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The structural design for
"The Dora Hotel"
In Dora City.

The work team:

Supervised by: Dr. Hamdi Idais.

Abstract

The project aims to do structural design for all the structural members for hotel
consist of 9 floors and has total area of (1890.7 m?), the importance of structural
design stage about other stages of the building that suitable structural systems for the
building were determined and diversity of structural members for the building like
bridges, columns, one and two way rib and solid slabs and determine the suitable
foundation, and thus the initial architectural plans were converted into executable

plans.

To achieve what the project aims the architectural plans were studied and the suitable
mechanism was selected to distribute the structural elements so that it does not
conflict with the architectural design of the plans, also an accurate structural studying
was made to estimate the expected loads on the structural members of building
according to the Jordanian code, and the structural members of building were
analyzed and designed according to the American code ACI318-14 by using structural
design programs like (Atir, Safe, Etabs and SP column), then the executable plans
were prepared for all structural members of the building to be ready for

implementation.
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As'

Av

At

bw

In

Area Of Non-Prestressed Tension Reinforcement.

Area Of Non-Prestressed Compression Reinforcement.

Gross Area of Section.

Area Of Shear Reinforcement Within a Distance (S).

Area Of One Leg of a Closed Stirrup Resisting Tension Within A (S).
Width Of Compression Face of Member.

Web Width, Or Diameter of Circular Section.

Distance From Extreme Compression Fiber to Centroid of Tension

Reinforcement.

Modulus Of Elasticity of Concrete.

Specified Yield Strength of Non-Prestressed Reinforcement.

Overall Thickness of Member.

Moment Of Inertia of Section Resisting Externally Applied Factored Loads.

Length Of Clear Span, Measured Face-To-Face Of Supports In Slabs Without
Beams And Face To Face Of Beam Or Other Supports In Other Cases.

Bending Moment.

Factored Moment at Section.

Nominal Moment.

Spacing Of Shear or In Direction Parallel to Longitudinal Reinforcement.
Nominal Shear Strength Provided by Concrete.

Nominal Shear Stress.
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Vs Nominal Shear Strength Provided by Shear Reinforcement.

p Ratio Of Steel Area.

ec Compression Strain of Concrete=0.003mm /Mm

Fsd,r Total Additional Tension Force Above the Support.
Ved,0 Shear Force at Critical Section.

Vu Factored Shear Force at Section.

Wu Factored Load Per Unit Length.

()] Strength Reduction Factor.
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4-1: Introduction

Concrete is the only major building material that can be delivered to the job site in a
plastic state. This unique quality makes concrete desirable as a building material

because it can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structure members must resist compression 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, there are three types of slabs: solid slabs,
one-way ribbed and two-way ribbed slab. They would be analyzed and designed by
using finite element method of design, with aid of a computer Programs called " Atir
and Safe - Software" to find the internal forces, deflections and moments for ribbed

slabs.

The design strength provided by a member, its connections to other members, and its
cross- sections in terms of flexure, and load, and shear is taken as the nominal
strength calculated in accordance with the requirements and assumptions of ACI-

code.
NOTE:
*Concrete B300, {fc'=24 MPa for rectangular and L section}.

*The specified yield strength of the reinforcement {fy =420MPa}.

4.2: Factored load

The structure may be exposed to different loads such as dead and live loads. The
value of the load depends on the structure type and the intended use. The factored
loads on which the structural analysis and design is based for our project members, is

determined as follows:

qu=12DL+1.6L ACI-318-14(9.2.1)
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4.3: Determination of slab thickness

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

one-way slabs unless deflections are computed as follow:
The maximum span length for one end continuous (for ribs):
hmin for one-end continuous = L/18.5

=467/18.5=25.1 cm
The maximum span length for both ends continuous (for ribs):
hmin for both-end continuous = L/21
=467/21 =22.3

Select Slab thickness h=25 cm with block 17 cm & Topping 8cm

4-4: Design of Topping

Statically System for Topping: -

Consider the topping as strip of (1m) width, and span of mold length with both ends
fixed in the ribs.

