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List of Abbreviations

Ac = area of concrete section resisting shear transfer.
As = area of non-prestressed tension reinforcement.
Ag = gross area of section.

Av = area of shear reinforcement within adistance (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

Fr = modulus of rupture.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.

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

LL =liveloads.

Ld = development length.

M = bending moment.

Mu = factored moment at section.
Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load
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S = Spacing of shear or in direction parallel to longitudinal reinforcement.
V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Woc = weight of concrete. (Kg/m?).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.
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Chapter Four

Structural Analysisand Design

4.1 Introduction

The main objective of this project isto prepare the structural design for the
Applied Sciences College building. After the study of the building architecturally
and structurally we begin this chapter with the process of structural design.

In This Project, there are three types of sabs: one-way, two-way ribbed
slabs and one way solid slab. we would be analyzed and designed by using finite
element method of design, with the aid of "ATIR - Software" to find the internal

forces, moments and deflections for several structural e ements.

The design procedure starts from the top to the bottom of structure, so,
numbers were being given to each member to ssimplifying and classifying these
members. The key plans for each level which show the keys for each member can
be shown in the Figures in appendix "B", and then the calculation started step by

step from the roof to the foundation.

4.2 Factored L oads:

The factored loads on which the structural analysis and design is based for
our project members, is determined according to ACI 318-02 (9.2.1):

Qu=12DL+16LL
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4.3 Determination of thicknesses:
4.3.1 Determination of thicknessfor oneway ribbed 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 be satisfied according to ACI Table (9.5.a):
For rib (R 6) in the basement floor, as shown in fig (4.1).

Fig. (4-1) Rib (6) in the basement floor

Determination of thickness:
Length of exterior spanis. 3.4 m, then

L 340 = 184 cm
185 185
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The maximum length for interior spanis. 4.3 m, then

L=@: 20.5cm Seected

21 21

4.3.2 Determination of thicknessfor two way ribbed slab:-

The figure (4-2) shows the two way ribbed slab (R 1).

] [ [E

15| 40 115 40 |15| Sectiona.a

Fig. (4-2) two way rib slab

=l




v - (2*.2*.08*.04+.15*.32*.16)_0112 n
Re (2%.2%.08+.15%.32) '

=11.2cm
55%(.112)°  (55-.15)#*(.032)° , 15+ (.208)°

3 3

-4
| qab = 7.03;(35210 %9.7=12.4012x 1072 m"

~7.0316x10~4 m*

Irib:

=124x107*

6%(.32)°

| gg = = 6.5536x1073 m’

= 65.536x 10
2%.3%.32+.16+.4%.62+.31)
(2%.3%.32+.4%.62)

= 24.45cm

1+ (.24455)° L (.0755)° LA (:3)°
3 3 3

=86.2x107* m’

I
a=-2
IS

Y, = ( =0.24455

~8.6184x107°

|81:

 86.2x107*
 124x1074
_ 65.536x10™*
_a;+a, 069503+ 0.52852
meo2 2
=0.611775 Fig. (4-3) Sectionin beam (B1)

a, = 0.69503

=0.52852
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02<a, =061<20

According to ACI-code (eq 9.12):

1,08+ f,/1500)
" 36+5b(a,, —0.2)

ACI-318-02 ( Eq; 9-12)

b= 976 =1.3574

7.19
9.76*(.8+420/1500)

min — 36+(5*1357*(061_2))
= 27.18cm

=0.27180

1ect 32 [~ 440 _
@ ﬁrﬁhmmasﬁ- C

4.4 Load Calculation:
1. One- way ribbed dlab

For the one - way ribbed dabs, the total dead load to be

used in the analysis and design is calculated as follows:
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+ Dead load:

v" Rib: 0.12¥0.24*25 =0.72 KN/m length of rib
v’ Topping: 0.08*0.52*25 =1.04 KN/m length of rib
v Plaster: 0.02*0.52*22 =0.23 KN/m length of rib
v Block: 0.24*0.4* 10 =0.96 KN/m length of rib
v' Sand Fill:  0.05*0.52*16.4 =0.43 KN/m length of rib
v Tile 0.03*0.52*24  =0.37 KN/m length of rib
v’ Partitions: 1*0. 52 =0.52 KN/m length of rib
Total (DL) = 4.30 KN/m length of rib

|
Total (DL} = 4.30 KN/m length of rib

v

4 Liveload:

Liveload =50*052=2.6 KN/m
Factored dead Load =1.2* 4.30 =5.2 KN/m
Factored liveLoad =1.6* 2.60=4.2 KN/m
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2. Two - way ribbed dab:

Figure (4-4) shows a unit area for the two - way ribbed
slabs, the total dead load to be used in the analysis and design is

calculated as follows:

Fig. (4-4) Unit area of two way ribbed slab

+ Dead load:
v' Rib: 0.15%0.24*(0.55+0.40)*25 =0.86 KN/Unit
v' Topping: 0.08*0.55*0.55*25 = 0.61 KN/ Unit
v Plaster: 0.02*0.55*0.55* 22 = 0.13 KN/ Unit
v Block: 0.24*0.40*0.40* 10 = 0.38 KN/ Unit
v' Sand Fill:  0.05*0.55*0.55*16.4 =0.25 KN/ Unit
v Tile 0.03*0.55*0.55*24 =0.22 KN/ Unit
v Partitions: 1*0.55*0.55 = 0.30 KN/ Unit
Total (DL) = 2.75 KN/ Unit




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 = 4301 1072 =6.88KN /m?
0.52 0.52

Wu = (1.2*6.88) + (1.6 * 5)
= 16.3 KN/m2

—> For aone meter strip Wu = 16.3 KN/m2
Assume slab fixed at supported points (ribs):

_Wu*l? _163x04°
T T 12 1z

Mu =0.22 KN.m

fo= 24 MPa
.I:r. 20.42>< /fcr(MPa) = 042 X A/ 24 (MPa ) = 206 MPa
= 2.06 x10 "3 x10°% = 2060 KN /m?

Mn=fr*s (ACI 318-02-chapter 21)
5= bgz _1.00x(0.08%)
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=0.22 KN.m

No structura reinforcement is needed. Therefore, shrinkage and
temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement:
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For F,=420MPa
p =0.0018 ACI-318-02 (7.12.2)

As = p* b* h=0.0018* 100 * 8 = 1.44 cm?*/1m

Select 10 8/25cm with AS provided = 2.00 cm?/Am in both directions

. _‘_‘-‘
Y
L
!
I .ﬁ“ .

‘ o falsct 108/ Bam « In both directions

% Al prmdeq ® 2,006/ 4m
—— —— -
V

4.6 Design of rib (6):

By using ATIR program we get the envelope moment and shear
diagrams which shown in figures (4-5) and (4 6) respectively.

Fig. (4-5) Moment diagram for rib (R 6)




Fig. (4-6) Shear diagram for rib (R 6)

4.6.1 Design for positive moment for Rib (6):

The maximum span length for (R 6) is4.30 m,
Effective Flange width ( b.) ACI-318-02 (8.10.2)

be For T- section isthe smallest of the following:
b. =L/4=430/4=108 cm
b. =12+ 16t=12+ 16 (8) =140 cm
b. = C/C=52cm

Comtrol o >

Use M, max positive for all spans= 10.3 kN.m

M, =10.3/0.9
=11.44 KN.m

=1.144 ton.m




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

For a=t=8cm

C=0.85 fc't b, =0.85(0.24) (8) (52) =84.86 ton
d=h-cover-dy/2=32-2-1.2/2 =29.4cm

Mn,=Tor C(d-a/2) =84.86 (29.4 - (8/2)) / 100 =21.55ton.m

Mp availavle = 21.55 ton.m > M, requires =1.144  ton.m

Design as arectangular with b, =52 cm

\/(f_) (bw)(d) _—(b )(d) ACI-318 (10.5.1)

2
4(420)

Asmin=1,028 cm2 = 1.176 cm2
Asmin=1.176 cm?

_fy 4
0.85fc’  0.85(24)

Asmin=

(12)(29.4) > s (12)(29 4)

=20.58

Mn  1.144 *(10)°
bd 2 (52)(29.4)2

* *
o Y(y fp_2mRn ) _ 1 1_\/1_ 2* 20 .58 * 2.55
m fy 20 .58 4200

=6.1x10"

Rn =

2.55Kg /cm?

As = 61x10* (52)(29.4) =0.93 cm’ <Asmin=1.176cm’
Comfral o >

Select 2010 bars with As =1.57 cm? for all spansin the beam
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4.6.2 Design for Negative Moment for Rib (6):

The maximum negative moment from spans with support is
Mu = 14.4 kN.m
Mn =14.4/0.9=16 kN.m

=1.6ton.m

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

(b=byw)

Asmin= 21/(5,) (bw)(d) = %(bw)(d) ACI-318

(10.5.1)

Asmin=1.028 cm2 = 1.176 cm2
Asin=1.176 cm’

m = 20.58

Mn 1.6 * (10)°®

= — = - =3.56Kg /cm?
bd2  (52)(29.4)

* *
c_A( jp_2mRn |_ 1 1_\/1_2 20.58 * 3.56
m fy 20 .58 4200

=858x10™
A s=858x10" (52) (29.4) = 1.30 cm?

1.30cm2 > As(min) = 1.176 cm®

STl control o >

Select 2410 bars with As=1.57 cm?

Rn
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4.6.3 Design shear for Rib (6):

From envelope shear which shown in figures (4 6):
Vy=17.9KN

©.Ve= o+ I b g

=(0.75* g 12* 29.4)*100/1000

=216 KN
Vi< OV,
050V, =21.6/2=108KN
05DV, <V, < (DV,)
According to ACI 318-02 11.5.5.1 the ribbed slab can be taken under

the exception as floor joist construction.

-Except for:-
- Slabs and Footings.
- Floor joist constructions (Ribs).

- Beams with depth < 25 cm.
< 25tf.
<05bw.

So, NO Shear Reinforcement can take place.
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4.7 Design of Beam ( B 41)

Figure (4-7) shows the beam (B 41) which locates in basement floor.

