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Abstract



The Structural Design of Multi Story Building.

Work Team
Reem Rafig Akela Mohammed Ibrahim Al Darawi

Nezam Mohammed Awedat.

Palestine Polytechnic University — 2009

Supervisor:
Dr. Nasr Abboushi

The purpose of this project is the structural design of residential
building.

The structural design of the building will be carried out according
to the Jordanian code and to the ACI-318-code.

The structural design composed of analysis and design of the several

structural members and all of the plans needed to complete the

construction.
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List of Abbreviations

a = depth of equivalent rectangular stress block, cm.
a, = depth of equivalent rectangular stress block at balanced condition, cm.

a.., = depth of equivalent rectangular stress block at maximum ratio of

tension — reinforcement , cm
A, = area of concrete section resisting shear transfer.

A, = Gross area of section.

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

A, = area of one leg of a closed stirrup resisting tension within a (S).
A, = area of tension reinforcement ,cm®

A, = area of reinforcement at compression side , cm?

b = width of beam in rectangular beam section , cm
b, = effective width of flange in T-section beam, cm.

b,, = width of web for T-section beam, cm.
C. = compression force in equivalent concrete block.
C, = compression force in compression reinforcement.

d = distance from extreme compression fiber to centroid of tension — side
reinforcement.

d’ = distance from extreme compression fiber to centroid of compression-
side reinforcement.

E, = modulus of elasticity of reinforcement ,MPa

f’c = specified compressive strength of concrete.

f, = specified tensile strength of reinforcement.

M, = nominal bending moment.

M, = factored (ultimate) bending moment.

R, = coefficient of resistance.

t =slab thickness in T-section beam, cm.
b, = factor as defined by ACI 10.2.7.3.

e’'s = strain in compression — side reinforcement.
e, = yield strain of reinforcement.

r = ratio of tension reinforcement.
r, = ratio of tension reinforcement at balanced condition.



r . = ratio of reinforcement equivalent to compression force in slab of T-

section beam.
I max = Maximum ratio of tension reinforcement permitted by ACI 10.3.3.

I min = Minimum ratio of tension reinforcement permitted by ACI 10.5.1.
I eqa = required ratio of tension reinforcement.

f = strength reduction factor.

DL =dead load.

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 supports in other cases .

LL = Live Load.

Ld = development length.

Lw = length of wall.

M = bending moment.

Pn = nominal axial load.

Pu = factored axial load.

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

V. =nominal shear strength provided by concrete.

V. = nominal shear stress.

Vg = nominal shear strength provided by shear reinforcement.
V, = factored shear force at section.

W, = weight of concrete .(Kg/m®)

W = width of beam of rip.
W, = factored load per unit area.

d = flexural depth of the beam, cm.

L =beam clear span, from support face to other support face.

N = number of stirrups required within a given segment of the beam.

N1 = number of legs for each stirrup.

V4 = nominal shear strength provided by shear reinforcement at the section
where Vs is the max permitted by ACI 11.12.1. Locating of this section is
needed to define which maximums provisions applies.

Veeqa = required nominal shear strength provided by shear reinforcement.
V,, = factor shear force at distance d from the face of the support.

V, reqa = factored shear force at the mid- span of the beam, will not be zero if
the beam is partially loaded with superimposed loads.

fV, ..« = reduced shear strength of the beam section located a long the beam
span where minimum shear reinforcement is required in accordance with.



X, = the distance along the beam at which Vg occurs. For any beam section

within the distance X, , V, isbased on 11.5.4.3, other wise is based on

11.5.4.1,
Xnax = distance from the face of the support along the beam span after which

stirrups shall be placed with the maximum spacing per. 11.5.4.1 and 11.5.4.3
E. = modulus of elasticity of concrete ,MPa , see 8.5.1

El = flexural stiffness of compression number.
f. = calculated stress in reinforcement at service load, MPa.

S

I, = moment of inertia of gross concrete sectional about centroidal axis,

neglecting reinforcement , mm?*

I . = moment of inertia of reinforcement about centroidal axis of member
cross section ,mm?*

k = effective length factor for compression member.

M, = smaller factor end moment on a compression member .positive if
member is bent in single curvature, negative if bent in double curvature mm-
n.

M, = larger factored end moment on compression member ,always
positive , mm-2

P, =nominal axial load strength at balanced strain condition. See 10.3.2, N.

P. =critical load, see Eq.(10-10),N.

C

P, =nominal axial load strength at given eccentricity, N.

n

P

(o]

= nominal axial load strength at zero eccentricity, N.
P, =factored axial load at given eccentricity, N £ fP, .

r  =radius of gyration of cross section of a compression member ,mm

d.. = moment magnification factor for frames not braced against sides way,
to reflect of member curvature between ends of compression member.
Rl:ribl.

B1: beaml
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Chapter Four

Structural Analysis and Design
4-1 Introduction.

In this Chapter, procedure of designing the severa structural members will be
shown in this project, and must discuss the steps that followed to design the Ribs,
beams, dlabs, columns, foundations, stairs, shear walls & well.

So, this chapter will contain a sample calculation related to one of the preceding
members contained in this project.
All of these members will be designed according to (ACI —318-05).

NOTE:
Use concretewith ( fc'= 24MPa)

4-2-1 Factored loads:

The factored loads on which the structural analysis and design is based for this
project members, and determined by according to:
qu=12D.L+1.6L.L

4-2-2 Slab Thickness Calculation.

There are two main types of loads acting on the structure:-

1- Dead load: which will be determined by weight calculations based on materias
densities.

2- Liveload: and its value will be taken from the Jordanian code.

The thickness of the slab will be determined according to (ACI — Code -318), table
(9.5a).



So, according to this code, the minimum thickness of the slab of nonprestressed
beams or one way dlabsis calculated as follows :-

Spans from left to right for one way rib slab:

L/21 =3.96/21 = 19 cm.

L/18.5=5.21/18.5=28 cm. (Control) ......ccoveviiiiiiinn ACI-318-02 (9.5.9)

So, Select h=32 cm.

* Effective Flange width (bg) According to ACI code -8.10.2:
b. For T- section is the smallest of the following:-
b.=L/4=4/4=1m.

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

b =C/Cspacing=52cm..........c.ccccevenenen.n. Control.
So, Select b, =52 cm.

4-2-3 load calculation:

One -way ribbed dlab

For the one way ribbed slab, see the figure below, the total dead load to be used in the

analysis and design is calculated as follows:

Dead load of Ribbed dab: - “.H—H—”_”.
Tiles =0.03*23*0.52 = 0.36 KN/m. Fig (4-1):sectioninrib
Sand =0.1*18*0.52 =0.93 KN/m.

Topping =0.08*25*0.52 =1.04 KN/m.

Concrete Rib = 0.12¥0.24*25=0.72 KN/m.

Block 0.24*9*0.4 =0.864 KN/m.
Plaster =0.02¥22*0.52 =0.023 KN/m.
Partitions =1.25*0.52 =0.65 KN/m.



-Nominal Total Dead Load =
0.36+0.93+1.04+0.72+0.864+0.023+0.65 = 4.58 KN/m.

Live Load:

For Residential Buildings = 2 KN/m?.
= 2*0.52=1.04 KN/m

Factored D.L = 1.24.58 = 5.5 KN/m.
Factored L.L = 1.6*1.04 = 1.7 KN/m.

4-2-4 Design of Topping:

-Liveload = 2 KN/m? (For Residential building).
-Dead load = (4.58/0.52) — (0.72/ 0.52) = 7.4 KN/m= 0.74Ton/ m.
W, =1.2(74)+1.6(2) = 1211 KN/m = 1.21Ton/ m.

Assume slab is fixed at support point (Ribs).

2
Mu:(WUXLj

12

1.21x0.4°
Mu = [%J =0.0161 Ton.m for 1 mwide strip.

According to ACI- (ch.22).

MN=0.42% JTC* SMeoooveoeeeeeeeee ) (ACI-22.5.1-(Equation-22-2).

bh? _1000x 807
6

Mn = %
®Mn = 0.55*2.18*10° = 1.2 KN.m.,......... Note ® = 0.55 for plain concrete.
®Mn =0.12 Ton.m.

®Mn =0.12 Ton.m > Mu = 0.0166. Ton.m.

Reinforcement is not required for structural reasons.

S= =1066666.67mm°........ For a Rectangular section.

*Jfc'*s= %* 24*1066666.67 = 2.18* 10° N.mm.



\ Provide Shrinkage & Temperature Reinforcement:-
Referring to (ACI-7.12.2.1).

The steel used in our region has ayielding stress = 400 Mpa.
p = 0.0018.

A, = 0.0018* (100)* (8) = 1.44 cm?/1m.

As (provided) for ® 8 =0.502 cm 2 .
Use ®8/25 cm in both way.
As provide> As required.

* limitation of spacing between bar s according to(ACI-318Code)- (7-12-2-2)

Spacing <5*h
250<5%80.. i, OK.
Spacing <450Mm...........cceeeennnnn. OK.

4-3 Design of Rib(03):

-Service Liveload = 1.04 KN/m.
-Service Dead load = 4.58 KN/m.
The following figure show section in rib(R03):

Fig (4-2): Rib(R0O3) in the First Floor.



Using Atir software, the Envelope of Moment for Rib(R03) is as follows:-

V. N
yyr v

Fig(4-3) Moment diagram of Rib(03) (KN.m).

4-3-1 Design Of Positive Moment:

1 - Reinforcement of support (1):
MU max for this span = 12.4 KN.m.

Mn=Mu/0.9=13.78 KN.m.

-Determine whether the Rib will act as a Rectangular or T— section:-
For a=t=38cm.

C=0.85fc'* t* b, = 0.85 (24)*(80)* (520) = 848.6 KN.

Assume ® 10 bars for main Reinforcement.

d =h- Cover — db/2 - db (sirrups = 32-2-1-(1/2) = 28.5 cm.

Mn=T or C(d—0.5a) =848.6*(28.5-0.5(8)) / 100 =207.90 KN.m
MN avaitable = 207.90 KN.m > Mn required = 13.78 KN.m.

So, a<t

S0, Design as arectangular with bg = 52 cm.

_Afc 14 ]
A S pmin= X (ow)(d) > Y (oW)(d) ........... (ACI-10.5.1)
_ 4 1.4
S 20200) (120)(285) > -~ (120)(285)

A Spin= 104.7 mm? > 119.28 mm?



= ASin=2119cm?.......... Control.

oo fy 400
0.85* fc'  0.85* 24

=19.60

_ Mn  13.78*10°
b*d? 520* 285

r :i[l— | _ 2mRn j

Rn =0.33N/ mm?.

m fy
1 * *
= 1—\/1—2—195—033— = 0.0009
19.6 400

AS (1eq) = 0.0009* (52)* (28.5) = 1.33 cm? > AS yin = 1.19cn.

AS (re) =1.33 Cm2.

* Number of (©12 bars) required = As e/ Area of bar(®12) = 1.33/1.13 = 1.18 bars.
Use2 ®12.

AS provided fOr 2 ©12 = 2.26 cmz2.

