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Abstract

The Structural design of Country Commercial Mall.

Work team:-
Ahmad Mohammad Shkair Ihab Ashraf Farrah
Ali Mohammad Nasser Yousef Mohammad Nasser
Supervisor:-
Eng. Hamdi Idais
2023 - 2024

Structural design is the most important design required for a building after
architectural design. Designing the building with all its structural details in the
most economical way and with the highest levels of safety and security is the
responsibility of the structural engineer.

The project covers an area of 9260 square meters consisting of two buildings.
The first building consists of three floor one basement and two floors for offices

The second building consists of three floor one basement and two floors for
offices The importance of the project lies in the diversity of structural elements
in the two buildings, such as bridges, columns, and concrete slabs. It is worth
mentioning that the Jordanian code was used to determine the live loads and
seismic loads. As for structural analysis and section design, the American code
(ACI_318_19) will be used.

It is necessary to mention that some computer programs will be used such as:
AutoCAD (2021), Atir, Safe, and Microsoft.

The project will include a detailed structural study, including the identification
and analysis of structural elements and various expected loads, followed by the
structural design of the elements and the preparation of executive drawings
based on the design prepared for all structural elements constituting the
structural frameworks of the buildings. Upon completion of the project, we will
be able to provide structural design for all structural elements.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

As’ = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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

b = width of compression face of member.

bw = web width, or diameter of circular section.

Cc = compression resultant of concrete section.

Cs = 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.

Es = modulus of elasticity of steel.

fc’ = compression strength of concrete.

fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.

Ln = length of clear span.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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.

Wu = factored load per unit area.

@ = strength reduction factor.

gc = compression strain of concrete = 0.003.

&s = strain of tension steel.

£s = strain of compression steel.

p =ratio of steel area .




*Column abbreviations:

e Lu: unsupported length “clear distance between slabs, beams, or other members that provide
lateral support to the column”.

o K: effective length factor.

e R:radius of gyration .

*Stair abbreviations:

e a: Step height.
b: Step width.

s: Step nosing.
hf: Flight thickness.
hl: Landing thickness.

e n: Number of steps.
e o: Flight angle.

*FEoundation abbreviations:

e LLe: external live load.

e o(b): allowable pressure.

e o(net): net allowable pressure.

e o(bu): bearing pressure

e yrc: reinforced concrete weight.

e vsoil: soil weight.

e Luv: distance at shear critical section.

e Lm: distance at moment critical section.
e Ldt: tension development length.

e Ldc: compression development length.
e . Lightweight-aggregate-concrete factor.
e Wt bar location factor.

e We: coating factor.

e Ws: bar-size factor.

e Cb: bar spacing factor.

Xi




e Kir: transverse reinforcement index.

*Wall abbreviations:

Lw: wall length
hw: wall height

h story: story height
h: wall thickness

A/hw: building drift (total lateral displacement deflection of the top of the building over wall
height), A/hw min = 0.007

a: distance above the base of the wall to determine location of critical section for checking flexural-
shear strength

Mul: Moment at critical section for checking flexural-shear strength.
ph: percentage of horizontal (transverse) steel

pv: percentage of vertical (longitudinal) steel

x: length of compression zone limit

Lb: boundary element length

c: depth from the neutral axis to the extreme compression fiber

o: longitudinal reinforcement index

a: axial stress parameter

Muv: the part of moment resisted through uniform vertical steel
Mub: the part of moment resisted through boundary steel

Asb: boundary area stee
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Chapter 4

Structural Analysis & Design

4.1 Introduction.
4-2 Design method and requirements
4-3 Factored loads

4-4 Determination of minimum thickness of
structural members

4-5 Design of one way ribbed slab
4.6 Design of Beams

4-T7:Design of Column

4.8 Design of Shear Wall

4.9 Design of Isolated Footing (F2)

4.10 Design of stairs
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4-1Introduction

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 many type of slabs such that “one way ribbed slab”, They would be
analyzed and designed by using finite element method of design, with aid of a computer program
called "BeamD- Software” to find the internal forces, deflections and moments for ribbed slabs, and
then handle calculation would be made to find the required steel for all members.

4-2 Design method and requirements

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-318-19 code.

The design strength provided by a member is calculated in accordance with the requirements and
assumptions of ACI code (318 _19).

Strength design method

In ultimate strength design method, the service loads are increased by factors to obtain the load at
which failure is considered to be occurring.

This load called factored load or factored service load. The structure or structural element is then
proportioned such that the strength is reached when factored load is acting. The computation of this
strength takes into account the nonlinear stress-strain behavior of concrete.

The strength design method is expressed by the following,

Strength provided > Strength required to carry factored loads.

Material
Reinforced Concrete: B300 , fc' = 24 N/mm? (Mpa)
Reinforcement Rebars: fy = 420 N/mm?(Mpa)

Strength reduction factors (9).

