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Abstract

The Structural Design of Multi Story Building.

Work Team
Ahmad Atawneh Mahmoud AL Lahaseh
Mohammad AL Najgjrah

Palestine Polytechnic University — 2007

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, = areaof concrete section resisting shear transfer.

A, = CGrossarea of section.

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



A, = area of oneleg of aclosed stirrup resisting tension within a(S).
A, = areaof tension reinforcement ,cm®
A = areaof reinforcement at compression side, cm?

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

width of web for T-section beam, cm.
= compression force in equivaent concrete block.

b

b,
b,
CC
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, = nomina bending moment.

M, = factored (ultimate) bending moment.

R, = coefficient of resistance.

t =dabthicknessin T-section beam, cm.

b, = factor asdefined 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 forcein slab of T-

section beam.

I mx = Maximum ratio of tension reinforcement permitted by ACI 10.3.3.

I min = Minimum rétio 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 supportsin slabs without beams and face to face
of beam or other supportsin 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 or in direction paralléel 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 =flexura 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 Vsisthe 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 |oads.

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

X, = thedistance along the beam at which Vg occurs. For any beam section
within the distance X, , Vg, isbased on 11.5.4.3, other wiseis based on

11.54.1,
X, = 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 =flexura stiffness of compression number.
f, = calculated stress in reinforcement at service load, MPa.

I, = moment of inertiaof 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

=nominal axia load strength at balanced strain condition. See 10.3.2, N.
= critical load, see Eq.(10-10),N.

=nominal axia load strength at given eccentricity, N.

=nominal axia load strength at zero eccentricity, N.

= 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

R .W:Retaining wall.
B.W: Basement wall.

C-U O-U J-U O-U U-U
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Chapter Four

4 - Structural Analysis and Design.

4-1 Introduction

4-1-1 Determination of the slab Thickness.
4-1-2 Design of the Rib (R1).
4-1-3 Design of Topping.
4-1-4 Design of Positive Moment.
4-1-5 Design of Negative Moment.
4-1-6 Shear Design of Rib (R1).
4-1-7 Limitation of Deflection.

4-2 Design of Beam (B1) in the First (Rectangular— section beam).
4-2-1-A-Load calculations.
4-2-1-B-Determination of the beam Width (b).
4-2-2-Design of positive moment.
4-2-3-Design of Negative Moment.
4-2-4-Design of shear.
4-2-5-Limitation of Deflection.

4-3 Design of column.
4-3-1-Design of the longitudinal Reinforcement.
4-3-2-Check slenderness Effect.



4-3-3-Design of Tie Reinforcement.
4-4- Design of Isolated Footing.

4-4-1- Load Calculation.

4-4-2-Determination of footing area.

4-4-3-Determination of Footing Depth.

4-4-4-Chech for Punching.

4-4-5-Design of Dowels.

4-4-6-Design of Bending Moment.

4-5- Design of Strip Footing.
4-5-1- Load Calculation.
4-5-2-Design of Footing Width.
4-5-3- Design of Reinforcement.
4-5-4- Design of Dowels.

4-6- Design of mat Foundation.
4-6-1- Load Calculation.
4-6-2- Design in X-Direction.
4-6-2-1- Estimation of Footing Depth.
4-6-2-2- Design of Reinforcement.
4-6-3- Design in Y-Direction.

4-7- Design of Staire.
4-7-1- Determination of Slab thickness.
4-7-2- Load Calculation.



4-7-3- Design of Bending.
4-7-4- Design of Shear.
4-7-5- Design of landing.

4-8- Design of Retaining Wall.
4-8-1- Estimation of Depth of Retaining Wall Footing.
4-8-2- Load Calculation.
4-8-3- Determination of Thickness (h) of Retaining Wall.
4-8-4- Estimation of the Foundation Length.
4-8-5- Design against Sliding.
4-8-6- Check of Bearing Capacity.
4-8-7- Design of Footing.

4-9- Design of Basement Wall (W3).
4-9-1- Load Calculation.
4-9-2- Determination of Wall Thickness.
4-9-3- Design of Reinforcement according to Earth Pressure.

4-9-4- Design of Reinforcement according to Water Pressure.

4-10- Design of Shear Wall.
4-10-1-Determination the location of area Centroid.
4-10-2-Determination the location of Shear Centroid.
4-10-3-Percentage of load due to each shear wall.
4-10-4-Calculation of floor weight.

4-10-5-Design of Reinforcement.



Chapter Four

4-Structural Analysisand Design
4-1-Introduction.

In this Chapter, we will show the procedure for designing the severd
structural members of our project, so we will discuss the steps that we followed to
design the Ribs, beams, dabs, columns, Retaining wall, Basement wall, foundations,
& shear walls.

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-code).

4-1-1-Deter mination of the dab Thickness.

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

1- Dead load: - which will be determined by weight calculations based on materials
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 :-

We will take the longest span available in our project, which is Rib number (1), (R1),
in thefirst floor.

See the following figure. (Figure 4-1-A).
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Fig (4-1-A) —Rib (R1) in the First Floor.

Minh=L/21 For Interior span.
Minh=1L/185. For Exterior span.
Minh=L/16. For simply supported beam.

Minh=L/8. For cantilever.

s WhereL isthe Distance from center of support to the center of support.

P> Sans from left to right.

> For the first span: - Minh =3.65/18.5=0.197 m=19.7 cm.
< For the second span Min h =4.30/ 21 = 0.205= 20.5 cm.
< For the third span Min h =4.90/ 18.5 = 0.265= 26.5 cm.

Aswe calculated, the Minimum Thicknessis 26.5 cm, we will take it
as 25 cm, & Deflection limitation will be considered.

So we will take a block size (17*40* 20).

& the concrete cover above the block will be taken as (8cm).

s



Seefigure (4-1-B).

R R
()~ A

12 |

40

TYRPICAL SFEOTION

Fig (4-1-B)

4-1-2-Design of the Rib (R1).

-Load Calculation:-

j—J}I}’ﬂ LI \‘}I}L—E

IN RIBRBFED

SEAR

By referring to the table of materials densities, taken from the Jordanian code

(Table— (3-3-1).

Dead load of Ribbed dab: -

CoarseSand Fill = 0.07*0.52*1.7 =0.0619
Concrete Rib = 0.17*0.12* 25=0.051
Block = 0.170.40* 1.0 =0.068
Topping = 0.08%0.52*2.5 =0.104
Plaster = 0.03*0.52*2.2 =0.034
Tiles = 0.03*0.52*2.2 =0.034
Partitions = 0.125*0.52 =

-Nominal Total Dead Load =

Ton/m of Rib.
Ton/m of Rib.
Ton/m of Rib.

Ton/m of Rib.
Ton/m of Rib.
Ton/m of Rib

0.065 Ton/m of Rib.

0.0619+0.051+0.068+0.104+0.034+0.065+0.034 = 0.418 Ton/m of Rib.



-Live Load: -

¢ For Residential Buildings= 0.2 Ton/m?
=0.2*0.52 = 0.104 Ton/m of Rib.

4-1-3-Design of Topping:

-Live load = 0.2 Ton/m? (For Residential building).

-Dead load = (0.418/ 0.52) - (0.051/ 0.52) = 0.71 Ton/m?
W, =1.2(0.71) + 1.6 (0.2) = 1.21 Ton/m?.

Assume slab is fixed at support point (Ribs).

2
MU = Wux L
12

2
MU = 1.21x0.4
12

j =0.0161 Ton.m, for 1 mwide strip.

According to ACI- (9.5.2.3).

fc' =24 Mpa.

Mn = %* fc'* S (ACI-22.5.1-(Equation-22-2).

bh?  1000x 807
6

S= =1066666.67mm"........ For a Rectangular X-section.

Mn = 1_52* Jfc' *s= % /24 *1066666.67 = 2.18* 10° N.mm.

®Mn =0.552.18*10° = 1.2*10° N. ,..........Note ® = 0.55 for plain concrete.
®Mn =0.12Ton.m.

®Mn =0.12 Ton.m > Mu = 0.0187 Ton.m .

Reinforcement is not required for structural reasons.

\ Provide Shrinkage & Temperature Reinforcement:-



Referring to (ACI-7.12.2.1).
The steel used in our region has ayielding stress = 420 Mpa.
p = 0.0018.

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

AS(provided) for® 8=0.5cm 2 .
1.44/0.5=3bars/ m.

Use ® 8 @ 30 cm in both ways.

AS provides = (100/30) *05= 1.6 5cm > .

AS providaj > AS [EQ »revrrrnrrrnnnecnnannns OK

-Limitation of spacing between bars according to (ACI-318-code) —

(7-12-2-2)
- spacing < 5*h

30<5*25 i, OK.
Spacing<50cm..............ccceeeeennn. OKL

4-1-4-Design of Positive M oment: -

Design for 3m, 3.45m & 4.10 m spans.
Seefigure (4-2):-

LT3 il | LN} AL | Yy | 4.7
4.85 43 s 43 ,
T 1
= Fig (4-2)

2R

—
B



Using Atir software we found that the Envelope of Moment for thisRib (R1) isas
follows:-
Seefigure (4-3).

-ServiceLiveload = 0.104 Ton/m.
-Service Dead load = 0.418 Ton/m.

Support A Support B

1.46 2.19 1.93 ; 2,37 2.91 . 1.96 |

Span 1 Span 2 Span 3
Fig (4-3)-Envelope of Moment for Rib,(R1) (Ton.m)

-Design of span # 1.

-Effective Flange width (bg) According to ACI code -8.10.2:

b. For T- section is the smallest of the following:-

b. =L/4=575/4=144m.

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

by =C/Cspacing=52CMm.........ccceevvveinnnnnn. Control.
= b.=52cm.

Mu max for this span = 0.8 Ton.m.



Mn=Mu/0.9=0.89 Ton.m.

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

C=0.85fc"* t*b.=0.85(0.24)*(8)*(52) = 84.86 Ton.

Assume ® 16 bars for main Reinforcement.

d=h- Cover — db/2 - db (sirrups) = 25-2-1-(1.6/2) = 21.2 cm.
Mn=Tor C(d-0.5a) =84.86*(21.2- 0.5(8)) / 100 =14.6 Ton.m.
MN qaitable = 14.6 Ton.m > Mn equired = 0.89 Ton.m.

S0, Design as a rectangular with  bg = 52 cm.

A S min= Jfe (bw)(d) >W(bw)(d) ........... (ACI-10.5.1)

4(fy)
N

= ASpin= 1) N 12)(21.2) > —(12)(21 2)

A Snin= 0.742 > 0.848.

= ASmin=0.848cm?.......... Control.

fy 420

= = =20.59
0.85* fc¢' 0.85* 24

* 5
Rn= an _ 089 102 = 3.81Kg/cn’.
b*d 52*21.2

r:i(1— 1_2mRnJ

m fy

1 (1_\/1_2 20 .59 3.81J=0_00092_

~ 20.59 4200

AS (req) = 0.00092* (52)* (21.2) = 1.014 cm? > AS i = 0.848cm2.

AS (reg) = 1.014 cm2.

Number of (P12 bars) required = ASreq/Area of bar(®12) = 1.014/1.13 = 0.897 bars.
Use2 ®12.

AS provided fOr 2 ®12 = 2.26 e,



-Check of yielding:-
T=Axf, =226x4.20=9.49Ton
C=0.85x f/xb.xa

T=C
a= ¢ = 949 =3.88 cm
0.85x f/xh.  0.85x0.24x12
b =0.85
x:i:@:4.562 cm
b 0.85
97X, (0003)= 21224582 403-0.0100
4.562
— 0.0109 > 0.005........ccoeeeirieeeeeeecirree e OK.
Seefigure (4-4).

-Design of span number (2).

Mu=0.5Ton.m.
Mn=Mu/0.9=0.56 Ton.m.
Mn = 0.56 Ton.m.

- Y a0 20.59
0.85fc'  0.85* (24) '
* 5
Rn = Mn__ 05610 2.4kg /cm ?

" bd 2 52 * 21 .27

" :i(l— 1 2mRn J
m fy

~ 20 .59 4200

AS (reg = 0.000575 * (52)* (21.2) = 0.634 M2 < AS iy = 0.848 Cm2.

* *
L (1— \/1— 2r20.9724 J = 0.000575

Fig (4-4).



Number of required (®12) bars = AS (eq/ Area of bar (®12) = 0.848 / 1.13 = 0.75
bars.

Use2 ®12.
AS provided fOr 2 912 = 2.26 cm2. o71s =*
AS min <AS provided .................. OK
Fig (4-5).

-Check of yielding:-
T=Ax f, =2.26x420=9.49Ton
C=0.85x f/xb.xa
T=C
a= ¢ = 949 =3.88 cm

0.85x f/xb. 0.85x0.24x12

b =0.85

x:izﬁz4.562 cm

b 085
e, = 9%, (0.003)= 222=4562 03— 0.0109

X 4.562

—> 0.0109 > 0.005......ccooeeeiirerreriie e OK.

Seefigure (4-5).

-Design of span number (3).

Mu=1.4Ton.m.
Mn=Mu/0.9=156 Ton.m.
Mn = 1.56 Ton.m.

oy 4
0.85fc’ ~ 0.85* (24)

= 20.59

* 5
Rn = Mn2:1.56 102:6.67kg/cm2.
bd 52 * 21 .2




" :i(l— 1 2mRn J
m fy

1 1_\/1_2*20.59*6.67
20 .59 4200

] = 0.001615

AS (eq) = 0.001615 *(52)* (21.2) = 1.8 cm? > AS min = 0.848 cm2.
AS (req) = 1.8 CM2.
Number of required (®12) bars = AS e/ Areaof bar (®12) =1.8/1.13 = 1.6 bars.

Use2 DP12......ccccvvveiiiiinn, Seefigure (4-6).
AS provided fOr 2 ®12 = 2.26 cn2.
AS min <AS provided ................................. OK 'Y
elig
-Check of yielding:- Fig (4-6).
T=Axf, =226x420=9.49Ton
C=0.85x f/xb. xa
T=C
a= c = 949 =3.88 cm
0.85x f/xb. 0.85x0.24x12
b =0.85
x=2_388_ 4560 cm
b 085
=97X (0.008) = 2224902 403 - 0.0109
4.562
— 0.0109 > 0.005......ccceteieeeet et e e OK.