Bl

Fig. (4-7) Beam (B 41)
4-7-1 Load Calculations:-

** |_oadson beam (B 41):

Assumptions
Dead load = 4.30/ 0.52 = 8.26 KN/m? Beam depth=32 cm
= 8.26* (1.39 +1.45) Beam width = 80 cm
— 346 KN/ @ 20, for I'Eﬂam Reinforcement
@® 10, for links
Liveload = 5.00 KN/m?
= 5.00*(1.39 +1.45)
=14.2 KN/m?

Self weight = 25¥0.32*0.8 = 6.4 KN/m

(e




By using Atir software, we found that the Envelop of Bending Moment for

this beam according to its spans, supports & loads actingon it asin figure (4-8).

Fig. (4-8) Moment envelope for beam (B 41)

4-7-2 Deter mination of beam width:

d=h-Cover-di2=32-4-1-2/2=26cm
Assumer = 0.5r ma

Xy, 26
0.003 0.0051

Xp=15.3cm
ap =P1* X,=0.8515.3 =13
0.85*fc*b* a, =p p,*b*d*fy

* N *
0y = 0.85* 24 1320.0243
26* 420
P max =0.75* Pp =0.75*0.0243
=0.01821

P sdected =0.5*0.01821=0.00911

From moment diagram Mu max = 143.2 KN.m
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fy 420 -
m — e — 20.6
0.85fc 0.85 = 24

En= ofitl  0.50m)
— L0081 w2 Q2N L — 05 s O, 0091 ] = 2.6
=3} 4672 Mpa

3
Rp Mn _ . . 1432410
ba” 0.9+ b« 0.26°
* 103
Smb-— 2D 067885,
0.9* 3.4672* 0.26

| Salleah

eb=80cm

4-7-3 Design for positive moment:

A= (o)) = L4 (b))

4% fy Ty
J24 1.4
= g (80)(26)= 22 (80)(26)

6.07cm? > 6.93cm?

Asmin = 6.93cm?

As max = 0.01935*80* 26 = 40. 24 cm 2
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Span (1)
Mu= 143.2 KN.m
_ Mn_ 1432*10°°
bd? 0.9* 0.8* 0.26°
m=20.6

*
r :l(l_ _2m Rn)
m fy
* *
_ 1 1-\/1— 272067294 _ 4 5940+ 103
20.6 420
As=7.5940*10"3* 80* 26 =15.79 cm?

Use @ 16 with As, = 2.01 cnm?
Select 8 d 16

Rn =294

Span (2):
Mu=129.8 KN.m
Mn  129.8*107°
bd? 0.9*0.8*0.26
m=20.6

*
r 23[1_ /1_ 2m RnJ
m fy
* *
- 1—\/1— 2720072861 _ g g110+1072
20.6 420
As=6.8112*10°*80* 26 =14.167 cm’

Use ® 16 with As = 2.01 cm?
Select 8 d 16

2.66
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Span (3):
Mu=50.7 KN.m
~Mn_ 507*10°
bd? 0.9*0.8* 0.26°
m=20.6

*
r :l{l_ _2m Rn]
m fy
* *
- L 1—\/1—2 2067104 _ 5 5428+ 1072
20.6 420

As=2.5428*10"3* 80* 26=5.28 cm?
Use ®16 with As, = 2.01 cm?

Rn 1.04

Select 4 ® 16
Span (4):
Mu=67.4 KN.m
*10-3
Rno Mn _ 67.4%107° | o

" pd?2  0.9*0.8*0.262
m= 20.6

*
' _i[l— 1_ 2m an
m{ fy
* *
-1 1—\/1— 272067138 | _ 3 4051+10°2
20.6 420
As=3.4051*10"3* 80* 26 =7.08 cm’

Use ® 16 with As, = 2.01 crm?
Select 4 © 16
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4-7-4 Design for negative moment

** Support (2)
Mu=224.4 KN.m
_ Mn _ 224.4%10°°

bd? 0.9*0.8*0.262
m=20.6

*
r :££1_ _2m an
m fy
* *
_ 1 1_\/1_2 206* 461 | _ 5 sevqg-?
20.6 420

As=12.615*10"3* 80* 26 = 26.24 cm’
Use @ 20 with As = 3.14 cm?

Rn 4.61

Select 9 ® 20
** Support (3)
Mu=165.6 KN.m
* -3
_ Mr; _ 165.5* 10 . _3.40
bd 0.9*0.8*0.26
m= 20.6
*
r =1(1— 1- 2 R”j
m fy
* *
-1 1—\/1—2 20.673.40 | _ ¢ 9136 *10-2
20.6 420

As = 8.9136 * 103+ 80 * 26 = 18.54 cm?
Use ®18 with Asy, = 2.54 cm?
Select 8 d 20
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** Support (4)
Mu=88.6 KN.m
*1A-3
RN - Mn  88.6*10

" bd?  0.9*0.8*0.262
m=20.6

r =1(1— | 2m* an
m fy

* *
_ 1 \/1_2 206*1.82 _ ) cpnri g3
20.6 420

As=4.5462* 1073 * 80* 26 = 9.45616 cm?

=182

Use ©16 with As, = 2.01 cn?

Select 5 16

4-7-5 Design of Shear

Fig. (4-8) Shear envelope for beam (B 2)

Vu max= 188.4 KN at distance d from the face of support.

G




DV, = 0.75[ ;C ]bd

DVe - 075+ \/24 * 800*294 = 144.02 KN

. 1
min ®Vs=0.75* 5 * bd

1
=0.75* X * 800294 = 58.8 KN

@V + min ®Vs
= 144.02+58.8= 202.82 KN
OV, < VUumax =dV,+ min ®Vs

min Shear reinforcement is required

According to (ACI-318-code).
DO VS eq=Vu- DV,.
® VS oq = 188.4 -144.02 = 44.38 KN
Sieq=0.75*(Av *fy*d) /| ®VS g
Number of stirrups used: - = 2 stirrups.
S 1eq = 0.75* (4* 78.53* 420* 294)/44.38+ 10°

=654 mm
d
Sreqf:E
d _ 294

s =y = 147mm is Control

Select s=14cm
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4.8 Design of Two Way Ribbed Slabs

4.8.1 Design of Rib (R3):

Ly =10.58 m
Lx =9.20m

H:@:]_ls
Lx 92

Fromtable:
Kfx=25.8
Kfy=47.1
Ksx=10.5
KAXx=2.52
Kay=2.41

# Factored L oad:
0= 10.4 KN/m

2 M ux,M uy,msx:

_10.4* (9.2%)

Mux =34.12 KN.m

_10.4* (9.2

Muy =18.69 KN.m

~-10.4* (9.2°

Min msx= ) -83.83 KN.m
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_10.4*(9.2) _
Oax T 37.97 KN/m

~104"092) _39 7 K N/m

AY 241

+ design of Mux
Mu, =34.12 KN.m

d=29 cm
M, 34.12
M, = fU = 0.9 =37.9 KN.m
L, 37.9*10°
Rn =Mn /(0" 0)="550% 290?2

R, =0.82Mpa
m= fy/0.85* fc'=420/0.85* 24=20.58

* *
. :11_ 1_ZmRn
eq m fy

_L [ \/1_2*20.58*0.82
20.58 420

] =0.00198

Asreq = 0. 00198*55*29 = 3.2 cm?

Not less than

Select 2016 with As=4cm?2
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%+ design of Muy
Mu,=18.69 KN.m

d=29 cm

M, = I\:JU _18.69 20.76 KN.m
o 2076*10°

R =Mn /(0% d)="50 05 5902

R, =0.45 Mpa
m= fy/0.85*f¢'=420/0.85* 24= 20.58

* *
r,eqzi(l— /1_2 m Rn]
m fy

* *
1 (1_ \/1_2 20.58* 0.45

= = 0.00108
20.58 420 J

As e =0.00108* 55 29=1.72 e’
Not less than

AS min=145¢cm’ .......... OK
AS e =1.72 e’

Select 2012 with As=2.26cm2

+ design of min msx:
min msx =83.83 KN.m

M, = M, = 83.83 =93.14 KN.m

"f 0.9

74



93.14*10°

R =Ma /(0* )= 54 5902

R, =2 Mpa
m= fy/0.85*fc'=420/0.85*24 = 20.58

* m*
Afy p R
eq m fy

* *
1 [, \/1_2 2058*2 | _ o ooe
420

" 2058

As e =0.005* 55+ 29=7.97 cm?”

Not less than

AS e =3.2c?

