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Abstract
Structural Design of Palestine Mall in Hebron city

Supervisor:

Eng. Hamdi Idais
Team:

Anas mroua
Obada Taradeh
Shadi Hajjaj
Malak Atawneh

This project is aimed at the structural design Palestine Mall located in Hebron city in Abu Daajan
area . The building consists of several types of services distributed in a suitable way. These
services are distributed to five floors with total area of 11000 m.

The main objective was to design all of structural members of this building after clearly
understanding all of the architectural aspects in order to provide the suitable structural system.
The structural members were designed starting by the slabs to the beams then to columns and
walls finally to the foundations which transfer the loads to the foundations soils.

It is very important to know that Jordanian Building Code was used to specify the values of loads
that building serves, American Concrete Institute Code (ACI 318-11) used to design all structural
members, and the Uniform Building Code (UBC 1997) for seismic load determination. It is worth
mentioning that some software packages were used during this project Etabs2018 and

others.; such as Office2010, AutoCAD2016,

Atir 2018, Safe2016,
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List of abbreviation:

D.: Dead load.
L.: live load.
W,: factored total load. L,;
clear length of member. &:
thickness of a layer. y: unit
weight of material.
M,: nominal moment.
M,: factored moment at section.
f¢: Compression strength of concrete.
f,: specified yield strength of non-prestressed reinforcement.
p: ratio of steel area. &: strain of tension steel.
@: strength reduction factor.
V,: nominal shear strength.
V,: factored shear force at section.
V.. nominal shear strength provided by concrete.
V. nominal shear strength provided by shear reinforcement.
A area of steel. A,: area of
shear reinforcement.
b: width of compression face of member.

b.: web width.
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p = Ce. Cq. qS. lw
Where:

P design wind pressure (psf or KN/m2)
Ce: combined height (ft or m)

Cq : pressure coefficient of structure.
(' The pressure manifesting on the surface of a building due to a mass of air with density,
moving at a velocity is given by Bernoulli's equation g = 3 pve... .. (—)

lw . Importance Factor.
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Chapter 4

4 Structural Analysis & Design

4-1 Introduction.

4-2 Check of Minimum Thickness of Structural Member.

4-3 Design of Topping.

4-4 Design of One Way Rib Slab.

4-5 Design of beam

4-6 Design of one way solid

4-7 Design of Tow-Way Rib Slab.

4-8 Design of Coulmn.

4-9 Design of Stairs.

4-10 Design shear wall

4-11 Design of isolated footing
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4.1 Introduction

Reinforced concrete (RC) is a versatile composite and one of the most widely used materials in modern
construction. Concrete is a relatively brittle material that is strong under compression but less so in tension. Plain,
standing stresses induced by unreinforced concrete is unsuitable for many structures as it is relatively poor at with

vibrations, wind loading and so on.

To increase its overall strength, steel rods, wires, mesh or cables can be embedded in concrete before it sets. This
reinforcement, often known as rebar, resists tensile forces. By forming a strong bond together, the two materials are

able to resist a variety of applied forces, effectively acting as a single structural element.

Reinforced concrete can be precast or cast-in-place (in situ) concrete, and is used in a wide range of applications

such as; slab, wall, beam, column, foundation, and frame construction.

4-1-1 Concrete and its Classifications:

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and frequently admixtures,

Structural concrete can be classified into:

e Lightweight concrete with a unit weight from about 1350 to 1850 (%) produced from aggregates of expanded
shale, clay, slate, and slag.

e Normal-weight concrete with a unit weight from about 1800 to 2400 ( %) produced from the most commonly
used aggregates— sand, gravel, crushed stone.

e Heavyweight concrete with a unit weight from about 3200 to 5600 (%) produced from such materials such as

barite, limonite, magnetite, ilmenite, hematite, iron, and steel punching or shot. It is used for shielding against

radiations in nuclear reactor containers and other structures.

4-1-2 Compressive strength of concrete:

The strength of concrete is controlled by the proportioning of cement, coarse and fine aggregates, water, and

various admixtures. The most important variable is (w/c) ratio.

Concrete strength ( £." ) — uniaxial compressive strength measured by a compression test of a standard test cylinder
(150 mm diameter by 300 mm high) on the 28th day—ASTM C31, C39. In many countries, the standard test
unit is the cube (200 x 200 x 200 mm).

55



The concrete strength depends on the size and shape of the test specimen and the manner of testing. For this reason
the cylinder (¢ 150mm by 300 mm high) strength is 80% of the 150 mm cube strength and 83% of the

150 mm cube strength, figure (4-1) demonstrate relation between cylinder and cube concrete test.

@150

. I
E 150 mm
2 cylinder Cube
¥ 150 mm
150 mm
f! feu

Figure (4-1) relation between cylinder and cube concrete test.

4-1-3 Modulus of Elasticity of concrete:

The modulus of elasticity of concrete varies, unlike that of steel, with strength. A typical stress-strain curve for
concrete in compression is shown. The initial modulus (tangent at origin), the tangent modulus (at 0.5 £." ), and the
secant modulus are noted. Usually the secant modulus at from 25 to 50% of the compressive strength f.'is

considered to be the modulus of elasticity. For normal weight concrete, shall be permitted to be taken as E,. =

47004/ f." (Map), figure (4-2) demonstrate stress-strain curve of concrete.

Figure (4-2) stress-strain curve of concrete.

4-1-4 Strength Design method (Ultimate strength method):

In the strength design method, the service loads are increased by factors to obtain the load at which failure is
be “imminently”. This load is called the considered to

factored load

:
: : r
element is then proportioned such that the | / o] structural

reached when the factored load is acting. The | \\ strength  is
“—t-Tangent modulus at 0.5£'
Ultimate strain i
| wocay v COMPUTALION

itial modulus {tangent at origin} | from 0.003 to

pe—— T—— 1 0.004 nonlinear

or factored service load. The structure or |

of this strength takes into account the

stress-strain behavior of concrete.
1

Concrete compressive stress

design method may be expressed by the The strength

—Secant modulus at 0.5%"
|

| following:

|
0 0.001 0.002 0.003 0.004

provided > [strength required to carry Concrete strain, in./in. Strength

factored loads]
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Where the "strength provided" (such as moment strength) is computed in accordance with the provisions of a

building code, and the "strength required" is that obtained by performing a structural analysis using factored loads.

4-1-5 Load Factors U and strength reduction Factor ¢ :

According to (ACI 318-11 9.2.1) the factor U for overload is given:

1.4D
1.2D+1.6L+0.5(L,.orSorR)
1.2D+1.6L+0.5(L,.orSorR)
1.
1.

2D+1.0W+1.0L+ 0.5(L.orSorR)
2D+1.0E+1.0L+ 0.2S
U=0.9D+1.0W

U=0.9D+1.0E

Where:

U
U
U
U
U

D : dead load .

L : live load.

L, : roof live load.
S : snow load.

R : rainload.

W : Wind load.

E : Earthquake load.

The factor @ (under strength factor) according to ACI demonstrated in figure (4-3).