-Check of yielding:-
T =Axf,=226x400=90.4KN
C=0.85x f/xb. xa

T=C
a= c = 90400 =852 mm

0.85x f/xb.  0.85x24x520

b =0.85
410

x=2-13_1000 mm

b 085

| =t
e, = 97X, (0.003)= 222=19, 003-0.083
X 2pl2 T20 A2, 20

500835 0.005.........ooovvveeeeoreeeeesme s OK. T
seefigure (4-4). Fig (4-4).

2- Reinforcement of support (2):
Mu max for this span = 17.2 KN.m.

Mn=Mu/0.9=19.11 KN.m.



-Determine whether the Rib will act as a Rectangular or T— section:-
For a=t =8cm.

C=0.85fc'* t* b, = 0.85 (24)* (80)* (520) = 848.6 KN.

Assume ® 10 bars for main Reinforcement.

d=h- Cover — db/2 - db (girryps) = 32-2-1-(1/2) = 28.5 cm.

Mn=T or C (d—0.54a) = 848.6*(28.5- 0.5(8)) / 100 = 207.90 KN.m.
MnN ayaitable = 207.90 KN.m > Mn eqired = 19.11 KN.m.

So, a<t

S0, Design as arectangular with bg = 52 cm.

_4fc 14 )
A= 3 (GW)(A) > W) (ACI-10.5.1)
2 14

A Spin= 104.7 mm? > 119.28 mm?

= Asin=2119cm?.......... Control.
m= fy = 400 =19.60
0.85* f¢' 0.85*24
* 6
Rn=_Mn _DIIMI0" o hen s mmt.

" b*d?  520* 2857

" :i(l— 1 2mRn J

m fy
_ 1 1_\/1_ 2* 19.6* 0.45 _ 0.0011
19.6: 400

AS (reg) = 0.0011* (52)* (28.5) = 1.62 cm? > AS min = 1.19cm?.

AS (req) =1.62 C2.

* Number of (©12 bars) required = As e/ Area of bar(®12) = 1.62/1.13 = 1.43 bars.
Use2 ®12.

AS provided fOr 2 ©12 = 2.26 cmz2.



-Check of yielding:
T =Axf,=226x400=90.4KN
C=0.85x f/xb. xa

T=C
a= ¢ = 90400 =852 mm
0.85x f/xb.  0.85x24x520
" b=085
x=2_-13_1500 mm
b 085
e, = 97X, (0.008)= 222=19, 003-0.083
5 0.083> 0,005 OK.

4-3-2 Design of Negative Moment:

-Design of T-section for Negative Moment as a Rectangular section with (b=bw).
The Minimum Reinforcement is determined according to ACI (10-5.2) as follows:-
b =bw =12 cm.

=T 14 _
A Spin= A (bw)(d) > y (OW)(A) e, (ACI-10.5.1)

_ 24 . 1.4 .

Aspin= 104.3 mm?® < 119.28 mn?’.
= ASnn=119cm?.......... Control.
Mu = 25.9 KN.m.
Mn=Mu/0.9=25.9/0.9=28.78 KN.m.
Mn =28.78 KN.m.
Rn =Mn/ b*d? = 0.68 N/mmz2.

* *
. 1 1—\/ ~ 2*19.60 * 0.68 — 0.0017 .
400



As=0.0017*52*28.5 = 2.5 cm?.

250mM?> ASnin cevoiiiii OK.

Number of required (P10) bars = AS e/ Areaof bar (©10) = 2.5/0.79 = 3.16 bars.
Use 49 10.

AS provided fOr 4 ©10 = 3.16 cm2.

AS in <AS provided «eserererrnienins OK.
4-3-3 Shear Design of Rib (R03):

Using Atir software, the Envelope of Shear for Rib(RO03) is as follows:

Fig(4-5) Shear diagram of Rib(03) (KN).

Max Vu = 24.5 KN. At the center of support.

Vu critical =21 KN.

Note: - This (Max Vu) is at the center of support & (VU giiica) IS &t Distance
(d =28.5 cm) from the face of the support.

f ’
DV, = 0.75[—V6°de - 0.75{gj* (120)* (285) = 20.9KN.

0.5@V, =20.9/2=10.45KN.
V, e = 21 KN at distance (d = 28.5 cm) from face of support.

Vu> dV,
.® vsmin =0.75 (%) *bw* d=0 .75*(%)* 12*28.5/10 = 8.52 KN.

® vsmin = 8.52 KN



-Complies with Category (3):
Vu >V,

So, Shear Reinforcement isrequired.
Minimum shear reinforcement required, so;
_ ®* Av* fy*d

dVs

_ 0.75*157* 400* 285
8.52*10°

S=d/2=285/2=14.2 cm. e
S<60cm. *
UseS=15cm

use ® 10 @ 15 cm. i~
seefigure (4-6).

S

=157.5mm

Figureid-£)

4-4 Design of Beam (B0O7) in the First Floor:

Fig(4-7) Section in Beam(07).

4-4-1-A Load Calculation:

-Assuming @ 20, for Main Reinforcement & ®10 for links.



-d = H- cover — db (sirmups) - (Db /2) =32-4-1-1=26 cm.

-initial b =70 cm.

-H=32cm.

-By using Atir software, the Envelop of Bending Moment for this beam

according to its spans, supports & loads acting on it asfigure (4-7).

-Loads on beam (07):
According to( ACI_Code 318):
e Deadload of Rib Slab = 0.458 Ton/m.
e Dead load for beam =0.458 / 0.52 =0.88 Ton/m?.
o D.Lpem=D.Lgay*(L1/2+L2/2)*1.2
=0.88*(1.4+1.9)*1.2 =3.48 Ton/m.
e Liveload =0.2 Ton/m?
=0.2*(1.4+1.9)*1.6 = 1.05 Ton/m.
o Sdf weight =0.32*2.5*0.7=0.56 Ton/m.

4-4-1-B  Determination of the Beam Width(b):

Referring to (ACI-code-318).

Assume p,,= 0.4 pb.

pb =772,

pb=0.85*f¢* B/fy* (600/600+fy).

pb=0.026.

preq=0.4*0.0260=0.01.

MU,,,=14.6 Ton.m.
Mn=Mu/0.9=14.6/ 0.9 = 16.22Ton.m.
fy 400

"~ 085* fc  0.85*24

RN 1= p*fy* (1-0.5 p*m)=0.01* 400* (1-(0.5* 0.01* 19.6))=3.61M Pa=36.1K g/cm?.
Rn = Mn /(b*d?) = 36.1=16.22* 10-5/(b* (26)?)

b=66 cm.

Select b=70 cm.



4-4-2 Design of positive moment:

.18

Fig(4-8) Moment diagram of Beam(07) (KN.m).

b =70cm,h=32cm,d = 26cm
d=32-4-1-1=26cm

span#1.
MU max= 7.48 Ton.m.

Mu 7.48
n=——=——=831Ton.m.

0.9

Rn:ﬂ
b*d?

* 5
n= 831—102 =17.56 Kg/cm?.
70* (26.0)

m = fy - = 400 _ 19.6
0.85* fc  0.85*24

2mRn

1-=0)

_ 1.
p—a(l fy

0= 1 - \/1_ 2(19.6)(1.76)): 0,005
19.6 400

Areq=p* b* d=0.005* 70 * 26 =8.4 cm?

Use @ 12 >> # of bar = ﬁ =7.4 bars.
1.13



Use 8 ® 12 with As=9.0 cm?.

-Check for yielding in bottom
Tension = Compression:

A* fy=0.85* fc'*b* a
6* 201*10 °* 400 = 0.85* 24* 70* a
a=33.6mm
X:E:@:%.Smm
b, 0.85
o _ 260-39.5
° 39.5
e, =0.016 > 0.005—— ok
And not least than 0.004 >>> singly reinforcement.

*0.003

Span#?2.
MU max= 5.52 Ton.m.

Mu
Mn= ——= 5'_52 =6.1 Ton.m.
0.9

()
Rn:ﬂ
b* d?

_ 61*10°
n e —
70* (26.0)°

p= -1 (1- \/1——2(19'6)(3'4) ) = 0.0033
19.6 400

=12.9 Kg/cm?.

Areg=p* b* d=0.0033* 70* 26 =6.1 cm?

Use ® 12 >> #of bar = E =54 bars.
1.13

Use 6 ® 12 with As=6.78 cm?.



-Check of yielding in bottom

Tension = Compression:

A* fy=0.85* fc'*b* a
6*1.13* 10 °* 400 = 0.85* 24* 70* a
a=19.0mm
2 _ 180 5 4mm
b, 0.85
o _ 260-224
® 22.4

e, =0.03> 0.005—— ok

*0.003

As. = L (bwyd)> ST —

4(ty)

_ 24
Ao = 4(400)

As_ =3.18cm’ < 3.64cnv......... the larger
As, . = 3.64cny
AS ired =12cm* > As ;- = 3.64cm’ ——> 0k
As . = 3.64cn’

1.4
(400)(260) > -~ (400)(260)

AS ireg = 6.78cm? > As ;- = 3.64cm” ——> ok

Sspan#3:
MU max= 14.6 Ton.m.
Mu
Mn= — =146 = 16 22 Tonm.
) 0.9
Rn = ﬂ
b*d?
* 5
n= %102 =34 Kg/cma.
70* (26.0)
_ fy _ 400 _
0.85* fc'  0.85* 24
1 2mRn
p=—(1- 1~ )
m fy

(ACI —10.5.1)

is control



b= (1- \/1——2(19'6)(3'4) ) = 0.0094
19.6 400

Areq=p* b* d=0.0094* 70 * 26 =17 cm?
Use 7 ® 18 with As=17.8 cm?.

-Check for yielding in bottom:

Tension = Compression:

A* fy=0.85* fc'*b* a
6* 4.9*107°* 400 = 0.85* 24* 70* a
a=53.2mm

a _532

X=— = 62.6mm
b, 0.85
e, = 260-626, 0.003
62.6

e, =0.009 > 0.005—— ok
As,,, = 3.64cn’

AS qired =17Cm* > As ;. = 3.64cm” ——> ok

4-4-3 Design for negative moment:
b, =70cm,b, =40cm, h =32cm,

d = 26cm
-Span#l.
Mu=11.57Ton.m.
Mu
Mn= ——= E =12.86 Ton.m
()] 0.9
Rn= _Mn
b* d?

- 1286%10°
700* (260)>

m = fy - = 400 =196
0.85* fc  0.85* 24

= 2.45 Mpa




_ 1, jj_2mRn
p= m(1 1 y )
- - \/ 2(19.6)(2.45) ) = 0,0065
19 6 400

Areg=p* b* d=0.0065*70*26 = 11.9=12 cm?
12
Use @ 16 >> # of bar = E =6 bar

Use 6 ® 16 with As =12cm?>.

-Check for yielding in topping:
Tension = Compression
A* fy=0.85* fc'*b* a
12* 400=0.85* 24* 700* a
a=33.6mm
x:E 336—395mm
b, 085

o 260—-39.5

° 395
e, =0.017 > 0.005—— o0k

*0.003

Span#2:
Mu=3.93Ton.m.
Mu
Mn= ——= - 393 =4.4Ton.m
) 0.9
Rn = ﬂ
b*d?
* +5
= Lloz =0.92 Mpa
700* (260)
(1 \/ 2(19.6)(0.92) ) = 0.0024
19 6 400

ASeq=p* b* d=0.0024 *70* 26 = 4.3cm?
Use @12 >> #of bar =4.3/1.13=3.8.
Use 4012 with As= 4.52cm?



