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Project Summary

In this project, we will make a structural design of a commercial center.

This commercial building consists of many floors has a total area of approximately
3800 m>.

The project is designed mainly on agglomeration, that gives a beauty from the
outside view and very good functional goals, too. In addition, the architectural design
of this building has some good positive properties in the inside of the building to
provide the best service for consumers and producers as well.

Jordanian Code will be used in calculations of Live and Seismic loads, and the
American Code (ACI318-14) will be used for structural analysis and design of several
sections. It must be noted that we will make use of some computer programs such as:
Autocad, Atir, Safe, Etabs, Staadpro, Sap2000, Robot and Revit.

The project will include a detailed structural study of the identification, and
analysis of the elements of construction, and different loads expected. Then the
structural design of the elements and the preparation of shop drawings based on the

prepared design for all the structural elements; that are structural frames of the



building. It is expected to be able to provide structural design of all structural
elements with permission design after the completion of the project to be able to

provide structural design of all structural elements with permission of Allah Almighty.

God grants success
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As =area of non-prestressed tension reinforcement.
e A = area of non-prestressed compression reinforcement.

e Ag = gross area of section.

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

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

e b =width of compression face of member.

e bw =web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C;=compression resultant of compression steel.

e DL =dead loads.

e d =distance from extreme compression fiber to centroid of tension reinforcement.
e Ec =modulus of elasticity of concrete.

e fc’=compression strength of concrete .
e fy =specified yield strength of non-prestressed reinforcement.

e h=overall thickness of member.

e 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.

e L=length of clear span in long direction of two- way construction, measured
center-to-center of supports in slabs without beams and center to center of beam
or other supports in other cases.

e LL =live loads.

e Lw = length of wall.

e M = bending moment.

e M, = factored moment at section.

e M, =nominal moment.



Pn = nominal axial load.

Pu = factored axial load

S = Spacing of shear or 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.
V, = factored shear force at section.

Wc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

¢ = strength reduction factor.
€. = compression strain of concrete
€5 = strain of tension steel.
és = strain of compression steel.

p = ratio of steel area .
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Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Load Factors.

4.3 Slabs thickness calculation

4.4 Loads calculations.

4.5 Design of Topping.

4.6 Design of Rib (1, F2).

4.7 Design of beam (B.8, F2).

4.8 Design of two way ribbed slab. (R4, F2)

4.9 Design of column (C-N1, G).

4.10 Design of basement wall (BW1).

4.11 Design of staircase.

4.12 Design of shear wall (W-E4).
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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 works 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 : One way ribbed slab and Two way ribbed slab.
They would be analyzed and designed by using finite element method of design, with aid of a
computer program called "ATIR- Software " to find the internal forces, deflections and moments
for ribbed slabs and by using the previous program and ETABS, SAFE, And programs to find
the internal forces, deflections and moments for both types of slabs, 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, load, shear, and torsion is taken as the nominal strength calculated in
accordance with the requirements and assumptions of ACI1318-14 code.

NOTE:

Concrete B30 (fc' = 30 MPa) for slabs, beams and basement walls.
Concrete B35 (fc' = 35 MPa) for columns, shear walls and mat footing.

fy = 420N /mm?(MPa)

4 .2 Load Factors:

The factored loads on which the structural analysis and design is based for our project members,
is determined as follows:

qu=12DL+16LL.
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4.3 Slabs thickness calculations:

Determination of Thickness for One Way Ribbed Slab:

According to ACI318-14, the minimum thickness of nonprestressed beams or one way slabs are
computed as follow:

hmin for one end continuous = L/18.5
=375/18.5=20.3cm
hmin for cantilever = L/8 =2.51/8=31.3cm

Select Slab thickness h= 32cm with block 24 cm & Topping 8 cm

4.4 Load calculations:

4.4.1 One way ribbed slab:

For the one-way ribbed slabs, the total dead load to be used in the analysis and design is

calculated as in the following table:

Table (4 — 1) Calculation of the total dead load for one way ribbed slab.

Parts of Rib Calculation
Rib 25 0.15*0.24*25 =0.9 KN/m
Top Slab 25 0.08*0.55*25 =1.1 KN/m.
Plaster 22 0.02*0.55*22 =0.242 KN/m.
Block 9 0.4*0.24*9  =0.864 KN/m
Sand Fill 17 0.07*0.55*17 =0.6545 KN/m
Tiles 23 0.03*0.55*23 =0.3795 KN/m
Mortar 22 0.02*0.55*22 =0.242 KN/m.
partition - 1*0.55 =0.55 KN/m

Nominal Total Dead load = 5.1 KN/m of rib (service load)
Nominal Total live load =4x0.55= 2.2 KN/m of rib
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4.5 Design of Topping:

The calculation of the total dead load for the topping is shown below:

Tiles 0.03 * 23=0.69 KN/m?
Mortar 0.02 * 22=0.44 KN/m?
Sand 0.07 *17=1.19 KN/m?
Slab 0.08*25=2  KN/m?

Partitions 1.00*1=1 KN/m?2.

Dead Load = 5.32 KN/m?.
Live Load = 4 KN/m?.
W,=1.2DL+16LL
=1.2*532+1.6*4=128 KN/m% (Total Factored Load)

Wyl 12.8%0.42
uT g 12
=0.171 KN.m
M, = f, xS

2 £0.082
= 042 [f, *22- = 04230 » =%+ 10° = 245 KN.m

$M,, = 0.55 * 2.45 = 1.35 KN.m
$M, = 1.35 KN.m > M,, = 0.171 KN.m

=~ No structural reinforcement is needed

Shrinkage and temperature reinforcement must be provided.
For the shrinkage and temperature reinforcement :-

p =0.0018

A; = p*b*h=0.0018 * 1000 * 80 = 144 mm?.
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#0f@8="2rea =1 _ 5 8, Spacing(S) = — = 0.347m = 347 mm,
Apar 50 2.88

280 280

<380 () -25%Ce < 380 (=)

=380 * (222) - 2.5%20<380 * (22)
3y 3y
_ % 280 * « 280
380 (2*420) 2.5%20<380 (5*420)
=330 mm. <380mm.
<3*h=3*80=240 mm........... controlled.