Strength Condition ¢ Factors

1. Flexure (with or without axial force)
Tension-controlled sections ........cccceeeevecceceecececececcssseeeee.. 0.90
Compression-controlled sections

Spirally reinforced .......ocooeeervecee e, 0.75
Others et raserrecseseeseseenenes 0.65
2. Shear and tOrSioN ... resieere e eee e ssesesesesesssessesssseseesses 0279
3. Bearing On CONCrete ... e e e e s s ssssssnennes 020D
4. Post-tensioned anchorage zones ........cccoeveveoveceerseseseesssesssssseseesscsesneeee. 0.85
5. Struts, ties, nodal zones, and bearing areas in strut-and-tie models ..... 0.75

Figure (4-3) values of understrength factors related to strength condition.
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4-1-6 General considerations:

1

Q@ on

AN
1

a1
1

ACI 318-11 Building code will be

used in this project.

UBC-97 code will be used for lateral loads.

Ultimate strength design method

will be used during the analysis and design of this project.

The compressive strength of concrete for all structural elements is B300 which equals to f," =

24 Mpa .

Yield strength of reinforcing rebar's f, = 420 Mpa .

4-2 | Check of Minimum Thickness of Structural Member:

It will be determined according to (ACI 318-11) to achieve deflection requirements, Figure (4-4) provided

minimum thickness from code.

TABLE 9.5(a) — MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS

UNLESS

DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end Both ends
supported continuous | continuous | Cantilever

Members not supporting or attached to partitions or other

Member construction likely to be damaged by large deflections
Solid one-
way slabs 220 24 28 1o
Beams or
ribbed one- 16 18.5 21 8
way slabs

Notes:

as follows:

b) For f,, other

Values given shall be used directly for members with normalweight concrete
and Grade 420 reinforcement. For other conditions, the values shall be modified

@) For lightweight concrete having equilibrium density, w,, in the range of
1440 to 1840 kg/m?, the values shall be multiplied by (1.65 — 0.0003w,) but
not less than 1.09.

than 420 MPa, the values shall be multiplied by (0.4 + 1,/700).

The thickness of slab provided from (ACI 318-11) to achieve requirements of deflection, depends on the Flexural
stiff ness of slab, by manual calculation comes about
hmin = 3.
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4-3 | Design of Topping:

1 Load calculations:-4-3

Topping in One way ribbed slab can be considered as a strip of 1 meter width and span of hollow block Load

4.2 Determination of Slab Thickness

o T TS Y TR TRRT | T

i o o e e e

Figure (4-1): Third Floor Slab.
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L
) h,. _—
- For one-end continuous ™M= 185

512
hmin= 185 :27.67 cm.

L
- For both-end continuous hnin= 21 ;

h 547 _
mn= 57 ~26 cm.

The minimum ribbed slab thickness will be  hmin=27.67 mm.

Take slab thickness h = 280 mm >hpin=27.67 mm

h - 28 cm (20 cm Hollow Block + 8 cm Topping).
4.3 Determination of Loads for rib

4.3.1. A Determination of Dead loads

Type Jbh KN/m
Topping 0.08*0.52*25 1.04
Hollow block 0.4*%0.2*10 0.8
Plaster 0.03*0.52*22 0.343
R.Crib 0.12*0.2*25 0.6
Sum .2 83

4.3.1. B Determination of live loads

Nominal Total live load = 5* 0.52 = 2.6 KN/m of rib.

4.3.1. C Determination of factored dead and live loads
Factored dead load = 1.2*Dead load = 1.2*2.783 = 3.34 KN/m.

Factored Live load = 1.6*live load = 1.6*2.6 = 4.16 KN/m.
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4.4 Design of Rib 12:

Figure (4-2): Rib geometry

Geometry

Units:meter,cm

1 3 4
1 2 ) 3
1 A—‘ A 1 A—l I
— A A — A
‘ 1.11 ‘ 4.05 3.87 ‘ 0.(55I 217 ‘ 0 5I
| | 5.1 47 - 2.75 -
52.
| |8.
28.
12.
A-A
Figure (4-3): loading of Rib.
Loading
load group no. 1
Dead load - Service Units:kN,meter
2.8 2.78 2./78
51 4.7 2.75
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Live load - Service

Load factors: 1.20,1.20/1.60,0.00

2.60 2.60 2.60
o1 Figure (4-4): Moment Envelop of Rib. 2.75
Moments: spans 1to 3
-20.8
//,\\
/N -11.6
A N
55 | 259 , 219 ‘
- | 1 094 ! T~ |
| 1 - 1 | 1 _ - — 1 1 1 — [ |
N 0.86 | 0. ) T T of3an —
ANy e —}i ~ _ W}—D(iz —
. 7 — ' 5.5
T~ ~ 9.1
16.9
2.04 | 3.06 | 2.35 2.35 151 124
I I I I |
Figure (4-5): Shear Envelop of Rib.
Shear
-23.2
-17.6 -17.4
-13.1
9.1
5.4
} } } } } }
10. 10.3
15.9 14.9 14.5
20.4
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4.4.1 Topping Design

Topping in One way ribbed slab can be considered as a strip of 1 meter width and span of hollow block

length with both end fixed in the ribs.

Dead Load calculations

wy = 1.2D + 1.6L

Topping = 0.08*25 = 2. kN/m

Live Load calculations

5*0.52 = 2.6 KN/m

Total Factored Load:Wu =1.2(2) +1.6(2.6) =6.56 KN/m

Wuxl? _ 6.56%0.42

Mu="12 12 =0.09 KN.m/ m strip width %

@Mn > Mu-Strength condition, where @=0.55 for plain concrete.

Mn = 0.42 f€'SM(ACI 22.5.1, Equation 22-2)

Where Sm for rectangular section of the slab:

Sm = bh? _ 1000+802
M= =~ ¢ =1066666.7 mm3

Mn = 0.42*1v24 % 1066666.7 * 10-6 = 2.19 kN.m

OMn = 0.55%2.19=1. 2 kN.m > Mu = 0.09 KN.m

NO Reinforcement is required by analysis. According to ACI 10.5.4., provide As min for slabs as

shrinkage and temperature reinforcement.
According to ACI 7.12.2.1,hrinkage = 0.0018 .

As = pbd =0.0018*1000*80 = 144mm2 /m strip

Try bars @8 with As = 50.27

144
Bar # = 50.27= 2.87 bar
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Use 3@8 mm, As = 151 mm®/ m strip or @8 @ 333 mm in both directions.

Step(s) is the smallest of:

1. 3h=3*80 =240 mm — Control
2. 450 mm

EEE)_ 2280 )_
3. S$=380(7s 2.5Cc =380 (420"  2.5(20) = 349 mm but
280

_ 280
S <300(~)-2.5Cc = 300(2*420): P

From practical, the secondary reinforcement parallel to the ribs shall be placed in the slab and spaced

at distances not more than half of the spacing’s between ribs (usually two bars upon each width

block).

