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Abstract
Structural Design of a Commercial Building
Work Team
Hussein abu sabha Mohammed awad
Wajde tomizi

Pal estine Polytechnic University — 2008

Supervisor
Dr. Naser Aboshi

The main ideafor this project isto design and prepare full detailed

structural drawings for the commercial building in Hebron city.

This project consists of eleven floors and it contains of parking
,two multi store floors, sex office floors , and the roof which use as a
cafeteria. In This project ACI code was used to analyze and design the

members, and we prepare the executive drawings .
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List of abbreviation

Ac = area of concrete section resisting shear transfer.

As = area of nonprestressed tension reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (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

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored |oads.
Ln = Length of clear span.

LL =liveloads.

L d = development length.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nomina axia load.

S = Spacing of shear or in direction parallel to longitudinal reinforcement.
Tc=nominal tensional concrete moment strength provided by  concrete.
V¢ =nomina shear strength provided by concrete.

Vn = nominal shear stress.

Vs =nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wc = weight of concrete. (Kg/m3).

W = width of beam or rib.



= Wu = factored load per unit area.

@ = strength reduction factor.
® [ = ratio between area of concrete to area of sted! .

» fc' = specified compressive strength of concrete, MPa

p

cu = effective compressive strength of the concrete in a strut or
anodal zone, MPa

fr = modulusof rupture of concrete, MPa

S = dastic section modulus of section, mm3,

Pn = nominal strength of cross section subject to compression, N
L u: Actua unsupported (unbraced) length.

M1 = smaller factored end moment on a compression member
M2 = larger factored end moment on compression member

K: effective length factor (K= 1 for braced frame).

r: radiusof gyration

¥y ¥ ¥ ¥ ¥ ¥ ¥"YV ¥ ¥

Ig = moment of inertia of gross concrete section about centroidal axis,
neglecting reinforcement, mm4

B Ons = moment magnification factor for frames braced against side sway, to
reflect effects of member curvature between ends of compression member

B Cm = afactor relating actua moment diagram to an equivalent uniform moment
diagram

» Pc=critica load, N.

P Es=modulus of éasticity of reinforcement, MPa.

B 1g: moment of inertiaof gross concrete section about centroidal axis,
neglecting reinforcement , cm *.

B |s.. moment of inertiaof concrete about centroidal axis of member cross section,
cm*

» EIl =flexura stiffness of compression member.

» db =nominal diameter of bar, wire, or prestressing

B pb =reinforcement ratio producing balanced strain conditions.

B h =overal thickness of member, mm



L = span length of beam or one-way dlab,

B =ratio of clear spansin long to short direction of two-way slabs
As = area of nonprestressed tension reinforcement, mmz2
As,min = minimum amount of flexural reinforcement, mm?2
Pb = nominal axial load strength at balanced strain conditions.
Po = nominal axial load strength at zero eccentricity, N

Pu = factored axial load at given eccentricity, N

hw = total height of wall from base to top, mm

Iw = horizonta length of wall, mm

Bc =ratio of long side to short side of concentrated load or reaction area
T = elastic fundamental period of vibration, in seconds,

V = Thetotal design lateral force or shear at the base

W = the total seismic dead |oad defined

Z = seismic zone factor as given in Table 16-1.

Ca = sasmic 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.

| = importance factor given in Table 16-K.

R = numerical coefficient representative .

wc = weight of concrete, kg/m3

L x= short distance of the slab(C to C)

L y=lond distance of the lab (C to C)

Mfx = postive field moment at x-direction

Mfy= positive field moment at y-direction

M sx = negative support moment in x-direction

gAX= max shear forcein x- direction

gAy= max shear forcein y- direction
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Chapter Four Structural Analysis and Design

Chapter Four
Structural Analysisand Design

4.1 Introductions:

4.2 Factored loads.

4.3 Determination of thickness.
4.4 load Calculations

4.5 Design of Topping

4.6 Design of Rib.

4.7 Design of Beam.

4.8 Design of Column.

4.9 Design of stairs.

4.10 Design of Footing.

4.11 Design of Basement wall.

4.12 Design of shear wall.
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Chapter Four Structural Analysis and Design

Chapter Four
Structural Analysisand Design

4.1 Introductions:

The design and construction of reinforced concrete building is
controlled by the (building code requirements for structural concrete)
(ACI 318-2005) of the American concrete institute.

Concrete consists primarily of a mixture of cement and fine and coarse
aggregates (sand, gravel, crushed rock, and other materials) to which water
has been added as a necessary ingredient for the chemical reaction of

curing.

This chapter start with calculate the thickness of the dlab by using
table 9.5 from ACI code, and make cheek for the value, then calculate the
dead load and select live load to begin analysis of the element, after doing
the analysis make the design of each structure element in the system to
select the effective section for element and its reinforcement of the profile

After make the design of section start drawing the section and show

the reinforcement of every element will be design.

4.2 Factored loads:

The factored load on which on we based to make the analysis and
design for our project member is,

qu=1.2D+1.6L ACI-318-2005 (9.2.1)

30



Chapter Four Structural Analysis and Design

4.3 Deter mination of thickness:
4.3.1 Determination of thicknessfor oneway rib dab :-

The structure may be exposed to different loads 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-318-05 table (9.5.a).

Minh=_Ln/18.5 ( for One end Continuous)
Minh=Ln/21 (for Tow end Continuous)
Minh=1Ln/8 ( for Cantilever)
Minh=_Ln/16 (for ssmply supported)

For one end continuous L ,,,,=5.13m then:

L 513
in = —— = —= =0.28m
185 185

For both end continuous L ,,,=5.73m then:

= L5 oo
21 21

For smply supported L e = 4.85m

Thenselect h=0.32m > h =0.303m

31



Chapter Four Structural Analysis and Design

4.3.2 Deter mination of thickness of two way ribed slab :-

0000
10000
100000
1/ ] W
IO0O0MIR3000 [
D
b B e |
0 -O0@00000000 A
O N
0 Ooooopoooog 4 o
- GDQ%@DDDDDB
- T u

I {  nm

Fig.(4-two way rib slab

_ AY
Y = &—
> A
_ .25%0.07* 2* 0. 12*0.32* 0.1
- 0.25*0.0 0.035+012*0.32*0.16 _ .0~ 10.04em
0.25* 0.07* 2+0.12* 0.32
3 _ * 3 3
| = 0.65x(0.104) (0.62-0.12)* (0.0304) N 0.12x(0.2196) 65110 rif
o 3 3
_/
|dw=§fﬁi§1-x14= 77.7x10% m'
0.62
3
Ib: bh - O8X 0323 — 2_18)(10_3
12 12
-3
a:izzm“quam
I, 77.7x10
a,=a=028<2 0.2<0.28< 2 satisfied

According to ACl-code:
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_ L,(0.8+ (fy+1400)) ara _
h, = 36+ 5b@m_02) ACI-318-05 (Eq:9.12)

b=r2="9 1 200m=1.23m
L, 6.46

_ 7.94(0.8+(420+1400))
36+5x1.230.28-0.2)

h, =0.24m

We selected from one & two way ribbed slab , the thickness of ribbed slab
=32cm

4.4 load Calculations

4.4.1 load Calculations For one- way ribbed dsab:

Tiles + mortar = (0.62) (0.05) (22) = 0.682 KN/m
Sand =(0.62) (0.07) (17) = 0.738 KN/m
Topping =(0.62) (0.07) (24) =1.085 KN/m

Block =(0.5) (0.25) (0.5) = 0.063 KN/m

Rib =(0.12) (0.25) (25) = 0.75KN/m

Plaster =(0.62) (0.02) (23) = 0.285 KN/m

Partition = (1) (0.62) = 0.62KN/unit

Nominal dead load for one way ribbed dab:
=0.682+0.738+1.085+0.063+0.75+0.285+0.62

N o o &~ w0 DN BE

DL = 4.22KN/m
DL =6.8K N/m?
LL =4K N/m?

Factor load From ACI code:
DL =1.2 (4.22) = 5.064 KN/m
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LL = 1.64*0.62 = 3.97 KN/m
Wu = 1.2 (4.22) + 1.6 (2.48) = 9.03 KN/m

4.4.2 load Calculations For two- way ribbed slab:

Tiles+ mortar = (0.62) (0.62)(0.05) (22) = 0.423 KN/unit
Sand =(0.62)(0.62) (0.07) (17) = 0.46 KN/unit
Topping = (0.62)(.62) (0.07) (25) = 0.672 KN/unit

Block =4(0.5)(0.25) (0.25) (0.25) = 0.03 KN/unit

Rib = (0.62 +0.5) (0.12) (0.25)25 = 0.84K N/unit
Plaster = (0.62)(0.62) (0.02) (23) = 0.18K N/unit
Partition = (1) (0.62)(0.62) = 0.384KN/unit

Nominal dead load for two way ribbed slab
=0.423+0.46+0.672+0.03+0.84+0.18+0.384

N o o~ w DN BE

DL = 2.99 K N/unit
DL =7.78 KN/m?
LL =4 KN/m?

Factor load From ACI code:

DL =1.2 (7.78)(0.62) = 5.78 KN/m
LL =1.6*4*0.62 = 3.97 KN/m
Wu =5.78+3.97 = 9.76 KN/m
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4.5 Design of Topping:
4.5.1 Design of Topping for One-Way Rib Slab:
Dead load = total dead load — dead load of onerib

Dead load =4.22-0.75=3.47KN

DL = [ﬂ} =5.6KN/m?
0.62

Wu= (1.2*5.6)+(L6* 4
= 13.12 KN/m2

-> For aone meter strip Wu = 13.12 KN/m.

Assume slab fixed at supported points (ribs):

Lol R
.

Wu* |2
12

Mu =

o ks Bk 17— 8

Mu=(13.12*0.5%)/12
= 0.273KN.m

Design of topping in plain
concrete :

® Mn=Mu Fig (4-2) Toping of slab
® Mn =0.55*0.42*/(25.5) *(1000* 702)/6 = 0.95KN.m
® Mn=0.95KN.m>Mu=0.273 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-318-05 (7.12.2)

As = p* b* h=0.0018* 100* 7 = 1.26 cm*/1m

&
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Design of shear:
Wl =

Vu=(13.12*0.5)/2=3.28KN

fVc=0.75x% “:;C xbxd

d=7-2-1=4cm
b=1m(1m strip)

«/2_5 x1000x 40 = 25KN

fVc = 0.75x
Vi £bVe
S0 no shear reinforcement is required.

