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Abstract

The idea of the project is to prepare the complete structural design for hotel, which name
Is Al-Noor Hotel in the city of Hebron in a way that includes all the structural elements of
foundations, walls, columns and slabs, so that executive plans are prepared that enable the

project to be implemented to the fullest.

It appears from the plans that the proposed building is a hotel with a total area of 20,000
square meters, consisting of eight floors divided into: a basement, ground floor, first
floor, service floors, second, third, and fourth floors. In addition to the roof floor, this
building was structurally designed according to the American code, as the project
contains Distributing the mayor in the building in a manner that does not contradict the
architectural design of the project and determining the structural system for each slab, and
designing slabs, beams, walls, foundations, and stairs, taking into account safety and
economic standards.

It is worth noting that the structural design of the project was based on the Jordanian code
for calculating loads (dead load + live load), adopting the American code for various
structural designs (ACI-318-14) and adopting the American code (ASCE) for earthquake
loads.

Analysis and design were done using structural design programs such as Atirl8,
(ETABS18), (SAFE), and other programs such as (Microsoft Office Word, Power Point,
Excel, AutoCAD).

In the end, the necessary shop drawings will be prepared for all structural elements in order

to make the implementation of this project feasible.
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List of abbreviation

Ac = area of concrete section resisting shear transfer.
As = area of nonprestressed tension 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.
DL = dead loads.
d = distance from extreme compression fiber to centroid of tension
Ec = modulus of elasticity of concrete.
Fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.
I = moment of inertia of section resisting externally applied factored loads.
Ln = Length of clear span.
LL = live loads.
Ld = development length.
M = bending moment.
Mu = factored moment at section.
Mn = nominal moment.
Pn = nominal axial load.
S = Spacing of shear or in direction parallel to longitudinal reinforcement.
Tc =nominal tensional concrete moment strength provided by ~ concrete.
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.

Wc = weight of concrete. (Kg/m3).
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W = width of beam or rib.
Wu = factored load per unit area.

® = strength reduction factor.

P = ratio between area of concrete to area of steel.

fc' = specified compressive strength of concrete, MPa

f cu = effective compressive strength of the concrete in a strut or

a nodal zone, MPa

e J/r =modulus of rupture of concrete, MPa
e S = elastic section modulus of section, mm3,
e Pn=nominal strength of cross section subject to compression, N
Lu: Actual unsupported (unbraced) length.
M1 = smaller factored end moment on a compression member
M2 = larger factored end moment on compression member
K: effective length factor (K= 1 for braced frame).
r: radius of gyration
Ig = moment of inertia of gross concrete section about centroidal axis, neglecting
reinforcement, mm4
e ons = moment magnification factor for frames braced against side sway, to reflect
effects of member curvature between ends of compression member
Cm = a factor relating actual moment diagram to an equivalent uniform moment diagram
Pc = critical load, N.
Es = modulus of elasticity of reinforcement, MPa.
Ig : moment of inertia of gross concrete section about centroidal axis, neglecting
reinforcement, cm #

Is. . moment of inertia of concrete about centroidal axis of member cross section , cm*

e El = flexural stiffness of compression member.

db = nominal diameter of bar, wire, or prestressing

pb = reinforcement ratio producing balanced strain conditions.
h = overall thickness of member, mm

L= span length of beam or one-way slab,

B = ratio of clear spans in long to short direction of two-way slabs

11



As = area of nonprestressed tension reinforcement, mm2
As,min = minimum amount of flexural reinforcement, mmz2
Pb = nominal axial load strength at balanced strain conditions.
Po = nominal axial load strength at zero eccentricity, N

Pu = factored axial load at given eccentricity, N

hw = total height of wall from base to top, mm

Iw = horizontal length of wall, mm

Bc = ratio of long side to short side of concentrated load or reaction area
T = elastic fundamental period of vibration, in seconds,

V = The total design lateral force or shear at the base

W = the total seismic dead load defined

Z = seismic zone factor as given in Table 16-I.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in Section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

I = importance factor given in Table 16-K.

R = numerical coefficient representative.

wc = weight of concrete, kg/m3

Lx= short distance of the slab(C to C)

Ly= lond distance of the slab (C to C)

Mftx = positive field moment at x-direction

Mfy= positive field moment at y-direction

Msx = negative support moment in x-direction

gAXx= max shear force in x- direction

gAy= max shear force in y- direction

12
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Chapter Four

Structural Analysis and Design

4.1 Introductions:
4.2 Factored loads.
4.3 Determination of thickness.

4.4 load Calculations
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4.1 Introductions:

The design and construction of reinforced concrete building is controlled

by the (building code requirements for structural concrete)

(ACI 318-2014) of the American concrete institute.

Concrete consists primarily of a mixture of cement and fine and coarse
aggregates (sand, gravel, crushed rock, and other materials) to which
water has been added as a necessary ingredient for the chemical reaction

of curing.