Material | Density | W

Tiles 22 22x0.03x1 | 0.66
Sand 16 17x0.07x1 | 1.12
Mortar 22 22x0.02x1 | 0.44
RC s 25%0.08x1 | 2
Topping

Partitions | 2 2x1 2
Total Dead Load, KN/m | 6.22

Table 4. 1: Load Calculation for topping
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Live Load =5 KN/m2 =5%1=5KN/m

Factored Load Wu= 1.2 x6.22+ 1.6x5 =15.464 KN/ m

W= 1.4%x6.22=8.708 KN/ m

Check the strength condition for plain concrete, sMn > Mu, where o = 0.55

Mn=0.42 2\fc' Sm

__bh%? 1000802
6

Sm =1066666.67 x 107 mm ?

Mn=0.42 x 1 x \24 % 1066666.67 x 10-6 =2.19 KN. m

PMn=0.55%2.19=121 KN.m

_ Wul? _ 15.464x0.42
2

Mu =1.24 KN. m @Mn > Mu

No reinforcement is required by analysis. According to ACI 10.5.4, provide Asmin
for slabs a shrinkage and temperature reinforcement.

Pshrinkage = 0.0018

As=p xbxt=0.0018 x1000x80 = 144 mm2 /m

Step (s) is the smallest of:

1. 3h=3%x80=240 mm — control

2.450 mm
== 280, - _280 y_ =
3.5 ==380 x (fs) 2.5 x¢c =380 x (@)X420) 2.5%20=330 mm
280
< — —
4.5 <300 x ((E)X“O) 300 mm

Take o 8 @ 200 mm in both directions, s = 200 mm.
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4-5: Design of One-Way Rib Slab

«» Material

e concrete B300 Fc¢' =24 N/mm?2

e Reinforcement Steel fy =420 N/mm?2

+ Section

e B=520mm
e Bw=120mm
t= 8mm:
Load Calculation for Rib6:
Dead load:
Material Density | W
Tiles 22 22x0.03x0.52 | 0.343
Sand 16 17x0.07x0.52 | 0.619
Mortar 22 22x0.02x0.52 | 0.229
RC Rib 32 25%0.17x0.12 | 0.66
Hollow
Block 10 10x0.17x0.4 0.88
Plaster 22 22x0.02x0.52 | 0.229
Topping 25 25x0.08%x0.52 | 1.04
Partitions 2 2x0.52 1.04
Total Dead Load, KN/m 504

Table 4. 2: Load Calculation for topping

Live Load = 5 KN/m2=5%0.52=2.6 KN/m
Rib Prokon analysis results:
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Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 3

-20.7
-13.3 1.7
-7.8
-4.5 .56-2.5 ) 1.06 ,
N ) J-79;_ ; i A
18024 — ) 0.81 j
0. 1502 —t—
2. 0.9
6.2 6.
| 065 08 | 1.64 . 2.01 | 2.7 174 1.8 |
i t t t 1 t
Shear
-22.9
-19.3 -18.9
o -15.3
9o 128
28—
t t + + + +——
es 30 |
- 168 133
27.6 24
Reactions
Factored —t —+ +—
MaxR 6.46 29.63 50.45 18.86
MinR -0.77 14.69 37.2 10.41
Service
MaxR 4.48 21.69 37.74 14.06
MinR -0.04 12.35 29.46 8.77

Figure 4. 1: Rib Prokon analysis results:

Effective Flange Width (be): (ACI-318-14 (8.12.2)) be for T- section is the smallest
of the following:

be <L/4=4100/4=102.5 cm

be<bw+16t=12+16(8)=140 cm

be < Center to center spacing between adjacent beams = 52 cm. Control

Flexure Design:

Design of Rib 6 for positive moments:

Assume bar diameter @ 12 for main positive reinforcement
d=250-20-10- 12/ 2 =214 mm
¢ (Max Positive Moment= 17.4 KN.m )

Check ifa > hf

Mnf =0.85 x fc 'bhf (d — “L)=0.85 x 24 x520 x80 x (214 — 22) x 10 =
190.1KN. m
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Mnf =190.1 KN.m »@ =(-=)=1933 KN.m — a <Af the section will be

designed as rectangular section with b =520 mm

Mn _ 17.4x10°

Rn — —
@bd?  0.9X520%x2142

=0.812 MPa

m = = =
0.85fcr  0.85x24

fy 420 0.6

—VI-2X0812x206
L (1 1-2x%0.812%x20 6)= 000197
20.6 420

As = pbd =0.00197x 520 x 214 = 219.56 mm?