According to ACI a reduction factor for structural elements must be included in the calculation of
concrete sections, these factors are less than 1.0 for safety purposes, 0.9 for tension controlled
sections, 0.75 (Spiral) or 0.65 (Stirrups) for compression controlled sections, 0.75 in shear
calculation and 0.6 for plain concrete sections. The strength factor (&) changes with net tensile
strain of the cross section as illustrated in the following figure:
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¢ vs = 0.75 + (g - 0.002)(50)

>

0.90
(1 L
0.70 Other ¢ =0.70+ (g-0.002) (200/3)
Compression Tension
controlled — Transition controlled
%
| & =0.002 & =0.005
c_ £
d 0.600 d 0.375

Fig. (4-1): Variation of @ factor with net tensile strain (ACI 318)

4-3Factored loads

The factored loads used in the structural analysis and design according to ACI-318-19(9.2) eq.
, Is determined as follows:

Wu=1.2DL +1.6LL
Where;

Wu: Ultimate Load (kN)
DL: Dead Load (kN)
LL: Live Load (kN)

4-4 Determination of minimum thickness of structural members
Minimum thickness of non-prestressed beams or one-way ribbed slabs unless
deflectionsare calculated. (ACI 318M-19)

Minimum Thickness, h

Simply One-end Two-ends .
Member Supported continuous continuous Cantilever
Ribs & Beams Span(L)/16 Span(L)/18.5 Span(L)/21 Span(L)/8

Table (4-1): Determination of minimum thickness of structural member

For rib 9 Ground floor:

L 7.3

—— = —— = 39cm ...For one end continuous. (for rib)
185  18.5

Select Slab thickness h=32cm but we run it on safe and Atir and the deflection was ok
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4-5 Design of one way ribbed slab

One way ribbed slab Design procedure is explained in the following steps :

[ Loads on Topping

4-5-1: Design of topping i
Topping in One way ribbed slab can be considered T
as a strip of 1-meter width and span of hollow block
length with both ends fixed in the ribs.

.':-Fued

4-5-1-1 : Calculation of Loads on Topping ' ; |

i5am 40 cm 15cm

Dead loads that act on Topping can be
calculated as shown in the following table :

— Dead Load For 1m strip:

Table(4- 1): Dead Load Calculation for topping

Quality
No. | Material Density DL (KN/m)
KN/m?3
1 Topping 25 0.08x25 x1=2
2 Sand 17 0.07x17x1=1.19
3 Mortar 22 0.02x22x1 =0.44
4 | Tiles 23 0.03x23x1 =0.69
5 partitions 1.5*%1=1.5 KN/m

5.82 KN/m

Live Load For Imstrip= 2.5x 1=25kN/m-
Factored load (W,) = 1.2xDL+1.6XLL—
=1.2x5.82 + 1.6x2.5 =11 kN/m. (Total Factored Load) .
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Vu:%:#:zz kN VUT } 04m
W, 12 11 *0.42 0
M, = u12 = 1 = 0.146 kN.m . control ) K

4.5.1.2: Analysis of topping

4.5.1.3 :Design Strength of topping
— Shear Design Strength :

For Plain concrete section one way shear is calculated using the following equation:
®.Vec= ®x0.11 x A xVFc' x bw x h
®.Vc=0.55x0.11 x 1 x V24" x 1000 x 80 = 25.87 KN > Vu — SAFE

Moment Design Strength : —

For Plain concrete section with“b=1m & h=8cm”

oM, = 0.55*0.42*\/F*b*%2

@M,, = 0.55 * 0.42 * /24 + 1000 * 802/6 = 1.2 KN.m

@M, (plane concrete ) = 1.2N.m > M, max = 0.146 KN.m

No structural reinforcement is needed . Therefore , shrinkage and temperature
reinforcement must be provided.

For the shrinkage and temperature reinforcement :-

Pmin = 0.0018

Ag = pxbxh=0.0018 % 1000 * 80 = 144 mm?.

Number Of p8= 2ret = 14 — 5 g7 _, Spacing(S)=300mm

Apar 503

Step (s) is the smallest of :-

280 280

1- <380 (52) ~ 25 X Ces 300 ()

=380 x (222) - 2.5% 20 <300 x (222)
3y 3y
280
=380 X (52> ) — 2.5 x 20 = 330 mm
5*420
S <300 x (522 ) = 300 mm.
§*420
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2- S<3xh=3x80=240 mm........... controlled.
3- S<450 mm.
Take S=200 mm < Smax =240 mm - ok .

Select mesh @8/20 cm in both directions. .

4.5.2 Design of one way- ribbed slab (9)

Rib (R9) is selected to be designed , the following figure shows its location in ground floor

S B13(40~32)

B8(100°38) B68(100°38)

B8{100°37)

- B7(100°37) B7{1003

= BaL{80~42)

Fig. (4-3) Spans of rib (R2)location

31




4-5-2-1 Rib geometry

Geometry Unitssmeter,cm

5
1 2 3 4
A . A . A . A
A " A " A " A :
0.4 3.57 L 2.87 1 4, 1 3.84 06
m 427 ‘ ‘ 3.87 ‘ ‘ 5, ‘ ‘ 4.64 o
1 - 1 1 1 1
32.TT
15,
A-A

Figure (4- 4):geometry of rib (R2)

Requirements for Ribbed Slab (T-Beam Consideration According to ACI) are as follows :
- bw> 10cm — select bw=15cm
-h <35bw=3.5x15=52.5cm — select h =32 cm

- tf 25—22 50 mm — select tf=8cm
4-5-2-2 Loads Calculation for Rib (R9)

For the one-way ribbed slabs, the total dead load to be used in the analysis and design is calculated
as sown in the following table :

— Dead loads :

