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Dr. Hitham Ayyad

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

executive details for acommercia building in Hebron city.

This building consists of Seven-storey and basement, which contains
several sections such as the Department of the University administration

and Student Affairs and the multi-purpose hall and the garage.

This building is a reinforced concrete structure, and it was designed
according to the ACl-code-2002.

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 Autocad2007, STAAD PRO. And office
2002
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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 one leg 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 loads.

LL =liveloads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elagticity of concrete.

Fy = specified yield strength of non-prestressed rei nforcement.

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 in direction parallé to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.
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Vu = factored shear force at section.
W = width of beam or rib.
® = strength reduction factor.

p = ratio between area of concrete to area of stedl .
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Chapter Four

Structural Analysisand Design

4

4 -1 Introduction.

4 -2 Factored L oads.

4 - 3 Deter mination of thickness,
4 -4 Load Calculation.

4 -5 Design of Topping.

4 -6 Design of rib (Rib 20) in the basement floor slab.

4 -7 Design of Two Way Rib Slab.

4 -8 Design of Beam (B09) in the basement floor dlab.

4 -9 Design of short Column.

4 - 10 Design of long Column.

4 - 11 Design of |solated Footing.

4 — 12 Design of Combined footing.

4 — 13 Design of Strip Footing.

4 — 14 Design of Mate Footing.

4 - 15 Design of Stairs.

4 - 16 Design of Two Way Solid slab.
4 - 17 Design of Basement Wall.

4 — 18 Design of Shear Wall.
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Structural Analysis And Design

4.1 Introduction

Concrete is a construction material composed of cement (commonly Portland
cement) as well as other cementitious materials such as fly ash and slag cement,
aggregate (generally a coarse aggregate such as gravel, limestone, or granite, plus a
fine aggregate such as sand), water, and chemical admixtures. The word concrete

comes from the Latin word "concretus’, which means "hardened" or "hard".

Concrete solidifies and hardens after mixing with water and placement due to a
chemical process known as hydration. The water reacts with the cement, which bonds
the other components together, eventually creating a stone-like material. Concrete is
used to make pavements, architectural structures, foundations, motorways/roads,

bridges/overpasses, parking structures, brick/block walls and footings for gates.

In This Project, there are three types of dlabs: 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 L oads:
The factored loads on which the structural analysis and design is based for our

project members, is determined as follows:

Ou=12DL +1.6L ACI -318-02(9.2.1)

4.3 Determination of Thickness:

4.3.1 Determination of Thicknessfor 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 (R13) in basement floor, as shown in fig (4.1).

i & & &

L Tm & 84 m 4 G.46m 2 Tm &

Fig. (4-1) Rib (13) in the basement floor

Spans from left to right for one way dlab:
L 367

L 38 _oom ACI-318-02 (9.5a)
185 185
L = —8'40 =04 m
21 21
L _ 54 53im
21 21
L 387 _oim
185 185

For Rib(13) in the basement floor 40 cm control.

For other floors 35 cm control according to ACI-318-02 .
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4.3.2 Determination of Thicknessfor Two Way Rib Sab:-

_ ZAY 058 )
Y= ’ .
LA Z 8
y_2%02%008*0.04+0.15*04*02 .., %
2*0.2*0.08+0.15* 0.4
0.55x(0.144)° (0.55-0.15)x(0.006)° 0.15x(0.264)’ —
o= - +
3 3 3
|, =5.3x10"m" /b
P 1.00 By
-4
Islab :wx9_28:89x10_4 m4 e e e T
0.55 _’,.f""-. _’,.f""-. ’,x” ’,x” ’,x” ,x” ,,-f” . _%_"
1 1 -__.-""{j -__.-""{j -__.-"ff -__.-"ff -__.-"ff J.-"'ff. J.-"'ff. l:;
|, =-——bh®=-—%0.5%(0.40)° = 2.67*10°°
12 12
l,, =5.33*10°°
- i B32 M B3Z 8
| 267x10° NO000000C 10000
=== =03 1000000C T 13000070
[, 89x10 I {3 I 5 O (| 52 % | B
3 I P O | |
_lm _533x107 ¢ NO000000C [ 2 0000
2= T gox10* 2 0000000CT JAC0O00000
s =%_I:LI:LEII_II_II_|FR”1 B O O
IR I
_a,+a, 03+06_, ¢ < 0 =i
T, T T, T O A
N T N N Y
02<a <2=>02<045<2 u RIEIE I ] ]
i OOC I 11000000
- OOCE 13000000
_ & OOCH 13000000
According to ACI-code: 7 B33 3
I

o _ In(0.8+ fy/1500)
™ 36+5b(a —0.2)

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

_L._88_,
L, 7.85
8.8(0.8+ 400/1500)

=0.25m= 25cm

" 36+5%1.12(0.45—0.2)

Fig. (4-2) two way rib slab

We select from one & two way rib slab, The Thickness Rib Slab = 40 cm
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4.4 L oad Calculation:
£ Firgt: One- way ribbed slab.
For the one-way ribbed dlabs, the total dead load to be used in the analysis and

design is calculated as follows:

Shrinkage & Temperatuer Bar's -

Cinewiay b slabe —

Heli Block (27 em ) ¢

Fig. (4-3) Oneway rib slab

Calculation of the total dead load for one way rib sab is shown in the following
table:
Table (4 - 1) Caculation of the total dead |oad for one way rib slab.

No. | Partsof Rib Calculation
1 Rib 0.12*0.32¥24.5 = 0.9408 KN/m
2 Top Slab 0.08*0.52*24.5 = 1.0192 KN/m
3 Plaster 0.03*0.52*22 = 0.3432 KN/m
4 Block 0.32*0.4*10 = 1.28 KN/m
5 Sand Fill 0.12*0.52*16.4=1.023 KN/m

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

5 KN/m
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Nomina Total Dead L oad:

D.L. tota =0.9408 + 1.019 + 0.3432 + 1.28 + 0.624 + 1.023 = 5KN/m of rib
Total dead load = 5/ 0.52 = 9.62 KN/m?

Liveload =5* 0.52 = 2.6 KN/m of rib

Factored dead Load = 1.2* 5= 6 KN/m

Factored liveLoad =1.6* 2.6 =4.16 KN/m
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¢ Second: Two-way ribbed slab.
For the one-way ribbed dabs, the total dead load to be used in the analysis and

design is calculated as follows:

Rib€ 2 .

Holkaw Block [ 27om § ="
Fig. (4-4) Twoway rib dlab

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

table:
Table (4 - 2) Calculation of the total dead load for two way rib slab.

No. Partsof Rib Calculation

1 Rib 0.15*0.32*(0.55+0.4)*24. 5 = 1.12 KN/unit

2 Top Slab 0.08*0.55*0.55*24. 5 = 0.59 KN/unit

3 Plaster 0.03*0.55*0.55* 22 = 0.2 KN/unit

4 Block 0.32¥0.4*0.4*10 = 0.512 KN/unit

5 Sand Fill 0.15*0. 55*0.55*16.4 = 0.74 KNunit

6 Tile& Mortar | 0.05%0. 55*0.55*24 = 0.363 KN/unit

e (0.55*0.55) units

3.53

K N/unit
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Nomina Total Dead L oad:

D.L. tota = 1.12+ 0.59 + 0.2 + 0.512 + 0.74 + 0.363 = 3.53 KN/unit
Dead |oad 1 = 3.53/(0.550.55) = 11.67 KN/ m?.

Liveload = 5 KN/m?,

Factored dead Load = 1.2* 11.67 = 14.0 KN/m?.

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

Wu=14.0+8
=22.0 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 load of onerib

DL= > _|_| 09408 =7.8KN/m?
0.52 0.52

Wu=(12* 7.8) + (1.6 * 5)
= 17.36 KN/m?

—-> For aone meter strip Wu = 17.436 KN/m Tefiny —

Assume dlab fixed at supported points (ribs):

Wu * Iz bl Bk Pl

Mu 12

17.36* 0.42
12

Mu =0..231 KN.m

f '=0.8*30=24
fr =0.42x,/fc’'(MPa)  ACI-318-02 (22-5.1)
fr = 0.42x+/24(MPa) = 2.06 MPa

=2.06x107° x10° = 2060KN / m?

Fig. (4-5) Toping of slab

Mn=fr*s

b’ _1.00x(0.08)
6

Mn = 2060* 1.06x10° =2.184 KN.m

® Mn=0.55* 2.184= 1.201 KN.m

=1.06x10°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?/1m

Use 1d 8/ 25 cm (3®8/ 1m), with ASyrovided = 1.5 cm?1m both directions.
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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 slabs. Therefore, only shrinkage and temperature reinforcement needs
to be provided, with the same design as before.

Use 10 8/ 25 cm (308 / 1m), with ASyoviges= 1.5 m?/Im both directions.

4.6 Design of Rib (20):

_._‘E:::::n T
i i

; N T

AN |||III|II|I|]I||| i

Fig.(4-6) Rib location

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

follows:-

P8 i6m -

2 37m 4 5 m

Fig. (4 - 7) Spanslength of rib (20).
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-25.4

1.48 2.22 2.5 2.5 2.6 1.84

Fig. (4 - 8) Moment diagram for rib (20)-(KN.m).