4.4.2 Design for flexure

4.4.2.1 Design of rib for Positive moments

Mu =+16.9 KN.m

Assume bar diameter @10 for main positive reinforcement:
10

d =280-20-10-()=245mm

The effective flange width (begy) is the smallest of:

2170
a- Perr<LIA==— _5io 5 mm.

b- bess < 120+16(80) = 1400mm.

C- befr <400 + 120 = 520mm. (Control)

Take bess =520mm.

Check if > :
e 80
Mnf = 0.85%24%520+80%(245 —)*10" -5 _ 1709 N m
Mu  16.9

Mnf=1739>>06 09=18.77 KN.m — a < hy.
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The section will be designed as rectangular section with b = 520 mm.

M, == =18.77 KN.m

fy _ 420 _
m = 0.85+fc/  0.85+24 20.60

__ Mn _ 18.77+10°
bxd? 520+(245)2

1 2+xRn= 1 2+0.601+20.6
p=—(1- /1 —%ﬁmu —\/1 —===") =0.0014

As=p * b » d = 0.0014 (520) (245) =178. 36mm?.

Rn

=0.601MPa

Check for :

Asmin:@*bW*d > H=r=bw=v=d
4fy fy

V24 1.4
>
470" 120 x 245 > 220

* 120 * 245

As min = 85. 7 mm?
As min = 98 mm?
As min =98 mm?2< As = 178. 36 mm?2

# of bars = As/ As bar = 178.36/113.04 = 1.57 bars

Use 2 @ 12 mmAs = 226.08 mm?> > As, min OK

O Chick for strain :
Tension = compression

As*fy=085*/C xpxq

226.08 *x 420 =0.85 * 520 * 24 x a
a

a =8.95mm c=g1 =10.53

mm

£ %*0.003:0.06620.005 Ok
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Usually, no reinforcement less than 2012 can be used. So, for all spans with positive moments equal
or less than Mu=+16.9 N. , use 212 for each rib

span.

4.4.2.2 Design of rib for negative moments

Mu=-20.8 KN.m
Assume bar diameter @10 for main negative reinforcement:
10
d =280 -20-10 - (5) = 245mm

_ 208
Mn="33_ 5311 KN.m.
fy _ 420

M= 085+fcr  085:24 20.60

_ Mn _ 23.11+10°
bxd? 120+(245)%

1 2*Rn*m 1 2+3.2+x20.6
p=a(1— ’1— Ty )=m(1— II—T)=0.0083

As=p * b * d = 0.0083 (120) (245) = 244.02 mm?.

Rn

=3.2 MPa

Check for :

Asmin=‘/f_w*bw*d > E=c<.l;vw=i=d
4+fy fy

V24 1.4
>
4*4_20=|<120=1=245 > 420*120*245

Asmin=85.7mm? > Asmin =98 mm?2
As min = 98 mm?2 < As = 244.02 mm? # of bars = As/ As
bar =98/78.5=1.12 bars

* Note Aq;.](): 78.5 mm?.
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Use 2 @ 10 mm As = 157.1 mm? >As=98 OK
O Chick for strain :

Tension = compression

As*fy=085*JC xpxq

307.7 420 =0.85 % 120 * 24 *x a

a
a=>52.79 mm c=p1= 62.11 mm

s_s.:% «0.003~ 0.0088 > 0.005 Ok

Usually, no reinforcement less than 2@14 can be used. So, for all spans with negative moments

equal or less than Mu=-20.8 N. , use 2314 for each rib span.

4.4.3 Design of shear for rib

The maximum shear force at the distance from the face of support Vu = -12.5 kN. Shear strength, Vc,
provided by concrete for the ribs may be taken 10% greater than that for beams. This is mainly due to the
interaction between the slab and the closely

spaced ribs (ACI Code, Section 8.13.8).

Vu =-17.6 kN

120%245 _

Ve = LI¥(0.17)*/fc"s pywed = 1.1%(0.17)*V 24 “Too0 - 26.93 kN.

@Vc=0.75%26.93 =20.2kN

1
E@Vc: 10,1 <Vu=17.6 <@Vc=120.2

So , minimum shear reinforcement is required expect for joist construction . so, no
shear reinforcement is provided

Use P10 (2 legs) @ 15cm
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4.5 Design of Beam (G.B(12)):

[3
'l
o
[

!
|
!
!
!
|
!
|
!
!
I
r

-
|
|~
i~
i—
| -
1
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II
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: _|.:| _Eﬂ'";::_'_'"_'_'_'"_"'_'_'_:-'-::"“-7-.'
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1
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Fig 4.9:beam (G.B(12)):
H=845/18.5=45.7 cm
H=50 cm drop about 15cm (hidden beam)
Load calculation:
From Reaction —from (G. R12):
Dead load = 10.35/0.52=19.9 KN/m
Live load =24.41/0.52=46.9 KN/m
8*25*0.5=10kn/m.Weight of beam =0
L.L=0.5*4=2.08
Weight of wall (25thick,4high)
% Material :-

= concrete B300 Fc' =24 MPa
= Reinforcement Steel fy =420 MPa
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++ Section:-

= Bw=800 mm

= h=500 mm

= tf =350 mm

= d=500-40-10-18/2=441 m

Fig (4.10) StaticallySystem and Loads Distributionof Beam (G.B( 12)
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v Moment Design for (G.B( 12)):-

v Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 5
-578.1
-466.5 5211  -519.7 465.1
4175  -412.7 3562  -374.4
-278.
2465 -234.8
9.2 | '15J | I2 | | I2'4 | | I?"2 |
. 1£1 ‘ [ 2 62 1:1 ‘ [ 277 1:1 ‘ [ 711 : 1 ‘ Tl |
IT—F- ] ] ] LH P
0.791b.79 28 39 1.15\7:‘8/l4
25.9 113 1.42 28 2
218.9 171.9
320.5 358.6
081 | 33 | 33 | 400 | 400 | 422 422 | 307 | 204 |
[ T T T T T T T T T 1
1.51
Shear
-386.5 .
05 3337 -373.3 3498 3762
-221.6
-208.4 i
14751738
57
[i/ Ht Ht Ht H H
67.5 24
2942 281 3504 3153 289
Reactions
Factored
[n [ [ [ [l 1 il |
IT L T[T T[T T L
DeadR 3.68 268.61 387.91 440.7 386. 81.85
LiveR 63.84 247.19 311.4 341.26 305.5 91.97
MaxR 67.51 515.81 699.31 781.96 691.5 173.83
MinR -57.5 260.99 483.38 584.44 470.1 48.95
Service
DeadR 3.07 223.84 323.26 367.25 321.67 68.21
LiveR 39.9 1545 194.63 213.29 190.94 57.48
MaxR 42.96 378.34 517.89 580.54 512.6 125.7
MinR -35.17 219.08 382.93 457.09 374.23 47.64
Fig 4.11: Shear and Moment Envelope Diagram of G.B(12).
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v Span (L=8.45 m):
1- Flexural Design of Positive Moment for (G.B (12)) :-(Mu=358.6 KN.m)