<450 mm.

=~ Use @8 @ 20 Cm C/C in both directions.
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4.6  Design of Rib (1,F2):

Material :-

Concrete B30 Fc' = 30 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-
b =15cm bg =55 cm
h =32 cm Ty =8 cm
1 3
1 2
L A A
05 3.1 9.51 |
! | ! 3.75 9.91 :
| s '
B
32.
15.
A-A

Calculating loads from the two way slab:

Figure (4-1): Rib geometry.

Table (4 — 2) Calculation of the total dead load for two way rib slab.

Parts of rib Calculations

Tiles 23 0.03*0.55*0.55*23 = 0.2088 KN

Mortar 22 0.02*0.55*0.55*22 =0.1331KN
Coarse Sand fill 17 0.07*0.55*0.55*17 = 0.3600 KN

Topping 25 0.08*0.55*0.55*25 =0.605 KN

Concrete Rib 25 0.24*0.12*(0.55+0.4)*25 = 0.684 KN
Block 9 0.24*0.4*0.4*9 = 0.3456 KN
Plaster 29 0.02%0.55*0.55*22 = 0.1331 KN
partition - 1*0.55*0.55 = 0.3025 KN
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We are interested in calculating the load in long direction (W), according to slab analysis by the

coefficient method table 4:

m = (I/lp) where |, and I, represent the short and long clear spans respectively = 6.1/8.9=0.69

take the value of 0.65 with the corresponding of case 8, W,=0.26

and from corresponding of 0.70 with case 8, Wp=0.32

from interpolation, W,=0.31
then

Wya=Whp * qg * berr = 0.31 * 9.16 * 0.55 = 1.6 KN/m
Wu=Wp * g1 * bers = 0.31 * 4 * 0.55 = 0.68 KN/m

5.10
P DT 0] el | 1 T 1]
3.75 9.91
Live load - Service Load factors: 1.20,1.20/1.60,0.00
2.20
W Nl T T ") i T K T 'l i 7 "4 i
3.75 831
Figure (4-2) : loading of rib (1,F2)
Moments (Factored): spans 1 to 2
-24.2
-20.5
-12.3 154
| 1.612.15 | |
T T 1 : 2.2
—t L I
' . 0.89/1.76 .
31 ! ! 2.07
9.8 121
|15 2.25 | 495 495 |

Figure (4-3) : Moment Envelope of rib (1,F2)
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Shear (Factored)

-23.5
-17.

13.3 141

13.8 13.2 1.4

Figure (4-4) : Shear Envelope of rib (1,F2)

4.6.1 Design for flexure:-
4.6.1.1 Design for negative moment of rib (RIB 1,F2):
Maximum negative moment Mu® =15.4 KN.m.

Assume bar diameter @ 14 for main negative reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=320—20—1O—12—4=283 mm.

M,=Mu/$=154/0.9=17.1 KN.m

1, 420
=2 _=-— =165
0.85f, 0.85%30

_ M, _ 17.1%1073
bxd?  0.15+% (0.283)2

=11 - [1=Z2Knm
p=—(1 /1 . )
= (1 — 1o aries > =0.0035
16.5 420

K, =1.42 MPa
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As = p x bg x d = 0.0035 x 150 x 283 = 149 mm-.

e 1.4
xd > Zsby,*d ............ (ACI-10.5.1)

=30 1504283 > 14 4150 » 283

T 4x420

=1384mm?<141.5mm’............. Larger value is control.

—Asmin = 141.5 mm? < Asyeq = 149 mm?,

~ As = 149 mm>.
2 @12 =226 mm* > Asreq = 149 mm*. OK.
~Use2@12

— Check for strain: - (¢, = 0.005)
Tension = Compression
As*fy=085*f *b*a
226 *420=0.85*30* 150 * a

a=24.8 mm.

£/ =30 MPa > 28 MPa— f3, = 0.85 - 005*(” L) =0.85-0.05* (=) = 0.836

24.8
X =—==2=29.7mm
B1 0.836

£ = =% 0.003

28292797 *0.003 = 0.0256 > 0.005 , - ¢ =0.9 OK

*Note: Second span will be designed as two way ribbed slab using CSI Safe 2014 Software

4.6.1.2 Design of positive moment of rib (RIB 1,F2):

For positive moment Mu ) =10.0 KN.m

Assume bar diameter @ 14 for main positive reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

:320—20—10—12—4:283mm.
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Controlled.

bE < Distance center to center between ribs = 550 mm

< Span/4 = 3100/4 = 775 mm.
< (16* ty) + by, = (16* 80) +120 =1400 mm.

—bE =550 mm.

— My, = 0.85fc'*bE*tf*(d—%f)
_ 0.08 s
=0.85 * 30 * 0.55 x 0.08 * (0.283 — T) *10° = 272.6 KN.m

dMps = 0.9 * 272.6 = 245.3 KN.m
—$Mps =245.3 KN.m >> M, = 10.0 KN.m.
=~ Design as rectangular section with b = bE = 550 mm

M, =Mu/ ¢ =10.0/0.9 = 11.1 KN.m
m=-—2r_ =0 _165
0.85f, 0.85%30

M, _ 111%1073
Kn = bExd2  0.55% (0.283)2 0.25 MPa

1 2xKp*
p=—01- /1—Tm)

=1 (1— 1 — 20254163 >=0.00060.
16.5 420

—As = p * bg *d = 0.00060 * 550 *283 = 93.4 mm?2.

\/E 1.4
d > 2sb,xd ... (ACI-10.5.1)

ASpin = rfy) * by, *
30 1504283 > =%« 150 + 283
4x420 420

=1384mm?<141.5mm*............. Larger value is control.