4.5.2 Design of Topping Two-Way Rib Slab:

It is known that the topping slab in two-way action is even stronger than
that for one-way ribbed dabs. Therefore, only shrinkage and temperature

reinforcement needs to be provided, with the same design as before.
4.6 Design of Rib:

4.6.1 Design of oneway Ribbed Slab:
*design of rib (R8):

C
T

A5

Fig.(4-3) rib geometry
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Chapter Four Structural Analysis and Design

Effective flange width (bg) according to ACI - 8.10.2

be for T-section is the smallest of the following :
be=L/4=504/4=126cm.
be=C/C=62cm. ............ control
be=by+16t=12 + 16(7) = 124 cm.

4.6.1.1 Design of moment:

-28.7
P
—13./,' % 298,
rah
I 175175 I
| | | | M\HH'“\ | |
S . 0.98098 LA
\\“x ’;/’ I . I I | \ i
b6 o e g
e = T
18.6 18.6
202 | 3.02 | 3.02 2

Fig.(4-4) Moment diagram of (R8)

4.6.1.1.1 Design of positive moment:

* determination whether the rib acts as rectangular or T-section:
For a=t=7cm
C=0.85*fc™* t*bg=0.85(25.5)(620)(70)=940.69 KN
d=h-cover-d/2=32-2-1=29cm
Mn=TorC(d-0.5a)=940.69(0.29-0.5*0.07)
=239.88KN.m>Mn req=20.66KN.m
Design as rectangular beam .
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Mu=18.6 KN .m

Mn =188 = 2066 KN .m
0.9

20.66*10°
Rn=_Mn - LOZ:Z_O4 Mpa
b*d?  0.12* (0.29)

2mRn

p=—(1- -0

m =19.37

2(19.37)(2.04)
1937 1037 \/1_ 420 )

p =512x10°

ASe=p. b.d. =512x10°* 12* 29=1.78 cm’

ASpin= */ﬁ bw*d %bw *d

V255 .
M(O 12)*(0.29) = 14

=1.046cm> =
Asmin=1.16 cm?

in—

ASe = 1.78cm™> Asy, =1.16 cm?

1.16 cm?

....... (ACI-318-05-(10.5.1))

14 *
1 (012 (0.29)

so select 2 © 12 With AS proy. = 2.26>1.78 cn2

*check for yielding:
Tention = compression
As* fy=0.85* fc*b* a
(2*113)*420=0.85* 25.5*620* a
a=7.063mm

X= a/0.85
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X=7.063/0.85=8.3mm

_d-x 290-8.3

x0.003 = x0.003=0.1
X

e, =0.1> 0,005
OK

4.6.1.1.2 Design for negative moment:
Mu =18 KN .m

Mn=28 =20KN.m
0.9

Assume b=12cm, d=29cm

* 3
Rn=_Mn - LOZ: 1.98 Mpa
b*d?  0.12*(0.29)
1 2mRn
=—(1- 1-———
P m( ty )
m=_1 = 40 _1937

0.85fc’  0.85x255

2(19.37)(1.98)
1937(1 \/1_ 420 )

P = 4.95x10°
ASe=p. b.d. = 495x10°* 12* 29=1.72 cn?

Asin= V' bwrd 2 Hbwrd. (ACI-105.1)
4fy fy

_ % 14 %
ASnin= 4“(420) (012)*(0.29) = 24(0.12)* (0.29)

=1.046cm* = 1.16cm?
Asmin=1.16 cm?.
ASe = 1.72cm™> Asyi, =1.16 cm?
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Check of yielding:
Tension = Compression
As* fy=0.85* fc*b* a

(2* 113)* 420=0.85* 25.5* 120*a

a=36.49mm
X= a/0.85
X=36.49/0.85=42.93mm
e, 97X, 0.003= 204293, (003 0.0172
X 42.93
e, =0.0172 > 0.005
Ok

4.6.1.2 Design of shear for rib:

-84
—P2.7 | -18.3
o™ i) [
f"”fﬁj e
| = < /
= o |
e f,-""'f
124 s
18.3 /_,.f';EZ 2
2.4

Fig.(4-5) shear diagram of rib
Max Vu:=22.2 KN( at distance equal d from the face of support)
dPVc=0p* @ b*d

= 075* —“2:335 120* 290 = 21.996 KN

® Vsmin=0.75 % *120* 290 =8.7KN
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Vu =222 KN > ® Vc=21.996 KN then shear reinforcement isreq.
For region #3 :

Vu< ® Vsmint @ Ve

Vu<8.7+21.99=30.69KN

So min reinforcement req for the first three region
f Vsreg= f Vsmin

* * * * * *
SreOI:f Av fy d - 0.75*148 4230 290 = 105.5 cm
f Vsmin 8.7*10

S<d/2=29/2=145cm
So we must use the smallest value
UseS=125cm

so select 1 @ 8/12.5cm

4.6.2 Design of Tow way Rib Slab:
*design of rib (R3):

—~ -

- S
0 - EE L

dn .'II_II_FI_IE'IFI_II_II_' RN
P - E

., N, T )

-

(]
_|j|:|:| N,
3 ;

e
=
O
M
|
N
H

NN

T, V. .. Y

S N | | N N | N O | B

i
T
Ia
J0
M
u
s
i s

Fig.(4-6) Rib. 3 Information
Factor load From ACI code:
DL =1.2 (7.78)(062) = 5.78 KN/m
LL =1.6*4*0.62 = 3.97 KN/m
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Wu =5.78+3.97 = 9.76 KN/m
Design of two way rib dlab:
Ly/Lx =8.5/7.2=1.18 <2 twoway rib dab

kfx , kfy , ksx , ksy , KAx , kAy ..... parameter depending on Ly/Lx
s X, s y correcting parameter for the positive field moment and it can be
determind by thetable at Ly/Lx =1.18 as:

Kfx=31

Kfy=43.5

Ksx=11.7

Ksy=13.2

KAX=1.765

kAy= 1.875

s X& s y=1143

Mfx= (qu x Lx?)/ kfx

Mfx= (9.76 x7.2%)/ 31= 16.32 x s x= 16.32x1.143 = 18.65 KN.m
Mfy= (qu x Lx?)/ kfy

Mfy=(9.76 x 7.2%)/ 43.5=11.63 xs y = 11.63x1.143 = 13.29 KN.m
Msx= (qu x Lx?)/ ksx

Msx= (9.76x 7.2%)/ 11.7 = 43.24 KN.m

Msy= (qu x Lx?)/ ksy

Msy= (9.76 x 7.2°)/ 13.2 = 38.3 KN.m

gAX= (quxLx)/ kAx =

gAX= (9.76x7.2)/ 1.765 =59.72 KN

gAY = (quxLx)/ kAY =

gAY = (9.76x7.2)/ 1.875=59.17 KN
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4.6.2.1 design of moment

4.6.2.1.1 design of positive moment in x —direction
Mfx=Mu= 18.65 KN.m

Mn =% =20.72KN .m

Rn= Mn _ 207210° _, o Mpa
b*d?  0.12*(029?2
1 2mRn
=—(1- 1-———
p = fy )
m =19.37
~ 2(19.37)(2.053)
1937(1 \/1 20 )
p =524x10°

ASe =p. b. d. = 524x10°* 12* 29 =1.825 cm’

ASi = VI prd > Hpw g
4ty

> 2 bW (ACI-318-05-(10.5.1))

- _ /255 . 14 .
Asn= 3220 (012)°(029) 2 24(012)* (029)

=1.046cm> = 1.16cm?
Asmin=1.16 cm?

ASe = 1.825cm™> Asyin =1.16 o’
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4.6.2.1.2 design positive moment in y-direction

Mfy=Mu=13.29 KN .m

Mn—% = 14.76 KN .m

* 3
Rn= Mn o 1470710 _; 465 Mpa
b*d?  0.12* (0.29)

= i(l_ 1_m_m)
m

fy
m = 19.37
2(19.37)(1.462)
1937(1 \/1 20 )
p = 36x10°

ASe =p. b.d. = 36x10%* 12* 29=1.255 cm’

Asnin= L1 bwrd > pwrd......... (ACI-318-05-(10.5.1))
4fy fy
. * 4 *
ASnin = 4—“(420) (0.12*(029) = X (0.12)* (0.29

=1.046cm* = 1.16cm?
Asmin=1.16 cm?
AS.e = 1.255cm™> Asyin =1.16 o’

4.6.2.1.3 Design of negative support moment at x-direction
Msx= Mu=43.24 KN .m

Mn—% = 48.04KN .m

Rn= _Mn _ M: 4.76 Mpa
b*d?  0.12*(0.29)
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2mRn

p = (L =)

m =19.37

2(19.37)(4.76)
1937 10371 \/ 0 420 )

p = 0.0129
ASe =p. b.d. = 00129% 12* 29 =451 cm’

ASnin= ﬁ bwrd > %bw*d ........... (ACI-318-05-(10.5.1))
. * 4 *
in= 4—“(420)(0 12(0:29) = 12 (0.12) (0.29

=1.046cm* = 1.16cn?
Asmin=1.16 cm?
AS = 4.51cm™> Asy, =1.16 cm?

4.6.2.1.4 Design of negative support moment at y-direction:
Msy= Mu =38.3 KN.m

Mn =383 = 4255 KN .m
0.9

42.55*10°
Rn= Mn - 2299 — __ 421 Mpa
b*d?  0.12*(0.29)

2mRn

p = (L =)

m =19.37

2(19.37)(4.21)
1937(1 \/1_ 420 )

p = 0.0112
ASe =p.b.d. =00112 * 12* 29=3.92 cm’
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Asnin= Y bw*d > '—fy4bw * oo, (ACI-318-05-(10.5.1))

Asmin=1.16 cm?
Ase = 3.92cm™> Asyip =1.16 o’

so select 2 @ 16 with AS poy. = 4>3.92 cm?