for As,min
Asin=22"C" pd > b
fy fy
0.25v24 1.4 _ 2
Asin = 220 x120%214=92.38mm2 < 220 x120%214=105.6mm~ . control

Asin=105.6 mm2 < As ,req=219.56 mm? — OK

Use 2012 with

Design of Rib 6 for Negative moments:

Assume bar diameter @ 12 for main positive reinforcement
d=250-20-10-12/2 =214 mm

¢ (Max Negative Moment= 13.3 KN.m)

Mn 13.3x10°

Rn = =
@bd?  0.9x120%x2142

=2.69 MPa

420
- =20.6
0.85fc  0.85X24

45



1 1—v1—2an)
m fy

—VI-ZX2.69%206
L (1 1—-2X2.69%20 6): 00069
20.6 420

As = pbd = 0. 0069x 120 x 214 = 177.05 mm?

for As,min
Asin="20" i > 12 pya
fy fy
0.25v24 1.4 _ 5
Asin = 220 x120%214= 92.4mm2 < 220 x120%x214=105.6 mm~ . control

Asin=105.6 mm2 < As ,req=177.05 mm? — OK

Use 2012 with

Shear Design:

Vu at distance d from support = 24 KN

Shear strength, provided by concrete for the joists may be taken 10% greater than for

beams.

This is mainly due to the interaction between the slab and closely spaced ribs. (ACI,

8.13.8).

Ve=11x = Afc'bwd=1.1x= V24120 x 214 x10°> = 28.45 KN

Vu<olVc

No Need for shear reinforcement
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4-6: Beam Design

B2=F[30/25 B1—F[50/25]

T / ; ol s /// \\ //
/ = 2 i /
il

S
= D=25cm

/< VAN

B3-F[70/25

) /
B3—F[70/25] B3—F/[]6/25] B3-F[70/25]
/]
/ A

Figure 4. 2:Figure shows the location of Beam (B1-F)

Material

- concrete B300 Fc¢' =24 N/mm?2
- Reinforcement Steel fy =420 N/mm?2

Section

- B=600 mm

- h=250 mm

- d=250--40-10-12/2=214 mm
Load Calculation for Beam (BI-F)

Self-weight of beam =25x%0.6x0.25=3.75 KN/m

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

Moments: spans 1to 2

713
X 1.030.95 )
b } {
N\ , 0.9100.87 , /
b f {
2 457
[ 1.26 ) 2.34 | 2.31 ; 1.54 |
Shear
07 936 s
551 422 —
97.4 -

Figure 4. 3:Beam moments from Attir analysis
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Check whether the section will be act as singly or doubly reinforced section:

N w

c==-d==-x214=113.14m

N w

C = a=0.85%x113.14=96.17mm

a
B
PMn,x = 00.85 xfc ' x aXbX(d—g )

=0.8 x 0.85 x 24 X 96.17 x 600 x (214-96.17/ 2) x 10°°=203.3 KN.m
Mu=71.3 KN. m<@Mn max=203.3 KN. m

Design the section as singly reinforced concrete section.

Design of Beam (B1-F) for NEGATIVE moments:

Assume bar diameter @ 16 for main positive reinforcement

d=250-40-10- 16 /2 = 190 mm

e Span 1 (Max Negative Moment=71.3 KN.m )

Mn 71.3X10°
Rn= @bd?  0.9x600x1922 3.66 MPa
=L 2206
0.85fcr  0.85x24
=l (1—v1—2an)
P m fy
_ 1 (1—\/1—2><3.66><20.6)= 0.00968
20.6 420

As = pbd = 0.00968x 600 x 192 = 1103.4 mm?

for As, min
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0.25vfcr 1.4

As,min = bwd = — bwd
fy fy
. 0.25v24 1.4 _ )
As,min = 20 600x192= 42336 mm2 < 220 x600x192= 484 mm~ . control

As,min = 484 mm? < As ,req= 1103.4 mm? — OK

Use ®20.... As=314 mm?