25.7

8.9

Fig. (4 - 9) Shear diagram for rib (20 )-(KN).
4.6.1 Design of Positive Moment for (Rib 20-MF1):

Thisdesign for 3. 7 m span (MF1),
Effective Flange width ( b.) ACI-318-02 (8.10.2)
e For T- section isthe smallest of the following:

b =L/4=37/4=092m=92cm

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

b. =bw+Lc/2 =12+270/2 = 147 cm

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

» Use My max positive for span = 11.6 KN.m
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» 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=40-2-12/2=37.4cm
M, =T or C (d- 0.5 a) = 848.6 (374 - 0.5 (80))/1000 = 283.4 KN.m
Mn available = 283.4 KN.M > Mp required = 12.89 KN.m
Design as arectangular with b, =52 cm
\/f_cr
4(fy)

N
4(400)

Asmin= (ow)(d) ACI-318 (10.5.1)

Asmin= (120)(374) = 1.37cm?

. 14
A =—— (bw)(d
s min (fy)( w)(d)

Asmin=—2 (120)(374) = 1.57cm?
400

AsMin=157cm? 2 1.37 cm?

Asmin=157 cm2

m= fy = 400 =19.6
0.85fc’  0.85(24)

_ Mn 12.89*(10)° _
bd > (520 )(374)?

A, f2mRn )1 1_\/1_2 19.6*0.177 | _ 4 5005
m fy 19.6 400

0.177

A s = 0.0005(52) (37.4) = 0.875 cm®*< A s min = 1.57 cm?
Asreq= 1.57 cm?
#of bars=Aq/ Aspar =1.57/1.13=14 * Note Apre = 1.13 cm?

Select bottom bars 2912

TOta| As(pro\nde) =2.260m2
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* Check Strain:
Tension = Compression
A x fy=0.85x f 'xbxa

2.26x100x 400 =0.85x 24x520x a

a=8.52mm
_ 2 _8%_ 150mm
0.85 0.85
e = 374-10 x0.003=0.11

S

e, =0.11> 0.005

4.6.2 Design of Negative Moment for (Rib 20-M S1):

The maximum negative moment (M S1) from spans with support is
Mu=9.9 kN.m

Mn =9.9/0.9=11.0 kN.m

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

(b=bw)

Asmin=

\/(E') (bw)(d) ACI-318 (10.5.1)

4

24

200) (120)(374) =1.37cm

Asmin=

. 14
A =—— (bw)(d
s min (fy)( w)(d)

Asmin=—2 (120)(374) = 1.57cm?
400

Asmin=157cm’® = 1.37cm’

Asmin=157cm’

m=19.6

Ry = Mn _ 11.0* (10)° _
bd? (120)(374)°

r :i(l— | _ 2mRn J: 1 (1_\/1_ 2*19.6*0.66}2 0.0017
m fy 19 .6 400

A's =0.0017(12) (37.4) =0.753 cm? < A's min = 1.57 cm?

0.66
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Asreq= 1.57 cm®

#of bars=As/ Aspa =1.57/1.13=1.4 * Note Api = 1.13 cm?
Selectbar 2 ® 12

Total AS (providg = 2.26 cm?

* Check strain:

Tension = Compression

A x fy=0.85x f_'xbxa
2.26x100x 400 = 0.85x 24x 520x a
a=38.52mm

a _ Q =10.0mm

" 085 085

 374-10

S

e, =0.11>0.005

x0.003=0.11

4.6.3 Design of Positive Moment for (Rib 20-M F2):

Thisdesign for 5.0 m span (MF2),
Effective Flange width ( b.) ACI-318-02 (8.10.2)
e For T- section isthe smallest of the following:

b =L/4=5.0/4=1.25m=125cm

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

b. =bw+Lc/2 =12+400/2 =212 cm

Control .......... 52cm
» Use M max positive for span = 13.4 kN.m

Mn ra:]uiraj = 13.4/0.9 = 14.9 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=40-2-12/2=37.4cm
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Mn=T or C(d- 0.5 a) = 848.6 (374 — 0.5 (80))/1000 = 283.4 KN.m
Mna\/ai|ab|e= 283.4 KN.m > Mnrmuirmz 14.9 KN.m

Design as arectangular with b, =52 cm

.4/ fc
A = bw)(d ACI-318 (10.5.1
smin 4(fy)( w)(d) ( )
Asmin= V24 (120)(374) = 1.37cm?

4(400)

. 14
A =—— (bw)(d
s min (fy)( w)(d)

Asmin=—2 (120)(374) = 1.57cm?
400

Asmin=157cm’ > 1.37cm’

Asmin=157 cm2

fy 400

m= - ~19.6
0.85fc  0.85(24)

Mn  14.9* (10)°
Rn = — = =
bd 2 (520)(374)

* *
c_ A f_2mR ) 1 1_\/1_2 19.6*0-2 | _ 4 4005
m fy 19.6 400

As =0.0005(52) (37.4) = 1.0cm’ <Asmin =157 cm®

Asreq= 1.57 cm’
#of bars=As/ Aspar = 1.57/1.13=1.4 * Note Agp12=1.13 cm?

~ Select bottom bars 2012

* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa
2.26x100x 400 = 0.85x 24x520x a
a=38.52mm

a 852

=——=——=10.0mm
0.85 0.85
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374-10

S

e, =0.11> 0.005

x0.003=0.11

4.6.4 Design of Negative Moment for (Rib 20-M S2):
The maximum negative moment (M S2) from spans with support is
Mu = 13.0 kN.m

Mn =13.0/ 0.9 =14.4 kN.m

Design of T-section for negative moment as rectangular section with
(b=bw)

. A fc’
A = bw)(d ACI-318 (10.5.1
s min 4(fy)( w)(d) ( )

24

Asmin=
4(400)

(120)(374) =1.37cm’

. 14
A =—— (bw)(d
s min (fy)( w)(d)

Asmin=—2 (120)(374) = 1.57cm?
400

Asmin=157cm® = 1.37cm’

Asmin=157 cm2

m=19.6
R - Mn _ 14 .4* (10)°
bd 2  (120)(374)2
* *
c_ (. f_2mRn ) 1 1_\/1_2 19.6*0.86 | _ 4 oop2
m fy 19 .6 400
As =0.0022(12) (37.4) = 1.0 cm° <A s min = 1.57 cm®
Asreq= 1.57 cm’®
#of bars=Aq/ Aspar =1.57/1.113=14 * Note Apre = 1.13 cm?
Selectbar 2 ® 12

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

Tension = Compression

A x fy=0.85x f 'xbxa
2.26x100x 400=0.85x 24x520x a
a=38.52mm

a__852_100mm

" 085 085

374-10

S

e, =0.11> 0.005

x0.003=0.11

4.6.5 Design of Positive Moment for (Rib 20-M F3):

This design for 4.60 m span (MF3),
Effective Flange width ( b.) ACI-318-02 (8.10.2)
e For T- section isthe smallest of the following:

b =L/4=46/4=115m=115cm

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

b. =bw+Lc/2 =12+360/2= 192 cm

Contral .......... 52cm

» Use M max positive for span = 18.1 kN.m

Mnrmuiraj = 18.]]0.9 = 20.1 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=40-2-12/2=37.4cm

Mn=Tor C(d-0.5a) =848.6 (374- 0.5 (80))/1000 = 283.4 KN.m
M avaitable = 283.4 KN.m > My, required = 20.1 KN.m

Design as arectangular with b =52 cm
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Asmin=

4

2
4(400)

\/(f’) (o) (d) ACI-318 (10.5.1)

Asmin=

(120)(374) = 1.37cm?
. 14
A =—— (bw)(d
s min (fy)( w)(d)

Asmin=—2 (120)(374) = 1.57cm?
400

Asmin=157cm’> 1.37cm’

Asmin=157 cm2

me—Y_ _ 40 _ 56
0.85fc  0.85(24)

_Mn _ 20.1*(10)° _
bd? (520)(374)?

* *
c_ (. f_2mRn ) 1 1_\/1_2 19.6*0.28 | _ | 1507
m fy 19.6 400

Rn 0.28

As =0.0007(52) (37.4) = 1.4cm’ <Asmin =157cm-"

2
Asreqg= 1.57Cm
#of bars=Ags/ Aspyr = 1.57/1.13=1.4 * Note Agp = 1.13 cm?

~ Select bottom bars 2012

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

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

a 852

=——=——=10.0mm
0.85 0.85
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x0.003=0.11

374-10

10
e, =0.11> 0.005

Ok.......

s —

e

4.6.6 Design of Shear for (Rib 20):-

*d

bw

i
doVec= o* 6

V24

120* 374) = 27.5KN

6
23.8KN<® Vc

(0.75*

Vu

(From Shear Envelop)

4.7 Design of Two Way Ribbed Sab:

998
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B33

B 68 mm

8.52
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4.7.1 Deter mination of coefficients:
Lx =8.66 m
Ly =9.52m

L
Sy 992 445
L 8.66

Kfx= 319
Kfy=28.8
Ksx=10.9
KAx=2.42
kAy=1.63
O0x=1.17

oy = 1.27

4.7.2 Internal forces and moments:

Ou = 11.67 KN/m?
Ou = 12xD+16xL
Ou = 1.2x11.67 + 1.6 x 5= 22.0 KN/m?