Determine of Mn .
Youse g
mméeYy,e\2 = Yod =500 — 40 -10 —

3 3
c= 7d = 7* 437.5 = 187.5 mm
a=B.c =187.5%x0.85 =159.375mm
KN.mYe, +£/2) *10°%= 9\ ©4,¥Ve-£YV,0*1000*(°9,YVoMn = 0.85f:ab(d - % ) = 0.85*%24*1

KN.m>159.1 KN/m YIA,1 = 3+£,Yo@ Mnp,, = 0.82*

Design as singly reinforcement:

My _ 3586Xx10°
" @bd? T 0.9x1000x437.52

= 2.04 Mpa

fy 420
0.85f,  0.85x24

om i<1 - Z.m.Rn> _ 1 (1 _\/1 _w> = 0.00512
m 420 20.6 420

MMPYY£e = YV, 0A . = p.b.d = 0.00512x1000x

= 20.6

Check for As min:-
As min= ‘/_ (b w)(d)ACI-318 (10.5.1)

As min :£(1000)(441) =1285.9mm?
4(420)

As min zﬁ(bw)(d)
(fy)
As min:%(looo)(Ml) =1470mm? control

mm? ... use As Asmin) €Y+ ASpin= < mm® YY ¢+ Asyq =

2 2 — -
mm-... Ok YY¢ . mm*> Asrequired— AR ',AsgrovidedM

1000-2#40-20—(6%25)
5

S= = 150mm > d;, = 18 > 25 mm OK

Check for strain: -

_ Asfy  2310%x420
0.85b f/ ~ 0.85x1000x24

= 47.55mm
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47.55
c= — =22 — 55.95mm
B, 085

437.5 —55.95
0.0 (

d—c
& = 0'003< c ) = 55.95

> = 0.02 > 0.005 Ok

v" Moment Design for (B 1Y):-
2- Flexural Design of negative Moment for (G.B (12)) :-(Mu=521.1 KN.m)

% Material :-

= concrete B300 Fc' =24 MPa

= Reinforcement Steel fy = 420 MPa

= Mn« = 0.85flab(d - g ) = 0.85*24*10‘\,WO*lOOO*(iW,O-\°%W0/2)*10'6:

9.¢ YoKN.m
= @0 Mnj =0.82*% 4+¢,Y0 = VIA,T KN.m>159.1 KN/m

= Design as singly reinforcement:

_ M, __ 521.1x10°
= Rn= @bd? ~ 0.9x1000x437.52 3.02 Mpa
420
= m=-—2 —20.6

T 0.85f/  0.85x24

_ p=l<1 B 1_2.m.Rn> _ 1 <1_\/1_M) = 0.00783
m 420 20.6 420

= Agreq = p.b.d = 0.00YATX1000x £ 7YV,0 = YEYY,T mm?
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Check for As min:-
As min= r (b w)(d)ACI-318 (10.5.1)

F
4(420)

. _ 14
A =——(bw)(d
s min (fy)( w)(d)

As min= (1000)(441) =12859mm’

As min=i‘§)(1000)(441) =1470mm? control

mm2 ... uUSe AS ASmin\ AR ASmin: < mm2 Y“iw‘v)-kIA\Sreq =

YoUse g
mm®... Ok V¢V mm*> A min="£1° Top, A provided = 1° @ 4Use
_ Asfy  3427.6x420
&= 8sb £l 0.85%1000%x24 70.56mm
c=2 =22°° — g3mm
B, 0.85
d—c 437.5 —83
& = 0.003 (—) = 0.003 (—) = 0.013 > 0.005 0k
c 83
S = 1000-2+40-20-0*25) _ g4 4 mm > d, = 18 > 25 mm  OK

8

1=
=]

 e— L, a

'mWWW%WWWWW%WWWWWW%EWWI |.
&

ey

]
I
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Shear Design for (G.B(12):-

1) Vu = 756.2KN

Jic
®Ve= @ * *=bw*d
J24
00* 441*107-3= 216 KN ) »= 0.75* —

Vs =Vu/® — V¢ =756.2/0.75 — 288= 720.3 KN
Vsmax=2/3f;"0.5*bw*d
=0.667*4.9*800*441=1152.24
Check for items:-
1) Vu<® Ve/2 =>756.2>108 not ok
2) ®Vce/2<Vu<®d Ve =>108<756.2>216 not ok

@Vsmin20.75(%)*bw*d

00 *441 *107-3= 88.2KN. ) += 0 -75*(% )"

N 24
>0.75(——) *by,*d
=075 (¢ ) * by

N 24

00 * 441 * 10°= 81 KN.(control)) +=0.75 * 16 *
®Vsmin = 81 KN
3) ®Vc<Vu<® Vc+ ® Vsmin
216<756.2>297 => not ok
4)® Ve + @ Vsmin< Vu <® V¢ +d *bw *d
297<756.2<848.1 ok S max =d/2 =441/2 =220.5 mm <600 ok

So item, (4) satisfy
Take Av =4®10 = 4* 78.5 =314 mm®
Av/ s =Vs/fy * d
314/ s = 296.67*1000 /441*420 -2 $=161.62mm S=196< d/2 =220.5 mm < 600 mm.
Select S=20cm ............. Use @10 (4legs) @ 20 c/c
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4-6 DESIGN OF ONE WAY SOLID SLAB:

!:-— 3,7000 —--!

< Fig 4.13: Plan of solid slab

+» Material:

= concrete B350 Fc' = 24 N/mm?
= Reinforcement Steel fy = 420 N/mm?

v Slab Thickness Calculation:
The overall depth must satisfy ACI Table (9.5.a):

Min H (deflection requirement):
H = L/24 =590/24 =24.6

For One-way solid slab, will use thickness of slab 25 cm.
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Dead Load For Solid slab:

No. | Parts of Rib | Calculation

1 | Tiles 0.03*23*1 = 0.69 KN/m

2 | Mortar 0.02*22*1 = 0.44 KN/m

3 |Coarse Sand | 0.07*17*1 = 1.19 KN/m

4 | plaster 0.02*22*1 = 0.44 KN/m
RC. Solid | 0.25*%25 = 6.25KN/m”2

5 slab

6 | Partitions 2.3*1 =2.3 KN/m

Sum =

11.31KN/m

Table (4.4): Dead Load Calculation of solid slab.