Table(4- 2): Dead Load Calculation for rib (R2)

NoO _ Qual?ty
Material Density DL (KN/m)

KN/m?
1 | Topping 25 0.08x25 x0.55=1.1
2 | Sand 17 0.07x17x0.55 = 0.65
3 |Rib 25 0.15x25x0.2=0.8
4 | Mortar 22 0.02x%22x0.55 =0.24
5 | Block 12.5 0.2x12.5%0.4 = 0.96
6 | Tiles 23 0.03%23x0.55 =0.4
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7 | Plaster 22 0.02x22x0.55 =0.24
8 | partitions 1.5*%0.55=0.83
= 5.22 KN/m
Total Dead load = 5.22 kN/m / Rib.
Total live load=2.5%0.55=1.375 KN/m/ Rib.
Loading
load group no. 1
Dead load - Service Units:kN,meter
5.22 5.22 5.22 5.22
4.27 3.87 5. 4.64
Live load - Service Load factors: 1.20,1.20/1.60,0.00
I sl I s Lol ook | L b oabr |
4.27 3.87 5. 4.64

Figure (4- 5): service load of rib (R2) — [kN]

— Factored Load (W,) = 1.2xD.L + 1.6xL.L

4-5-2-3Analysis

WuD = 1.2x 5.22 =6.26 kN/m/rib

WuL = 1.6*1.375 = 2.2 KN/m/rib

Figure (4-5)& (4-6) shows the shear and Moment envelope of the rib (R2) obtained from Atir

Shear

-15.1

21.7

-10.4

-17.

-16.7

-23.3

-15.6
-10.7

11.
15.1

18.

13.8

243

Figure (4- 5):Shear envelope of rib (R2) — [kN]
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Momenfs: spans 1to 4

-21.8
o4 142 1.2 107
7.5 -6.8 ’
-5. : -5.
| E 5I 0. | | 1.2 |
I | | 1 I 1.44| 1
[ Il | Il Il | Il i | Il |
! d.71/0.98 " loeb " lo.sa '
\—/ 45 0.82 1.03 3
1.2
13.4 145
| 271 | 285 | 183 | 193 | 225 275 | 2.78 . 186 |
I I I I I T I I 1

Figure (4-5):  Moment envelope of rib (R2) — [kN.m]

4.5.2.4 Design of flexure of rib:-

-Design of Positive Moment — Bottom Reinforcement

Check for chosen effective flange width (be) :

According to (ACI 318-14) (be) is the smallest of:
be <+ clearspase + b,,= 400 +150 =550 mm ............ Controlled.

< Span/4 =5000/4 = 1250 mm.

< (16x tg) + by, =(16x 80) +150 =1430 mm.

—beg= 550 mm.

Design of positive moment Mu® = 14.5 kN.m ( SPAN 4)
1- Checkif (a<t)or (a>1)

Assume a=t=8cm

F*Mn=@*CorT*(d-%*t)

C =(0.85*Fc’ *t*DbE)

@*Mn=@*CorT™*(d-%*t)

= 0.9%0.85*24*80*550*(285 — 80/2) * 1076 =197.92 kN.m > My max= 14.5 KN.m.
~ a<t — Compression zone is in the flange

2- Design as Rectangular Section with b=be

f 420
=2 _= =20.6
0.85 f,  0.85%24
M, _  14.5%10°

=0.36 MPa

R. = =
m pxd?2  0.9x550%2852
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1 2xRp*
pen(l- |1

-1 <1 _ \/ 1— M)z 0.000086
420

"~ 206

—Asreq = p % b xd =0.00086 x 550 x 285 = 134.8 mm?,

0.25+/f! 1.4
xb, *d>—=%b, xd
(fy) w W

= 025024 e, 085 > 1% L 150 4 285
420 420

=124.66 mm?<1425mm? ............. Larger value is control.

—ASmin = 142.5 mm?>Aseq- 134.8mm?,
As = 142.5 mm?
Select 2 @10 with Asproy = 158mm?2>Asgeq = 142.5 mm?... OK.
~ Use 2 @10
3- Check for strain:-(g; = 0.005)

Asxfy =085x f/ xbxa
158 x 420 = 0.85 x 24 x 550 x a

ASpin =

a=>59mm
c=2=22-69mm
B1 0.85
d=285mm
£; = 2% 0,003
=0.12> 0.005 ( tension control section ).
~ 0 =009... OK,

- Design of Negative moment for support (3)
(Compression zone in web = design as rectangular RC section)

Mu® =-11.2KN.m

d=320—20—10—12—0=285mm.

f; 420
m=—2—= =20.6
0.85f, 0.85%24
M 11.2%10°
Rn n

" bxd?2  0.9¥150%2852

=1.02 MPa
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1 2%Rp*
pen(l- |1

=— <1 — \/ 1- —2*1'02*20'6>: 0.0025 .
20.6 420

—Asreq = p % b xd =0.0025 x 150 x 285 = 106.9 mm?,

ASpin = 0'25*‘/f—c*bw * d Zﬂ*bw*d
(fy) fy

= 025424 e, 085 > 1%, 150 % 285
420 420

=124.66mm? <1425 mm?............. Larger value is control..
Select 2 @10 with ASproy = 158 mm? > Asyq = 142.5 mm?... OK,
-~ Use2@ 10
— Check for strain:-(g; = 0.005)
Tension = Compression
Asxfy =085 f/ xbxa
158 x 420 = 0.85 x 24 x 150 x a

a=21.6 mm.
a _ 216

=5 T oss 25.4 mm * Note: f. =24 MPa<28 MPa— f; =0.85
1 O

d =280 — 20 — 10 — 10/2 = 245mm
_ 245-254

& = *0.003

S 25.4

=0.026> 0.005
-~ 0=0.9... OK.