This chapter start with calculate the thickness of the slab by using table
9.5 from ACI code, and make cheek for the value, then calculate the dead
load and select live load to begin analysis of the element, after doing the
analysis make the design of each structure element in the system to select

the effective section for element and its reinforcement of the profile

After make, the design of section start drawing the section and show the

reinforcement of every element will be design.

4.2 Factored loads:

The factored load on which on we based to make the analysis and design

for our project member is;
qu=1.2D+1.6L ACI-318-2014 (9.2.1)
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4.3  Determination of thickness:
4.3.1 Determination of thickness for one way rib slab :-

The structure may be exposed to different loads as dead and live loads.
The value of the load depends on the structure type and the intended use.

The overall depth must satisfy ACI-318-15 table (9.5.a).

Min h=Ln/18.5 (for One end Continuous) Min h=Ln/21  ( for both
end Continuous)

Min h=Ln/8 ( for Cantilever)

*For one end continuous Lyx=5.6m then:

By 60 30.27
mn — }8-5 — . Lm

* For both end continuous Ly:,=5.60m then:

560
hmm = = 266? cIm
21
* For cantilever L.x = 2.20 m
hn =22 = 27.5 cm
8

And this value is considered an initial value and is not relied on definitively.

Take h = 35cm
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4.4 load Calculations

4.4.1 load Calculations For one- way ribbed slab:

1. Tiles = (0.52) (0.03) (23) = 0.358 KN/m
2. mortar = (0.52) (0.03) (22) = 0.343 KN/m
3. Sand =(0.52) (0.07) (16) = 0.582 KN/m
4. Topping = (0.52)(0.08) (25)=1.04 KN/m
5. Block = (0.4) (0.27) (14) = 1.966 KN/m

6. Rib =(0.12) (0.27) (25) = 0.81 KN/m

7. Plaster = (0.52) (0.02) (22) = 0.229 KN/m
8. Partition = (2.38) (0.52)=1.237KN/m

DL = 6.565 KN/m
LL =5 KN/m?

Factor load From ACI code :

DL =1.2 (6.565) = 7.878 KN/m
LL = 1.6*5%0.52 = 4.16 KN/m
Wu =7.878+4.16 = 12.038 KN/m
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4.4.2 load Calculations For two- way ribbed slab:

1. Tiles = (0.52)(0.52)(0.03) (23) =0.186 KN

2. mortar = (0.52)(0.52)(0.03) (22) =0.178 KN

3. Sand  =(0.52)(0.52) (0.07) (16) = 0.303 KN

4. Topping = (0.52)(0.52) (0.08) (25)=0.541 KN

5. Block =4 (0.2)(0.2) (0.27) (14) = 0.605 KN

6. Rib = (0.52+0.4) (0.12) (0.27)(25) = 0.745 KN
7. Plaster = (0.52)(0.52) (0.02) (22)=0.112 KN

8. Partition = (2.38) (0.52)(0.52) = 0.644KN

Nominal dead load for two way ribbed slab
=0.186+0.178+0.303+0.541+0.605+0.745+0.112+0.644

DL =3.314 KN
DL =12.26 KN/m?
LL =5 KN/m?
Factor load From ACI code:
DL =1.2 (12.26) = 14.712 KN/m?
LL=1.6 *5=8 KN/m?
Wu = 14.712 + 8 = 22.712 KN/m?
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4.4.3 load Calculations For Solid slab:

1. Tiles  =(0.03)(23)=0.69 KN/m2

2. mortar = (0.03) (22) = 0.66 KN/m2
3.8and  =(0.07) (16)=1.12 KN/m2
4. R.C = (0.35) (25) = 8.75 KN/m2
5. Plaster = (0.02) (22) = 0.44 KN/m2
6. Partition = (2.38) KN/m2

Dead load = 14.04 KN/m2
Live load=5 KN/m2

Wu=1.2%14.04+5*1.6
Wu = 24.848 KN/m2
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4.5 Design of topping:

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

Table :Calculation of the total dead load topping

: : : Calculation (KN/m)
Materials Density (KN/m®) | Thickness (m)
Tiles 23 0.03 23*0.03*1=0.69
Mortar 22 0.03 22*0.03*1=0.66
sand 16 0.07 16*0.07*1=1.12
Topping 25 0.08 25*0.08*1=2
partitions 2.38 KN/m? 2.38*1=2.38

Total Dead load for loading = 6.85 KN/m
Wu=12DL+16LL
= 1.2*6.85+ 1.6*5 = 16.22 KN/m?. (Total Factored Load)

M = W, *12  16.22 * 0.42
“To12 12

= 0.216 KN.m/m

2
* 1076

80
®M,, = 0.55 * 0.421,/f¢ S,, = 0.55 % 0.42 * 1 * \/24 * 1000 * -
=121 KN.m >» M, = 0.216

No Reinforcement is required by analysis. According to ACI 10.5.4, provide As,,;, for
shrinkage and temperature reinforcement.