Live Load For Solid slab = 5*1 =5Kn/m

v" System of Landing:

Moments: spans 1to 1

2.75

102.7

2.75
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Shear

-74.7
-64.9

64.9
74.7

Fig 4.14 : Shear and moment envelop diagram of solid slab

v Design of Shear:
(Vu=74.7 Kn)

Assume bar diameter g 12 for main reinforcement

d =h- cover—dz—bz 350—20—12—2= 324 mm

Ve==/fc'b, d == =VZ&* 1000 324 = 264.5 KN

T 6
@* V.-0.75* 264.5 = 198.4 KN> Vu = 74.7 KN...... Thickness Is Enough (No need for shear)

1- Design of Bending Moment ( Mu=102.7 KN/m) :-

d =h- cover —dz—bz 350 —20—§= 324 mm

M, _ 102.7x10°

R.— =
"™ @bd2 T 0.9x1000x3242

= 1.09 Mpa

1 420
m= Y ;=
0.85f; 0.85%24

p:l<1 -1 _M> :L(l _\/1 _w> = 0.00266
m 420 20.6 420

Asreq = p.b.d = 0.00266x1000x324 = 862.2 mm>

= 20.6
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CheCk for AS, m|n -

ASmin = RACH (b w)(d) = M —""_*1000*324= 944.8 mm?
4( fy) *420
ASmin = fy )( w)(d) = —*1000*324= 1080 mm?Controls

Use 214 @125 mm , As provided= 1230 MM*>As required= 1080 mm>... Ok

Number of bars required in 1m strip = 1230/154 = 8 bars

Thenuse 8@ 14@ 12.5 mm

Check for strain:

Asfy _ 1230x420
0.85b f! ~ 0.85x1000x24

= 25.32mm

a 2532
C=—=——=129.8mm
B, 0.85

324 —29.8
( ) = 0.0296 > 0.005

d—x

v lateral or Secondary Reinforcement of Solid slab :

Asreqg= As,min =0.0018*1000*250 = 450 mm2

Use 210 @ 175 mm As, provided= 451 mm2 > As,required= 450 mma2... Ok

v' Top Reinforcement:

As,min =0.0018*1000*250 = 450 mmz2
Use mesh g10 @ 175 mm.
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4-7 | Design of Two Way Ribbed Slab:

4-7-1 Position of Slab:

Th is two way ribbed slab locating in ground floor as demonstrated in figure (4-19).

Figure (4-15) the positon of two way ribbed slab in ground floor.

4-7-2 Calculations of minimum thickness of two way ribbed slab:

Minimum thickness of two way h,,,;,, IS based on the stiffness ratio between the beam and the slab that will be

carried from the beam.
Assuming that h,,;, = 28cm

- Stiffness of slab:

Moment of inertia of rib:

,_8><52><4+12><20><20
Y ST 8x52+12x20

=9.85cm.
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~ 52x9.85° 40x3*® 12x24°

L., = =5.53467 x 107* m?
le 3 3 + 3 m

- stiffness of Beams:
for beams (B,G,10) Rectangular section 100x50 :

100 x 503 44
IB,G,IO = T =104.16 X 10 m

for beams (B,G,11 ) Rectangular section 100x50 :

100 x 50° 4 s
IB,G,ll = T =104.16 x 10 m
e ForB,G,10:
_ 9 0
Iri,,.(%+%+,,) 5.534 X107 X (5 +5+1)
= = =58.5x10"* m*
b.sf 0.52
e ForB,G,11:
Lipdikeny  5.534 x 107 x @+ 57 +1) .
= = =45.65 XxX107* m
besf 0.52
e ForB,G,15:
Lpdideyy 5.534 x 107 x (3 + 32 4 1) .y
Ic = = =103.7 x10~
ST by, 0.52 "
e ForB,G,16:
Lipikiny 5534 x 10 x &L+ 24 1) .y
Ic = = =67.6xXx10"
ST b, 0.52 "
) ) I
- stiffness Ratio o<f= 2.
IS
Ip10 10416 Ip11 10416
ol = . T ses © 1.78 ) o = . " ames 2.28
I I
a4 _ b16 =104.16 — 1.54 , a3 _ b15 _ 104.16 — 1.004
Ig 67.6 I 103.7
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Y of _ 2.284+1.78+1.004+1.54
fm = -

9
=1.65< 2.0, p=_2" - — 107
4 4 Ln,short 8.4

1,(0.8+-L2 9(0.8+—22)

—_ 1400 - 1400 —
Rmin = 36+5B(afm—0.2) 36+5x1.07(1.65-0.2) 16.5cm < 35cm ...0K

h=28cm > h,;, =16.5cm (8 cm Topping + 20 cm Block).

4-7-3 Load Calculations of two way ribbed slab:

As we calculated previously the load that acts on two way ribbed slab was equals:

D — 2.82 — 10.54 (kN) L —4 kN
L =0.52x0.52 m2 »oL (mz)

W,q=1.2(10.54) = 12.648 (%N) ,Total uniform dead load.

W, =1.6(4)=6.4 (%N) ,Total uniform live load.

Factored Load : W, = 1.2 (10.54) + 1.6 (4) = 19.048 (7).

4-7-4 Moments calculations by coefficient method:

, l :
e spanratio = l—“ = % =0.93 , l,:shortclear span , l,:long clear span
b

e Coefficients (case 4):

Coefficients for negative moments in slab:
Caneg = 0.0932 , Cphpey = 0.0068

Coefficients for dead load positive moments in slab:
Coqi=0.0578 , Cphq = 0.0044

Coefficients for live load positive moments in slab:
Conu=0.075 , Cuy=0.0058

e Moments:
Maneg = Caneg - Wo - ls°-bf = 0.0932 X 19.048 x 92 X 0.52 = 74.77 kN.m
Mg positve = Maar+ Mgy = [(0.0578 X 12.648 x 9% X 0.52) + (0.075 X 6.4 X 9% x 0.52 ]

= 51.01kN.m

My peq = 0.0068 X 19.048 x 8.4% = 9.1 kN.m
My positve = My + Mpy = [(0.0044 X 12.648 x 4.7 x 0.52) + (0.0058 X 6.4 X 8.4% x 0.52]

=1.065 kN.m
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4-7-5 Slab reinforcements:

Assume 2018 Bottom Bars for ( positive moments)

18
d=350—-20-8—-——=313mm

2
, 1.4 ,
Aszo1s) = 2 X 254.34 = 508.68 mm? > Agpiy = 2o X 120 x 313 = 125.2mm
__Afy _ 508.68x420 _ _a_8727__
“T085f b, 085x24x120 MM CTp TTogs ool
a 87.27 ]
M, = Af,(d- E) = 508.68 x 420 x (313 - T) x 10~® = 57.55kN.m

M, =@M, =0.9%x57.55=51.79kN.m (2018 covers positive moments)

check strain :

313-102.67

£, =0.003 (?) = 0-003( 102.67

) =0.00614 > 0.005 ,9 =09...0K

~ Use 018 for Bottom Bars

Assume (16 Top Bars for ( Negative moments)

16
d=320—20—8—7=284mm

1.4
Aszo16) = 2 X 201.1 = 402.2mm* > Agin = 550 X 120 X 284 = 113.6 mm”

__AJ, __a022x420 _ a_69 .. .
T 085/ b, 085x24x120 € - oL/ mm

. B, 085

a 69 6
M, = Asf, (d - E) = 402.2 X 420 X (284 —7) x10™* =42.14 kN.m

M, =@M, =0.9%x42.14 = 37.93 kN.m

check strain :

284-81.17

£, = 0.003 (?) = 0.003( - oL

) =0.0074>0.005 ,¢=09...0K
~ Use 016 for Top Bars (short span). , Use 012 for Top Bars long span).