#of bars= (1103.4/314) =3.5

= Use 4 ®20...As=1256 > 1103.4 mm?
— Check for strain:-(g; = 0.005)
Tension = Compression
As*fy=085*f/*b*a

1256* 420 = 0.85 * 24 * 600 * a
a=43.1 mm.

f¢ =24 MPa< 28 MPa— f3; = 0.85

c = i=ﬁ=50.7 mm.
B1 0.85

g, = £5%0.003
c

_192-5 .7

0 *0.003 =0.0084>0.005 - ¢=0.9 ... OK!

Design of Beam (B1-F) for POSITIVE moments:

Assume bar diameter @ 16 for main positive reinforcement

d=250-40-10- 16 /2 =192 mm

¢ (Max Positive Moment=45.7 KN.m )

Mn 45.7%x10°
Rn = = =23 MPa
@bd?  0.9x600%x1922
fy 420
= =20.6

m = = =
0.85fcr  0.85x24
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=l (1—v1—2an
p m fy

)

L (1—\/1—2><2.3><20.6)= 0.00583
20.6 420

As = pbd = 0.00583x 600 x 192 = 671.13 mm?

for As, min
As.min = 22V pd =2 bwa
fy fy
As,min = 0'22/02_4 600x192= 654.78mm2 < —x x600x192=748.47 mm” . control

As,min =748.47 mm?2 > As ,req= 188.52 mm? — OK

Use ®16.... As=201.06 mm?

#of bars= (748.47/201.06) =3.72

=~ Use 4 ®16...As=804.24 > 748.47 mm?>
— Check for strain:-(g; = 0.005)
Tension = Compression
As*fy=085*f/*b*a

804.24* 420 =0.85 * 24 * 600 * a
a=27.6 mm.

f¢ =24 MPa< 28 MPa— f3; = 0.85

_192-32.5
32.5

*0.003=0.015>0.005 - ¢=0.9... OK!
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Shear Design of beam (B1-F):

Vu max =84.5 kN

d=250-40-10-(16/2)= 192mm

- % * 1% 0.192% 103 =197.6 KN,

¢V =0.75 * 197.6 =148.2 KN.

V= 84.5 KN < pV/2=74.1 KN

So, case 1 is not satisfied

dVe/2=74.1 KN <V,=84.5 KN <¢pV=148.2 KN

So, case 2 is satisfied

Try 208:

TR~ 84.5% 10%, 5= 95.91 mm
Try using 4 legs ®8

S=95.91 mm

S<S=2=96mm <600 mm

Use @8 @ 100 mm, 4 legs.

4-7: Design of column (C3).

Calculation of Loads act on Column (C3)

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

system on Etabs.

Dead Load = 1000 KN (service)
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Live Load = 500 KN (service)

Loads acting on column (C3) are as follows:
Factored loads (Pu) = 1.2*1000+1.6*500= 2000 KN
Calculation of Required Dimension of Column (C3)
Total load Pu =2600 KN

Pn =2000 /(0.65) =3076.9 KN

pg =2.0%

Pn = 0.8 * Ag{0.85 = fc' + pg(fy — 0.85fc")}
3076.9 * 1073 = 0.8 * Ag[0.85 * 24 + 0.02 * (420 — 0.85 = 24)]
Ag = 1354.65 cm?

~Select 50*30 cm with Ag = 1500 cm?.

Check slenderness effect:

For braced system if A < 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 = 3.68 m

K: effective length factor (K= 1 for braced frame).

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

System about X

A <34-12(1) =22 <40
A =19.67 < 22 Short about X

System about Y
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4 1%x2.95 3278
- A= — = 32.
0.3%0.3

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

A=3278> 22

= Short about X and long about Y.