4.7.3 Determination of bg in X-direction
b =L/4=866/4=217m=217cm

b =15+16t=15+16(8) = 143 cm

b. = 55¢cm

Control .......... 55cm

4.7.4 Deter mination of bg in Y-direction

b.=L/4=952/4=238m=238cm
b =15+ 16t=15+ 16 (8) = 143cm
b. = 55¢cm

Control .......... 55¢cm
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For 0.55 mwidth in X direction

qu=22x0.55=12.1KN/m

For 0.55 mwidthin Y direction
qu=22x0.55=12.1KN/m

q, xIx*  12.1x8.66°

M, = = 28.44x1.17 = 33.3KN.m
Kn 31.9
2 2
M, = B _121BO6 _ ) 5o 27— a0kNm
Ky 288
2 2
v XD 121xBE6° oo
K 10.9
g o Quxlx 1215866 oo
KAX 242
0 xIx_121x886 o

oy kAy 1.63
4.7.5 Design of Positive Reinfor cement in X -direction

Mn=33.3/0.9=37 KN.m
d=h-c-®/2

=40-2-2/2

=37cm
Check if a<t
Assuma=t=8cm
C =0.85* fc *bE*t
C = 0.85*24*80*550 =897.6
Mp=CorT (d-a/2)
M, =897.6 * (0.37 — 0.08/2) = 296.2
®* M,=0.9* 296.2 = 266.6 > 37
a<t
Design as rectangular section with b = bE =55 cm

fy 400

m= = =19.6
0.85x fc  0.85x24
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6
Mn _ 37x10 _ 052MPa

" bxd? 550 (370)2

Rn

2mRn )
fy

r :1(1— 1-
m

ro L (- \/1— 20196)0.52) _ h013
196 400

As = 0.0013 (55) (37) =2.65cm’

As, = O.ZSE(bW)(d) > %(bw)(d) .................... (ACI -10.5.1)

(fy)
V24 1.4

As,. =0.25~"—_(150)370)> m(lSO)@?O)

(400)

As. =169<1.94.........thelarger control
As . =1.94cm’

As=265cm?.......... controls

 Select 20014 with As = 3.08 cm? > Asreq = 2.65 cm2

Check strain :

Tension = Compression

A x fy=0.85x f_'xbE xa
308x 400 = 0.85x 24x550x a

a=11.0mm
= _a = @ =12.9mm
0.85 0.85
e, = Mx 0.003=0.0083
12.9

e, =0.0083 > 0.005

4.7.6 Design of Negative Reinforcement in X -direction:

Mn=283.3/0.9=93.1 KN.m
d=h-c-®/2
=40-2-2/2
=37cm

59



fy 400

m= - =19.6
0.85x fc 0.85x24

6
Mn _ 93.1x10 _ 453MPa

“bxd? 150 (370)°

Rn

2mRn
fy

rot - Jl_w):o_om
19.6 400

As=0.0113 (15) (37) =6.25cm*

r :i(l— 1- )
m

As,, = 0.25E (ow)(d)> %(bw)(d) .................... (ACI -10.5.0)

(fy)

As,. = 0.25@ (150)(370) > %(150)(370)

(400)

As. =169<1.94.........thelarger control
As,,, =1.94cm’

As=6.25cn’.......... controls

 Select 2020 with As = 6.3cm? > As req = 6.25 cm?

Check strain:
Tension = Compression
A x fy=0.85x f 'xbExa

630x 400 =0.85x 24x150x a
a=82.4mm

a _ % =96.9mm

~ 085 085

o _370-969
* 969
e, =0.0085> 0.005

% 0.003 = 0.0085
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4.7.7 Design of Positive Reinfor cement in y —direction:

Mn =40/ 0.9 = 44.4 KN.m
d=h-c-®/2 =40-2-2/2
d=37cm
Check if a<t
Assuma=t=8cm
C =0.85* fc *bE*t
C = 0.85*24*80*550 =897.6
M,=CorT (d-a2)
M, =897.6 * (0.37 — 0.08/2) = 296.2
®* M,=0.9* 296.2 = 266.6 > 44.4
= a<t
= Design as rectangular section with b = bE =55 cm

L fy 400
0.85x fc  0.85x24

=19.6

6
Mn _ 44.4x10 — 0.59MPa

" bxd? 550 (370)2

Rn

2mRn
fy

rot - Jl_w):omﬁ
19.6 400

As = 0.0015 (55) (37) =3.05cm?

r :1(1— 1- )
m

As,, = 0.25\/¥ (ow)(d)> %(bw)(d) .................... (ACI -10.5.)

(fy)

V24 14
As_ . =0.25—(150)370)> ——(150)370
Sy =025 10, (150(370)> (150470
As. =169<1.94.........thelarger control
As,;, =1.94cm’

As=3.05¢cm?.......... controls

Select 2014 with As=3.08 cm? > Asreq = 3.05 cm?
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Check strain :
Tension = Compression
A x fy=0.85x f_'xbE xa

308x 400 = 0.85x 24x550x a
a=11.0mm

a _ @ =12.9mm

" 085 085

o _370-129
* 129
e, =0.0083> 0.005

x0.003 = 0.0083

4.7.8 Design of Shear :

4.7.8.1 Design of Shear Reinfor cement in x-direction

Vu=Ax-qu* a2
Vu= 78.7-121* 1/2=72.65

1<I)VC:1><(I) fobde
2 2
1 1 24 L 150% 370

—®Vc=—x0.75x%
2 2

%d) Vc=16.99KN

%d) Vc=16.99KN < Vu=72.65

= shear reinforcement is required
® Vc=33.98KN < 72.65
®Vs,, =0.75 (% )xbw xd=0.75 (% )x150% 370 = 13.875KN

OVe+ Vs, =33.98+13.875=47.86

dVec+ DdVs

min —

<VUS(DVC+CD(§)><1/fC'><bW><d

47.86 < 72.65 < 33.98+67.97=101.95
=>» category No.4 is satisfied
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dVs =Vu->PdVce
dVs =101.95-33.98=67.97

_ OxAvx fyxd 0.75x1.57x100x 400x 370

Seq 3 =25.6cm
' DVs,, 67.97x10
S< 9 = 37 =18.5cm............. controls.
2 2
Select ©10@ 17.5cm

4.7.8.2 Design of Shear Reinfor cement in y-direction

Vu=Ay-qu* a2

Vu= 116.9-12.1* 1/2=110.85

1<I)VC:1><(I) / fe xb, xd

2
%q) Vc:%x0.75>< v 24 «150% 370

%d) Vc=16.99KN

%d) Vc=16.99KN < Vu=72.65

= shear reinforcement is required
® Vc=33.98KN < 72.65

®Vs,, =0.75 (% )x bw x d=0.75 (% )x150x 370 = 13.875KN
OVC+ Vs, =33.98+13.875=47.86

dVe+dVs . <Vu £<I>Vc+cD(%)xﬂ/fc'><bde

min —

47.86 < 72.65 < 33.98+67.97=101.95
=>» category No.4 is satisfied
OVs =Vu-odVe

®Vs =101.95-33.98=67.97
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_ OxAvx fyxd 0.75x1.57x100x 400x 370

o, 3 =25.6cm
DVs,, 67.97x10
S< 9 = ﬂ =185cm............. controls.
2 2
Select ©10@ 17.5cm

4.8 Design of Beam (B 09):-

fy

Fig. (4 - 11) Beam location (B09)

6.1m A i45m - im

Fig. (4 - 12) Span Length (B09)
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Fig. (4 — 13) Beam moment values with self weight load (KN.m)

2842 -210.1 =304

-

a0E.2

G22.2

Fig. (4 — 14) Beam shear values (KN)

4.8.1 Design of Positive Moment (B 09 - Field 1):

b =100 cm,

h =40 cm

d = 40-(3+1) = 36cm

Mu =225.8 KN.m
\/@
A(ty)

2
4(400)

Asmin= (bw)(d) ACI-318 (10.5.1)

Asmin= (1000)(360) = 11.0cm?

.14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—2 (100)(360) = 12.6cm?
400
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Asmin=126cm> > 11.0cm’

Asmin=12.6 cm2
MnN (e =225.8/0.9=250.9 KN.m
m=19.6

q_ Mn _ 250.9* (10)° 1
bd®  (1000)(360)°

c_ A o 2mRn ) 1
m fy 19 .6

ASpe =0.0051(100) (36) = 18.4cm”

AS(req) =184 cm”> Asmin=12.6 cm’

1_\/1_2 19.6*1.94
400

J = 0.0051

* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa
4x490x 400 = 0.85x 24x1000x a
a=38.5mm

a _ @ =45.3mm

~ 085 085

o _360-453
* 453
e, =0.02>0.005

x0.003=.02

4.8.2 Design of Shear for Beam (B 09 - Field 1):

V,=294.2 KN (Max. value of Vuin field 1)

®d Ve = CD*@* bw * d

=(0.75* @* 1000* 360)/1000

6
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® Vc =220.45 KN.
® Vanin = (P % * bw * d) = (0.75%*1000*360) /1000 = 90K N.
Vy=294.4kN (From Shear Envelope)

dVc+o % *bw*d=22045+0.75* %*1000*360 =310.45KN

®Vc<Vu<®dVc+min® Vs
220.45 < 294.4 < 310.45
Category (3) satisfy
®Vs=min® Vs=90 KN

_ ®xAvx fyxd
dVs
~ 0.75x(314.16) x 400 x 360

90x10°
S=d/2=36/2=18cm
S<60cm
UseS=17.5cm

S

= 371.96mm = 37.2cm

Then use 4 legsf 10 @ 17.5cm

V,=173.7KN (Min. value of Vuinfield 1)

fl
1<1>Vc: lCD*%* bw * d

2
= 0.5*220.45
= 110.225 KN.

® Vanin = (P % * bw * d) = (0.75%*1000* 360) /1000 = 90KN.