4-1-5-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) asfollows:-
b =bw =12 cm.



AT 14 _
Asm.n—4(fy) (bw)(d) > y (bw)(d)......cc.oeeeeeeeeiennnn.... (ACI-10.5.1)

24
4(420)

Asnin= 0.742 > 0.848.

— * ﬂ *
= ASmin= (12)* (212) 2, (12)* (212)

1 - Reinforcement of support (A).

Mu = 1.0 Ton.m.
Mn=Mu/09=10/0.9=1.11Ton.m.
m = 20.59.

Rn = Mn/ bw*d? = 20.58 Kg/cm?2.

. :3(1_ /1_Mj
m fy
1 2* 20.59 * 20 .58
r = 1-./1-
20 .59 4200

j = 0.00518 .

As=0.00518*12*21.2 = 1.32 cn2

1.32CM2 > ASnin ceevveeeiniiininnnns OK.

Number of required (®12) bars = AS e/ Areaof bar (®12) =1.32/1.13 = 1.17 bars.
Use2d12.

AS provided fOr 2 ®12 = 2.26 cn2.

AS min <AS provided .................. OK



-Check of yielding:-
T=Axf,=226x420=9.49Ton
C=0.85x f/xbg xa

T=C
a= c = 949 =3.88 cm
0.85x f/xb. 0.85x0.24x12
b =0.85
X=E=@=4.562 cm
b 085
=97X (0.003)= 22224562 103 0.0100
4.562
— 0.0109 > 0.005......ccct cevreeees e e e OK. I ani2

Seefigure (4-7). [ T

2 - Reinforcement of support (B).
Fig (4-7).
Mu = 1.6 Ton.m.
Mn=Mu/09=16/0.9=1.78 Ton.m.
m = 20.59.
Rn = Mn/ bw*d? = 33.00 Kg/cm?.
r :l[l— L 2mRn]
m fy

c_ 1 1_\/1_2*20.59*33.00
20 .59 4200

J = 0.0086 .

As=0.0086*12*21.2 = 2.19 cn

ASieq>ASmin oo OK.

Number of required (®12) bars = ASyeq/ Areaof bar (® 12) = 2.19/1.13= 1.94 bars.
Use2d12.

AS provided fOr 2 ®12 = 2.26 cn2.

AS min <AS pro\/idm .................. OK.
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Seefigure (4-8).

-Check of yielding:- Fig(4-8).
T=AxTf, =226x420 =9.49Ton
C=0.85x f/xb. xa

T=C

a= ¢ = 9.49 =3.88 cm
0.85x f/xb. 0.85x0.24x12

b =0.85

x=2_38_ 4560 om
b 085

e, - 9=X, (0.003)= 2224562 43 _ 0.0100

X 4.562
5 0.0109 > 0.005 ...orscc. covsees eeeseees oo e OK .

4-1-6-Shear Design of Rib (R1):-

-By using Atir software we found that the Envelope for shear stressisasthe

following figure:- Seefigure (4-9).

Jan#1 Span #2 Soan# 3
Fig. (4-9): Shear Envelopefor Rib (R1) in (Ton).



-For span number (1).

Max Vu = 1.5 Ton. At the center of support.
Vu critical = 1.1 Ton.
Note: - This (Max Vu) is at the center of support & (VU gitica) IS a Distance

(d =21.2 cm) from the face of the support.

VA :0.75[§jbd :0.75(g}(12)*(21.2)*( 10 j = 1.56 Ton.

1000

V, e = 1.1 Ton at distance (d = 21.2 cm) from face of support.
Vu< OV,
050V, = 1.56/2=0.78 Ton.
-Complies with Category (2):-
0.50V, <V, <(DV,)
= Minimum Reinforcement is required.
-Except for:-
- Slabs and Footings.

- Floor joist constructions (Ribs).
- Beams with depth < 25 cm.
< 2.5tf.

<0.5bw.
So, NO Shear Reinforcement is required.

-For span number (2).
Max Vu = 1.6 Ton. At the center of support.

Vu critical = 1.2 Ton.
Note: - This (Max Vu) is at the center of support & (VU gitica) iS @t is at Distance

(d =21.2 cm) from the face of the support.




1000

oV, = 0.75(‘/§de = 0.75[gj* (12)* (21.2)* (ﬂj = 1.56 Ton.
Vu< ®V,
0.5V, = 1.56 /2 =0.78 Ton.
-Complies with Category (2):-
0.50V, <V, <(DV,)
= Minimum reinforcement is required.
-Except for:-

- Slabs and Footings.
- Floor joist constructions (Ribs).

- Beams with depth < 25 cm.
< 2.54f.

<0.5bw.
So, NO Shear Reinforcement is required.

-For span number (3).
Max Vu = 2.0 Ton. At the center of support.

Vu critical = 1.5 Ton.
Note: - This (Max Vu) is at the center of support & (VU gitica) iS @t is at Distance

(d =21.2 cm) from the face of the support.

4/ fc' N
DV, =0.75 bd =075 Y24 (12)(21.2)(1—0j = 1.56 Ton.
6 6 1000
Vimax =1.5ToN.
Vu< ®dV,

050V, =1.56/2=0.78 Ton.



-Complies with Category (2):-
0.50V, <V, <(DV,)
= Minimum Reinforcement is required.
-Except for:-
- Slabs and Footings.
- Floor joist constructions (Ribs).
- Beams with depth < 25 cm.
< 25tf.
< 0.5 bw.

So, no shear Reinforcement is required.

4-1-7- Limitation of Deflection:-

-By using Atir Software, we found that the Deflection of this Rib is according to
figure (4-10).

i 4 I
N T
0.4 0.9¢ (]
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I
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| T L

1
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L /1890 L /49785 L/311
Fig (4-10).Deflection of the Rib (R1).

According to (ACI-318-code).
Max Deflection must be< L / 480.

-For span number (1)
(Spans Fromright to left).



Deflection=L /311 > L / 480.
Provide 2 ® 14 (AS provided = 3.08cm?) instead of 2 ® 12, at the bottom of the span 3,

and 2 ® 14 at the top of span 3. F5. B

Revised Deflection =L / 512 < L / 480. -

Seefigure (4-11). = ._J
R

Fig (4-11).
-For span number (2).
Deflection=L/49785<L /480 ............ OK.

-For span number (3).
Deflection=L/1890<L /480 ............ OK.

-See Figure (4-12), which show the Revised Deflection of the Rib (R1).

1
HIlHHHHHH\ HHHHHH HHHHIHIHH\HHHHIHHHH MT\NHHHIHHH
B[ i) 052
1
L/1890 L/49785 L/516

Fig (4-12)



4-2-Design of Beam (B1) in the First Floor :-
(Rectangular— Section Beam):-
Seefigure (4-13).

Bppart 4 appet B aupport G auppat [ sppor; £ auppat - upport G
a0 #1 Al spandl enEd g PN
40 A £ , 43 — L 430

o a0 03 o 00 3 B ae 040 om G0 am  OX

Fig (4-13)

4-2-1-A-load Calculations:-

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

-d = H- cover — db (sirmyps) - (Db/2) =25-4-1-1=19 cm.

-initial b =70 cm.

-H=25cm.

-By using Atir software, we found that the Envelop of Bending Moment for this
beam according to its spans, supports & loads acting on it is as figure (4-15).

-Loads on beam (B1).
Dead load = 0.418/ 0.52 = 0.804 Ton/m2.
=0.804*(2.50 +2.17) =3.76 Ton/m.
Liveload = 0.2 Ton/m?2.
=0.2%(2.50 +2.17) = 0.93 Ton/m.
Self weight = 2.5*0.25%0.7 = 0.44 Ton/m.
The following figure (figure (4-14)) shows the load distribution on the beam:-



376 Taonan.

| - oo | 1 3 ! - | 0.93 Tonmmn,
| : ! ! ! ! i . 1 0.44 Tomm
) B
Ll A
spand3 spani4 spanfls spand
450 ; A 365 470
241 380 040 380 n40,  23n 030 3,90 030
Fig (4-14)

The Envelope, of these loads at this Beam will be, as the following figure:-
Seefigure (4-15).

-10.5 = -10.5

10.3 10.3
|1.68, 252 [1.591.061.89 231 | 231  1.69 j.061.59| 2.52  1.68]

Fig (4-15)-M oment Envelopein (Ton.m).

4-2-1-B- Deter mination of the Beam Width (b):-
Referring to (ACI-code-318).

Assume r (e =0.4*I b,

r b=??

r b=0.85* fc'* B/ fy* (600/ 600 + fy).

r b=0.0243.



I reqg=0.4*r b=0.4*0.0258 = 0.0103.

MU max = 9.5 Ton.m.

Mn=Mu/0.9
=12.1/0.9=13.44 Ton.m.
fy 3 420

= 20.59.

M= 085, 085(24)
RN eq =1 *fy *(1-0.5r *m) = 0.0103*420 *(1 — (0.5*0.0103* 20.59).
RN 1oy = 3.87 Mpa = 38.7 Kg/lem®.

Rn=Mn/ (b* d® = 13.44*10° / b *19.2°
b=94.2cm.
Select b =90 cm.

4-2-2-Design of Positive M oment: -

-Design of spans number (1& 6).

We will Design just one of them since they have the same value of positive Moment
(Mu), & other design properties.

MU=10.3TON .M. oo e As shown in Fig. (4-15).
Mn=10.3/0.9=11.44 Ton.m.

i 14 ]
ASmn= (bw)(d) > F(bw)(ol) .............................. (ACI-10.5.2).

_ 24 1.4
= ASmn= o0y (€0192) 2 290192

A Spin=5.04> 5.76.

ASmin=576cm?.......... Control.



f
4 - 40 = 20.59.

M=08s5f, ~ 085(24)

M, 11.44x10°

- - =34.5Kg/cm?
bd? 90x19.2° ( J )

_ 1 1_\/1_ 2% 20.59% 34.5
20.59 4200

r =0.00906.

A's = 0.00906* (90)*(19.2) = 15.65 cm?.
AS req >ASnin

1565>576 ..........cciiiiiiiennnn 1 OKG
Use5 ® 20 mm

AS providaj = 157 sz .

-Check: yielding of Tension steel:-
C=0.85f/ab

C =0.85(0.24)*(90)*a= 18.36 a.

Actual T =As*fy =15.7*4.2 =65.94 Ton.
Actual a=65.94/18.36 = 3.59 cm.

Actual x=a/p=359/0.85=4.23cm.

0.003 €s+0.003 0.003 €s+0.003
X 19.2 423 192

gs=0.0106 > 0.005.
- Tension stel iSYield.........cceeeveenn.... OK.

Act Mn=T or C *((d — 0.5*a)/100).
Actual Mn = 11.48 Ton.m.



Actual MN > MnN rggeeiniinnnnnnn. OK.

2- Spans 3 & 4.

Mu=6.7 Ton.m.......... As shown in Fig. (4-15).
Mn=6.7/0.9=7.44 Ton.m.

m = 20.59.

M, 7.44x10°
Rn = =
bd 2 = 90 x19.22

= 22.43(Kg /cm?)

1 \/1_ 2x 20.59% 22.43
4200

r  =0.00567.
A's = 0.00567*(90)* (19.2) = 9.8 cm>.

UseAs=9.8cm?.
Use 4P 20 mm.

AS provided = 12.57 cm?.

-Check: yielding of Tension steel:-
C=0.85f/ab

C =0.85(0.24)*(90)*a= 18.36 a.

Actual T =As*fy=1257%4.2=52.79 Ton.
Actual a=52.79/ 18.36 = 2.875 cm.

Actual x=a/[p=2.875/0.85=3.38cm.

0.003 €s+0.003 0.003 €s+0.003
X 19.2 """'338 192




€s=0.014 > 0.005.
S Tensionsted isyield ..........................OK.

ActMn=T or C*((d- 0.5 a)/100).
Actual Mn =9.38 Ton.m.
Actual MN > MnN regeenvniiiniiiniii, OK.

4-2-3- Design of Negative M oment:-
1 - Support B&F:

Mu=10.5Ton.m........... As shown in Fig. (4-15).
Mn = 11.67 Ton.m.
m = 20.59

M, 11.67x10°

= =35.17(Kg/cm?
bd? 90x19.2° ( g )

R =

_ 1 1_\/1_2><20.59><35.17
4200

" =0.00926.

As = 0.00926* (90)* (19.2) =16 cm?.

Use 6 ® 20 mm.

AS provided =18.85 cm®.

AS req >ASnin.

18.85>5.76 ... OK.



-Check: yielding of Tension steel:-
C=0.85f/ab

C =0.85(0.24)* (90)*a = 18.36a.

Actual T = As*fy=18.85*4.2=79.2 Ton.
Actual a=79.2/18.36 =4.31 cm.

Actual x =a/p =4.31/0.85=5.075 cm.

€s=0.00835 > £ ¥ = 0.005.

S Tensionsted isyied.........ocooviviinnnnn. OK.
ActMn=T or C*((d- 0.5 a)/100).

Actua Mn =13.5 Ton.m.

Actual MN > MnN regeenvniininiii, OK.

2- Support C&E:-

Mu=6.5Tonm.............. As shown in Fig. (4-15)
Mn=6.5/0.9=7.22 Ton.m.
m = 20.59.

M 7.22x10°
—_n_ =21.76(Kg/cm?).
R, bd? 90x19.2° ( g )

‘ =i{1— 1- ZmR“j
m f,

_ 1 (1_ \/1_ 2><20.59><21.76j

20.59 4200

' =0.00549.
As = 0.00549* (90)* (19.2) = 9.49 cm”.
AS req > AS min.
Use As=9.49 cm”.
Use4d ® 20 mm .



As= 1257 cm’.

-Check: yielding of Tension steel:-
C=0.85f/ab

C =0.85(0.24)*(90)*a= 18.36 a.

Actual T = As*fy =1257*4.2=52.79 Ton.
Actual a=52.79/ 18.36 = 2.875 cm.

Actual x=a/p=2875/0.85=3.38cm.