Select 2025 with As=9.8cm?2

4.8.2 Design of Rib (R15):

Ly=11m
Lx=10.71 m
Ly 11

—=——=102=
Lx 1071 10

From table:
Kfx=41.2
Kfy=29.4

75



Ksy=11.9
KAXx=2.59
Kay=1.72

& factored load:
gu=10.4 KN/m

* Mux,Muy,msx:

_10.4* (10.77%)

Mux =28.95 KN.m

_10.4* (10.77°

Muy ) 240,57 KN.m

~-10.4* (10.77°
11.9
_10.4*(10.71) _
2.59

Min msy= ) =100.24 KN.m

43 KN/m

JAX

Guy =222 =64.75 KN/m

+ design of Mux
Mu, =28.95 KN.m

d=29 cm
M 28.95
M =My _ _32.16
) i _32.16*106
R =Mn /(0" 0)="550% 2902

R, =0.695Mpa
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m= fy/0.85*fc'=420/0.85* 24=20.58

* *
- :1(1_ /1_mj
m fy

= ﬁ (1— \/1— 2 20'22; 0'695] =0.00173
Aseq =0. 00173*55* 29=2.76 cm’
Not less than
AS nin =1.45 c.......... OK
AS,eq =2.76 c’

Select 2014 with As= 3cm2

+ design of Muy
Mu,=40.57 KN.m

d=29 cm
M 40 .57
M, = fU: 0.9 =45.1 KN.m
N 45.1*10°
R =M /(b* )= 5555 5902

R, =0.975Mpa
m= fy/0.85* fc'=420/0.85* 24=20.58

1 {1_\/1_2 20.58* 0.975

=0.002.49
420
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As req =0.00249* 55* 29=3.79 cm?’
Not less than

AS nin =1.45 cn?
AS,eq =3.79 e’

Select 2016 with As=4cm2

+ design of min msx:
min msx =100.24 KN.m

M 100.24

M =—Y — ~=111.37
o _111.37*106

R =M /(b d)="5e 04 5902

R, = 2.4 Mpa
m= fy/0.85*fc'=420/0.85* 24=20.58

* *
rreqzi(l_ 1_2 m Rn}
m{~ fy

* *
1 {1_ \/1_2 20.58* 2.4

" 2058 420

j =0.0061

As ey =0.0061* 55* 29=9.72 cm?
Not less than

AS min =145 cm’.......... OK
AS,eq =9.72 e’

Select 225 with As=9.8cm?2
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4.8.3 Design of Rib (R16):

Ly=11.17 m
Lx=11m
Ly_1117_ o

Lx 11

Fromtable:
Kfx=59.5
Kfy=44.1
Ksx=18.3
Ksy=16.2
KAx=2.21
Kay=2.11

+ factored load:
gu=10.4 KN/m

%+ M ux,Muy,msx:

_10.4* (12%)

Mux =21.15 KN.m

_10.4* (12%)

Muy =28.53 KN.m

~104* (17

Min msx= ) 268.76 KN.m

~10.4* (17%)

Min msy= =77.76 KN.m

79



_104* (1) _
Oax 521 51.76 KN/m

Qay =100 25422 KN/

#* design of Mux

Muy =21.15 KN.m

M. 211

)= f“ =09 =23.5 KN.m
o 235%10°
R =M /(b* )= 5555 5902

R, =0.508Mpa
m= fy/0.85*fc'=420/0.85* 24=20.58

* *
rreqzi(l_ 1_2 m an
m\~ fy

* *
1 {1_ \/1_2 20.58* 0.508

" 2058 420

] =0.00123

As e =0. 00198* 55* 29=1.96 cm’
Not less than

AS nin =1.45 cm?®
AS ¢ =1.96 c?®

Select 2014 with As= 3cm?2
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%+ design of Muy
Mu,=28.53 KN.m

d=29 cm
M, 28.53
M. = fU =09 =31.7 KN.m
L, 3L7*10°
Rn =Mn /(0" 0)="555% 2902

R, =0.685Mpa
m= fy/0.85*fc'=420/0.85* 24=20.58

* *
r :11_ 1_ZmRn
€q m fy

* *
1 (1_ \/1_2 20.58* 0.685

" 2058 420

] =0.00165

As ey =0.00165* 55* 29=2.63 cm”
Not less than

AS nin =1.45 cm?®
Select AS e =1.72 e’

Select 2014 with As=3cm2

+ design of min msx:
min msx =68.76 KN.m

Mo oMy 8876 Lo

"f 0.9
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68.76*10°

R =Ma /(0* d)="ce 54 5902

R, = 1.65 Mpa
m= fy/0.85* fc'=420/0.85* 24=20.58

* *
r :11— 1_2mRn
€q m fy

* *
1 (1_ \/1_2 20.58* 1.65

=— =0.0041
20.58 420

As req =0.0041* 55* 29=6.54 cm”
Not less than

AS in =1.45 cn?
AS e =6.54 c’
Select 222 with As = 7.6cm?
% design of min msy:
min msy=77.76 KN.m

M. 77.76
M =My _ _86.3
n Ty 0.9 KN.m
86.3* 10°

R =Ma /(0* d)=55 035007

R, = 1.86 Mpa
m= fy/0.85* fc'=420/0.85* 24=20.58

* *
r :il_ l_2mRn
“m fy

N \/1_2*20.58*1.86
20.58 420

j =0.00467
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Asreq =0.00467%55%29=7.45 cm?

Select 222 with As= 7.6 cm?2

4.9 Design of One Way Solid Slab (S2)

Lx =7.56+0.3+0.3=8.16 m
Ly =23.56+1.0 =24.56 m

L, _816 =033<05

L, 2456

# Determination the required thickness of slab:

hreq 2 %* M , M. modification factor

M = (0.4+ fy/700)...........c...... for fy = 420 MP.
Then M= (0.4+420/700)=0.4+0.6=1.0

heq = Z_LO* M = %*1.0 =40.8 cm

Select h=40 cm

% Deformation of sab:

D.L of slab of one meter strip:
D.L =1*0.4*25=10 KN/m
(D.L) =10 KN/m
(L.L)=5*1.0=5 KN/m
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D.L of plaster:
D.L =0.03*1*22=0.66 KN/m

Tota dead load =10.66 KN/m
Liveload =5 KN/m

* Internal forces:

qu=1.2*D.L+1.6*L.L=1.2*10.66+1.6*5
=20.792 KN/m

_q,*L* _20792*8.16°

My = 5 =173 KN.m
Vi = qu2 L _ 20.7922 8.16 _8483 KN

# Design of shear:
>Vu . Vc

1
®. Ve=

226.57 KN >V, =84.83 KN
®d.Vc>>Wu

0.75* %* 4 fc'*b*d =0.75* E* 24 *1000* 370

No shear reinforcement isrequired

+ Design of main reinfor cement in the direction of the span:

My =173 KN/ m
Vu =84.83 KN
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M :ﬂ:%:mzz KN.m

"of

 192.22*10°
Ro =Mn /(0" d)=1 000+ 3707

R, =1.4 Mpa
m= fy/0.85* fc'=420/0.85* 24=20.58

* *
21(1_ /1_mj
m fy

* *
1 (1—\/1—M]:0.00345

" 2058 420
Asreq =0.00345% 100* 37=12.78 cm? /m
Check Aspin:

*
0.25*\/W*bfyOI ASyin =

0.25* @*%ésm ~1078 cn?/m =

Not less than:
AS in =1.4*b* dify
=1.4*1000* 370/420= 12.33 cnt /m
Asreq > ASyin— 12.78 cn? /m>12.33 cnt’ /m

Select @14 with As= 1.538cm2

_ 15386
1278

Select S=12cm

*100 =12 cm
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Chick for S:

S < 3*h=3*40=120 cm
12cm<120cm............... ok

S<450 mm

12cm=120mm <450 mm ................ ok

% Design of secondary reinfor cement:
Asreq = Asyin for shrinkage and temperature:
=0.0018* b* h=0.0018* 100* 40=7.2 cm’
But not less than:
1/5* Asyin =0.2%7.2 =1.44 cn?
As e =7.2 CMP
Select 12 with As=1.13cm2

Sreq = %*100 ~15.7 cm

Select S=15cm< Sreq
Chick for S:
1. S<3*h=3*40=120 cm
15 cm<120 cm
2. S<450 mm
15cm=150mm<450 mm ................ ok

+ Top reinfor cement:
L >0.15*Lx =0.15*8.16=1.224 m
=1.224+0.1=1.324 .......... selectL =1.5m
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A;%* AS = %*7.2 =24 cm?

As=2.4 cn?

Select 8/15 cm with As = 3.35cm2

4.10 Design of Column (C12)

+ Design of cross sectional area:

Designing the cross sectional area of the column will give small dimensions
which are not practically executed, so a (50cm x 60cm) cross sectional area
column is suitable for thisinterior column!
DL = 660.22KN
LL =2829KN
Pu=12DL+16LL
=1.2(660.22) + 1.6(282.9)
=12449KN for one story
For three stories
Pu=3*1244.9=3734.7 KN

Pnreq=Pu/ ® (where ® =0.65 -------- ACI 9.3.2.2)
=3734.7/0.65 = 5745.7 KN
User =r, =1%  -------- ACIl Code10.16.8.6

Pn=0.8{0.85 fc' (Ag— ASt) + fy Ast} - ACI Code10.3.6.2
= 0.8Ag{0.85 fc' + P g (fy — 0.85(fc'))}
57457 =0.8Ag{0.85(2.4) + 0.01 (42.0 - 0.852.4))}
Ag req =2943.97 cm?
Select column section (50% 60) with Ag=3000cm?
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%+ Design of reinforcement:

Pn=0.8{0.85 fc' (Ag— Ast) + fy Ast}------- ACI Code10.3.6.2
= 0.8Ag{0.85 fc' + P g (fy — 0.85(fc )}

5745.7=0.8* (3000) { 0.85* (2.4)+ P g(42-0.85*(2.4)) }
P g =0.0085< P min=0.01
Select P min
As=P reg* Ag=0.01* 3000=30 cm®
Select 16016

# Slender ness effect:

e Check of dendernessratio KTIu
( Klu )<(34-12)( M1 ) ... ACl10.12.2
r M2

<40

Where:
Lu: Actual unsupported length.
k: effective length factor (K= 1 for braced frame).

r: radius of gyration = \/;

| = bh¥/12 = 60(50)¥/12 = 625000 cm’

A = 3000 cm*

r= 625000 =14.43 cm>.
\/ 3000

Klu 1*4.2m

—= =29.09 > 22

r 01443
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. Slenderness effect must be considered

s1= Cm >1
1— (Pu/.75Pc)

= 1 >1
(1— (3734.7/ 0.75PC)J

Deter mination of Pc:

p?xEl
klu

Pc =

_ 15000* /240
100

Est =20000 KN/cm?

Ec =2323.8 KN/cn?

* 3
| = 50760 _ 900000 cm*
12

gross

Is = 2(16(2.01) (19.4)?) = 24207.48cm’

El larger of:
0.2(Ec Ig) + Esls=0.2(2323.8)(625000) + (20000)(24207.48) =774624.5KN.cm?
0.4 Ec Ig = 0.4(2323.8)(625000) = 580950000 KN.cm?