Asin = 0.0018 * 1000 * 80 = 144 mm?/m strip
Try bars ®8 with As = 50.27 mm?

_ 1 =2.87b
n=t557=2% ars

Select 58 / or ®8@200 mm in both directions
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4.6 Design of one-way Ribbed slab (GF,R6)

Material:

Concrete B300

Reinforcement Steel

Fc' = 24 N/mm?
Fy = 420 N/mm?

Section:
b=12cm b=52 cm
h =35cm T+=8 cm
1 2 3 4
1 2 3
. 08 2.38 08 247 08 3.96 , 08 |
s 3.18 L 3.27 , 476 S
I 52. T T 1
35.
12.
AA
Figure 4. 1: Rib geometry
load group no. 1
Dead load - Service Units:kN,meter
5.p0 5.’]} 5.00
3.18 3.27 4.76
Live load - Service Load factors: 1.20,1.20/1.60,0.00
3.p0 3.}0 3.00
3.8 327 4.78

Figure 4. 2: Rib load distribution
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1.8 !

Figure 4. 3:Moment and shear envelope for the rib

4.6.1 :Design the rib for flexure (GF,R6).

Design of positive moment of rib (GF,R6).

d= depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350- 20 - 10— 12/2 = 314 mm

Mu max = 21.3 KN.m

be < Distance center to center between ribs = 520 mm............ Controlled.

< Span/4 = 4760/4 = 1190 mm.

< (16* tf) + bw = (16* 80) +120 =1400 mm.

be= 520 mm.

7)

2

0.08

0.314 _T) «103 = 232.53 KN.m

Mnf=0.85fc’*bE*tf*<d—

=0.85 % 24 * 0.52 * 0.08 * (

dMns = 0.9 * 232.53 = 209.27 KN.m
GMps =209.27 > Mu max= 21.3 KN.m
Design as rectangular section

M, =Mu /p =21.3/ 0.9 = 23.67 KN.m
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fy - 420 _5058

T 0.85f]  0.85x24

m

My, 23.67%10°

= = 0.461 MPa

T bxd?2 520+ (314)2

_i _ _Z*Rn*m — 1 _ _2*0.461*20.58 —
p=—(1 /1 ) 2058(1 \[1 e > 0.0011

As=p *b*d =0.0011*520 * 314= 193.25 mm?

Ry

As,; =£*b xd >ﬂ*b *d
min 4‘(fy) w - fy w
V24

%120+ 314 > 24120314
420

4%420

=109.87 mm? < 125.6 mm?

~ As =193.25 mm2,

2 ®14 =307.87 mm>Asreq = 193.25 mm? OK.
=~ Use2 ®©14

Check for strain

Tension = Compression
As*fy=085*f.*h*a
307.87*420=0.85*24*120* a

a=>52.82 mm.

f! = 24 MPa< 28 MPa so B, = 0.85

c=2=2282_g> 14 mm,
B, 0.85

d= 350-20-10-14/2= 313 mm

d—c 4,

£; = —*0.003

_ 313-62.14
62.14

*0.003=0.0121>0.005 -~ ¢=0.9 OK
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Maximum negative moment (Mu) = -22.9 KN.m

M, =Mu /p =22.9/ 0.9 = 25.44 KN.m

_ fy _ 420
m= - =
0.85f!  0.85%24

=20.58

£106
=2 = B 2 0,502 MPa
bxd 520%* (312)

_1 _ __ 2*Rp*m - 1 _ __2%0.502%20.58 -
p=—(1 /1 ) 2058(1 \[1 T > 0.00121

As=p *b*d=0.00121* 120 * 313= 45.46 mm>,

Ry

As > Y ub,xd ACI-10.5.1
= V2% 1120312 > 224120312
4%420 420

=109.18 mm?< 124.8 mm?

AS,in= 124.8 mm? (control)

= As = 124.8 mm?

2 ®10 =157 mm?>Asreq = 125.2 mm? OK
~ Use2 @10

4.6.2 :Design of shear of (GF,R6).
Vu = 26.2 KN.

fé
Vc: T*bw*d

=1.1*>=*0.12* 0.313 *10° =33.63 KN.

V22
6
¢V =0.75* 33.63 =25.22 KN.
Check for Cases:
Case 1: Vu< % .

55
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Case (1) is not satisfied

Case 2: ¢ZC<VU <dVe

12.61 <26.2<25.22 No
Case (2) is not satisfied

Case 3: (1)Vc <Vy < (i) (Vc + Vs, min)

fé

Vs,min= 1_6*bw*d

= %4 *(.12* 0.313 *10° =11.46 KN

Vs,min = é* bw * d
=1%120 % 313 * 10% = 12.48 KN (control)

(bvc <Vu < (b (Vc + Vs, min)
25.3<26.2<34.6

Case (3) is satisfied

Try 2010:

157.1x420+313 _ o %13

S=788.26

S Sg = 323 =156.5 mm (control)
<600 mm.