0.003 €s+0.003 0.003 €s+0.003
X 19.2 """'338 192

€s=0.014 > 0.005.
S Tensionsted isyied..........cooooennnnn, OK.

Act Mn=T or C*((d - 0.5 &/100).
Actua Mn =9.38 Ton.m.

Actual MN > MnN regeenviinininiin . OK.
3- Support D.
Mu=12.1Ton.m........... As shown in Fig. (4-15).
Mn = 13.44 Ton.m.
m = 20.59.
M : >
R =—0-= 13.44>10 =4O.51(Kg/cm2)

bd? 90x19.22

_ 1 1_\/1_ 2x 20.59x 40.51
4200



' =0.0109.

As = 0.0109* (90)*(19.2) = 18.76 cm .
AS req > AS MiNe-sesesaenanenarasssnennrsnnns OK
Use6 ® 20 mm

As=18.84cm”.

-Check: yielding of Tension steel:-
C=0.85f/ab

C =0.85(0.24)*(90) a=18.36 a

Actual T = As*fy =18.84*4.2 =79.13 Ton.
Actual a=79.13/18.36 =4.31 cm.

Actual x=a/pB=4.31/0.85=5.07 cm.

0.003 €s+0.003
X 19.2

€s=0.00836 > 0.005
S Tensionsted isyield.......ooovviiiiiiii, OK.

ActMn=T or C*((d- 0.5 a)/100).

Actua Mn = 13.49 Ton.m.
Actual MN > MnN regeenvniiniiiii e, OK.

4-2-4- Design for Shear: -

The following figure shows the Envelop of shear stressin (Ton), on the beam (B1),

in thefirst floor, seefigure (4-16).



15.9 16.7

region (A)  region(B) region (C) region (C) region(B) region (A)
Fig (4-16) Shear Envelopein (Ton).

-For region (A):-

V, =16.7TON .coeiviiein, As shown in Fig. (4-16).

V. @ Ciritical point = 14.4 Ton.

Note: - critical point occurs at distance (d =19.2cm) from the face of support,
according to (ACI-318-code).

f !
oV, =0.75| Y g =075 Y24 *(90)*(19.2)*(£j = 10.58 Ton.
6 6 1000

SOV =53Ton. ... DVS min = 0.75*(1/3)* (Mpa)* (10/1000)* b*d.

= 0.75* (1/3)*90* 19.2* (10/1000) = 4.32Ton.
(®V, + D VS min) > VU gitica™> (DV,)
14.9>Vu > 10.58.
-Complies with category (3):-
According to (ACI-318-code).
DVsigq=Vu- OV,.
D Vs e =14.4-10.58 = 3.82 Ton.
Sieq=0.75*(Av *fy*d) /| ® VS e
Number of stirrups used: - = 2 stirrups.



Assume @ 10 stirrups.
Sreq = 0.75(4*0.79*4.2%19.2) /3.82 = 50 cm.

According to (ACI-318-code).
-Max. Spacing islessthan:-

S max < % =9.6cm.......... controlled.

<60 cm
Use ® 10 (4 legs) @ S=9.5cm.

D VS provided = 0.75* (Av *fy*d)/ S provided-

D VS provided = 0.75*(4*0.79 * 4.2¥19.2)/ 9.5.
D VS provided = 20.12ToN.

®Vn= ®VSpoided + PV,

@ Vn =20.12+ 10.58 = 30.7 Ton.

-For region (B):-

V,=114Ton.......cocevinennnn, As shown in Fig. (4-16).

V, @ Ciritical point =9.1 Ton.

Note: - critica point occurs at distance (d =19.2 cm) from the face of support,
according to (ACI-318-code).

DV, = O.?5[@}bd = 0.75[g]* (90) * (19.2)*( 10 j = 10.58 Ton.

1000

%CIDVC =5.3Ton

(dV, = 10.58 Ton) > VU giica > (%@VC _5.3Ton ).



-Complies with category (2):-
Minimum shear reinforcement is required:-
Assume @ 10 stirrups.

_3Af, 3*4%0.79* 420
bw 20

S =44.24cm.

According to (ACI-318-code).

-Max. Spacingislessthan:

S max < % =9.6cm.......... controlled.

Use® 10 (4leg) @ S=9.5cm.

@ VS provided = 0.75* (Av*fy*d) / S provided-

D VS provided = 0.75% (4*0.79 * 4.2%19.2)/ 9.5.
D VS provided = 20.12 Ton.

®Vn= ® VS poviged + PV,

®Vn=20.12 + 10.58 = 30.7 Ton.
dVn>Wu....................OK.

-For region (c):-

V,=159Ton ......ccoeiviiiinnnns As shown in Fig. (4-16).

V, @ Critical point = 13.2Ton.

Note: - critical point occurs at distance (d = 19.2 cm) from the face of support,
according to (ACI-318-code).




oV, = 0.75(\/f_d}bd = 0.75(@} an*@9* (
6 6 1000

%cpvc =5.3Ton

® VS min = 0.75* (1/3)* (M pa)* (10/1000)* b* .

10

= 0.75* (1/3)* 90* 19.2* (10/1000) = 4.32 Ton.

(V. + ®Vsmin)>Vu> (dV,)
14.9 > VU gitica > 10.58.

-Complies with category (3):-

According to (ACI-318-code).

DVs,q=Vu- OV,.

@ VS ¢ =13.2-10.58 = 2.62 Ton.
Sreq=0.75*(Av * fy*d) /| O VS g

Number of stirrupsused : - = 2 stirrups..
Assume @ 10 stirrups.
Sreq=0.75(4*0.79*4.2*19.2) / 2.26 = 84.6 cm.
According to (ACI-318-code).

-Max. Spacingislessthan:

S max < % =9.6cm.......... controls.

<60 cm
Use® 10 (4legs) @ S=9.5cm.
@ VS provided = 0.75* (AV * fy*d)/ S provided-
D VS provided = 0.75% (4*0.79 * 4.2%19.2)/ 9.5.
D VS provided = 20.12 Ton.
®Vn= ® VS poviged + PV,

®dVn=20.12 + 10.58 = 30.7 Ton.
dPVn>VW........eveonnOK

j =10.58 Ton.



4-2-5-Limitation of Deflection:-
-By using Atir software, we found that the deflection of this beam is according to
figure (4-17).

] 3 | 4 b

i

1||!|||m|'u||||||‘f‘ﬂnﬂﬂimiTu|||uLu||||||‘|‘f “hnummnuﬂ“|”||u,,r|1”[nm“'iﬁ:‘||u|_!_|,_|umu,|

L/179 L/361 L/423 L/423 L/361 L/179
Fig (4-17).Deflection of The Beam (B1).

According to (ACI-318-code).
-Max deflection must be< L / 480.

-For span number (1&6).
Deflection=L /179> L / 480.
Provide 14920 instead of 6& 20 at the bottom of the span,(AS provided = 44Cm?)
& 11 & 20 instead of 4 ® 12 at the top of the span (AS provided = 34.56 cm?).
-Check of minimum width of beam.
Minimum width of beam for 14® 20 = 72.5 cm.
Actual width of thebeam=90cm>725cm .................. OK.
Revised deflection=L /496 <L /480 ..........ccccevvvnnnns OK.
Seefigure (4-18).
11920

[ o s s s s o 00 b 0. 4
[ e

14F20 -

Fig (4-18).



-For spans number (2&5).

Deflection=L/361>L /480 ............ccnnvnnn. Not OK.

Provide 5®16 instead of 612 at the Top of the Span & 5P 12 at the Bottom of the
Span,(AS provided = 15.71cnm?)

Seefigure (4-19).

P16

E& T

Fig (4-19)

a4

-For span number (3&4).

Max deflection must be< L / 480.

Deflection=L/423>L/480.......... Not OK.

Provide 5®20 instead of 4920 at the bottom of the Span,(AS proviged = 15.71cm?),
& 5 P12 at the Top of the span. w12

Seefigure (4-20). S

FEE T

|
51120 —

Fig (4-20)

See Figure (4-21), which shows the Revised Deflection of the beam (B1).

2 3 | 5 B

T ﬂmmumum mmm i,

L] .;l
L/496 L/491  L/481 L/481 L/491 L/496
Fig (4- 21)




4-3-Design of Column:-

-Column (C1) in the Basement floor, the column is an internal one (Tied column):-
-By using Atir software we found that the reaction on this column from

Beams (B1), (B11), (B22) & (B23).

-Tota factored load of Beam (B1) = 6* 31.05 = 186.3 Ton.

-Total factored load of Beam (B23) = 15.68 Ton.

-Total factored load of Beam (B11) = 11.83 Ton.

-Total factored load of Beam (B22) = 4.71 Ton.

-Factored Self weight of the column = 8*1.4*2.5%0.6*0.4*3 = 20.16 Ton.
-Thetotal axia load (Pu) = (186.3 +15.68 + 11.83+4.71 + 20.16) = 245 Ton.
-Pu=245Ton.

4-3-1 Design of thelongitudinal Reinforcement:-

Pu =245 Ton.
So, its axially loaded.

Typeof column: " Tied column”.
Assumerg =0.02.
_pu

)

pn = 245 =377Ton
0.65

anax = 080Ag[085* fc' +r g(Fy_ 0.85* fC')]

pn

377 = 0.80Ag[0.85* 0.24 + 0.02(4.2 - 0.85* 0.24)|
Ag req = 1660 o,

Use 50cm * 40 cm.

Ag = 50*40 = 2000 cm?.

-Determination of requiredr g :-



PN, = 0.80Ag[0.85* fc'+ r g(Fy - 0.85* fc')

377 =0.80* 2000* [0.85* 0.24+r g(4.2— 0.85* 0.24)]
r g = 0.0079.

(g <(F min=0.01) .evviveereeviieiieeeiieeieesreeeieseennn. (ACI-C00-10.16.8.6)

Use r =0.01.

Required As = pg* Ag = 0.01* 2000 = 20 cm”.
Use10@ 16 .......... AS provided = 20.11 cm?,
AS max = 0.08* 2000 = 160 cm?.

AS min = 0.01* 2000 = 20 cm?.

AS max > AS> AShineeieeieiiiiiiiians OK.

4-3-2-Check Slenderness Effect: -

(KLu/r)<(34-12M1/M2))

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).
r: radius of gyration=0.3* h= JITA .
M1/M2 = 1 for theinterior column.
Lu=3m.
(1* 3/(0.3* 0.4m)) < (34-12[1])
25 > 22.
< 40.

-Slenderness effect must be considered.

ceeennnnnn ACH10-12-2.



d. =—”|‘321.0 ceererne e AWCH(10.12.3) €g(10.9).
1— 4
0.75* P,
C., = 1.0 (for single curvature — braced frame) ........................ A.C.l (10.12.3.2).

P, = (1.2*DL) + (1.6*LL).

P, =245 Ton.
P = A.C.l(10.12.3) eq

(10.10).
El = large of:
_(0.2E 1, +E(ly)

1+ bd e (1)

El

Or
_ 04E.I,

1+ bd e ()

E, =15000,/ fc' «——Kg/cn?.

15000+ 240
¢ 1000

|, = moment of inertia of gross concrete section about centroidal axis, neglecting

=232.38 Ton/cm?.

Reinforcement, cm®.
_b*h® 50*40°
g 12 12

| . =Moment of inertia of reinforcement about centroidal axis of member cross

I = 266666.67cm”.

section,cm*.
I, =2(A * x*) = 2(4* 2.01* 13.4%) = 2887.32cm"*.
Es = 200000 Mpa = 2000 Ton/cm2.



factored axial dead load
_19213 5784

bd = =
factored axial total load 245

From equation 1 and 2 we select the large value:

gy = ((02%23238 266;56%672: (2000* 2887.67)) _ 111843835 Toncm?
+ V.

| = 047232387 20006667 _ 1399417058 Toncm? (control).

1+0.784

_ p?+13894170.58
° " (1.0* 3.00* 100)>

=1523.66 Ton .

d.= 10 =127 210 OK.

T
0.75% 1523.66

e =15+ (0.03* h) =15+ (0.03* 400) =27 mm

€ used fOr thedesign = 1.27* 27 =34.3mm =3.43cm.
We used the equation above because (M) is negligible.

€ used = 3.43 CM.
We calculated eb (aance) t0 Check e useq), if it smaller or greater than eb.

e, =229 _00021
200000
X%_ 0008 % _ 0008 ..o

d 0.003+0.0021 34 0.003+0.0021
a,=0.85*x,=a,=0.85*20=17cm

Compression stedl -yield?

e _X%d_ e _20°6_, . _oomize,... OK
0003 x, 0003 20
C,=0.85* fc'* b*a,=C = 0.85* 0.24* 50* 17 =C = 173.4Ton.

C.=A,(f ~0.85fc') =C = (4* 2.01){4.2— (0.85* 0.24)} =C = 32.13Ton

T=A>f >T=4*201*42=T=33.77Ton.



> fy=0T"
CA+C.-T-P,=00
173.4+32.13-33.77-P,= 0.0 =P, = 171.76Ton.

Take moment about center axis of column:-

Z m at C.A + Clock wise.
h a,
(-T*14) —Cc(§—7) —-C.(20-6)+(P,*e,) =0.0

(-33.77%14) - 173.4(4—20 - %) —32.13(20- 6) + (171.76*e,) = 0.0

=e,=16.98cm

eused <e,= 3.43<16.98 ..compression control.

E =200000 Mpa = E = 2000Ton/cm?

C.=32.13Ton.

C.=0.85* fc'*b*a,=C .= 0.85* 0.24* 50* 0.85* x =C = 8.67* X

34-x
X

e=(

)* 0.003.

34—
X

34-X)

fme*E=f = (2-2)*0.003* 2000 = f = 6* (

T=A*f=>T="f=6* (ﬂ)* (4* 2.01)
X

1640.16 — 48.24* x
T=( )

X

Pn=C_+C_-T
Z m at Pn=0.0+ Clock wise.

_{1640.16—48.24 X}{17.43} +{8.67* X(O.8g X
X

X*®-38.985X 2 +135.91X — 7757.74 = 0.0

~16.57)} - (10.57* 32.13) = 0.0



X=40.375cm.
We used X=h =40 cm.