2 %
pe= P 7746245 _ 2010 35KN

420°

Bd - 1923 _ 0.636
1244.9

sl= ! =1.13
1-(3734.8/0.75(43340.35)

emin =15 - 0.03(h) =15 - 0.03(450) = 15 mm

e used for the design = 15(1.13)=16.95 mm = 1.695 cm

89



The capacity (Pn) of the column

Cs=As(fy — 0.85xfc") = 7x2.01(42.0 — 0.85x2.4)
=562.23 KN

Cc = 0.85xfc'xbxa
= 0.85x2.4x50xa
= 0.85x2.4x50%0.85X = 86.7X

cs= 2 2%%)

0.003

=(32-X)| =,

j x 20000

Fs=(32-X)

:60(32— x)
X

T=AsxFs= 7(2.01)(

60><(32—X))
X

_(27014.4—844.2Xj
X

> M (+ clockwise) =0

22.69+ 86.7X(@ - 23.23) —-562.23x19.15=0.0

B ( 27014.4—-844.2X j

By trial and error the value of X =55.95 cm
Then:

Cs=562.23 KN

Cc = 86.7(55.95) = 4850.865 KN

_ *
T 27014.4—844.2* 55.95 —-361.37 KN

55.95

.. Thetension forceisin the opposite direction
Pn=Cs+ Cc + T = 562.23+4850.865+361.37 = 5773.465 KN
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Pn =5773.465 KN > Pn =5745.7 KN
.. The column is sufficient for the applied load.

+ Lateral Ties Selection:
For ® 10 mm ties: according ACl 7.10.5.2
e Spacing (S) < 16*db (Longitudinal bar diameter)
=16* 1.6=25.6 cm ....control.
o 48*dt (ties bar diameter) = 48* 1 =48 cm.
e Least dimension =40 cm.

e Used10tie @ 25 cm.

Fig. (4-9) Column (C 12)
4.11 Design of isolated footing (F 12)

4+ Foundation design:
F.=24 Mpa
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Fy =420Mpa
Use (Op atowaniey = 500 KN/m)
M,=0.0

Mu
T

e=¢6, =00
Pu=1.2*D.L+1.6*L.L
=3465.3 KN

Opu=PU/Areq < 1.4* Opaiowanle)

34653 <1.4*500
A

e
Aoy =4.95m° = 57
Select b, =2.25m
by =2.25m
With area = 5.06 n’

+ Estimation of the depth of footing:

®.Vc >wu

Oy = Pu /A = 3465.3/5.06 = 685 KN/m’

Vu = the shear force at the critical section with a distance (/2 + d)
hnin fOr interior footing =40 cm

d= h-c-ds/2=40-7-1=32 cm

al2+d=0.5/2+.032= 0.57 m

Vu=685*0.555*2.25=855.4 KN
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=
®. Ve =0.75* % B * Creg

=855.4*10° >Vvu=0.75* 2250 * Oreq \/2_4

Jreg= 62 CM
N 1eq=62+7+1=70 cm
select h=70cm

# Design of footing against punching:

1. Vo= (1+2/B0) @ By * Cheq

_laas ey .
2.Ve=2 % (5 +2) g bu* d

* fC' *
3. Vc=2 g by * dreg

b. = parameter of critical section of punching at d/2
d = effective depth of footing

long side of column
Bc= alb=—9

short side of column

Wherealb> 1.0
Bc>1.0
o =40 for interior column
=30 for exterior column
=20 for corner column
* For interior column:
b.= 2* (a+d/2)+2(b+d/2)=2(0.5+0.62/2)+2(0.5+0.62/2)=324cm
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d=h-7-1=70-7-2=62 cm
o <= 40 for interior column
Bc=0.5/05=1.0
V24
6

1-Ve= (1+2/1.0) Y22 *3240* 620

=4920.53 KN

Vo= Lr (B0 V24
Ve 2 (3240/620 2) 6 D™ Oreg

=7917.4 KN

Bem by g

=3280.35 KN

the smallest value is control
Select Vc=3280.35 KN

®. Vc >VuR
VUR=Pu- Oy, (areaof critical section)

=3465.3-685(1.12* 1.12)=2606.036 KN

®. Vc=0.75*3280.35=2460.26
®. Vc <VuR

Thenselect h=75cm ......... d =67 cm
be= 2*(a+d/2)+2(b+d/2)=2(0.5+0.67/2)+2(0.5+0.67/2)=334cm
Vc=1/3* V24 *3340* 670 =3654.31 KN
®. Vc=0.75*3654.31=2740.73 KN
VUR=3465.3-685(1.17*1.17)=2527.6 KN
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®. Vc=2740.73>VuR

S0 no shear reinforcement isrequired
h =75 cmiscontrol

% Design of bending:
1-Design in plain concrete:
Design limits state in plain concrete:
Oorsfcy
O1 =Tenslle strength
fct =tensile strength of concrete=0.42* ,/fc'
f *Mn > Mu

Mn= strengthmoment
f =unit strengthfactor=0.55

f * Mn=0.55* 0.42* ,/ fc'* Sm>Mu

Critical section for the design against bending at the face of column
Mu at the section (1-1)

Mu =685* (0.875* 2.25*0.875*0.5)=590 KN

Sm =b*h?6=2250* (750)%/6

f *Mn > Mu

* 2
f*Mn = 0.55*%0.42 * 24 * (2220 6750 )

=238.7 KN.m
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f *Mn < Mu
238.7<590

The isolated footing must be reinforced ,the design of plain concreteis
not satisfied.

2- Design of reinfor cement:
fc' =24 MPa
d =67 cm
fy =420 MPa
Mu=590 KN.m
Mn=590/0.99=595.96 KN.m
Rn=Mn/b* d°=595.96* 10°/2250* (670)°
=0.95 Mpa
m =fy/0.85* fc'=420/0.85* 24=20.6

* *
:1(1_ /1_mj
m fy

* *
= L 1—\/1— 272067095 =0.002317
20.6 420

Areq=Preq* b* d=0.002317* 225* 67
=34.928 cm?=35 cm?

# Check for min. reinfor cement:

*
ASyin =0.25* [fc'* b* d
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= 43.95= 44cnf

_ 025+ 24+ 2220 670
420

Not |ess than:
AS nin =1.4* b* dify
=1.4* 2250* 670/420=50.25 cm?
But As=1.3* As =1.3*35=45.5 cm?’

4 Check for shrinkage and temperature;
ASin =0.0018* b* h=0.0018* 225* 75=30.375 cm’
ASoy =45.5 cm’ > Asyin =30.375
Select 15 20 with As=47.1cm2

#+ Design of dowels:

f*Pn=f * (0.85* fc*Ay+ As* fy)
Pu=34653KN

f =0.65

Ay = areaof column = Ay=05*0.5=0.2517

f * Pn=0.650.85* 24* 500" 500+ Aseq * 420 > 34653* 10°
AS e =55 cm?’
Select 18P 20 with As= 56.52 cm?2
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Fig. (4-10) Section in column (C 12) and its footing (F 12)

4.12 Design of Combined footing

Pu(C1)=500 KN
Pu(C5)=2420.2 KN
Allowable soil pressure = 500 KN/m?

e




fc'=24 Mpa

long side of column _ 30

B. 1)= v
C(CD) short side 25

long side of column _ 50
short side 40

B.C (C5)=

as =20 corner column

h=80 cm (assumption)

% calculation of therequired area of footing:

A - total factored load
"™ 1.4* allowable bearing pressure

Pu(t)=Pul+Pu2=500+2420.2=2920.2 KN

o = 2920.2 —4.172 P
1.4*500

The provided areaf combined footing is:
A=1.3*(0.8+0.8+1.4)* (0.55+0.55+0.4)=4.5 m?
Apovided =4.5> AS 1=4.172 M7

Select the area provided=4.5 m2

+ deter mination the thickness (depth) of combined footing:

Pu=2420.2 KN

Assume H= 80 cm
d=80-7-1-1=71cm

b.=(1.21*2)+(1.11*2)=4.64 m
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®. Vc=0.75* [ fc' * b+ % = 0.75* \/24* 4640* 7—?

=403.48 KN
®. Vc=0.75*(1+2/Bc) @ b,* d=5245.15 KN
BC=50/40=1.25

075 %(L @S sy VIS |
. VE=075%(5 o2 "+2) Y= by* dg

as= 20 (corner column)
®. Vc=5104.286 KN
Select the min. value of (®. Vc)=403.479 KN
®. Vc >Vuc Chick:
Vuc=Pu-( Opgiowable)* areacritical of punching)
=2920.2-(500* 1.21*1.11)=2248.65 KN
Then @. V¢ =4034.8 KN >Vuc =2248.65 KN

S0, no shear reinforcement isrequired
% deter mination of bearing pressure under the footing:

ex=0.0

eyz0.0

MRx=0.0

MRy=2420.2*0.7-500% 0.7=1344.14 KN.m
PUR=500+2420.2=2920.2 KN
Ix=3*(1.5%/12=0.843 m’
ly=1.5*(3%/12=3.375 m"
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o= U MRy,
A ly
0, = 22202 134415, o _ 59 53K N/M?
45 3.375
Oy Og= 22202 134415, 1 o — 124632 KN/M2
45 3.375

Omax= 1246.32 KN/m?>1.3* 1.4* oy

The assumption f bearing pressure at punching design not correct so
we increase the dimension of foundation

select 3.5 m*2m

MRy=1344.14 KN.m

ly=7.5m"

29202 1344.15
4.5 7.15

Oy 0= 29422'2 N 137‘"1‘;5*1.75 = 746.15 KN/n?

Omax= 746.15 KN/m?>1.3*1.4* 04=1.3*1.4*500=910 KN/m?
ok

01= 04=

*1.75 = 88.19KN/m?

*required sectionsfor design:

1. Design of reinforcement in x-direction

Oty =110 515 N
Omz3) = 746.1542— 746.15 _ 24615 KN/MP?

746.15-88.19 X1-88.19
3.5 2.7
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X1=595.76 KN/m?

Mu at Cs1=595.76* 0.8* 0.4* 2+(746.15-595.76)* 0.4* g *0.8*2

=540.73 KN.m

L

Footing (F 3)

T46.15 KN/m
Secllon (A-A)

Fig. (4-11) Footing (F 12)
Bearing pressure ordinate of X2:
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746.15-88.19 X2-88.19
35 0.8

X2=238.58 KN/m?