—ASmin = 141.5 mm?® > Asreq = 93.4 mm?.

o ASreq = 141.5 mm®,
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2 @10 =157 mm® > As;eq = 141.5 mm?. OK.
~Use2@10

— Check for strain: - (e, = 0.005)
Tension = Compression
As*fy=085*f/*be*a
157*420=0.85*30*550 * a
a=4.7mm.

fc'-28 30-28

f¢ =30 MPa > 28 MPa— f; =0.85-0.05 *( T) =0.85-0.05* (T) =0.836

a 4.7

x=—=——=56mm.
B1 0836

£ = —*0.003
283-5.6

= ﬁ *0.003=0.148>0.005 - ¢ =0.9 0K

4.6.2 Design of shear of rib (RIB 1,F2):

1) Vu =17 KN. (at distance d=283 mm from the face of support)

fe

q;vc:cp*g*bw*d

V30
6

1.1 V. =1.1*29.1 =32 KN.

=0.75* 0.15 * 0.283 *10° = 29.1 KN.

—Check for cases:-

1- Casel: V< %.
17 < 5= 16.......Not satisfied

2-Case2: LE<v,< 9V,
16 <17<32......... Satisfied

~ Case (2) is satisfied — minimum shear reinforcement is required.
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fé
(% Jmin = £ * by = — * g *0.15= 1.22*10™

16 fyt 16

Pw =24 2% = 19%10*

- fyt 3 420

1
= %
3

Try @8 (2 Legs):

2*50;& =1.22*10" —S=0.82m
Smax < %: % = 141.5 mm.
<600 mm.

~Use@8 @ 15Cm
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4.7 Design of Beam (B8, F2):

Material :-

Concrete B350 Fc' = 28 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section :-

B =60cm, h=60cm

The load acts on the beam from two way ribbed slab as shown below:

g NES \F
B4,F5 W-13,F5
N
-
0.60 Slab 1
::é:iz B3,
o
M
Slab 2
C-N1,Fa B ! ’F 5
M

Figure (4-5) : hatched areas represent the load on beam from slab
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The tributary load area on the beam from ribbed slab is shown above (shaded area). In addition
to factored load acting on the beam from the ribbed slab, the own weight of the beam must be
added and the load of the RC wall (30 cm thick, 3.15 height).

Load calculation for the beam:

Service DL from the slabl = 2.75 x 9.16 = 25.2 KN/m
Service DL from the slab2 =2.78 x 9.16 = 25.5 KN/m
Weight of the beam = 0.6 X 0.6 x 25 = 9.0 KN/m

The width of the beam for the floor materials and live load on the beam will be smaller because
of the thickness of the exterior wall (0.60 - 0.30 =0.3m)

Table (4 — 3) Calculation of the total dead load for beam 8, F2.

Dead load from: KN/m
Tiles 0.03 x 23 x 0.3=0.207
Morter 0.02 x 22 x 0.3= 0.132
Sand fill 0.07 x 17 x 0.3= 0.357
Plaster 0.02 x 22 x (0.3+0.13) = 0.19
Partitions 1x03=03

Weight of floor materials acting directly on the beam = 1.2 KN/m
Weight of RC wall = 0.3 x 3.15x 25 + 0.02 x 3.15 x 22 = 25 KN/m

Service LL from the slabl =2.75 x4 =11 KN/m
Service LL from the slabh2 =2.78 x 4 = 11.2 KN/m
Service LL over the beam =4 x0.3=1.2 KN/m

1 2 3
E A | i A
5 - A
0.25 6.43 0.25 512
6.68 ) 5.25
60. | ‘
60,
A8

Figure (4-6) : Beam Geometry
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Dead load - Service

Units:kN,meter

255 25.2
25.0 25.0
FY 1
334 °'?§ 3.34 2.62 “'?g 2.62
I I
Live load - Service Load factors: 1.20,1.20/1.60,0.00
vV b v 11
334 1.20 334 2.62 1.20 2.62
I I
Figure (4-7) : Load on Beam
Moments: spans _1to 2
-312.4
-279.5 -286.
-112.5
1.39,2.16
| | |
I | 1
L .b I _-0.04
1.291.7
21. ' | FHsa
271.3
2,67 . 4.01 2.8 . 2.36 |
I I I I 1
Figure (4-8) : Moment Envelope for Beam
~Shear
2426 2001
12461423
i tr |
150.7
174.2 .
2141 190.3

Figure (4-9) : Shear Envelope for Beam
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4.7.1 Design for flexure:-

4.7.1.1 Design of maximum negative moment:-
— MU = 286 KN.m,
Assume bar diameter @ 25 for main negative reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

:600—40—10—22—5:537.5 mm

Xmax = % *d = % * 537.5 = 230.4 mm.
£/ =30 MPa > 28 MPa — f31 = 0.836
Amax = B1* Xmax = 0.836 * 230.4 = 192.6 mm.

Mpmax=0.85* f/ *b*a*(d->)

0.1926

=0.85*30*0.6 *0.1926 * ( 0.5375 - ) *10° = 1300 KN.m .

€s= 0.004
® =0.65 + 250 *(0.004-0.002) = 0.816
3

—OMnpax = 0.82 * 1300 = 1066 KN.m .
—OMnpax = 1066 KN.m > Mu =286 KN.m .

=~ Design as Singly reinforced concrete section

M, = Mu /¢ =286 /0.9 = 318 KN.m.

1, 420
=—2_= =16.5
0.85f, 0.85%30

_ M, _ 318%1073
bxd?  0.6x (0.5375)2

1 2xKp *
prn(l- [1-2Em)

-1 <1_ 1 — 2x184+165 >=0.0046

K, = 1.84 MPa.

" 165 420

—As=p * by *d = 0.0046 * 600 * 537.5 = 1484 mm?,
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f
ASpin = *F*bw*d > 2up, +d

............ ACI-10.5.1
4 (fy) fy (ACI-10.5.1)
= Y50 L 600+537.5 = =X« 600 «537.5
4%420 420
=1051 mm?< 1075 mm?............. Larger value is control.

— Asmin = 1075 mm? < Asyeq = 1484 mm?,

~ As = 1484 mm?>.

1484

#0f @ 22 = 2orea — = 3.9 — # of bars = 4 bars,

Apar 38

~Use 4@ 22

— As =4 *380 = 1520 mm? > Asyeq = 1484 mm?.
— Check for strain:- (g, = 0.005)

Tension = Compression

As*fy =085* f/ *b*a

1520 * 420 =0.85* 30 * 600 * a

a=41.7 mm.

£/ =30 MPa > 28 MPa—f3; = 0.836

41.7
2 =222 =50 mm.

