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Supervisor:

Dr. Mohammad T. Alsayyed Ahmad
Project Abstract

Obijective of the project can be summarized in the structural design
of all structural elements contained in the project, slabs, beams, columns
and foundations, walls and other structural elements.

The idea of this project is the structural design of library in
Dorah , which includes many departments: classes , cafeterias, wc ...etc.
The project will include the construction design with all details necessary
for the building which consists of four floors.

The architectural design of the project based on multiple steric
blocs distributed consistently in terms of aesthetic and functional
purposes, as well as it has been designed in the form of distributing
blocks that provide comfort, ease and speed of access for users.

The importance of the project can be observed in the variety of the
structural elements of the building such as slaps, beams, columns,

foundation...etc.

The project - God willing - will be designed using ACI code and
we will use some of programs of structural design such as Autocad2010,
Office2007, Safe, Etabs, Atir...etc. And we will use the ACI code to
determine the loads, and we will refer to several references and
graduation projects for data and design calculations. So the project will
include detailed structural study, analysis of the structural elements,

viii



expected and calculated loads, the structural design of the elements

required and the preparation of construction plans.

After designing this project and the work of what has been said is
expected to conclude a number of results and projections is to link the
information that has been studied in the courses different, and the analysis
and design of all structural elements and the statement of the impact of
each of the elements on the other, and then the work of structural plans of

the Executive are Full and detailed for each.

God grants success



Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A, = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

C; = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f. = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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 loads.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

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

V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Woc = weight of concrete.



W = width of beam or rib.
Wou = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003.
&, = strain of tension steel.

€ = strain of compression steel.
p =ratio of steel area .

A = Cross-sectional area

bw = Net web width of hollow core slab

C = Compressive force

CR = Prestress loss due to concrete creep

d = Distance from extreme compression fiber to centroid of non-prestressed
e = Distance from neutral axis to centroid of prestressed reinforcement
Ec = Modulus of elasticity of concrete

Eci = Modulus of elasticity of concrete at the time of initial prestress
Es = Modulus of elasticity of steel reinforcement

f'c = Specified design compressive strength of concrete

f'ci = Compressive strength of concrete at the time of initial prestress
fcir = Net compressive stress in concrete atcentroid of prestressed
reinforcement at time of initial prestress

fcds = Stress in concrete at centroid of prestressed reinforcement due to
superimposed dead load

Fi = Portion of base shear applied at level i

fpu = Specified tensile strength of prestressing steel

Ft = Additional portion of base shear applied at top level

J = Factor for calculating steel relaxation losses as given in Table 2.2.3.1
Kcir = Factor for calculating elastic shortening prestress losses

Kcr = Factor for calculating prestress losses due to concrete creep

€ = Span length

M = Service load moment

RE = Prestress loss due to steel relaxation

RH = Ambient relative humidity

SC = Prestress loss due to concrete shrinkage

T = Tensile force

yb = Distance from neutral axis to extreme bottom fiber

yt = Used as either distance to top fiber or tension fiber from neutral axis
oz = Stress of week layer

o, = Stress of strong layer

z = Depth of replacement

P = Service load

Xi
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:Hollow core Slabs 4 sl Gilas2ll (2 -1-6 -3)

Pre stressed and precast concrete slabs are highly efficient structural products
manufactured under controlled conditions. These concrete hollow core slabs are preferred
for flooring in various kinds of construction especially the high-rise constructions like
.apartment buildings, multi-storied commercial shopping complexes, office buildings etc.

The pre stressed hollow core slabs are tender, light weight products which help in
construction of thinner floors. The thinner the flooring much is the space saved for
construction which can be translated into additional floors in the high rise structure that
too with controlled costs and lesser joints. Lesser joints are possible with constructions
made of hollow core slabs because of their large spanning capacities. The precast concrete
slabs for flooring can span longer distances without intermediate supports. Therefore
hollow core flooring in a high rise structure will increase the usable unencumbered floor
space in the building and decrease in number of joints leading to reduced maintenance
.costs over the design life of the building.

The pre stressed precast hollow core units are very easy to install and offer an
immediate working platform after completion of installment. This greatly reduces the
construction delays to a minimum thereby enabling for faster construction of the high
.rise projects.

With hollow core slabs, thermal activated flooring can be installed in the high rise
constructions. The concrete hollow core floors are energy efficient and their mass helps to
balance internal temperatures. They help in maintaining the cooling of units especially
.during the hot summers in an eco-friendly way by avoiding the need for air conditioning.

In high-rise building concrete hollow core flooring offers better fire resistance and
ensures better protection of inhabitants or people within building at the time of fire
incidents. Concrete floors give four times longer time for the people to exit by resisting fire
as compared to the traditional timber constructions which catch fire immediately.
Moreover the thermal capacity of this kind of flooring will absorb the heat from the fire
.and thereby reduce its rate of spreading from ignition to full fire.

