_X&]
€q m fy

[ o = 1 1_\/1_M — 0.00357
19.6 400

As_ =T ,,xbxd

eq e

As,, = 0.00357x1000x170

Rn=

=1.38Mpa

As, =6.1cm’/m

0.25x [ fc xbwxd
fy

A = 0:25%4/24x1000x170

m 400

Not less than:

L4xbwxd _ 1.4x1000x170 _ 5.95crTY

fy 400

As_,,, for Shrinkage and temperature:

As,, = 0.0018xbxh

As,;, = 0.0018x100x20

As_ = 3.6cm’

As=6.1cm” > As = 5.95cm’

As,, =

In

= 5.2cm?

— 2
As,=6.1cm

Select ®12 with As=1.13cnm?

S = E><100 =18.5cm
6.1

req

Select S = 15cm.
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S=15cm< S, =185cm
S=15cm < 3xh=60cm
S=15cm< 45cm.

Select ®12/15cm with As = % = 7.53cm?/m > 6.1cm?/m.

Select @12 @ 20 with A prov. = 7.53 cm?/m > 6.1 cn?/m

* Check of strain:

T=C
T = Asx fy = 754x 400 = 301.6KN
C =0.85x% fc'xbxa

3
o C __3016x10° . oo
0.85x fc.xb  0.85x24x1000
b, = 0.85
x = & _ 1478 o oasmm
b, 0.85
-X
g, = — x (0.003)
X
£, = 170-17.38  41.003 = 0.0263
17.38

= 0.0263 > 0.005 ..OK.

4.13.4.1 Development Length of the Bars

fy
Ld = xa xb xgxdb
2Jfc’ J

_ 400 1x1x1.2— 48.98m.

2\/24

Ld available > Ld = 48.98 cm = OK

4.13.4.2 Design of Lateral Reinforcement

As = Asfor Shrinkage and temperature:
As=0.0018xbxh
As=0.0018x100x20

As=3.6cm?
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Not less than:

0.2xAs .,

= 0.2x7.53 = 1.5 cm?*/m.
Select ®12 with As = 1.13cm?®.

Se™ 1'13><100 =31.39cm
Select S =30 cm.
Select ®12/30cm with As = % =3.76 cm*/m >As = 3.6 cm*/m.

Select @12 @ 30 with As prov. = 3.76 cm?/m > 3.6 cn?/m

4.13.4.3 Stairs at section (B-B & C-C) Details:
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4.13.5 Load Calculations in section (A-A):

The support reaction from section (B-B & C-C) on section (A-A)
D =18.6 kN/m

L =8.6 kN/m on each slab.

Head Linad

-Dead Load

Horizontal Tiles = 0.04x 24 x (%) =1.06 KN/mz,

Vertical Tiles = 0.03x 24x (%) = 0.396 KN /m2.

Vertical mortar = 0.03x 22x (%) =0.36 KN /m2,

Horizontal mortar = 0.03x 22= 0.66 KN/m?.

Plagter = (003X 22) _ 4 75 Ny
(Cos 28.87)
Steps = (0'1654) 24 = 2 KN/,
= 02x24 _ ooy nme.
Co0s 28.87
— Total dead load = 10.73 KN/ m?.
-Live Load

- Liveload for stairs=5 KN/mz.

-Factored Load
-For one meter strip:
qu=12xD.L +1.6xL.L
=qu =1.2 x10.73+ 1.6 x5=20.87 KN/m.
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4.13.6 Load Calculations of slab
Tiles+ mortar = 0.05* 24 =1.2 KN/m?.
Slab=0.2* 24* 1 =48 KN/m2
Plaster = 0.03 * 22 = 0.66 KN/m2.

Total dead load = 6.66 KN/m?.

- Liveload = 5 KN/m2.

4.13.7 Design of Shear

Vu,, =108.9*cog(28.87) =95.36KN

612.37xd = 95.36x10°

=d=1557cm

== hy, =1557+2+1=1857cm < hg,,, =20cm.
s h=hg . =20cm.