Use 2010 @ 150 mm
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4.7:Design of Beam (Beam 40)

Material:

Concrete B300 Fc'= 24 N/mm
Reinforcement Steel Fy =420 N/mm2
Section:

According to ACI-Code-318-14, the minimum thickness of no prestressed beams or

one-way slabs unless deflections are computed as follow
hmin for both-end continuous = L/18.5
7520/ 18.5= 40.6cm

Select Total depth of beam h=60cm. (35cm slab and 25cm drop)

B =80cm
H=60 cm
1 2 3
A 4 A e A
A e A A
0.5 7.02 0.5 6.97 0 6.93 0.5
L 7.52 L 747 R 7.43 L
60,
80.
A"A
Figure 4. 4: Beam geometry
load group no. 1
Dead load - Service Units:kN,meter
46.4 454 46.8
7.52 747 743
Live load - Service Load factors: 1.20,1.20/1.60,0.00
b mzl )] I | liwosl | | I ) lnel | 1
7.52 747 743

Figure 4. 5: Beam load distribution
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_Moments: spans 1to 3

} =
M L

-429.7 7
-347.8 , -361.7 -355.1 | 3414
L /&; L 11.71 |
I 1 I 71 1
f

T t
1.29
173 1
1445
359. 352.4
T 451 ! 373 : 3.74 | 448 . 207 |
_Shear
-336.9 2702
278.1 P 2296
%
[ 1 L L
T T T T T L |
]7{ ‘ 224 ‘
212 2808 2754
334.5

Figure 4. 6: Moment and shear envelope for the beam

4.7.1:Design of Beam for flexure

Check if the beam is doubly or not.

The maximum positive moment is 359 KN.m

d= 600- 40 -10 -20/2= 540 mm
Crnax = % * = % * 540=231.43 mm

f; =24 MPa <28 MPa—f31 = 0.85

amax = f1* Cmax = 0.85 * 231.43=196.71 mm

Mmax = 0.85 * fc’*b*a*(d-%)

=0.85* 24 * 0.8 * 0.19671* (0.54— 0.19671/2 ) * 10°

=1417.82 KN.m
es= 0.004

$=0.65+250/3*(0.004-0.002) = 0.82

bMnmax = 0.82 * 1417.82= 1162.61 KN.m

Mu = 359 KN.m< ¢pMnmax 1162.61 KN.m 58




~Singly reinforced concrete section.
The maximum positive moment = 359 KN.m

Mn = Mu /= 359/ 0.9 = 398.89 KN.m..
m=20.58

=1.71 MPa

R = M, _ 398.89%10°
n - 2 = 2
bxd 800+ (540)

1 2%Rp *
p=—(1- fl—Tm)

_ 1 (1 _ \[ 1— w):o.oom

420

As = p * b *d =0.00426*800*540= 1839.45 mm?

As. .. = “fc,*b*d >ﬂ*b*d
4 () 5
V24 1.4
>
4*420*800*540 > 420*800*540

1259.73 mm?< 1440mm?

ASpin = 1440 mm? (control)

« As = 1839.45 mm?

Use 9 ®18 with As= 2290.22 mm? > 1839.45 mm?
Check for strain:

Tension = Compression

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

1839.45* 420 =0.85* 24 * 800 * a

a=47.34 mm.

f! = 24 MPa< 28 MPa so B, = 0.85

47.34
c==="22-557mm.
B, 085
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d= 600- 40- 10- 18/2= 541 mm

_ d-c,

£, = —*0.003

= #1557 40,003 = 0.026 > 0.005 = =0.9 OK

The maximum negative moment = 429.7 KN.m
d= 600- 40- 10- 18/2= 541 mm

Mn = Mu /= 429.7/ 0.9 = 477.44 KN.m .
m=20.58

_ My _ 477.44%10°
bxd?  800x (541)2

1 2%Rp *
pen(l- [1-20m)

_ (1 - \[1 — w>=o.oo513
20.58 420

As = p * b *d =0.00513*800*541= 2219.27 mm?

R, = 2.04 MPa

JE 1.4
bxd > —xbxd

As = * =
A (fy) fy
V24 1.4
>
12420 * 800 * 541 > 220 * 800 * 541

1262.1 mm?< 1442.67mm?

ASpin = 1442.67 mm? (control)

~ As =2219.27 mm?

Use 8 ®20 with As= 2513.27 mm? > 2219.27 mm?
Check for strain:

Tension = Compression

As*fy=085*f *b*a

2219.27* 420=0.85* 24 * 800 * a 60



a=57.11 mm.

f¢ =24 MPa< 28 MPa so 3; = 0.85

c=2="-67.19 mm,
B, 085
£ = d; * 0,003
_ % *0.003=0.0211 > 0.005 - ¢=0.9 OK

4.7.2:Design of Beam for shear

V= 278.1 KN

I
Vc= T*bw*d
V24

z“ * 0.8% 0.541* 10° =353.38 KN.