Costs of construction are greatly reduced with use of hollow core floors in high rise
constructions. Precast hollow core slabs are lot easier to install and can be implemented
with lesser labor or workforce in lesser time. This saves both production costs and time. As
compared to other types of floors, hollow core slab flooring offers rational use of
materials. The presence of longitudinal voids leads to about 45% saving in concrete
compared with a normal in-situ reinforced slab flooring.
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Chapter 4

Structural Analysis & Design

4-1 Introduction

4-2 Design for hollow core slab

4-3 Design for solid slab

4-4 Load calculations

4-5 Design for topping

4-6 Design for beam (GF-B011)

4-7 Design for column (C025)

4-8 Design for shear wall (W1 - E1)
4-9 Design for stairs

4-10 Calculation of stress distribution

4-11 Design for isolated footing
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(4.1) Introduction:

Concrete is the only major building material that can be delivered to the job site in a
plastic state. This unique quality makes concrete desirable as a building material because it can
be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist extreme tensile stresses, steel supplies the necessary strength.
Steel is embedded in the concrete in the form of a mesh, or roughened or twisted bars. A bond
forms between the steel and the concrete, and stresses can be transferred between both
components.

In this project, all of design calculation for all structural members would be made upon the
structural system which was chosen in the previous chapter.

So, in this project, there are two types of slabs (hollow core slab & solid slab) . They
would be analyzed and designed by using finite element method of design, with aid of a
computer program called "ATIR- Soft ware " to find the internal forces, deflections and
moments for beams , and then handle calculation would be made to find the required steel for all
members.

The design strength provided by a member, its connections to other members, and its cross
— sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength
calculated in accordance with the requirements and assumptions of ACI-318-11code.
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(4 .2) Design for hollow core slab:

Type of slab: HC _300.11strand.4core

1196

21 9

o}
=F
B
o]
]
Lo
5
iy
109 25 25 10
184 278 276 276 184
HC 300 (1 - 4) Jsall
Design Data :
Section :

Slab thickness (d) (mm)
Effective width (be ) (mm)
No. of Core (nc) (Ppcs.)
Area of Core (mm2)
Spacing between core (mm)

Weight of slab ( Kg/m2)

300
1196
4

41547.56285

46
380
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Strands :

Diameter (Ds) (mm)

Nominal Area (As) (mm2)

No. of strand ( Ns ) (pcs.)

Tensile Strength (fpu) (N/mm2)

Modulus of elasticity (Es) (N/mm2)

Concrete Strength for Pre-cast :

fc' @ 28 days (Mpa)

fci' @ transfer (Mpa)

Concrete density ( Kg/m3)

Concrete Strength for Topping :

Topping thickness (dt) (mm)

fc' @ 28 days (Mpa)

Loads :

Weight of slab ( KN/m2)

Weight of topping ( KN/m2

Super imposed D. load ( KN/m2)

Live load ( KN/m2)

12.7
98.71
11
1862
196500

50
40
2500

60
30

3.72178
1.416
2.33
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Length :

Length of clear span (m) 11.55

Length of slab span (L) (m) 12

Section Properties :

Area (A) = 181500 mm2

Center of gravity, bot. (Yb) = 148.80mm
Center of gravity, top. ( Yt) =151.19mm
Moment of inertia (1) = 2067200000 mm4
Section modulus, bot ( Zb ) = 13891000 mm3
Section modulus, top ( Zt) = 13673000 mm3

Modulus of elasticity (E ) = 4700y fc'
Ec @ 28 days = 33234.01 Mpa

Ei @ transfer = 29725.41Mpa

Et @ 28 days for topping = 25742.96Mpa

Section Properties with 60 mm Topping :

Modular Ratio (MR ) =Et/Ec=0.77

Effective Width of topping ( bet ) = MR x be =926.41 mm
Area of Topping ( At) = bet x dt =55585.05mm2

Slab area with Topping ( Ac) = A + At = 237085.06 mm2
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_(AXYb)+(At(d+0.5dt))

Center of gravity, bot. (Ybc) = — =191.28 mm

Center of gravity, top. (Ytc) =d - Ybc + dt = 168.71 mm
Moment of inertia (Ic) =

{1+A(Yb-Ybc)2}+ {bet(dt)3/12} + { At ((d + 0.5dt)-Ybc)2 }
= 3480899128 mm4

Section modulus, bot ( Zbc ) = Ic/Ybc =18197013.27 mm3
Section modulus, top ( Ztc) = Ic/ Ytc = 20632390.37 mm3

Loads Calculations :

Self Weight of slab (Ws ) = 4.47 KN/m
Weight of topping (Wt ) = 1.69KN/m

Super imposed load ( Wsi ) =2.79 KN/m

Total Dead load ( D.L ) =8.96 KN/m

Live Load (L.L ) =6 KN/m

Total service load (W) = 14.96 KN/m

Total Ultimate load (Wu)=14D.L+1.7L.L
= 22.75 KN/m

Moments :

Moments for Simply Supported Span =(W X L2)/8
Self weight moment ( Ms ) = 80.52 KN.m

Topping moment ( Mt ) = 30.58KN.m

Super imposed moment ( Msi ) =50.32 KN.m

D.L Moment (MD.L ) =161.43 KN.m
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L.L Moment ( ML.L ) =108 KN.m