And No Shear Reinforcement is Required
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4.13.8 Design of Bending Moment

The Following figure shows the Moment Envel ope acting on the stair.

a4 115I.=|-

Mu =115.4 KN.m

Mn = U 54 g o kNm.
09 09

Assume g 20 for main reinforcement:
d=20-2-2=16cm.

Rn = Mn
bxd?
128.22x10°
n=>"—""—"—=5Mpa
1000x160
_ fy
0.85x fc
0.85x24
. 1 1- 1_2><m><Rﬂ
€q m fy
= | 1 1- 2281 60145
19.6 400
As,, =1 o xbxd

AS,, = 0.0146x100x 16
As,, =23.36 cn’/m
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0.25x 4/ fc xbwxd

A .=
Smln fy
As. = 0.25%+/24x1000%160 4,890
400
Not less than:
1l.4xbwxd 1.4x1000x160 2
fy 400

As_., for Shrinkage and temperature:
As_,, = 0.0018xbxh

As,. = 0.0018x100x20

As_ = 3.6cm’

As,, = 23.36cm® > As; = 5.6cm?
As,,= 23.36cm’

Select ®20 with As = 3.14cm’

_ 314
4 23.36
Select S=12.5cm.

S=125cm< S,=13.44cm
S=125cm < 3xh=60cm
S=125cm < 45cm.

x100 =13.44cm

Select ®20/12.5cm with As = % = 25.12cm?/m > 23.36cm?/m.

Select @20 @ 12.5with As prov. = 25.12 cm?/m > 23.36 cm?/m
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* Check of strain:

T=C

T = Asx fy = 2512x 400 = 1004.8KN
C =0.85x fc'xbxa

3
L C __1004.8x10° oo
0.85x fc_ xb  0.85x 24x1000
b, = 0.85
X = 2 2 B2 _ 5794 mm
b, 085
g, = —% x (0.003)
X
g = 1005794 003 = 0.0263
57.94

= 0.0053 > 0.005 ..OK.

4.13.8.1 Development Length of the Bars

fy
Ld = xa xb xgxdb
2Jfc’ J

_ 400 1x1x1.2— 48.98m.

2\/24

Ld available > Ld, = 48.98cm = OK

4.13.8.2 Design of Lateral Reinforcement
As = Asfor Shrinkage and temperature:
As=0.0018xbxh

As = 0.0018x100x20

As=3.6 cm’

Not less than:

0.2¢As, ;-

= 0.2x23.36 = 4.67 cm?®/m.

Select @12 with As = 24.19cm?.
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S :gxloo = 31.39cm
4.67

req

Select S=20cm.

Select ®12/20cm with As = % = 5.65 cm*/m >As,_ = 4.67 cm?/m.

Select @12 @ 20 with A v, = 5.65 cm?/m > 4.67 cm?/m

4.13.8.3 Stairs at section (A-A) Detail:

'ﬁl B I=ids e :
P L T T H“af% \Mﬁ\z:sza 2 =
.
k) TR
- -2 160
roI=tH e
PR E & E_uﬁ_z’ M\'.:td__r H{Tﬂk v
R\'\""-\-\ E ]
i MIOBZIE LmSPO it
Y. H‘_\x‘—
HI x\x mﬁ&%f%
‘H\ 2 \5\\- 8 L=fon
\‘\:&%
3 Pl T A LT
ATAPIES o570 x\\&
™
g A zaiw
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4.14 Design of Two Way Solid Slab

4.14.1 Load Calculations
- Dead load of slab = 0.15x24 = 3.6 KKN/m2.

- Dead load of plastering = 0.03x22 = 0.66 KN/m?.
-Tota dead load = 4.26 KN/m?2.

-Liveload = 2 KN/m2.