4.6.2.2 design of shear:
take the max of gAx &gAy=59.72 KN
Max Vu:=59.72 KN

ovesor {F g

= 0.75*

—VZSS 120 * 290 = 21.96 KN

® Vsmin=0.75 % * 120* 290 = 8.7KN

Vu=59.72 KN > ® Vc=21.996 KN then shear reinforcement is req.
For region #3 :

® Vsmint+ ® Vc=8.7+21.96 =30.66KN

For region #4:

® Ve+ O * @ b* d=21.96+(0.75* —‘“25"5*120* 290) = 65.892KN

Vu = 59.72<65.892KN

So category #4 satisfy

f Vsreq= Vu-fVc
=59.72-21.96=37.76KN

Select 2-legsoff 8 mm

Av=50* 2=100mm?
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Seq= f* ¢v\j Sfy* d _ 0.75*3170.3;;*412(;)3 *29 _5419em
S<d/2=29/2=145cm

S <60cm

UseS=125cm

4.7 Design of Beam
*Design of Beam(B6):

.45 025
B.TE Eo® 3TE
Il

af 1
L1803

Fig.(4-7)beam (6) geometry

4.7.1 Design of moment:

294_342'2309 1
A 30
T‘ﬂ' \% -
|1 [ |
# III s _:—'—'_"_*_I
/ 0 1.191.63 |
ﬁ\\ g Y 1 ' 39.5
"'H-.__\_\___\_'_'_‘_'_,_,-//
314.1
| . 4.05 | 2.61 L 1.12

Fig.(4-8) moment diagram
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4.7.1.1 Design of positive moment:

bw=40cm H=55cm
bf =80cm  tf=32cm
0d=55-(4+1+1)=49cm
Mu=314.1KN.m
Mn 6, =314.1/0.9
=349 KN.m

*To determineif the section work asrectangular or T-section:
Assume a=t=32cm
Then C= 0.85* fc*b* a
C=0.85*25.5* 800* 320=5548.8KN
Mn=C* (d-a/2)

=5548.8(0.49-0.32/2)

=1831.1KN.m
Mn=1831.1KN.m> Mn ¢ =349KN.m
Then a<tf
So design as rectangular section.

*design of first span:
Mnreg. =349 KN.m
Mn 349

Rn= M - _-363Mpa
b*d 0.4* 0.49
1 2mRn
==(1- 1-
p=2a- -2
m=_ =-_40 _41937

~ 085fc  0.85x255
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_ 1 2(19.37)(3.63)
P = 1037 \/LT)

p =952x10°°
ASe =p.b.d. =952x10° * 40* 49 = 18.66 cnr’

A= U pwrd > %bw L R (ACI-10.5.1)
255 . 14 .
AStn= a0 (400)(490) 2 4 (400)* (490)

=589cm* = 6.53cm’

Asmin=6.53 cm’.
As. = 18.66cm™> As;i, =6.53 cn?

so select 6 @ 20 with As 0, = 18.84>18.66 cnv

Check of yielding:
Tension = Compression
As* fy =0.85* fc*b* a

(763)*420=0.85* 25.5*800* a

a=18.48mm
X= a/0.85
X=18.48/0.85=21.74mm
297X, 0003= #0274, 4 003-0.065
X 2174
e, = 0.065> 0.005
OK

*design of second span:
Mn req. =39.5/0.9=43.88 KN.m
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43
Rno Mn _ 4388

—————=0.456 Mpa
b*dZ  0.4* 0.49° P
_ i(l- 1_2mRn)
m
m=_1 —_ 40 _ 19.37
085fc  0.85x255
2(19.37)(0.456)
P = 1937(1 \/ 20 )

p = 1.09x10°°

ASe=p. b.d. =1.09x10° * 40* 49=2.15 cm’

As. = V' pwrd = 2%hw*d
4fy fy

. *
ASin= 4( 420) V253 (400)* (490) > 24

=589cm* = 6.53cm’

Asmin=6.53 cm’.
AS.eq = 2.15cm°< Asy, =6.53 cm?
Select Asreq=Asmin =6.53

........... (ACI-10.5.1)

14 N
oo (400)* (490)

so select 3 @ 18 with AS 0, = 7.63>6.53 cm?

Check of yielding:

Tension = Compression
As* fy =0.85* fc*b* a
(763)* 420=0.85* 25.5* 800* a
a=18.48mm

X= a/085
X=18.48/0.85=21.74mm
e - 4= X X 0003 190~ 2L74

e, =0.065> 0.005
OK

50

x 0.003=0.065



Chapter Four Structural Analysis and Design

4.7.1.2 Design of negative moment:
Mn reg. =309.1/0.9 =343.44 KN.m

RN = MnZ:LLMZ_g,gggMpa
b*d 0.4*0.49
1 2mRn
=—(1- 1-———
La- p- 2
m=_N - 40 _4937

0.85fc’  0.85x25.5

2(19.37)(3.58)
1937(1 \/1_ 420 )

P =9.36x10°°
ASe=p. b.d. =9.36x10° * 40* 49 =18.36 cm’

Asnin= Y bwrd = pwrd... (ACI-10.5.1)
4fy fy
. * 4 *
ASrin= 4“(420) (400)*(490) > *4 (400)* (490)

=589cm* = 6.53cm’

Asmin=6.53cm’.

As. = 18.36cm™> Asi, =6.53 e’

Check of yielding:
Tension = Compression
As* fy =0.85* fc*b* a
(6* 314)* 420=0.85* 25.5* 400* a
a=91.26mm
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X= al0.85
X=91.26/0.85=107.37mm

e, =9=X, 0003 2010737 4 00300106
X 107.37

e, =0.0106 > 0.005
OK

4.7.2 design of shear:

-324.5
—ETI].'L‘_.FH"
.:-"'fﬂ-
.--";FF
#f’ -I5.7
- -29.2 1
I = H e '
- fﬁ_ﬁ__ﬁ_,__rf" 8.9
e o
Bl [ B L 177.8
2259 2261

Fig .(4-9)shear diagram

Max Vu:=270.1 KN at distance equal (d) from the face of support
ovezo 1€ peg

= 0.75* —“25’5 400* 490 = 123.72 KN

® Vsmin=0.75 % * 400* 490 =49 KN

Vu =222 KN >® Vc=21.996 KN then shear reinforcement isreq.
For region #3 :

® Vsmint ® Vc=123.72+49 =172.72KN

For region #4:
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® Vet O * @ b* d =123.72+(0.75* —’sz*4oo*490) = 371.16KN

Vu=270.1<371.16KN

So category #4 satisfy

f Vsreg= Vu-fVc
=270.1-123.72=146.38KN

Select 2-legs off 10 mm

Av=78.5*2=157mm’

_ f*Av* fy*d _ 0.75*157* 420* 490
Seq= -

=V 126387 107 = 165.6 mm =16.56cm
S . *

S<d/2=49/2=245cm
S <60cm
UseS=15cm

4.8 Design of Column:
4.8.1 Design of Short Column s
4.8.1.1 Design Of longitudinal Reinforcement:
Select column (C25) for design Basement floor
Pu =5500 KN
PN req = 5500 /(0.65) = 8461.53 KN
User =rg=3%
Pn=0.8Ag{0.85 fc' + I g(fy — 0.85( fc'))}
8461.53*10° = 0.8 Ag [0.85* 25.5(1-0.03)+0.03* 420]
Ag=0.3145n?

Use60cm x60cm => Ag = 3600 cnm? Fig .(4-10) Column

e N b}

Check of slender ness effect:
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o KU gy o M ceeeerer . ACI-(10.12.2) Eq(10-7)

r M,
<40
B L u: Actua unsupported (unbraced) length.
P M1 =smaller factored end moment on a compression member
B M2 = larger factored end moment on compression member
# K: effective length factor (K= 1 for braced frame).
B r: radiusof gyration = [
K=10 A
Lu=3.7m

B |1g=moment of inertia of gross concrete section
about centroidal axis, neglecting reinforcement,

mm4
» | =bh%12 = 60(60) */12 = 1080000 cm*
A = 3600 cm®
r= \/_ 1080000 _ 17.32 cm
3600
[ KL, J _ [1* 3.7mj —2136< 22
r 0.1732

- Short....Column.

8461.53 *10° = 0.8(360000) [(0.85)* 25.5(1-r g)+ r g *420]
r g=0.01934 >r min=0.01

A4 req = (0.01934)(3600) = 69.62 cnv

Use 16D 25A ¢ provide = 78.4 cm?

4.8.1.2 Design Of The Tie Reinfor cement:
Spacing < 16*d, (Longitudinal bar diameter)=16*2.5=40cm
< 48*d; (tie bar diameter) = 48* 1.0=48cm.
< Least dimension=60cm
Use @ 10 ties @ 35cm spacing
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The design column is shown in Fig.(4-11).

_1EPET
s 5 1035
=20
= " 0
)
s = o o
L i [;
[ ] T
L= BEidE =D
L=154
" i
] N
L T
T 20
Fig.(4-11).

Detail column (C25)

4.8.2 Design of Long Column (C32)

4.8.2.1 Design Of longitudinal Reinfor cement:
Select column (C4) for design [ground floor].

Pu = 3456 KN

Pn= Pu /(0.65) = 3456/(0.65)= 5316.9

Usepy=3%

Pn=0.8Ag{0.85 fc' + I g (fy — 0.85( fic'))}

5316.9 *10™® = 0.8* Ag [0.85* 25.5(1-0.03)+0.03* 420]
Ag = 0.2404m?

Try 50cm*60cm.= 3000cm?
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lu=5.7m

M, &M, =1

K=1

Chick..for..9enderness

& <34—12ﬂ
r M,

KL 1x5.7

r 015

38> 22

.~.Long Column.

38  ACI-318-05 (10.12.2)

(=
El =0.4—2¢ ACI -318-05 (7.12.3)
1+ b,

E, = 4700,/ fc' = 47001/25.5 = 23733.8MPa

~12DL  1.2(187)
Pu 345.6

b, =0.65

2 2 %
p _PEl _P 73596 15g1mN.

(KLY (*57)

cm=0.6+ O.A{ﬂjzl
M 2

Cm

d.= >1 e, ACI (10.12.3)
1-(P,/0.75P))
1
dns_l_ 56 =1.73
0.75*10.91x10°
e,,=15+0.03h ... ACl (10-12.3.2)
e - (5+0.03*500) _ 0.03
1000

e. =e*d _=003%1.73=0.0519
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€_293_4088

h 06
From..Interaction.. Diagram
* -3
f P, _3456*10™, 145 167
A, 0.6*0.5 1000

4.8.2.2 Design Of The Tie Reinforcement:

Spacing < 16 = d, (Longitudinal bar diameter)=16 = 2.5=40cm
<48 = d (tie bar diameter) = 48 = 1.0=48cm.