4-7-6 Design of shear:

Maximum shear coefficient will be in the short direction for the slab with boundary conditions as in case 8, W, =
0.932

= The total load on the panel(4.7 X 9 x 19.048) = 840.08 kN .
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= The total load per rib at face of the long beam is (0'93“8:;08)(0'52) = 22.61 kN

The shear critical section is at distance d from the beam face:
Vua = Vigace — Wy beps - d = (22.61 — 19.048 x 0.52 x 0.284) = 19.8kN

The shear strength of one rib in the slab is:
1 ; 1 NoTs 3
@V, =0.75x 1.1 'S X /f ¢ bwd =075 x11 (€> 24-120-284 x 107° = 2295 kN

ov. 22.61

No need for shear reinforcement ( but not for exceptions according to ACI).

Provide minimum shear reinforcement

Use @8 stirrups Ay 2gg = 2 X 50 = 100 mm?

A .
Zvmin _ bw _ 120 _ 54 _, 100 _4 1 <=1000 mm
s 3fy 3x420 s
d 284
Smax < > and < 600 mm Smax = - 142 mm < 600 mm

~ Use P8@20 cm c¢/cwith 2legs

- o e : L3 O £ 3 -

W

SECTION B-B Scale 1:10

Figure (4-16): cross section in two way ribbed slab (long span
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4-8 | Design of Column (1), Ground Floor.

4-8-1 Design Data:

The following table and figures gives the design parameters of column (11) Ground Floor:

Dead load (service) 253.8 kN
Live load (service) 105 kN
Length 4.5m
k 1 (Braced)
A 60 cm
B 35cm
[y 420 Mpa
f. 24 Mpa
Concrete cover 40 mm
Bar size P16 mm
Type of load Concentrically Loaded

Table (4-5): Design Data of column (11).

4-8-2 Factored Loads:
P,=1.2D+*N+1.6L*N
P, =1.2(253.8)*5+ 1.6(105) * 5 = 2360 kN

4-8-3 Selecting Column Dimenssion:

Assum Ast = 0.015Ag

@Pn,max = 00.85[0.85. fc(Ag — Ast) + Ast. Fy]

2360 = 10%=0.75*0.85[0.85*24*(Ag-0.015A0)+(0.015Ag*420)]

Ag = 140257.8
Ag=A*B
= 140257.8 A*B

A= 600 mm,

B=233.8 mm take B=350 mm
Ag= A*B =600*350 =210000mm’
@Pn, max = ¢0.85[0.85.24(210000 — Ast) + Ast.420]
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Ast= 2152.3 mm?
Ast= 2152.3 mm?) >Use ( 14016 with As= 2010.6mm?

p = Ast/Ag
2152.3/140257.8 = 0.015

Design Spiral rein. :

Use Spiral 410 with As =78.54 mm?
Dch= D-2. Cover
Dch = 600-(2*40) =520 mm

Ag= A*B=140257.8 mm’

_ Ag 1\ Je _
ps = 0.45 (Ach ) 1% 20,0145

__4as(Dch-ds)

pS - S.Dch2
4 % 78.54(520 — 14)
ps = = 0.0145
S.520 * 520
S5=96.45 mm

Check for code req. :

1- clear spacing longitudinal bar diameter of the centroidial circle of bar:
1-600-40*2-10*2-16 = 484 mm
T *484 — (14 + 16)

clear spacing = 13 =99.7mm

99.7 mm > 40 mm

> 1.5 db=1.5*16 =24 mm
2- 0.01<pg =0.0164 <0.08

3- NO of bar 11> 6- for circular member enclose by spiral -ok

4- min. spiral @10 - ok
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5- clear spacing for one loop :
Clear spacing = S-ds = 75— 10 = 65 mm
25 mm < 65 mm <75 mm —ok

Figure (4-17): Details of column.
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4-9 | Design of Staircase:

live load of L; = 4 (%) ,assuming rise of 155 mm

and run of 300 mm, f = 24 Mpa, f,, = 420 Mpa .4-8-1 plan and materials of stair:

The following figure demonstrate the plan of stair that we consider to design it figure (4-29) which is carries a

uniform

!__-7 Z.7000 4"‘!

Figure (4-18): Stair Plan and structural system.

4-9-2 Structural system and minimum thickness:

1. The structural system of this stair was taken as a simply supported (one-way solid slab) since that the

flight of stair will be supported at the ends of upper and lower landings.

2. Minimum Slab thickness for deflection is (for simply supported one-way solid slab) is R, = 20
590 . : : .
20 = 29.5 cm |, but in this case presented here where the slab ends are cast white the supporting

beams and additional negative reinforcement is provided , minimum thickness can be assumed to be
L 59
hmin—g—z—Zlcm.

Take hy,;,, = 25 cm
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4-9-3 Loads and Reactions calculations:

The applied live loads are based on the plan area (horizontal projection), while the dead load is based on the
sloped length. To transform the dead load into horizontal projection the figure below explains how figure (4-
30).

0 = tan1 (E> =tan~1 (1—55> =27.32°
B run/ 300/

g KN/m
4300 mm = f
£
ml #7| 250 mm I
152"’1“" }
} m /
- !f,' wKN/m
UL
g=21.32 " L K
wlk=q-L,
Ly, ¢
wegTE——

Figure (4-19): Transformation of dead load into horizontal projection.
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e Flight Dead Load computation:

Table (4-6) shows Dead Load calculations on Flight of stair:

Dead Load Form SR kN kN
Unit weight y (m3) wo(—)
m
[ 0.155+0.35
Tiles 21 27><( )x0.03x1=1.36
0.3
0.155+ 0.3
Mortar 22 22 X (—) xX0.03x1=1.001
0.3
' 25 0.155x 0.3
Stair steps 25 y ( ) «1=193
0.3 2
Reinforced concrete 25 25x0.25x1 7 04
(solid slab) cos 27.32
plaster 22 22x0.03x1
cos27.32 0.75
Z Tota Dead loads kN/m 12.1

Table (4-6) Dead Load calculations on flight.

e Landing Dead L oad computation:

Table (4-7) shows Dead Load calculations on Landing of stair:

Dead Load Form Unit weight ¥ (%) yx8x1 (k_N)
m

Tiles 23 23x0.03x1=0.69
Mortar 22 22x0.03x1=0.66
Reinforced concrete 25 25%x0.25x1=6.25
(solid slab)

plaster 22 22x0.03x1=0.66

z Tota Dead loads kN/m 8.26
« Live Load: L, =4 (53).

e Total Factored Load: w=1.2D;+1.6L,

For flight : w = 1.2 (12.1) + 1.6(4) = 20.92 (";"’)

For Landing: w = 1.2 (8.26) + 1.6(4) = 16.3 (";"’)

16.3/2=8.15
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4-9-4 Design of flight 1:

The support reaction of flighting is:

[(8.15%3.2)+(20.92+3.48)]
2

= 49,44 (%V) as shown in figure (4-31).