¢V =0.75* 353.38 =265.03 KN.

Vu=278.1> ¢ V= 265.03 KN

Check for Cases:

Case 1: Vu< % )

26303132 515 No

> =

278.1<

Case (1) is not satisfied

Case 2: cl)ZC<VU <dVc

132.515<278.1 <265.03 No

Case (2) is not satisfied
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Case 3: dVe<Vu<d (Vc+ Vs min)

!

Vs, min = T’:*bw*d
= Y24+ 0,8% 0541 *10° = 132.52 KN
Vs min = 5 * b * d
= g * 800* 541 * 103 = 144.27 KN (control)

¢dVe <Vu<¢ (Vc + Vs, min)
265.03 KN < 278.1 KN < 373.23 KN

case 3 is satisfied

Av min i % *@:
T T V24 220 0.583

= =

Av min % 800

= — =0.635 (control)

N 3 420

Try 2 2010 2-legs with Av =157.1
S=157.1/0.635
S=247.4 mm

S<%=21-2705mm (control)

—2 2
< 600 mm.

Use 2010 @ 200 mm
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4.8 Design of two-way ribbed slab (GF,R9)
From Safe program Mu=28.12 KN.m/m

Mn=28.12/0.9=31.24 KN.m
Assume bar diameter @14 for main reinforcement
d=350-20-10-14/2=313mm
Rn=Mn/(b*d2)
= 31.24*106/(520*3132)
=0.613
m=fy/ (0.85 fc)
= (420/.85*24)
=20.58

1 2*Rp*m
p=—(1- fl—T)

1 2% 0.613 * 20.58
=——(1- [1- )

420

=0.00148
As=0.00148*520*313=241.23 mm2
As,min= 0.25*(Vfc/ fy)*bw*d > 1.4/fy *bw*d
0.25*(\fe!/ fy)*bw*d = 109.53 mm*
1.4/fy *bw*d= 125.2 mm* (control)
As req = 241.23 mm* > As min = 125.2 mm*
2d14= 308 mm2 > As req = 241.23 mm?
~Use2 ®dl4
Check for strain :
€s >0.005
Tension = Compression
As*fy=0.85*fc'*bw *a
241.23* 420 =0.85* 24 * 520 * a
a=9.55 mm
fc' =24 MPa< 28 MPa— = 0.85
c=a/f = 9.55/0.85 = 11.24 mm
gs=(d-c)/c * 0.003
= (313-11.24)/11.24*0.003 63



=0.0805 >0.005
Design of negative moments:
There is no negative moment so we put 1/3 As,pos
As,neg= 1/3*241.23= 80.41mm*
As req = 80.41 mm* <As min = 125.2 mm*
2010=157.1 mm? > As req = 125.2 mm?
~ Use2 @10

Check for strain :
€s >0.005
Tension = Compression
As *fy=0.85*fc'* bw * a
157.1*420=0.85*24* 120 * a
a=26.95mm
fc' =24 MPa< 28 MPa— 3 =0.85
c=a/P = 26.95/0.85 = 31.71mm
es=(d-c)/c * 0.003
= (313-31.71)/31.71*0.003
=0.0266 >0.005

*Design of two-way ribbed slab for shear

Wb=0.5
The total load on the panel being = 6.15*6.15*20.65=781.035 KN
The load per rib at the face of short beam = (0.5*781.035*0.52)/ (2*6.15)
= 16.51KN
Vud =Vu,face-(Wu*bf*d)=16.51-(20.65*0.52*0.313)=13.15 KN
The maximum shear force at the distance d from the face of support:
Vu =13.15 KN
Ve =1.1(Vfe' /6 * bw * d)
= 1.1(N24/6 * 120 * 313) = 33.73 KN
¢dVc=0.75*39.35=25.3 KN
Casel: Vu< (pVe)/2
13.15 KN > 25.3/2 =12.65KN

64
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Case2: Vu< (¢Vce)
13.15 KN <25.3
Case (2) is satisfied

shear reinforcement is required
1

Vsmin = —=/f *bu* d = V24 * 120 *0.313 * 10° =11.50 KN.

16

> g* bw * d = g * 120 * 0.313 * 10° = 12.52 KN CONTROL.

VS min = 12.52 KN.
Try 2010

157.1¥420%313

=12.52*10% — S = 1649.55 mm

S Sg = % =156.5 mm. ... Control

<600 mm.

= Use 2010 @ 15 cm
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4.9:Design of column (C6)
Calculation of Loads act on Column (C6)

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

system on Etabs.