-Check for yielding in topping:

Tension = Compression
A* fy=0.85* fc'*b*a
4.5* 400 = 0.85* 24* 700* a
a=12.6mm
X= a._ 126 =14.8mm
b, 0.85

o _ 260-14.8

° 14.8
e, =0.05> 0.005—— ok

*0.003

Span#3:
MU max= 13.24 Ton .m

Mu
Mn= ——= % =14.7 Ton.m

()] 0.9
_ Mn
b* d?

= 14.7*10"
700* (260)2

p= i(1 - \/1— 219631 ) =0.0085
19.6 400
Areq=p* b* d=0.0085*70*26 = 15.5cn?

Use @ 20 >> # of bar = & =4.8 cm?
3.14

Rn

=3.1Mpa

Use 5 ® 20 with As=16cm>.

-Check for yielding in topping:
Tension = Compression
A* fy=0.85* fc' *b* a
16* 400 = 0.85* 24* 700* a
a=44.8mm
X:E:M;'S:SZ.Ymm
b, 0.85

o _ 260-23.1

® 23.1
e, =0.011> 0.005—— ok

*0.003



4-4-4  Design shear of Beam:

The following figure shows the envelop of Shear streesin(ton), on the beam(B07),in
the first floor:

-152.3 s ;
-139.9 . 106.4 ~123.9 136.2 _1?]_'!‘34,2
-94.1
" A
W sa.q %1
96.1 le 132.2
T44.6 o g 189
193.3 '
region( A tegion(B) tegion(C) region(l)

Fig(4-9)Shear diagram of Beam (07) (KN).

-For region (A):

Vu=13.99Ton.

Vu@crirical point=9.68Ton.

Note: critical point occur at distance(d=26 cm)from the face of support, according to
(ACI-318-code).

4/ fc'
dOVec=0] * 5 b*d= 0.75* g 70 * 26*10/1000=11.15Ton.

% d Vc=5.58Ton.

® Vs min = 0.75 (%) *bw*d= 0 .75*(%)*70*26/100 = 4.55 Ton.

(%CDVC)SVHS (D Vo)

558<9.68<11.15.

-Complieswith category (2):

According to (ACI-318-code).

Minimum shear reinforcement is required:-
Assume @ 10 stirrups.



Av= (Qd?¥/4)*No. of legs.= (Q210%/4)*4=3.16 cm?2.

S=(3Avfy)/ b=(3*3.16*4.0) / (70)=17.95=18cm.
According to (ACI-318-code).

-Max. Spacing islessthan:

Smax < d/2 =26/2 =13 cm.

<60 cm.

Use ®10 @S= 125 mm.

® Vs provided = (0.75 (Av)*fy*d) / S provided.
® Vs provided = (0.75 (4*0.79)*400* 26) / 13
® Vs provided = 18.96 Ton.

D VN =@ Vs provided+ ® VC
® Vn=18.96+11.15=30.11 Ton.

-For region (B):
Vu=13.22Ton.
Vu@crirical point=12.12Ton.

f ]
OVe=0]* % b*d= 0.75* g 70* 26*10/1000=11.15Ton.

% d Vc=5.58Ton.

@ Vsmin = 0.75 (%) *pw*d= 0 .75*(%)* 70%26/100 = 4.55 Ton.

(® Ve) < Vu < (D Ve+ @ Vsmin)
11.15<12.12<15.7 .

-Complieswith category (3):

According to (ACI-318-code).

® Vsreq=Vu- ® Vc.

® Vs req=12.12 - 11.15=0.97 Ton.

Assume @ 10 stirrups.

Sreq=( ®*Av*fy*d)/ @ Vs req =(0.75*4*0.79*4.0* 26) / (0.97)=254.1 cm.



According to (ACI-318-code).
-Max. Spacing islessthan:
Smax < d/2 =26/2 =13 cm.

<60 cm.

Use ®10@S= 125 mm.

® Vs provided = (0.75 (AV)*fy*d) / S provided.
® Vs provided = (0.75 (4*0.79)*400* 26) / 13
® Vs provided = 18.96 Ton.

® Vn =@ Vs provided+ ® VC

® Vn=18.96+11.15=30.11 Ton.
OVNR>Vu..ooveeeee OK.

-For region (C):
Vu=13.62Ton.
Vu@crirical point=11.28 Ton.

4/ fc'
dOVec=0] * 5 b*d= 0.75* g 70 * 26*10/1000=11.15Ton.

% d Vc=5.58Ton.

@ Vsmin = 0.75 (%) *pw*d= 0 .75*(%)* 70%26/100 = 4.55 Ton.

(® Ve) < Vu < (D Ve+ @ Vsmin)
11.15<11.28<15.7.

-Complieswith category (3):

According to (ACI-318-code).

® Vsreq=Vu- ® Vc.

® Vsreq=11.28-11.15=0.13 Ton.

Assume @ 10 stirrups.

Sreq=( ®*Av*fy*d)/ @ Vs req =(0.75*4*0.79*4.0* 26) / (0.13)=189.6 cm.



According to (ACI-318-code).
-Max. Spacing islessthan:
Smax < d/2 =26/2 =13 cm.

<60 cm.

Use ®10@S=125 mm.

® Vs provided = (0.75 (Av)*fy*d) / S provided.
® Vs provided = (0.75 (4*0.79)* 400* 26) / 13
® Vs provided = 18.96 Ton.

® Vn=® Vs provided+ ® VC

® Vn =18.96+11.15=30.11 Ton.

dOVNn>Vu....o.oooeea OK.

-For region (D):
Vu=18.1Ton. (at the face of support).
Vu@ucrirical point=17Ton.

4/ fc'
dOVec=0] * 5 b*d= 0.75* g 70 * 26*10/1000=11.15Ton.

® Vsmin=0.75 (%) *pw*d= 0 .75*(%)*70*26/100 = 4.55 Ton

® Vs=0.75* @* b*d= 0.75*70*26* g =22.3Ton.

(® Vet+ @ Vsmin) < Vu < (D Vet+ @ Vs)
15.7<17<3345.

-Complieswith category (4):

According to (ACI-318-code).

® Vsreq=Vu- ® Vc.

® Vsreq=17-11.15=5.85Ton.

Assume @ 10 stirrups.

Sreq=( O* Av*fy*d)/ @ Vs req =(0.75*4*0.79* 4.0* 26) / (5.85)=42.1 cm.



According to (ACI-318-code).

-Max. Spacing islessthan:

Smax < d/2 =26/2 =13 cm.
<60 cm.

Use ®10@S=125 mm.

® Vs provided = (0.75 (Av)*fy*d) / S provided.

@ Vs provided = (0.75 (4*0.79)* 400+ 26) / 13

® Vs provided = 18.96 Ton.

® Vn=® Vs provided+ ® VC

® Vn=18.96+11.15=30.11 Ton.

dOVNR>Vu.....ooooeeiean OK.

Note: By using ATIR soft ware, the deflection of this beam is safe according to
(ACI-218-Code), that because all of it being more than(L/360).

4-5 Design of Column (C6):

Column (C6) in the ground floor, the column is an internal one(Tied column):-
- By using Atir soft ware, the reaction on this columniis:
-Total factored load from beam (01) = 44.2*10 = 442 Ton.
-Self weight of column = 0.35%0.4*3*2.510*1.4=14.7 Ton.
-Pu=452.7 Ton.

- Usefc'= 30 MPa.

4-5-1 Design of longitudinal Reinforcement:
Pu=452.7 Ton.

So, itsaxialy loaded. Fig (4-10)
PN eq = Pu/ ®. (where @ = 0.65 -------- ACl 9.3.2.2)

Pn (eq= 452.7/0.65=696 Ton.

Pn ma= 0.8{0.85 fc' (Ag - Ast) + fy Ast}------- ACI Code 10.3.6.2

696 = 0.8 Ag{0.85 fc' + p g (fy — 0.85(fc’))}

= 0.8 (Ag) {0.85 (0.3) + 0.01 (4.0 — 0.85(0.3))}




Ag =2975cm?

Use 60*50 with Ag=3000cm?z.

Pn available = 702 Ton> Pn req = 696 Ton.

- The dimension of the column is sufficient for carrying the loads .
Using pmin=0.01

Ag req = (0.01) (3000)=30 cm?

Usel18d 16

4-5-2 Check Slenderness Effect:

e Check of slenderneﬁsratio,K—Iu
r
( K_Iu )<(34-12)( m ) ... ACl10.12.2
r M2

<40
Where:

Lu: Actua unsupported length.  (M1/M2) =1
k: effective length factor (K= 1 for braced frame).

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

| = bh¥/12 =60 (60)3/12 = 1080000 cm*

A = 60*50 = 3000cm?,

r = 0.3*0.6=0.18.

(1* 3/(0.18)) < (34 -12[1]) = 17< (22).......0k

4-5-3 Design of tie reinforcement:-
For ® 10 mm ties: according ACI 7.10.5.2
S<16ds=16*18 = 288mm.
< 48ds = 48* 10 = 480mm.
< 500mm..
e Used10tie@ 25 cm.
Seefigure (4-11):
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Fig(4-11): Details of C6.
The table below show the design for different sections of columns which designin
this Project:

vertical

column

reinforcement

dimension

No. no. (cm) spacing
bar (mm) | (mm) (cm)
Cl |ground| 25*35 6 16 10 25
C2 ground | 25*30 6 14 10 20
C3 |ground | 25*50 10 14 10 20
C4 |ground| 25*60 10 16 10 25
C5 |ground | 60*60 22 16 10 25
C6 |ground | 60*50 18 16 10 25
C7 ground | 20*60 10 14 10 25

Table (4-1):Design of columnsin ground floor.



4-6 Design of |solated Footing:

Footing (#2) carrying column (C3).
Usefc'=30 M Pa.

4-6-1 Load Calculation:-

-Total Factored load = 159.7 Ton.
-Total serviceload =10.7 Ton.
-Column = 25x30 cm?.

-Soil density = 1.7 Ton/m®.

-Allowable soil Pressure = 4.5 Kg/cm?.

-Assume footing Width to be about (50 cm) thick, in addition to about (10cm) of

blinding concrete.
Back fill =H*ys*(W*L—(bc*wc))

=1*1.7*(1.2*1.2-0.25*0.3) =2.3 Ton.
Weight of concrete footing = (weight of base footing ) + (weight of neck column)
=(05*25*12*12)+(1* 25*0.25* 0.3)

= 20Ton.
Total weight = 2+2.3+10.7=15 Ton.

4-6-2 Determination of Footing Area:-

-Required Area of footing = Total surface load / soil pressure.
=15/4.5=3.33n7.

= Try 2.0*2.0

- 2
Area provided — 4m .



4-6-3 Determination of Footing Depth: -

DVe= <D* * [T * bw* d —075*1* 30+ 200 d*10 =1369.3d. Kg/em?