=~ Column is long about Y, so slenderness effect will be considered.
emin= 15+0.03*h= 15+0.03*300= 24 mm

Pu= 2000 kN

Muin = Pu* emin=2000*0.024= 48 KN.m

Ec=4700 ./ fc =4700*v24 =23025.2 MPa

bh3 % 3
lg=—— =220 = 1125 * 10°mm*

12D 1271000 _ 06
12D +1.6L 2000

Bans =

_ 04Eclg  0.4723025.2 % 1.125

= = = 6475.84kN - m?
1+ Bups 1+ 06 m

m2El _ Y.+ 6475.84

b= a2~ +318)

= 6320.36

M,y
Cm=0.6+0477=06+04x1=1

s = P " oo = 173> 1

0.75p. 1~ 075%632036

€ = epmin * Ons = 24% 1.73=41.52 mm
My = My, = 48 kN.m
M, = 6,sM, = 1.73 x 48 = 68.64 kN.m

e_41.52_01384
h 300
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d—d'_300—2*40—2*10—2*14

A 300 = 0.573

’]/ =
Use interaction diagram A-9a

@Pn P, 2000 =x 103 .
E = E = m x 0.145 = 1.933 ksi

Diagram A-9a for (y = 0.6), Py = 0.01581

Age = pg * Ag = 0.01581*500*300 = 2371.5 mm?

Select 12 @ 16 with As=2412.74 mm?

¢Pn = 0.65 * 0.8 * {0.85 * fc' (Ag — As) + Ast * Fy}

2000 * 10° = 0.65*0.8 {0.85*24 ( 500*300- Ast) + Ast* 420}

Ast=2967.3 mm?

_ Ast _ 2967.35
Pg = Ag ~ 300%500

=0.01978 > peq = 0.0121 as it is expected

Check spacing between the bars:

_ 500—2%40—-2+10—5%14
4

S = 82.5mm

S=133.33 mm >40mm
>1.5db=37.5 mm
Determination of Stirrups Spacing

According to ACI:

Spacing < 16 X d,,(Longitudinal. bar. diameter) = 16 X 1.4 = 22.4 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.

Determination of Stirrups Spacing
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According to ACI:

Spacing < 16 x dy,(Longitudinal. bar. diameter) = 16 x 1.4
= 22.4 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.

52 25 60

(0]
\ 22 : S} - .
22 22 22 <
2 25 i i
#10/10cm $10/10cm . 'Y

Figure 4. 4: Column C3 detailing.

4.8: Design of Isolated Footing (F4)

Loads that act on footing F4 are :

e PD=1100 KN, PL =300 KN
e Pu=1.2%1100+1.6*300=1800 KN

The following parameters are used in design:

® Y concrete = 25 KN/m?
®  Vsoil = 18 KN/m3
¢ Galow = 400 I(lV/IIl2

e clear cover =5 cm

Determination of footing dimension (a) : Two way shear (punching)
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Footing dimension can be determined by designing the

soil against bearing pressure.

Assume h =50 cm c,+d
O b(allowynet = 400 — 25%0.5 — 0.6*18 - 5 =371.7 KN/m?
P, 1100 + 300
Qamec 3717
l=vA=+356=189m
Select ] = 1.90 m

A= = 3.56 m?

Determination of footing depth (h)

P T .

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

P, 1800

qQu = —

= _ 498615 KN /m?
A 19+19 /m

Design of one-way shear:
d=h—cover —® =500—-50—- 14 =436 mm

Vu at distance d from the face of column

l a
Ve=aub (35 4)
1.9 0.3
= 498.62 % 1.9 (7 -5 0.436) = 344.84 KN

@Vc=0.75*§* f*b*d

=0.75* % *424 * 1900 * 0.436 =507.3 KN
@ Vc=507.3 KN > Vu= 344.84 KN

~h =150 cm is correct

Design of Punching (Two-way shear).

d =436 mm

b, =2(0.6+0.436) +2(0.3+0.436) = 3.54 m

Bc=1

as = 40 (interior column)

Vu = 344.84(1.9*%1.9 -(0.6+0.436) (0.3+0.436)) = 633.8 KN
@Vc is the smallest of:
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1 2
1. vC_g(1+E)x,/fc x b, x d
- %(1 + %) X \2% X 3540 x 436 X 10~3 = 3780.64KN

2. Ve=—(22+2) x/fc xb,xd

! (40“36 + z) X V24 x 3540 x 436 X 107% = 4364.47 KN

" 12\ 3540

3. Vc=§>< fc Xb, xd
=§>< V24 x 3540 X 436 x 1073 = 1808.44 KN  (Control)

OVc=0.75 x 1808.44 = 1356.33 KN > Vu = 633.8 KN
~A=(1.9%1.9)m? and h = 50 cm is correct.