V,=173.7kN (From Shear Envelope)

%¢VC<VU<¢VC

110.225 < 173.7 < 220.45
Category (2) satisfy

We design it as Category (3)
®Vs=min® Vs=90 KN
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_ ®xAvx fyxd
dVs
~ 0.75x(314.16) x 400 360

90x10°
S=d/2=36/2=18cm
S<60cm
UseS=17.5cm

S

= 371.96mm = 37.2cm

Then use 4 legsf 10 @ 17.5cm

4.8.3 Design of Negative Moment (B09 - M S1):
b=100cm

h =40 cm

d=40-(3+1) =36 cm

Mu=351.5 KN.m

J
bw)(d ACI-318 (10.5.1
Ay W) (105.1)

24

Asmin=
4(400)

Asmin=

(1000)(360) = 11.0cm?
. 14
A =—— (bw)(d
s min (fy)( w)(d)

Asmin=—2 (100)(360) = 12.6cm?
400

Asmin=12.6cm> > 11.0cm’

Asmin=12.6 cm2
MnN (e =351.5/0.9=390.6 KN.m
m= 19.6

_ Mn _ 390.6*(10)°
bd? ~ (1000)(360)>

c_A(y f_2mRn ) 1 1_\/1_2 19.6*3.0 | _ 4 g081
m fy 19.6 400
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2
ASgey =0.0081 (100) (36) = 29.3 cm

%ect 7 q) 25 Wlth AS prov. = 34.3 sz.

4.8.4 Design of Positive Moment (B09 - MS 2):

b =100 cm,

h =40 cm

d =40-(3+1) = 36cm

Mu =260 KN.m
\/@
4(fy)

22
400)

Asmin=

(bw)(d) ACI-318 (10.5.1)

Asmin= (1000)(360) = 11.0cm?

. 14
A =—— (bw)(d
s min (fy)( w)(d)

Asmin=—2 (100)(360) = 12.6cm?
400

Asmin=12.6cm> > 11.0cm’

Asmin=12.6 cm2

Mn ey =260/0.9=288.9 KN.m
m=19.6

_ Mn _ 288.9*(10)° _7

n=
bd®>  (1000)(360)°

oA, f2mR ) 1 1_\/1_2 19.6*2.23 | _ 5959
m fy 19.6 400

A 'S req= 0.0059 (100) (36) = 21.3 cm”
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* Check strain:

Tension = Compression

A x fy=0.85x f 'xbxa
2450x 400 = 0.85x 24x1000x a

a=48.0mm
_ 2 _ M g55mm
085 085
e, = 30=%65 4 003-0.016
565

e, =0.016 > 0.005

4.8.5 Design of Shear for Beam (B09 - M S 2):

V,=306.3 KN (Max. value of Vuinfield 2)

d Ve = CD*@* bw * d

=(0.75* %* 1000* 360)/1000

=220.45 KN.
® Venin = (P % *bw* d) = (0.75%*1000*360) /1000 = 90K N.
V,=306.3kN (From Shear Envelope)

dVc+d % *bw* d=22045+0.75* %*1000*360 =310.45KN

®Vc<Vu<®dVc+min® Vs
220.45 < 306.3 < 310.45
Category (3) satisfy
®Vs=min® Vs=90 KN

_ ®xAvx fyxd
dVs
~ 0.75x(314.16) x 400 x 360

90x10°
S=d/2=36/2=18cm

S

=371.96mm = 37.2cm

70



S<60cm
UseS=17.5cm

Thenuse 4 legsf 10 @ 17.5cm

V,=288.2KN (Min. value of Vuinfield 1)

1<1>Vc: 1 (OR E* bw* d
2 6
= 0.5%220.45
=110.225 KN.
® Vanin = (P % * bw * d) = (0.75%*1000*360) /1000 = 90K N.
V,=288.2 kN (From Shear Envelope)

dVc+o % *bw*d=22045+0.75* %*1000*360 =310.45KN

®Vc<Vu<®dVc+min® Vs
220.45 < 288.2 < 310.45
Category (3) satisfy
®Vs=min® Vs=90 KN

_ ®xAvx fyxd
dVs
~ 0.75x(314.16) x 400 x 360

90x10°
S=d/2=36/2=18cm
S<60cm
UseS=17.5cm

S

=371.96mm = 37.2cm

Thenuse 4 legsf 10 @ 17.5cm
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4.8.6 Design of Negative Moment (B09 - Ms2):

b=100cm

h =40 cm

d = 40-(3+1) = 36cm

Mu=215.4 KN.m

\/@
(fy)

Asmin=

2oy W) ACI-318 (10.5.1)

22
4(400)

Asmin=

(1000)(360) = 11.0cm?
.14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—2 (100)(360) = 12.6cm?
400

Asmin=12.6cm> > 11.0cm’

Asmin=12.6 cm2

Mn ey =282.2/0.9=2315.6 KN.m
m=19.6

_ Mn _ 3156*(10)° _
bd?  (1000)(360)>

oA, f2mRn )1 1_\/1_2 19.6*2.44 ) _ | 565
m fy 19.6 400

ASe = 0.0065(100) (36) = 235cm”

4.8.7 Design of Positive Moment (B09 - M S 3):
b =100 cm,

h =40 cm

d = 40-(3+1) = 36cm
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Mu=52.8 KN.m
J
A1)

N
4(400)

Asmin=

(ow)(d) ACI-318 (10.5.1)

Asmin= (1000)(360) = 11.0cm?

.14
A =——(bw)(d
s min (fy)( w)(d)

Asmin=—2 (100)(360) = 12.6cm?
400

Asmin=126cm> > 11.0cm’

Asmin=12.6 cm2

Mn (e =73.6/0.9=81.8 KN.m
m=19.6

_ Mn _ 818*(10)° _
bd?  (1000)(360)>

* *
r _ 1 1 l_2mRn _ 1 1_\/1_2 19 .6 * 0.63 _ 0.0016
m fy 19 .6 400

2
A s=0.0016 (100) (36) = 5.76 cm

As=5.76 cm2<As min=12.6 cm2

= ASpe =126cm’

Select 7 16 with Ag prov. = 14.07 cm?.

* Check strain:

Tension = Compression

A x fy=0.85x f /'xbxa

452 x 400 = 0.85x 24 x1000x a
a=38.86mm

8 _886_164mm

" 085 085
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_ 360-10.4

e, x0,003=0.1
104
e, =0.1>0.005
Ok.......

4.8.8 Design of Shear for Beam (B09 - Field 3):

V,=225.3KN (Max. value of Vuinfield 3)

1<1>Vc: 1 b * \/E*bw*d

2
= 0.5%220.45
=110.225 KN.
® Vanin = (P % * bw * d) = (0.75%*1000*360) /1000 = 90K N.
V,=225.3 kN (From Shear Envelope)

dVc+o % *bw*d=22045+0.75* %*1000*360 =310.45KN

®Vc<Vu<®dVc+min® Vs
220.45 < 225.3 < 310.45
Category (3) satisfy
®Vs=min® Vs=90 KN

_ ®xAvx fyxd
dVs
~ 0.75x(314.16) x 400 x 360

90x10°
S=d/2=36/2=18cm
S<60cm
UseS=17.5cm

S

=371.96mm = 37.2cm

Then use 4 legsf 10 @ 17.5cm

Vy=92.3KN (min. valueof Vuinfield 3)
Category (2)

Category (2) satisfy
We design it as Category (3)
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d®Vs=min® Vs=90 KN

_ Ox Avx fyxd
dVs
~ 0.75x(314.16) x 400 x 360

S

=371.96mm = 37.2cm

90x10°
S=d/2=36/2=18cm
S<60cm
UseS=17.5cm

4.9 Design of Short Column(C24) in Basement:
4.9.1 Design of longitudinal Reinfor cement :

e Geluinn

Eienfarcrment
The Column is an internal one.
P, =3033 KN g
_ b, 3033

Py s = = 4666kN.
065 0.65

Assumer , =0.035

P mag = 0.8xAg{0.85 fc' +r  (f, —0.85f,)}
4666= 0.8x Ag{0.85x 24+ 0.035(400— 0.85x 24)}
Ag=1731.5cm?

4.9.2 Check Slenderness Effect :

M2

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

[K_'“j < (M_lz(ﬂ) A0 ACI 10-12-2
r

I
R: radius of gyration=0.3 h = \/;
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K=1
Lu=3.0m
r=0.3h=0.3x05=0.15

ﬂ:lo
M?2

Oil?:') <34-12x1<40............... ACI —(10.12.2)

20<22<40
.. ShortColoumn

. Slenderness effect must not be considered

P, mao = 0.8xAg{0.85 fc +r  (f, —0.85f, )}
4666x1000 = 0.8x 200x1000{ 0.85x 24+ (400—0.85x 24)}
r,=0.023x10°

A <= 0.023x 10°x 2000
A <= 46 cm?

Check Asmin:

r=r min = 1 %

Asmin= T minx Ag

As min — O.le (4OX 50)

AS min: 20 sz

9 As min = 20 Cm2< AS req = 46 sz

Use 10025 with As =49 cm? > Asgq = 46 CP?

4.9.3 Design of the Tie Reinfor cement
For @ 10 mm ties:

S <16 db (longitudonal bar diameter).............c......... ACl -7.105.2
S < 48dt (tie bar diameter).
S < Least dimension.