P .
Pog=—"—= 159.7 =40.0 (Ton/m?) = 4.0 Kg/cm?.

Area 4.0
=40.0 Ton/m?< (LA*40.7=57)...ovveeeeeee OK.

Vu = (P ne* (One way shear area) = 4* 200* (100 — d) = 80000 — 800 d.
1369.3 d = 80000 — 800 d

d=37cm.

Assume @16 for main reinforcement.

h=37 +8+1.6+0.8 = 47.4 cm.

So, select h =50 cm.

Availabled = 50-8-1.6-0.8 = 39.6cm.

4-6-4  Check this depth for two way shear action (punching Shear):-

V, = P, x(Aeff —(a+d)(b+d) )
V, = 4.0x{400 - (30+ 39.6)(25+39.6)} /1000 = 163.8 Ton.

-The punching shear strength is the smallest of:

v, :é(u ;J\/T bd = 044/1. b
v, = [b/d J\/»bd = 058, 1, b,d

VA :% fclbod =033 f.bd.............. Control.
Where:

b.=a/b=30/25=12
b, = Perimeter of critical section taken at (d/2) from the |oaded area
= 2* (39.6/2+25) + (39.6+30) =159.2 cm.

a,=30 . For edge column.



v, =%JT b,d = 0.33,/30*1592* 396/10000= 115.1 Ton.

®V, =0.75*115.1 = 86.3 Ton.
oV, >V, »86.3Ton<163.3Ton .......... NOT OK.

Recalculaterequired " d" to satisfy Punching shear:-

Useh =60 cm.
d=60-8-1.6-0.8=49.6 cM > (d min = 15CM)..eevvvvvnneeeeereenennnns (ACI-318-15.7).
d > dmin .............................. OK

So select h= 60cm.

-Check thisdepth for two way shear action (punching Shear):-
V, = P, x(Aeff —(a+d)(b+d) )
V, = 4.0x{40000 - (30 + 49.6)(25+ 49.6)} /1000 = 136.2 Ton.

-The punching shear strength is the smallest of:

v, :é(u ;J\/T b,d= 039, f, b,d
v, :1[ 8s +2J\/f>c'bod= 06y 1. b,d

12\ b, /d

v =1/t'bd=03 fclbod .............. Control.

e =3V 1e b
Where:-

b.=a/b=30/25=12.

b, = Perimeter of critical section taken at (d/2) from the |oaded area.
b, = 2% (49.6+25) + (49.6+25)} = 228.8cm.

a.=30.......i For interior column.
V, =%\/: b,d = 0.33v30* 2288* 496/10000 = 207.2 Ton.
@V, =0.75*207.2= 155.4 Ton.

oV, >V, »1554>136.2Ton ...............ne. OK.

= No punching shear failure.



]

Fig(4-12-a): Geometry of the footing (F2).

SEle Al

Fig(4-12-b): Reinforcement of (F2).

4-6-5 Check Transfer of load at base of column (Design of Dowels):

®Pn=®*(0.85fc’Ag)

®Pn = 0.7(0.85)(0.3)(30x 25) = 133.88 Ton.
Pu = 159.7 Ton.



O®Pn =133.8Ton <159.7Ton.
= Dowelsarerequired for load transfer.

®Pnst. =159.7 - 133.8 = 25.9Ton.
®Pn = ®As* Fy =25.9
. Asreq =9.25 cnm?.

in=0.005 L. (ACI -Code-15.8.2.1)
As min=0.5%A gc=.005* 750=3.75 cm?,
925> 12 i, OK.
Use2 & 16

r

-Development length of Dowels: -
~ 03fy*db 0.3*400*1.8

Id = T30 =39.4cm

Not less than:

0.043* fy* db = 0.043* 400* 1.8 = 30.96cm.
39.4>3096 .....ccciiiiiiiii OK.
Not lessthan: 200 mm.......................... OK.
394520 i, OK.
TakeLd =40cm.

4-6-6 Design Of Bending Moment:

-Design in plain concrete.

fMn=0.55*0.42* ,/fc'* Sn.

b*h?  2000* (600)°
=
6 6

Sn= = 9n=0.144*10°mm°,

fMn = 0.55* 0.42* /24 * 0.144* 10° = 12* 10’ N.mm.
f Mn =120KN.m =12 Ton.m

Mu = Pnet*W*[L—Ej *0.5*(5—3j
2 2 22

Mu = {4.0* 200* (@—E] *0.5* (@—Ej /100000.
2 2 2 2



Mu=29 Ton.m.
fMN>MU=12<29= ....................... Not OK.

#-Design in plain concrete is not sufficient, so, the section of footing must be
reinforced.
Mn e =Mu/0.9=29/0.9=32.2 Ton.m.

5
n= MQ __322x10 _ =66 Kg/cm’.
bd®>  200* (49.6)

* *
c_Afy fp_2mRn | _ 1 1_\/1_ 2*15.7*6.6 | _ ;0017 .
m fy 15.7 400

r =0.0017
A g = 0.0195*(200)*(49.6) = 16.7 cm?.

A_..=0.002* 200* 60 = 24cm’.

s min

Select A. = 24cm?.

AS req < AS min-
1.3* AS,q=1.316.7=21.7cm? < A, .

S0, Use (1.3*ASreq = 21.7 cm?).
Use 9 & 16 (In Each way).

-Check of yielding:-
T=Axf =21.7x4.0=286.8Ton
C=0.8xf/xb.xa

T=C

a= c = 8.8 =17 cm
0.85x f/xb. 0.85x0.3x200

b =0.85

w217 5 00em
b 0.85

e. = 97X, (0.003)=22:8220_ 03 _0.07

X 2.0



-Development length of main Reinfor cement:-

_l2fy*db,
25,/fc'

_12* 400*1.6

2530

Take Ld =60 cm.

Id K G el (ACI-318-12.2.2).

*1*1*1=56.1cm

-Available embedment = ((200 - 60) / 2) — 8 =82 cm.

-Check if Combined Footing isrequired:-

The smallest distance (C) between isolated footings is between
(Column 4 and Column 1(C=0.2m) .

Total factored load for column C1= 352.0 Ton.

Total factored load for column C4=98.5 Ton.

Allowable soil pressure = 4.5 kg/cm?.

Fig(4-13): Vaueof c.

If c> (4*a) It didnt need to make a check of the bearing value at over lap point,

otherwise. It have to make this check.

_ Vl + V 2
(a,+c)* (b,+c) (a,+c)* (b,+c)

net < 1'4*Pallowable '

BY using this equation we find that we need to design combined footing .



4-6-7 Design of combined footing (F6) :
_ total |oad
o 14s

allow
Areq=4505/(1.4*45)=7.2m2
Select 2¥4=8m2> A o

*Determination of depth based one way shear strength:

Mu = 695(0.5)-1480(0.5)= 47.97 Ton...... calculated in the following calculations
of moment
01=81.01 Ton/ m2...... calculated in the following bearing pressure calculations.

02=32.59 Ton/ m2...... calculated in the following bearing pressure calculations.

DV, = CD%\/fT b,d = o.75x%@x(4000)x (d) = 27386

P 352.3
net Area 8 44.0

jl:i_.i_.i_ ;_ h _I _E._E._i N T IS S N SN S—
) T 5 11 1 M

-
IS

Fig(4-14): Combined Footing.

Vu = (Pe) (One way shear areq)

= (44.0)(2)(0.785-d) =69.0-88d.
2738.6d = 69.0-88d
d=0.24m



Sdect h=70cm sod=60cm
Atd=60cm Vu=44.0Ton.

Vc=589Ton> Vu=44.0Ton...... OK

4-6-7-1  Depth determination by check of punching:

Pu max = 352.3 Ton

The value of h taken from one way shear h=30 wasn't satisfied for two way shear then
Select h =70cm

d=70-8-1-1=60cm
b, = Perimeter of critical section taken at (d/2) from theloaded area
b, =452cm
Bc = proportion of columndimensions
Bc = 60/25=2.4.

a,=40..... interior column

s«

Fig(4-15):Two way shear critical section for Combined Footing

The punching shear strength is the smallest of:

V, = %(u bijJT bd = 05/f bd
v, =112[b?/5d +2J\/f>c'bod = 055y 1, bd

VA :%1/ fC’ b,d =0.3 fc’ b,d =347.8 Ton......... control.




Where:
DV, 2V

Ugritical
Vuc,.t.ca. =V, =S aiow Avitica

=352.8 - 45 (1.13*1.13) = 295.4Ton.

Vc=348. Ton>Vc=2954Ton................ . the depth we select is OK

4-6-7-2 Determination of bearing pressure:

Resultant moment around X - axis: -
MRrx =Y Mx=352.3* 0.965 - 0.965 *98.5 = 245 Ton.m.
MRy =0

3
_2X4 _1067m?

¢
o =(Pu/A) + ( My.x/ly) + ( Mx.y/Ix)
= (450.5 /8)+(245*1.035/ 10.67) = 80.1 Ton/m?.
61=02=80.1Ton/mz
o =(Pu/A) + ( My.x/ly) + ( Mx.y/IX)
= (450.5/8)-(245*1.035/ 10.67) =32.6 Ton/m?2.

63=64=32.6 Ton/m2.
o max =80.1 Ton/m2< 1.3*1.4 ¢ al=82.0 Ton/m2.

the assumption is correct.

fqued2 BTangma

qu=d0 1T orme

Fig(4-16): Bearing Pressure Diagram.



4-6-7-3  Moment calculation and the required sections for design:

i
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Fig(4-17): Required sections for design

Moment around X-axis at Section(1-1):
M(1-1) = 80.1*0.75%0.75/2 *4 =90.1 Ton.m.

Moment around Y -axis at Section(2-2):
(80.1-32.6)/4 = ( C-32.69)/3.215 — C =70.89 Ton/m2.

M(2-2) =(70.89 *(0.785)%/2 *2) +(0.5 (80.1-70.89)* 0.7852* 2* 2/3)
=46.8 Ton/m.

Moment around Y -axis at Section(3-3):

To find the zero shear:

(80.1-32.6)/4 = (C-32.6)/X— C=11.8X+32.6.

Y FRy= 0 — 98.9 = 0.5(C- 32.6)* X*2 —(32.6* X*2)
By solving the equation

» X=1.15m.
» C=46.2 Ton/m2.

0.5(46.2-32.6)*1.15*1.15/3 *2 =5.9 Ton.m.

No top reinforcement is required.



4-6-7-4 Design of reinforcement for M(1-1) :

e Design of reinforcement For M(1-1):
e Mu=90.1Ton.m.

e Mn=Mu/@=90.1/0.9=100.1Ton.m.
e M=400/(0.85*30) = 15.7.

e Rn=1.2MPa

. :i(l— 1- 2mRn)
. m fy
o =0.0031.

e Asreq=0.0031*200*63 = 39.1cm?.

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

=43.13 cm?<44.1 cm?,
As=1.3%*44.1=53.7 cm?>44.1 cm>?.
Asmin=44.1Cm2........cccceevvnvnnn... control.
= thenumber of barsof ®18=18
= Thedistancebetweenbarscenter tocenter
=(400-10)/18=21.7cm.......uselbar every20cm

= select ®18/20cm (center — center).......bottom reinforcement
4-6-7-5 Design of reinforcement For M(2-2):

Mu=46.8 Ton.m.
Mn=52.0 Ton.m.
m=15.7.