< Least dimension=50cm

The design column is shown in Fig.(4-12).

= T
B ! r,-
i =
. e
| p— 6o ¢

Fig.(4-12).Detail column(C32)
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4.9 Design of stairs:

@ Thestairsisdesigned as one way solid slab for 1-m strip and in this project the

stairsis simply supported .

L]

. - g g s ", "'.-.
T o PRI K

e Q{x}

Fig.(4-13): Stair Details

4.9.1 Design Requirements:

4.9.1.1 Limitation of deflection
h > L/20=(2.70+0.4+0.4) / 20=175cm. ...... For ssmply supported span (ACI- Table

9.5.9

< Takeh=18cm
6 = tan™(20/30) = 33.7

49.1.2 Loads:
Dead L oads:

Dead load of slab = 25 * 0.18 *(1/cos 33.7) =5.4kN/ m?
Plaster = 0.02* 23 *(1/cos 33.7) = 0.552 KN/m?
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Steps=0.2* 25/ 2 = 2.5 KN/m?

Sand = 0.05 * 17 = 0.85 KN/m?

H-mortar = 0.03 * 23 = 0.69KN/m?
V-mortar = 0.03* 23 * 20/ 30 = 0.46 KN/m?
H-Plate = 0.03 * 22 *33/30 = 0.726 KN/m>.
V-plate = 0.02 * 22 * 20 /30 = 0.293 KN/m?.

Total Dead Loads= 11.471kN/m?.
Factored dead load= 1.2 * 10.04= 13.765 KN/m?

@ Liveloads=5KN/m? for commercial buildings .
Factored live load=1.6 * 5= 8 KN/m®.

@ Factor Loads:
Wu = Factored dead load + Factored live load (For one-meter of the stair slab)
Wu =13.765+ 8=21.765 KN/m

@ L : thelength of the flight and we sum 0.4 m for each side
So L=27+04+04=35m.

Nearl loard
137
! L & ) 1| y J
T = T T ua
i i
Live load
a.00
L i ir L LY
| O 77 uA
i

Fig.(4-14): Stair loads
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4.9.3 Analysis:

@ Support Reaction :

Ay=By=W,* L/2
=21.765* 2.7/2=29.4 KN
@ Using ®14 bars
d=18-2-0.7=15.3 cm =>» select d= 15cm
@ Mx=Vu* Area
=(0.4*29.4)-(29.4*0.5*1.35) = 31.6 KN.m

Shear diagram

294

Fig.(4-15): Loads & Shear Diagram of Stairs

4.9.3.1 Design of shear :

DV, = cp%w/ f b*d = 0.75x %«/25.5 x (1000) x (150) = 94.68 KN.
OV, = 94.68 KN >V =29.4KN .............. OK

| 1.75 316 1.75
|

Fig.(4-16): Moment Diagram of Stairs
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Mp=31.6/0.9=35.11 KN.m

Mu
f.b-d?
35.11*10°

=———— =156MPa.
R = 10007 1507

R, =

fy 420

m= = =19.37
0.85fc  0.85* 25,5

* * 1/2

Jfc 14
r mn — ¢ 22—

4fy fy
=0.0030> 0.00333
I mn=0.0033....... control
0.0033<0.00386 .......... OK
Aqmin =.0033* 100* 15= 4.95 cm?
AS (shinkage) = 0.0018* 100* 18=3.24cm?.

@ Required As= 0.00386* 100* 15= 5.79 cm?
AS(providaj) = 615 sz
AS (provided) = 6.15cm* > Ag= 5.79 cm®
Select @ 14.....@25cm.

4.9.4 Development length of the bars:

Ly= [nyfl ytxy ex| xdb] (for 14 bars) (ACI- Table12.2.2)
. C

( 420
14255

TakeLyg=85cm

Ix1x1x 1.4j Lg=83.96 cm
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4.9.5 Shrinkage and Temp. Reinfor cement:
As=0.0018* 100* 18= 3.24 cm’/m

As(provided) =39 cm2/ m

4.9.6 Landingdesign:

@ Dead loads
(Mortar) = 0.02 * 23= 0.46 KN/m?
Plate = 0.03 * 22 = 0.66
Concrete Plate = 0.18 * 25 = 4.5 KN/m?
Plaster = 0.02 * 23=0.46
- D.L (per meter) = 6.08 KN/m

@ Liveload =5KN/m?
Factored dead load = 1.2* 6.08 = 7.296K N/m
Factored liveload =1.6* 5=8 KN/m

1. Reaction of the steps slab = 29.4 KN/m
Wu = Factored dead load + Factored live load + Reaction of the steps slab

as shown:

Structural Analysis and Design

Feaclions

- DL

Y. LY. 4

EEEEEEEEEEE IEEEREEE R

L.L

EEFFETEEERET RSN RS TR

Fig.(4-17): landing loads
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2. My =57.5KN.m from diagram bolow:

Ty

¥

Moment diagram

s

g
————

2.05 al.5 2.05 |

Fig.(4-17): moment diagram of landing

Mp=57.5/0.9 = 63.88 KN.m

* 5
R 638810 _, ovipa
100*15
% % 1/2
N 1_(1_2 19.37 2.83) — 0.00727
%1937 420

I req= 0.0066 > r nin=0.0033
3. As=0.00727* 100 *15 = 10.9 cm?

As(provided) =13.3 sz

4.9.7 Shrinkage and Temp. Reinforcement:
As=0.0018* 100* 18 = 3.24 cm®

As(provided) =3.9 sz

4.9.8 Design of oneway solid slab( g <uw 818e):

x h= [%) =0.192
select h=20cm
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dead load

dab = (0.2x25) =5 KN/’

plaster = (0.03x23)= 0.7 KN/m?

live load = 4 KN/m?

qu = (1.2x5.7)+ (16x4)=13.24 KN/m?
For (1 m) strip = 13.24 KN/m?

_f(at®)_
Mu=| = =27.8 KN/m

Vu= (q—z'jz 27.15 KN/m

Design of shear:-

Doy, = O.75><\/2_5;<1000><17O —160.25 KN

®.v. > Vu (No shear Reinforcement)

Designe of Moment (Maine Reinforsement) : -

Mu=27.8KN.m

Mn =28 =3091 KN.m
0.9

—_ Mn _
Rn—W— 1.07 Mpa

2mRn)
fy
m=_ =_40 _1976
0.85fc’ 0.85x 25

_ 1 [ 2(19.76)(1.07)

P = 1976 \/1_ 20 )
P = 2.63x10°

ASe=p.b.d. =4.43 cm?/m

P :i(l_ 1—
m

fc 14
L — * > -
ASpn= 1 —bw*d = =—"bw=*d........... (ACI-10.5.1)

As. = J25
in = .,
4(420)
=506cm* = 5.67cm’
AS.in= 5.67 cm?
1.3 A =13%x443 =5.76> 5.6/
As= AS., = 5.67 cm?/m

N 1.4 .
(1000)*(170) = 2 (1000)* (170)

so select ® 12/15cm
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Secondary Reinforcement :-
ASremp = 0.0018x100x17 = 3.06 cm?/m > % ASnin

4.10 Design of Footing

4.10.1 Design of | solated Footing:

After the column load is determined, the proper footing can be designed.
The following procedure describe the analysis and design of footing (F32).

-FL e

4.10.1.1 L oad Calculation: M
Factored load =3800 KN i o
Soil weight = 18 KN/m? S
Column geometry 60 * 50 cm :
Pu=3800 KN

Mu =0.0 kN.m and so e=0.0m
The allowable soil pressure = 400K N/n.

4.10.1.2 Design of footing:
1. G pa1 =400K N/’
Pu 3800

R ired(A = = =6.78m?
equir ( rea) 1l.4*sball 1.4* 400 m
Try 27227 Area=7.29m’

For the design of the reinforced concrete member factored |oad must be
used:

Pu = 3800 KN.

P.«(factored)= Pu / Area = 3800/7.29=520.1 KN/m>.
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4.10.1.3 Determine depth based on shear strength.

Using critical section for one-way shear action and letting Vus®Vc
Vu : shear force at critical section (a/2+d)

Assume h=h;;=40cm » d=40-7-1=32cm

al2+d=50/2+32=57cm

Vu =520.1*2.7*0.78=1095K N

.
Ve = 0.75x Y GC

xbx dreq

Select Height of foot = 70 cm

** Check this depth for two way shear action (punching), using critical
section with d = 62cm.

VSOV

Vr =shear force at critica section (d/2)

Vir = Py~ 0 pa [ (atd)(b+d)].

V r=3800-520.1*[1.12* 1.22]=3089.5KN

The Punching shear strength is the smallest of:

v, =%[1+ bi}/? bd  =05/f bd
v, =1—12(b0a/5d +2j\/ftlbod = 0571, b,d

v, =%w/ t.'b,d =033y £, 1d srvrven . Control

Where:
b.=a/b=60/50=1.2

b, = Perimeter of critical section taken a (d/2) from the loaded

(o]

area=468cm

a, =40 for interior column
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V, = 0.33y/30(4680)(620) = 5297.57 KN
@V, = 0.75x 5297.57=3973.18KN

oV, >V, 3973.18>3089.5 its OK

4.10.1.4 Check transfer of load at base of column:
®Pn = ®(0.85fc'Ag)

®Pn = 0.65(0.85)(30)(600x 500) = 4972.5KN > Pu = 3800KN

. Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As = 0.005 * (60 x 50) = 15 cm?

4.10.1.5 Design for Bending M oment:

Mu = PnaxLx(E—gj xO.S(L—Ej
2 2 2 2

=(520.1x 2.7x[ 27 99 ) 05 27 _ 95 _g49 6KN.m
2 2 2 2

Mn= MU _896_gknm
D 0.9

q= Mn _ 944 x10°
bd?  2700x 620°

M=Fy/0.85fc'=420/0.85* 30=16.5

=0.9MPa

1 2mRn
p=—(1- 1-0)
m fy
1 2x16.5x0.9
p=—(1- \/1——)
16.5 420
r =0.0022

Reg. A, =0.0022 (270) (62) =36.83cm”

ASmin= E 14
a(y) (bw)(d) = — (bf )(d)
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V30

4(420)

AS min= (2700)(620) > % (2700)(620)
Asmin = 54.58 < 55.8cm2

As min=55.8cm?
1.3As reg=1.3*36.83=47.88cm’< As min=55.8cm?
Select As=1.3As req=47.88 cm?