Dead Load = 3000 KN (service)

Live Load = 1500 KN (service)

Loads acting on column (C52) are as follows:
Factored loads (Pu) = 1.2*3000+1.6*1500= 6000 KN
Calculation of Required Dimension of Column (C6)
Total load Pu = 6000 KN

Pn = 6000 /(0.65) = 9230.8 KN

pg =2.0%

Pn = 0.8 * Ag{0.85 = fc' + pg(fy — 0.85fc")}
9230.8 1073 = 0.8 * Ag[0.85 * 24 + 0.02 * (420 — 0.85 = 24)]
Ag = 4064 cm?

~Select 65*65 cm with Ag = 4225 cmz2.

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
A= —
T

Lu: Actual unsupported (unbraced) length = 3.9 m
K: effective length factor (K= 1 for braced frame).

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

System about X
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_ 1%39 50
"~ 0.3%0.65
A< 34—12(1) =22 <40

—_

A=20 <22

System about Y

1%3.90

= — =2
0.3 * 0.65 0

1< 34-12(1) =22 <40

A=20 <22

~Short about X and Y.

=~ Column is short, so slenderness effect will not be considered.
Calculation 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 = 6000 KN

6000 * 103 = 0.65 = 0.8 x 600 * 800{0.85 * 24 + p(420 — 0.85 = 24)}
= pg = 0.0109>ppm = 0.01 &<ppayx = 0.08

As req = 0.0109*600 *800 =5232 mm?

5232
Use @ 25 >> #ofbar = = 10.66

~ Use 12 @ 25 with As = 5887.56 mm?2 >As req = 5232 mm?

Check spacing between the bars:

_ 600—2%40—-2%10—4%25
3

S = 133.33mm
S=133.33 mm >40mm
>1.5db=37.5 mm

Determination of Stirrups Spacing 67



According to ACI:

Spacing < 16 x dy,(Longitudinal. bar. diameter) = 16 X 2.5 = 40 cm.
Spacing < 48 x d.(tie. bar.diameter) = 48 x 1.0 = 48cm.

Spacing < Least. dimension = 40 cm
Select @10/10 cm above the slab and along lap-splice.
Select @10/20 cm at the middle.

Column (C6) Section is shown in figure (4-8) where bars arrangement and

stirrups detailing appear:

(= = = Q Il-
B B
= o - o 5
12025 o
L=270
=
0 28]
u u :.IP
o e
26 72
10 @10
'||=-1 Gr? IJZEG-’-_L

Figure 4. 7: Column C6 detailing.
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4.10 :Design of Isolated Footing (F1).

Loads that act on footing F1 are:

c,+d
e PD =2000 KN, PL =1000 KN
e Pu=12*2000 + 1.6*1000= 4000 KN r_}c_ﬂ_Z__l
The following parameters are used in design: 6+ d K f c,
¢ Yeonoree = 25 KN/ | [ :
o vl =17 KN/m? "5
* oallow = 400 KN/m? _—
e clear cover =5cm Figure 4. 8: Two way shear (punching)

Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against bearing

pressure.

Assume h=85cm

Ob(attowynet = 400 — 25%0.8 — 0.3*17 - 5 = 369.9 KN/m?
B, 2000+ 1000
Qanet 369.9

l=vVA=+811=284m

A= = 8.11 m?

Selectl =2.85m
Determination of footing depth (h)

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

P, 4000
=51y = 19261KN/m’

T = 8.12

Design of one-way shear:
d=h-cover—@=850-"75-16=759 mm

Vu at distance d from the face of column

285 0.5
= 492.61 x 2.85 (— - 0.759> = 584 KN
2 2 69



@Vc=075*=*fc' *b*d

1
6
= 0.75* = * /24 * 2850 * 0.759 =1324.6 KN
@ Vc =1324.6 KN > Vu= 549 KN
=~ h =85 cm is correct
Design of Punching (Two-way shear).
d =759 mm
b, = 2(0.5+0.759) +2(0.7+0.759) = 5436 mm
Bc=1
as = 40 (interior column)
Vu =492.61(2.85*2.85 -(0.5+0.759) (0.7+0.759)) = 3096.35 KN
@Vc is the smallest of:

1. Vc=%(1+§)x\/f_c X b, X d

1 2
= 5(1 +I> X V24 X 5536 X 759 x 10™3 = 6861.5 KN

2. Ve==2(%32%42) x[fc x b, xd

T 12
1 (40><759

-\ -3
=L (22572 4 ) x V24 x 5536 x 759 x 10~* = 13581 KN

3. Vc=§>< fc xby xd

1

== x 24 x 5536 X 759 X 1073 = 6861.5 KN (Control)

@Vc =0.75 x 6861.5 = 5146.1 KN > Vu = 3096.35.8KN
~ A= (2.85*2.85)m? and h = 85 cm is correct.