C,=8.67%40=3468 Ton
_ *
T o 164016-4824x40, o0 Lo
40
Pn=346.8+32.13- -7.24= Pn=386.17 Ton.

f *Pn>Pu= 0.65*386.17=251.01 Ton2>245.....................

Use 10 9 16 bars.

4-3-3 Design of Tie Reinfor cement:-

Use @ 10 ties.
1) Spacing (S) < 16*dy, (Longitudinal bar diameter) = 16 * 1.6=25.6 cm

2) 48*d; (ties bar diameter) = 48* 1 =48 cm.
3) Least dimension =40 cm.

Use" @ 10" Ties @ 25 cm spacing.

Seefigure (4-22).

10816
i @10@25

Coduran

Fig (4-22)

....control.



4-4-Design of | solated Footing:-

Footing (#15) carrying column (C15).

4-4-1-L oad Calculation:-

-Tota Factored dead load = 231 Ton.

-Total servicedead load  =192.5 Ton.

-Tota Factored liveload =61Ton.

-Total service liveload =38.13Ton.

-Tota factored load = 292 Ton.

-Column = 60x40 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.

-Total Serviceload = 230.63 Ton.

-Footing weight = (0.5 + 0.10) *2.5 = 1.5 Ton/m>.

-soil weight above the footing = 1.7¥1.5 = 2.55 Ton/m®.
-P net (s0il pressure) = (45 — 1.5-2.55) = 41 Ton/m?.

4-4-2-Deter mination of Footing Area:-

-Required Area of footing = Total Service load / soil pressure.
= 230.63/ 41 =5.63 n’.
= Try 24*24

Area. providaj = 576 mz.



4-4-3-Deter mination of Footing Depth:-

V= o (_13* Jic *bw*d = 0.75* % 24 240* 4*10 = 1469.69 d. Kg/om?.

P 292

P,=—Y" = ——=50.69 (Ton/m? = 5.069 Kg/cm®.
Area 5.76

= 50.69 Ton/m?< (1.4*41=57.4)........................OK.

VU = (P ney* (0ne way shear area) = 5.069* 240* (100 - d) = 121656 — 1216.56 d.
1469.69 d = 121656 — 1216.56 d.

d=453cm.

Assume @16 for main reinforcement.

h =45.3 +8+1.6+0.8 = 55.7 cm.

So, select h =60 cm.

Available d = 60-8-1.6-0.8 = 49.6cm.

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

V, = P x(Aeff —(a+d)(b+d) )
V, = 5.069x{57600 — (60 + 49.6)(40+ 49.6)} /1000 = 242.2 Ton.

-The punching shear strength is the smallest of:

v, =é(1+ sz\/f» bd  =039/f bd

113 5li'hd = 058yf. bd
°~ 12| b, /d @ Do

V, = :—1 \/E b.d =03 fc' bd.....ceiii Control.

Where:



b.=a/b=60/40=15.
b, = Perimeter of critical section taken at (d/2) from the |loaded area

= 2%{(49.6+40) + (49.6+60)} =398.4 cm.

a. =40 ... For interior column.

l ’
V.==+/f. bd = 0.33,/24 *3984*496/10000= 319.46 Ton.
c 3 c Yo

®V, =0.75*319.46 = 239.6 Ton.
oV, >V, > 2396 Ton<2422Ton .......... NOT OK.

Recalculate required " d" to satisfy Punching shear:-

Useh=65cm.
d=65-8-1.6-0.8=54.6 cm > (d nin = 15CM)........ccevevveenen... (ACI-318-15.7).
d>dmin .............................. OK

So select h=65cm.

-Check this depth for two way shear action (punching Shear):-
V, = P x(Aeff —(a+d)(b+d) )
V, =5.069x {57600 — (60 + 54.6)(40 + 54.6)} /1000 = 237 Ton.

-The punching shear strength is the smallest of:

v, :é(n sz\/T bd  =039/f, bd
L ( T +2J\/f>c'bod = 06yf, b,d

°" 12\, /d

V, = :—1 \/E b.d =03 fc' bd ... Control.

Where: -
b.=a/b=60/40=15.



b, = Perimeter of critical section taken at (d/2) from the |oaded area.
b, = 2*{(54.6+40) + (54.6+60)} = 418.4 cm.

a,=40................... For interior column.

1/, 3 [
V.==4f bd = 0.33,/24 *4184*546/10000 = 369.32 Ton.
C 3 Cc o

®V,=0.75*369.32= 277 Ton.
DV, >V, > 207>237Ton....................OK.

= No punching shear failure.
= Seefigure (4-23-A) which shows the geometry of the footing (F15).

i P = 202 Ton

= 7

[}

'q

o
=
[ ]

e f’I E.ddm e"I

4 L A Gu= 4B.lon/m32

Fig. (4-23-A)

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

®Pn = ®* (0.85fC'Ag)
®Pn = 0.7(0.85)(0.24)(60 x 40) = 342.72 Ton.

Pu =292 Ton.

OPn =342.72Ton > 292Ton.
= Dowelsare not required for load transfer.



F . =0.005 ...coooiiiiisiesieeieeieeeseeee e (ACI -Code-15.8.2.1)

mindewels = 0.005* 60* 40 =12 cm?2 > AS g iN the column.

12>201..........ccccieiiiiiiiiiiie e ....NOt OK.
So, use the same reinforcement of the column.
Use 10 @ 16.

AS provided = 201cm2

-Development length of Dowels: -
_ 0.24fy*db  0.24* 420*1.6

Id < Toa =32.92cm
Not less than:

0.043* fy* db = 0.043* 420* 1.6 = 29.57.
34.3>2957 .ot OKG
Not lessthan: 200 mMm................coeeeeeee, OK.
343520 ., OK.
TakeLd =35cm.

4-4-6-Design Of Bending Moment:-

-Design in plain concrete.
f Mn = 0.55* 0.42* .,/ fc' * 9m.
b*h?  2400* (600)°
=
6 6
fMn = 0.55* 0.42* /24 * 0.144* 10° = 16.3* 10’ N.mm.
f Mn=163KN.m =16.3 Ton.m

Mu = | Pnet*W * 5—3] *0.5*(5—E
2 2 22

Sn= = 9n=0.144*10°mm>,




Mu = ¢ 5.069* 240* 240 _40 *0.5* 240 _40 /100000.
2 2 2 2

Mu =60.83 Ton.m.

fMN>Mu=163<60.83= .......c.evvnernnnnnn, Not OK.

#-Design in plain concrete is not sufficient, so, the section of footing must be

reinforced.

Mn (g =Mu/0.9=60.83/0.9=67.6 Ton.m.

_ Mn  67.6x10°
bd?  240*54.6

=9.45 Kg/cm?®.

R T L LI 1—\/1—
m fy 20 .59

r =0.0023.
A, 1eq = 0.0023%(240)*(54.6) = 30.14 cm? .

A___ =r *b*h=0.002* 240* 65 = 31.2cm?>.

smin

AS req < AS min-

1.3* AS,q=1.330.14=39.2> A__, .

S0, Use (AS min = 31.2 cm?).

Use 16 @ 16 (In Each way).

AS provided = 31.16 cm ? (in each way).

2* 20.59 * 9.45

4200

j = 0.0023 .



-Check of yielding:-
T=Axf =31.2x4.2=131.04Ton
C=0.85x f/xb. xa

T=C
e C 13104 e
0.85x f/xb. 0.85x0.24x 240
b =0.85
x:izﬁz&ﬁcm
b 085
e, = 97X, (0.008)= 25315 103 - 0.049
X 3.15
5 0.049 > 0.005 ..osccs coveees eereeees eeeseses eeere OK ..

-Development length of main Reinforcement:-

*
1= 2 O % g e (ACI-318-12.2.2),

25,/ fc'
_12*420*1.6
25V 24

TakeLd = 70 cm.

*1*1*1=65.84cm

-Available embedment = ((240-60) / 2) — 8 =82 cm.



-Check if Combined Footing isrequired:-

We found that the smallest distance (C) between isolated footings is between
(Footing 6 and footing 7 (C=0.7m)) see figure (4-23-B).

W1=1 S50 Ten WE=EI1.T Lumn

it {f’

s R i |\\B//! DE= 195 |

/. oy Oi= 1,75 ﬁw/{;‘?‘& Qo= 195 B

| 5 T ST

O er lop point

Fig (4-23-B)

If c > (4*a) we don’t need to make a check of the bearing value at over lap point,

otherwise we have to make this check.
-From the figure we can notice that (c< (4*a)).So we have to make a check about the

bearing value at over lap point.
V, Vv

_ n 2 <1.4*P .
" (a+0)* (b+c) (a,+C)* (b,+C) allowable
p - 173.25 .\ 211.3 14+ 45
(1.75+0.7)* (L.75+0.7) (1.95+0.7)* (L.95+0.7)
P..=28.86+30.1<63.0 =>=>58.952< 63.0......ccocorrrrrrrrrrrrrerees OK.

- From the Equation above we can notice that (Pnet < P aliowable,) SO We don’t need
another solution such as using combined footing or redistribution of columnsin

order to make the distance between footings greater than available C.



4-5- Design of Strip Footing:-
4-5-1-1 oad calculations:-

-Slab Weight (D.L) = 2.5*0.15*7.65*2.90 = 8.32 Ton.
-Slab Weight (D.L)/m of thewall = 8.32/ {(2*7.65) + (2¢2.90)} = 0.4 Ton/m.
-Live Load acting on the Slab = 0.2*7.65*2.90 = 4.44 Ton.
-Live Load acting on the Slab/m of thewall = 4.44 / {(2*7.65) + (2*2.90)}
=0.21Ton/m.
-Tota (D.L) of the Wall = Wall Height * (W) * (yc).
=(27.45)* 0.2* 2.5=13.73 Ton/m.
-Weight of concrete footing=b * h * yc
=08*04* 25
=0.8Ton/ m.
-Stair Reaction (D.L) = 0.852*(4.70/2) = 2.00 Ton/m.
-Stair Reaction (L.L) =0.5*(4.70/2) = 1.18 Ton/m.
-Beam Reaction (D.L) =1.52*8 = 12.15 Ton/m.
-Beam Reaction (L.L) =0.38*8 = 3 Ton/m.
-Tota (D.L) = 0.4+ 13.73+ 0.8 + 2 + 12.15 = 29.08 Ton/m.
-Total (L.L) =0.21 + 1.18 + 3=4.39 Ton/m.
-Total serviceload (gs) = 4.39 + 29.08 = 33.47 Ton/m.
-Wu = (1.229.08) + (1.6*4.39) = 34.9+ 7.024 = 41.92 Ton/m.

4-5-2-Design of footing width:-

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

0S 3347 _

Width of footing = BC- 5

0.74m.



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

-Determination of the Contact pressure:-

P, 4192

u

I:)ne'( = -
width 0.75

=559 Ton/m® < (L4*45) =63....ccceevreunnn. O.K

DV, = qn%\/ft' bd = 0.75x%\/ﬂx (100) x (d) = 61.24d

Vu= (Pnet)*{(%“) )

Vu =55.9* {(0'75—2_0'2)-d} ={15.4-55.9d} Ton.

DV, =V,

61.24*d =15.4 — 55.9d.

d=0.132m=13.2cm.

Assume ® 12 for main Reinforcement.

Then h =(13.2+ 8 + 0.6) = 21.8 cm, so select h = 25 cm.
S0,d=25-8-0.6=16.4> (d min=15CM)....c.cccvvviieininininnnnnn. OK.

4-5-3- Design of Reinforcement: -

= * * b_bW * b—bW
Mu = (Pnet)* (1)*( 5 )*( . )
Mu = (Pnet)* 1* 0-752— 0-2)*( 0.75;0.20)

=559* 0.275* 0.1375=2.114 Ton.m/m.

Mu, 2114
D 0.9

m = fy 420
0.85* fc  0.85*24

Mn= =234 Ton.m/m

= 20.59.




_ Mn
b*d?
2.34%10°

2mRn
fy

p:l(l- 1- ).
m

p = 0.00212.
ASiq=p* b* d=0.00212* 100*16.4 = 3.5 >

=r *b* h=0.002* 75* 25 = 3.75cm>.

As min
SO, AS min = 375 sz

ASiq=35cm? ............. L3*ASq = 1.3*3.5 = 4.55 cm?.
13 AS req > AS mins SO u% AS min = 375 sz

#of ® 12 bars=3.75/1.13 =4.03 bars, sdect 4  12.
Use @ 12/ 25cm.

AS provided = (100 /25)*1.13 = 4.52 cm?.
ASprovidaj> ASrg:]uiraj .................................OK.



-Check of yielding:-
T=Axf, =452x4.2=19Ton
C=0.85x f/xb.xa

T=C
a= ¢ = 19 =0.93 cm
0.85x f/xb. 0.85x0.24 x100
b =0.85
=2 E =1.1 cm
b 085
e.- 9%, (0.003)=184=11 003 - 0.0417 .
5 0.0417 > 0.005 ..ovvovvss eooveeeess ooreeeees oeeeenes e OK

ld=—"—*a*b*g...c..ceoieiiviiiiiiiiiiiie i e (ACI-318-12.2.2).
25,/ fc' J
* *
:w*l* 1*1=49.4cm
25\24
Available embedment = ((75-20) / 2) - 8 =19.5 cm.
195<494................. Not OK.

So, Use 180 deg Hook with L =49.4-19.5 = 30 cm.

-In the other direction (Long direction).
Provide Shrinkage and Temperature.
As=p*b*h.
=0.0018 * 75* 25.
=4.5cm2.
#of ® 12 bars=4.5/1.13 = 3.9 bars, we select 4 ®12.
Use ®12@ 15¢cm........... AS provided = 5.65 Cm?2,



4-5-4-Design of Dowels:-

PU for one meter strip = 41.92 Ton.,

®Pn = ®(0.85fc'Ag)

®Pn = 0.7(0.85)(0.24)(100* 20) = 285.6Ton
Since®Pn = 285.6ton > Pu = 42.32Ton.

Dowels are not required, but we will use the minimum reinforcement of dowels.

As=0.005*100*20 = 10 cm?.

Use ®12/20 cm. (At both faces of the wall).