4.10.1.6 Check for yielding:
Tension = Compression
A x fy=0.85x f 'xbxa

(10* 490.87) x 420 = 0.85x 30x 2700x a
a=29.94mm

X =—2 _3523
0.85

. _620-3523
* 35.23
e, = 0.0497 > 0.005

x 0.003
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t‘r‘g [
= 2 5t b
i1
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. de'y i
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Fig (4-18): Footing (32) Detalil.

4.10.2 DESIGN OF COMBIND FOOTING:
4.10.2.1 DetermineLoads & Area of footing OF(F3) :

1950 2280
a || | ‘| "
IR
Y
1 |
aFs 2
I
X
ERsn
T iT
416.2 X2 T
1]
Cs2 Cs3 Csl 486.67

Fig.(4-19) :Geometry of combined footing

Allowable soil pressure = 400 KN/m?

Pu from C3=2280K N
Pu from C4=1950K N

Total factored loads = 4230 KN.
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4.10.2.2 Determinewidth of footing:

Footing Area = 4230/(1.4*400) =7.55m?
Select 3.75* 2.5=9.37>7.55m2

4.10.2.3 Determine depth based one way shear strength:
Assume H= 60 cm

d=60-7-1=52 cm
The punching shear strength is the smallest of:

iV :%(“bij’/ fhd  =0333yf bd
iV = (b r j’/ hd =056y f, b,d

:%,/ fcrbod =0.3 fcrbod .............. Control

Where;

Bc=long side of column/short side of column=50/30=1.67
b.=a/b=50/25=20.

b, = Perimeter of critical section taken at (d/2) from the |oaded area
= 2*82+2* 102 =368 cm
a, =20 For corner column

Ve = 0.75x 0.33+/30(3680)(520) = 2415.8KN.

Vu =Pu max — 9all *Area of critical section

=2280 - 400*1.02*0.82 = 1945.44 KN

oVe >Vu 241544 KN > 1945.44KN ..... OK
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4.10.2.4 Determination of bearing pressur under the footing:

MRy = 2280*0.625 — 1950* 0.625 = 206.25 KN.m

ly=2.5*3.75° /12 =10.98 m*
o= U, MRy,

A ly
01= 04= 4230 20625, 1.875 =416.2 KN/m?
9.37 10.98
0= 03= 4230 + 20625, 1.875 =486.67 KN/m?
9.37 10.98

02= O3= Omax =486.67 < 1.3*1.4*400 =728 KN/m? OK

4.10.2.5 Designin X direction:

According to the previous figure:
*X1=467.87 KN/m2

Mu ( at Csl) =467.87 *1*0.5* 2.5 + (486.62-467.87)* 1*0.5* (2/3)* 2.5
= 600.5 KN.m

*X2=434.99 KN/m2

Mu (at Cs2) = 416.2* 1* 0.5+ 2.5+(434.99-416.2)* 1* 0.5* (1/3)* 2.5
=528.1 KN.m

So Mu (at Csl) =600.5 KN.m is control
*For X3
(X3-416.2)/X = (486.67-416.2)/3.75

X3=18.722X+416.2 KN/m2

FRY=0.0 at X3

1950-0.5*18.722* X* X*2.5 -416.2* X*2.5= 0.0

X=1.8m

X3=450.02 KN/m2

Mu (at Cs3) = 1950*0.55-416.2* 1.8*1.8*0.5* 2.5-(450.02-416.2)*1.8* 0.5 (1.8/3)* 2.5
=-658.76 KN.m
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* Main longitudinal reinforcement at face of right column :

M, =658.76 KN .m

f

y

420 =19.37

R,

r =

Y

085f,  085*255

M,  65876x10°

“fbd?  0.9x 2500% 5207
v fy
(1— \/1

=1.08Mpa

1

m

1

_ ~ 2x1937x1.08
19.37

420

J =0.00265

Asreq = 0.00265 *100*32 = 13.75cm? /m.

ASmin=

ASmin=

[
4(1y)

\255

4(420)

14
bw)(d) > =— (bf )(d
(bw)(d) > 1Ey( )(d)

1.4
(1000)(520) > - ~(1000)(520)

A'S min=17.33cm’/m
1.3Asreg=1.3*13.75=17.88>As min=17.33cm’/m

Use As= Asmin=17.33cm?/m
Check for shrinkage and temp
AS in=0.0018 * b * d

=0.0018 * 100 * 52

=9.37cm?/m

As used =17.33cm2/m>As ,;;=9.37 cm?m

. Select ®20@15cm
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4.10.2.6 Design in Y direction:

M, = 1024 KN .m

f
m=—2— = 420 =19.37
0.85f;  0.85*255
6
R M, 1024x10° 1.12Mpa

Tfbd?  0.9x3750x520°

r= 1[1— - 2MR, J
m fy

_ 1 1_\/1_2><19.37><1.12
19.37 420

P J =0.00274

Asreq = 0.00274 *100*52 = 14.27cm?/m.

AS min= j(f) (bw)(d) > %(bf )(d)

\255

4(420)

AS min= (1000)(520) > % (1000)(520)

A'S min=17.33cm’/m
1.3As reg=1.3*14.27=18.55>As min=17.33cm’/m
Use As = Asmin=17.33cm?/m
Check for shrinkage and temp
AS1in=0.0018 * b * d
=0.0018 * 100 * 52
=9.37 cm’/m
As used =17.33cm2/m>As ,j,=9.37 cm’/m

Select ®20@15cm
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t o
—_— — [ 1 1.040 L'.LHJE
4, : %
. ) me— rE— N =
e ) o [ | i | 3£ T
T = Dy, g i
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Fig.(4-20) :Details for combined footing

4.10.3 Design of Strip Footing (section B-B):
4.10.3.1 load Calculation
Weight of wall (D.L.) =(height) Thickness * 1m wide * y,
=49 *x 25 * 25 =306.25 KN/m
From beam D = 160KN/m
L =88KN/m
Wu=1.2(466.25)+1.6(88)=700 KN/m

4.10.3.2 Determinethefooting width :
Allowable soil pressure = 400 KN/m?
Assume footing thicknessis 0.3 m.

(DL +LL) 306.25+160 + 88
0. 400

=1.38 m

Footing width =

S0 select 150 cm width of strip footing.
Determined of the contact pressure:

P
Pe=——= 700 = 466.67 kN /m?
Area 1x15
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1
Vn :Vc :6\/Tdh/vd
DV, =V,
0.75%@ «1000x d :466.67*103(w—d)*1

(d)=0.59m
(d) =59cm
Total thicness=59+ 7+ 2= 68cm

4.10.3.3 Determinereinforcement for moment strength :

Mu = (Pnet) ( footing width —wall width ) ( footing width—wall width

2 4 )
= 466.67* 0.6* (0.3)
Mu= 84 KN/m
. M *10°
Ra:]l."red Rn - m
6
RequiredRn=— o230 _ g5
0.9x1000x 610
0.85* fc  0.85*30
_1 (1- 1 2mRn )
m fy

p=-_Ltq- \/1-%2;025)) = 0.0006< pmin = 0.0018 .

Areq=p Zb=d=0.0018 = 100 = 61 = 10.98 cm?
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4.10.3.4 design of dowelsbars:
®.Pn=0.65*0.85* fc*Ag

=0.65*0.85* 25.5* 1000* 250=3522.19KN
Pu=700KN
®.Pn>Pu So,
As min,, = 0.0012 * 100 * 20 = 2.4cm * /m

4.10.3.5 design of Secondary Reinforcement:
As min,, = 0.0018 * 150 * 61 = 16.47 cm *

[ #10@30
h -
11614 | $16@©17.5

| ]

= E\wmﬂ s !

ch R R AT
L&

0.1 U1/
L7

Fig.(4-21) :Details for Strip footing
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4.10.4 Design of Mat footing(M F1):

4.10.4.1 Load calculation

Fig.(4-22) Dimention of mat footing

Total (D.L)of the Wall = Wall Height * (W) * (yc).

= (46)* 0.2* 25=230KN / m.

Slab Weight (D.L) / monthewall = 20.8 KN/ m.
Slab Weight (L.L) / mon thewall = 30 KN/ m
Total Dead load = 250.8 KN/m.

Total live load = 30KN/m.

Dead load factored =1.2 * 250.8 = 300.96 KN/m.
Liveload factored = 1.6 * 30 = 48 KN/m.

Total load factored =349 KN/m.

PRu = 349* (2% 1.35+2*1.5) = 1989.3KN.
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Fig.(4-23) Sections of mat footing

Required area= P/ 1.4* Allowable soil pressure = 1989.3 / 1.4* 400 = 3.55 m?.
Select A provided = 2.35%2.1 = 4.93mM% > Ar€areq ..........cevvvvevnennn, OK.

Total Factored load for one meter strip= 1.2*DL + 1.6* LL = 1.2*250.8+ 1.6*30
= 349 KN\m.

4.10.4.2 Design in X- Direction.

Check of Bearing capacity for Section a-a.
01= (2*349)/(1*2.35) = 297 KN/ m?.

(01 = 297KN/ m?) < (1.4*B.C = 560 KN/ m?)....... OK.
Section A-A

We found that the shear

Envelope is as shown in the figure
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249 KN 249 KM

|

| |
N N A ¢ O O M |

297 KNsm2

230.2

1152

-230.2

L 04 0,775 | 0775 L4

Fig.(4-24) Shear envelope of mat footing Section A-A

4.10.4.2.1 Estimation of footing depth:

Vu=230.2 KN.
DV, = cb%\/ft' bd = O.75><%«/25.5 x (1000) x (d) = 631.2d

Let Vu =@ Vc.

230.2¢10° = 631.2d

So, d = 0.36m = 36cm.

Assume @10 for main reinforcement.

hreq=36+1+ 6 + 1 =44 cm.

Select h = 45cm.
dreq=45-6-1-1=37>36CM.........cccvevverieniinnnnnnnnn. ... 0K,
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4.10.4.2.2 Design of reinfor cement:-

*We found that the moment envelope of this section is as the following figure,

F49 KM 349 KM

HJ

| |
r rr1rrr 1t r 17

297 KN/m™ 2

0.4 0,775 0775 04

Fig.(4-25) Moment diag. of mat footing Section A-A

4.10.4.2.2.1 Design of positive moment:

*Bottom reinforcement (in X direction).