Rn= 15.7 /40 (63)2 =0.10

2mRn
fy

r :i(l— 1- )
m

= 0.0003.
As= 0.0003*400* 63=7.6 cm?2.



Jfc 1.4
As. .. =0.25———(bw)d)>=—(bw)d )....cccorerrn.... (ACI -10.5.2)
(1 P> owa)
=86.3 < 88.2cm2.
1.3 Asreqg=10.1cm2< 88.3cm?.............. control.

= the number of barsof ©®18=11

= The distance between bars center to center
=(200-10)/11=15cm.......uselbar every15cm

= select ®18/15cm (center — center)......bottom reinforcement

The following table (4-2)show the design reinforcement for the footing used:

Column Footing Dimension Reinforcement
# of Footing No. Width | Length Height No. of Diameter
(cm) (cm) (cm) Bars (mm)
F1 Ci,Cc2 200 200 50 14 16
F2 C3 165 165 60 9 16
F3 C4,C7 220 220 60 14 16
F4 C5 330 330 120 25 16
F5 C6 320 320 120 22 16
F6 C2,3,C4,7 200 400 70 18,11 18

Table (4-2): Design of footings.




4-7  Design of Strip Footing:-
4-7-1 Load calculations:-

-Slab Weight (D.L) = 2.5*0.2¥5.9*3.0 = 8.85 Ton.
-Slab Weight (D.L)/m of thewall =8.85/ {(2*5.9) + (2*3)} = 0.5 Ton/m.
-Live Load acting on the Slab = 0.2*5.9*3 = 3.54 Ton.
-Live Load acting on the Slab/m of thewall = 3.54/ {(2*5.9) + (2*3)}
=0.2Ton/m.
-Total (D.L) of the Wall = Wall Height * (W) * (yc).
=(32.5)* 0.2* 2.5=16.25 Ton/m.

-Weight of concrete footing=b * h * yc

=0.8*05* 25

=10Ton/m.
-Stair Reaction (D.L) = 0.885*(2.5/2) = 1.1 Ton/m.
-Stair Reaction (L.L) =0.2*(2.5/2) =0.25 Ton/m.
-Total (D.L) = 1.1+ 16.25+ 1.0 = 18.4 Ton/m.
-Total (L.L) = 0.2+.25=0.45 Ton/m.
-Total serviceload (gs) = 0.45 + 18.4 =18.9 Ton/m.
-Pu=(1.2*18.4) + (1.6*0.45) = 22.8 Ton/m.

4-7-2 Design of footing width:-

Allowable bearing capacity (B.C) = 45 Ton/mz2.

. . ds 189
Width of footing= —== —~ =
| of Tootn BC 5

So, select 75 cm, Width of the Strip Footing.

0.4m.

-Deter mination of the Contact pressure:-

Py = !D” = & =30.4Ton/m< (1.4* 45) = 63................ OK.
width 0.75

DV, = d)%\/fT bd = 0.75><%\/§0>< (100) x (d) = 68.5d



Vu= (Pnet)*{(%“) )

Vu = 30.4* {(&2_0'2)-01} = {8.4-30.4d} Ton.

oV, =V,

68.5*d =8.4 — 30.4d.

d=0.085m

Assume @ 14 for main Reinfor cement.

Select h=40cm.

S0, d=40-4-0.7 = 35.3cm>d min=6CM).......coovviiinininn. OK.

4-7-3 Design of Reinforcement:-
b-bw,, b-bw

Mu = (Pnet)* (1)* *
(Pnet)* (1)*( > )*( 2 )
0.75-0.2.,.,0.75-0.2
Mu = (Pnet)* 1*( ) ( )
2 4
=30.4* 0.193 = 0.59 Ton.m/m.
Mu
Mn= e —@—OGGTon .m/m
) 0.9
m = fy - = 400 =15.7
0.85* fc 0.85* 30
Rn= an .
b*d
* 5
= Lloz =25 Kg/cmz,
100* (16.2)
1 2mRn
= — 1 - l_—
p rn( y )-
p = 0.0066.

ASieq=p* b* d=0.0066*100 *16.2= 10.7 cm2..

\J fc 1.4
AS min = bw)(d) > = (bw)(d
S (fy)( w)(d) fy(W)()

~_ 30
AS min = 2400 Y (100)(8.4) > (100) (8.4)

AS min :56<57 sz



S0, AS min =5.7 CM2.
use AS e = 10.7cm2.
As ¢ > shrinkage and temperature Reinforcement.
1.7 < (0.0018* 100* 25) =4.5 cm.
So, use As =10.7cm?/m.
Use® 14/15cm.
AS provided = (100/ 20)*1.54 = 10.9 cm2.

AS provided > AS required -

-Check of yielding:-

T=As* Fy =9.24*4.0=36.9 Ton.

T=C.

-a= C/(0.85*fc™* be)=36.9/(0.85* 30* 100)= 0.89 cm.
-p = 0.85.

-x =al p = 0.89/0.85 =1.1cm.

€s=(d-x)/x *(0.003) =(16.2- 1.1)*0.003/1.1 = 0.02..

0.3>0.005......ciiiiiiii OK.

-Development length of main Reinforcement:-

_12*400*1.4

2530

*1*1*1=49.1cm

Available embedment = ((75 - 20) / 2) — 8 =9.5 cm.

195<49.1................. Not OK.
Use 90 deg Hook

(ACI-318-12.2.2).



-In the other direction (L ong direction).
Provide Shrinkage and Temperature.
As=p*b*h

=0.0018 * 0.75* 25.

=3.35cm?
Use 14@15cm........... AS provided =4.6 CM2,

Fig(4-18): Reinforcement of Strip Footing.

4-7-4  Design of Dowels-

PU for one meter strip = 22.8 Ton.
®Pn = ®(0.85fc'Ag)
®Pn = 0.7(0.85)(0.3)(100* 20) = 357.0Ton
Since®Pn = 357.0ton > Pu = 22.8Ton.
Dowelsarenot required, but we will use the minimum reinfor cement of dowels.
As=0.005*100*20 = 10 cm>.
Use #12/25 cm. (At both faces of the wall).



4-8 Design of Mat footing under Elevator:

4-8-1 Load calculation :
Dead Loads of Wall (1) per meter =H X (W) X y¢
=34.6% 0.2 X 25=173 KN/ m.
Dead Loads of slab = 50.6 KN/m*

live Loads of slab = 22 KN/m?

Factored load = g, = (1.2D + 1.6L) = 95.92 KN/m?
= g, = 95.92 KN

factored Load of wall (1) 173 KN

Total Factored Loads = 95.92+173 = 268.92 KN.
Pru = 268.92X% (4*1.6) = 1721.1 KN.

_ Total Factored Load
R4 1.4x Allowable Bearing Pressure

A =1721.1/(1.4*500) = 2.45 m?
Use A=25x% 25m,
A =25%X25=625m > Apeq=2.2 M’

A

4-8-2 Design in X- Direction

61= (2*268.92/2.5) = 215 KN/ m?.
o 61 = 215 KN/ m?< 1.4%XB.C = 490 KN/ m?
o OK

well 4

Fig(4-14): Mat foundation plan

From Atir software, the shear Envelope is as shown in the figure(4-20):

200, "
7252




Fig(4-20): Shear of Mat Footing Under the Elevator.

4-8-2-1 Estimation of footing depth:

Vu = 246.2 KN.
1 1
OxV, = @EJExbW xd = 0.75x%@x1000xd =684.65d

Let Vu=® Vec.

x 1000 =684.65d

= d=22cm

Assume @16 for main reinforcement.
h=22+8+ 6+ 1 =37 cm.

select h=120 cm

4-8-2-2 Design of reinforcement:

-By using Atir software, the moment envel ope of this section is as the

following figure(4-21):

-
.--“"f

2.8

2.068

123

Fig(4-21): Moment envelope of Mat .




1- Design of positive moment:
Bottom reinforcement (in X direction).
Mu =12.8 KN.m/ meter strip, (At the Face of Support).

Mn=Mu/0.9=14.22 KN.m.

_ Mn  14.22%10°
b*d?  1000* 220°

Ty 400
0.85* fc  0.85*24

r:i[l— l_ZmRn]
m fy

=0.29N / mm?.

=19.60

__1 1- \/1— 2 196029 ) _ 0.00073 .
19.6: 400

AS e = 0.0007¥100*22 = 1.61 cm?

4 fc 14
A'Smin= a(y) (bw)(d) > W(bw)(d) ........... (ACI-10.5.1)
_ 24 14
= A sm.n_m (1000)(220) > 20 (1000)(220)

A Smin= 6.74 cm? > 7.70 cm?

A Smin=7.70 cm?

1.3AS 1. = 1.3%1.61 = 2.10 cm?
As For shrinkage and Temperature:
As=0.0018* h *b

= As=5.4cm’

Use @16/25 cm ''For Bottom Reinforcement'' S= 15_1:’ x100=20.9cm

Sdect S=25 cm

= As:%)’xmoz 5,650 > AS e = 5.4 0?2



2-Design of negative moment :-
Top reinforcement (in X direction).
Mu =129 KN.m per meter strip "At the Face of Support "

Mn=Mu/0.9=143.33 KN.m

_ Mn  14333*10°

~ b*d?  1000* 2202
Ty 400

0.85* fc' 0.85* 24

[ =i(1— 1 2R j
m fy

=2.96N/mm>.

=19.60

- 1 1_\/1__2*_19512;36_ = 0.008
19.6 400

AS 1eq. = .008* 10022 = 17.6 cm’?

_fc 14
A Spmin= X)) (bw)(d) > E(bw)(d) ........... (ACI-10.5.1)
_ V24 1.4
= A sm.n_m (1000)(220) > 200 (1000)(220)

A Spin= 6.74 cm? > 7.70 cm?

= As=17.6 cm?

Use @12/15" For Top Reinforcement *
Select S=15cm

4-8-3 Design in Y- Direction.

1- Design of positive moment:
Bottom reinforcement (in Y - direction).
Mu =12.8 KN.m/ meter strip, (At the Face of Support).

Mn=Mu/0.9=14.22 KN.m.

Mn  14.22%10°

=——= - 2:O.29N/mm2.
b*d 1000* 220




Ty 400
0.85* fc  0.85*24

=19.60

r :i[l— | _ 2mRn j

m fy
_ 1 1_\/1_ 2*  19.6° 0.29 _ 0.00073
19.6: 400

AS . = 0.0007* 100*22 = 1.61 cm®

_4fc 1.4 )
Asmin= —4( ) (bw)(d) > _fy (bw)(d) ...vuvnen. (ACI-10.5.1)
_ 24 14
= Aspmin= 2(300) (1000)(220) > 0 (1000)(220)

A Spin= 6.74cm? > 7.70 cm?