Design of Reinforcement
Mu = 492.61 *2.85*1.425%(1.425/2) = 1425.4 KN.m

Fy 420
0.85*Fc' 0.85%24

Mn = 1425.4/0.9 = 1583.8 KN.m

Mn _ 1583.8 %10°
bxd? 2850%7592

1 2*xRnx*
p=2r(- [1-2Em,

= 20.59

Rn = = 0.804 MPa
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=L *(1- \[1 _ 2:00804:2059 ) _ 3795

20.59 420
Asreq=p*bxd = 0.00195 = 2850 * 759 = 4225 mm?
As (min) = 0.0018*b*h = 0.0018*2850 * 850 = 4608 mm?
As,min>As, req
Select for this directions: 23@16 with As = 4624.42 mm?>As,min

2.65
23216 L=315

@10/20cm
/ +0.00
|

=045
P

Figure 4. 9: Foundation F1 reinforcement.

4.11:Design of Stairs.

o) P R R R R TRTTRR, B 4
3 f/«:- 55 e
b=
=y
-
p=|
9
o
b=
i D
& (
o T TLATIN RS
058 324 1.20 0.30
5.30

Figure 4. 10: Stair plan.
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4.11.1:The flight
e Determination the thickness:

Limitation of deflection: h > minimum h

h (min) = L/20 = 324/20 = 16.2 cm

=~ Select h = 20 cm, but shear and deflection must be checked
Angle (a): tan(a) =16.2/27 — a=31.2

e Load calculation:

Table:Load calculation for the flight

27%((0.1635+0.32)/0.27)*0.03*1=1.451
22 22*((0.1635+0.27)/0.27)*0.02*1=0.7064
25 (25/0.27)*((0.1635*0.27)/2)*1=2.044

25 (25*0.2*1)/(cos 31.2)=5.85

22 (22*0.03*1)/(cos 31.2)=0.772

10.82 KN/m

Live load= 5 KN/m?
Wu=1.2*10.82+ 1.6*5=20.99 KN/m

e Analysis.

The following figures show shear and moment Diagrams resulted from analysis
of the flight:
20.99 KN/m

34.004 KN

NO LOAD

|

34.004 KN

3.24 0.60

Figure 4. 11: Load distribution for flight.
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e Design.

Design for shear:
R=W*L/2= (20.99*3.24)/2= 34.004 KN
d=200-20-(14/2) = 173 mm
@Vc=0.75* =*JFc' * bw * d
= 0.75 * =*V/24 * 1000 * 0.173

=105.94 KN
0.5*@Vc= 0.5%105.94=52.97 KN
0.5 @Vc =52.97 > Vu max = 34.004 kN
= No Shear Reinforcement is Required

Design of bending moment:
Mu= 34.004 (0.6+1.62)- 20.99*(1.62%/2) = 47.95 KN/m

Fy 420

= = = 20.59
0.85*Fc' 0.85%24

Mu/@ _ 47.95%10%/0.9
b*d? 10001732

_1 _ __ 2*Rn*m - 1 _ _ 2x1.78%20.59 -
p—m*(l \/1 Fy ) 20.59*(1 \/1 420 ) =0.0044

As,req=p*bx*xd = 0.0044 * 1000 * 173 = 768.4 mm?

Rn = =1.78 MPa

As min = 0.0018 *1000*200 = 360 mm?
As, reg>As, min

Select 5@14 with As= 769.7 mm*>As, req
For secondary Reinforcement select @10 /20 with as=395 mm2>As min
Check Strain:
C=T

0.85*fc’*a*b = As*fy
0.85*24*a*1000 = 769.6 *420
a=15.84 mm
c =a/P =15.84/0.85 = 18.64 mm
s =((d-c)/c) * 0.003

= ((173-18.64)/18.64) *0.003

= 0.0248 >0.005 73



Check spacing:
S=20cm < 3h = 3*200= 600 mm
=450 mm

= 380*(—22)- 2.5*20= 33.37 mm

0.67%420

4.11.2:The landing

e Determination the thickness:
Limitation of deflection: h > minimum h
h (min) = L/20 = 330/20 = 16.5 cm
= Select h = 20 cm, but shear and deflection must be checked
d=200-20-(14/2) = 173 mm

e Load calculation:

Table: Load calculation for the landing

22*0.03*1=0.66
22 22*0.02=0.44
25 25*0.15*1=3.75
22 22*0.02=0.66
5.51 KN/m

Live load=5 KN/m?
Wu= 1.2*5.51+ 1.6*5= 14.61 KN/m

e Analysis.
The following figures show shear and moment Diagrams resulted from analysis

of the landing:
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26.16_KN/m 26.16 KN/m
| A A Lol
14,61 KN/m
Ll |
3.00

Figure 4. 12: Load distribution for landing .

e Design.