Mu = 23.76KN.m/ 1 meter strip, (At the face of support).
Mn g =Mu/ 0.9 =23.76/ 0.9 = 26.4 KN.m.

q= Mn_ 26.4x10°
bd? 1000* 370°

* *
r =i(1— | 2man 1 (1_\/1_2 19 .37 0.204j:0_00049

= 0.204MPa

m fy | 19.37 420

I req =0.00049.

A, 1oy = 0.00049* (100)*(37) = 1.76 cm?.
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fC' * *
N LI il T
4*f
V25.5 1.4*100* 37

=10.82>12

s min

onin= *100%37> =0 2 S0 A
4% 420 420

Select A, ;.= 12cn.

1.3* Asreq=1.3*1.76 = 2.288< A, -

Asused must be > Asrequired for shrinkage & temperature reinforcement.
AS shrinkage = 0.0018* 10045 = 8.1 cm? .

2.288< 8.1, SouseAs=8.1cm?..

ASprovided =9.04>8.1 ..o OK.

4.10.4.2.2.2 Design of negative moment :-

*Top reinforcement (in X direction).

Mu = 65.5KN.m/ 1 meter strip, (At the face of support).
Mnreg=Mu/0.9=65.5/0.9=7278 KN.m.

qo Mn_ 72.78x10°
bd® 1000* 370

* *
; _ 1 1 ho 2mRn ) 1 1_\/1_2 19.37 * 0.56 _ 0.00135
m fy 19 .37 420

= 0.56MPa

I req=0.00135.
A, 1oy = 0.00135* (100)*( 37) = 4.86 cm? .

Ao fc *bw*leA*bW*d

s min 4*fy

* *
o V255, 0ou g7 1AF100737
4* 420 420

=10.82 > 12cm?

Select A_,,;,=12cn?.
1.3* Asreq=1.3"4.86=6.318> A_, .=12cm?.

So, use Asmin = 6.318 cm?.
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Asused must be > Asrequired for shrinkage & temperature reinforcement.
AS shrinkage = 0.0018* 100*45 = 8.1 cm? .
8.1>6.318, Souse As=8.1cm?.

ASprovided =9.04>81.......................0K.

4.10.4.3 Designin Y- Direction.
Check of Bearing capacity for

01 = (2*349)/(1*2.1) = 332.4KN/ m*.
(07 =332.4) < (1.4*B.C =560).......OK.

*We found that the shear Envelopeis as Figure.
Because the shear action is the same we use the depth of mat = 45cm.

F49 Kh F49 KN

| |

T T T T T T T T 70

SIS HEMNSTTE

01

—2le

1 Ll.4 = NES L MN.ES 1 n.4 !

I.:ig.(4—26) Shear envelope of mat footing Section B-B
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4.10.4.3.1 Design of reinfor cement:-

*We found that the moment envelope of this section is as the following figure,

249 KN 249 KN

[ﬂ H}

| |
T % T T T 7T T 7

F32 AN E

43,6

04 0635 ) 065 04

Fig.(4-27) Moment diagram. of mat footing Section B-B
4.10.4.3.1.1 Design of positive moment:

*Bottom reinforcement (in 'Y direction).

Mu = 26.6KN.m/ 1 meter strip, (At the face of support).
Mnreq=Mu/ 0.9 =26.6/ 0.9 =29.56 KN.m.

qo Mn_ 29.56x10°
bd®>  100* 37

* *
r :i(l— | _2mRn j 1 (1_\/1_2 19 .37 023}:0.00055

=0.23MPa

m fy | 19.37 420

[ 1eq =0.00055.

A, 1oy = 0.00055* (100)* (37) = 2.035 cm? .
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fC' * *
N LI il T
4*f
V25.5 1.4*100* 37

= *100*37> =7 LA L =10.82>12cm?
4* 420 420

Select A_,,;,=12cn?.

1.3* Asreq=1.3*2.035=2.64< A, ., -

Asused must be > Asrequired for shrinkage & temperature reinforcement.
AS shrinkage = 0.0018* 100*45= 8.1 cm° .

8.1<2.64, SouseAs=8.1cm?..

ASprovided =9.04> 81 ...oooiiiiiiiin, OK.
4.10.4.3.1.2 Design of negative moment :-

*Top reinforcement (in'Y direction).
Mu =43.6KN.m/ 1 meter strip, (At the face of support).
Mnreq=Mu/0.9=43.6/ 0.9 = 48.45KN.m.

q= Mn_ 48.45x10°
bd® 1000* 370

* *
R E LA P 1—\/1—2 19.3770.374 | _ 4 000899
m 420

I req =0.000899.

=0.374 MPa

A, .oy = 0.000899* (100)* (37) = 3.23cm?

fc' A* *
A, = st d > A bwrd
4* f y
V25.5 1.4*100* 37

in= *100%37 > —————=A_;,,=10.82 > 12cm’
4* 420 420

Select A_,,;,=12cn?.
1.3* Asreq=4.19.

So, use As req = 4.19 cm?,
As used must be > Asrequired for shrinkage & temperature reinforcement.
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AS shrinkage = 0.0018*100%45 = 8.1 cm? .

8.1>.4.19 Souse As=8.1cm? ..
ASprovided =9.04>81 .......c.iiiiiiinnnn. OK.
16871 B.E
162812 T.R b . 18012 B.R
-: | _'_'_'_'_'_,_,_:—
T e I ey
e o R R
?#&.,Tw_.,;?.. M. y 18812 T.R
<1 i o e —
» 3
a3 175 (i
A
?:- .
L1 @1 7 F30Nm y W12 20cm
. L
o 2R B0 T.8 .
‘llll\\.\ - L
[ o - ] ey - = - ' o -
l_:’._‘II
b+
| R T S - & T N R O S R | [ D A" "
|_". i < Ea . T .-Ifl{"rru" B R e ‘I ]
@221 2:56m B
T — 1.5 1.7 8.3 £

Fig.(4-28) Mat foundation detail
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4.11 Design of Basement wall:

12.5 KN/ m
g \, \k\l i ‘ | | i k
17.74 KN,
%% 54 9KN [
T 215
143 l
\

Fig. (4-29): Basment wall-Diagram

4.11.1 load Calculation:
€0 =y* h *K,
0 =30°
~1-sinqg 1-sin30 _
1+sing 1+sin30
e, = 18¥4.3*0.33=25.54KN/m
e,=P*K,
=12.5*0.33 = 4.13KN/m

K 0.33

4.11.2 Thickness of wall Calculation:
Mu = 63.4KN.m
Assume p =0.01
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o fy 420
0.85x fc'  0.85x30
Rn=r x fy(1-0.5mr)
Rn = 0.01x 420(1— 0.5x16.5x 0.01) = 3.61
Mu 5 63.4x10°

Rn:—2:>3. = >
g 0.9xbxd 0.9x1000xd

d =140mm

H =140+ 70+ 20 = 230mm

SHect....H = 25cm

16.5

4.11.3 Wall Design:
*Design of tension side:
Mu=63.4KN.m (from 4.12.2)

6
RM— Mu - 63.4x10 =359
09xbxd® 0.9x1000x140

c_Af f2xRaxm) 1 1_\/1_2><16.5x3.59 60610
m fy 16.5 420

As=9.25x10"°x100x14 =12.95cm2/m

ASmin= E(bw)(d) zﬁ(bf)(d)

A(fy) fy
ASmin= /3 1.4
m (1000)(140) > 220 (1000)(140)

ASmin= 4.56<4.67 S0 AS y;;=4.67cm?m

As req=12.95cm*>As min=4.67cm’

Check for shrinkage and temp
AS i, =0.0018 * b * h
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=0.0018 * 100 * 25
= 4.5cm?
Asreq =12.95>AS i=4.5 cm?

Check for Shear:

Vu = 72KN.
@x1000x140

fVc=0.7

fVc=95.85KN >Vu=72KN

No shear reinforcement is required then In the other direction
(Horizontal )provide shrinkage and temperature reinforcement
p =0.0018
As = p* b*H
As = 0.0018* 100* 25= 4.5 cm” /m

*Design of Compresion side:

In the compesion direction (Horizontal and vertical )provide shrinkage and
temperature reinforcement

p =0.0018

As = p* b*H

As = 0.0018* 100* 25= 4.5 cm* /m
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*Design of Dowels:
As Min,g = 0.0012 * 100 * 20.4= 2.448 cm *"...........

(ACI-318-14.3.2)

Bol

Fock Layers

10cm Elab

Fig.(4-30) Mat foundation detall
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4.12 Design of shear wall :

By analysis and calculation the magnitude of earthquake force is greater than wind

force, so that the design used isto be resist earthquake force .

T

X
el b b Ll LN b LD

FRy—=1

@3

oEle

|

So=shear centroid

= FRx=1
" obds
@

s=center of bmlding

A A

0x

Fig.(4-31) Shear wall diagram

Determination of location of shear centroid(So) :

° Y:Zx*lx
2.x

o ?:m
2N

*|= (b*h®)/12
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No of wall | Ix X Ix*X Iy Y Y
1 171 375 643 0 169 0
2 0 662 0 4.17 14.83 | 61.85
3 0 662 0 417 1893 78.93
4 0.093| 593|055 O 16.88 0
5 0O 675 0 0.06 16.18 0.92
6 0.093| 7.58 | 0.7 0 16.88 0
7 0O 675 0 0.06 17.58 1.05
8 114 10.73 | 1223 O 6.1 0
9 0 13 0 16 485 | 7.76
10 1141528 | 1742 O 6.1 0
11 0.11 1223 137 O 7 0
12 0 13 0 0.051 6.35 | 0.325
13 0.11 1378 152 O 7 0
14 0 13 0 0.051 788 0.4
>  4.396 40.22 10.162 151.235
x=2022_g15
4.396
v 151.235 _ 4.88
10.162
e, =051m
6 =8.15m
Part of trandation to FRx & Fry :
_ FRX*Iy,
AP
*

Part of rotation:
due to Mxm=> O«
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4 Og=- Mx_ x 1, xY,,

lw

Mx., x I x Xy,

4 Qyi=

IW
DuetoMYm => gy

My x 1, xY,,
Qxi= — Ym X 1y X ¥y

L

Oyi= MymxlxxXM*

IW

lw=Sh*Y2u+S Ix* X2y,

wall| Ik | X'm | I*X'm | I*X2m | Iy Y'm | I¥Y'm | I¥Y'2ym
1 171 54 -9234 49864 O 2 0 0.000
2 0 |-233 0 0000 @ 417 | -0.06 -0.2502 @ 0.015
3 0 |-233 0 0000 417 405  16.8885 68.398
4 1 0.093 -323 | -0.30039  0.970 0 | 212 0 0.000
S 0 -24 0 0000 006 13 | 0078 0.101
6 0093 -1.58 -0.14694 0.232 0 | 212 0 0.000
7 0 -24 0 0000 006 27 | 0162 | 0.437
8 | 114 | 158 | 18012 | 2.846 0 | -878 0 0.000
9 0 | 385 0 0000 16 -1003 -16.048 160.961
10 1 114 | 613 69882 42838 0 | -878 0 0.000
11 ' 011 308 03388 @ 1.044 0  -7.76 0 0.000
12| o | 385 0 0.000 | 0.051  -853  -0.43503 | 3.711
13 ' 011 463 | 05093 & 2358 0  -7.76 0 0.000
14 ' o | 358 0 0.000 | 0051  -7.01 -0.35751 2.506
2 | 4.39% 100.151 ' 10.162 236.131

lw = 236.131+100.151= 336.282 m° .