S<16x25=40cm
S<48x1.0=48cm
S<40

Use ®10@ 40cm ties
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4.9.4 Short Column Detail:

@10@40
| i
J ||
T
10825
50
@1 0240
| =1 B& ¢ 10@40
E=nE
10
_ im\m
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4.10 Design of Long Column (C22 in the Basement floor) :
4.10.1 Design of Longitudinal Reinfor cement :

Select column (C22) for design
Pu =3500 KN

Pn = 3500/(0.65) = 53864.6 KN

rg=35%

Pn=0.8* Ag{0.85* fc'+r g(fy—0.85fc')}

5384.6 = 0.8* Ag[0.85* 24+ 0.035* (400 - 0.85* 24)]
Ag = 0.21m?

Use 50*60 cm with Ag = 0.3 cm? > AQyeq = 0.21 cni?

4.10.2 Check Slender ness Effect :
Ku < 34—12ﬂ ............... 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= \/;

Lu=4.2m
M1&M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall
be permitted to be taken as 1.0.

KU gp_pp ML ACI —(10.12.2)
r M2

1% 4.2
0.3* 0.6

. long Coloumn

=23.2>22
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E.l
El =04—% .. [ ACI 3182002 (Eq. 10-15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
1.2DL  1.2(2100)

by =0.72
Pu 3500
* 3 * 3
|, _b*h” 05%0.6 0,009 m"
12
* *10% *
£l - 0.4* 23270.15*10°* 0.009 _ 48.7MN M
1+0.72
p°El
Pr=o—G . ACI 318-2002(Eg. 10-13)
(KLu)
2 %
, 34T _ 47 75MN.
(1.0*4.2)
M1
Cm=0.6+0.4 e ACI 318 — 2002 (Eq.10 - 16)
Cm=1.... According to ACI 318 — 2002 (10.10.6.4)
Cm
d, = >1.0 e ACIl 318 — 2002 (Eq. 10 -12)
1-(Pu/0.75R,

1
d =
" 1-(3500/0.75*17.75*10°)

=11>1

e. =15+0.03* h =15+ 0.03* 600 = 33mm = 0.033m
e=e, xd_=0.033*1.1=0.0363

e 0.0363

==

= 0.0605
0.6

From Interactio n Diagram
fP, 3500 , 145

A, 0.5*0.6 1000
r, =0.0229

A;=r1* A, =0.0229 * 50 * 60 = 68.4 cm?

=1692 Ps

Use 14925 with As = 68.7 cm? >As;¢ = 68.4 cm?

4.10.3 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter)....................... ACl -7.105.2
S <48dt (tie bar diameter).
S < Least dimension.
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Sacing <16x d, (Longitudinal bar.diameter) =16x 2.5=40cm
Spacing < 48x d, (tiebar .diameter) = 48x1.0= 48cm

Soacing < Least.dimension =50cm

. Use If 10@40cm

4.11 Design of I solated Footing (F8) : P
4.11.1 Load Calculation :

Total factored load = 2000 KN.

Column Dimensions = 40* 40 cm. b et
Soil density = 18 Kg/cm3.

Allowable soil Pressure = 500 KN/m2.

Assume footing to be about (50 cm) thick.

Footing weight = 1.2%(24%0.5) = 14.4 KN/m2. <L
Soil weight above the footing = 1.6 (0.5) * 18 = 14.4 KN/m2. R
Base Slab weight = 1.2%0.10% 24 = 2.9 KN/m2. w
Pnet =(14.4+14.4+2.9) = 31.7 KN/m2.

Pnet =31.7 (1.75%1.75-0.4*0.4) = 92 KN .

Pu =2000 + 92 = 2092 KN .

4.11.2 Deter mination of Footing Area

PU_ 1 4%500

ovided

2092 <1.4* 500 = 700KN / m?

€q

> A,=3m?

Try 1.75* 1.75 m with area = 3.06m2 > A g = 3 M2
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4.11.3 Deter mine the depth of footing based on shear strength:
Assumeh=50cm ..... d=50-7-1=42cm

*Check for oneway shear strength

Critical Section at %+d

2,4=2% 042-062m
2 2

Foundation

Vu=s * M_(E+d) *B
2 2

VU = 683.7* (1'—;5 —0.62)*1.75= 305KN

f.\/c:f.(é*\/f_c'*bw*d)

f Vc=0.75* %* 24*1750* 420 = 450Kn

f Vc = 450KN >Vu = 305KN
. Safe

*Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

v, =f 12 |/ 0d
6" b,
1( a ’
fv, =f.=| -2 12/t bd
¢ 12(bo/d ] ©
fv, =f %\/ t'b.d

Where:

~ Column Length (a) 40

© " Column Width (b) 40

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

b, = 4(d + a) = 4(40+ 42) = 328cm

as = 40 for interior column
f Ve =f %(H bij\/ fc’ b,d = %* (1+ %)* \/24* 3280* 420 = 3374Kn
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*
f V. f—(b - }/ bd—075 (40 042)*@*3280*420:3320Kn

3.28

fV, =f —\/ bd—%* 24* 3280* 420 = 2250Kn

f V. =2250Kn ..... Control

VU, = Pu-FR,

FR, =s,, *area of critical section

VU = 2000 [683.7* (0.4 + 0.42) * (0.4 + 0.42)] = 1540KN
f Vc =1687.5Kn > Vu, =1540Kn........ satisfied

4.11.4 Design for Bending M oment:
At section A-A and B-B

oo
—»
98
|
o 3
Ag || _TA
tﬁ—s—: ] | 68
1 | 5450
o
w
oo
,'tg 68 ___ 40, 68 10
1 175 10
Footing No.
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S 2092 ,
1.75*175 Kn/m

Mu = (683—31.7) * 0.68* 0.68* .5* 1.75= 260Kn.m
Mu =260Kn.m for bothe side
Try to design it by Plain concrete

f Mn>Mu

* 2
f Mn=055* 0.42*\/2_*w

f Mn=825 KN.m

260>825 ... Not Satisfied
20
Using Reinforced Concrete. TETTVTTTTTT YN ITRTTITTPTUTUTY
EEE KN/m
260

Mn =——=288.6KN.m
09

6
ao Mn_ 2886x10° oo
bd 1750 X 420 —OOTIN0 { SECTION A-A )

. fy 400
0.85* fc  0.85*24

19.6

r _ 1 1_\/1_M — 0.00238
19.6 400

ASg., =T *b*d =0.00238*175* 42 =17.5 cm’
ASgyinage = 0.0018* b* h = 0.0018* 175* 50 = 15.8cm’
ASgeq =17.5> ASqyia0e = 15.8cm?

Select 12f 14....ASy s = 18.5cm* > 17.5cm?......0K

Select 12 14....AS,, s =18.5cm” >17.5¢n7 ..ok
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Check of strain:
A* fy=0.85* fc'*b* a
1850* 400 = 0.85* 24*1750* a

a=20.73mm
_ 2. 20.73 = 24.4mm
b, 085
e, = M* 0.003=0.049
424 .4

e, = 0.049 > 0.005—— ok

4.11.5 Development Length of main Reinforcement for Mul :

0.24fy 0.24* 400
db=
Jic 24
Ld@yreq = 0.044 xfy xdb =0.044 x400 x2.5 = 44cm
Ldyreq = 44cm < Ld)req=49cm=>control
175-40

2.5=49cm .

Ld)req=

AvailableLd = —7=60.5cm.

Available Ld = 60.5 cm > Ld(1)reg=49cm

Using hook >16*f

Required length of hook >16*f >16*2.5 =40 cm
Use Hooksel. = 45cm > Hookreq = 40cm

4.11.6 Check transfer of load at base of column:

f.Pn=f.(0.85fc’AQ)
f.Pn=0.65*[0.85* 24* (400* 400)]/1000 = 2121.6Kn
But Pu=1092 <f .Pn=2121.6Kn

.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels;
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As,;, = 0.005* Ag = 0.005* 40* 40 = 8cm?
Usethe column bars asa dowels

Select 8020

AS, vided = 25cm? > As

2
Req. = 8cm

4.11.7 Isolated Footing Detail:

45
P
165 o

150
130
40 ,
]
12814 L

#8815 1

115

l kﬂ 8220 m[

12814 L=165 e
115

25

D B 0 I
0 130 1
138
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4.12 Design of combined footing :

Footing for the column C103 & C104 :

C103:40*30 ...... Pu=1000 KN,

C104:40*30 ...... Pu=1000 KN .

Footing weight = 1.2% (24 0.45) = 13 KN/m2.

Soil weight above the footing = 1.6%(0.5) x 18 = 14.4 KN/m2.
Base Slab weight = 1.2x0.10% 24 = 2.9 KN/m2.

Pnet =(13+14.4+2.9) = 30.3 KN/m2.

Pnet =30.3* (2.5¥2.1 - 2*0.4*0.3) = 151.8KN .

4.12.1 Deter mination of the footing diminutions:

Allowable soil pressure = 500 KN/m2

Pu =1000+1000= 2000Kn

Pu = 2000+ 151.8 = 2151.8Kn

Distance between the two columnsis 1.2 m center to center
FR Positionat the center between the two coulumn

= X =0.6m from C103 center

= X =0.6m from C104 center

A _FR_21518
s 500
. select Ag =2.5%x2.1=5.25m" > 4.3m?

21518
5.25

4.12.2 Deter mination of the foundation depth:
Selecth=45cm ....d=37cm

4.3m?