Mu at C2=88.19*0.8* 0.4* 2+(238.58-88.19)* 0.4* % *0.8*2
=88.52 KN.m
M=540.72 is control

» design the bottom reinforcement in x-direction:
Mu=540.73 KN.m
d=71cm
fy=420 Mpa
fc'=24 Mpa

M 540.73x10°
~ Y _ = 0.34Mpa
R fbd? 0.9x3500x710° P
y 420

f
085f! 08524

* *
. :ll— 1_2mRn
eq m fy

* *
1 (1_ \/1_2 20.58" 0.34

= 20.588

= =0.00081638
20.58 420

As ey = 0.00081638* 100* 71=5.796 cm” /m
Check As min-

ASnin = 0.25* [fc'* b* d
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= 0.25*+/24 *100320710220_7 cn?/m

Not less than
AS nin =1.4%b* d/fy
=1.4* 1000* 710/420= 23.67cn' /m
Because Ag e < ASmin— AS=1.3* Ase= 1.3¥5.796 =7.535 cm’
Asreq = Asnin for shrinkage and temperature:
=0.0018* b* d=0.0018* 100* 71=14.4 cm”

But Asyin =14.4>1.3*Ageq=7.535
Then select As=14.4 cm? /m

Select ®16 with As = 2.0096cm?2 for one bar

Spaces of bars:

req = 2.00%, 100 =13.9 cm
4

Select S=12.5cm< S

100
AS ovides= ——* 2.0096 =16 cm?
provided 125

As=16>14.4cn? ........ OK

%+ Bearing pressure of ordinate X3:
746.15-88.19 X3-88.19

35 X
X 3=88.19+187.98*(X)
Fry=0.0

= 500-0.5* (187.98)* (x)* 2* (x)-88.19* 3* (x)
187.98 x?+264.57 x-500=0.0
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x=2.47 m
X3=552.5 KN/m?

Mu a X3 = -500% (2.47-1.05-0.125)+(88.19)* 2.47* 2.47* % *2

+(552.5- 88.19)*0.5*2.47*2.47* % *2

=834.77 KN.m

M 834.77x10°
= n = = 0.525M a
R fbd®> 0.9x3500x 7107 P

fy 420

m= , =
085f, 08524

* *
rreqzi[l_ 1_2 m an
m{" fy

_1 (g \/1_ 2* 20.58* 0.525
2058 420

=20.588

] =0.001266

Asreq =0.001266* 100* 80=10.128 cm? /m
Check As i

ASyin =0.25* [fc'* bfyd

— 0.25* @*%) =207 cn/m

Not less than
AS pin =1.4* b* dify
AS in =1.4* 1000* 710/420= 23.67cn /m
Since Asreg < ASyin— As=1.3* Asg= 1.3¥10.128 =13.166 cm’
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Asreq = Asyin for shrinkage and temperature:
=0.0018* b* d=0.0018* 100* 71=14.4 cm’
But Asnin=14.4>1.3*As=13.166

Then select As=14.4 cm? /m

Select ©16 with As = 2.0096cm? for one bar

Spaces of bars:

req = 2.00%, 100 =13.9 cm
4

Select S=125cm< Sy

100
AS provides= ——* 2.0096 =16 ¢’
provided 125

As=16>14.4 cn? ok
» Design the bottom reinfor cement in y-direction:

Mu=746.15*0.85*0.5*0.85*3.5=943.4 KN.m

M,  9434x10°
fbd®>  0.9x3500x 7107

M= fy _ 40
085f,  085*24

* m*
o Afy [z
e m fy

* *
1 (1_ \/1_2 20.58*1.039

R = =1.039Mpa

= 20.588

=— =0.00254
20.58 420

As ey =0.00254* 100* 71=18cm’ /m
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Check ASin:

*
ASyin =0.25* [fc'* b*d

fy

- 025 M*%’ —207 cnt/m

Not |ess than
As i =1.4*b*d/fy
=1.4* 1000* 710/420= 23.67cm’ /m
Then select As=23.67 cm? /m

Select 18 @ 10 cm with As=25.43 cm?m

As=25.43>23.4cmim .............. ok

4.13 Design of matt footing for elevator

% |oad calculation:
we take one meter strip both side of footing
slab weight(D.L)=25*0.15*3.05* 3=34.31 KN
slab weight /m=34.31/(2* 3.05+2* 3)=2.83 KN/m
live load acting on the slab:
=5*3.05*3=45.75KN
=45.75/(3.05* 2+3*2)=3.78 KN/m
D.L of wall=h*w*25=27.5*0.3* 25=206.25 KN/m
Liveload of thelift =1000 KN
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Liveload of the lift/m=1000/(2*2.7+2* 2.8)=90.9 KN/m
Total dead load =206.25+2.83=209.08 KN/m
Total liveload =90.9+3.78=94.68 KN/m
Factored load=1.2* 209.08+1.6* 94.68=402.384 KN/m

+ deter mination the ar ea of footing:

A=Pu/ oy

Pu=209.08+94.68=303.76 KN/m (total service load)
=303.76* (2*2.7+2* 2.8)=3341.36 KN

Aoy =3341.36/500=6.68 m’

Area provided=4*4=16 m*> A ok

Tota factored load of another strip:

Pu=402.384 KN/m

# check of area for thefooting:
PRu=402.384*2=804.768 KN

Area of footing=4*4=16 m’

0 =PRu/area=804.768/16=50.298 KN/m?
01=500 KN/m?

0 =50.298<1.4*500=700 KN/m’ ok
the area of footing =4*4 =16 m? is satisfied

# deter mination of thickness of dab:
assume h=70 cm
d=70-5-1=64 cm
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Fig. (4-12) Mat Footing

1. eccentricity calculation:

section(A-A):

PRu=804.768 KN

M Rup=402.384* €1-402.384* 2 at centroid of strip
e=MRu/PRu

Depending on the excentrcity g, and g, will be determined:

0= —+——*X
A ly
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F%H%* X =8014.768/16=50.298 K N/m?

0,= 0, =50.298 KN/m?

because the load of the two wallsis the same then PRu isin the center
of footing then Mx=My=0.0

0,= 0, =50.298 KN/m?

0=

* design of bending moment at(x-x):
Mu(1.1)=50.298*0.425* 0.425* 0.5*4=18.17 KN.m/m
Mu(2.2)=402.384* 1.425-50.298* 2* 0.5* 2* 4=171.013KN.m/m
Design of section (1-1)(bottom reinforcement):

Mu=18.17 KN.m

d=64 cm

fy=420 Mpa

fc'=24 Mpa

18.17x10°
= = =0.049Mpa
R= fbd2 0.9x1000x 640° P

_ fy _ 420
0.85f; 0.85* 24

SRR

\/ *2058*0049 _ 0.0001168
" 2058 '

= 20.588

As ey =0.0001168* 100* 64=0.747 cm’ /m
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Check ASpin:

*
ASyin =0.25* [fc'* b*d

fy

~0.25* @*%2540 —1866 ct /m

Not |ess than
AS in =1.4*b* d/fy
=1.4* 1000* 640/420= 21.33cn’ /m
Because As e < ASrin— As=1.3* Ase= 1.3*0.747 =7.535 cm?
Asreq = Asyin for shrinkage and temperature:
=0.0018* b* d=0.0018* 100* 70=12.6 cm’

Then select As=12.6 cm? /m

Select ®16with As = 2.0096cm? for one bar

Spaces of bars:
req = 2'00(26 *100 =115.9 cm

Select S=150m< S

AS provided= %* 2.0096 = 13.39 cnv?

As=13.39>12.6 cm? ok

+ Design of middle section (2-2)(top reinfor cement):
Mu=171.013 KN.m

M 171.013x10°
=—"n = = 0.4639Mpa
R fbd? 0.9x1000x 640° P
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M= fy _ 40
0.85f; 0.85* 24

* *
- 4(1_ /1_MJ
m fy

* *
1 [1_ \/1_2 20.58* 0.4639

" 2058 420

= 20.588

j =0.001117

Asreq =0.001117* 100* 64=7.1488 cm? /m
Check Aspin:

*
ASyin =0.25* [fc'* b*d

fy
1000~ 640
N24* ——
420

—0.25* =1866 cnt/m

Not less than
As in =1.4*b* d/fy
=1.4*1000* 640/420= 21.33cn¥ /m
Because Ag e < ASyin— As=1.3* As= 1.3%7.1488 =9.293 cm?®
Asreq = Asnin for shrinkage and temperature:
=0.0018* b* d=0.0018* 100* 70=12.6 cm”
Then select As=12.6 cm? /m
Select d16with As = 2.0096cm? for one bar

Spaces of bars:

Sreq = 2009, 100 =115.9 cm
12.6

Select S=15cm< S g
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AS provided= %* 2.0096 = 13.39 cm?

As=13.39>12.6 cm? ok
Select @16/15 cm

%+ Design in (y-y) direction:

Section (4-4):

Mu=50.298*0.5*0.5*0.5*4=25.149 KN.m

Section (5-5):

Mu=(402.384* 1.35)-(50.298* 2* 0.5* 2* 4)=140.83 KN.m
Design of section (4-4):

Mu=25.149 KN.m

M 25.149x10°
~ In _ =0.068Mpa
R fbd®> 0.9x1000x 640° P
y 420

f
085, T osyaa 0%

* *
- :1(1_ /1_mj
m fy

* *
1 (1_ \/1_2 20.58* 0.068

= =0.00016217
20.58 420

Asreq =0.00016217* 100* 64=1.0379 cm? /m
Check Aspin:

*
ASyin =0.25* [fc'* b*d

fy
1000+ 640
Vo4 = 2
420

—0.25* =1866 cnt/m
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Not less than
AS in =1.4*b* d/fy
=1.4* 1000* 640/420= 21.33cn’ /m
Because Asreq < ASyin— AS=1.3* Ase= 1.371.0379 =1.349 cm?
Asreq = Asmin for shrinkage and temperature:
=0.0018* b* d=0.0018* 100* 70=12.6 cm’
Then select As=12.6 cm? /m
Select P16with As= 2.0096¢nT for one bar

Spaces of bars:

_ 2.0096
M 126

Select S=15cm< Sy

*100=115.9 cm

AS provided= %* 2.0096 =13.39 cn??