Torques due to g -
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MxXm=FRx * &

=1*-051 = -0.51 KN.m
MY m=FRy * &

=1*-815 = -815 KN.m

@ Part of load of each shear wall :
Loadsin X- direction :
FRx=1KN, Mxy,= -0.51 KN.m

Part of trandation = m
2l

wall | I, FRx * Iy | (FRx*Iy)/Yly

1 0 0 0.000

2 4.17 4.17 | 0.410

3 4.17 417 041

4 0 0 0

5 0.06 0.06 | 0.0059

6 0 0 0

7 0.06 0.06 | 0.0059

8 0 0 0

9 16 16 0.1574

10 0 0 0

11 0 0 0

12 0.051 | 0.051 | 0.005

13 0 0 0

14 0.051 | 0.051 | 0.005

> 10.162 1

Part of rotation : Qx due to Mxt:
wall | Iy Y'm | -(Mx/ Iw)*Iy* Y'm

1 0 2 0.0000
2 4.17 @ -0.06 -0.0004
3 417 4.05 0.0256
4 0 212 0.0000
5 006 13 0.0001
6 0 212 0.0000
7 006 27 0.0002
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8 0
9 1.6
10 0
11 0
12 | 0.051
13 0
14 | 0.051
2

Part of rotation Qy dueto Mx; :
Wall

—

O 00N U1 W N

@ Part at each wall dueto gy :

-8.78
-10.03
-8.78
-7.76
-8.53
-71.76
-7.01
Ix X*m
1.710 -54
0 -2.33
0 -2.33
0.093 | -3.23
0 -24
0.093 -1.58
0 -2.4
1.14 | 1.58
0 3.85
1.14 | 6.13
0.11 3.08
0 3.85
011 463
0 3.58

Qx; = part of trandation + part of rotation
P Qxy(forwal #1)=0.0+ 0.0+ 0.14

=014

0.0000
-0.0243
0.0000
0.0000
-0.0007
0.0000
-0.0005
0.0000

(Mx/ Iw)*Ix* X*'m
0.0140
0.0000
0.0000
0.0005
0.0000
0.0002
0.0000
-0.0027
0.0000
-0.0106
-0.0005
0.0000
-0.0008
0.0000
0.0000

B Qxo(for wall #2) = 0.41 - 0.0004 + 0.0

=0.4096

B Qxa(for wall #3) =0.0 + 0.0256 + 0.41

= 0.4356

B Qxu(for wall # 4) =0.0 + 0.0005 + 0.0

= 0.0005

» Qxs(for wall #5) = 0.0059 +0.0 +0.0001

= 0.006
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B Qxg(for wall #6) = 0.0 + 0.0002 + 0.0

=0.0002

» Qx(for wall # 7) = 0.0059 + 0.0002 +0.0
=0.0061

B Qxg(for wall # 8) = 0.0 +0.0 -0.0027
=-0.0027

P Qxo(for wall # 9) = 0.1574 -0.0243 +0.0
=0.1331

B Qxio(for wall # 10) = 0.0 +0.0 -0.0106
=-0.0106

P Qxy(for wall #11) = 0.0 +0.0 -0.0005
=-0.0005

B Qxpo(for wall # 12) = 0.005 -0.0007 +0.0
=0.0043

P Qxis(for wall # 13) = 0.0 +0.0 -0.0008
=-0.0008

B Qxy(for wall # 14) = 0.005 -0.005 +0.0
=0.0045

SOQx = 1KN.....................OK

loadsin Y-direction :
gy = FRy =1KN
Wall | Ix FRy * Ix | (FRy *Ix)/YIx

1 1710 1.710 0.389
2 0 0 0.000
3 0 0 0.000
4 0093 0093 0.021
5 0 0 0.000
6 | 0.093 0093 0.021
7 0 0 0.000
8 | 114 | 114 0.259
9 0 0 0.000
10 114 114 0.259
11 011 011 0.025
12 | © 0 0.000
13 011 011 0.025
14 | © 0 0.000
S | 439 1
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Part of rotation : Qx due to Myt:

wall Iy
1 0
2 4.17
3 4.17
4 0
5 0.06
6 0
7 | 0.06
8 0
9 1.6
10 0
11 0
12 | 0.051
13 0
14 | 0.051
2

@ Part of rotation Qy dueto My :

Wall

=
R 2o ®eN o uewN R

b |k |
W N

™M

Y'm | -(My/ Iw)*Iy* Y'm
2 0.0000
-0.06 -0.0061
4.05 0.4093
212 0.0000
1.3 0.0019
212 0.0000
2.7 0.0039
-8.78 0.0000
-10.03 -0.3889
-8.78 0.0000
-7.76 0.0000
-8.53 -0.0105
-7.76 0.0000
-7.01 -0.0087
0.000
Ix X'm | (My/ Iw)*Ik* X*'m
1710 -54 0.2238
0 |-233 0.0000
0 -233 0.0000
0.093 | -3.23 0.0073
0 -2.4 0.0000
0.093 | -1.58 0.0036
0 -2.4 0.0000
1.14 | 158 -0.0437
0 3.85 0.0000
1.14 | 6.13 -0.1694
0.11 3.08 -0.0082
0 3.85 0.0000
0.11 4.63 -0.0123
0 3.58 0.0000
0.0010

Qy: = part of trandation + part of rotation
P Qy;(for wall # 1) = 0.389+0.0+ 0.2238
=0.6128

B Qy.(for wall #2) = 0.0 -0.0061 + 0.0
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=-0.0061

B Qys(for wall #3) = 0.0 + 0.4093 +0.0
= 0.4093

B Qy.(for wall #4) = 0.021 + 0.0 +0.0073
= 0.0283

B Qys(for wall #5) = 0.0 +0.0019 + 0.0
= 0.0019

B Qys(for wall #6) = 0.021 + 0.0 + 0.0036
= 0.0246

B Qy-(for wall #7) = 0.0 + 0.0039 +0.0
= 0.0039

» Qyg(for wall #8) = 0.259 + 0.0-0.0437
= 0.2153

B Qyol(for wall #9) = 0.0 -0.3889 +0.0
= -0.3889

B Qyio(for wall # 10) = 0.259 +0.0 -0.1694
= 0. 0896

B Qyi(for wall #11) = 0.025 +0.0 -0.0082
= 0.0168

B Qyo(for wall #12) = 0.0 -0.0105 +0.0
=-0.0105

B Qyis(for wall #13) = 0.025 +0.0 -0.0123
= 0.0127

B Qyq(for wall # 14) = 0.0 -0.0087 +0.0
=-0.0087

YQy = 1KN i OK

Calculation of Floors Weight:-
# For the Basement Floor:-

Total weight of the Basement Floor = 10585 KN.
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B For the Ground Floor:-

Total weight of Ground Floor = 10470 KN.
#» For thefirst second and third Floor:-

Total weight of first Floor =10143 KN .

Total weight of first & repeated Floor = 3 * 10143= 30429 KN
» For thefourth to eighth Floor:-

Total weight of fourth Floor = 9908 KN .

Total weight of fourth & repeated Floor =5 * 9908 = 49540 KN.
®» For thefinal (roof ) Floor:-

Total weight of final Floor = 5630 KN

W (rotan for all Floors= 10585 + 10470 + 30429 + 49540 + 5630= 106654 KN .

Calculation of shear forceon " shear walls"
From Uniform Building Code 1997(UBC):

Z=0.3 zone'3"
R=5.5

=1

Ca=0.24
Cv=0.24
hn=46m
Ct=0.0488
Where:

Z = seismic zone factor as given in Table 16-1.

R = numerical coefficient representative of the inherent overstrength and global
ductility capacity of lateralforce 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 baseto Level i, n or x, respectively.

Eq...308 (UBC)T=C,(h S

T =0.0488(46)"* =0.862
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_ Cv.l W 0.24x1

\A = W =0.0506W control
RT 5,5x0.862
v, = 2.5Ca.l W= 2.5x O.24><1W: 0.109W
R 55

V, =0.11Ca.l W = 0.11x 0.24x1xW = 0.026W

22>V =0.0506W =0.0506x106654 =5396.69 control

Ft =0.07xT xV =0.07x0.862x 5396.69 = 325.64

floor|
5630 5396.69 46 325.64 5071.05 258980 497.82
9908 5396.69 42 325.64 5071.05 416136 1297.73
9908 5396.69 38 325.64 5071.05 376504 2021.46
9908 5396.69 34 325.64 5071.05 336872 2669.01
9908 5396.69 30 325.64 5071.05 297240 3240.37
9908 5396.69 26 325.64 5071.05 257608 3735.55
10143 5396.69 22 325.64 5071.05 223146 4164.49
10143 5396.69 18 325.64 5071.05 182574 4515.44
10143 5396.69 14 325.64 5071.05 142002 4788.40
10470 5396.69 10 325.64 5071.05 104700 4989.66
10585 5396.69 4 325.64 5071.05 42340 5071.05
> 106654 2638102
in = (\/ - Ft)vvx hx/Zinzlw h
@ L oad Calculation of Wall (SW9).
Part of load for wall (W9), due to(qy) = 0.1331
L oad of Wall (W9):-
floor Fx Vu Mu
Roof Floor (1) 497.82 66.26 265.04
Eighth Floor (2) 1297.73 172.73 955.95
Seventh Floor (3) | 2021.46 269.06 2032.18
Sixth Floor (4) 2669.01 355.25 3453.16
Fifth Floor (5) 3240.37 431.29 5178.33
Fourth Floor (6) 3735.55 497.20 7167.14
Third Floor(7) | 4164.49 = 554.29 9384.31
Second Floor (8) 4515.44 601.01 11788.33
First Floor(9) | 4788.40  637.34 14337.68
ground Floor (10) | 4989.66 664.12 18322.42
Basement floor (11) | 5071.05 674.96 21022.25
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*Vu=Fx*0.1331
Mu =Vu*h
Note: - the Design will be for the Basement part of the Shear wall.