=410Kn/m? <1.4* 500 = 700KN / m?.....OK

e Check for oneway shear strength
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2,4-9%% 037-057m
2 2

VU = 410* (0.68— 0.57) * 2.1= 94.7KN

f.\/c:f.(%*\/ﬁ*bw*d)

f Vc=0.75* %* 24* 2100* 370 = 475.8Kn

f Vc=475.8Kn >Vu =94.7Kn
. Safe
For other direction

3+d=%+037 0.57m

2
Vu = 410* (0.91- 0.57) * 2.5 = 378.5KN

f.\/c=f.(%*\/f_c'*bw*d)

f Vc=0.75* %* 24* 2500* 370 = 566.4Kn

f Vc =566.4Kn >Vu = 378.5Kn
. Safe

e Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

FyV, :f.é(nb—i)\/? b,d
F, =f —(b > erd
fv, =f —\/7bd

Whre:

Column Length (@) _40
¢ Column Width (b) " 30

=1.33

b, _ Perimeter of critical section taken at (d/2) from the loaded area
b, =2* (40+37)+2* (30+37) = 2.88m

a,=40 for interior column

fV, =f %(n bij‘/ f.b.d = %* (1+ 1—23} J24* 2880* 370 = 1634Kn
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*
fve =f. (b - ]w/ bd—o75 ( A 0'37)*@*2880*37O=1677Kn

2.88

fV, =f .%w/ £ bd = %* 24* 2880* 370 =1305Kn
f V. =1305Kn ..... Control

VU, = Pu-FR,

FR, =s,, *area of critical section

VU, =1000-[410* (0.4+0.37)* (0.3+ 0.37)] = 788.5KN
f Vc =1305Kn > Vu. = 788.5Kn........ satisfied

4.12.3 Design for Bending M oment:

e Bottom reinforcement

L
b1

L]
]
]
A"
R
1060 L=245
14

At section A-A
Mu = (410-30.3) * 0.90* 0.90* 0.5* 1=153.5Knm/m

Mn = 1535 =170KN.m

0.9
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6
Mn: 170x10 _1.24Mpa

Rn=
bd®> 1000x 3702

. fy 400
0.85* fc  0.85*24

, :l 1- 1_2xm><Rn
m fy

o1 {1_\/1_2><19.6><1.2J:0_0031

19.6

T 196 400
ASqeq =T *b*d =0.0031* 100* 37 =115 cm’
ASginage = 0-0018* b* h = 0.0018* 100* 45 = 8.1cm?
- As=11.5cm? /m

Select 10 f 20/2.5m.... ASyoviges=12.56cm?/m>11.5cm?/m...

.0k

Tension = Compression

As* fy =0.85* fc*b* a

1256* 400 = 0.85* 24* 1000* a

a=24.63mm

o _ 370-24.63
® 24.63

e, =0.042>0.005  ...... OK

*0.003

At section B-B
Mu = (410-30.3) * 0.48* 0.48* 0.5* 1= 43.7Knm/m

437

Mn=">" _ 48 6KN.m
0.9
6
Rn= Rn= 'V”Z‘ _ 486x10 _ = 0.355Mpa
bd®> ~ 1000x 370
fy 40 196

m= - = =
0.85* fc  0.85* 24

, :l 1- 1_2xm><Rn
m fy
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1 \/ 2x19.6x 0.355
r=—_|1-[1—
19.6 400

ASp., = *b*d =0.0009*100* 37 =3.33 cm’/m
ASqyage = 0.0018* b* h = 0.0018* 100* 45 = 8.1cm? / m
o As=As . =81cm’/m

J = 0.0009

Select 9f 16/2.1m....AS povided =8.5cm/m > 8.1 cm’/m.....ok

Check for Strain:

Tension = Compression

As* fy = 0.85* fc*b* a

850* 400 = 0.85* 24*1000* a

a=16.7mm

o _ 370-16.7
° 16.7

e, =0.063>0.005 ... OK

*0.003

» Toprenforcement :

=>»From moment diagram no top reinforcement required .

90



4.12.4 Check transfer of load at base of column:

f.Pn=f.(0.85fc’Ag)

f .Pn=0.65*[0.85* 24* (300* 400)]/1000 = 1591KN
But Pu=1000<f .Pn=1591KN

.. Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As,, = 0.005* Ag = 0.005* 30* 40 = 6cm?
Usethe column bars asa dowels

Sdect 6018

AS, s =15.3cm? > As. . = 6cm?

Req.

4125 Combined Footing Detail:

A A
) L

A I 11—
S| G | L)

__-|.| i =
3816 L=26 I
L. :

(19 |

10670 L=245h, —a o 4 J |

10820 L=245
195

i
o R L e R R e L T Tt R A T e Ty
D g L e Attt RS o K I Nt T S =
|:-,|_,.I-|._.. 3 S B e o e L o b e e e | =L

F‘ pale | =288 G|
35
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4.13 Design of Strip Footing:
4.13.1 Load Calculation :
Weight of wall (D.L.) = (height) Thickness * Imwide * y.
=30.9 * 0.25 * 24 =185.4 KN/m
From tow way rib D =7.8*3.2*7 = 175 KN/m
L =5*3.2* 7=112 KN/m

D.L ota = 185.4 + 175 = 360.4 KN/m
Total W=360.4 + 112 = 472.4 KN/m

4.13.2 Deter mine the Footing Width:

Allowable soil pressure = 500 KN/m?

W total 4724

- = =0.95cm
allowablesoil pressure 500

Footing width =

Select 1 m
The main reinforcement needs an enough

Distance to anchorage development length due

to the following Equation:

0.24x fy 0.24 x 400
L= d = x1.2 =23.51cm
NI J24
L= . fromeachsde wehavelL=43cm

So select 100 cm width of strip footing.

4.13.3 Deter mined of footing depth :
Assume h fgoting = 40 cM

4.13.4 Design of shear :

0= 1.2*Dw+1.6*L
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0= 1.2*360.4+1.6* 112=611.7 KN/m
p,=611.7*1=611.7 KN
N footing=40cm = d=40-7-1=32cm.

14.13.4 Bearing pressure:
pu_ _ 611.7

pnet= =611.7Kn\m’
Area 1*1
1
Vn :Vc :6‘\/ fc’ lq/\/d
DV, =V,
0.75*%\@*1000* g 8117, (1—2.25 4

= d=19cm.
= Total thickness=19+7+2=28cm .
= Sdlect h=30cm.

4.13.5 Deter mine Reinfor cement for Moment Strength:

footing width—wall width ) ( footing width—wall width )
2 4

= 611.7*1* 0.375 * (0.1875)
= Mu=43KN.m
d=30-7-2= 21 cm

MU = (Prer) (

Mn=22 _ 47.8KNm
09
6
Rn= M _ 478x10° _; hevipa = 0.59Mpa.
bd? ~ 1000 210
fy 400

19.6

m= - = =
0.85* fc  0.85* 24

r=tq- [ 2xmxRn
m f,
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o1 (1_ \/LM}O,OOZS

T 196 400
ASge, = *b*d =0.0028* 100* 21=5.88 cm?
Check As,,
* "% * * * *
. 0.25* \/fc'*b*d _ 0.25%+/24*1000* 210 _ A
Fy 400
Not less than
* * * *
As. - 14*b*d _14*1000%210 . .
Fy 400
Asreq < ASmin

1.3* As,,, =1.3*5.88=7.6cm’ > As,;, = 7.35cm’
ASgyinage = 0.0018* b* h = 0.0018* 100* 30 = 5.4cm’
. As = 7.35cm?

Select f 14@20....ASp, g = 7-7CM> > 7.35cm°.....0K

Select @14 @ 20 with As prov. = 7.7 C/m.

* Check of strain:

Tension = Compression
As* fy =0.85* fc*b* a
770* 400 = 0.85* 24*1000* a

a=15.1mm
X:E:E:ﬂﬁmm
bl 0.85
e, = M* 0.003 =0.032
17.8
e, =0.032>0.005  ..... OK

4.13.6 Development length of main reinfor cement:
For ®14 barsdb=1.4 cm :

Ld = fy

2,/ fc'
Ld = ﬂ1* 1*1*1.4

" 2J24

Ld =57.15> 30cm
AvailableLd=30-7 = 23cm < 57.15cm

abg.d,
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1
Jic

So a standard hook of (25 cm ) must be used to provide Ld.

0.24* fy*1.4*0.7* =19.2cm

4.13.7 Design of Secondary Bottom Reinfor cement
Asnmin for shrinkage & temperature

ASin=0.0018* b* h

Asnmin=0.0018 * 100*30

As=5.4 cm?

Select @14 @ 30 with As oy, = 6.16 CNP2.

4.13.8 Design of dowelsbars:
As mingeq =0.0012 * 100 * 21 = 2.52cm’
Use longitudinal shear wall bars

Use I 12@35 cm

_ by
Ld—z\/ﬁ

For f14 bars

abgd,

Ld = ﬂ1* 1*1*1.2

2424

Ld =48> 30cm

AvailableLd=30-7 = 23cm < 48cm

0.24* fy*1.4*0.7* 1 =19.2cm

Tic

So astandard hook of (25 cm ) must be used to provide Ld.
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4.13.9 Strip Footing Detail:

15em 5.0.G.
B g Fakrethylatng Thepts SO0 mleron Thick
T5em Compocled Hase cooree
Compacled Salecied FII
D m
=
T]
| R
¥
L =
d
10 38 5 2 10
10 a0 i11]
120
10. rp Footing als
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4.14 Design of Mat Foundation:

480

60 184 206 30
™
2555 35 =3B
X
C133 Sh.13
30x40
Sh.14
R
S ™
2
Sh.15
Sh.10 Sh.12 MAT 2
cl32
= 30x40
“ | £
® Sh.11
0. ooting

4.14.1 Load calculations:

Dya=0.25*25*31.51.0 = 196.25 KN/m
Elevator = 10 KN/m for each wall
Assume area=(4.0x4.8) m

4.14.2 Design of shear :
d=55-7.0-1=47cm

f Vc :O.75*%* Jfc'*bw*d

fVc=0.75* %* /24 *1000 * 470 = 287 .82KN

Pu,., =206.25KN /m = 206.25x1 = 206 .25 KN
f Vc =287 .82KN > Pu = 206 .25KN .......... .OK

4.14.3 Design of bending moment

By using the StaadPro.2007 software to analyze the foundation, the moment result is
asin the following chart:
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Fig.(4.27) Moment in Y -direction
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4.14.4 Design In X-directions:
h=55cm
d=55-7-1=47cm.