As=13.39>12.6 cm?® ok
Select $16/15 cm

Design of section (5-5):
Mu=140.83 KN.m

M 140.83x10°
= n = = O.38M a
R fbd?> 0.9x1000x 6407 P

fy 420

:0.85fc' 08524 20.588

* *
- 21(1_ /1_mj
m fy

_1 (g \/1_2*20.58*0.38
2058 420

J =0.0009133
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Asreq =0.0009113* 100* 64=5.845 cm?® /m
Check Asin:

ASyin =0.25* [fc'* b* d

—0.25* @*%’ ~1866 cnt/m

Not less than
AS in =1.4* b* dify
=1.4* 1000* 640/420= 21.33cn? /m
Because As e < ASmin— As=1.3* Ase= 1.3+5.845 =7.508 o
Asreq = Asnin for shrinkage and temperature:
=0.0018* b* d=0.0018* 100* 70=12.6 cm’
Then select As=12.6 cm’ /m
Select ®16with As = 2.0096cm? for one bar

Spaces of bars:

6

Select S=15cm< Sy

AS provided= %* 2.0096 =13.39 cn??

As=13.39>12.6 cm? ok
Select @16/15 cm

* chick of shear at section (5-5)
Vu=50.298*0.5*4=100.596 KN
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®. Vc =0.75* @ by*d

d=64cm
b=1m
®d. Ve x 24

re =0.75=100.596 KN >Vu*1000*640=391.9 KN

Then no shear reinforcement isrequired.

4.14 Design of strip footing for shear wall

1. loads:
slab weight( D.L):
=25*(6.11*4.5)*0.15=103.106 KN
103.106

Slab weight for one meter = = 4.858KN/m
2*6.11+2* 4.5
Live load acting on the dlab:
=5*(6.11*4.5) =137.475 KN
Liveload for one meter =— 574 _ g 478KN/m
2*6.11+2* 4.5

Tota dead load of wall:
=height*w*y, =27.5*0.3* 25=206.27 KN/m
Stairs reaction:
R= max. Reaction of stairs=71.3 KN
For one meter strip=71.3 KN/m
Live load reaction of stairs for one meter strip:
=5 KN/m
Weight of footing:
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=b*h* y.=0.8*0.4*25=8 KN/m
Total dead |0ad=4.858+206.25+71.3+8=290.4 KN/m
Total liveload=6.476+5=11.478 KN/m
Total serviceload=290.4+11.478=301.886 KN/m
Factored load =1.2*D.L+1.6*L.L
=1.2¥290.4+1.6* 11.478=366.8 KN/m

2. determination the footing width:
Allowable bearing capacity=500 KN/m?

Q service
s a

=301.886/500

Width of footing=

w =0.6 m=60cm
Select w=100cm width of the strip footing

3. determination the contact pressure:
Pnet=Pu/width=366.8/1=366.8K N/m’<1.4* g all=1.4*500=700 KN/m’

4. estimation thedepth f footing:
®.Ve=075+ L [fgvbrd - 075+ L+ 210070 =61.2374d

®. Vc=Vu (Vu : shear force at the critical section )

Vu=Pnet* (0.5* (w-bw)-d)=366.8* (0.5* (1-0.3)-d)=128.38-(366.9* d)
®. Ve=Vu

61.237*d=128.38-366.8*d

d=29.99cm=30 cm
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Select d=30 cm

Assume @12 for main reinforcement and 7cm for cover of concrete
Then h=30+7+0.6=37.6 cm

Select h=40cm ......... d=40-4-0.6=32.4 cm >dmin=15cm ok

5. design of reinfor cement:

MU:Pnet*l*(b_sz) *( b—4bw )

—366.8% 1* (1— 0.3} (1— o.3j
2 4

=22.466 KN.m/m

v My _ 22466

= 24 .96

24.96*10°
1000* 3242

R, =M, /(b*d?)=

R, =0.237 Mpa
m= fy/0.85*fc'=420/0.85* 24=20.58

* *
Ay [z
“ m fy

* *
1 [1_ \/1_2 20.58* 0.237

= — = 0.000567
20.58 420

As eq =0.000567* 100* 32.4=1.837 cm’ /m
Check As min-

ASyin =0.25* [fc'* b* d
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=9.458 cnt /m

— 0.25 m* M
420

Not less than

AS rrin =1.4* b* d/fy
=1.4*1000* 324/420= 10.8 cn /m
Because Aseq < ASrin— As=1.3* Ase= 1.3*1.867 =2.388 cm’
Asreq = Asyin for shrinkage and temperature:
=0.0018* b* d=0.0018* 100* 32.4=5.832 cnm’
But Ay, =5.832>1.3*Ag,,=2.388
Then select As=5.832 cm’?

Select ©12 with As = 1.1304cm? for one bar

5832 _ 5.159 bars
04

No. f bars=

Select no. of bars=6 bars
Select 612 with As = 6.7824cm?

Spaces of bars:

6.78

Select S=15cm< Sy
ASprovided= %*113= 7.536 cm?

As=7.536>6.7824 cm?’ ok

6. Check f yielding:
T=As*fy=7.536*420=3165.12 KN
C=0.85*fc*a*be
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T=C

o= T _ 3165.12
0.85* fc*be 0.85* 24*100

a=1.55cm b =075

=2 _155_ g5 em
b _ 085

d=% 4 0,003 = (322 =1825,. 5,003 = 0,050 > 0.005
X 1.825

25=(

7. development length of main reinfor cement
_12* fy*db,
25+ [fc'
_12*420*1.2

25% 24

Available Ld= Ld=(

Ld a*B*g ACI-318-12

*1*1*1 =49.38 cm
100-30
2

But Ld=28 cm<49.38 cm
Then for hooks equation:
_ 0.24* fy*db
Jic
And Ld= 0.043*fy*db the biggest value
_ 0.24* 420*1.2

J24
Ld=0.043*420* 1.2=21.672 cm
then select Ld=24.69 cm
and Ld iiape =28>24.69 cm ok

)—7=28 Ccm

Ld

Ld =24.69 cm
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then using hook=>16* ®
=16*1.2=19.2 cm

Select hook=20 cm

Total Ld=28+20=48 cm

. design of lateral reinforcement(long direction):
Provided shrinkage and temperature = As=5.832 cm’
Select ®12 with As=1.1304 cm”

No of bars=5.832/1.1304=5.15 bars

Select 6 12 with As=6.78 cm’

Spacing between bars:

6.78

Select S=15cm< S,
Select 6 P12 @15 cm

. design of dowels:
Pu=366.8 KN ( for one meter strip)
®*Pn=Pu
®* Pn= d*(0.85*fc* AQ)
=0.7* (0.85* 24* 1000* 300)=4284K N>Pu=366.8KN

Then dowels are not required , but we will use the min. reinforcement
of dowels:
As min=0.0012* Ag=0.0012* 100* 30=3.6 cm’

As=3.6 <As, for shrinkage=5.832 cm”

Select As=5.832 cm”
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Select ®12 with As=1.1304 cm?
No of bars=5.832/1.1304=5.15 bars
Select 6 ©12 with As=6.78 cm?

Spacing between bars:

Sieq= 113, 100-16.667 cm
6.78

Select S=15cm< Sy
SHect 6 P12 @15cm

ASprOV|ded— %* 1 13 7 536 Cm

As=7.536>6.7824 cnv ok

10. chick of the dowelsfor the development of reinfor cement

*db 420* 1.2
Ld= fy =25.72 CM
4* fc' 4% .\/24

And Ld=0.044*fy* db=0.044* 420* 1.2=22.176 cm
Select Ld=25.72 cm

Ld available=40-7-1.2-1.2=30.6 cm>Ld=25.72 cm
Thedesign is satisfied
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4.15 Design basement walls

Fig. (4-13) Basement Wall

fc'=24 Mpa

fy= 420 Mpa

®=30

Op(aliowanie) =S00KN/m?
Veoil =17 KN/m?

4 estimation of wall thickness:

€,=ka*huai *y (active horizontal earth pressure where k, =0.33)

k.= 1-sing 1-sin30 _

a — = : 0.33
1+sng 1+sn30

€, = Ka*hya *y =0.33*5.00* 17=28.05 KN/m?
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€ap= ka*p (latera horizonta earth pressure)
= 0.33*5=1.65 KN/m’

Factored active earth pressure (€5)
€4 factored =1.6% 28.05=44.88 KN/m’
Factored lateral earth pressure (€5))

€4 p factored =1.6% 1.65=2.64 KN/’
Ea= €h+0.5=28.05*5+0.5=70.125 KN/m

Eap = €p*h=1.65*5=8.25 KN/m

Wwaiy Will be neglected and active earth pressure will be neglected in

wall thickness estimation (for one meter strip)

T MoA=0.0
M=( Eap*h/2) +( Ea*h/3)

=(8.25+5/2)+(70.125*5/3)=137.5 KN.m
Mu=1.6*137.5=220 KN.m
Assumed that p =0.5* p e =0.5*0.02=0.01
m =fy/0.85* fc'=420/0.85* 24=20.6
Rn= p*fy* (1-0.5% p*m)=0.01*420* (1-0.5* 0.01* 20.6)
=3.76 Mpa

Rn=__Mu__
0.9% b* d2
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= [ Mu _ \/ 220*10°
0.9*b* Rn 0.9*1000* 3.76

d=25.49 cm

Assumed ds =12 mm

h= d+c+dy/2=25.49+3+0.06 =28.55cm
Select h=30 cm

+wall design
Mu=220 KN.m
d=30.0-3-0.6=26.4 cm

e Mu  _ 220*10°
0.9*b*d? 0.9*1000* 264>

=3.5Mpa
m= fy/0.85* fc'=420/0.85* 24=20.58

* m*
o Afy R
eq m fy

* *
1 (1_ \/1_2 20.58* 35

= =0.0092
20.58 420

Asreq =0.0092* 100* 26.4=24.288 cm? /m
Check ASin:

ASyin =0.25* [fc'* b*d

=7.69 cnt/m

1000~ 264
=025 y24* ———
420

Asreq = Asyin for shrinkage and temperature:
=0.0018* b* d=0.0018* 100* 26.4=4.752 cm®
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ASreq > ASmin

Select 18
* A2
Sreq= P29 100 10 470m
4 24288
Si=10cm
Select 18 @10cm

+ Design thelateral reinfor cement
Asreq = Asnin for shrinkage and temperature:
=0.0018* b* d=0.0018* 100* 26.4=4.752 cm®
As=0.2* As=0.2%24.288=4.85 cm?
As =4.85> As,n for shrinkage and temperature=4.752 cm?
Select As=4.85 cm?
Select 12 @20cm
# Check of yielding
T=As*fy=24.288* 420=10200.26 kn
C=0.85*fc*bc*a

C=T
Q- T _ 10200.26
0.85* fc*b.  0.85* 24* 1000
=5cm
[3=0.85
s5=9= X4 0,003 = 284=588, , 503 - 0.01046 > 0.005 ok

X

\V} 6*e, 31747
1-—)= @

- _ 6*0.434
bx*by = bx’ 2.8*1 2.8

)

s,1
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=7.94 KN/m?

* *
Sp2 — Y, 1+ 6*e _ 31747 1+ 6 0.434)
bx* by bx 2.8*1 2.8
=218.82 KN/m?
S,2<1.3* shall

S,2=218.82<1.3*500=650 KN/m?
S,2=218.82KN/m?

S,2=7.94 KN/m?

4.16 Design of Shear Wall

# Deter mination the location of Shear Centroid:-
For (SW1).
_ Y IX*IX
dx
Yy
= Sy
_ b*h’ 03*657°
12 12
X=23.71 m. (From point A to the center of thewall in x- direction).
I *X = 186.1 m°.
_ b*h® _651x0.3
12 12
Y=26.89 m.
l,*Y =0.39 m”.

X|

<

=7.09m".

Ix

ly =0.01m".
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Fig. (4-14) Shear walls

Fromtable (4-1)

_ X * 1x
< = > 27757

= = =21.53m .
dlIx  12.89
- Y*I
Y = 2.Y"ly_15665 =19.23m,
dly 809

e = Y(shear wall) = Y(building) =21.53-19.65=1.88 m.
e = \_(@ear wall) = v(building) =19.23-18.85=0.38 m.




Table (4-1): Shear centroid determination

Wall || h(mh) || x| x|y Lty
' swi || 7.0898 | 23.71 || 168.1000 || 0.0146 | 26.70 | 03911 |
'sw2| 00115 | 2035 | 02335 | 3.3163 | 29.14 | 96.6363 |
' SW3| 51606 | 19.09 || 985164 | 0.0133 | 2539 | 0.3376 |
SW4 | 00079 | 17.26 || 0.1367 | 1.0904 | 24.81 | 27.0517 |
'SW5 | 00086 | 1812 | 0.1549 | 1.3718 || 2234 || 30.6460 |
'swe | 03082 || 17.79 || 5.4822 | 0.0052 | 23.60 | 0.1227 |
'sw7| 03082 || 16.06 | 4.9490 | 0.0052 || 23.25 | 0.1208 |
| SW8 | 0.0101 | 30.06 | 03044 | 22781 | 0.15 | 03417 |

Y || 12.9049 277.8771 || 8.0949 155.6479

<+ Per centage of load due to each Shear wall:-

Two parts of load on every shear wall will be considered.

1- Part of trandlation

A- Dueto Fgy :
— FRX* Iyi
T,
Table (4-2): Part of trandation due to Frx (Qxi)
Wwall ly Fre * Iy Qxi = Fr*ly/ 1y
' swi1 | 00146 | 0.0146 | 0.0018 |
' sw2 || 33163 | 33163 || 0.4097 |
| Sw3 || 0.0133 | 00133 | 0.0016 |
SW4 | 1.0904 1.0904 0.1347
' sws | 13718 | 13718 | 0.1695 |
| SWé6 || 00052 | 0.0052 | 0.0006 |
' SwW7 || 00052 | 0.0052 | 0.0006 |
' sws || 22781 | 22781 | 0.2814 |
X || 80949 | 80949 | 1.0000 |
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B- Dueto Fgy:

Q= %lx

Table (4-3): Part of trandation due to Fry (Qyi)
Wall » Fry* Ix || Qyi=Fry* I3l
' sw1 | 7.0898 | 7.0898 | 0.5494 |
' Sw2 | 00115 | 00115 || 0.0009 |
| SW3 | 51606 | 51606 | 0.3999 |
SW4 | 0.0079 | 0.0079 0.0006
| SW5 || 0.0086 | 0.0086 | 0.0007 |
| SW6 | 03082 | 03082 | 0.0239 |
' SW7 | 03082 | 03082 | 0.0239 |
' sws | 00101 | o0.0101 | 0.0008 |
- X | 129049 | 80949 | 1.0000 |

2- Part of Rotation:-
Table (4-4): Determination of Iw

wall I« Xm I * Xm I * X
' sw1 || 70898 | 218 | 154558 | 33.6937 |
- sw2 | 00115 | -1.18 || -0.0135 | 0.0160 |
. sw3 || 51606 | -244 | -125919 || 30.7243 |
| SW4 || 0.0079 | -427 | -0.0338 | 0.1444 |
| SW5 | 0.0086 | -3.41 | -0.0292 | 0.0994 |
' swe6 || 03082 | -3.74 || -1.1525 | 43104 |
. sw7 || 03082 | -547 | -1.6856 | 9.2204 |
' Sws8 || 0.0101 | 853 | 0.0864 | 07367 |
X | 129049 | | 00356 | 789454 |
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Wall Iy Vm ly * Vm Iy * ym

SW1 | 00146| 747 | 0.1094 | 0.8173
| SW2 | 33163 | 991 | 328643 | 325.6851
| SW3 (00133 | 616 | 00819 | 05046

|
|
|
| SW4 | 1.0904 | 558 | 6.0842 | 33.9497 |
' SW5 | 13718 || 3.11 || 4.2663 | 13.2682 |
|
|
|
|

| SW6 | 0.0052| 437 | 0.0227 | 0.0993
| SW7 (00052 | 4.02 | 00209 | 0.0840
| SW8 || 2.2781 | -19.08 | -43.4666 | 829.3432
X [18.0949 | | -0.0169 | 1203.7514

lw=">Y" (ly* y*?m) + > (Ix* x**m).

L =D (1, y?m) + > (1, * X®m) = 78.9454+1203.7514 = 1282.6968m".
< Torquesdueto gx:-

Let Fry & Fry= 1 KN

Mim = Fre * & = Myn=1(KN) * 1.88 = 1.88 KN.m

% Torquesduetoqy :-

Mym = Fry*€& = Mym= 1(KN) * 0.38 = 0.38 KN.m

<+ Rotational part:-
A = Dueto Mxm :>qx.
_ Mt 1, Fy'm)

| :

w

Qi

_ (M, " 1, X'm)
| :

w

QYi
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Table (4-5): Part of rotation due to gy (Qyi)

Wall ly Ym Qui = - Myn* Ly* Yl
| SW1 || 00146 || 747 | -0.0002
' sw2 || 33163 || 991 | -0.0482
| sw3 || 00133 || 616 | -0.0001
' sw4 || 1.0904 | 558 | -0.0089
SW5 | 13718 3.11 -0.0063
| SWe6 || 00052 || 437 | 0.0000
' sw7 || 00052 || 402 | 0.0000
' sws || 22781 || -19.08 || 0.0637
- X || 80949 || 21.5400 | 0.0000

Table (4-6): Part of rotation due to gy (Qyi)

Wall I X Qyi = Myn* L X/l
| swi1 | 7.0898 | 21800 | 0.0227
| Sw2 | 00115 | -1.1800 | 0.0000
| SW3 | 5.1606 | -2.4400 | -0.0185
| Sw4 | 00079 | -4.2700 | 0.0000
| sw5 || 0.0086 | -3.4100 | 0.0000
| SW6 || 03082 | -3.7400 | -0.0017
| SW7 | 03082 | -5.4700 | -0.0025
| SW8 | 0.0101 || 85300 | 0.0001
X | 12.9049 | -9.8000 | 0.0000

B - Dueto Mym = q,.