(6
& Qo El Gk
qes
) s
T dmme
) F5RAT
-
) pE=E
QUERET
"’ fuf =
chal2E
L |
Fig.(4-32) moment and shear diagram
Design of Reinfor cement:-
-Internal Forces:-
Mu = 18322.42 KN.m.
Vu = 664.12 KN.
Pu (Weight of the shear wall) = 1.2%4.3 *0.25*42* 25 = 1354.5KN.
1- Design in plain Concrete: -
FVN>VU ..o, (ACI-318-22.5.4)(Eq-22.8).
fVn=0.55*0.11/fc'*b*h ..................ccce (ACI-318-22.5.4)(Eq-22.9).

Whereb = LW = (Lw: - isthe length of shear wall in the direction of action).

fVn=0.55* 0.11y/25.5* 4300* 250=328.42KN < (Vu=664.12KN).
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2- Design of shear:-
Vu = 664.12KN.
d = 0.8*Lw = 0.8*430 = 344cm = 3440 mm.

fVc=0.75* %\/ 25.5* 250* 3440 = 542.84KN.

VS min = :—]3'* (Mpa)*b*d = :—]3'* 250* 3440= 286.67KN.

(f Ve=542.84KN)< (Vu = 664.12 KN)< (f Ve+f Vsmin=8295KN).
@ Complieswith Category (4).

fV,+fV >V,

542.84+ fVs>664.12

fVs =121.28 KN

Vs= 161.714KN

A reqe 0L 6 61196m

S 420* 3440

A AV .

?" req> (?V Min=0.0025*h) oo (ACI —318-11.8.4)

% min=0.0025* 25= 0.0625cm

A A
—reg<—-min
S & S
% min=0.0625 cm is controlled
Lw 430
Sac= 7 =g = 86m
Smax=3*h=3*25=75cm
Smax=45cm ..... control
Select 2010 /20cm:
*
A 270785 v7gsems A reg= 0.06250m
S 20 S

@ Assume @ 10 for shear Reinforcement.
_f* Av* fy*d _ 0.75* 2* 78.5* 420* 3440
f Vsreg 121.28*10°

St =1402.2 mm = 140.2cm.
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Chapter Four Structural Analysis and Design

Sdect, S=20cm.

SSused S LW/ (ACI-318-11.10.9.3).

20 < (430/5 =86 CIM) .ruveneeee et e e e e e e v eee e OK

SSusd SN ) (ACI-318-11.10.9.3).

20 < (3252 75CM) ...vvvveveeeeeeeieeeeneeeieeieaeea a2 OK

=S st SABCM. .o, (ACI-318-11.10.9.3).

3- Design of Vertical Reinforcement.

-Minimum Vertical Reinforcement:-

F = 0.0025+0.5(2.5— E—l’,"v)(r h=0.0025 ......oovovoo (ACI-318-11.10.9.4).

min~
r h=Horizontal reinforcement ratio.

100
2*(0.785)* ——
(2* (0789)* 1)

100* 25

rh= ~3.14*10°,

min—

r_ =00025+ o.az.s—%)(aw 10"° - 0.0025) =0.00328

AS = = 0.00328* 100* 25 = 8.2 cm”.> Asmin= 6.25 cm? (For Both Faces).
AS 1= = 0.01* 100* 25 = 25 cm?(For Both Faces).

fal req= (ﬂ/ min=0.0025* h).......cc.ceeneen. (ACI -318-11.84).
S S
2*2.08

>0.0025* 25=>0.277cm= 0.0625cMm........coerviruimrinirnnnn OK.

@ Design of Moment:-
Mu = 18322.42KN.m
Design as light loaded shear wall.
(uniform distribution vertical reinforcement will neglected)
M, =18322.42 KN.m

e



Chapter Four

Structural Analysis and Design

* 6
M, _ 18322.42*10 _ 6.88MPa

" fbd2  0.9* 250* 3440°

1 2mRn
==—@1- [1-
P m( v )
1 2*19.37*6.88
- = (1. 15 =220 PO
P= 19371 \/ 20 )
= 0.0204

AS req = 0.0049* 25* 344 = 175.44 cm?
Ag boundry = Cw*h=25*25=625 cm®

_ A 008 (ACI —318)
Agboundry
= % =0.2807 >0.08 ............ not ok
625

-Design as heavy loaded shear wall.

As(v) = 2*2.08* (430/15) = 119.25 cm? =11925 mm?® .

Zz_ 1
Lw (0857 b* ferLw*h,
As* fy
Z_ 1
Lw™ . 0857 085" 255 4300° 250
11925* 420

)

=0.167.

M1: moment from uniform distributed vertical reinforcement.

M1 = ®* 0.5 As(v)* fy* Lw* (1-(Z/Lw) .

M1 = 0.9*0.5*11925* 420* 4300* (1-0.167) = 8072.97 KN.m.

Mn=Mu/ 0.9 =18322.42 /0.9 = 20358.24 KN.m.
M2 = Mn-M1 =20358.24-8072.97= 12285.27 KN.m.

M2
Asboundary: Tt kv~
fy* (Lw—Cw)
Let Cw = 25cm.
12285.27*10°

=72.22cm?.

boundry ™ 450 (4300~ 250)
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Note: - Thisreinforcement will be applied for al Floors.

261378 150m ) LN 10 /200 1
3\;{;‘! 5 21 ] [ ;}!__/; Ea—
0.4 = [l S el Sy %« Cego Fid
. \I"kl" s Vi L) ' 1 M .-,:"z:r.fr. -

I8 T l.,. SRy e e . kWi F o
> s UM EEREE. o VD 1T =
SOES 4, | B SN

R s w000

HEE =N B=5TENS
e | B R

Fig.(4-33) Shear wall detail
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3. A. M. Neville, Properties of concrete, Third edition, Longman scientific
technical.
4. American Concrete Ingtitute (A.C.1.) , Building Code Requirement for
structural concrete (ACI - 318M — 05).

5. Uniform Building Code (UBC-97).
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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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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply Oneend | Bothends _
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs €120 £124 £128 £M0

Beams or
ribbed one-
way slabs ENe L{H8.5 £/21 L8

Motes:

Values given shall be us-%d directly for members with normalweight concrete
{daansnz W, = 2320 kg/m) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as lollows:

a) For structural lightweight concrete having unit density, w_, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 — 0.003w,) but not
less than 1.09.

b) For f,, other than 420 MPa, the values shall be multiplied by (0.4 + f, 700}

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Typa & it Dellaction lo be cofmitaded Draflesclion litrdnbian
Flal rools net supparing of akached 1o noh- Imirediale dellectan dus 10 e kb L
structural ehements el b bo damaged try e
lamge dellectons
Floors not supparting of attschoed o nonstruc- | Immedinle defieciion dos 1o e lond [
tural slomants fikely to be demaged by lege 3e0
dalocions
Ruod o¢ Soor construction supporing o Theat part of Be tokal deflection scouming afise
nitachad 1o nonstructursl elemants Buly 1o be | s I of nonstructural elements (wum of {480
dmmapsd by lasgs Jefeclions this long-term dalection dué 1o all sustained
[P o ——————— MMMmme?|Mdemdu¢1nmr
affached Io nonsiracture elements nol Shety 1o | MaaBanal tve load) i
be damapsd by lmige deflechons

* Lt pect mhanedond to salegused agarst ponding shosdd ba chaecked by sulsble calcubbions of defiecion. mci added deflecions dus o pondad

m.mmmlmg-l.mmmdwmm.umnwm1ML el rerlabirty of provisioes for dramages
"Lu;-?-irmﬂnﬂlcbu‘.lhuudmrrmadmam-aml.:.mlmB525-5!'054..!.bulrm-pbllmﬂhmmdhﬁmnkdﬂmhmmnm-
ment of nonsiruchursl slemants. Thes st shall te detsrmned on basis of asoepiad sngmearing daty relating to bme-dafiection chamcisnstcs of members sim.
ilar Jo thoss bewng corsidesnd

1 L imit may be sowsted o sdequats maaswes ars taken o preven] darmags: s sopporied o afched ssments

¥ Lot shad oot e rmaviee than ilsrance proviled for nansruchinl slesnts, Limid may be secesded | camba) i proweked o thal total dsfiecton menus camiss
doas nol Enceed




Mable 3,6,

Gearms (Corresponding o 0.75p,),

Maximum Reirforesment [Ratio e for Bngly Reinforeed Rectangular

Soe A0OG pel =300 sl 0= 4000 pal e 5000 pai 00 s EO00 peb

A fhy == RG i, = U155 i, = BaS i, = R0 B, o= 075
NGO e OURTE 00325 3T 0437 0.045T
SO0 i .00 ok [(Nrziad R 10304
CELOY el 0.0k LOIRY ERKAT) 00252 0024
Se®Mre r£wuISEMPb SelMPr £ e iS5k £ = 40 M
s B =083 g, =009 B, =033 i, = Q.81 b, =007
200 it 00141 0.0 00303 o _ aufoz 00435
350 Wla (L0180 Q.04 06295 0.0325 U054
400 Mps 00163 0.0004 D024 00l s
e andbgiten® 6 = B0 kghon®  f o= M0 kpfiom? 0 e 530 bghten’ S5 =20 kgfrem®
5 fi, = 05 &, = 0x ;=085 B, = 482 A =073
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