AS provided = (100/20)*2*1.13 = 11.3 cm?.

o

B g
2k
- . i P 7 B
4-6-Design of Mat Foundation:-
o
(Mat Foundation of the lift House). a | B % c__;;l i
i L & e
g 3
4-6-1-L oad calculation. b S e l ‘
See Fig (4-24). \—r‘x R
Fig (4-24)

-Slab Weight (D.L) = 2.5*0.15%1.9*2.20 = 1.57 Ton.

-Slab Weight (D.L)/m, on thewall = 1.57/ {(2*1.9) + (2*1.8)} = 0.21Ton/m.
-Live Load acting on the Slab = 0.21.9*2.2 = 0.84 Ton.

-Live Load acting on the Slab/m of the wall.

=0.84/ {(2*1.9) + (2*2.2)}

=0.114 Ton/m.

-Tota (D.L) of the Wall = Wall Height * (W)* (yc).
=(27.45)* 0.2* 2.5=13.73Ton/m.



-Liveload of thelift =1 Ton.

-Liveload of thelift/m = (1/ 7.4) = 0.14 Ton/m.
WO YR

e
i

-Total Dead load = 13.94 Ton/m.
-Tota liveload = 0.254 Ton/m.
Pu=13.94 + 0.254 = 14.2 Ton/m.
Pu=14.2*7.4=105.08 Ton. F
Required area= Pu/ B.C = 105.08 / 45 = 2.34 m*.
A provided = 2.40%2.70 =510 > Area g - . ... OK.

=
T S0 m

L
plin
i S Rl B

S N SN e

[ 4
Fig (4-25)
Total Factored load for one meter strip (See figure (4-25))

=(1.2*DL) + (1.6* LL) =1.213.94 + 1.6* 0.254
=17.13Ton.

4-6-2-Design in X- Direction. 1713 1en 1713 ten

Check of Bearing capacity for Section a-a.
Seefigure (4-26).

Poet = (2¢17.13) / (1*2.40) = 14.28 Ton/m?,
(Poet = 14.28) < (1L4*B.C = 63).......OK. section a—g

Fig (4-26)

4-6-2-1-Estimation of Footing Depth:-

Assume h =30 cm.
Assume $12 for main Reinforcement.
So, d =30-8-1.2-0.6 =20.2cm > (d i = 15cm)............. OK.

From Atir software we found that the shear
Envelopeisas Figure (4-27).



14.3

Fig (4-27)
Vu=10Ton.
OV, =01 b,d = 0.75x 124 x (100)x (20.2)* -2 ~12.37Ton.
6 6 1000
VUSODOVC....oooiiiiiii e, OK

4-6-2-2-Design of Reinforcement:-

By using Atir software we found that the Moment Envelope of this section is asthe
following figure, see figure (4-28)

Fig (4-28)

1- Design of Positive Reinforcement: -
-Bottom Reinforcement (in X-Direction).

Mu = 0.4 Ton.m/(1) Meter strip, (At the face of Support).
Mn (& = Mu/0.9 = 0.4/0.9 = 0.44 Ton.m.



_ Mn _ 044x10°
bd? 100* 20.22

A O AL R 1_\/1_2 20.59 *1.08 | _ 1 ngo0sg
m fy 20 .59 4200

I' req = 0.000258.

=1.08Kg/cm?

A, oy = 0.000258* (100)*(20.2) = 0.52 cm?.

A_...=r *b*h=0.002*100* 30 = 6¢n7’.

s min

2

A 6cm-.

1.3* AS 1 =1.3*0.5=0.68< A, ...

AS ysed MUSt be > AS required (for Srinkage & Temperature Reinforcement).
AS srinkage = 0.0018* 100* 30 = 5.4 cm?.

0.68<5.4,souse As=5.4cm?.

Required # of ®12 bars=5.4/1.13 ~ 5bars.

So, Use @12 @ 20 cm (for bottom reinforcement in X-Direction).

ASprovided = 5.65>5.4 .......................OK.

-Check of yielding:-
T=Axf =565x4.2=23.73Ton
C=085xf/xb.xa

T=C
a= c = 23.73 =1.16 cm
0.85x f/xb. 0.85x0.24 x100
b =0.85
x=3=£:1.37 cm
b 0.8
e, -9 =X, (0.003)= %x .003 = 0.0412 .

— 0.0412 > 0.005 ...ccccis iriiiies v e oK.



2-Design of Negative Reinforcement:-

-Top Reinforcement (in X-Direction).

Mu = 4.3 Ton.m/(1) meter strip, (At the face of support).
Mn g =Mu/0.9=4.9/0.9=4.78 Ton.m.

_ Mn _ 478x10°
bd? 100* 20.2

r:ill— 1- sz”J 1 [1—\/1—2 20 .59 ll'71]=0.00287.

=11.71Kg/cm?

m fy ) 20.59 4200

[ 1eq=0.00287.

A, 1 =0.00287*(100)*(20.2) = 5.8 cm?.

A, in=T *b*h=0.002*100* 30 = 6cm?’.
A, in=6Cm?,

1.3* AS;q=1.3*58=7.54> A__, .

S0, use AS min = 6 Cm>.

AS used Must be > As required for Shrinkage & Temperature Reinforcement.
AS srinkage = 0.0018* 100* 30 = 5.4 cm .
6>5.4, Souse As=6cm?.

Required # of ®12 bars=6/1.13 ~ 6bars.

So, Use @12 @ 15 cm (for Top Reinforcement in X-Direction).
ASprovided = 7.5>6.73 .......................OK.



-Check of yielding:-
T=Axf, =75x42=31.5Ton
C=0.85x f/xb. xa

T=C
a= ¢ = 31.5 =1.54cm

0.85x f/xb. 0.85x0.24x100

b =0.85

x=3=ﬁ=1.82 cm

b 0.85
e, = 9%, (0.003)=202-182 403 0.03.

1.82

—5> 0.03 > 0.005......ve. coereeies ceveeerees eereeiees ceeierees OK .
4-6-3- Design in Y- Direction. .03 438 1 5.53 1on

Check of bearing capacity for Section b-b.
Seefig (4-29)

Pnet = (2*17.13)/(1*2.70) = 12.69Ton/ m?. :
section b—=0b
(Pnet =12.69) < (1.4*B.C=63).......0K.

From Atir software we found that the shear Fig (4-29)
Envelopeisas Figure (4-30).

~14.3
~10. _ st
5.
0.7
sl = o
e 5.
T
14.3

Fig (4-30)

Snce the Shear Envelope is the same we will use the Depth of mat = 30 cm.



-Design of Reinforcement: -

By using Atir Software we found that the Moment Envelope of this section is asthe
following figure, seefigure (4-31)

Fig (4-31)
B3

1- Design of Positive Reinforcement: -
-Bottom Reinforcement (in Y-Direction).

Mu = 0.4 Ton.m/(1) Meter strip, (At the face of Support).
Mn (& = Mu/0.9 = 0.4/0.9 = 0.44 Ton.m.

_ Mn _ 044x10°
bd? 100* 20.22

* *
r:i[l_ 1- ZmR”J 1 [1—\/1—2 20 .59 1'08J=O.000258

=1.08Kg/cm’.

m fy | 20.59 4200

[ req = 0.000258.
A, 1eq = 0.000258*(100)*(20.2) = 0.52 cm?.

AS min = 6 C,

1.3* AS e =1.3*0.5=0.68< A ..

So use As = 0.68 cm?.

But AS ysed Must be > AS required for Shrinkage & Temperature Reinforcement.
AS srinkage = 0.0018* 100* 30 = 5.4 cm .



0.68 < 5.4, Souse As=5.4cm?.
Required # of ®12 bars=5.4/1.13 ~ 5bars.
So, Use @12 @ 20 cm (for bottom reinforcement in Y-Direction).

ASprovided =565>54 .......................OK.
-Check of yielding:-

T=Axf =565x4.2=23.73Ton
C=0.85x f/xb.xa

T=C
oo C _ 23.73 _116 om
0.85x f/xb. 0.85x0.24x100
b =0.85
X = a._ g =137 cm
b 0.85
_d-x 20.2-1.37

e, x (0.003) = —=——="x.003 = 0.0412.
X 1.37
—5 0.0412 > 0.005......c00t corverens cerrerres rereirias sreeeenns OK .

2-Design of Negative Reinforcement: -

-Top Reinforcement (in Y-Direction).

Mu = 6.3 Ton.m, For 1 meter strip, (At the face of Support).
Mnq=Mu/0.9=6.3/09=7 Ton.m.

_ Mn  7x10°
bd?  100* 20.2?

* *
C_Af(, f[_emRn)_ 1 1_\/1_ 2*20.59 *17.16 | _ ( oou07
m fy 20 .59 4200

=17.16Kg/cm?

[ req= 0.00427.



A, ; = 0.00427* (100)*(20.2) = 8.6 cm?.

AS min = 6 cm?.

AS req > ASnin

S0, USse AS ¢q = 8.6 CM°.

AS used Must be > AS required (for Srinkage & Temperature Reinforcement).
As srinkage = 0.0018* 100* 30 = 5.4 cm?

8.11>5.4, Souse As=8.6cm?>.

Required # of ®12 bars=8.6/1.13 ~ 8bars.

S0, Use @14@ 15 cm (for Top Reinforcement in Y-Direction).
ASprovided = 10.27>86 .........e.t..e el OK

-Check of yielding:-
T=Axf =10.27x4.2=43.13Ton
C=0.85x f/xb.xa

T=C
a= ¢ = 43.13 = 2.11cm
0.85x f/xb. 0.85x0.24x100
b =0.85
x:izﬂz 2.49cm
b 0.85
_d-x 20.2 - 2.49

e, x(0.003) = —=——"""x.003 = 0.02.
X 2.49
—5 0.02 > 0.005........e oevrrens cevrrenss cvrenries seenieans OK .



4-7-Design of Stair:-
Seefigure (4-32) & (4-33)

Tiles & miorlar

Landing #I

| mrdirng £7

Fig (4-32) Side view of the Stair

Fig (4-33)
4-7-1-Deter mination of Slab Thickness:-

-L=350m.

-h =1L/ 20.

h=350/20=0.175m=17.5cm.

= Use h =15 cm (and Limitation of Deflection will considered ).
-6 = tan™(16 / 30) = 28.07°.

-Cos 6 =0.882.

4-7-2-L oad calculation:-

¢ Vertica Tiles=0.03*2.2*(0.33/0.30) = 0.0726 Ton/m?.
¢ Horizontal Tiles= 0.03*2.2*(13.5/0.30) = 0.03 Ton/m?.



Vertical mortar = 0.02*2.2*(0.135/0.30) = 0.02 Ton/m2.

Horizontal mortar = 0.02*2.2*(0.3/0.3) = 0.044 Ton/mz2.

Plaster = (0.02*2.2)/(Cos 28.07) = 0.0502 Ton/m=.

Steps=(100/30)* (0.5* b* h)* 2.5=(100/30)* 0.5* 0.3* 0.16* 2.5=0.21 Ton/m=.

Slab=0.15 *2.5/Cos 28.07 = 0.425 Ton/m? .

Total dead load = 0.0726+ 0.03+ 0.02+ 0.044+ 0.0502+ 0.21+ 0.425
=0.852 Ton/m?2.

*® & & o oo o

-Liveload:-
-Liveload for stairs =350 Kg/m? = 0.35 Ton/mz.
-Ultimate live load = 0.35 Ton/m2.

-Factored Load:-

¢ Wu=1.2%0.852 + 1.6*0.35 = 1.58 Ton/m.

4-7-3-Design of Bending:-

The Following figure shows the Moment Envelope acting on the stair.
Seefigure (4-34).

.75 £ 1.8%

Fig (4-34)

¢ Mu=23Tonm.
Mn ;g =Mu/0.9=2.3/0.9=2.56 Ton.m.



Assume d 12 for main Reinfor cement:-

So, d =15-2-0.6 = 12.4 cm.

4 fc 1.4
AS min= bw)(d) > =—(bw)(d)........... ACI-10.5.1
min 4(fy)( )(d) fy( )(d) ( )
J24 1.4
AS min= 100)(12.4) > —(100)(12.4
— min 4(420) ( )( ) 420( )( )
A Spmin=3.62> 4.13.
Asmn=4.13cm?.......... Control.
Mn
R = b-d?
2.56*10°
== — —16.65kg/cn?.
R, 100* 12.4? g

: :i(l_ /1_2m_&}
m fy

1 ( _\/ 2% 2059*16.65

r=——o
20.59 4200

] =0.00414.

AS 1eq = 0.00414* 100 12.4 = 5.14 cm*™

AS req > AS MiNesessssesaranasnnnans OK
AS 1eq > (AS g FOr Shrinkage & Temperature Reinforcement).
5.14 > (0.0018*100*15=2.7cm?).....................OK,

Use As=5.14 cm?.

= Use® 12 @ 20 cm.
(100/ 20)*1.13 = 5.65 cm2.

AS pro\/idm > AS MiNeerssssnrssnrsannssnnss OK.



-Check of yielding:-
T=Axf, =565x4.2=23.73Ton
C=0.85x f/xb.xa

T=C

. C _ 23.73 _116 cm
0.85x f/xb. 0.85x0.24x100

b =0.85

x:3:£:1.37 cm
b 0.85

e, - 97X, (0.003) = 22A=137  003 - 0.0042.

1.37
> 0.0242 > 0.005 ...cciies e e e vaaaaeen OK.

-Development length of the bars:-
12fy*db

S
_12*420*1.2
- 2524
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.

Id K AR DEG e (ACI-318-12.2.2).

*1*1*1=49.38cm

4-7-4- Design of Shear :-
The following figure shows the shear Envelope of the stair.
Seefigure (4-35).



Fig (4-35)

Vu=18Ton.

f T, *b,*d
fyo=-—Y-o W -

fVc

* * *
_075 J24*100*12.4( 10 7 6Ton
6 1000

Vu=18Ton < 0.5* @Vvc=05*7.6=3.8Ton.

According to category (1)
V, £(0.50V,)

= No shear Reinforcement is required. So the Depth of the stair is........... OK.

4-7-5-Design of landing (#1):-
We Will Design it as one way solid slab.