Shear and moment calculations:

e Check for shear strength:

Assume bar diameter 14 for main rinforcemnt.
d, 14
d=h—cover—7=250—20—7= 223 mm

Assume wall width 30 cm
V,=49.44 —8.15 X (0.155+0.223) = 46.35 kN

——,/fcbd —x\/ 4 X 1000 x 223 = 182.7 kN .. for 1 m strip

¢ =0.75 — for shear
¢V.=0.75 x182.7 =136.55 kN .. for 1m strip

1
Vimax = 46.35 kN < =V = 68.27kN

& The thickness of the slab is adequate enough

Calculation of maximum moment and steel reinforcement:

3.48 3.48 1.74
My max = 49.44 X (2.4 + T) —8.15-(2.4) - (2. 4/2 + T) —20.92(1.74) (T)
=125.34kN.m/m

assume bar diameter 914 for main rinforcemnt with ,d = 223 mm

M, 125.34 x 10° f 420
= =2.8Mpa ,m = Y =
®bd 0.9 x 1000 x 2232 ’ 0.85f., 0.85x(24)

A [ Ram_ 1 [ | 228206\
P m f, | 206 420 -
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Ag = pbd = 0.0072 x 1000 x 223 = 1605. 6 mm?

A min = 0.0018bh = 0.0018 x 1000 X 250 = 450mm?

Ag = 1605.6mm? > Ag i = 450 mm? ,use 014

Use 11014@15 cm with Agpre, = 1693.3 mm? > A; = 1605.6 mm? for (1m) strip

Check maximum step for main reinforcement (the smallest of):

1. 3h =3 X250 =750 mm

2. 450mm.
3. §=380 (*2) - 2.5C = 380 <228° ) —2.5%20 = 330mm
fs 3x420
280 280
Smax = 300 ( ) =300 5 |= 300mm — controled
§ 3 X 420

S=15cm < S,4, =30cm — OK

Temperature and shrinkage reinforcement:
As(temperature and shrinkagr) = 0.0018bh = 0.0018(1000)(250) = 450 mm?

Use 7010@10cm with Agprey = 553 mm? > Ag = 450 mm? for (1m) strip

Check maximum step for temperature and shrinkage (the smallest of):

1. 5h=5x250 =1250 mm

2. 450mm. — controled

S=10cm < S,4,x =45cm — 0K

4-8-5 Design of flight 2:

The support reaction of flighting is:

[(8.15%3.2)+(20.92+3.48)]
2

= 49.44 (%V) as shown in figure (4-32).

Shear and moment calculations:
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e Check for shear strength:

Assume bar diameter @14 for main rinforcemnt.

d, 14
d=h—cover—7=250—20—7=223mm

Assume wall width 30 cm
V,=49.44 —8.15 X (0.155 + 0.223) = 46.35 kN

1 1 .
V.= e feb,d = e X V24 x 1000 x 223 =182.7 kN .. for 1 m strip

¢ =0.75— for shear
$V.=0.75 x182.7 =136.55 kN .. for 1m strip

1
Vimax = 46.35 kN < - ¢V, = 68.27kN

~ The thickness of the slab is adequate enough

Calculation of maximum moment and steel reinforcement:
My max = 125.34 kKN.m/m

assume bar diameter 914 for main rinforcemnt with ,d = 223 mm

M, 125.34 x 10° f 420
®bd 0.9 x 1000 x 2232 ’ 0.85f., 0.85x(24)

A, [ 2R\ _ 1 [ | 228206\
P m f, | 206 420 -

A = pbd = 0.0072 x 1000 X 223 = 1605.6 mm?>

20.6

R,

A min = 0.0018bh = 0.0018 x 1000 X 250 = 450mm?
A; = 1605.6 mm? > A i, = 450 mm? | use 014
Use 11014@15 cm with Agyre, = 1693.3 mm? > A; = 1605.6 mm?*for (1m) strip

Check maximum step for main reinforcement (the smallest of):

4. 3h =3 X 250 = 750 mm
5. 450mm.

92



6. 5 =380 (2*)—2.5C, = 380 (228" ) —2.5x 20 = 330mm
fs 3x420
280 280
Smax = 300 ( ) =300 5 |= 300mm — controled
fs 5% 420

S=15cm < 8,4, =30cm — OK

e Temperature and shrinkage reinforcement:
As(temperature and shrinkagr) = 0.0018bh = 0.0018(1000)(250) = 450 mm?

Use 7010@10 cm with Agpre, = 553 mm? > A; = 450 mm?*for (1m) strip

Check maximum step for temperature and shrinkage (the smallest of):

3. 5h=5%x250 =1250 mm

4, 450mm. — controled

S=10cm < S,4, =45cm — 0K
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2.4m 3.30m 1.5m
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% 5 (B914815,.=250
6
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Figure (4-20) : Details of stairs
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4-10 Design of Shear Wall (1)

551.94
663.3 1090.23
2953.2
Shear diagrame Moment diagrame

Figure (4-23): Shear and moment Diagram of Shear Wall.

v' Material and Sections:- (From Shear Wall 1)

= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
= Shear Wall Thickness h=30cm
= Shear Wall Width Lw=3.7m
=  Shear Wall Height Hw =19m
4-11-1 Design of Horizontal Reinforcement:-

> Fx=Vu=71917 KN

The critical Section is the smaller of;
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M = % =1.85m....... Control

2
h—W:Q:Q.Sm
2 2

storyheigh(Hw) = 4.5m

d =0.8xLw=0.8x3.7=2.96m

5 !
DVomax = (Z)E Vfc hd
= 0.75 x 0.83 * V24 x 450 * 2960 = 4062 KN >V,, = 719.17KN

V.is the smallest of :

1V, = =/f'hd = =VZ& 300 * 2960 = 644.2KN ..... control

N,d

2 -V, =027J/f. hd + T 0.27v/24 300 * 2960 + 0 = 1174.12KN

w

L (017 +027%)
3— V. =005/ + W | hd
C ﬁ,‘ %_ll
I Vu 2
[ 3.7(0.1v24 + 0
3— V. =1]0.05v24 + (05925 ) 300 * 2.96 = 2934KN

Vc =966.2KN

@ * vc + Qvs = vu

@ * vs=VU-Q * vc

Vs=vu/@ — vc

kn need reinforcement¥\ ¢,VY="1¢¢,Y,19/0.75-V)4Vs=

Aon _ Vs 31472 _ 10000253 2/
= — = 0. m m
s f,d_ 4202960

4, 00000253 .
pe = #2 = ————— = 0.0000844 < 0.002

- Maximum spacing is the least of :

3700 Lw
mVée= —— =—
5 5

mma.s =Y.«+3*%h = 3*

450 mm ....... Control
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Select 10 ,tow layers

Sh=157/0.75=209.33

= dm 25750 6025
Pt S T 5, %300

Sh=209.33

Select Sh=200mm<Smax= 450 mm.