- Check Deflection

The value of Deflection should not exceed Alimit, Which according to ACI Code = ﬁ The
following Table shows values of Alimit compared with deflection calculated by Atir software .

cmz 6
Top Cover L 1 1 1 1 a T I 1
As 0.4 i ot L 1 aom 1 Ao 0.4z
Bot « .l A . 3 . ] L 4 ,
\s/bd 0.10% 0.34 ©.00% 034z 0.00: 0.84% 0.00% 0.34% 0.00%
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- Design of shear of rib (2)

Shear strength V¢, provided by concrete for the ribs may be taken greater than that for beams. This
is mainly due to the interaction between the slab and the closely spaced ribs.

Max. Vu at the critical section at distance d from the face of support is obtained from figure
(4-5) , where Vu =17.7 kN

If % B.Vc<Vu<0.Vce .... No shear Reinforcement is required for slabs

Q.VC:Q*l.l*%* Fc' * bw * d
= 1.1 x0.75x Y2

6

x150%x285%10° =28.8 KN.>Vu =17.7 kN

NO Shear reinforcement is required .
Selected ¢8@25 (Montage)
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4.6 Design of Beams :
4.6.1 Design of Beam (B18):

Beam (B17) is selected to be designed , the following figure shows its location in first floor

beam 18
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- Load Calculation for beam

The following figure shows the geometry of beam and loads that act on it

Geometry Units:meter,cm

1 2 3 4
]: A . A . Al . A :]
A it A i A it A
O‘.2‘5 4.62 ‘0.5‘ 3.46 ‘0.5‘ 3.37 0.5 6.38 0‘.2‘5
H 5, | 3.96 | 3.87 t 6.75 |
I T
42
100.
A-A
Loading
load group no. 1
Dead load - Service Units:kN,meter
66.0 66.0 66.0 66.0
5. 3.96 3.87 6.75
Load factors: 1.20,1.20/1.60,0.00

Live load - Service

Liobo ] | L L bnd [} | obo | L L ool | ]

3.96 3.87

Figure (4- 17) : Beam B18 Geometry and loads

Calculation of Loads that acts on beam B18:
1. Own weight of the beam :

Weight = Sectional Area X yconcrete
=0.42*1*25=10.5
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- Design of beam B18 for Flexure

The following figure shows moment envelope resulted from analysis of beam (B18) using Atir 2018
Software :

Moment/Shear Envelope (Factored) Units:kN,meter

Momenfs: spans 1to 4

-486.1
4054 | .376.5

-74.2

L 181 | 31| -41. |13 |
! I ' 0.4

9 W
Mud2107 17‘5121

111.6

432.7

2 3. | 238 | 158 | 118
I I I I I I | | |

Figure (4-18) moment for b-18

- Design of positive &Negative Moment — Top and bottom Reinforcement
= Design of positive & negative moment Mu = 234.8 KN.m @ support (1) and
span 1

1- Check whether the section will be act as singly or doubly reinforced section :
Maximum nominal moment strength from strain condition &, = 0.004 .

d =420 — 40 -10 — 20\2 = 360 mm

Mn req = @ , Take @ = 0.9 for flexure as tension-controlled section.
224 1

Mn req = =249 KN.m

° _Mn_ 234.8 x 10° _ 18M
"= 34z T 1000 x 36002 o P

fy 420
0.85f)  0.85x24

p=i<1_ 1_w>_ <1_ 1_M>=o.0045
m 420 20.6 420

But pmax = 0.85 * —— % B1 2 = 0.85 * — « 0.85 * = = 0.01769
Fy 7 420 7

= 20.6

m=

. preq < pmax ... Design the section as singly reinforced concrete section

2-Design the section as singly reinforced concrete section :

e
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Assume rectangular & tension control section.

As = p.b.d =0.0045x1000%x360 =1620 mm?
=~ Select 7@20 with As = 2198 mm? .

3-Check for Asmin:-

As (min) =0.25* \/FL? *pw*d=1049mm?
Not less than :

As (min) = % * pw * d = 1200 mm?

As =1620 mm?> Asmin =1200 mm? ... (OK)

4- Check Strain for @ and Asmax

c=T
0.85*Fc’*a*b=As *Fy

AS.