X =—=
B1 0.836

d—x
£, = —=*0.003
X
_537.5-50

*0.003=0.029 > 0.005 - ¢ =0.9 OK.
~Use4 @22

4.7.1.2 Design of maximum positive moment:-

For positive moment Mu® =271.3 KN.m.

Assume bar diameter @ 25 for main negative reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

:600—40—10—22—5:537.5 mm
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—OMnpax = 1066 KN.m > Mu =271.3 KN.m .

=~ Design as Singly reinforced concrete section.

Mn =Mu/$ =271.3/0.9 =301.6 KN.m .

fy __420 _ 455

m= - = =
0.85f, 0.85%30

_ M, _ 301.6x1073 _
Kn = bxd2  0.60% (0.5375)2 1.74 MpPa.

1 2%Kp*
p=2a- [1- )

:L(l_ 1 — 2rL74+165 >:0_oo43.

420

—As = p * by *d = 0.0043 * 600 * 537.5 = 1387 mmZ.

!
fC 1.4

ASpin = 20y xb, *xd = E xb, *d ... (ACI-10.5.1)
=20 L 600+537.5 > 14600 «537.5
4%420 420
=1051 mm?< 1075 mm?............. Larger value is control.

—Asmin = 1075 mm?® < Asreq = 1387 mm®,

~ As = 1387 mm>.

#0f @22 =25rea ~ 1387 _ 32 4 of bars = 4 bars.
Apar 380

~Used @22

— As=4*380 = 1520 mm? > Aseq = 1387 mm? .

— Check for strain:- (g, = 0.005)
Tension = Compression

As*fy =085* f/*b*a

1520 * 420 =0.85* 30 * 600 * a
a=41.7 mm.
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£/ =30 MPa > 28 MPa — B, = 0.836

x = % = :;_'376 =50 mm.
£ = =% 0.003

= 22220 %0.003 = 0.029 > 0.005 - ¢ =0.9 OK.
~Use 4 @22

4.7.1.3 For negative moment M, = 113 kN.m:-
Assume bar diameter @ 25 for main negative reinforcement.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

:600—40—10—22—5:537.5 mm

—OMnpax = 1066 KN.m > Mu =113 KN.m .

=~ Design as Singly reinforced concrete section.

M, =Mu /¢ =113/0.9 = 126 KN.m .

f; 420
= =16.5
0.85f, 0.85%30

M, _ 126%1073
bxd?  0.60+* (0.5375)2

1 2xKp*
p=—01- /1—Tm)

—L<1— 1 — 20734163 ):0.00176

" 165 420

K, =0.73 MPa.

—As=p *by*d=0.00176 * 600 * 537.5 = 568 mm?°.
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fe
ASpin = *F*bw*d > Zxb, xd

............ ACI-10.5.1
4 (fy) fy (ACI-10.5.1)
= Y50 L 600+537.5 = =X« 600 «537.5
4%420 420
=1051 mm?< 1075 mm?............. Larger value is control.

— Asmin = 1075 mm? > Asyeq = 568 mm?,

~ As = 1075 mm?.
#0f@16="rea = 1075 _ 54, 4 ofbars =6 bars.
Apar 201

~ Use 6 @ 16
— As =6 *201 = 1026 mm?> Aseq = 568 mm-.

— Check for strain:- (g, = 0.005)
Tension = Compression

As*fy =085*f/ *b*a

1026 * 420 =0.85* 30 * 600 * a

a=28.2 mm.

£/ =30 MPa > 28 MPa—f3; = 0.836

a _ 282

——=33.7 mm.

X =—=
B1 0.836

£ = =% 0.003

_ 537.5-33.7
33.7

~Useb6@ 16

*0.003 =0.0448 > 0.005 - ¢ =0.9 OK.

as for Mu®™ = 68 kN.m use 4@12
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4.7.2 Design of shear:-

1) Max Vu =243 KN .
fe
Q)VCZQJ*Q*bW*d
V30
6

=0.75* 0.600 * 0.3875 * 10° = 159.2 KN.

— Check For dimensions:-
dVe + ( %*c])*\/? * by *d) =159.2 + ( 2*0.75*\/% *0.60 *0.3875* 10°)
= 159.2 + 636.7 = 796 KN > VVu = 243 KN.

=~ Dimension is big enough.

— Check For Cases:-

1- Casel: V, < q’ZVC.

159.2

243 <

=79.6 .......Not satisfy.

2-Case2: <V, < Ve
79.6< 243< 159.2....... Not satisfy.

3-Case3: o V. < Vy < ¢ Ve+ PVSmin

0.75
16

O Vsmin > = \[f7 *by*d =22 V30 * 0.60 *0.3875 * 10° = 59.7 KN.....Control.
> Lxp, *d= 22*0.60 *0.3875 * 10* = 58.1 KN

oo (1)VS min = 597 KN

Ve + PVS min = 141 + 53 = 194 KN.
ClDVc < Vu < (1)Vc + (l)VS min
159.2< 243< 219 .......... Not satisfy.

4-Cased: ¢Vo+ GVSmin < Vy < GVo+ (3 *Jf *by*d)
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159.2 +59.7 < 243 <159.2 + ("'3}_75 *\/30 *0.60 * 0.3875 *10%)
219 < 243< 478 ............. Satisfy.

Minimum shear reinforcement is required.

Vs,min =59.7 KN

Try @ 10 (4 Legs) =4 * 78.5 = 314 mm? .

4%78.5%10~° 59.7 * 1073
= s=033 m......... control
S (420 %0.3875)

<

d _387.5
Smax = E

=—==194 mm.
2

< 600 mm.