Design for shear:
Wr=34.004/1.3= 26.16 KN

R= (14.61*3)/2+ 26.16*1.3= 52.92
@Vc =0.75 * %*\/Fc’ * hw * d
=0.75* %* 24 *1000 * 0.173

=105.94 KN
0.5*@Vc= 0.5*%105.94=52.97 KN
0.5 @Vc =52.97 > Vu max =52.92 KN
~ No Shear Reinforcement is Required
Design of bending moment:
Mu= 52.92 *1.5- (14.012*1.35%)/2- 26.16*1.3*(1.3/2) +0.005) = 42.8 KN/m

Y 20 _ 2059
0.85xFc 0.85%24
%106
Rn = Mu/@ _ 42.8+10°/09 _ 1.6 MPa

b*d? 1000%1732

_1 2¥Rnxm  _ 1 2%1.6%20.59 | _
p —;*(1—\’1— Fy )_20.59*(1-\’1_7) =0.004
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As,req=p*bx*d = 0.004* 1000 * 173 = 692 mm?
As min = 0.0018 *1000*200 = 360 mm?
As, reg>As, min
Select 5@14 with As= 769.7 mm?>As, req
For secondary Reinforcement select @10 /20 with as=395 mm2>As min
Check Strain:
C=T

0.85*fc’*a*b = As*fy
0.85*24*a*1000 = 769.6 *420
a=15.84 mm
c=a/f=15.84/0.85 = 18.64 mm
es =((d-c)/c) * 0.003

=((173-18.64)/18.64) *0.003

=0.0248 >0.005
Check spacing:
S=20cm < 3h = 3*200= 600 mm

=450 mm

280
0.67%420

= 380*( )- 2.5*20=33.37 mm

#10,/20crn, L=1.20m
S0cm, T P

o,
) e 910/20cm. L=2.10m

145em, T

S0cm, T

®10/20em, L=1.00m

30cm, T
\
T &

@10/20cm. L=1.50m

80cem, B
>
e

o

6‘00

120cm, B

?OOQ:
"y 10/20cm, L=1.85m
$5cm, B

Figure 4. 13: Stair reinforcement.
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4.12:Design of shear wall (sw.3)

B, 5 _910/200m, L=1.80m



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.W

The following data that used in design:

Shear wall thickness = h =30 cm

Shear wall length Lw = 5.50 m

Building height Hw= 27.66 m

Critical section shear:

Lw/2=5.5/2=2.75

hw/2=27.66/2=13.83

story height= 3.90

d =0.8*Lw =0.8*5.5=4.4m

Vu=912.8 KN

Mu= 1366.7 KN.m

Calculation of shear strength provided by concrete Vc:

Shear Strength of Concrete is the smallest of:

o Vc:i fc'xbxd
= ﬁx/ﬁ X 0.3 X 4400 = 1077.77 KN
o Vc=027/fc" x hxd+24

4Lw

=0.27v24 x 03 x 4400+ 0 =1746 KN

tw(01 Fel+02- MU

e Vc=1]0.05%,fc"+ T Tw r) x hxd

Vu 2

Mul Iw_ D3%7 3% _ _1.25< 0 This equation is not applicable.
Vu 2 912.8 2

~Vec= 1077.77 KN - @Vc = 808.32 < Vumax! = 879.6 KN
Horizontal Reinforcement is Required.

\" _Ju Ve = 0128 1077.77 = 139.3 kN
s = 2 €= 575 J7 = .

Avh Vs 134.2 * 103

S fy «d 420 % 4240

Avh
but (T) min = 0.0025 * h = 0.0025 % 300 = 0. 75.
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Avh : For 2 layers of Horizontal Reinforcement Select @10 :

Avh = 2 *79 = 158 mm?

Avh _ 005 Ss 158 067
= U. - = = .
s "9 =975 mm

Smax= Lw/3 = 5500/3 = 1833.33 mm
= 3h = 3*300 =900mm
= 45cm « Controlled.

Select 10 @ 200 mm at each side.
4.7.2 Design of Vertical Reinforcement

_ hw Avh
AW = [0.0025 +0.5 (2.5-2) (- — 0.0025)] * h = Sver
hw_27.66_503 > 250
lw 55 7 '
Avv 2%79

AW~ [0.0025 +0.5 (0)(

Sver

—0.0025)] * 300

250%250

Avv

=0.75

Sver
Smax= Lw/3 = 5500/3 =1833.33 mm
= 3h = 3*300 =900mm
=45cm
Select 912 :
Avv =2 *113.1 = 226.2 mm?

Avv
—=0.75
S
s B 226.2 3016
req = 075 = .6 mm

Select P12 @ 200 mm at each side.
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SIS
NI

(6) U-HOOK 010@15, L=1.06m

26
- ~l1
(7 S-HOOK 210@15, L=0.48m 26,1

(1)s10@20cm,L.=5.46m Horizontal bars

-———————————————————————————————>

B)p12@20 cm [ = 5.25 m Vertical bars

Figure 4. 14: Shear wall 3 reinforcement
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