Service Moment (M ) = 269.43 KN.m

Ultimate Moment (Mu ) =14 MD.L +1.7 ML.L
= 409.60 KN.m

Prestressing Forces:

No. of strands ( Ns ) =11

Nominal Area of strand ( As ) = 98.71 mm2

Ultimate Tensile Strength ( fpu ) = 1862 N/mm2

Total area of steel ( Ast ) = Ns x As = 1085.81 mm2

Initial Tensile Strength ( fpi ) = 0.7 x fpu = 1303.4 N/mm2
Tensile Strength Capacity ( Fpu) = Ast x Fpu = 2021778.22 N

Initial prestessing force ( Fi ) = 70 % of Ultimate tensile strenght of
strand = 0.7 Fpu

= 141524475 N
= 1415.24 KN
Stressing Eccentricity (e) = Yb-(40+Ds/2) = 102.45 mm

Losses calculation of Prestress:

| ) Elastic Shortening ( ESL ):
fcir=Kcir{Fi/A+(Fixe2/l1)}-(Msxe/l )Kcir=0.9

= 9.49 N/mm2

ESL = Kcs*Es*fcir/Ei Kes=1
ESL =62.76 N/mm2
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I1') Creep of Concrete (CR):

Mt+si = Mt + Msi

=80.91 KN.m

= 80913600 N.mm

fcde =Mt+si x e/l

=4.01 N/mm2

CR =Kcr x ( fcir - fcde) Es/EcKcr =2
CR =64.85 N/mm2

I11) Shrinkage Concrete (SC) :

V =Al25.42

= 281.32 inches

S=2(be+d)/25.4 (Perimeter)

=117.79 inches

SC = 0.0000082 x Kah x Es (1- 0.06 V/S) (100 - RH) Kah
RH =75Kah =1

SC =34.510 N/mm2

I111) Relaxation of strands ( RE ):

Ast = 1085.81 mm2

Rfp =fpi/fbu=0.7

From PCl table 45.1 & 45.2: Kre =34.48,J=0.04,C=0.75
RE=C{Kre-J(SC+CR+ESL)}

RE =20.99 N/mm2
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Total Losses (TL ) =(ESL + CR + SC + RE ) = 183.13 N/mm2
Percentage of Losses (PL ) =TL /fpi x 100 = 14.05 %

Prestressing Force after Losses:

Net Stress force after, PL % ( Fn) = (100 - PL/100) Fi
Fn=1216398.26 N

Stress force @ Transfer, Assume 10 % Losses ( Ft)

= (100 - 1096/100 ) Fi

Ft =1273720.27 N

Check of Stresses:

The following calculation is to confirm that the actual stress is less than
allowable stress.

| ) Stress at Transfer, @ Sopport :

Stbs = (Ft/A) + (Ft x e/Zb) <0.6 fci* = 24 N/mm2 (Bottom)
=16.41 N/mm2 Safe

Stts = (Ft/A) - (Ft x e/Zt) <0.5¢ fci' = 3.16 N/mm2 (Top)

= -2.55 N/mm2 Safe

I1) Stress at Transfer, @ Midspan:

Stbm = (Ft/A) + (Ft x e/Zb) - (Ms/Zb) <0.6 fci' = 24N/mm2 (Bottom)
= 10.61 N/mm2 Safe

Sttm = (Ft/A) - (Ft x e/Zt) + (Ms/Zt) <0.6 fci' = 24N/mm2 (Top)

= 3.36 N/mm2 Safe
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I11) Stress after full load:

Fn/A =6.70 N/mm2 Fn/A = 6.70 N/mm2

Fn x e/Zb =8.97 N/mm2 Fn x e/Zt = 9.11N/mm?2
Ms/Zb = 5.79 N/mm2 Ms/Zt = 5.88 N/mm2
Mt/Zb = 2.20N/mm2 Mt/Zt = 2.23N/mm?2
Msi/Zbc = 2.76 N/mm2Msi/Ztc = 2.43 N/mm2
MLL/Zbc = 5.93 N/mm2MLL/Ztc = 5.23 N/mm2

Snb = (Fn/A) + (Fn x e/Zb) - (Ms/Zb) - (Mt/Zb) - (Msi/Zbc) -
(ML.L/Zbc) (Bottom)

=-1.02 N/mm2 <0.54 fc' = 3.53 N/mm2 Safe

Snt = (Fn/A) - (Fn x e/Zt) + (Ms/Zt) + (Mt/Zt) + (Msi/Ztc) +
(ML.L/Ztc) (Top)

= 13.38 N/mm2 <0.45 fc' = 22.5N/mm2 Safe

Check of Ulltimate Moment:

de=d +dt- (40 + Ds/2 ) = 313.65mm (effective depth)

f = Ast/be x de =0.002894525

C=T

C =0.85 x fc' topping x a X be

T =Ast x fps = 1912.81 KN

fps=fpu{l-(05x fxfpu/fc')}=1761.61 N/mm2
a=T/0.85 x fc' topping x be = 62.71 mm

Mu = @*Mn

@ Mn = 0.9 x Ast x fps x (de - a/2) / 1000000 = 485.97 KN.m

Actual Mu = 409.60 KN.m <@ Mn Safe

45



Check of Shear:

Maximum shear at ( 2 x de) distance from Support, ( Vu)
Vu=Wu (L-2de)/2=129.39 KN

nc = No. of Core =4 pcs

wc = Width of Core = 207 mm

bw = be - (nc xwc ) =368 mm

V (low) =0.75 4 fc' x bw x de /6 = 102.02 KN

V (up) =0.4x0.75y fc' x bw x de = 244.84 KN
V(trans.) =0.3x0.75 ¢y fi' x bw x de = 183.63 KN
V (low) <Vu <V (up)

Vu <V (transfer)

Safe

Check of deflection:

In Short term:

Prestressing Camber Ac=FnxexL2/8x Eix | =-36.50 mm

Due self weight As=5xWsx L4 /384 x Ei x| =19.65mm

Due Topping At=5xWtx L4/384 x Ec x| =6.67 mm

Due Super impose Asi =5 xWsi x L4 /384 x Ec x Ic =6.52 mm

Due Liveload AL=5xL.L xL4/384xEcx Ic=14.00 mm
Deflection (final ) Af=22Ac+24As+23At+3Asi=1.79 mm
Deflection ( Erection) Ae=18Ac+185As+ At+ Asi=-16.14mm

Total Deflection TA =[ Ae- Af]+ AL.L =-3.93 mm
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Allowable deflection = L /360 = 33.33 mm >T A =-3.93 mm Safe
The Results :
According to the previous calculations , it is concluded that:
1) Stressing is Safe
2 ) Moment is Safe
3) Shear is Safe
4 ) Deflection is Safe
(4.3) Design for solid slab:
concrete  B300 Fc' = 24N/mm?
Reinforcement Steel fy = 420 N/mm?

According to ACI-Code-318-11, the minimum thickness of non pre
stressed beams or one way slabs unless deflections are computed as follow:

hmin = L/21
=4/21 =0.19 m.

—Select h=22cm.

1 2
1
L A -
N & p
0.5 3.58 .05
' ' 4.08 ' '
f {
0.22
1.
A-A

d=220-20-12/2=194 mm
Dead load =4.26 kN/m
Live load =5 kN/m
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Loading

Toad group no. T

Dead load - Service Units:kN,meter
4.26
5.50
4.08

Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00
4.08

£z
Loads  (kN,meter)

1

Self Wit 3.50
UniD 426 L 500

W=1.2*9.76+1.6*5=18.96 KN/m

Mu:wl8"2: 18.96*4.08"2:39.45 KNm
Mn= 22-39%% _/1383 KN.m
0.9 0.9
Kp= 00 _ 438310 _ 4 s o Ty 420 g0

bd*2 ~ 1000%194"2 " 0.85%fc  0.85%24

1 2%Kpsm_ 1 2%1.16%16.47 \_
p=—(1- |1~ e 16.47(1 — J1 ‘T)‘ 0.0028
—As=p *b*d =0.0028 * 100*19.4= 5.48 cm®.

ASi, = 0.0018*b*d=0.0018*100%19.4=3.49 cm?

ASmin<AS

Use @12 then

ASreq _ 5.48 _
Aper 113

48 #0fD12=

Select 5@12/m
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(4 .4) Load calculations:
One way solid slab:

Calculation of the total dead load for one way solid slab is shown in the
following table:

No. | Parts Calculation

Topping (because
1 | of hollow core slab) 0.08*25*1 = 1.5 KN/m,
2 Plaster 0.02*1*22 = 0.44 KN/m.
3 | SandFill 07*17*1 =1.19 KN/m
4 | Tile 0.03*23*1=0.69 KN/m
5 | Mortar .02*%22*1 = 0.44 KN/m,

4.26 KN/m

Nominal Total Dead load = 5.4168 KN/m
Nominal Total live load =2.6 KN/m

qu = 1.2*5.4168 + 2.6*1.6 = 10.66 KN/m
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(4.5)Design for Topping:

Dead load of topping

Tiles = 03*23 = 0.69 KN/m?
Mortar = 0.02*22 = 0.44 KN/m?
Sand = 0.07*17 =1.19 KN/m?
Topping 0.06*25=1.5 KN/m?

Dead Load = 3.82 KN/m?2. (for Stores)
Live Load =5 KN/m?. (for Stores)

W,=12DL+16LL
=1.2*3.82+1.6*5=12.584 KN/m?. (Total Factored Load)
" = W, * 12 _ 12584 « 0.42
u 12 12
@M, = 0.55 * 0.42 * /30 * 1000 * 602/6 = 0.759 KN.m
¢M,, = 0.759 KN.m > M,, = 0.167 KN.m

No structural reinforcement is needed

= 0.167 KN.m

For the shrinkage and temperature reinforcement:
p =0.0018
A; = p*b*h=0.0018 % 1000 * 60 = 108 mm?.