~ Use @10 @ 10 Cm 4 Legs for 1.5 m from the face of supports from both sides.
Use @ 10 @ 15 Cm 4 Legs between.
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4.8 Design of two way ribbed slab:-

4.8.1 Location of slab:

B?,F4 (B0/60)

B6,F4 (60/32)

% 4 BBF4 (60/32)

BO,F4 (80/32) F

B11,F4 {80/60)

[ N
ooogd

oot

]DDDED
)
jDDDDD

e g R e =

BI5.F4 (100,60}

B4,F4 (80/60)

BaFd (60,60}

LI T I T T T T T T T T T

8 e i i o |
o

[]
[

B3,F4 (80/60)

) O O O
I [ [
N00000000DAa00
D000 0es eI 000
et | [ [ ]
Doo00ogx»hno00g

I

0g uoggg
0] oooood
AU OO

P4 (50/32)

L

B8,F4 (60,/60)

B11,F4 (80/60)

L]
T C [1h=82 Lemd]
LI

C-N1F4

B2.F4 (B0/60)

W—0*13*%F4

Tiles 3 cm

Mortar 2 cm

Coarse Sand fill 7cm

R concrete Topping 8 cm
Concrete block 24 cm

R Concrete rib 24 cm
Plaster 2 cm

Typical section in ribbed slab

Rib 15 cm

Figure (4-10): slab Location & typical section in ribbed slab
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4.8.2 system of slab:

4.8.3 Calculation of minimum thickness: mﬁ\—/\—//; \
) ’ 2 B5,F4 (80x60) 2 i \
Assume thickness = 32 cm = R
~H
g <
Bh3 80x603 = Z
o b3 = lps=—— = ———=1440000 cm’ " ﬁ
P ==
80x40% = b =
o b= ——— = 426667 cm’ z 2
100x553 6.80 1038 8.3 1.0
o Iy =———=1386458 cm’ \ \
Slab moment of inertia calculation: \ ] B3.F4 (80x60) Z \
\ 2 ‘_J
40x8x4 + 15x32x16 e > L
Yo = ——— TP 112 ¢cm s
40x8+15x32
55x11.2%  40x3.23 = 15x20.83 Figure (4-11): system of slab
lip = o2 - 222 DY — 70315 cm® gure (4-11): sy
3 3 3
v For B3: 20
L1 630 550
Ipip"G+5+b) 70315 (=—+>2—+80) o
lgg = —22—= 22 - 856565 cm® 2
beff 55 | .
v For B5: “ o
1.1 610 550 < w0 e
Ipip'(G+5+b) 70315 (—+>——+80) = a
g =T 22— = 22 = 843780 cm’ i
beff 55
‘/ For Bl4 20.0 15.0 20.0
In-b-(é+%+b) 70315 (2+22+80) . - ' o
ls14 = = =1067510 cm
beff 55 Figure (4-12): Rib centroid
v" For B15:
L1 250 830
Irip"G+=+b) 70315 (Z==4—4+100)
ls15 = —22—= 22 = 818211 cm*
beff 55
I
af :_b
IS
1 1440000 I 1440000
O = 2 = = 1.68 , Op =2 = =171
Is3 856565 I;s 843780
_Ib1a _ 426667 _ _Ip1s _ 1386458 _
O3 = Ig14 1067510 04 ’ M= s 818211 1.69
Yof  1.68+1.71+0.4+1.69 Lnlong _ 83
— = = < = - — =
O = 2 " 1.37<20, B Imshort — 55 1.51
fy 420
1,(0.84+—— 8300(0.8+——
i = 08 5ap) ©O8*5400_ = 903.6 mm > 125 mm OK.

= 36+5B(afm—0.2) ~ 36+5x1.51(1.37—0.2)

h =32 cm > hyi, = 20.36 cm (8 cm topping + 24 cm block)
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4.8.4 Load calculations:

Table (4 — 4) Calculation of the total dead load for two way rib slab.

Parts of rib Calculations

Tiles 23 0.03*0.55*0.55*23 = 0.2088 KN

Mortar 22 0.02*0.55*0.55*22 =0.1331KN
Coarse Sand fill 17 0.07*0.55*0.55*17 =0.3600 KN

Topping 25 0.08*0.55*0.55*25 =0.605 KN

Concrete Rib 25 0.24*0.12*(0.55+0.4)*25 = 0.684 KN
Block 9 0.24*0.4*0.4*9 = 0.3456 KN
Plaster 59 0.02*0.55*0.55*22 = 0.1331 KN
partition - 1*0.55*0.55 = 0.3025 KN

Nominal Total Dead Load = 2.77 KN
DL = 2.77/(0.55*0.55) = 9.16 kN/m?
WuD =1.2x9.16 = 11 kN/m?
WuL = 1.6 x 4 = 6.4 kN/m?
Wu =11 + 6.4 = 17.4 KN/m?

4.8.5 Moment calculations:
Ma.rib = CaWy la”betr and My = Cp rib Wy In” betr
L./l,=5.5/8.3 =0.65, Case 2
Cayneg = 0077 y Cb,neg = 0014
Ca,dJ’ =0.032, Ca,|_+ =0.053
Cb,d+ =0.006 , Cb,LJ' =0.010

M, =0.077 X 17.4 X 5.5? x 0.55 = 22.3 kN.m
My =0.014 x 17.4 x 8.3 x 0.55 = 9.3 kN.m

Figure (4-13): slab moments

" =(0.032 x 11 x 5.5% x 0.55) + (0.053 X 6.4 X 5.52 X 0.55) = 11.5 kN.m
M, = (0.006 x 11 x 8.3% x 0.55) + (0.010 x 6.4 x 8.3% x 0.55) = 4.9 kN.m

4.8.6 slab reinforcement:

e Assume 2014 top bars (-ve moment):

d=320-20-8-12—4=285mm
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A oo14) = 2x153.9 = 307.8 MM’ > A in = o * 150 * 285 = 142.5 mm’

Agf 307.9x420 a 33.81
=— = =338l mm ,x=—==—"2-=40.5mm
0.85.f7c.by,  0.85x30x150 B1 0.836

33.81

Mo = Ad, (d - 5) = 307.9x420 (285 - =2) x10°® = 34.7 kN.m

My = oMy = 0.9 X 34.7 = 31.23 KN.m > My max = 24 KN.m

Check strain:

285 —40.5

€ = ———)=0.018>0.005, ¢$=0.9-0K

~ Use 2014

e Assume 2010 bottom bars (+ve moment):

d:320-2o-8-2=287mm
As p10) = 2X78.5 = 157 mm? > Aqin = % + 150 * 287 = 143.5 mm?
Asfy  _  157x420 4.7