Lx=1.6m

Ly =2.20m

Ly 22

=—=1375<2.
Lx 1.6

Two way solid dab.

h., = 125 mm
Sdect h = 150 mm > h. = 125 mm

Kfx =15.4
Kfy =32.3
KAX = KAy =1.91

For 1m strip:

qu = 1.2xD+1.6xL

qu = 1.2x4.26+1.6x2 = 8.312KN/m
quxLx®  8.312x1.6°

Mux = = —————— = 1.38KN.m/m
kfx 15.4
2 2
Muy _ Qux Lx _ 8.312x1.6 _ 0658 KN.m/m
kfy 32.3
Ay = AX = q‘:(:XLX - —8'312921'6 — 6.963KN/m
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Mux 1.38 KN.m/ m

0.658 KN.m/ m

Muy

Increasing of field moments:

mfx =1.258
mfy =1.258

Mux
Muy

1.38x1.258 = 1.737 KN.m/ m
0.658x1.258 = 0.827 KN.m/m

4.14.2 Design of Shear Reinforcement

Vu = 6.963KN.

dVc= O.75><é><«/ fc xbwxd.

dVC = 0.75x%x@x1000x120.

®Vc =73.48KN.
®Vc=73.48KN >Vu = 6.963KN.

.. N0 shear reinforcement is required.

4.14.3 Design of Reinforcement In x-Direction

Mux

09

1.737

09

= 1.93KN.m/m
Mn

bd?®
1.93x10°

Rn = ——="— _ _ 0.134 Mpa.
1000x 120

Mnx =

Rn
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oy
0.85x fc

400
m=———
0.85x24

r =i 1- l_2><m><Rn
“ m fy

- 1 1_\/1_2><0.134><19.6 336410
19.6 400

AS =T o xbxd
As,, = (3.36x107)x100x12
As,,=0.4032 cm*/m.

=19.6

Check for min. Reinforcement

0.25x 4/ fc xbwxd

Asmin =
fy

As, = 02524x1000x120 _ 5 0
400

Not less than:

14xbwxd _14x1000x120 _ , ., o,

fy 400

1.3xAs,,, = 1.3x0.4032 = 0.524 cm*/m.

S As <As,,=42cm*/m.

As,, Shall not be lessthan As ;, for shrinkage and temperature:
As,;,= 0.0018xbxh

As,= 0.0018x100x15

As_ =27 cm’/m.

. Select ®10 with As=0.785 cm?.

0'785><100 =29 cm.

Seq™

Select S=25cm< S,
S=25cm< S, =29 cm.
S=25cm < 3xh=45cm.

Select ® 10@ 25cm with As proy. = 3.14 cm?/m > 2.7 cn?/m.
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4.14.4 Design of Reinforcement In y-Direction

Muy
Mny = —
y 0.9

_ 0827
0.9
=0.92 KN.m/m
Rn= Mrl
b.d
_0.92x10°
Rn =
1000x120

oty
0.85x fc

400
Mm=—=
0.85x 24

T m fy

g = 1—\/1— 230064196 | _1 x10+
19.6 400

AS,, =T o xbxd
As,, = (1.6x10*)x100x12

As,,=0.192 cm*/m.

=0.064 Mpa.

19.6

Asy > 0.2xAs,
Asy = 0.192 cm?/ m < 0.2x3.39 = 0.678 cm?/ m.

3 0.25><\/Exbw xd
= fy

As = 0.25x+/24%100%12
o 400

Not less than:

14xbw xd  1.4x100x12

fy 400

1.3xAs,,= 1.3x0.192 = 0.2496 cm*/m < As ;.= 4.2cm” / m.

As

min

= 3.67cm?/m.

=4.2cm? / m. = Controls
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As,, Shall not lessthan As ;, for shrinkage and temperature:
As,;,= 0.0018xbxh

As, .= 0.0018x100x15

As, .. =2.7 cm’/m.

— 2
= As,, =2.7cm

Se= @XNO =29cm.
2.7

req
Select S=25cm< S,
S=25cm< §,=29cm.
S=25cm < 3xh=45cm.

Select @ 10@ 25cm with Ag oy, = 3.14 cm?/m > 2.7 cm?/m.

4.14.5 Design of Top Reinforcement

Reinforcement for shrinkage and temperature:
Select ®8/15 cm in the two way
0.50x100

As= T: 3.33cm?/m > 2.7 cm?/m.