# 0f ©8/20 = 2rea ~ 108 _ 5 16

Apar 50

~Use @8 @ 20 cm in both directions.
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(4.6) Design for Beam (B011):

concrete  B300 Fc' = 24N/mm?
Reinforcement Steel Fy = 420 N/mm?
Section:-
B =50 cm
h =55cm

According to ACI-Code-318-11, the minimum thickness of non pre stressed beams or
one way slabs unless deflections are computed as follow:

hmin for one-end continuous = L/18.5
=10.5/18.5=0.56 m.

hmin for both-end continuous = L/21
=4/21=0.19 cm

—Select Total depth of beam h=55cm. ( drop beam).

fig 4.8 (System : beam geometry)

1 2 3 4
1 2 3
E g N a g 1
L L
A A A
Di2|5 10.25 EII.EIE 3.75 EII.?E 10.07 IJI.?E
Ll 105 IT 4 L 10.32 T
| | | |
55,
50,
A-A

51



fig 4.9 : (Dead load of beam)

Dead load - Service

Units:kN,meter

20.0 20.0 20,0
¥
6260 B0 G860
10.5 4. 10.32
Live load - Service Load factors: 1.20,1.20/1.60,0.00
105 4, 10.32
Moments: spans 1to 3
-297.2 -282.6
| 1.78, AT |
I ] | |
n nn nn H
ULl T
42 3034 6.3 22 | 18 6.19 2949 443
I I I T T T 1
Shear
763 -195.9
-137.3
7T
-60.2
-40.6
[ Hi I|I I
T T T T
47.9
67.5
119.6
139.3
1725
1921

[ g p—
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Factored

ft ft f il
DeadR  139.28 263.38 252.28 137.33
LiveR 0. 0. 0. 0.
Max R 139.28 263.38 262.28 137.33
Min R 139.28 263.38 252.28 137.33
Service
DeadR  116.06 219.48 210.23 114.44
LiveR 0. 0. 0. 0.
Max R 116.06 219.48 210.23 114.44
Min R 116.06 219.48 210.23 114.44

4.61 Design for flexure:

4.6.1.1 Design for Positive moment:-

Span(1) and Span(3):

—Mupmax = 303.4KN.m .

b, =50 Cm. , h=55Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
= 550 — 40 ~10 —>= 491 mm.

Crnax = > * d == *491= 210.4mm

amax = B1* Cpax = 0.85 * 210.4= 178.84mm.

Mnma = 0.85 * f/ *b*a*(d -g)* 10’

I\/Inmax:0.85*24*500*178.84*(491-178.84/2): 732.55 KN.m .

—pMnpax = 0.9 * 732.55 = 659.3 KN.m . * Note: €,=0.004 — ¢
=0.82

—{Mn =303.4 < 659.3 KN.m .

~singly reinforced concrete section.
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maximum positive :

Mn = Mu /$p=303.4 /0.9 = 337.1 KN.m .

=_Jy_-_*20 _545g
0.85 f/  0.85%24

_ M, _ 337.1x10"6
bxd? 0.5 (0.491)2

1 2xKp*
p=ta- [1- )

_ 1 (1 B \/1 _ 2*2.79*20.58>= 0.00717
20.58 420

—As = p * b, *d =0.00717 * 50.0%49.1 = 17.6 cm’.

K, = 2.79MPa.

ASpin = L b, xd > 2ub, +d oo (ACI-10.5.1)
£(fy) %,
_ 24

~ «500 % 491 > ~Z %500 = 491
4%420 420

=7.15cm’<8.18cm* ............. Larger value is control.

—>ASmin = 8.18 CM°<As,eq = 17.6 cm°,

-~ As=17.6 cm?.
#0f @18 =2rea =176 _g g
Apar  2.54

~Use7®18 — As=7*254=17.78 cm’>Aseq = 17.6 cm’ .

— Check of strain:- (g; = 0.005)
T=C
A *fy =085* f/ *b*a

1778* 420 = 0.85 * 24* 500 * a

a=73.2mm.
c=2=2-861mm
B1 085
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g, = %0003
C

— 4917861 5 1 )03 = 0.014> 0.005 ~¢ =0.9 OK.

86.1

4.7.1.2 Design for negative moment:

negative moment support :

—Mu =297.2KN.m.
Mu = 303.2=297.2
~Use7®18 — As=7*254=17.78 cm’>Aseq = 17.6 cm’ .

—>ASmin = 10.89 cM?*<As,e, = 28 cm’.

-~ As =12 cm?.
#0f @20 =2rea = 28
Apar 3.14

~Use10®20 — As=10 * 3.14 = 31.4 cm*>As; = 28 cm” .
(4.7.2) Design for shear for beam:-

1) Vu = 176.3KN .
Ve = * Lxp, g

=0.75* % *500 * 491 = 150.34 KN.

— Check of dimensions:-

dVe+( =* ¢ * Jf *b,*d) =150.34 + ( =*0.75*V24 *0.5*0.491*
10°)
= 150.34+601.35 = 751.69 KN> Vu = 176.3KN.

-~ Dimension is big enough.
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— Check For Cases:-
1- Casel: V, < %.

150.34_

176.3 <

=75.17...... Not satisfy.