— fy = 2198X%x420 — 4525 mm

0.85b fc 0.85X1000%x24
c=2L =52 _5324mm

B, 085

= 0.003 (d _ C) = 0.003 (360 _ 53'24) =0.017 > 0.005 0k
&= c )~ 5324 ) '

also,eg = 0.0062 > 0.004 then As < Asmax ... (OK)
5- Check for spacing

g= 1000-20)-200-7@Y) _ 196 6 mm >25 mm ... (OK)

6
>db=16mm ... (OK).
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= Design of positive & negative moment Mu = 432.7 KN.m @ support (5) and

span 4

1- Check whether the section will be act as singly or doubly reinforced section :
Maximum nominal moment strength from strain condition &, = 0.004 .

d =420 — 40 -10 — 20\2 = 360 mm

Mn req = % , Take @ = 0.9 for flexure as tension-controlled section.
Mn req = % =480.7 KN.m

M,  480.7 x 10°

R = =
™= 1dz T 1000 x 36072

= 3.7Mpa

1 420
m= 4 ;=
0.85f  0.85x24

p:1<1_ 1_M> :L<1_ 1_M> = 0.0098
m 420 20.6 420

But pmax = 0.85 * 2% x B1 %2 = 0.85 + 2% % 0.85 + > = 0.01769
Fy 7 420 7

= 20.6

~ preq < pmax ... Design the section as singly reinforced concrete section

2-Design the section as singly reinforced concrete section :
Assume rectangular & tension control section.

As = p.b.d =0.0098x1000x360 =3527.4 mm?
=~ Select 8@25 with As = 3920 mm?,

3-Check for Asmin:-

As (min) =0.25 * FE;' *pw*d=1049mm?
Not less than :

As (min) = % * pw * d = 1200 mm?

As =3920 mm?> Asmin =1200 mm? ... (OK)

4- Check Strain for @ and Asmax

C=T
0.85*Fc’*a*b=As *Fy
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Asfy _ 3920x420

~0.85b 71 T 0.85x1000x24 80.7 mm
c=2 =27 _ 95mm
B; 085
- 360 — 95
& = 0.003 (T) = 0.003 (T) = 0.0084 > 0.005 0k

also, g = 0.0084 > 0.004 then As < Asmax ... (OK)

5- Check for spacing

g= 1000-2(40)-200-8E5) _ 1) ym >25 mm ... (OK)

7
> db=16mm ... (OK)

- Design Beam B18 for Shear

The following figure shows shear force envelope resulted from analysis of beam (B17)

Shear

-341.1 -345.1 312.5

272.3 -276.3 D578
-186.7
-117.9 ‘
I 1 I 1

[
T
‘ 175.5

230.2 230.1

288.9
383.9

452.7

Figure (4-19): shear for b 18

using Atir 2018 Software :

The following are steps of shear force design :

1. Check for dimensions:
If Vumax <0.Vc+ 0 g VFc' * bw * d, then section dimensions are adequate. If not, section
must be increased.
Overall maximum shear value = 383.9 kN At the critical section at distance (d) from the face of
support (B)
@ Ve=@*=*Fd *bw*d

6
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= 075+ %\/ﬁ* 1000 * 360 = 220.45kN
@ § VEC *bw*d = 0.75* § V24 *1000*360*10 =881.8 kN
dNc+ @ g VFc' *bw *d =881.8 kN >Vu max =383.9 ...(OK)

~ Section is adequate .
2- Category (I11):
O.Vec<Vu<0.Vct 0.Vs min

@ x Vsmin = largest value of the following two equations

1. @Vsimin = 5@ b+ d = 0.75 » 1000 * 360 %3 = 90 ~ Control

2. @VSmin = @ /f * b+ d = 0.75— V24 x 1000 * 360 = 82.67
BVSmin + @Ve = 90 + 220.45 = 310.45KN < Vu = 383.9 KN
Category (1V):

@ Vet @. Vs min <Vu< @.Vet+ @ x § X /fc’ xbw xd

1
®Vc + ng**\/}z * b *d

1
= 220.45 + 0.75 * 3 * V24 * 1000 * 360 = 440.9 KN > Vuy,,x = 383.9 KN

Vs = Vu Ve = 383.9 293.9 = 217 KN
=% T 075 7=
Try @10mm bar for shear reinforcement
Av
Vs = fy * d
Sreq

314
217 %103 =
Sreq

Sreg=218 mm >d/2=180mm <600mm

* 420 360 — Sppq =218 mm

~ Select s = 150mm < d/2 = 180mm

~ For category (IV) select (4 s stirrups) $10/15cm
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Check Deflection

The value of Deflection should not exceed Alimit, Which according to ACI Code = ﬁ. The
following Table shows values of Alimit compared with deflection calculated by Atir software

. r !
m
5

6 77 6
‘HH‘“”::?“‘]
o 5.46 18.20 12.06" 1
[ L, | 6
10% 52
0.00% 051%

20 7

6.
{]jym‘
5 12.06"

5
1 1
19% 0% )%

0.34% 0.34% 34% 0.91% 0.00%

E (

2.06 7
2 0€

6

‘ ;)(:“(JH ‘ ‘ ‘
39.28(35.37) 10.61

€ I

202 (

Asjbd 0.15% 0.48% 0.48% 0.34% 0.34% 091% 091%
Avjs(mm) 083 083 083 083 083 083 148
Ayl.min= . 0.83 0.83
Stirrups 10 Legs=4 o0 Legs=4 d10 Legs=4 910 Legs=4
Gap=6.2/6 2 Gap=8/8 Gap=10/10 Gap=125/10
31@156 23@156 22@15 42@15
ail = Li6516 L1219
(ai+at).t2-t1= L5460 L/968

4-7:Design of Column (C6)

4-7-1Calculation of Loads act on Column (C6)

Loads acting on columns are obtained from support reaction when analyzing the supported beams.