Select ® 8@15cm with As prov. = 3.33 cm?/m > 2.7 cm?/m.
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4.15 Design of Basement wall:

5 KIN/m

EEERTT. T ' R

7.35 EN

4451

4.15.1 Load Calculation:
€ =y* h *K,
0 =30°
_ 1-sinq _ 1-sin30
1+sing 1+sn30
€, = 17%4.45%0.33=24.96 KN/m
e,=P*K,
=5*0.33=1.65

K =0.33

4.15.2 Thickness Calculation:
Assumep =0.011

M fy _ 400
0.85x fc' 0.85x24

Rn=r x fy(1-0.5mr)

Rn=0.011x 400(1-0.5%x19.6x 0.011) = 3.925

6
Mu 3025 150x10

n=——— e
0.9xbxd? 0.9x1000x d?

=19.6

141

Sm

o ke
L



d =20.6cm
H =206+ 30+10=246mm
SAect....H =30cm

4.15.3 Wall Design:
Mu=150 KN.m

6
_ Mu - 150x10 = 2.465
0.9xb xd 0.9x1000x 260

c_1(; Jj_ 2xRnxm) 1 1_\/1_ 2x19.6x2.465 | _ o 10
m fy 19.6 400

As = 0.00658x100x 26 =17.12cm? / m

Rn

Select #18@10cm with As=25.4 cm?/m

AS in =0.0012« b * h
=0.0012 = 100 = 30
= 3.6 cn’

4.15.4 Design of Secondary Reinforcement:
Select the greater of:
1- As = (1/5)* As main. = (1/5)*17.12 = 3.424 cm”---- controls

2- Asfor shrinkage and temperature= 3.6 cm?

Select ®12@25cm with As prov.= 3.6 cm?/m. at main reinforcement layer
Select ®12@25cm with As pov. = 4.52 cm?m horizontal and vertical at the other
layer

4.15.5 Check for Shear:

Vu =110KN.

N

x1000x (206)
1000

fVc=0.75

Ve =159.2KN >Vu=110kN. NoO shear reinforcement is required.
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4.15.6 Basement Wall Detail:

£0.00 ﬂw\ i

[T

Baperosnt Floor

o L
4 L
3 L |




4.16 Design of Shear wall:

4.16.1 Calculation of loads:
W ri0or = Total dead |oads of the floor .

W Basement Floor = Weight of slab + Weight of stairs + 0.5¢ (Weight of upper columns
&walls + Weight of lower columns & walls) = 17192 KN

W Ground Floor = Weight of slab + Weight of stairs + 0.5% (Weight of upper columns
&walls + Weight of lower columns & walls) = 16365.5 KN

W Eirst Floor = Weight of slab + Weight of stairs + 0.5 (Weight of upper columns
&walls + Weight of lower columns & walls) = 16365.5 KN

W second t Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls + Weight of lower columns & walls) = 15927.5 KN

W Third Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &
walls + Weight of lower columns & walls) = 14307.5 KN

W total =W Basement + W Ground + W Firs + W second + W Thira = 80157 KN

4.16.2 Calculation of shear force on *'shear walls’:
From Uniform Building Code 1997(UBC), the total design base shear in a given

direction shall be determine from the following formula:

vewo (Eq.30—4)

R.T

Thetotal design base shear need not exceed the following:

W (Eq.30-5)
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Thetotal design base shear shall not be less than the following:

V =0.11Cal W....oo...... (Eq.30-5)
hn =Hpguilding =23.1m

Where:

Z = seismic zone factor as given in Table 16-1 and its equals 0.30.

R = numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set forth in Table 16-N or
16-P and its equals 5.50.

| = importance factor given in Table 16-K and its equals 1.00 .

Ca = seismic coefficient, as set forth in Table 16-Q and its equals 0.24 .

Ct = numerical coefficient given in Section 1630.2.2 and its equals 0.0488 .

Cv = seismic coefficient, as set forth in Table 16-R and itsequals 0.24 .

hi, hn, hx = height in feet (m) above the baseto Level i, n or x, respectively.