Fy =400 Mpa.

fc'=24 Mpa

Design of positive moment

+ve Mu, =285KN.m
_Mu_ 285

Mn —— =316.7KN.m
f 0.9

Mn  316.7¢10° _

_Mn _ _ 1.43Mpa
bd? 1000 * 4702 P

m= fy =19.6
0.85 fc!

. i(l_ |_2mRn ] _ L[l—\/l— 2*19.6*1.43J _ 0.0037
m fy 19.6 400

AS. =T *b*d =0.0037 *100 * 47 = 17.4 cm?

Svrinkage & temperatur e = 0.0018 * b* h = 0.0018 *100 * 55 = 9.9 cm?
As =17.4cm?.......... Control

* 2
Sdlectf 20 @15cm = As = %* (%J =20.9cm? > As,,, =17.4cm?
Design of negative moment
—ve Mu = -43.9KN.m
Mn = MY _ 439 _ 4g akN-m
f 0.9
* 6
Rn = an = 48.87 10 > = 0.22Mpa
b.d? 1000 * 470
m-—" __196
0.85 fc'
* *
c_A(; j_2mRn)_ 1 1_\/1_ 2%19.6*0.22 ) _ o 1o0ss
m fy 19.6 400

AS,, =T *b*d =0.00055 *100 * 47 = 2.6 cm?
Srinkage & temperatur e = 0.0018 * b* h = 0.0018 * 100 * 55 = 9.9 cm?
As =9.9cm®.......... Control

Select f 12 @10cm = As = @*(

10

p *1.2?
4

J =11.3cm? > As,, =9.9cm?
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4.14.5 Design In Y-directions:

Design of positive moment

+ve Mu =158 .5KN.m
—ve Mu = -150.5KN .m

Mn = MU 185 oeinm
f 0.9
* 6
_ an _ 176*10 _ 0.8Mpa
bd? 1000 * 470
me Y
0.85 fc'
* *
C_A(, [CzmRa)_ 1 (, [[_27198708)_, .0
m fy 196 400

As. =T *b*d=0.002 *100 * 47 = 9.6 cm?
Strinkage & temperatur e = 0.0018 *b* h = 0.0018 * 100 * 55 = 9.9 cm?

100 ,

* 2
Slect f 16 @ 20cm = As = 220 [&

4

=10cm? > As,, =9.9cm’
20

Design of negative moment

—ve Mu = —150 .5KN .m
Mn = MU 1805 e okn m
f 0.9

Mn  167.2*10°

bd?® 1000 * 470 ° P
m = fy =
0.85 fc'
* *
c_1(y fy_2mRn)_ 1 1_\/1_2 19.6*0.7 ) _ 4 4018
m fy 19.6 400

As. =r *b*d =0.0018 *100 * 47 = 8.46 cm”?
Srinkage & temperatur e = 0.0018 *b* h = 0.0018 *100 * 55 = 9.9 cm?

Select f 16 @ 20cm = As:@*(

20

p *1.62

]: 10cm? > As , = 9.9cm?
4
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4.15 Design of Stairs:

4.15.1 Deter mination of Slab Thickness:
-L=085+3.25+04=45m.

- hreq = L/ 20.

-heg=450/20=225cm ............. take h= 25 cm.
=  Useh =25cm.

-9 = tan™(194 / 325) = 30.3°

_CosB =0.86 @

» Thestairsat section (A-A) will be carried on the shear wall.

101



4.15.2 Load Calculations at section (A-A):

Do foxand
Lve lond
J : - 4 e L " W W1 iy it i 3 Wi 1) 42 .| :
0.4 3.25 1.75 g A
T
Dead L oad:

Horizontal Tiles = 0.03*22*(0.33/0.30) = 0.725 KN/mZ.
Vertical Tiles = 0.03*22*(0.16/0.30) = 0.35 KN/ m?.
Horizontal mortar = 0.03*22 = 0.66 KN/ m?.
Vertical mortar = 0.03*22* (16/30) = 0.35 KN/ m?.
Plaster = (0.03*22)/ (Cos 30.3) = 0.764 KN/ m.
Steps = (0.16/2) * 24.5=1.9 KN/ m?.
Slab = 0.25 *24.5/ Cos 30.3 =7.0 KN/ m?,

Total dead load = 0.725 + 0.35+ 0.66+ 0.35+ 0.764+ 1.9+7.0

=11.6 KN/ m?.

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

Factored load
Qu=1.2*11.6+ 1.6*5=21.9 KN/ m?.

For one meter Strip, qu =21.9 KN/ m.
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Load on landing :-
Dead L oad:
= Tiles& Mortar =2 KN/m2
= Slab =0.2525=6.25 KN/m2.
» Plaster =0.03*22 = 0.66 KN/m2.
Total dead load =2 + 6.25 + 0.66
= 8.9 KN/m2,

Liveload:

Live load for stairs =5 KN/ m?.
Factored load

Qu =1.2*8.91+ 1.6*5 = 18.7 KN/ n’.
For one meter Strip, qu = 18.7 KN/ m.

4.15.3 Design of Shear

=  Assume @ 12 for main reinforcement:-
So, d =25-2-0.6 =22.4 cm..
Taked=22cm

0.(4-30) Shear diagram of stairs at section (A-A)

Vu=536 KN .
f /T, *b,*d

fVvc=

_ 0.75* 4/24*1000* 220
6

Vu=53.6 KN < @.Vc=13472 KN.
>>>>No shear Reinforcement isrequired. So the depth of the stair isOK.

fVc =134.72KN
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4.15.4 Design of Bending Moment :

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

Mu = 86.8 KN.m.
Mn req = Mu/ 0.9 = 86.8/ 0.9 = 96.44 KN.m.
d=22cm.
Mn
AT
* 6
1000* 220
m-— _
0.85x fc
m=-_ % _196
0.85x 0.24
Y P LA N Jl—m — 0.0053.
m f, 196 400

Asreq = 0.0053*100* 22 = 11.66 cm*

fc' 14
bw)(d) > =—(bw)(d
4(fy)( w)(d) > fy( w)(d)

Nz
4(400)

Asmin=6.74 < 1.7

Asmin=

Asmin=

1.4
(100)(22) > -~ (100)(22)
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Asmin=7.7cm?.......... Control.

1.3* Asreq. = 1.3* 11.66 = 15.2 cm?
1.3*Asreq > Asmin.

Use As= 7.7 cm?.
Useld 12@10cm. .............. with As=(100/ 10)*1.13 = 11.3 cm?.
Asprovided=11.3 > Asreg...........c.eennon.....OK.

Check for strain:

Tension = Compression
A * fy =0.85* fc'*b*a
11.3* 400 = 0.85* 24*100* a
a=2.216cm
x:i:@: 2.61cm

b, 085

22-261
e,=————
2.61

e, =0.0223 > 0.005—— ok

*0.003

4.15.4.1 Development length of the bars:

fy
L, = —xa xbxgxd,
27 f ¢

L, = x1x1x1x1.2 = 48.99cm

400
224
Lq available > Lgreq=48.99
4.15.4.2 Secondary reinforcement:
As=1x Ao = L ,11.66=2.33n7

5 5
ASgyinage = 0.0018x bx h = 0.0018x 100 25 = 4.5cm’

Use®l0 @ 15¢cM ....cvveenennn. With As=(100/ 15)*0.79 = 5.3 cm?.

105



4.15.5 Stairsat section (A-A) Details:-

1.8

3.1

912@10
2120710

2.73

216@30 L=630

#12@70 L=185
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4.16 Design of Two Way Solid Slab:

4.16.1 Deter mination of L oads:

D.L =0.15* 24=3.67kN /m’
FromTANK D.L =10kN/m?
D.L =13.67kN/m?
SL=1.35KN/m’
qu=1.2*13.67+1.6*1.35

qu =18.6KN/m?

For Im Strip in X &Y direction qu=18.6 KN/m

620

Ly =6.2m

Lx=3.7m 370

%=%=1.68< 2.0
. Tow way 19. Wo Way S0l
Nmin = 125 mm

select h = 150 mm > hy, = 125 mm

From Table...% =1.68 then:
X

Kfx=11.9
Kfy =37.3
KAX = KAy =1.85
d,=d, =114
_qu*Ix? g 186" 3.7
Kfx X 11.9
qu* Ix? 4 186" 37
Kfy Y 37.3
qu*lx 18.6*3.7
KA
4.16.2 Design of Shear:
d=15-2-1=12cm
f *Vc>Vn

f*Ve= %* 0.75* /fc'*b* d = %* 0.75* /24 *1000* 120

f Vc=735>>Vu=37.2
.. No Shear Reiforcement Required

*1.14=24.AKN.m/1m strip

*1.14=7.75KN.m/1m strip

=37.2KN/m

Ax= Ay =
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4.16.3 Design of Reinforcement:
d=15-2-1.0=12 cm.