A Spin=7.70 cm’

1.3AS 1. = 1.3%1.61 = 2.10 cm?
As For shrinkage and Temperature:
As=0.0018* h *b

= As=5.4cm’

Use @16/25 "' For Bottom Reinforcement' s= %xloo =20.9cm

Sdect S=15cm

2-Design of negative moment :
Top reinforcement (in Y- direction).
Mu =129 KN.m per meter strip "At the Face of Support "

Mn=Mu/0.9=143.33KN.m

_ Mn  143.33*10°
b*d?  1000* 220°
oty 400

0.85* fc'  0.85* 24

" :i(l— 1 2mRn J

Rn

=2.96N/ mm?.

=19.60

m fy



_ 1 1_\/1_2 196' 296 | _ 4 0080
19.6: 400

AS 1eq- = .008*100* 22 = 17.6 cm?

_4fc 14 i
A= 2 (GW(0) = 1 OW(E) (ACI-10.5.1)
_ 14

A Spin= 6.74 cm? > 7.70 cm?

= As=17.6 cm?

@12/15" For Top Reinforcement "'
Select S=15cm

4-9 Design of Stairs:

Fig(4-22): Section in Stair.

4-9-1 Determination of Slab Thicknessfor stairs#1.-
= Useh=15cm
= Use Vertical for Stairs=18 cm.
= Use Width of Stairs=30cm.
0 = tan"'(h / W) = tan™(18/30)= 30.96.
Cos 6 =0.86
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Fig(4-23): Cross section of main stairs.

4-9-2 Load calculation:-

Vertical Tiles= 0.03*2.2*(0.18/0.30) = 0.0396Ton/m.

Horizontal Tiles=0.0¢*2.2*(0.18/0.30) = 0.0528Ton/m.

Vertical mortar = 0.02*2.5*(0.18/0.30) = 0.03 Ton/m.

Horizontal mortar = 0.02*2.5 = 0.05Ton/m.

Plaster = (0.02* 2.2)/(Cos 30.96) = 0.037 Ton/m.

Steps= (0.18/2)* 2.5= 0.225Ton/m.

Slab= (0.15 *2.5)/(Cos 30.96) = 0.321 Ton/m .

Total dead load = 0.0396+ 0.0528+0.03 + 0.05+0.037 +0.225+0.321
=0.76 Ton/m.

® & & & O o o o

-Liveload:-
-Liveload for stairs=5 KN/m = 0.5 Ton/m.
-Ultimate liveload = 0.5 Ton/m.

-Factored Load:-
¢ Wu=1.2*0.76 + 1.6*0.5=1.71 Ton/m.

4-9-3 Design of Bending:-
Ay =By =(1.71*3.30)/2 =2.82 Ton



Wu=1.71 Ton/m

0.40m

10.40m

r N

T s wpe

Ey=2.£2 Ton
3.30m :

Ay=2.82 Ton

Fig(4-24): Anaysis of Stairs.

Wu=1.71 Ton/m

A

U_.'qu 1.65m T Mu

i,
Fy L

Ay=2.82 Ton

Fig(4-25): Calculating the moment in stair.

Mu = 1.71*(1.65* 1.65/2) — (2.82* (0.4+1.65)) = 3.451 Ton.m
Assume d 14 for main Reinfor cement:-
So, d = 15-2-0.7=12.3 cm.

Mu = 3.451 Ton.m
Mn = 3.451/0.9=3.83 Ton.m
m = fy/(0.85*fc) = 400/(0.85* 25) =18.82

5
_ Mn _ _3:83(10)" _ 55 31kg /om?
bd > (100)(12.3)

I req = U/m(1-(1-2* m* Rr/fy)"?)
r =0.007

Rn

Aseq = 0.007(100)(12.3) = 8.61 cm?*/m
Use @14 @ 15cm
(100 /15)*1.53 = 10.2 cm2.

AS providaj > ASrm ....................... OK.



-Check of yielding:-
T=Ax fy =10.2x 4.0 = 40.8Ton
C=0.85x f/xb. xa
T=C
o C _ 40.8 _
0.85x f/xb. 0.85x0.25x100
b =0.85

1.92 cm

)= 1237225 503 = 013.

Al TS (ACI-318-12.2.2).

_12*400*1.2
NS
Take Ld= 50 cm.
-In the other direction provide Shrinkage and Temperature Reinforcement: -
As=p*b*h

= 0.0018* (100)* (15)

=2.7cm?

Use ®8 @ 15 cm.

*1*1*1=46.08cm.

4-9-4 Design of Shear:-
The following figure shows the shear Envelope of the stair.
Seefigure (4-26).



Wu=1.71 Ton/m

Ay=2.82 Ton By=2.82 Ton

Fig(4-26): Shear Envelope of stairs.

Vu=282Ton.

ff.'*b,*d
fVe=————

* * *
fye_ 075 V/25%100%12.3( 10 ) _ —
6 1000

Vu=282Ton < 0.5* @Vc=0.5* 7.7=3.85Ton.
According to category (1)
V, <(0.50V,)
= No shear Reinforcement isrequired. So the Depth of the stair is........... OK.

4-9-5 Design of landing (#1):-

We Will Design it as one way solid slab.

-Load calculations:-

-Dl of Tiles =0.03*2.2=0.066 Ton/m.

-DI of mortar = 0.02*2.2 = 0.044 Ton/m.

-Dlof dab =0.225=0.5Ton/m.

-DI of plaster = 0.02*2.2 = 0.044 Ton/m.

-Total dead load = 0.066 + 0.044 + 0.5 + 0.044 = 0.654 Ton/m.
-Liveload on thelanding = 0.5 Ton/m

-Reaction (factored) of the stair on the landing = 2.82 Ton/m.
-Factored Total load/m. = Factored (D.L) + Factored (L.L) + Reaction of the satir =
(1.2*0.654) + (1.6*0.5) + 2.82=0.78 + 0. 8+2.82 = 4.4 Ton/m.
Mu = Wu *L*/8=4.4*2.8%/8= 4.3 Ton.m

Mnregg =Mu/0.9=4.3/0.9=4.78 Ton.m.



Assume @ 14 for Main Reinforcement:-
d=20-2-0.7=17.3 cm.

Mn
b-d?
4.78*10°
100*17.3

r :1[1— a 2mRn]
m f,

1 2*18.82* 16
M o= e | 14 [1-
18.82 4000

R =

R, = =16kg/cm’.

] = 0.00416

ASq=0.00416*100*17.3=7.2 cm?.

= Use® 14 @ 15 cm. likethe Stairs
(100/15)*1.53=102cm2>7.2 ..o, OK.

-Check of yielding:-
T=Axf, =10.2x4.0=40.8Ton
C=0.85x f/xb. xa

T=C

a= ¢ = 40.8 =1.92 cm
0.85x f/xb. 0.85x0.25x100

b =0.85

X:E:ﬁ:Z.ZS cm
b 085

e. - 9=X (0.003)=173-225 53— 0.02

2.25
5 0.02 > 0.005..1coos oo oo oo oo OK .

In the other Direction provide Shrinkage and Temperature Reinforcement: -
As=p*b*h

= 0.0018* (100)* (20)

= 3.6 cn.

Use ®8 @ 15 cm.



-Design of shear:

Vu=27Ton.
f/f *b *d
fVc=—‘/_C =
6
fye 075 V25*100 17.3( 10 j: 10.81Ton
6 1000

Vu=2.7Ton < 0.5* @Vc=0.5*10.81= 5.40 Ton.
-According to category (1)
V, <(0.50V,)

No shear Reinforcement is requiredaso the Depth of the Landing is......

4-9-6-1 Design of Secondary Stair:
Determination of Slab Thickness for stairs #2:
= Useh=30cm
= Use Vertical for Stairs = 18 cm.
= Use Width of Stairs =30 cm.
0 = tan"*(h / W) = tan™(18/30)= 30.96.
Cos 6 =0.86

Fig(4-27): Cross section of Secondary Stairs.

.OK



4-9-6-2 Load calculation:-

Vertical Tiles= 0.03*2.2*(0.18/0.30) = 0.0396Ton/m.

Horizontal Tiles=0.0¢*2.2*(0.18/0.30) = 0.0528Ton/m.

Vertical mortar = 0.02*2.5*(0.18/0.30) = 0.03 Ton/m.

Horizontal mortar = 0.02*2.5 = 0.05Ton/m.

Plaster = (0.02*2.2)/(Cos 30.96) = 0.037 Ton/m.

Steps= (0.18/2)*2.5= 0.225Ton/m.

Slab= (0.3 *2.5)/(Cos 30.96) = 0.9 Ton/m.

Total dead load = 0.0396+ 0.0528+0.03 + 0.05+0.037 +0.225+0.9
=133 Ton/m.

® & & 6 O o oo o

-Liveload:-

-Liveload for stairs =5 KN/m = 0.5 Ton/m.
-Ultimate live load = 0.5 Ton/m.

-Factored L oad:-

. Wu=1.2*1.33 + 1.6*0.5=2.4 Ton/m.

4-9-6-3 Design of Bending:
By using Atir Soft ware, Mu&V u as follow:

e

3 “’ﬁ i

Fig(4-28): Moment envelope of Secondery Stairs.

Mu =10.3 Ton.m

Assume @ 14 for main Reinfor cement:-
So, d =30-2-0.7 = 27.3 cm.

Mu = 10.3 Ton.m

Mn =10.3/0.9 = 11.44 Ton.m




m = fy/(0.85*fc) = 400/(0.85* 25) =18.82

5
_ Mn _ 11.44 (10) 15 3Kg /om?
bd 2 (100 )(27.3)

I req = U/m(1-(1-2* m* Rr/fy)"?)

Rn

r =0.004

Aseq = 0.004(100)(27.3) = 10.8 cm?*/m
Use ®14 @ 10cm

(100 /10)*1.54 = 15.4 cm2.

AS provided > ASreq vveeiiiieiiiiein, OK.

-Check of yielding:-
T=Axf =154x4.0=61.6Ton
C=0.85x f/xb. xa

T=C
a= c = 61.6 =2.9 cm
0.85x f/xb. 0.85x0.25x100
b =0.85
X = a_ ﬁ =34 cm
b 0.8
d-x 27.3-3.4

S

e, = x (0.003) = =—=—=""x 0.003 = 0.02.
X 3.4
5 0.02 > 0.005......c000 corerrirs i s e OK .

-Development length of the bars:-
_12fy*db
25,/fc'

127400712, 14151~ 46.080m

25\25
Take Ld= 50 cm.
-In the other direction provide Shrinkage and Temperature Reinforcement: -
As=p*b*h
= 0.0018* (100)* (30)
=54.cm?
Use ®8 @ 15 cm.

d KAFDHG ool (ACI-318-12.2.2).



4-9-6-4 Design of Shear:-
The following figure shows the shear Envelope of the stair.
Seefigure (4-29):

Fig(4-29): Shear envelope of stairs.
Vu=6.1Ton.

f/f. *b,*d
fve=-—Y e W =

_ 0.75%/25%100* 27.3( 10
6 1000

Vu=6.1Ton < 0.5* @gVc=0.5* 7.8 =8.53 Ton.
According to category (1)
V, <(0.50V,)

fVc

) =17.06Ton

= No shear Reinforcement isrequired. So the Depth of the stair is...........