Eq...30-8 (UBOT=C,(h "

3/4

T =0.0488(23.1)"* =0.51

v, =S w0241\ 6085w control
RT  55x051

2.5Cal W= 2.5x0.24x1

V, = W =0.109W

V,; =0.11Cal.W =0.11x 0.24x1x W = 0.0264 W

->->V =0.083W =0.083x80157 =5611KN control
Ft =0.07xTxV =0.07x0.51x5611 = 201.96

1140072.755

| ADIeé (4 — o) Caculalilon or tne tota X
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FX Diagram

e 3 IRC4ARTY
—|817 2 22001 kN
FARST A Loeaiemne annl THOINKEY

987 (r S156.08 KN

5.57 E 5611 1N
— 00,00 {

By using the software (Staad pro.) to Analysis the shear wall it was get result as
the following:
"It was effect 100 KN to building from the side"

~ Dimension |
ﬁ
I

1302 | @ 1222 | 31772 |
] 1.3*0.2 11.07 2.878
4 | 1302 | 1120 | 2912 |

FXY =dimension* Sxy

FXY1 =1.3*0.216.4 = 4.264
FXY2 =1.3*0.212.22 =3.1772
FXY3=13%0.2*11.07 = 2.878
FXY3 =1.3*0.2*11.20 = 2.912

Z FXY =4.264+3.1772+ 2.878+ 2.912=13.2312

i=1

% FXY =13.2312/100 = 0.132
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4.16.3 Shear Wall Design Parameters:

Fc =24 MPa

fy Fy =400 MPa.

h=25 cm. Shear wall thickness.
L=5.2 m. shear wall width
Hw=22.77 m. Story height.

4.16.4 Design of the Horizontal Reinforcement:

Vu=740.65 KN
Vn=740.65/0.75=987.53KN

0d=0.8*Lw=0.8*7..2=4.16 m.

fc'
VC1 = xhxd
V o= */62?4 x 200mm x 4160mm = 679.32kN
Vs=Vh—-Va
=987.53 - 679.32 = 308.21 KN.
A, Vs _ 308.21kN

= =0.185 mm.
s, fy*d 400N /mm?*4160mm

& =0.0025* h=0.0025* 200mm= 0.5 mm.
S
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S2 =Lw/5=5200/5=1040 mm.
SZ =3*h=3*200cm=600 mm.

Use 2 ®10 with As= 1.57 cm?.

& =0.5mm > 0.185mm
S

E =0.5mm

S:
S, =314mm

Select SZ =20cm< S2 =31l4cm< SZ=104cm

Use 2010 @ 20cm C/C for the reinforcement in two layers.

4.16.5 Design of the Vertical reinforcement:

_ hw Avh _ *
An_[o.ooz5+o.5(2.5—m)(ﬁ 0.0029)]S,*h

h 2277 5500 55

L, 5.2
>> A/n =0.0025 S; h.

S, = Lw /3=5200/3=1733.3 mm.
S,=3* h=23*200 =600 mm.
Use 2 ®10 with As= 1.57 cm?.

>>157=0.0025* S * 200
S, = 314mm
Select 5 =20cm< S _ =314

Select 3220cm< S =60cm< 32173.330m

Use 2010 @ 20cm C/C for the reinforcement in two layers.
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4.16.6 Design of moment:
At Mu= 8361 KN.m

C 22 =1.155m
4.5

C, =C-0.1*L,,
C, =1.155-0.1%5.2= 0.635m
C 0635

=— =0.3175m
Cw 2 2

Select C,, =0.4m >0.3175m
As= (Lw /S)*1.57

As= (5.2m/0.4m)* 1.57 = 20.41 cm?.

Z 1

1

Lw_ 2+(085p A o *Lw*h) ~ 2+ (0.85* 0.85* 24* 5200* 250)

As*fy

Mn= ® (0.5*As*fy*Lw (1- i))
Lw

2041* 400

Mn=0.9* 0.5* 2041* 400* 5200(1-0.0362)=1848.097 KN.m.

Mu=8361-1848.097=6512.9 KN.m.
Mu/® _ 6512.9%10°/0.9

" fy(Lw—Cw) _ 400(5200— 400)

Ast=8%"b*C,,

= 3769.04 mm?