Loads acting on column (C6) are as follows:

Dead Load =2675 kN

Live Load =725 kN

Factored loads (Pu) = 1.4 DL = 1.4 x 2675 = 3745 kN.
ORPu=12DL+16LL=1.2x2675+1.6x725 =4370KkN << Cont.

Calculation of Required Dimension of Column (C6)
Total load Pu =4370 kN
Pn = 4370/(0.65) = 6723 kN
Assume pg = 2.0 %
Pn = 0.8 * Ag{0.85 * fc' + pg(fy — 0.85fc")}
6723 1073 = 0.8 = Ag[0.85 * 24 + 0.02 * (420 — 0.85 x 24)]
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Ag = 0.295 m?
~Select 60*55cm with Ag = 3300 cm?.

e Check Slenderness Effect :

For braced system if 1 < 34 — 12 % < 40, then column is classified as short column and

slenderness effect shall not be considered.
Klu
/1 —_

r
Where :

Lu: Actual unsupported (unbraced) length =2.78 m
K: effective length factor (K= 1 for braced frame).

R: radius of gyration — for rectangular section = \E 0.3h

System about X System about Y
1x2.68 _ 1%2.68
A= 0306 1488 ~ A= 03v0s - 17866

A< 34-12(1) =22 <40
A =17.866 < 22 . Shortabout Y.

A <34-12(1) =22 <40
A =14.88 < 22 - Shortabout X .

~ Column is Short , So Slenderness effect will not be considered.

4-7-2Calculation of Required Reinforcement Ratio
Since Column is short and slenderness effect will not be considered, then Design Strength of
column can be calculated using the following equation :
¢Pn = 0.65 * 0.8 * Ag{0.85 = fc' + pg(fy — 0.85fc")}
Where , Pu=4370 KN
4370 * 103 = 0.65 * 0.8 * 600 * 550{0.85 * 24 + pg(420 — 0.85 * 24)}
= p, = 0.0126 > pyp = 0.01 &< pqy = 0.08
As req = 0.0126 *600 *550 =4183 mm?

Use ®20 >> #of bar ==2>=13.3

~ Use 200 20 with As = 6280 mm?2 >AS req = 4183 mm?2
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Check spacing between the bars :

_ 600—-2%40-2%10—6%2,0
5

S =97.6 mm

S=97.6mm >-M.A.S

w1

> 40mm

>1.5db=30 mm

4-6-3Determination of Stirrups Spacing
According to ACI :

S < 16 db (longitudonal bar diameter)
S < 48dt (tie bar diameter).

S < Least dimension.

Spacing < 16 X d,(Longitudinal. bar. diameter) = 16 X 2 = 32cm.
Spacing < 48 X d.(tie.bar. diameter) = 48 X 1.0 = 48cm.
Spacing < Least.dim e nsion = 60 cm

~ Select @ 10/20cm

Column (C6) Section is shown in figure(4-11) where bars arrangmenet and stirrups

detailing appear :

Figure (4-11): section for Colum.
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4-7: Design of Shear Wall

Analysis and design were done using ETABS program in which the seismic loads were taken
into account. The following is a sample calculation for one of the walls, S.W2.[For detailed

information see appendix C]

Figure (4-22): shear wall

The following data that used in design :

- Shear Wall thickness = h =25 cm

- Shear Wall length Lw = 1.8 m for all floor

- Building height Hw=21 m

- Critical section shear : Lw<hw — d =0.8*Lw =1.44m

4-10-1 Design of Horizontal Reinforcement

Calculation of Shear Strength Provided by concrete Vc:

- Shear Strength of Concrete is the smallest of :
1- Ve==/fc'xbxd

= =\24 x 250 X 1440 = 294 « Controlled

fc'xbxd | Nuxd

2- Vc= +
4Lw

_ 24x250%x1440
4

7, 2Nu
3_ V _ \/fcl_l_LW( fe +LW.h) Xth
S Mul _ Lw 10
Vu 2

+ 0 = 441N
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Where :
- Mul=415.9 kN.m

o W _ 8- _031<0 - This equation is not applicable .
Vu 2 120 2

~Vec= 294 kN - @Vc > Vumax! = 120 kN —Horizontal Reinforcement is not Required.

Avh
(%) min = 0.0025 *h = 0.0025 % 250 = 0.625 « Controlled.

— Avh : For 2 layers of Horizontal Reinforcement
Select @10 :
Avh =2 *79 = 158 mm?

Avh _ 625 S s 158 _ 505
—= 0. - = —_—= .
s "9 = 5625 mm

Smax= Lw/5 = 1800/5 = 360 mm « Controlled.
= 3h = 3*250 =750mm
= 450

~Select 10 @ 200 mm at each side .

4-10-2 Design of Vertical Reinforcement

h Avh
— Aw =[0.0025 +0.5 (2.5-—) (5—— — 0.0025)] * h * Sver
W _E 166> 2.50
w 1.8 '

2%79
250%200

— &Y 10,0025 +0.5 (0)( — 0.0025)] * 250

Sver

~ AW 0625

Sver

Smax = Lw/3 = 1800/3 = 600 mm
= 3h = 3*250 =750mm
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= 450 mm <« Controlled.
Select 10 :
Awv = 2 *79 = 158 mm?