= = =47mm ,X=— 2 -2l =56mm
0.85.f7c.by,  0.85x30x550 B1 0.836

= Ad, (d-%) = 157x420 (287 - ) x10° = 18.8 kN.m

=oMp=0.9x18.8=16.9> M,  max = 11.5 KN.m

Check strain:

287 —

5%y =0.15 > 0.005, ¢ = 0.9 - OK

~ Use 2010

@8 @20 cm

2214 /]
|

Figure (4-14): Reinforcement of rib
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4.8.7 Design of shear:
Maximum shear coefficient will be in the short direction for the slab with boundary conditions as
in case 2, Wa=0.85

= The total load on the panel (5.5x8.3x17.4 = 794.3 kN)

= The total load per rib at face of the long beam is (0.85x794.3x0.55/(2x8.3) = 22.37 kN)
The shear critical section is at distance d from the beam face:

Vud = Vuface — Wubett d = 22.37 — 17.4x0.55x0.285 = 19.65 kN

The shear strength of one rib in the slab is:

#Ve =075 x 1.1z Vfc'b,d = 0.75 X 1.1= V30 x 150 x 285 x 1073 = 32.2 kN

~¢Ve=22=16.1kN < Vyg = 19.65 < $//; = 32.2 kN

2

No need for shear reinforcement (exception for joist construction)
Provide minimum shear reinforcement

Use 238 for stirrups Ayags = 2 x 50 = 100 mm?

Aomin - Dw - 130 _ 4y 2202012 5 =833 mm
N 3fy 3x420 s
Sx <> and < 600 mm,  Sma= == = 1425 mm < 600 mm

Use @8 @ 20 cm c/c 2 legs.
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4.9 Design of column (C-N1, G):-

Dead load (service) 1710 kN
Live load (service) 320 kN
Length 345m
k 0.82 (Braced)
b 60 cm
h 40 cm
fy 420 MPa
Fc' 35 MPa
Type of load Concentrically loaded

4.9.1 Factored loads:

Pu=12D+16L =1.2x1710 + 1.6x320 = 2564 kN

345

system about x

4.9.2 Bresler equation:

1 1 1 1

Pn Pnx Pny Po

4.9.3 Slenderness parameter:

About x: £x = XX _
0.3h

0.82x3.45

0.3x0.4

345
N )
S

system about y

(minimum eccentricity + magnified moment)

KxL _ 0.82x3.45

Abouty: Ay = oo

0.3x0.6

66

=23.6 >34 - 12 (M1/My) = 34 — 12x1 =22 — (Long about x).

=15.7 <34 - 12 (M1/My) = 34 — 12x1 = 22 — (short about y).
(no minimum eccentricity, no magnified moment)

M;: lower moment =0
M,: greater moment =0



1 1 1 1 1
PiX=P, » —= #4+——#4 —» —= —
Pn 0 Pny 0 Pn Pny

4.9.4 Calculations of design moment (buckling about x — Pny - ey):

emin = 15 + 0.03xh = 15 + 0.03x400 = 27 mm

e= % — Myx = PU X €in = 2564 x 0.027 = 70 kN.m

4.9.5 calculations of magnification factor 6,:

_ cm
SHS - Pu
0.75Pcr

cm:0.6+O.4%:O.6+0.4x1:120.4

_ w2 Eil

Per = (k Lu)?
0.4 x 4750 V35 x S22 400° 5
Eixly= T3 %1710 12 =20.0 MN/m
2 1+ 2564

w2201 _
P = RETYCE 16.6 MN
Ons = —=e— = 1.26 > 1.0

T 0.75x 166

<14
Magnified moment = 8ps X My x = 1.26 X 70 = 88.2 KN.m
Assume pg = 3% =0.03

4.9.6 interaction diagrams:

=22 =2222-0034m
Pu 2564
2=2220.085
h 40

_ 400-2x40—2x10-28
400

=0.68

Y
h

ForY = 0.60 — 22™ =31 ksi
h Ag

ForL = 0.75 — 22 =32 ksi
h Ag

P . 1000 0.4x0.6
— Y _315Ksi — Ppy=3.15x 22 , 24206
Ag 145 0.65

=8.02 MN
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Figure (4-15): Interaction Diagrams
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o1 L 11 ., Pn=8.02 MN = 8020 kN

Pn Pny Pn 8.02
@Pn = 0.65 x 8020 = 5213 kN > Pu = 2564 kN (safe)
Asreq = 0.03 x 60 x 40 = 72 cm?

Select 122328 with As = 12 X 6.15 = 73.8 cm* > Aqeq= 72 cm’

A 1020
L=]92
i2 B2
SNk
12
o
=1 a2 as
. ] |
12028 %

60

B 10620
L=152

12 (i

92

Figure (4-16): Column reinforcement section
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4.10 Design of basement wall (BW1) :-

Fc'=35 MPa, Fy = 420 MPa

4.10.1 Location of basement wall:
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Figure (4-17): Basement wall location
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4.10.2 Earth (static) pressure:

eo=koysh k

ko=1-sin@=1—sin(30)=05 }
o= 0.5 x 18 x 3.04 = 27.4 kN/m?

part of live load: = k, L = 0.5 x 5 = 2.5 kN/m?

4.10.3 System of basement wall:

Earth preg{svuf-e-_:[-]_l'" I
L J/Lwe oad L i L |

3.04 . o
Figure (4-18): Section in basement wall

(using beamD software to analyze as simple beam we get maximum moment and shear values)

Maximum moment value:

| 1.37 19. 1.67 |

Maximum shear value:

-168___177

24.7
31.6

Mu=1.6x19=31kN.m

Vu=16x316=51kN
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4.10.4 Design of shear:
For 1 m length, Assume bar diameter @14 for reinforcement.

d =300-20-14 =266 mm

f

OVec=@ *~—*p,*d

E

=0.75*

=2 *1.0*0.266 * 10° = 182 KN > Vi moc = 51 kN

4.10.5 Design of bending moment:
e Vertical reinforcement of tension face (left side of wall):

Design as rectangular section with b = 1000 mm , d = 266 mm , Mu = 31 kN.m

1, 420
=—2_= =14.1
0.85f, 0.85%35

_ M, _ (31/0.9)x1073
KTL - 2 2
bxd 1.00 * (0.266)

1 2%Kp*
p=—(1- /1—Tm)

_ L (1 _ 1— 2%0.5%14.1 ) = 0.0012.