Assume the reinforcement of landing is the same reinforcement of stairs slab
So, weuse @14 @ 10cm for main reinforcement & use ®8 @ 15 cm for

secondary reinforcement.




4-10 Design of Shear wall:

Shear wall isvery important structural part of the building, since it enable the
structure to resist horizontal forces which may appear as aresult of wind load or
earthquakes.

4-10-1 Detrmination the location of Area Centroid:

At thefirst, it must be assume a uniform shape for the building in order to make the
analysis of the structure as easy as possible.
See figure (4-30).

'\Ir'

T
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T E—
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] o
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Fig(4-30): Thelocation of area Centroid.
Since the shape of the building is rectangle, So the Centroid of area of the building is

locatedat X =a/2=40.6/2=20.30m.
Y =b/2=326/2=16.30m.



4-10-2 Detrmination the location of Shear Centroid:

— D X*Ix
X =
IX
— Y*1
N
2.y
- For (SW1).
_b*h® 14.06*0.2°
Ix = = =0.
12 12

X=19.18m. (Fromthe point C to the center of the wall).
Ix*X =0.0¥19.18 = 0 (Negligible).
_ b*h® 0.2%14.06°

ly o = 46.30m".

Y=7.91m.

ly*Y =7.91*46.3 =366.23.

See the table below (Table (4-3)).
wall Ix{m*} X{m} | bxX{m%} | Ily{m% Y{m} |ly*Y{m?}
Swi 0 19.18 0 46.3 7.91 366.23
SW2 0.154 26.21 4.0 0 9.22 0
sw3 0 25.11 0 0.18 10.42 1.90
SW4 0.154 24.2 3.73 0 9.22 0
SW5 0.154 |16.05 2.5 0 9.22 0
SW6 0 14.90 0 0.2 10.42 2.10
SW7 1.1 13.75 15.10 0 9.22 0
Sw8 0 12.0 0 9.6 20.76 199.30
SW9 0 12.0 0 17.2 24.35 418.8
SW10 0.43 16.25 7.0 0 22.68 0
Swi1 0.41 7.94 3.30 0 23.55 0
SW12 0 8.74 0 0.03 22.95 0.70
Swi13 0.03 9.34 0.30 0 23.55 0




SW14 0 27.95 0 9.60 20.76 199.30
SW15 0 27.95 0 17.2 24.35 418.80
SW16 043 238 10.23 0 22.68 0
SW17 0.41 32.01 131 0 23.55 0
SW18 0.03 30.72 0.92 0 23.55 0
SW19 0 31.27 0 0.03 22.95 0.70
> 3.30 59.82 100.34 1607.8
- X*1Ix
- B 2% sz,
Ve KIS - ss0mm

e( = | Y(shearwall) - Y(building) | = | 18.13 - 20.3| =2.17m.

a/ = | V(shearwall) - V(building) | = | 16.03—16.30| =0.27 m.

4-10-3 Percentage of load due to each Shear wall

So, Influence of MT (Torsion Moment) or the Rotation must be considered.

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

1- Part of trandation dueto FRx & FRy.

. FRX* lyi
QX|_—Zly :
. FRy* Ixi
V=5

2- Part of Rotation:-

-Dueto Myn = gX.

. (=Mxm* ly* y*m)
Xi = :
Q lw

. (Mxm* Ix* X*m)
i = :
Qyi I




-Dueto Mym = qy.

Oxi = (Mynt ly* y'm)
Iw
Qyi = (Mym* Ix* x*m)

Iw

Iw=">"(ly* y?m) + > (Ix* x°m).

-For SW1:-

IXx=0

x*m= -2.59m.(Distance from the Centroid of the wall to the Centroid of shear).
IX* x*m=0*-2.59=0

Ix* x**m= 0.

ly =46.30 m”.
y*m= -8.37 m.(Distance from the Centroid of the wall to the Centroid of shear).
ly* y*m= 46.3*-8.37 = -387.5 m".

ly* y*®m=-387.5*-8.37 = 3243.6 m.

See the table below (Table (4-4)).
x‘m IxX* | Ix*x®m | ly ym | Iy*y'm | Iy* y°m

I {m} X‘m {m®% {m%} | {m} {m°} {m®%
wall | {m% {m}
SWi O -2.59 0 0 463 | -837 | -3875 3243.6
SW2 | 0154| 392 | 0.604 2.37 0 7.05 0 0
SW3 0 3.02 0 0 018 | -585 | -110 6.20
SW4 0154| 211 | 033 0.69 0 -7.05 0 0
SW5 | 0.154| -6.24 | -0.96 6.00 0 -7.10 0 0
SW6 0 -7.20 0 0 020 | -6.05 -1.2 7.32
SW7 | 1.10 | -8.14 -8.95 72.89 0 -7.10 0 0
SW8 0 -9.99 0 0 960 | 473 | 4540 214.8
SW9 0 -10.9 0 0 17.20 | 805 | 1385 1114.6




SW10 043 | -6.04 -2.6 15.7 0 6.38 0 0
SW11 041 | -14.2 -5.80 82.1 0 6.38 0 0
SW12 0 -13.35 0 0 0.03 6.65 0.20 1.33
SW13 0.03 | -12.75 | 0.38 4.90 0 7.25 0 0
SW14 0 5.86 0 0 9.60 4.70 45.10 212.10
SW15 0 5.97 0 0 1720 | 8.05 138.5 1114.6
SW16 @ 0.43 191 0.82 1.6 0 6.38 0 0
SW17 | 041 | 992 4.10 40.35 0 6.38 0 0
SW18 | 0.03 | 8.64 0.26 2.24 0 7.25 0 0
SW19 0 9.23 0 0 0.03 6.65 0.2 1.33
Z 3.30 288.84 | 100.34 5915.88

lw=">"(ly* y®m) + > (Ix* x**m) = 5915.88+ 288.84 = 6204.7m".
-Torquesduetogx :-

Mxm = FRx* €y = Mxm = 1(KN)*-0.27 = -0.27KN.m. -@
-Torques dueto qy :-

Mym = FRy* €x = Mym = 1(KN)*-2.17 = -2.17 KN.m. @

-Part of load for each shear wall:-
1-Load in X- Direction :-

FRx = 1KN , Mxm = -0.27KN.m.
-Trandlation part: - for (SW1).

ly = 46.3m".

FRx = 1KN.

FRx*ly = 1¥46.3 = 46.3 KN.m".
> 1y =100.34m".

F;‘Ty'y - 133';’4 — 0.4614KN.

-See the following table (Trandlation part table) (Table 4-5).




ly FRx* ly (KN)

wall {m% 2.1y
Sw1 46.3 0.4614
SwW2 0 0
SW3 0.18 0.0018
SW4 0 0
SW5 0 0
SW6 0.20 0.002
SW7 0 0
sws 9.60 0.0957
SwW9 17.20 0.1714
SW10 0 0
Swi1 0 0
SW12 0.03 0.003
SW13 0 0
Swi4 9.60 0.0957
SwWi15 17.20 0.1714
SW16 0 0
SwW17 0 0
SW18 0 0
SW19 0.03 0.0003
Z 100.34 10

-Rotational part:-

-Rotational part due to My, due to gx:-
Part of rotation Qx & Qy dueto MT:-

Mym =-0.27 KN.m
lw = 6204.7m°.

My 027 _
W 6204.7




Ix X*m Oxi EMT It X'

Wall {m% {m} W
SW1 0 -2.59 0
SW2 0.154 3.92 -0.0001
SW3 0 3.02 0
SW4 0.154 211 -0.0001
SW5 0.154 6.24 -0.0001
SW6 0 -7.20 0
SW7 1.10 814 0.0004
SwW8 0 -9.99 0
SW9 0 1109 0.0002
SW10 0.43 -6.04 0
SW11 0.41 142 0
SW12 0 1335 0
SW13 0.03 1275 0
SW14 0 5.86 0
SW15 0 5.97 0
SW16 0.43 191 0
SW17 0.41 9.92 -0.0002
SW18 0.03 8.64 -0.0001
SW19 0 9.23 0
5 3.30 0

2-Load in Y- Direction:-

FRy = 1KN, Mym = -2.17 KN.m.
-Trandation part: - for (SW1).

IXx=0

FRx = 1KN.
FRx*ly=1*0=0
> Ix=3.3m".




FRy* IX 0

Mix 33 0
-See the following table (Trangdlation part table) (Table4-6).

IX FRy* Ix (KN)
wall {m) 21X
SW1 0 0
SW2 0.154 0.0467
SwW3 0 0
SW4 0.154 0.0467
SW5 0.154 0.0467
SW6 0 0
SW7 1.10 0.333
Sw8 0 0
SW9 0 0
SwW10 0.43 0.1303
SW11 0.41 0.1240
Sw12 0 0
SW13 0.03 0.009
SW1i4 0 0
SW15 0 0
SW16 0.43 0
SW17 0.41 0.1303
Sw18 0.03 0.1242
SW19 0 0.0091
Z 3.30 1.0

-Rotational part due to My, dueto qy:-
Part of rotation Qx & Qy dueto MT:-

Mym = -2.17KN.m.
lw =100.34m°.

My -217
lw  6204.7

= 0.00035——.
m




Seetable (4-7) below that represent the Rotational part in X-direction:

ly y‘'m i (~Mynt ly* y*m)
wall {m*% {m} lw
Swi 46.3 -8.37 0.1310
SW2 0 7.05 0
Sw3 0.18 -5.85 0
Sw4 0 -7.05 0
SW5 0 -7.10 0
SW6 0.20 -6.05 0
Sw7 0 -7.10 0
Sw8 9.60 473 -0.0159
SW9 17.20 8.05 -0.0484
SW10 0 6.38 0
SWi1 0 6.38 0
SW12 0.03 6.65 0
SW13 0 7.25 0
S 9.60 4.70 -0.0158
SW15 17.20 8.05 -0.04903
SW16 0 6.38 0
SW17 0 6.38 0
SW18 0 7.25 0
SW19 0.03 6.65 0
3 100.34 0

Seetable (4-8) below that represent the rotational part in Y-direction:-

My -217

lw  6204.7

~0.00035° N
m




Ix X*m Oxic (~MxTt [x* X'm)

Wall {m% {m} W
SW1 0 -2.59 0
SW2 0.154 3.92 -0.0001
SW3 0 3.02 0
SW4 0.154 211 -0.0001
SW5 0.154 6.24 -0.0001
SW6 0 -7.20 0
SW7 1.10 814 0.0004
SwW8 0 -9.99 0
SW9 0 1109 0.0002
SW10 0.43 -6.04 0
SW11 0.41 142 0
SW12 0 1335 0
SW13 0.03 1275 0
SW14 0 5.86 0
SW15 0 5.97 0
SW16 0.43 191 0
SW17 0.41 9.92 -0.0002
SW18 0.03 8.64 -0.0001
SW19 0 9.23 0
5 3.30 0

-Part of each wall dueto (qy):

Theload in y-direction:-

QyT = Qy(part of trandation) + Qy(part of Rotation)

QYT (swyy = 0.1265 + 0 +0 = 0.1265KN.

QYT (swz = 0+ -0.0001 + 0.0467 = 0.0466 KN.

QYT (swz) = 0.0004 + 0 + 0=0.0004 KN.