Design of Reinforcement

Mu = 498.615 *0.8*1.9*(0.8/2) =303.16 KN.m

Fy 420
0.85+Fc’  0.85+24

Mn =303.16/0.9 =336.84 KN.m

= 20.59

Mn 336.84 *10°

Rn= = = Tooomasez 0933 MPa
_ 1y ) __ 2xRnxm
=—*1- 1 Ty )

= ——*(l- \/ 1 - 2222022 20,002274
Asreq=p*b xd = 0.002274 * 1900 * 436 = 1883.6 mm>
As (min) = 0.0018*b*h = 0.0018*1900 * 500 = 1710 mm?
As,req > As, min

Select for this directions: 12014 with As = 1848 mm? > As,min

Mu = 498.62 *0.65*%1.9%(0.65/2) =200.13 KN.m

Fy 420
0.85+Fc’  0.85%24

m= = 20.59

Mn =200.13/0.9 =222.37 KN.m

Mn 222.37%10°
Rn= = =0.616 MPa
b*d? 1900%4362

1 2*%Rnx*
p=r* (- /1— )

1, (1- \/1 _ 2+0.616 520.59 )=0.0015
20.59 420
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As;req=p * b *d = 0.0015 * 1900 * 436 = 1242.6 mm>
As (min) = 0.0018*b*h = 0.0018*1900 * 500 = 1710 mm?
As,min > As, req

Select for this directions: 12014 with As = 1848 mm? > As,min
Select 23016 in both directions.

: o Scale 1:25
19 1010815
) o | = T o o o o = o 8
§ il 1 ;i
65cm o o I | /%*“
[ e} “ 5
] - g 12614cm LE24S /
S E
L ’
’ ‘ x| ] I | SRR = N | 12014, 17245
175 . .
TZ014m 1245 2 &L
- | b _g -
F2(190X190X50 cm)

Figure 4. 5: Foundation F2 reinforcement.

4.9: Design of Stairs.

* L X X%
& 0
i : sl
| [ i | /e [0 | [0 [ x
Q0/|\~/|\OY |\ OV P/ /NN /(D
N
=3 I ] L8
A A
P A
4 NN ENEC® 4
B 8
M
wn
~N
N X X
L 69 24 L 1 25
d A A A A
L 435 "

Figure 4. 6: Stair plan.
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4.9.1: The flight.

e Determination the thickness:

Limitation of deflection: h > minimum h

h (min) = L/20 = 240/20 = 12 cm

~ Select h = 20 cm, but shear and deflection must be checked
Angle (o): tan(a)=16.2/30 — a=284

e Load calculation:

Table 4. 3: Load calculation for the flight

27%((0.153+0.35)/0.3)%0.03*1=1.36
22 22%((0.153+0.3)/0.3)*0.02*1=0.66
25 (25/0.3)*((0.153%0.3)/2)*1=1.91
25 (25%0.2*1)/(cos 28.4)=5.61
22 (22%0.03*1)/(cos 28.4)=0.74
10.28 KN/m

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

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

of the flight:

20.99 KN/m

INEEEEEEEEN

NO LOAD

I

25.2

NO LOAD

25.2

5 24 0.5

Figure 4. 7: Load distribution for flight.

e Design.
Design for shear:
R=W*L/2=(20.99*2.4)/2=25.2 KN

d=200-20-(14/2) = 173 mm

0Vc=0.75*%* Fc' * bw * d

=075 * %* 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=25.2 (0.6+1.2)- 20.99*(1.2%/2) = 30.25 KN/m

= 20 _ 2059
0.85*Fc 0.85%24
%106
Rn = Mu/@ _ 30.25+x10%/09 _ 1.123 MPa

bxd? 10001732
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_i _2*Rn*m _ 1 ) _2*1.123*20.59 _
p=—*(l- /1 ) =3t (1 J1 ) = 0.00275

As,req=p*b*xd = 0.00275 % 1000 * 173 = 476.1 mm?2
As min = 0.0018 *1000%200 = 360 mm?
As, req >As, min
Select 5014 with As=476.1 mm? >As, min
For secondary Reinforcement select @10 /20 with as=395 mm?2 >As min
Check Strain:
C=T