=0.5 MPa.

420

— As= p * by, *d = 0.0012 * 100 * 26.6 = 320 mm?/m.
As min =0.0012 x b x h =0.0012 x 100 x 30 = 360 mm?/m > As,req = 320 mm?/m
Select 4@12/m with As = 4 x 113 = 452 mm? > As,req = 360 mm?/m

e Vertical reinforcement of compression face (right side of wall):

As,req = As,min = 0.0012 x 100 x 30 = 360 mm%m
Select 4@12/m with As = 4 x 113 = 452 mm? > As,req = 360 mm?/m

e Horizontal reinforcement:
As,req for each face = As,min = 0.001 x 100 x 30 = 300 mm*m
Select 5@10/m with As = 5 x 78 = 390 mm? > As,req = 300 mm?/m
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4.11 Design of staircase.

4.11.1.1 Minimum slab thickness for deflection is (for a simply supported one-way solid
slab)
hmin =L/20=3.7/20=0.185=18.5cm

4.11.1.2 Loads:
Flight Dead Load computation:

0 = tan~! (%): tan~! (153) =32.5°

240

Table (4-5): Flight dead load calculations

. Quality
Material density kN I Load kN/m
Tiles 23 23 % (.17+.35/.3) .03 « 1 =1.196
Mortar 22 22*(.17+.3/.3) x0.02 + 1 = 0.68
Stair steps 25 25/.3*(.17*.3/2)*1=2.125
Reinforced 250241 _
concrete solid 25 o325 0
slab
22%.03%1
Plaster 22 c0s325 0.78
Total dead load kN/m 10.781

Landing Dead Load computation:
Table (4-6): Landing dead load calculations

. Quality

M density kN/m? Load kN/m
Tiles 23 23 x.03+1=0.69

Mortar 22 22*0.02 «1 = 0.44

Reinforced
concrete solid 25 25*%0.25*1 = 6.25

slab

Plaster 22 22*0.03*1 =0.66
Total dead load kN/m 8.04
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Live Load: LL = 4 kN/m?

Total factored Load: W=12D+16L
For flight W=1.2*10.04 + 1.6 * 4 = 18.44 kN/m
For landingW =1.2*8.04 + 1.6 * 4 = 16 kN/m

4.11.2 Design of slab S1:
Slab S1 is supported at the centerline of slabs S2 and S3.

18.44 KN/m

4 4 A y

P Ry =2212kN

R, =22.12KN T<— 0.65 M >fe——— 24M ————ple— 0.65M

The reaction at each end
R=WL/2=18.44*24]2=2212 kN

Check for shear strength:
Assume bar diameter @14 for main reinforcement.

db 14
d=h—20—7=200—20—7=173mm

Take the maximum shear as the support reaction Vu = 22.12 kN

1 1
Vc=g*,/fc*bw*d=g*\/30*1000*173*10‘3 = 158 kN for 1m strip

@ = 0.75 for shear.

@*Vc=0.75+158 = 118.5 kN for 1m strip

1 118.5
Vu,max = 22.12 kN < E(Z)Vc = — = 59.25 kN

The thickness of the slab is adequate enough.
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Calculate the maximum bending moment and steel reinforcement:
Mu = 22.12 = (0.65 + 1.2) — 18.44 « 122/2 = 27.8 kN.m
Assume bar diameter @14 for main reinforcement. d=173.

f 420
2= =16.5
0.85f, 0.85%30

m =

_ My _ (27.8/0.9)%10° _
Kn = bxd2  1.00% (0.173)2 1 MPa.

1 2%Kp*
p=2a- [1- )

= L(1 - J1- 2””“) = 0.0024.

165 420

—As=p *b*d=0.0024 * 100 * 17.3 = 4.152 cm®.
Asmin = 0.0018 x b x h = 0.0018 x 100 x 20 = 3.6 cm? < As,req = 4.152cm’.
Select 3@14/m with As = 3 x 1.54 = 4.62cm® > As,req = 4.152cm”’.

=-=333 .
s 3 mm

(s) is the smallest of :
1.3h=3*200 =600 mm.
2. 450 mm.

fs
Take s = 330 mm.

3.5 =380 (%) — 2.5¢ = 380 <£st0) ~ 2.5 20 = 330 mm. -control.
3

Temperature and shrinkage reinforcement.
AS (Temperature and shrinkage) = AS Min = 3.6 cm?
Select 3@314/m with As = 3 x 1.54 = 4.62 cm”.
(s) for Temperature and shrinkage is the smallest of :
1. 5h=5%*200=1000 mm.
2.450 mm. - control.

S =330 mm < Smax =450 mm. ok
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4.11.3 Design of slab S2:

The reaction of the slab S1 is applied at the centerline of the slab S2. Since the width of S2 is,
1.3 m the reaction R will be distributed along this width. Thus the load per meter Wg equals

WR = Rsl(pe;meter) _ Zi.;z =17 kN/m-

we= 17 KN/m We=17 KN/m
LY Y V VYV Yy YY Y YV VY]

"r"rlanding = 16 KN/m

LY ¥ ¥V YV VYV VYV VYV VYV V]
— AN
R =5415KN “:‘.—1_35.,, —,’4_ 12 m_>|<71_35m ____,fh R = 54.15 KN/m

< 39 m :

R=16*39/2+17*1.35= 54.15kN.

Check for shear strength:
Assume bar diameter @14 for main reinforcement.

db 14
d=h—20—7=200—20—7=173mm

Take the maximum shear as the support reaction Vu = 54.15 kN.

1 1
Ve =g*,/fc*bw*d =g*@*1000*173*10"3 = 158 kN for 1m strip
@ *Vc=0.75*158 = 118.5 kN for 1m strip
1 118.5
Vu,max = 54.15 < E(Z)VC =—= 59.25

The thickness of the slab is adequate enough.
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Calculate the maximum bending moment at mid span and the steel reinforcement:

2

1.35
Mu =54.15%2 — 16 * —17 = 1.35(7 + 0.6) = 42.58 kN.m

f 420
2= =16.5
0.85f, 0.85%30

m =

_ My _ (42.58/0.9)%10° _
Kn = bxd2  1.00% (0.173)2 1.5 MPa.