QYT (sway = 0 - 0.0001 +0.0467 = 0.0466 KN.
QYT (sws) = 0- 0.0001 + 0.0467 = 0.0466 KN.




QYT (swe) =.0.0004+0+0 = 0.0004KN.

QyT (swr) =0.004 + 0.333+ 0= 0.337 KN

QYT (sws) = -0.0157 + 0 +0 = -0.0157 KN.
QYT (swe) = -0.0474 + 0 + 0 = -0.0474 KN.
QYT (swig) = 0+ 0.0002 + 0.1302 = 0.1304 KN.
QYT (swiy = 0+ 0+0.1240 = 0.1240KN.

QYT (swiz = 0+ 0 + 0.0006 = 0.0006 KN.

QYT (swiz = 0+ 0.0090 + 0 = 0.0090 KN.

QYT (swig) = 0- 0.01573 + 0 = -0.01573 KN.
QYT (swis) = 0+ 0 - 0.0490 = -0.0490 KN.
QYT (swis) = 0 + 0 + 0.00003 =0.00003 KN.
QYT (swi7) = 0 - 0.0002 + 0.1302 = 0.1300 KN.
QYT (swig = 0 - 0.0001 + 0.1241 = 0.1240KN.
QYT (swig) = 0+ 0+ 0.0090 = 0.0090 KN.

iQyT(SNi)= Lo, OK.

From Chapter three the Earthquake load is as the following formula.
(0134 W (U.B.C-30-4).

4-10-4 Calculation of Floors Weight:-

1.Walls area:

0.3%(2¢32.6 + 40.6 + 16.5*2 + 7.5¥2 + 20.3*2 + 1.9¥4 + 2.52% 2 + 24 +4*2) +
124.24 + 100 + 25 + 45 + 96 = 590.24 Ton

W1=590.24*0.3* 2.5 = 472192 Ton

2.Sab:
16.55*32.6*2 + 12.3*7.77 = 1174.631
W2=1174.631*0.3*2.5=940 Ton

3.wall:

2*32.6+40.6 + 1652+ 7.5*2+ 20.3*2 + 2*4 + 252 + 2*4 +2*4
=67.02

W3=67.02*0.3*2.5 = 502.65 Ton

4.Basement = 67.02*4*2.5=670.2 Ton



5.Columns:

(12*0.25*0.3) + (14*0.25*0.35) + (2*0.60*0.60) + (3*0.25*0.60) +(0.25* 0.50*6) +
(0.2¥0.6*5) = 10.05

W5=10.05*3*2.5=75.34 Ton

Total weight of structure: = 1518.025*10 = 15180.25 Ton

T =G (h)™
T = 0.02*(30.62)** = 0.26 second

4-10-5 Calculation of shear forceon " shear walls"

From Uniform Building Code 1997(UBC):

*
\Y =I c:"W
= 1

V1= (0.45% 1)/(5.5%0.26)* 151.80 = 4777 Ton
V2= 255 Ca IR* W 2

Vo= 2277 Ton

V3= 0.11%Ca I* Wi 3
V3=551.04 Ton

Vo= 2277 TON. ... control.
Fr=0.07*V*T

Fr =0.07*0.26* 2277

F=41.4Ton

Foasement =((2277-41.4)* 6742.2/2662226.7) = 57.5 Ton
Fi= ((2277-41.4)*4645.2/2662226.7) =39.0 Ton.
F2=78.0 Ton.

F3=117.0 Ton.

F4=156.0 Ton.

F5=195.0 Ton.

F6=234.0 Ton.

F7=226.7 Ton.

F8=32.0 Ton.

F9=351.1 Ton.

F10=390.1 Ton.



- Load Calculation of Wall (SW9).

Part of load for wall (Sw9), due to(qy) = 0.196.

L oad of Wall (SW9):-

F x=575%0.0196 = 1.13 Ton. at basement Floor.

F x2=39.0*0.0196 = 0.764 Ton .at Ground Floor.
F .=78.0%0.0196 = 1.53 Ton. at the First floor.

F .=117.0*0.0196 = 2.293 Ton..

F .=156.0*0.0196 = 3.058 Ton.

F =195*0.0196 =3.822 Ton..

F ., =234.0*0.0196 = 4.586 Ton..

F .=226.7*0.0196 = 4.443 Ton..

F,,=312.10*0.0196 = 6.117 Ton..

F .,=351.10*0.0196 = 6.882Ton.

F,. =390.10*0.0196 = 7.646 Ton.

Seefigure (4-31) represent shear and moment diagram.
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Fig(4-31): Shear& Moment diagram.




4-10-6  Design of Reinforcement:-

-Internal Forces:-

Max Mu = 1008.63 Ton.m.
Max Vu = 42.2Ton.
PU (weight of the shear wary = 1.2¥10.11*0.2*25.15*2.5 = 182.3 Ton.

1- Design in plain Concrete: -
FVN>VU . (ACI-318-22.5.4)(Eq-22.8).
fvn= 0.55*% fc"*b*h .. (ACI-318-22.5.4)(Eq-22.9).
Whereb = LW = (Lw: - isthe length of shear wall in the direction of action).

1
fVn=0.55* 5@ *10110* 200 = 60.5Ton > (Vu = 42.2Ton).

So,No shear Reinforcement Required.
Assume ®16 for shear Reinforcement.
f*Av* fy*d _ 0.75* 2* 50.27* 400* 8088

Sieg= 3 =169.9 mm = 16.99 cm.
fVsreq 487.13* 10

Select, S=15cm.
So, use @16 @ 15cm.
SSused S LW/ (ACI-318-11.10.9.3).
S15<(10011/5=202 €M) it OK.
CSsed S (ACI-318-11.10.9.3).
S15<(3¥20=60CM) .o OK.
SS sed SOOCM. .o (ACI-318-11.10.9.3).
ﬂreq > (& min = 0.0025* h).........cccueneee (ACI —318-11.8.4)

S S

*
% > 0.0025* 20 = 0.0335cm > 0.05CM.......eevvvvevereeirireenennn NotO.K.

So, Use Horizontal Reinforcement = ®16@15cm.



2-Design of Vertical Reinforcement.

-Minimum Vertical Reinforcement:-
r .= 0.0025+ 0.5(2.5- #)(r h—0.0025) .............ec..... (ACI-318-11.10.9.4).
w

r h = Horizontal reinforcement ratio.
(2* (0.503) * 1200)

rh= =2515*1073,
100* 20

r . =00025+05(2.5- %)(2.515* 10°% - 0.0025) =0.00253.

AS g = 0.00253* 100* 20 = 5.04 cm?. (For Both Faces).

Use ®10@830............ AS provided = 5.23 M > AS req cvvvveveeneaeannn, OK.
AV req > (Y min = 0.0025* ). (ACI —318-11.8.4).

S S

*
270.785 5 ,.0025* 20 = 0.0523cM > 0.05CM oo OK.

- Design of Moment:-

-Design as heavy loaded shear wall.

S0, the Vertical reinforcement of (#16@15), will be considered.
As(v) = 2*2.01*(1011/15) = 27.1 cm? = 2710 mm?.

z_ 1

Lw 2+(0.85 b * fc*Lw h)
As* fy

Z 1

Lw 2+(0.85 0.85* 24*10110 200)

2710* 400
M1 = ®*0.5* As(v)* fy* Lw* (1-(Z/Lw) .
M1 = 0.9*0.5*2710* 400* 10110* (1-0.03) = 425.42 Ton.m.
Mn = Mu/ 0.9 =1008.63/0.9 = 112.0Ton.m.
M2 = Mn-M1 =1120 -425.42 = 694.6 Ton.m.

~ M2
boundary fy* (LW—CVV) '
Let Cw =40cm.

0.08..

As




694.6* 10°

ASpindary= =17.88cm’. (This Reinforcement is for M2)
400* (10110 400)

ASyoundary Totd = ASpounaary + AS min = 17.88+ 12.06 = 29.9 cn’.

Use (10020). (This Reinforcement must be provided in the boundary region).
Usel0®20............. AS provided =31.4CM°>29.9Cm*. ... OK.

Note: - Thisreinforcement will be applied for (S\9) just for the first three Floors.

L e

I-.-.-...-I-IIH-

s Fist Timm

Fig(4-31): Section in Shear wall.

4-10 Design of Well:-

4-10-1 Loads Calculation:-

Since the well located above the ground, the water pressure effect will be considered,
which is calculated as the following:

-dimension of well= (15.85*4.70* 2.50)m.

-H=2.50 m (Height of Well).

Y water = 1000 Kg/m?®,

-Pressure of the water =y yae*h =251=2.5 Ton/m?.

4-10-2 Determination of Wall Thickness:-

-Determination of wall Thickness must be done According to

the most dangerous state of loading
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Fig(4-32): Moment and shear diagram of well.

The deter mination of the Wall Thickness, will be consided as foll ows:

Usep=04pb.
Mu = 1.8 Ton.m?.
|, _085fc, . 600 085724, ... 600
fy 600+ fy 400 600+ 400
= 0.0261.

Pdesired = 0.4 pb = 0.010.

usep = 0.01.

* *
RN desirea = 1 % fy* (1—+—1") = 0.01* 400* (L%)

2

=3.96 Mpa.

- \/ Mn _ \/2.0*100000 _
" VRn*b \ 396%1000
Assume @ 14 for main Reinforcement.

hreq = 7.1+40.7+7 =14.8 cm.
select h = 25cm .
Availabled = 25-0.7-7= 17.3m.



4-10-3 Design of Reinforcement According to water pressure:-

Mu = 1.8 Ton.m.
Mn g = 2.0 Ton.m
Mn
b-d?
2.0*10°

= =6.7KG/cn?.
R 100*17.3°

‘ =1[1— - ZmR"J
m f,

* *
S \/LM _ 0.0017.
19.6 4000

Rn_

AS eq = 0.0170*100%17.3 = 2.9 cm”.

_ 24
AS min = 2400 Traog, 100732 (100) (17.3)

AS min = 53 <6O
AS min = 60 sz

ASieq <ASmin..oeiiiiii OK
Use As=6.0 cm?
AS yseg Must be > (0.005*b*d = 6.15)........... Not OK.

Souse As = 6.15 cm?.

= Use @14@20 cm.
As(pro\ndaj) (100/20)* 1 54 7 7 Cm > AS FeQ svvveeeonses OK.



-Check of yielding:-
T=Axf =77x4.0=30.8Ton
C=0.85x f/xb. xa

T=C
a= ¢ = 30.8 =1.51cm
0.85x f/xb,  0.85x 0.24x100
b =0.85
x=2_15 4 27em
b 0.85
e, = 97X, (0.003)= 132177 003 - 0.026.
X
5 0.026 > 0.005 .cooree worerers coeeere werreses oo OK .

In the other Direction (Horizontal) provide Shrinkage and Temperature
Reinfor cement.

p =0.0018

As = p* b*h.

As = 0.0018*100* 25= 3.6 cm’/m.

= Use @12@20 cm.
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL
CONCRETE (ACI 318M- ) AND COMMENTARY CODE
(ACI 318M-02).
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3-Uniform building Code (UBC), (1997).
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