-Load calculations:-

-DI of Tiles =0.03*2.2 =0.066 Ton/mz.

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

-Dl of dab  =0.25*2.5=0.625 Ton/m>?.

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

-Tota dead load = 0.066 + 0.044 + 0.5 + 0.044 = 0.78 Ton/m.
-Live load on the landing = 350 Kg/mz.



-Reaction (factored) of the staire on the landing = 2.13 Ton/m.
-Factored Total load/m. = Factored (D.L) + Factored (L.L) + Reaction of the satire
= (1.2*0.78) + (1.6¥0.35) + 2.13 = 0.94 + 0. 56+2.13 = 3.63 Ton/m?.
By using Atir software we found that the Moment Envelope is as the following
figure:- Seefigure (4-36).

Fig (4-36)

¢ Mu=3.3Ton.m.
Mn ;g =Mu/0.9=3.3/0.9=3.67 Ton.m.
Assume d 12 for Main Reinfor cement:-
d=25-2-0.6 = 22.4 cm.
Mn
b-d?
3.67*10°
Ry =2 a?
100* 22.4

r :1{1— - ZmR”J
m f,

1 [1_ \/1_2 20.50* 7.31

R =

= 7.31kg/cm?.

e = 0.0018.
20.59 4200

ASq = 0.0018*100*22.4 = 4.03 cm?.

_4fc 14 ]
A S (OW)(@) 2 S OW)(E) oo (ACI-10.5.1)
_ 14
A S 120y 100(22:4) 2 2 (100)(22.9)



ASmin=747cm?% ..., Control.

AS eq = (4.03 cm?) < AS i = ( 7.47 o).

1.3* AS eq =1.3*4.03= 5.24 cm* < AS yin = ( 7.47 cm?).

Use As = 5.24 cm?> (As shrinkage and temperature = 0.0018* 100* 25 = 4.5 cm?).
Use As = 5.24 cn’.

= Use® 12 @ 20 cm.

(100/20)*1.13=5.65cm?>524 ......................OK.

-Check of yielding:-
T=Axf, =565x4.2=23.73Ton
C=0.85x f/xb.xa

T=C

a= ¢ = 23.73 =1.16 cm
0.85x f/xb. 0.85x0.24x100

b =0.85

x:izgzl.?ﬂ cm
b 0.85

e, = 97X, (0.003) = Z:4=137 003 = 0.0461.

1.37
> 0.0461 > 0.005....cciies e e et e OK.

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

= 0.0018* (100)* (25)

=4.5cm2.
Use P12 @ 25 cm.

AS provided =4.52Ccm2>4.5cm? ...l OKL

-Design of shear: -
The following figure shows the Shear Envelope of the Landing.



Seefigure (4-37).

Fig (4- 37)

Vu=3.6Ton.

fVC:M

fVc

6 1000
Vu=3.6Ton < 0.5* @Vc=0.513.72=6.86 Ton.

* * *
_075 J24*100 22.4( 10 j: 1375Ton

-According to category (1)
V, £(0.50V,)

No shear Reinforcement isrequired so the Depth of the Landingiis.......

.OK.



4-8-Design of Retaining wall:-
(Free standing Retaining wall). See figure (4-38).

* cap ca

Fig. (4-38): Retaining Wall

4-8-1- Estimation of Depth of Retaining wall footing.
hp=(0.1__0.12)*h.
Where hp: - isthe Thickness of the Footing.

h: - isthe Depth of the Retaining wall.
hp=(0.1_0.12)*3.55=(0.355__0.426) , So select hp =50 cm.

4-8-2-L oads calculation:-

-y soil =1.7 Ton/m3 (Unit weight of the soil).

-P=30°.

-fy = 420 Mpa.

- f.'= 24 Mpa.

-Allowable Bearing capacity = 45 Ton/m?.

-Active horizontal Earth pressure (ea) = Ka*y*H=0.33*1.7*3.05 = 1.71 Ton/m.
(For one meter strip of the wall).



-Liveload:-

-Liveload = 0.5 Ton/n?

-Lateral horizontal earth pressure (eap) = Ka*P = 0.33 *0.5.
=0.165 Ton/m.

(For one meter strip of the wall).

-Factored earth pressure (ea) = 1.6*1.71 = 2.74 Ton/m.
-Factored lateral earth pressure (eap) = 1.6*0.165 = 0.264
Ton/m.

Now we will use Atir program, To find the Moment Envelope.

Seefigure (4-39). o
Mu =5.5 Ton.m. Fig(4-39)
Mn (g =6.11 Ton.m
4-8-3-Deter mination of the Thickness (h) of Retaining wall:-
Usep=0.4pb
m= 20.59.
po085fc’, ., 600 _085%24, ..., 600 _.oo.o
fy 600+ fy 420 600 + 420
Pdesired = 0.4 pb = 0.00972.
Usep =0.01.
RN desirea= I * fy* (1— 2”‘):0.01* 420 (1—L220'59):3.77 Mpa.

* 7
drg= |00 _ [OI1MI0 15001 _ 10 76m
Rn*b _ \3.77*1000

Assume ® 12 for main Reinforcement = h (o =12.7+7+0.6 = 20.3.
Select h =20cm.
S0 d ayailable = 20-7-0.6 = 12.4cm.




-Check of shear:-
Vu=5Ton.

fvc= =7.6Ton,......... fVc>Vu>05fVc.

6
since the retaining wall reinforced as a slab with overall depth = 20cm< 25 cm so
it complies with the exceptions in Category # 2 .

S0 NO shear reinforcement is required.

Revised Rn = Mn/ b*d? = 39.74 K g/cm?.,

Re\llsedp: 1(1_ 1- 2mRn)
m fy
* *
Revised p= — 1 (1- \/1_ 2" 2050*30.74
20.59 24200

Revised p = 0.0106.

As=p*(b)*(d)

= 0.0106* 100* 12.4 = 13.2 cm?/m.

-Main Reinforcement must be > (0.5%*b*d)................. (ACI-318-15.8.3.1).
13.2>0.005%100%12.4 =6.2CM2.......ovvvneienannnns OK.

-Main Reinforcement must be > AS yin.

Jic

4(fy)

N 14
AStin= a0 100124) 2 12 (100)12.4)

AS in = 3.62 >4.13.

AS min = 4.13.

ASieq > ASmine e it OK.
Use As=13.2 cm?

Use ®16@15cm, AS provided = 13.4 M2,

AS min =

(bw)(d) > %(bw)(d)



-Check of yielding:-

T=Axf =13.4x4.2=56.28Ton

C=0.85x f/xb.xa

T=C

oo C _ 56.28
0.85x f/xb. 0.85x0.24x100

b =0.85

x:E:E:S.ZSCm

b 0.85

e, = 97X, (0.003)= 124=32 103 - 0.00845.
< 3.25

S

= 2.76cm

— 0.00845 > 0.005.......cc0 coerires e s e OK.

- Development Length of main Reinforcement: -

S A D* G i (ACI-318-12.2.2).

_12*420*1.6
25V24

TakeLd = 70 cm.

*1*1*1=65.84cm

-At the opposite side (compression Zone).

This Region must be reinforced by Minimum Reinforcement in the vertical direction.
As=0.0018*100*20 = 3.6 cm?.

Provide ®12@ 25cm.

-In the other Direction (Horizontal) provide Shrinkage and Temperature
Reinforcement: -

As=0.0018*100*20 = 3.6 cm? > (1/5)* ASS of main Reinforcement.

3.6> (U/5)*13.2.

3.6>2.64.

Use As= 3.6 cn?.

Provide ®12@ 25cm.



-For the cape Reinforcement Provide ®12@ 20cm.

4-8-4-Estimation of the Foundation L ength:-

Thislength is controlled by design against overturning.
Seefigure (4-40).

P 2
+4.54
Eal Eal l
Eap
o ] R R 11
D.DI:T | o34t eled Ea x
- 1 ol “|l 1
E sl 1lm
B |
=% v p ea
Fig (4-40).

#-Design against Overturning:-
Ww = (0.2% 1*25%3.05) = 15.25 KN.

Wel = (3.05% 17*(§| ~0.2)*1) = (34.52L — 10.37).

We2 = (1/3)*0.517 = 2.83 L.

Wf = L*0.5¥25 =125 L.

ea=Ka* y*h

ea= 0.33*17*3.55 = 19.92 KN/m?.

Ea= ea*0.5*h*b = 19.92¥0.5¥3.55* 1 = 35.36 KN.
eap = Ka*p = 0.33*5 = 1.65 KN/m?.

Eap = eap*h = 5.86 KN.

ep = Kp* y*h = 3*17*1= 51 KN/m?.



Ep = ep*h*0.5 = 51*1*0.5 = 255 KN.

Moment about point a

MO (overturning  moment) = (Ea* Arm) + (Eap* Arm) = (35.36* 1.183) + (5.86* 1.775)
MO (overturning moment) = 52.23 KN.m.

Ms (Standing moment) =

* L *L *E *L
(Ww (§+O.1))+(\Ne2 6)+(\/\/F 2)+(\Nel (3+0.2+(

=29.88L% +1.54L — 0.49.
Ms (29.88L% +1.54L — 0.49) S

— 22>
Mo 52.23

29.88L% +1.54L —0.49 = (2* 52.23).
29.88L% +1.54L — 0.49 = 104.46.

2* L
3

~0.2)*0.5))

By solving this equation we found that, L = 186 cm. = 1.86 m.
Select L=2m.

4-8-5- Design against Sliding:-

u =ﬂ21.5.
Fa

Where Fr: - arethe Reaction forces.
Fa: - arethe action forces.
v . - Factor of safety against Siding.
Fr=FF+Ep
FF= (Ww + Wel + We2 + Wf) * tan ®.
FF = (15.25 + 58.77 +5.66 +25) *tan 30.
FF = 60.44 KN.
Ep = 25.5 KN.
Fr=25.5+ 60.44 = 85.94 KN.



Fa= Ea+ Eap = 35.35 + 5.86 = 41.22 KN.

, _85.94
41.22

215=>=21>15........ OK.

4-8-6-Chech of Bearing Capacity:-

Seefigure (4-41).

3.3

| 1
I ™ Whf=28 T

s s lbI N4 N7

AR R 4

Fig (4-41)

\% :Ww + WF + WEl + WE2
= (15.25) + (25) + (58.77) + (5.66)
=104.68 KN.

v Horizontal Forces:

SFX=0«+

H=E,+E_+E,
=-25.5+5.86 + 35.36 = 15.72 KN.
~MRc = 0.0 Counter Clock wise (positive).
=(5.86* 1.775) + (35.36 * 1.183) + (15.25 * 0.233) + (5.66 * 0.667) —
(25.5%0.33) — (58.77 * 0.433) = 25.7 KN.m.
m 25.7
%

= ———=0.245m= 25.4cm
104.68



But e must be sgz%:?;&%m

= e=245cm< g =33.3CM..ccoieeeeaeeen. satisfied

Pu
axb

13.87k / m?

Sp =

6e, 104.68 6 x 0.245
1-25=2%q )=
a 2 2

Pu (1+6_e) _ 104.68 1+ (6x 0.245)) _ 90.81KN /117
axb a 2 2

Sp2 =

We find that the larger value of s , = (90.81), less than the allowable Bearing
capacity = (450 Kg/cm?)....ok!

4-8-7-Design of Footing:-

i 0.m 03T == 2400
Seefigure (4-42). X e K
L]
(il
-Resultant of vertical factored Force:- i 5.65
-V, =3Fyl ® '
= 1.2(15.25+25) +1.6(5.66+58.77) cakire 3180
= 151.39 KN.
-Resultant of factored horizontal force: Fig (4-42)
Vi, =ZFX <@

= 1.6(35.36+5.86-25.5) = 25.15 KN.
-Resultant of factored moment: -

SMRC = 0.0 + §

=(5.86* 1.775* 1.6)+(35.36* 1.183* 1.6)+(5.66* 0.67* 1.6)+(15.25+ 0.233* 1.2)-
(58.77%0.433*1.6)- (25.5*0.33* 1.6)
= 39.565 KN.m.

-Calculation of Factored bearing pressure ordinate: -

mu 39.565
eX=—=

= =(0.26m= 26cm
vu 151.39



Pu 6e, 151.39 6*
s, =% LI, |
axb a 2

*
PU 1, 88y 15139, (67020)y 1374 kN/m?
axb a 2 2

(2)'26)) =16.653...KN/m?

S, =

The Largest value of s , isless than the alowable Bearing capacity...... OK.
-Design Moment of section (1-1)

134.74-16.65 134.74- 5
2 0.67

S1 = 95.18 kn/m? ?
SMR(SL) = 0.0

(95.18* 1*0.67* (0.67/2)) + (0.5*0.67* 1* (134.74-95.18)* (2/3)*0.67)-
9.05%0.33 = 24.3 KN.m.

Mu = 24.3 KN.m.
h =50, so d = 50-7.5-1= 41.5 cm.
* 6
rn= M _ 24570 _ 4 157mpa.
bd? ~ 0.9*1000* (415%)
m=—" __2050.
0.85fc

* *
m™ fy

* *

P \/1_ 2* 20.59* 0.157
m 420

AS.. =T *b*d =3.75*10"*1000* 415=1.55cm’* /m..

)=3.75*10".

I e

_ 0.25x1000x 415x /24

420
AS min = 13.83 cm?.

1.4x1000x 415

As. = (12.10) > = (13.83)....control.
420

min

1.3 *AS 1eq = 1.3*1.55= 2.015 cm*/m < 13.83 cm?/m.

Select 1.3 AS gq = 2.015 cm?/m.



-Chick the Value of Shrinkage & Temperature Reinforcement:-
AS (shrinkagey = 0.0018 * b* h=0.0018 * 100 * 50 = 9 cm? /m
AS (shrinkage) = 9 CM? /M > 1.3* AS o = 2.015 cm?/m.

) Use As rinkegy = 9 CMA/M. . f 16@20cm.
-Thisreinforcement must provided for Bottom part (Bottom Reinforcement) of the
footing.