AV 0625 S 158 osog
— = U. e d = = .
s 4= 5625 mm

~Select @10 @ 150 mm at each side .

4-9-3Design of Bending Moment

Moment diagram were obtained from ETABS [See Appendix — Page]
Max Mu =70 kKN.m
Part of Moment that resisted through Avv :

—
—

Muv =0.9 [ 0.5*Asv*fy*Lw (1-——)]

Where :
1800
- Asvy=2*79 *E =1137.6 mm?
VA 1 1
T Iw o 085+BLefc sLweh - o4 9:85+0.85+24+1800+250 = 0.054
sy ' 1137.6+420

» Muv = 0.9 [ 0.5*1137.6*420*1800 (1- “22)] = 376.5 kN.m

Muv = 376.5 kN.m > Mu =70 kN.m

So, Boundary Element is not required. #
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4-9 :Design of Isolated Footing (F3)

Loads that act on footing F3 are :

- PD=2005 kN, PL=475kN — Pu=1.2* 2005 + 1.6*475 = 3166 kN

The following parameters are used in design :
= V¥ concrete = 25 kN/m3

- ¥ soil = 18 KN/m?

- Gallow = 500 KN/m?

- clear cover =7.5cm

4-9-1:Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against bearing pressure .
— Assume h = 65cm
— Ob(allowynet =500 — 25*0.65 = 483.75 KN/m?
— 0 bu(allow. nety = 1.4* 483.75 = 677.25 kN/m?

— Opu= Pu/Areq < O bu(allow . net)

3166/32 =677.25 — a=2.16m — Select a=2.30m

3166
2.3%x2.3

=598.48 kN/m? <677.25 kN/m2..... (SAFE)

— Bearing Pressure cbu = Pu/ A=

4-9-2: Determination of footing depth (h)

To determine depth of footing both of one and two way shear must be designed.

4-9-3: Design of one way shear ‘
— d=h-—cover —@ =650—75— 16 =559 mm — 20%5
— Vu at distance d from the face of column : - i
Vu=FRB =ocbu x0.666 x b
=508.48 x 0.341 x 2.3 =469.4 kN

— @*Vc= 0.75*=*Fd *b*d LT | |

6 A o bu= 598.48 kN/m2

— = 0.75* = * /24 * 2300 * 559 =787.3 kN >Vu |
~h=65cm iscorrect vV FRB |

h - 65 cm
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LiLd

4-9-4: Design of Punching (two way shear)

d =559 mm —_— a=3.2m
b, =1009 x2 + 1059 x2 = 4136 mm
_ 279.5 .500 279.5
Bc=1
as = 40 (interior column) | ZZZ 3 2795
2009 4 1 450 | b=32m
Vu = 3166 — (598.48 *1.009*1.059) = 2526.5kN | © 1 e
~— 1059 —_
@xVc is the smallest of :
4 V! l \J
1. VC=(2+B—)X—XbOXd Puu = 3166
4C \/%2 942;27‘51'-5l ldzz =279.5
= (2+%) x*2* x 4136 x 559 ' f 3
1 12 | ] h=65cm
= 5663.3 kN s —f 7 *
| ] i O ) il
2. Vc=(°‘5”‘+2)><E X b, xd N
o 12
_ (40 x 559 V24 )
- ( a3 T 2) X -5 X 4136 X559 Figure (4-25): shear and punching
= 6990.5 kN
3. Vc=4x% X by, xd
=4 x Y2 4136 x 559= 37755 kN . <cont.
— @xVc=0.75x 3775.5 =2831 kN > Vu =2527 kN
-~ h=65cm is correct v/
4-9-5Design of Reinforcement 065
Mu = 598.48 *0.9%2.3*(0.9/2) = 557.5kN.m N\
S m=—2_ =29 _906 —
0.85*Fc 0.85%24 }
h=65cm

— Mn =557.5/0.9= 619.4kN.m | |

Mn/@® _ 619.4%10°

- kn = T = 2 =0.86 MPa AEARARRREAN

T Gbu =598.48 kN/m2
~ peieq [1-zEm,
FRB
= Low(g. [ 2086206y - g ogpg
20.6 420
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— Asreq=p*b*d = 0.0021 * 2300 * 559 = 2699.97 mm?
— As (min) = 0.0018*b*h = 0.0018*2300 * 650 = 2691 mm?
— Asreq > As (min)

. Select for both directions: 15@16 with As = 3015 mm? > Asreq ... (0k)

4-12-6: Design the Connection between Column & Footing

— Design of bearing pressure at section of column :
@ xPnb=0.65%0.85% fc'x Al >Pu
=0.65 x 0.85 x 24 x 500 x 450 = 2983.5 kN < Pu = 3166 kN
~ Dowels are required to transfer the load between column and footing

— Design of Dowels :
The dowels will carry the difference between (@ x Pn) and (Pu) .
- Fy.Asreq=AP

. 420 Asreq = (31660—625983.5)

- Asreq =668.5 mm?
- As min for dowels = 0.005 x A1 = 0.005 x 500 x 450 = 1125 mm?
- Asreq>Asmin
. Select 14620 which is just like the reinforcement of column.
— Check Compression lap splice between steel of column and dowels (Lsc) :
Lscreq =0.071 x fy x db =0.071 x 420 x 20 = 596.4 mm >300mm

= Select Lsc = 60 cm > Lsc req = 596.4cm

— Design of compression development length (Ldc) :
420

_ fy _ _
- Ldc=0.24 x N x db=0.24 x NeTd x 20=411.5mm .. < cont.