0.85*fc’*a*b = As*fy
0.85*24*a*1000 = 476.1 *420
a=9.8 mm
c=a/f=9.8/0.85=11.53 mm
es =((d-c)/c) * 0.003

= ((173-11.53)/11.53) *0.003

=0.042 >0.005
Check spacing:
S=20cm < 3h = 3*200= 600 mm

=450 mm

280
0.67%420

= 380%(

)- 2.5%20=33.37 mm

4.9.2: The landing.

e Determination the thickness:

Limitation of deflection: h > minimum h
h (min) = L/20 = 260/20 = 13 cm
~ Select h = 20 cm, but shear and deflection must be checked

d=200-20-(14/2) = 173 mm
e Load calculation:

Table 4. 4: Load calculation for the landing

Load calculation for the landing

Concrete Block ‘ Quality Density

W=y -V
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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=14.21 KN/m

e Analysis.

The following figures show shear and moment Diagrams resulted from analysis

of the landing:
20.16 KN 20.16 KN
.t rrrr et
14.21 KN
L rrrrrrrrrrr i Il
Figure 4. 8: Load distribution for flight.
e Design.

Design for shear:

Wr=25.2/1.25=20.16 KN
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R= (14.21%2.6)/2+ 20.16%1.25= 44.2
@Ve=0.75 *%* Fc' * bw * 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 > Vumax = 44.2 KN
~ No Shear Reinforcement is Required

Design of bending moment:

Mu= 44.2 *#1.3- (14.12%1.25%)/2- 20.16*1.3%(1.25/2) +0.005) = 30.1 KN/m

Fy 420

0.85+Fc’  0.85+24

Mu/@ 30.1 ¥10°/0.9
Rn= /2 _ 99 _ 112 MPa
bx+d?2 1000%1732

=i* ) _2*Rn*m _ 1 " ) _2*1.12*20.59 _
p=="*( /1 ) = et (1 J1 S0 ) = 0.00274

As,req=p*bxd = 0.00274 * 1000 * 173 = 474.75 mm?

= 20.59

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

Select 5014 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
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280

= 380*(0 67*420)- 2.5*%20=33.37 mmFigure 4. 9: Stair reinforcement.
-m/icm, ::-l.m
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4.10:Seismic Design

1. Description Of The Project
This chapter provides project information, Soil information, Seismic information .

1.1 project information

Ahmad saleh Klaled Knatry i
CHS Risnas ™ 553 358 "J ALY syl
Mohamed Gad .

in Hebron City b gall

9 pranall) (3 gl 2o
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SEISMIC HAZARD MAP FOR BUILDING CODES IN THE LEVANT
EITE BaTE Ba"E 38TE

1.2 Soil Information

according to the soil test , The foundations are designed with allowable bearing capacity.

6 prasall) () ghall aae

5 yalleae g Aluariia Cilasb da el cilu) £ o3
5e 1.20 T A Gl oo

1.3 Seismic information

according to the soil test , The seismic data is .
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Sb Soil profile type

0.15 seismic zone factor
0.15 acceleration seismic coefficient (CA)
0.15 velocity seismic coefficient (CV)
1.00 importance factor

5.5 resisting system(Dual System)

v Soil Profile Types

The soil profile types labeled

conditions on ground motion.

soil characteristics.

Soil Profile Types

S4 through Sg (see next Table) represent the effect of soil
Seismic ground motion can be amplified by site geology and

Average soil properties for top 100 feet (30.480 mm)
ot soil profile

Soil Soil profile Standard Undrained
profile name/generic Shear wave velocity. penetration shear strength,
type description fsseet/second (m/s) test (blows/foot) pst (kPa)
Sa Hard rock >5.000
(1.500) o o
Sy Rock 2.500 to 5.000
(760 o 1.500)
Se Very dense soil 1.200 to 2.500 =50 >2.000
and soft rock (360 to 760) (100)
Sh Stiff soil profile 600 o 1.200 15 to 50 1,000 to 2.000
(180 to 360) (50 to 100)
Sk Soft soil profile <600 <15 <1.000
(180) 50
S, Soil requiring site-specific evaluation.

(From UBC 1997, Table 16-J.