-Check of yielding:-
T=Axf, =10.05x4.2=42.21Ton
C=0.85x f/xb. xa

T-C
a= ¢ = 42.21 = 2.07cm
0.85x f/xb.  0.85x0.24x100
b = 0.85
= i — ﬂ = 2.44cm
b 0.85
e, = 9%, (0.003)= 41'2‘ 2.44 . 003 = 0.048.
X .
5 0.048 > 0.005.orrs oo s seseres s OK

-Design Moment of section (2-2).

134.74-16.65 134.74-S2

2 0.0.867
S2 = 83.57 KN/ m?.

SMR(S) =00 + QS

(16.65* 1.133* 1* 1.133* 0.5)+ (0.5* (83.37-16.65)* 1.133* 1.133* (1/3))-94.03* 0.567
=-28.4KN.m = 28.4.

Mu = 28.4 KN.m.
h =50, sod =50-7.5-1=41.5 cm.



Mn 28.4*10°

Rn=——>F"-= -~ =0.183Mpa
bd“ 0.9*1000* (415°)

m= fy =20.59.
0.85fc'

m™ fy

rreq= L (1 \/1_ 2* 20.59* 0.183
m 420

AS. . =T *b*d =44~ 10 *100* 41.5=1.83cm* /m.

_ 0.25x1000x 415x /24 _ 12.10) > 14 1228x 45_ 1383

) =4.4%107*.

AS' min
420

AS min = 13.83 cm?”.

1.3*AS 1eq = 1.3*1.83 = 2.4 cm*/m < 13.83 cm*/m.

Select 1.3 AS g = 2.4 cm?/m.

-Chick the Value of Shrinkage & Temperature Reinforcement: -
AS (shrinkagey = 0.0018 * b* h = 0.0018 * 100 * 50 = 9 cm?* /m.

AS (shrinkage) = 9 CM? /M > 1.3* AS g = 2.4 cm?/m.

) Use As rinkege = 9 CMA/M. . f 16@20cm

....control.

-Thisreinforcement must be provided for Top part (Top Reinforcement) of the

footing.



-Check of yielding:-
T=Axf, =10.05x4.2=42.21Ton
C=0.85x f/xb. xa

T=C
a= ¢ = 42.21 = 2.07cm
0.85x f/xb. 0.85x0.24x100
b =0.85
X = a._ ﬂ = 2.44cm
b 0.85
e, = 9%, (0.003)= H2-2% 03 -0.048.
X 2.44
5 0.048 > 0.005 .......... coveerees oeerees eeeeereee e, OK .

-In the other Direction provide Shrinkage & Temperature Reinforcement:-

AS (ghinkage = 0.0018 * b* h=0.0018 * 100 * 50 = 9 cm* /m
Use AS rinkage = 9 CM° /M. ........ f 16 @20cm.



4-9-Design of Basement wall (W 3):-
Seefigure (4-43).

4-9-1- L oads Calculation:-

-Veoil = 1.7 Ton/m®. (Unit weight of soil).
-® = 30° (For granular Soil).

-H=3.20 m (Height of Basement Wall).

'ywater = 1000 Kg/m3 | wpncal section m
-K0O=05 Baosarnanl WWall

-Vertical Earth pressure (oy) =y * H =1.7 *3.20 Fig (4-43).
= 5.44 Ton/m?
-Horizontal Earth pressure op= 0,* KO =5.44*0.5 = e
= 2.72 Ton/m?.

-Liveload = 0.5 Ton/m
-Lateral earth pressure according to live load.

= 0.5*0.5 = 0.25 Ton/n.
-Factored earth pressure load = 1.6*2.72 = 4.35 Ton/m®.
-Factored |ateral earth pressure load = 1.6*0.25 = 0.4Ton/m>.
-Pressure of the water = y yae*h = 2.95%1 = 2.95 Ton/m?.

¥l

g

5571

4-9-2- Deter mination of Wall Thickness:-

-Determination of wall Thickness must be done According to
the most dangerous state of loading. Fig (4-44)

1-(Case # one) At thefirst, we will Assume that the well is

Empty, and the Earth pressure is the only load acting on the Basement wall.



By using Atir software we found that the Moment Envelope,
For one meter strip, Due to Earth pressure is as the preceding figure.
Seefigure (4-44).

2-(Case # 2) we will Assume that the well isFull , and there
isno soil pressure,so the only load acting on the basement
Wall will be water pressure.

By using Atir software we found that the Moment Envelope,
For one meter strip Due to water pressureis as the following

figure.
Seefigure (4-45).
We can notice that the case # 1 gives the Maximum Moment
Envelope.
S0, the Determination of the Wall Thickness, will be according
to case #1.
Usep=04pb.
M = 20.59.
(b 0.85fc’ b * 600 _085*24, 0.85* 600
fy 600 + fy 420 600 + 420
=0.0243.
Pdesired = 0.4 pb = 0.00972.
usep =0.01.
RN e = 1% Ty * (1-1—10) = 0.01* 420" (1—0'01—220'59)

=3.77 Mpa

| 2.1

Fig (4-45).



* 7
g = [N =\/ 39710 _ 147 20mm=10.7em
Rn*b 1 0.9*3.77*1000

Assume @ 12 for main Reinforcement.
hreq =10.7+0.6+7 =18.3 cm.
selecth=20cm .

Availabled = 20-0.6-7= 12.4 cm.

- check of shear :-

Vu=43Ton.

0.75* /Tc' *100*12.4
FVC = °6 —7.6Ton......... fVe> Vu>0.5f Ve .

since the Basement wall reinforced as a slab with overall depth = 20cm< 25 cm so

it complies with the exceptions in Category # 2 .

S0 NO shear reinforcement is required.

4-9-3-Design of Reinfor cement According to Earth pressure:-

Mu=3.9 Ton.m.
Mn req = 4.33 Ton.m.
Mn
b-d?
4.33*10°
100* 12.4°

i :l 1- J1- 2mR,
m fy

* *
1 (1_\/1_2 20.50* 28.18

r=———o
20.59 4200

Rn:

R = = 28.18Kg/ cn’.

j =0.00725.

AS 1eq = 0.0725* 100* 12.4 = 8.99 cnr’.



_ 24
AS min = 220 N (100)(12.4) > = (100) (12.4)

AS in = 3.62 >4.13.

AS min = 4.13.

ASieq> ASmineceiie i OK.

Use As=8.99 cm?.

AS ysed Must be > (0.005*b*d = 6.2).......... OK.
So, use As = 8.99 cnr’.

Use @12 @ 10 cm.
AS (provided) = (100/10)*1.13 = 11.3 cm?.> As P o eeeeeneen OK.

-Check of yielding:-
T=Axf, =11.3x4.2=47.46Ton
C=0.85x f/xb.xa

T=C
_ C _ 47 .46 _ >33em
0.85x f/xb. 0.85x0.24x100
b =0.85
2. 238 = 2.74cm
b 0.85
e, = d- X %(0.003) = 124-2.74 . 003 = 0.0106.
2.74
—5 0.0106 > 0.005.......c0. covverrens correirs ereirias sreeeeens OK.

4-9-4-Design of Reinforcement According to water pressure:-

Mu=2.1Ton.m.
Mn g = 2.33 TON.M



Mn
b-d?
2.33*10°
100* 12.4°

R =

R, = =15.18KG/cn?.

* *
1 (1_ \/1_2 20.50%15.18

= = 0.00376.
2059 4200 j

ASq = 0.0376*100*12.4 = 4.66 cm?.

Asmn= L1 ety > 24w

4(fy) fy
_ 2 14
AStin= a0 100012:4) 2 225 100)12.4)

AS in = 3.62 >4.13.
AS min = 4.13 cm?.

AS req >AS MiNesssessssannannsnssssnnns OK.
Use As=4.66 cm?2.
AS yseqd Must be > (0.005*b*d = 6.2).......... Not OK.

Souse As= 6.2 cm?.

= Use@12@15 cm.
AS (provided) = (100/15)*1.13 = 7.53 cm? > As P o eeeeeneen OK.



-Check of yielding:-
T=Axf =753x4.2=31.63Ton
C=0.85x f/xb.xa

T=C
a= ¢ = 31.63 =1.55cm
0.85x f/xb. 0.85x0.24x100
b =0.85
X = i: E:1.824cm
b 0.85
e, = 97X, (0.003)= 124-182% 103 - 0.0174.
1.824
> 0.0174 > 0.005...ccciies ceeeees i e vaaaaeen OK.

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

p =0.0018

As = p* b*h.

As = 0.0018*100* 20 = 3.6 cm*/m.

= Use @10@20 cm.

AS (provided) = (100/20)*0.78 = 3.93 cm?/m > AS g

(At both faces of the basement wall).



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 the first we will assume a uniform shape for the building in order to make the

analysis of the structure as easy as possible.
Seefigure (4-46).

FRy=1KN

LY v o
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Fig(4-46).
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Since the shape of the building is rectangle, So the Centroid of area of the building is
locatedat X =a/2=28.80/2 = 14.40m.
Y =b/2=22.60/2=11.30m.

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

- For (SW1).

— D X*IX
X ==
D Ix

— Y*I
=2

21y
_ b*h® 0.2%590°

12 12
X=13.80m. (From the point C to the center of the wall).
Ix*X = 3.42*13.80 = 47.2 m".

=3.42m*.

Ix

_ b*h® 590*0.2°
12 12
Y=18.35m.

ly*Y =18.35*0 =0,

ly

=0.0039m"* ~ zero(Neglegable).

See the table below (Table (1)).
wall Ix{m"} X{m} | bxX{m?} | ly{m% Y{m} |ly*Y{m}
Swi 3.42 13.80 47.20 0.00 18.35 0.00
SW2 3.42 16.50 56.43 0.00 18.35 0.00
Sw3 0.00 15.15 0.00 0.114 15.10 1.72
SW4 0.10 14.27 1.43 0.00 14.10 0.00
SW5 0.10 16.02 1.60 0.00 14.10 0.00




SW6 0.00 15.15 0.00 0.114 13.10 1.49
SW7 0.00 15.15 0.00 0.114 9.50 1.08
SW8 0.10 14.27 1.43 0.00 8.50 0.00
SW9 0.10 16.02 1.60 0.00 8.50 0.00
SW10 0.00 15.15 0.00 0.114 7.50 0.86
SW11 3.42 13.80 47.20 0.00 4.25 0.00
SW12 3.42 16.50 56.43 0.00 4.25 0.00
Z 14.08 213.32 0.456 5.15

_ X * Ix
< - > 21332

= =15.15m .
DlIx  14.08
- DY*I
Y = 2 Y3 _q13m.
Dly 0456

6( = Y (shear wall) Y (building) = 15.15-14.40=0.75 m.

a/ = V(shear wall) - V(building) =11.30-11.30 = 0.00 m.

4-10-3-Per centage 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.
Oxi = FRx* Iyi '

21y
FRy* Ixi

e




2- Part of Rotation:-

-Dueto My, = gx.

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

. (Mxm* Ix* X*m)
i = :
Qy "

-Dueto Mym = qy.

(—Myn ly* y*m)
lw '

Qxi=

Qyi = (Mym* Ix* x*m)
lw

Iw=">"(ly* ym) + > (Ix* x**m).

-For SW1:-

Ix = 3.42 m*,

x*m= -1.35m.(Distance from the Centroid of the wall to the Centroid of shear).
Ix* x*m=-1.35*3.42 = -4.62 m".

Ix* x**m= -4.62*-1.35 = 6.24 m°.

ly = 0.00 m”.

y*m= 7.05 m.(Distance from the Centroid of the wall to the Centroid of shear).
ly* y*m= 0.00*7.05 = 0.00 m".

ly* y**m= 0.00*0.00 = 0.00 m°.



See the table below (Table (2)).

Ix | xX*m | X xXm | Ix*xX®m | 1y | y'm | ly* y'm | ly* y°m
wall | {m%} | {m} | {m% {m% | {m} | {m} | {m%} {m®%
SW1 | 342 |-1.35| -4.62 6.24 0.00 | 7.05| 0.00 0.00
SW2 | 342 | 135 | 462 6.24 0.00 | 7.05| 0.00 0.00
SW3 | 0.00 | 0.00 | 0.00 000 | 0114 | 380 | 0.43 1.65
SW4 | 0.10 | -0.88| -0.09 0.08 0.00 | 280 | 0.00 0.00
SW5 | 0.10 | 0.88 | 0.09 0.08 0.00 | 280 | 0.00 0.00
SW6 | 0.00 | 0.00 | 0.00 000 | 0114 | 1.80 | 0.21 0.38
SW7 | 0.00 | 0.00 | 0.00 0.00 | 0114 |-1.80| -0.21 0.38
SW8 | 0.10 | -0.88| -0.09 0.08 0.00 |-2.80| 0.00 0.00
SW9 | 0.10 | 0.88 | 0.09 0.08 0.00 |-2.80| 0.00 0.00
SW10 | 0.00 | 0.00 | 0.00 0.00 | 0114 |-3.80| -0.43 1.65
SWil | 342 |-1.35| -4.62 6.24 0.00 |-7.05| 0.00 0.00
SW12 | 342 | 1.35 | 462 6.24 0.00 |-7.05| 0.00 0.00
3 25.28 4.06

lw=>"(ly* y*m)+ > (Ix* xX**m) = 25.28+ 4.06 = 29.34m".

-Torquesdueto gx :-

Mxm = FRx* €y = Mxm= 1(KN)*0.00 = Zero.

-Torques dueto qy :-

Mym = FRy* € = Mym= 1(KN)*0.75 = 0.75 KN.m. +C2

-Part of load for each shear wall:-

1-Load in X- Direction :-
FRx = 1KN , Mxm = 0.00.
-Trangdlation part: - for (SW1).




ly = 0.00m*.
FRx = 1KN.
FRx*ly = 1*0.00 = 0.00 KN.m"*.
D" ly=0.456m*,
FRx*ly  0.00

= = 0.00KN.
D ly 0456

-See the following table (Trandation part table) (Table 3).

ly FRx*ly FRx* Iy(KN)

wall {m®} KN.m 2.y

Swi 0.00 0.00 0.00
SW2 0.00 0.00 0.00
Sw3 0.114 0.114 0.25
Sw4 0.00 0.00 0.00
SW5 0.00 0.00 0.00
SW6 0.114 0.114 0.25
Sw7 0.114 0.114 0.25
SwW8 0.00 0.00 0.00
SW9 0.00 0.00 0.00
SW10 0.114 0.114 0.25
SW11 0.00 0.00 0.00
SW12 0.00 0.00 0.00
Z 0.456 1

-Rotational part:-
Part of rotation Qx & Qy dueto MT = 0.00.