2- Case2 <V <V,

75.17< 176.3< 150.34....... Not satisfy.
3-Case3 :pV< Vy < OV + PVSmin

GVsmin > 2 Jf! * by *d=22424* 0.5 *0.491 * 10° = 56.4 KN,
16

> (b*b *d= 222 "‘05"‘0491*103 61.4 KN.
~pVs min = 56.4 KN.
GV, + GVS min = 150.34 + 56.4= 206.74 KN.
GVe< Vy < Ve + OV i
150.34< 176.3 < 206.74.......... satisfy.

Design for region

VS min = 56.4/ 0.75 =75.2 KN

(_) (fy*d)

S=859.73 mm

———2455mm

d 491
s< —
- 2

~ §=859.73 mm >S.x = 245.5 mm
take S= 20 cm

~Use @10 4legs @ 20 cm
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(4.7) Design for Column (C025):

J)

02648

<9

B029(50X¢€
Load Calculation for Column
Column Column Dimensions fc' fy
Col. C025 80cm*80cm 24Mpa | 420Mpa
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Check Slenderness Effect:

kI—“<34—12% ............... ACI —(10.12.2)

r

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

R: radius of gyration=0.3h= VA

Lu=35m

M1/M2 =1

K=1 , According to ACI 318-02 The effective length factor, k, shall be
permitted to be taken as 1.0.

m<34—1Z%=22<40 ............... ACI —(10.12.2)

r
Klu 1*3.5
r 0.3*0.80
short column

=14.58 < 22 < 40......0k

3.5 1.0 1.0 14.58
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e Load Calculation:

28phai25b.

Pu = 9500 KN.

Pu =0.65*0.8*{0.85* fc' (Ag — Ast) + Ast( fy)}
9500*1000 = 0.65* 0.8* {0.85* 24(800*800 — Ast) + Ast(420)}

=13046.12/(800*800)=0.021 pg

use pg =0.022 with

As =14080 mm~2.

e Selecting longitudinal bars:

Ast=13046.12 mm"2.

Take 28®25. As,provided = 13744 mMm?*>As req = 13046.12 mm?

e Design for Ties:

- Use ties @10 with spacing of ties shall not exceed the smallest of
1.48 *ds =48 * 10 = 480 mm.
2.16 * db =16 * 25 =400 mm - control

3. the least dimension of the column = 800 mm

Use ties @10 @ 200mm

ds(mm)

db(mm)

S(mm)

@10

@25

200

1. Clear Spacing =

800-40*2-10*2-9*25

8

> 1.5db= 1.5*25=37.5mm .

OK

2. 0.01< pg =0.022< 0.08 - OK
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(4.8) Design for shear wall (W1- E1):

To design shear walls we use ( CSI ETABS) Software , and this is a manual example
of shear wall design :

239.2

456 84 1074

710.9 2403

973 4259

729,

(3-4) Js& moment and shear for shear wall

Fc = 24MPa

Fy = 420 MPa

t=25cm .shear wall thickness
Lw = 4.8 m .shear wall width

Hw for one wall = 4 m story height
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4 .15.1: Design for shear
D Fy=Vu=973kKN

Design for the Horizontal reinforcement:

The critical Section is the smaller of:

M = ﬂ = 2.4m....contorl
2 2

h_W — E =8m
2 2

storyheight = 4m
d =0.8xIlw =0.8x4800 =3840mm

1 — 1
1) Ve=zf'hd = g\/ﬁ* 250 * 3840 = 783.83KN

N,d 1440 * 3840
2) V. =0.25f. hd = 0.25V24 250 % 3840 + —————— = 1176KN
) Ve v Y, V24250 3840 + —us
7292 — 4259
Mu = (f) %2 + 4259 = 5775.5KN.m
M, 1,
X _ ¥ _353
v, 2
L (017 +0.2°%)
3) V. =|05/F + | hd
Ve 2
4.8 (24 + 2 2%
= |0.5v24 + ( 2 534800*250) 250 * 3840 = 8749KN
Vs =Vn —-\V/cC

=(973/0.75) —783.83 =513.5KN

513.5 x 103
=————— =0.32mm?/mm

As _ Vs
S fyd 420 %3840

A
(?S) min = (0.0025 x 250) = 0.625 > 0.32
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Use $12 As=113.1 mm?
Avh=2*113.1 =226.2mm?2
= § = 361.6mm take it 350 mm

Max. Spacing

Ly _ 4800 _
5 = 5 = mm

3h =3 %250 = 750mm

Use ¢12@350mm at both side
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Design for bending moment :

Ag, == 5971.7mm?

Avv hw Avh
=~ = [ 0.0025 + 05 + (2.5 _ —) . (— _ 0.0025) “h

Lw S+*h

0.0025 + 0.5 (2 5 16) ( 226 0025) 250
=(o. 5%(25——)%[—————0. *
4.8 350 * 200
= 0.616
Use $14 As=154 mm?
Avv=308mm2
= § = 500mm take it 150 mm
Ag, = 9847mm?
Z 1 1
w 0.85+Bf sLweh 5 4 0857085:24:4800:2500 = 0.142
2 Asvxfy 9847%420

Z
My = 0.9 [0.545,fL, (1 — m)] = 8298KN.m > Mu

mm for vertical reinforcement150@14— use ¢
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4.9 : Design of Stairs

pd
AN
g
(")
BERS
qu=21l KMN/m
0.4 3.2 0.4

Jaa¥l 5 g 5l e (4-4) IS
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Determination of Thickness:

h,min =4.0/20=20cm............. take h=20 cm.