Seismic Coefficient C,

Seismic zone factor, Z

Soil profile
type Z=0075 @ z=02  Z=03  Z=04

0.06 0.12 0.16 0.24 0.32N,

(5;) 0.08 0.15 0.20 0.30 0.40N,

c 0.09 0.18 0.24 0.33 0.40N,

So 0.12 0.22 0.28 0.36 0.44N,

Sg 0.19 0.30 0.34 0.36 0.36N,
Sk Site-specific geotechnical investigation and dynamic site response analysis

shall be performed for soil profile S.

(From UBC 1997, Table 16-Q.)
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. Structural system .2

This chapter provides project Structural system, Code of practice , Materials properties .

2.1 Structural system .

Building Frame System ( Shear wall
with “Concrete”

Mat foundation ,continuous Foundation structural system
foundation
and ground beams

Structural system

Structural Systems* (Continued)

Height limit for

Basic structural Lateral-force-resisting system seismic zones
system® description R Q 3and 4
2. Building frame 1. Steel eccentrically braced 70 238 240
system frame (EBF)
2. Shear walls
o ol
h. Masonry 55 28 160
3. Ordinary braced frames
a. Steel 56 22 160
b. Concrete* 56 22 N.P.
4. Special concentrically
braced frames
a. Steel 64 22 240

2.2 Code of practice .
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- ACI-318M-011, Building Code Requirements For Structural Concrete , American
Concrete Institute ,2011

- (UBC97),Uniform Building Code,1997.

2.3 Materials properties

B300 Concrete  23025.20 0.2 24 Fc=24 MPa

4.11: 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.W
The following data that used in design:

Shear wall thickness =h =25 cm
Shear wall length Lw =4.80 m
Building height Hw= 16.20 m
Critical section shear:

Lw/2=4.80/2=2.40
hw/2=16.2/2=8.10

story height=2.95
d=0.8*Lw =0.8%4.8 =3.84 m
Vu=749.6 KN
Mu= 1136.5 KN.m

Calculation of shear strength provided by concrete Vc:
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Shear Strength of Concrete is the smallest of:

. Vc=%,/fc’><bxd
=%\/24><0.25 x 3840 = 783.8 KN

n Nuxd
e Vc=0.27,/fc xhxd+ Tl

=0.27Vv24 x 0.25 x 3840 + 0 = 1269.82 KN

Nu
Lw(0.1/fc’ +0.2-
e Vc=[0.05x/fc + W Athihae )| e d

Vu 2

Mul Lw 1136.5 4.8

—_— == - — = —0.884 < 0 This equation is not applicable.
vu 2 749.6 2

~Vec= 783.8KN - @Vc = 587.85 < Vumax! = 749.5 KN
Horizontal Reinforcement is Required.

Vs WUy 7895 eae 21553 kN
S = @ C= 075 .0 = .

Avh Vs 215.53 x 103

= = 0.134
S fy « d 420 = 3840

Avhy
but (T) min = 0.0025 *h = 0.0025 = 250 = 0.625.

Avh : For 2 layers of Horizontal Reinforcement Select @10 :

Avh =2 *79 = 158 mm?

Avh _ 158
— = 0. EEN e,
s "9 = 0.625

Smax= Lw/3 = 4800/3 = 1600 mm

= 252.8mm

=3h =3*250 =750mm
= 45cm « Controlled.

Select P10 @ 200 mm at each side.

4.7.2 Design of Vertical Reinforcement

_ hw, , Avh
Avv =[0.0025 +0.5 (2.5-77) (5 — 0.0025)] * h * Sver
hw _ 1620 _ o ooc o 550
lw 480 '
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Avv 2¥79
< =[0.0025 +0.5 (0) (oo~ — 0.0025)] * 250

AW 0,625

Sver
Smax= Lw/3 = 4800/3 =1600 mm
=3h =3*250 =750mm

= 45cm
Select @12 :
Avv =2 *113.1 =226.2 mm?

Avv
T = 0625

2
Sreq = =361.92 mm

0.75
Select P12 @ 200 mm at each side.

% GBoBoBaobobobobobobabababobobab a4

&
- hd

-

48

Figure 4. 10: Shear wall 5 reinforcement.
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