_ (_Mym* Iy* me)
| .

w

Qxi

(M, " 1,* X'm)
- I _

w

Qyi
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Table (4-7): Part of rotation due to gy (Qx)

wall ly Ym Qui = - Myn* ly* Yl
SW1| 00146 | 7.4700 | 0.0000 |
Sw2 | 33163 | 99100 | -0.0010 |
SW3 | 00133 | 6.1600 0.0000

' SW4 | 10904 | 55800 | -0.0002 |
'SW5 | 13718 | 3.1100 | -0.0001 |
| SW6 | 00052 | 43700 | 0.0000 |
'sw7 | 00052 || 40200 | 0.0000 |
'sws| 22781 | -19.0800 | 0.0013 |
X | 8.0949 | I 0.0000 |

Table (4-8): Part of rotation due to gy (Qyi)

Wall I X Qyi = Myn* L X/l

' Swi1| 7.0898 | 21800 | 0.0046 |
SW2 | 0.0115 | -1.1800 | 0.0000 |
| SW3 | 51606 | -2.4400 || -0.0037 |
' SW4 | 0.0079 | -4.2700 | 0.0000 |
' SW5 | 0.0086 | -3.4100 | 0.0000 |
| SW6 | 03082 | -3.7400 | -0.0003 |
| SW7 | 03082 | -54700 | -0.0005 |
' SW8 | 00101 | 85300 || 0.0000 |
- X | 12.9049 | I 0.0000 |

« Part of each wall dueto (gx):

QxT :Qx(part of trandlation) +Qx(part of Rotation)

133




Check:

Wall || QxTransation QxRotation-x || QxRotation -y Qxt (KN)
'sw1| 00018 | -00002 | 00000 | 00016 |
SwW2| 04097 | -00482 | -00010 | 03605 |
'sw3| 00016 | -00001 | 00000 | 00015 |
'sw4| 01347 | -00089 | -00002 | 01256 |
'sws| 01695 | 00063 | -00001 | 01631 |
'SWe6| 00006 | 00000 | 00000 | 00006 |
SwW7| 00006 | 00000 | 00000 | 00006 |
'Sws8| 02814 | 00837 || 00013 | 03464 |
Lz H H | 10000 |

Wall || Qyrrangation || QyRotation-x || Qy Rotation-y Qyt (KN)
| SW1 | 05494 | 00227 | 00046 | 05767 |
' SW2 | 00009 | 0.0000 | 00000 | 00009 |
'sw3| 03999 | -00185 | -00037 | 03777 |
'sw4 | 00006 | 00000 | 00000 | 00006 |
| SW5 | 0.0007 | 0.000 | 0.0000 | 00007 |
' SW6 | 00239 | -00017 | -0.0003 | 00219 |
'sw7 | 00239 | -00025 | -0.0005 | 00209 |
'sws | 00008 | 00001 | 00000 | 00009 |
Lz H H | 10000 |

< Calculation of Floors Weight

1- Basement Floor:
Weight of the Slab=357.9 * 8.3 = 2960 KN.
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Weight of Columns= #*Ag*y*h= 35*(0.50*0 .40)*25 *4.2
=735KN.

Weight of walls= Y (L*t*y*h) =29.52* 0.3* 25* 3 =930 KN.

Total weight of the Basement Floor = 4625 KN

2- Ground to Second Floor:

Weight of the Slab =8229 KN.
Weight of Columns= 1218 KN.
Weight of walls = 930 KN.
Tota for ground =10377 KN.
Total for First, ground & second = 31131 KN.

3- Third & Fourth Floors:

Weight of the Slab = 3997 KN.
Weight of Columns=735 KN.
Weight of walls = 930 KN.
Tota for ground =5662 KN.

Total for Third & Fourth Floors= 11324 KN.

Total weight (W) for all floors=47080 KN
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+ Calculation of shear force on shear wall:
From Uniform Building Code 1997(UBC):

| Symboal || Value || Denotation | Reference |
. Z || 03 || Seismiczonefactor. | Table16-l |
Numerical coefficient representative of the inherent Table
R 55 over strength and global ductility capacity of latera 16-N
o -N or 16-P
force resisting systems.
I || 1.0 || Importance factor. | Table16-K |
. C. || 03 || Seismic coefficient. | Table16-Q |
| C, | 03 || Seismic coefficient. | Table16-R |
. - Section
C, 0.02 Numerical coefficient 1630.2.2
' h, || 27.0 | Heightinfeet(m) above the baseto Level n. (T |
3/4
T=C, () oo (UBC -30-8).
v ( UBC-30-4).
RT
V= 2'5;"’” W o) (UBC-30-5).
V =0.11Cal W ceeveere(UBC-30-6).
fv="w 2 v o2y e et v = 2R
RT
Cv.l
If V=011CalW = VzﬁW Thensdect V =0.11CalW
T=024
V= ﬂW =10700 KN
RT
v=2%aly —6120 KN Control

V =011CalW =1554 KN
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Fooormv. (U.B.C-30-14).
F.=V-F)w.h/>".wh . (U.B.C-30-15).

Table (4-9): Determination of Fx for each floor

_Foor | T v | Rt L VRt | W [ H | WH [ Rx
| Basement || 0.24 || 6420 | 107.856 | 6312144 | 4625 | 42 | 19425 | 7131 |
| Ground || 0.24 | 6420 || 107.856 || 6312.144 || 31131 | 84 | 261500.4 | 960.03 |
| First || 0.24 | 6420 || 107.856 || 6312.144 || 31131 || 12.6 | 392250.6 || 1440.05 |
| Second || 0.24 | 6420 || 107.856 || 6312.144 | 31131 || 16.8 | 523000.8 | 1920.07 |
| Third | 0.24 || 6420 || 107.856 || 6312.144 || 11324 || 21 | 237804 | 873.04 |
| Fourth || 0.24 | 6420 | 107.856 | 6312.144 | 11324 | 25.2 | 285364.8 | 1047.64 |

> 1719346

<+ oad Calculations of Wall (SW 1).
Part of load for wall (SW 1), dueto (Q,) = 0.5767

Table (4-10): Load of Wall (SW 1)

For SW 1 |

Floor | R || vo || My |

Basement | 7131 | 4113 | 17273 |
Ground || 960.03 | 55365 | 4650.67 |
First | 144005 | 83048 | 10464.00 |

Second || 1920.07 | 1107.30 || 18602.67 |
Third | 87304 | 50348 | 10573.09 |
Fourth | 1047.64 | 60418 | 15225.25 |
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Fig. (4-15): Shear and moment diagram for shear wall (SW 1)

4 Design of Reinfor cement:-

I nternal Forces:-

Max Mu = 59688.41 KN.m.

Max Vu = 3640.22 KN.

PU (weight of the shear wall) = 1.2*6.57*0. 3*25.2* 25 = 1490.1 KN.

4+ Design in plain Concrete:-
fVvn>Wu
an=o.55*%,/fc'*b* h

Whereb = LW

= (Lw: - isthelength of shear wall in the direction of action).




fVn=0.55* é@ x 6570x 300= 590.5 KN < (Vu = 3640.22).

= Shear Reinforcement is required.

% Design of shear:
Vu = 3640.22 KN.
d=0.8*Lw = 0.8*675 = 5400 mm.

f\c=0.75* %@ * 300* 5400 = 992 KN.

fVvc+fVs>Vu
992 +f Vs =3640.22

fvs=2648.22 KN

e = i=ﬂ=131 4 cm
5 5
Sox =3*h=3*30=90 cm
Six =45 M control

Assume: 2014 @17 cm for horizontal rinf orcement in two layers

*
(ij:(z 1'54j:0.181 cm > 0.156 cm
S 17

Select 2014@17cm ... Two layers for horizontal reinforcement.

+ Design of the vertical reinforcement:

rooo= {0.0025 +[0.5(2.5 - IT—W)}(r . —0.0025)

w
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A 2(1.54) 1%
-5 ____17 _0006

r. = =
" A, 100(30)
30
r .. =0.0025 + 0.5 (2.5 ﬁ) (0.006 — 0.0025 ) = 0.0068

As, =r b h=(0.0068) (100) (30) =20.4 cm’

Using ®14 Bars:

20.4= 2(1.54)% — S=14.9cm

Select 2014@14cm ... Two layers for vertical reinforcement.

+ Design of Moment:-
Design as heavy loaded shear wall.
So, the Vertical reinforcement of (®14@14 cm), will be considered.
As(v) = 2*1.54*(657/30) = 67.452 cm’ = 6445.2 mn’.
V4 1

T * | * fo* * .
Lw 2+(0.85 b* fc*Lw h)

As* fy
z 1
w 9. (0.85* 0.85* 24* 6570* 300) =0.068.
6445.2* 420

M1 = As(v) = 2*1.54*(657/30) = 67.452 cm’ = 6445.2 mn’.

Z 1

T * | * fo* * .
Lw 2+(0.85 b* fc*Lw h)

As* fy
z 1
w 9. (0.85* 0.85* 24* 6570* 300) =0.068.
6445.2* 420

M1 = &*0.5* As(V)* fy* Lw* (1-(Z/Lw)) .
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M1 = 0.9%0.5*6445.2* 420*6570* (1 - 0.068) = 7459.0 KN.m.
Mn = Mu/ 0.9 =59688.41/ 0.9 = 66320.45 KN.m.

M2 = Mn-M1 =66320.45 -7459.0= 58861.45 KN.m.

rs - M2
boundary fy* (LW— CW) '

Let Cw =40cm.

_ 58861.45 *10°
Poundey ™ 420* (6570 — 400)

M1= 0.9 *0.5% A(V)*fy* Lw* (1-(Z/Lw)) .
M1 = 0.9*0.5*6445.2* 420+ 6570* (1 - 0.068) = 7459.0 KN.m.
Mn = Mu/ 0.9 =59688.41 / 0.9 = 66320.45 KN.m.

M2 = Mn-M1 =66320.45 -7459.0= 58861.45 KN.m.

~ M2
boundary fy* (LW— CV\I) .

Let Cw =40cm.

_ 58861.45 *10°
POy 420* (6570 — 400)

=227.14 cn?.(This Reinforcement is for M2)

As

=227.14 cn?.(This Reinforcement is for M2)

Try @25@10for vertical reinforcement.

As(v) = 2*4.9% (657/10) = 644.68 cm” = 64468.125 mm?.

Z 1

Lw 2+(O'85 b* fc*Lw h)
As* fy

Z 1
w - (0.85* 0.85* 24* 6570* 300
64468.125* 420

M1 = d*0.5% As(v)* fy* Lw* (1-(Z/Lw)) .
M1 = 0.9%0.5*64468.125* 420* 6570* (1 — 0.306) = 55556.09 KN.m.

=0.306.

)
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Mn = Mu/ 0.9 =59688.41/ 0.9 = 66320.45 KN.m.

M2 = Mn-M1 =66320.45 -55556.09= 10764.358 KN.m.

As B M2
boundary fy* (LW— CVV) '

Let Cw =40cm.

_10764.358 *10°
Y 420* (6570 — 400)

ASy,

=41.5cn?’. (This Reinforcement is for M2)

Select 9®25 with Asreq = 44.156 cm® > As=41.5 cm®

Fig. (4-16): Section in shear wall (SW 1)
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project



Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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Coefficients of Earth Pressure
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20

22.5

25
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Ka
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0.30

0.27
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0.22

1.7
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