Use h=20cm.
8 =tan'(16 / 30) = 28°

Determination of dead load :

Flight = 0.2*%25*%1/c0s28 = 5.66 KN/m
Plaster = 0.03*22*1*1/c0s28 = 0.75 KN/m
Horizontal morter = 0.03*22*1 = 0.66 KN/m
Horizontal tiles = 0.04*23*1*33/30 =1 KN/m
Vertical morter =0.03*22*0.16/0.3 = 0.352 KN/m
Vertical tiles = 0.03*23*0.16/0.3 = 0.368 KN/m
Triangle =0.16/2*25 =2 KN/m
D.L=10.8 KN/m
L.L=5KN/m
Qu=12D.L+1.6L.L

=1.2*10.8 + 1.6*5 =21 KN/m
A =qu*3.2/2
A=21%3.2/2=33.6 KN
Max. Vu = 33.6*c0s28 = 29.7 KN
Max. Mu = 33.6*2-21*1.6*0.8 = 40.32 KN.m
Check of shear strength for flight:

Assume @ 14 for main reinforcement:-

66



d=h-20-db/2=200-20-14/2 =173 mm

Max. Vu = 33.6*c0s28 = 29.7 KN

_ 0.75*/24*1000*173
6

gvc =105.9KN /m

Vu=29.7 KN < ¢Vc=105.9 KN.
Thickness is adequate
Design for Flexure:

- Design for Flight:
Max. Mu = 33.6%2-21*1.6%0.8 = 40.32 KN.m
Mn =Mu /0.9 =40.32/0.9 = 44.8 KN.m

d=h-20-db/2=200-20-10/2 =175 mm

R = an
b-d
* 6
R, = 48710 _1 s6mPa |
1000*175
Y
0.85x fc
420 06
0.85% 24

* *
potlps pomR | L 1_\/1_M —0.00361
m f, | 206 420

As,,=0.00361*1000*175 = 6.31 cm”*/m > As,, = 3.6cm*/m....

As_. =0.0018*b*h =0.0018*1000*200 = 3.6cm*/m
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Use @ 14@20

e Temperature & Shrinkage Reinforcement:

As =0.0018 x b x h = 0.0018 x 1000 x 200 = 360mm? /m

Shrinkage

Use ® 10 @ 20 cm c/c, As prov = 395 mm2/m strip

Design for landing as design of one way solid slab.
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(4.10) Calculation of stress distribution:
o0z = 6,BL/(B+z)(L+z)

o, = P/BL

P =10230 KN

B*L =4.95%4.95m

o0z =67 KN/m2

0, = 10230/4.95*%4.95

0o, =417.5 KN/m2

oz =417.5/(4.95+2)(4.95+z2)

z=74m

selectz=7.5m

[
|_ E||:J

DR R

|m¢: J
%Hﬂl}l\

(5-4) Js4 stress distribution
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(4.11) Design for isolated footing (F8):

e Design for Isolated footing (Under ColumnC012):

£ fy

c

24 Mpa 420Mpa

e Load Calculation:-

* Service dead load ( DL) = 1978 KN.

* Service live load (LL) = 1323 KN.

* Service Surcharge =5 KN/mz2.

* Column dimensions =50 cm*60 cm .

* Allowable soil pressure =450 KN/ m2 .
* Base course density = 22 KN/m3.

e Calculating the weight of footing, soil, and surcharge :

Base course weight = 1.15%22=25.3 KN/ m?.
Weight of footing (h =0.75m) = 0.75*%25 =18.75 KN/ m?..

Total surcharge load foundation:

WT = Base course weight + Wfooting+Surcharge load =25.3+18.75 + 5 = 49.05 KN/m?2.

- Net soil pressure Gner »
O, = 450 —49.05 = 400.95 KN/m?.
- Required sizes of footing:

p, 1987+1323
400.95

=8.109 m2.

A, required =

net

Area=2.85%2.85=8.12 m?.
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Depth of footing and shear design:
Pu =1.2DL+ 1.6LL=4501.2 KN .

4501.2

u= =554.33 KN/m?,
8.12

-« NI
\

Inclined crack

Tributary area for
two-way shear

. £
S e £ /
/dIQ/ o {/
Critical section t
/

for two-way shear ™

W

Two-wav shear.

(6-4) J<& Tow way shear
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e Determine the Depth of Footing Based on Shear Strength:-

e Check of one way shear strength

N

Inclined crack T T !

Critical section for

one-way shear ™

Tributary area for
one-way shear

Column —__

One-way shear.

(7-4) Js>> One way shear

d =0.661m
Vu = (IE —%— d)*qu *h= (% —0—;) - .661)*554.33*2.85 =812.04KN.

oVe = %\/ﬂ*2.85"‘0.661’*1o3 =1153.62KN.

gvVec >Vu
h =0.75cm
...OK
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e Check of Two Way Shear Action (Punching).