1 2%Kp*
p=ta- [1- )

— L(l B 2*1.5*16.5>: 0.0036.

165 420

—As=p *b*d=0.0036 * 100 * 17.3 = 6.228 cm®.
Asmin = 0.0018 x b x h = 0.0018 x 100 x 20 = 3.6 cm? < As,req = 6.228 cm®.
Select 3@14/m with As =5 x 1.54 = 7.7cm? > As,req = 6.228 cm”.

=-==200 .
s z mm

(s) is the smallest of :
1.3h=3*200 =600 mm.
2. 450 mm.

3.5 = 380 (@) —2.5¢=1380(-22) —2.5%20 = 330 mm. -control.
fs 3420

Take s =200 mm.

Temperature and shrinkage reinforcement.
AS (Temperature and shrinkage) = AS Min= 3.6 cm”
Select 3@314/m with As = 3 x 1.54 = 4.62 cm”.
(s) for Temperature and shrinkage is the smallest of :
1. 5h=5%*200=1000 mm.
2. 450 mm. - control.

S=330 < Smax =450 mm. ok
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4.11.4 Design of slab S3:

Slab S3 is supported on the beams, the reaction of the slab S1 is applied at the middle of the
Slab.

we= 17 KN/m wo= 17 KN/m

LY Y VY VYVY VY Y ¥Y Y VYVYVYY |

Woais= 18.44 KN/m

1"I."'flancling

= 16 KN/m - Wiang = 16 KN/m
Y vV VY v Vv v v v VYV Y ¥ ¥ 7]

/ A
*R

R 1.35m pl-( 12 m )lq 1.35 M ———

3gm >

Design the slab S3 for flexure and shear as for slabs S1 and S2.

78



4.12 Design of shear wall (W - E4)

Fc' =35 MPa , Fy = 420 MPa , = = 0.0072

w

4.12.1.1 Location of Shear wall:

I = EDDDDDDDDD
e Do O OO O0 0000
N0D0000000000000
EEEE[EE 0000000
o o
- — £ 0000000N0000000
— - DO0O00O0C+ 000000g
NO0DO00000000000
| e | [ [ [
N0D000000000000
COrAararar e e rariri
N B B
A0000 aree 00000
NoDoo® 000000
0000090000 000000 -..»000000
1000000000000 . D000000000000g
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10000090000 O
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000000a00000 - O
000000 100000 =0
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1000000000000 0O
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Figure (4-19): Shear wall location
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shear wall shear and moment diagrams are shown below:

337.5kN

787.5kN

1312.5kN

1950 kN

2812.5 kN.m

3637.4 kN.m

4837.5 kN.m

6262.5 kN

Moment Diagram

90 kN

120 kN

140 kN

170 kN

30

200 kN

250 kN

320 kN

380 kN

Shear Diagram

2,75

Figure (4-20): Shear wall moment & shear diagrams
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4.12.1.2 Analysis:

Critical section of moment Mu at : Lw/2 = 2.75/2 = 1.375 m - control
or HwW/2=30/2=15m

4.12.2 Design:

D=0.8x2.75=2.2 m - control
Or=08x30=24m

4.12.2.1 Design of shear force (design of horizontal reinforcement Avh)
Vu,max = 380 kN (at critical section)
Shear strength of concrete:

1 1
=g f.'hd =—=v35%200 #2200 * 10~3 = 433.8 KN

6
N,d

V. = 0.25y/f.'hd + ﬁ = 0.25V35 % 200 * 2200 + 0 = 650.7 KN
w

Mul at critical section = 5975.5 kN.m

N.
L, ( f 42 )
. h)/|hd
V. =10.5 + W
i Ve 2
V. =10.5v35+ 5;?:}53?23;] 20 91602200 =181 kN - control
- 380 x 103 2

@\Vc + BVs=Vu
Vs = (Vu/ @) — Vc =(380/0.75) — 181 = 326 kN

Avh B Vs

s Fyd

Avh 326 x1000 _
s 420x2200

0.35

(%) min = 0.0025x 200 = 0.5 — control > 0.35
SmaX:L?W:?ZSS(:m
3xh = 3x20 = 60 cm
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Avh for two layers

Select @10, Av = 2 x 78 = 157 mm?

Asﬂ =0.5,S=157/0.5 =314 mm

Select s =250 mm <60 cm <55 cm

4.12.2.2 Design of uniform vertical reinforcement (Avv)

Avh

Aw =[0.0025 + 0.5 (25— 2 ) x (22

w

—0.0025 )] x hxsv

A% - (0.0025 +0) x 200 = 0.5

NZ

Select @10 for two layers with Avv = 157 mm?

1—5720.5 , Sv =314 mm
Sv

Select sv = 200 mm < smax = %W =917 mm

< 3h =600 mm
<450 mm

4.12.2.3 Design of vertical steel in boundary Avb:
Mu = Muv + Mub

e Part of Muv:

275
Asv = 157 x = = 2159 mm”
z 1 1
o= 085xBLxfcxlwxh, 0.85 x0.8 x 35 x2750 x 200, = 0.061
W (2+ Alsvxfy ) (24 2159 x 420

Muv =0.9[0.5x Asv x fy x Lw (1— L)]

2w
0.061

=0.9 [ 0.5 2159 x 420 x 2750 (1 — 25%)] = 1088 kN.m
Mub = Mu — Muv = 6262.5 — 1088 = 5165 KN.m

e Length of compression zone (x) location of neutral axix:

X>— =279 _g37 mm

600 x 5" 600 x0.0072

Length of boundary element:

_ 637

|_B>§_——318.5mm>x—0.1 Lw =637 — 0.1 X 2750 = 362 mm

> =
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Select LB =500 mm

MuB/@ _ (5165 /0.9)10°

_ 2
fy (lw—LB) ~ 420 (2750-500) 6072 mm

As'B =

Select 2020 with As = 6280 mm?
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