4-11-2 Design of Vertical Reinforcement:-

Apy _ _hw _

f = 0.0025 + 0.5 (2.5 Lw) (p; — 0.0025) > 0.0025
h, 19

m _ ﬁ —_ 5.1

for this wall with 2 >2.5,p, = 0.0025

- Maximum spacing is the least of :

mmdYYy,yy= —37300 = M

3
3*h = 3*300 = 900mm

450 mm ....... Control

Use ¢$10/200 mm for two layers

4-11-3 Design of Bending Moment:-

3700
Age = ( ) * 2 x 79 = 4305.5 mm?

200

A 4305.5 \ 420
wz(—“)f—y,z( ) = 0.046

L,h) £ \370 %300/ 24

P,
a=——=0

Lwhfe
c_ wt+a 0.046 + 0  0.0565
l, 2w+0858, 2=*0.046+0.85%0.85
B, c
OM, = ©|0.545f, L, (1 + )1 ——)
Astfy lw

= 0.9[0.5 * 4305.5 * 420 * 3700(1 + 0)(1 — 0.0565)] = 4184.3KN > 2953.2KN.m .... Ok

Lw _ 5450

= = =605.55
600+0.015  600%0.015
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302.78

|
<l
Al

Lb

Since Smallest value of Lb & Mub not require Boundary .

T 7

Figure (4-24): figure of Shear wall
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4-11 | Design of isolated Footing(F1):

4-10-1 Materials and Loads:

Isolated footing that we consider to design with materials Of:
fo =24 Mpa,f, =420 Mpa.

Dead Load (service) = 253.8kN.

Live Load (service) = 105 kN.

Total services load = 253.8 + 105 = 358.8 kN.

Total Factored load = 1.2(253.8) x5+ 1.6(105) * 5 = 2360 kN.
Column dimension(a X b) = 60cm x 35¢cm.

Soil density = 18(61;—92 .
Allowable bearing capacity q,; = 400 (%)

B10 @20 ¢m

broh PLOOEIom -

EMETHE+EB

Section A-A
Scale 1: 25

Figure (4-25): Footing Section.

Assume h = 45cm.
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kN
9 ati-net = 400 — (25 x 0.45) — (18 x 0.45) = 380.65 ()

e Area of footing:

2000
A=-P - = 5.25 m?
9 aii—net 380.65

Assume rect. Footing

Select B=2.3 M
Select L=2.3m

e Bearing pressure:

2360 16 12 N
Ww=33%xz3 01200
4-10-2 Design:

e Design of one-way shear strength:

Critical Section at Distance d From The Face of Column Assume = 60 cm .
Bar diameter @14 for main reinforcement and 7.5 cm Cover.

d =450—-75—-14 = 361mm

2.3-0.6
2

B—a
Vu=qu><< —d)xL:446.12><<

> - 0.361) X 2.3 =501kN

IITIIT (1T 1]

Figure (4-26): one-way shear calculation.

1 1
@ch(bxgx,/fcrxbxd=O.75><g><\/24><2300><361=515kN
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@V, = 515kN >V, = 501 kN - Safe

e Design of Tow-way shear strength:

Vu =DPu— FRb
FRj = q, x area of critical section

V, =446.12 x [(2.3 % 2.3) — (0.35 + 0.361)(0.6 + 0.361)]
=2055.2 kN

The punching shear strength is the smallest value of the following equations:

1 2

1 S
2 ®Vc=®><ﬁ(“—+2)x1/fc,xboxd

E
d

)x for XboXd

3. (Z)ch(z)xix fo xboxd

Where:

_ column Length (a) 60

= =—=1.71
Be columnwidth (b) 35

b. = Perimeter of critical section taken at (d/2) from the loaded area.
=2x(0.35+0.361) +2 x (0.6 + 0.361) = 334.4cm

a; = 35 for interior coulmn

Substituting values in equations:

1 2
Ve =0.75 X g<1 +I) X V24 X 3344 x 361 = 2217.7 kN — CONTROL

1 (35 *0.361

=0.75 X —
Ve =0.75 12\ 3.344

+ 2) X V24 x 3344 x 361 = 2135.8 kN
1
Ve =0.75 X §>< V24 x 3344 x 361 = 1478.5 kN

@V, = 2217.7kN >V, = 2055.2 kN

Design Bending moment for long dirction:

Critical Section at the Face of Column
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select P14
d = 450-75-14 =361mm

9
M, =446.4 x 2.3 X 0.489 x =125.5kN.m

M, 125.5 x 10°

R = Gbaz = 0.9 x 2300 x 3612 0465 MPa
420

m=085x2a 2058

A | _zmR.\_ 1 (| 2x20.58x0.465)
P=m 420 |~ 20.58 420 =

Agreq = p X bxd=0.0023 x 2300 x 511 = 638.75mm”

Agmin = 0.0018 X 2300 x 450 = 1863 mm?
Agreq = 638.75 mm? < Agp;, = 1863 mm? - 0K

Check maximum step (S) is the smallest of:

1. 3h =3 X450 = 1350 mm

2. 450 mm — control

Use 16014 with Ay, = 1953 mm?* > Ag,,, = 1863 mm?

S=(2300-75*2-16*14) / 15 =123.4 mm
S=123.4 < Smax =450 mm, select S=100mm

Check for strain:

_ Ay _ 1863x420
®=085bf, 085x2300x24 /MM
a 16.7
c —— =19.61 mm

~ B, 0.85
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(361 —19.61

19 61 ) = 0.0522 > 0.005 ......0k

o Design Bending moment for short dirction:

Critical Section at the Face of Column

select P14
d = 450-75-14 =361mm

9
M, =446.4 x 2.3 X 0.489 X =125.5kN.m

R_Mu_ 125.5 x 10° — 0.465 MP
"= 9bd2 0.9 x 2300 x 3612 - a
__ 120 058
m=085x24 -

_1f |, zmR)\_ 1 [ | 2x2058x0465\_
P = 420 | 2058 420 =

Agreq = p X bxd=0.0023 x 2300 x 511 = 638.75mm’
Agmin = 0.0018 X 2300 X 450 = 1863 mm?

Agreq = 638. 75 mm? < Agmin = 1863 mm? - 0K
Check maximum step (S) is the smallest of:

3. 3h =3 X450 = 1350 mm

4. 450 mm — control

Use 16014 with Ag o, = 1953 mm?* > Ag,,, = 1863 mm?

S=(2300-75*2-16*14) / 15 =123.4 mm

S=123.4 < Smax =450 mm, select S=100mm
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Check for strain:

_ Asy, 1863 x 420
~ 0.85bf. 0.85x 2300 x 24

_a _16.7_19 61
€3, "o0sg ormm
d—C) oy (361—19.61

& =0.003 (T 19.61

=16.7 mm

a

) =0.0522 > 0.005 ...... Ok

Foundation A

[Tx]
I
1
-1
ol
=
o
-+
=

= 14812 L=1.65
(B=5]

1m

Scale 1: 25
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Figure (4-27): Detailing of footing.
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American Concrete Institute (A.C.1), Building code Requirement for structural .y
.concrete (ACI-318M-08)
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