Because (Mxm) = Zero.



2-Load in Y- Direction:-

FRy = 1KN, Mym = 0.75 KN.m.
-Trangdlation part: - for (SW1).
Ix =3.42m".

FRx = 1KN.

FRx*ly = 1¥3.42 = 3.42 KN.m".
D" 1x=14.08m".

FRy*Ix 342

= = 0.243KN.
DlIx  14.08

-See the following table (Trandation part table) (Table4).

Ix FRy* Ix FRYFIX )
Wall (m% KN.m?* D Ix
SW1 3.42 3.42 0.243
SW2 3.42 3.42 0.243
SW3 0.00 0.00 0.00
SwW4 0.10 0.10 0.007
SW5 0.10 0.10 0.007
SW6 0.00 0.00 0.000
SW7 0.00 0.00 0.000
SwW8 0.10 0.10 0.007
SW9 0.10 0.10 0.007
SW10 0.00 0.00 0.000
SW11 3.42 3.42 0.243
SW12 3.42 3.42 0.243
5 14.08 1

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




Mym = 0.75 KN.m

Iw = 29.34m°.
My _ 075 _ 5 oose KN
lw 29.34 m°

See table (5) below that represent the Rotational part in X-direction:

ly y'm i (—Myn ly* y*m)

Wall {m* {m} Iw
Swi 0.00 7.05 0.0000
SW2 0.00 7.05 0.0000
Sw3 0.114 3.80 -0.0111
Sw4 0.00 2.80 0.0000
SW5 0.00 2.80 0.0000
SW6 0.114 1.80 -0.0053
SW7 0.114 -1.80 0.0053
Sws 0.00 -2.80 0.0000
SW9 0.00 -2.80 0.0000
SW10 0.114 -3.80 0.0111
Swi1 0.00 -7.05 0.00
SW12 0.00 -7.05 0.0000
3 0.456 0.0000




See table (6) below that represent the rotational part in Y-direction:-

% = % = o.ozse% .

X“m Qyi - Mym* Ix* x*m
wall Ix{m% {m} Iw
Swi 3.42 -1.35 -0.1182
SW2 3.42 1.35 0.1182
Sw3 0.00 0.00 0.0000
SW4 0.10 -0.88 -0.0023
SW5 0.10 0.88 0.0023
SW6 0.00 0.00 0.0000
SW7 0.00 0.00 0.0000
Sw8 0.10 -0.88 -0.0023
SW9 0.10 0.88 0.0023
SW10 0.00 0.00 0.0000
Swi1 3.42 -1.35 -0.1182
SW12 3.42 1.35 0.1182
3 14.08 0.0000

-Part of each wall dueto (qy):

Theload in y-direction:-

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

QYT (sway = 0.243 + 0.00 - 0.1182 = 0.1248 KN.
QYT (swz) = 0.243 + 0.00 + 0.1182 = 0.3612 KN.
QYT (sws) = 0.00 - 0.0111 + 0.00 = -0.0111 KN.

QyT (sway = 0.007 + 0.00 - 0.0023 = 0.0047 KN.
QyT (sws) = 0.007 + 0.00 + 0.0023 = 0.0093 KN.




QyT (swe) = 0.00 - 0.0053 + 0.00 = -0.0053 KN.
QyT (swy) = 0.00 + 0.0053 + 0.00 = 0.0053 KN.
QYT (sws) = 0.007 + 0.00 - 0.0023 = 0.0047 KN.
QYT (swg) = 0.007 + 0.00 + 0.0023 =0.0093 KN.
QYT (swig = 0.00 + 0.0111 + 0.00 = 0.0111 KN.
QT (swizy = 0.243 + 0.00 - 0.1182 = 0.1248KN.
QT (swiz = 0.243 + 0.00 + 0.1182 = 0.3612 KN.

12
> QyT(SwWi)=1......ccoverennnn . OK,
i=1
From Chapter three the Earthquake load is as the following formula.
*
= 085D\ (034 W (U.B.C-30-4).
5.5* (0.61)

4-10-4-Calculation of Floors Weight:-
-For the Basement Floor:-

Weight of the Slab = 222 *0.804 = 178.5 Ton = 1785 KN.

Weight of Columns = #*Ag*y*h = 18*0.30* 0.60* 25* 3 = 243 KN.
Weight of walls = 3 (L*t*y*h) = 84.4*0.2* 25*3 = 1266 KN.

Total weight of the Basement Floor = 1785 + 243 + 1266 = 3294 KN.

- For the Ground & Repeated Floor:-

Weight of the Slab = 0.804*656 = 527.42 Ton. = 5274.2 KN.

Weight of Columns = #* Ag*y*h = 38*0.3*0.6* 25*3 = 513 KN.

Weight of walls= Y (L*t*y*h) = (109.6*0.3*22* 3) +

(38.4*0.2* 25* 3)+(181.2*0.1*22* 3) = 2170.08 + 576 + 1195.92 = 3942 KN.
Total weight of Ground Floor = 5274.2 + 513 + 3942 = 9729.2 KN.

Total (weight of Ground & Repeated Floor) = 6* 9729.2 = 58375.2 KN.

-For the Roof Floor:-
Total Weight = 4864.6 KN.



W (rotay for all Floors= 3294 + 58375.2 + 4864.6 = 66533.8 KN.

_045% (1)
~ 55%(0.61)

V = 0.134* 66533.8 = 8915.53 KN.
............................................. (U.B.C-30-15). F = - F )w.h./> . wh,

W =(0.134)* W.

F.- .07 T V (U.B.C-30-14).

F.- 0.07*0.61*8915.53 = 380.7 KN.

>wh -
= (3294*3.10) + (9729.2*6.25) + (9729.2*9.4) + (9729.2* 12.55) +
(9729.2*15.7) + (9729.2* 18.85) + (9729.2* 22) + (4864.6* 25.15) = 957105.8 KN.m.

Fu- [(8915.53 -380.7)* 3294*3.10] / 957105.8 = 91.06 KN. Shear Force at

Basement Floor.

Fo- [(8915.53-380.7)* 9729.2*6.25] / 957105.8 = 542.24 KN. Shear Force at

Ground Floor.
F .= [(8915.53 -380.7)* 9729.2*9.40] / 957105.8 = 815.53 KN. Shear Force at the

First Floor.
F e [(8915.53 -380.7)* 9729.2* 12.55] / 957105.8 = 1088.8 KN. Shear Force at

the Second Floor.
F = [(8915.53-380.7)* 9729.2¥15.7] / 957105.8 = 1362.11 KN. Shear Force at

the Third Floor.
F.= [(8915.53 -380.7)* 9729.2*18.85] / 957105.8 = 1635.4 KN. Shear Force at

the Fourth Floor.
F.= [(8915.53 -380.7)* 9729.2*22] / 957105.8 = 1908.69 KN. Shear Force at the

Fifth Floor.
F .= [(8915.53 -380.7)* 4864.6*25.15] / 957105.8 = 1091.66 KN. at the Roof

Floor.



- Load Calculation of Wall (SW11).
Part of load for wall (Sw11l), dueto(qy) = 0.1248.
Load of Wall (SW11):-

F x1=91.06*0.1248 = 11.36 KN. at basement Floor.

F x2= 542 24*0.1248 = 67.67 KN.at Ground Floor.
F o= 815.53%0.1248 = 101.78 KN.at the First floor.

F . =1088.8*0.1248 = 135.88 KN. at the Second Floor.
F .=1362.11*0.1248 = 170 KN. at the Third Floor.

F .=1635.4*0.1248 = 204.1 KN.at the Fourth Floor.
F ., =1908.69%0.1248 = 238.2 KN. at the Fifth Floor.
F .= 1091.66*0.1248 = 136.24 KN. at the Roof Floor.

Seefigure (4-47) represent shear and moment diagram.

Fig (4-47).
136.24KN « FB=136.24kNM
136.24KN 479,16 KN.m E «—F7=238.2KN
374,44KN 1608.65 KMm 8 : «— FB=204.1KN
578.54KN 343105 KN.m : «——F5=170KN
74B.54KN E78R.55 KN.m i «— F4=135.88KN

.13
315

BR4 42KN B574.87 KN.m «—F3=101.7BKN

315

OB6.ZKN 11681.4 KkM.m — FP=67.67KN

315

1053.87KN 15001 0% KN m E SRR

£l

RS ; TR K : SFTT IR T T T TS
Shear Diagram boment Diagrarm SWT T

Note: - the Design will be for the Basement part of the Shear wall.



4-10-5-Design of Reinfor cement:-

-Internal Forces:.-

Max Mu = 18303.3 KN.m.

Max Vu = 1065.23 KN.

PU (weight of the shear wall)y = 1.2%5.90% 0.2% 25.15* 25 = 890.31 KN.

1- Design in plain Concrete:-
FVN>VU .o (ACI-318-22.5.4)(Eq-22.8).

fVn=0.55* %1/ fC'*b*h (ACI-318-22.5.4)(Eqg-22.9).
Whereb = LW = (Lw: - isthe length of shear wall in the direction of action).

1
fVn=0.55* 5@* 5900* 200 = 353.3KN < (Vu =1065.23).

So, shear Reinforcement must be provided.

2- Design of shear:-
Vu = 1065.23 KN.
d=0.8*Lw = 0.8*590 = 472 cm = 4720mm.

fVc=0.75* %\/ﬂ* 200* 4720 = 578.1KN.

PVS min = %* 0.75* (Mpa) *b*d = %* 0.75* 200* 4720 = 236KN.

(3*f Ve = 1734.3KN)> (Vu = 1065.23KN) > (f Ve +f Vsmin = 814.1KN).
-Complieswith Category (4).

fVsieq=Vu-fVe

f VSieq = 1065.23 — 578.1 = 487.13 KN.

Assume ® 8 for shear Reinforcement.



_f*Av* fy*d _ 0.75*% 2% 50.27* 420* 4720

Sy 3 =306.9 mm = 30.7 cm.
fVsreq 487.13* 10
Select, S=30cm.
So, use P8 @ 30cm.
SSused SLWIS. (ACI-318-11.10.9.3).
-30 < (590/5 =118 CM).cueniiieee e OKG
SSused SN (ACI-318-11.10.9.3)
230 < (BF20 = 60CIM) eiv ettt e OK.
“Sused SOOCM ... s (ACI-318-11.10.9.3).
ﬂreqz (ﬂ min = 0.0025* h)......ccccevvruenne. (ACI —318-11.8.4)
S S
*
270503 > 0.0025* 20 = 0.0335cm > 0.05CM......cceerverieerieerieennns NotO.K.
2*0.503

Reuse S=20cm. = 0 > 0.0025* 20 = 0.0503cm > 0.05cm......0.K.

So, Use Horizontal Reinfor cement = ®8@20cm.

3- Design of Vertical Reinforcement.

-Minimum Vertical Reinforcement:-

r . =00025+0.5(2.5- ?)(r h=0.0025) ....coveerenen. (ACI-318-11.10.9.4).
W

r h = Horizonta reinforcement ratio.

(2* (0.503)* 19
rh= 20" _5515%10°2,
100* 20

r = 0.0025+0.5(2.5—2219)(2.515+ 10" - 0.0025) = 0.00248.

5.90
AS e = 0.00248*100*20 = 5 cm?. (For Both Faces).
Useq310@30 ............ ASprovidaj = 5.23 sz > ASrm R .....OK.




AV eq> (Y min = 0.0025% ). (ACI —318-11.8.4).

S S

*
% > 0.0025* 20 = 0.05236M > 0.05CM....vvvvorrrreseereoo OK.

- Design of Moment: -
-Design as heavy loaded shear wall.
So, the Vertical reinforcement of (®10@30), will be considered.
As(v) = 2¥0.785* (590/30) = 30.9 cm?® = 3089.23 mm?.
z 1
Lw (0.85* b* fc*Lw* h) '
As* fy

Z 1

Lw .~ . 0.85*0.85* 24* 5900* 200

2+ ( )
3089.23* 420

M1 = &*0.5* As(V)* fy* Lw* (1-(Z/Lw) .
M1 = 0.9*0.5*3089.23* 420* 5900* (1-0.0563) = 3250.95 KN.m.
Mn = Mu / 0.9 =18303.3/0.9 = 20337 KN.m.
M2 = Mn-M1 =20337 -3250.95 = 17086.05 KN.m.
M2

= 0.0563..

As = :
boundary fy* (LW— C\N)
Let Cw =40cm.
17086.05* 10°

= 73.97cm?’. (This Reinforcement is for M2)

boury ™ 450 (5900 — 400)

This amount of reinforcement is very huge, so we will increase the minimum Vertical
reinforcement from (®10@30) to (P16@20cm).

Revised As(v) = 11859 mm?®.

Revised % = 0.164.
Lw

Revised M1 = 11058.9 KN.m.



Mn = 20337 KN.m.
Revised M2 = 9278.1 KN.m.

* 6
ASrurery = 13701.4*10 _ 4016017
420* (5900 — 400)

AS oy Totd = ASpoungary +AS min = 40.16 + 12.06 = 52.22 cn’.

Use (12925). (This Reinforcement must be provided in the boundary region).
Usel2® 25 ............. AS provided =58.9 CM° > 5222, OK.

Note: - This reinforcement will be applied for (SW11) just for the first three Floors.
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL
CONCRETE (ACI 318M- ) AND COMMENTARY CODE
(ACI 318M-02).

3-Uniform building Code (UBC), (1997).
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Coefficients of Earth pressure

15

17.5

20

22.5

25

27.5

40

Ka

0.59

0.54

0.49

0.45

0.41

0.37

0.33

0.30

0.27

0.24

0.22

1.7

1.86

2.04

2.24

2.46

2.72

3.00

3.32

3.69
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4.6
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0.74
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0.62
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0.54

0.50
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0.43

0.39
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