- Ldc =0.043 x fy x db =0.043 x 420 x 20 = 361.2 mm
~ Ldc req =411.5 mm

- Available Ldc =600 — 75— 16 — 16 =493 mm > Ldc req = 411.5mm .. ok

— Check tension development length using simplified method ( Ldt) :
Since we have a footing , it must satisfy two conditions to be considered under category A ,
otherwise it will considered as category B :

1- Clear lateral Spacing :2300_(2*Zi)_(15*16) =136.4 mm > 2db =32mm v’

2- Clear cover=75mm>1db =26 mm v
= Category A

Design of tension development length (Ldt):
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420  1Xx1

12 f t 12
- Ld,req=—x L x XL gh = Zx 22 x x 16 = 168 mm
20 fcr A 20 24

23007609 _ 75 = 775mm > Ld , req ... (oK)

-, available =

4-10 Design of Stairs :

The following figure shows a top view of the stairs :

4-10-1 Design of flight
The structural system of the flight is shown in figure and the following steps explain the design
procedure of the flight :

Determination of flight thickness :

Limitation of deflection: h > minimum h
h (min) = L/20 =580/28 = 19.8cm
-~ Select h = 20cm, but shear and deflection must be
checked
Angle (a): tan(a) =18.2/30 — a=31.2°
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Loads calculation :

Figure shows a section in the flight in which the layers carried by the flight appear.

No. Parts of Calculation

Flight
1 Tiles 23*0.03*1*((0.3+0.182)/0.3 ) = 1.1 KN/m
2 Mortar 22*0.03*1*((0.3+0.182)/0.3 ) = 1.06 KN/m
3 Stair 25*%0.5*%0.2*1 = 2.5KN/m
4 R.C 25*0.2*1 / c0s31.2° = 5.845 KN/m
5 Plaster 22*0.02*1 / c0s301.2° = 0.514 KN/m

Sum =11.1 KN/m

Landing dead load computation
c Parts of Landing Calculation

1 Tiles 23*0.03*1= 0.69KN/m
2 Mortar 22*0.03*1= 0.66KN/m
4 R.C 25*%0.20*1=5 KN/m

5 Plaster 22*0.02*1= 0.44KN/m

Sum = 6.8 KN/m

Live Load For Landing For 1m Strip =5*1 =5 KN/m
Factored L oads:

For flight Wu= 1.2 * 11.1+ 1.6*5 = 21.32 kN/m

For Landing Wu =1.2 *6.8 + 1.6*5 = 16.16 kN/m
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8.08kN/m 232 kN/m . 808 kN/m
L¥ ¥+ v % «w 1 1 l l l L Y ¥ ¥ v ¥

D gy = 233kN

— 1 L

_43.3kN &
e 1.40 " 3.0 »lat 1.40 —
5.80 >

v

-~

Design of Shear:- (Vu=41.9KN)
Assume bar diameter g 14 for main reinforcement
d =h- cover —dh/2 =200 — 20 — 14/2 = 173 mm

Ve=z Jfe « bw xd == V24 1000 * 173 = 141.25 kN
®* V¢ =0.75* 141.25 = 105.94Kn> Vu = 41.9 KN  No shear reinforcement are required

- Design of Bending Moment :

Fy 420
m = - =
0.85+Fc’  0.85+24

= 20.6

% 6
kN = Mu/@ _ 76.7x10°/09 — 2 85 MPa

bxd?2 1000%1732

_i } _Z*KN*m :L _ _2*2.85*20.6 —
- pEor( 1= = (1 /1 2220 = 0.0073

— Asreq=px*bxd= 0.0073 1000 * 173 = 1211 mm?

— As min = 0.0018 *1000*173 = 311.4 mm?
= Select @16/15 with As = 1340mm? > As min .... For Main Reinforcement
For secondary Reinforcement select @10 /20 with As=395 mm?2 = As min
— Check Spacing :

20cm > Smin=25+1.0=35cmor 2*(1.0)=2.0cm ... ok
20cm < Smax=3*25=75cm ... ok

— Check Strain:
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C=T
0.85*fc’*a*b = As*fy

0.85*24*a*1000 = 1340 *420

a=27.6mm — X=a/f=27.6/0.85=32.5mm
g, = 0.0())(3*d —0.003 = 2093*173 _ (3915

- & = 0.015>0.005 ....@=10.9 (OK)

-Design of landing

21.32 kN/m
8.08 kN/m / 8.08 kMN/m

I
EEEEEEERE 2
R= 1344 & a0 0.2 1.40 A p-1344
p 3.0

e
-

r

Loads on landing.

Mu = 13.44 x (3.0/2) — 8.08 x 1.2 x (1.2+0.2)/2 — 21.32 x0.2/2x0.2/4 = 13.266KNm <Mu = 76.7
kN/m
=~ Select @16/15 with As = 1340mm? > As min .... For Main Reinforcement

SOCALE 120
Sedionm (A-A)
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2 - Jordan Code
3 — Reinforced concrete I, IT ¢ DR. Nasser Abboshi’’
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