Mux = 24.4 KN.m

Muy = 7.75 KN.m

In x-direction.

o fy 400 _
0.85* fc  0.85*24

Mnx = & =27.1KN.m
0.9

19.6

* 6
RN |\/|I‘])(2 _ 27.1*10 _~1.9Mpa
b*d< 1000*120

2mRn)
fy
* *
r =i* - \/1——2 196 1'9) =0.005)
19.6 400
As,, =0.005*100*12 = 6cm?/m

r :1(1— 1-
m

0.25,/fc 5724 * 1000*
e - C s e g _ 0:25V24%1000* 120

min = 3.67cm2
fy 400

But not less than

As - 1.4* bw* d* _ 1.4*1000* 210

in =4.2cm?/m
fy 400

ASgyinage = 0.0018* 100* 15=2.7cm?’ / m
100* 0.785

%Iect If 10@1250m:> ASProvided :T = 6280m2/m

In y-direction.
m= fy - = 400 =19.6
0.85* fc  0.85*24

Mnx = E =8.6KN.m
0.9

* 6
Rn= Mnx2 = 8.610 5 =0.6Mpa
b*d 1000*120
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lg fp2mRn,
m fy

r :i* (1_\/1_M):00015)
19.6 00

As, =0.0015*100* 12 = 1.8cm? /m

_ 0.25 fc' b*d = 0.25v24*1000* 120

. =3.67cm?*/m
As,in fy 200
But not less than
* * A 2 * *
As,. - 1.4*bw*d _ 1.4*1000* 210 420/ m
fy 400

ASgyinege = 0.0018% 100* 15= 2.7cm? /m
*

Select If 8@15cm=> AS,, ey = %55024 =3.34cn?/m

4.16.4 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 oy, = 3.33 cm?/m > 2.7 cm?/m.
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4.17 Design of Basement wall:

5 KN/m
: E
.'.: 13.87KN/m

g

9.95 m

% 138.75 KN/fm

2 \ 1.85 m

\

T i

2.T7T5 m

4.17.1 Load Calculation:
€, =y* h *K,
8 =30° & K=05 y=18KN/m3
e, = 18+*5.55*0.5= 50 KN/m?
e,=P*K,

=5*0.5 = 2.5 KN/n"’

4.17.2 Thickness Calculation:
Assumep =0.01
Mu=72.8kN.m
Mn=72.8/0.9 =80.9 kN.m

110



o Fy 40 _
0.85fc'  0.85* 24
Rn=r * fy(1-0.5mr ) = 0.01* 400* (1— 0.5* 19.6* 0.01) = 3.6Mpa

19.6

* 6
Rn=1 g =\/ 809710° _ _150mm
bd 0.91000* 3.61
h =150+ 30+10=190mm
select h=250mm
4.17.3Wall D%ign:
d=25-3-1=21cm
* 6
_ Mnx2 _ 80.9*10 _—183Mpa
b*d 1000* 210
= La 2R
m fy
r =i*(1—\/1——2 19.6 1'83)=0.OO48
19.6 400

As,, =0.0048*100* 21= 10.1cm? /m

0.25,/ fc' ) * *
_ 5/ *b*d=025\/24 1000 210:6.43cm2/m

ASmin fy 400
But not less than
* * A 2 * *
As, = 1.4*bw*d _ 1.4*1000* 210 _74em2/m
fy 400

ASgyinage = 0.0018* 100* 25 = 4.5cm?/m

AS ¢q = 10.1 cm? /m> AS i = 7.4cn? /m

Select d14@15cm with As=10.3 cm?/m

AS i, =0.0012% b * h
=0.0012 = 100 * 25
=3.0cm?/m
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4.17.4 Design of Secondary Reinfor cement:
Select the greater of:
1- As = (1/5)* Asmain. = (1/5)*10.1 = 2.02 cm?/m

2- As for shrinkage and temperature= 4.5 cm? /m

| Select ®12@25cm with As = 4.52 cm?/m

Check for Shear:
f *Vc>Vn
i *VC=%* 0.75* \[fc'*b*d :%*0.75* J24*1000* 210

f Vc =128.6 >>Vu =53kN
.. No Shear Reiforcement Required

4.18 Design of Shear wall:

4.18.1 Calculation of loads:
W gioor = 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) = 36580 KN

W Ground Floor = Weight of slab + Weight of stairs + 0.5% (Weight of upper columns
&walls + Weight of lower columns & walls) = 21767.7 KN

W Eirst Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls + Weight of lower columns & walls) = 21914.1 KN

W second Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns
&walls + Weight of lower columns & walls) = 20678.4 KN

W 1hird Fioor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &
walls + Weight of lower columns & walls) = 19949.3 KN
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W Eourth Floor = Weight of slab + Weight of stairs + 0.5% (Weight of upper columns &
walls + Weight of lower columns & walls) = 15446 KN

W Fitth Floor = Weight of dlab + Weight of stairs + 0.5% (Weight of upper columns &
walls + Weight of lower columns & walls) = 11536 KN

W sixth Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &
walls + Weight of lower columns & walls) = 3241 KN

WTotal =W Basement T \W Ground T \W Firg \W Second t w Third \W FourthT w FifthT w Sixth

Wrota = 150511 KN

4.18.2 Calculation of shear forceon " shear walls”:
From Uniform Building Code 1997(UBC), the total design base shear in a given

direction shall be determine from the following formula:

Cv.l
V=—W........ Eq.30-4
R.T (Eq )

Thetotal design base shear need not exceed the following:

W (Eq.30-5)

Thetotal design base shear shall not be less than the following:

V =0.11Cal W............... (Eq.30-5)

hn = H guilding =30.2m

Z=30
R=55

| =10
Ca=024

Ct = 0.0488
Cv=0.24
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Where:

Z = seismic zone factor as givenin Table 16-I.

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.

| = importance factor given in Table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in Section 1630.2.2.

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

hi, hn, hx = height in feet (m) above the base to Level i, n or X, respectively.

Eq...30-8 (UBC)T=C,(h )"

T =0.0488*(30.2)*“=0.63
Cv* | 0.24*1.0
1= W=
R*T ~ 55*0.63
Not Exceed
* * * *
25*Ca*l,, _25*024*1
R
And Not Less than

V, =0.11* Ca* | *W =0.11* 0.24* 1* 150511 = 3973kN

*150511=10425kN

V, = *150511=16415kN

->->V =10425 kN ---- Control
Ft =0.07 x T xV = 0.07 x 0.63 x 10425 = 460 kN

2111183
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430208 kN FX Diagram

6605 2370.4 kN

oo 4047.2 kN

+19.403 5874 kN

1502 7416.2 kN

az20.] \ 8678.2 kN

08308 \ 9561.7 kN

05,00 \ 10425 kN
+00.00 0

By using the softwar e (Staad pro.) to Analysisthe shear wall it was get result as

thefollowing:
(a8 TOTKN Vu Diagram 707K , a0 6 OCOKN Mu Diagram
5 120N 220K\, ¢ 5 245N

+26.60—— +26.60—

B 140 KN veOKN i 4 6957 KN
0

19203 1608 KN 1698@18 19203 12225\

15802 1891 KN 1&9151}‘ g 15802 183BKN

220" 203N @Lg 220 25146\

D ‘ZlﬂkN 2121 Ky o P ‘32472|<N
0

CBD 201k 2201 KN o P 20108k
n

002 002 4303 KN

<<<<<<<

4.18.3 Shear Wall Design Parameters:

Fc =24 MPa
fy Fy =400 M Pa.

h=25 cm. Shear wall thickness.
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L= 5 m. shear wall width
Hw=30.2 m. Story height.

4.18.4 Design of the Horizontal Reinfor cement:

Vu=2201 KN
Vn=2201/0.75 = 2934.7KN

d=0.8*Lw=0.8*5=4m.

!

fe xhxd

V=

Vc = l* 24 * 250* 4000
6 Vs=Vh—-Va
=2934.7 - 816.5 =2118.2 KN.

An_ Vs _21182%1000 _ 132 mm.
s, fy*d  400*4000

& = 0.0025* h=0.0025* 250mm = 0.625mm.
S

S, =Lw/5=5000/5=1000 mm.
SZ =3*h=3*250cm=750 mm.
Use 2 ®12 with As = 2.26 cm?.

An _1 35 mm > 0.625 mm

S
226 _1 3om
S
-> S, = 171.2mm

Select SZ =15cm< S2 =17.12cm< 82:75cm

Use 2012 @ 15cm C/C for the reinforcement in two layers.

4.18.5 Design of the Vertical reinforcement:

_ Chw A .
A\, =[00025+05(25-— )(Sz S--00025)]S,*h

hw _302_co4s25
Lw 5
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>> A/n =0.0025 S; h.

S, = Lw /3 =5000/3=1666.7 mm.
S,=3* h=3*250 =750 mm.

Use 2 ®12 with As = 2.26 e,

>>226 = 0.0025* S * 250
S, =361.6mm
Select §=35cm< S _ =60cm

Select 3235cm< S =60cm< 32166.7cm

Use 2012 @ 35cm C/C for the reinforcement in two layers.
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4.18.7 Shear Wall Detail:
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1. American Concrete Institute (A.C.1.) , Building Code
Requirement for structural concrete (ACI - 318M — 02).
2. Uniform Building Code (UBC-97).
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