Ast=8%*20*40 = 64 cm’ > Ast=37.69 cm?

Asof (1920) =3.14 cm?

=0.0362

Sdlect 12020 with As= 12* 3.14=37.7cm2 > Ast=37.69cm?2
And As=12* 3.14=37.7< Ast max = 64 cm2
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4.16.7 Shear Wall Detail:
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4.17 Design of Retaining Wall:

10EN/m
Wz '*.\%.’-'Mffﬁ e

|

1] = .—\\ 16.17 KN/
tn &
2 -t " 67.34 KN/m -

Lf
f-.'
[
oh
L]
o
2.45

0.5 m \

4.17.1 Estimation of depth footing:

h=0.1*H
H=44+1=5.4m
h; =0.1*5.4=0.54m.................... take 0.5 m

4.17.2 Estimation of thickness of wall:
e, =k, *y*h
e, =0.33*17* 4.9 =27.49kn/ m?

Ea:eah*g

E.= 27.49*4;29: 67.34KN/m

e, =k, *v* H =3*17*0.5=255KN/m?

H 0.5

By =€n—7=255"——=6375KN/m
2 2

ph

€, =Kk,*10=33KN/m’
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E,=33*4.9=16.17KN/m
E, for one meter strip = 67.34 KN/ m
E,, =6.375KN/M (neglegted)

MRo=E_, *1.633 +Ep*4—'29

MRo0 =67.34*1.633+16.17* 2.45=149.58 KN.m
The waight of wall can be neglected (small)
Mu= 1.6Mo =1.6*149.58 = 239.33 KN.m
assume p= 0.01

m=— Y _ 196
0.85* fc

Rn= p* (fy* (1-0.5* p* m))
Rn= 0.01* (400* (1- 0.5* 0.01*19.6)) = 3.608

Mn 239.33*10°

Rn= —— = _—3.608
b*d?  0.9*1000* d
* 6
o \/ 230.33°10° .
<~ /0.9*1000* 3.608

ha =0, +COVEr +g = 311mm

select h,, =35cm

4.17.3 Design of main reinforcement:

d=35-3-1=31cm

Mu = 239.33
* 6
RN=Rn= an _ 239.33*10 = 2.767
b*d?>  0.9*1000* (310)
p= i(]__ Jl_M) =0.00746
19.6 400

As,, =p*b*d=0.00746* 31*100 = 23.12 cm?/m
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0.25x 4/ fc xbwxd

A L=
Smln fy
As, = 0:25/24x1000x310 _ g 1o oo
400
Not less than:
Laxbwxd _ 14x1000x310 _ , oc o
fy 400

As_., for Shrinkage and temperature:
As_,, = 0.0018xbxh

As,,, = 0.0018x100x30

As . =5.4cm’

As,,= 23.12cm* > As; = 10.85cm?
As,,= 23.12cm’

Select ®18 with As = 2.54cm?

Select ®18@ 10cm

4.17.4 Design of Secondary Reinforcement:
Select the greater of:
1- As= (1/5)* Asreq. = (1/5)* 23.12 = 4.62 cm? ---- controls

2- As,,, for Shrinkage and temperature:
As,., = 0.0018xbxh
As,., =0.0018x100%30
As . =5.4cm?

Select ®12@20cm with As prov.= 5.65 cm2/m. at main reinforcement layer
Select ®12@20cm with As pov. = 5.65 cm?#m horizontal and vertical at the other
layer
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4.17.4 Retaining Wall Detail:
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. American Concrete Institute (A.C.1.) , Building Code
Requirement for structural concrete (ACI - 318M - 02).
. Uniform Building Code (UBC-97).
i - Y Al el 398 ¢ ) kel oLl (e 3
. 1990

A0 gl A el ASLaall Ay g ol 5 Aalill () 55201 5 ) 35 o 50 4

C S P SR V| Py aanall 4 2idl) g 4 saLal)

http://www.momra.gov.sa

http://www.m3mare.com

A5 IV Bl sl -

www.islamonline.net (
www.sha3teely.com (
www.alhandasa.net (
www.tkne.net (
www.ul.ie (
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