¢ -The punching shear strength is the smallest value of the following

equations:

1 4 g
¢'\/C = ¢E(2+ﬂ—(:)\/?bod

1 o '
V. =g~ % 12|t b,d
¢ Cc ¢12(b0/d + J Cc (o]
SV, =¢%w/ f'b,d

Where:

5 Column Length (a) 600
€ Column Width (b) 500

1.2

b, = Perimeter of critical section taken at (d/2) from the loaded area
b, =2(600+661)+2(500+661)= 4844mm.

a. =40....... for interior column

S

4V, = % *(2 N %)* 24 * 4844 * 661 = 5228.6kN

AL

_0.75 *(40*661

=— +2 |*v24*48442*661=7311.9kN
12 4844

PN = ¢%J? b,d = 0'—;5* 27 * 4844 * 661 = 3921.5kN

VU = 4501 ((1.161*1.261) *554.33) = 3689.64kN

®Vc =3921 > Vu=3689.64 ......0K
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e Design for bending moment of long& short directions.

e Mu=554.33*%1.175*2.85%0.5875 = 1090.58 KN.m

fy - 40 _505ss

m = =
0.85*fc  0.85*24

* 6
Kn = Mu/(zzﬁ _ 1090.58*10 /20.9 - 0.97Mpa
b*d 2850 * (661)

: l 1 2mKn
m \/

1 \/1 2(2058)(097)) 0.0023
420

As .= 0.0023 (2850) (661) = 4332.8 mm?

Asin =0.0018*b*h == 0.0018 (2850) (750) = 3847.5mm?
AsS>ASin
Take 299 14 , As, provided = 44.37 cm?

_ *9 _ *
S= 3200 75282 29714 =9 cm< Smax=450mm

e Development length of flexural reinforcement:

Ld for ® 14:

L, - 9 by wtryerys 9 420 1*1*1
0 o (ktr +cj 10 24
db

x14 = 432.1mm

Available length = ((3200-600)\2)-75=1225mm

1225mm> 432.1mm. ............... ok
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Load transfer at the column-foundation interface (Dowels design ):

- In footing :

®Pn.b = ®(0.85 fc'A, x \/%)

A; = 0.6%0.5= 0.3 m?

A, =2.85%2.85=8.12 m’

®Pn.b =0.65x% (0.85x 24 x 0.3x 2) x1000 = 7956 KN
®OPn =7956 > Pu =4501.2 KN........... ok

The Dowels are not needed for footing

As,min =0.005 * Ac = 0.005 * 600 * 500 = 1500 mm?2

Use 10014 , As, provided = 1539.38 mm? > As, required = 1500 mm?

- In column:

®Pn, b = ®(0.85 fc'AL)

®Pn,b = 0.65(0.85 % 24 x 0.6 x 0.5x1000) = 3978KN

®Pn.b =3978KN < P, =4501.2KN

The Dowels are needed for column

Ap = (4501.2-3978) / 0.65=804.92 KN .

As required = (804.92*1000)/420=1916.47 mm?2

As,min =0.005 * Ac = 0.005 * 600 * 500 = 1500 mm?2
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Use 14914 , As, provided = 2155.13 mm? > As, required = 1916.47

mm

We use the column steel 4 ®25 As=1963.5 mm?

- Development of dowels in footing:

0251y, , 025420

Ld(l)required: ﬂlﬁ l*,\/ﬂ

Ld(2)required = 0.043 xfy>xdb = 0.043 x420 x25=451.5 mm

*25=535.82 mm

Ld(2)required = 200 mm
= Ld(1)required=535.82 mm ............. Control
Available Ld =750 -75—-2*14 = 647mm .
Available Ld =647 mm > Ld required=535.82 mm................. OK.
- Lap splice of dowels in column :
Ls =0.071* fy *db

=0.071 * 420 * 14 = 417 mm,

Use 1000 mm
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1l el 4-5

Table 2.2.3.1

Type of tendon K, psi J
270 Grade stress-re-

lieved strand or wire 20,000 | 0.15
250 Grade stress-re-

lieved strand or wire 18,500 | 0.14
240 or 235 Grade stress-

relieved wire 17.600 | 0.13
270 Grade low-relax-

ation strand 5000 | 0.040
250 Grade low-relax-

ation wire 4630 | 0.037
240 or 235 Grade low-re-

laxation wire 4400 | 0.035
145 or 160 Grade stress-

relieved bar 6000 | 0.05
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Table 2.2.3.2 Values of C

Stress- Stress-relieved
relieved bar or

fsi/fpu strand or low-relaxation

wire strand or wire
0.80 1.28
0.79 1.22
0.78 1.16
0.77 1.11
0.76 1.05
0.75 1.45 1.00
0.74 1.36 0.95
0.73 1.27 0.90
0.72 1.18 0.85
0.71 1.09 0.80
0.70 1.00 0.75
0.69 0.94 0.70
0.68 0.89 0.66
0.67 0.83 0.61
0.66 0.78 0.57
0.65 0.73 0.53
0.64 0.68 0.49
0.63 0.63 0.45
0.62 0.58 0.41
0.61 0.53 0.37
0.60 0.49 0.33
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