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Project Abstract

Structural design is the most important design of the building after the necessary of architectural
design, the distribution of columns, loads, offer durability, the best prices and the highest degree of
safety are the responsibility of the structural designer. In this project we will do the structural design
of hospital building. The building consists four floors with a total area of 11162 m?,

This project was selected because of the importance to know how to design these buildings,
which have a design requirements higher than other tiles with long spans and diversity in the form
of the building by the architectural design, also it has been chosen for the importance of increasing
this structure in this area ”Yatta”.

It is important mentioning that we will use the Jordanian code to determine the live loads, and to
determine the loads of earthquakes, for the analysis of the structural and design sections we will use
the US Code (ACI_318_11), it must be noted that he will be relying on some computer programs
such as: Autocad2007, Safe , Office2007, Atir, and others.

Expected after the completion of the project to be able to provide structural design of all
structural elements with permission of Allah Almighty.
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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 Ag =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 .
o 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 LL =live loads.

e Lw =length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e Pn =nominal axial load.

e Pu = factored axial load

e S = Spacing of shear or in direction parallel to longitudinal reinforcement.

e V¢ =nominal shear strength provided by concrete.

e VVn =nominal shear stress.

Xi



Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

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

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.
€ = strain of tension steel.

és = strain of compression steel.

p = ratio of steel area .
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Chapter four Structural Analysis and design

(4.1) Introduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels,
and others.Reinforced concrete is logical union of two materials: plain concrete, which possesses
high compressive strength but little tensile strength, and steel bars embedded in the concrete, which

can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures. Understanding of reinforced concrete behavior is still far from complete,
building codes and specifications that give design procedures are continually changing to reflect

latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit from about 1350 to 1850 kg/m®.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m?.

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-tow 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 then handle calculation

would be made to find the required steel for all members.

Yy
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(4.1.1) Design method and requirements:
The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318_14).

(4.1.2) Strength design method:
In ultimate strength design method, the service loads are increased by factors to obtain the

load at which failure is considered to be occurring.

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

method is expressed by the following,
Strength provided > strength required to carry factored loads.
PMn = Mu@Pn = Pu@dVn > Vu

(4.1.3) Factored loads:

The factored loads for members in our project are determined by:

W,=12D +16L,
Use concrete B300
f: =24 Mpa. , f, =420 Mpa , f,, = 420 Mpa

ve
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(4.2)Design of Rib (20/GF):

5] e B

o

L

Fig (4-1): Rib (20/GF)
at the ground floor slab.

(4.2.1) Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-14 , the minimum thickness of one wayslabs for deflections a

The maximum span length for one end continuous (for r
hmin for one-end continuous = L/18.5

=534 /18.5 = 33.4cm _ control .
The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21

=585/21 = 31.6cm
Select Slab thickness, H= 35 cmwith
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(4.2.2) Load Calculation for 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 follows:

No. | Material Den?ilijllitlil,/ms Thiz:ri;]ess Calculation
KN/m
1 Tile 23 0.03 0.03*23*0.52 = 0.3588
2 Mortar 22 0.03 0.03*22*0.52 = 0.3432
3 Sand 17 0.07 0.07*17*0.52 = 0.6188
4 Topping 25 0.08 0.08*25*0.52 = 1.04
5 Rib 25 0.27 0.12*0.27*25 = .81
6 Block 12.5 0.27 0.27*0.4*125=1.35
7 Plaster 22 0.02 0.03*22*0.52 = 0.343
8 Partitions 2.3 o 1*2.3*0.52 = 1.196
6.5 KN/m

Table (4 — 1):Dead load calculation for one way ribbed slab.

Nominal total dead load = 6.5kN/m of rib.
Nominal total live load =5x0.52= 2.6 kN/m of rib.

(4.2.3) Design of topping:
The total dead load to be used in the analysis and design is calculated asfollows:

Table (4 — 2):Dead load calculation for topping:

1
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No. | Partsof Rib Quality Density Calculation
KN/m?
1 Tile 23 0.03x23x1=0.69
2 Mortar 22 0.03%x22x1=0.66
3 Sand 17 0.07x17x1=1.19
4 Reinforced Concrete 25 0.08x25x1=2
5 Partition 2.3 2.3x1=2.3
Yy = 6.84KN/m

Nominal total dead load = 6.84 KN/m? of rib.

Table (4 — 2):Dead load calculation for topping:

Nominal total live load =5 KN/m? of rib

qu= 1.2xD+1.6xL

= 1.2x6.84+1.6x5 = 16.208 KN/m. (Total Factored Load) .

w =1.2DL +1.6LL

ybib ey vyl liiiilly

40 cm

wi’ %

4 ;

Mu(+ve)= (W_uxl"2)/24= (152% [0.4] "2)/24

= 0.108KN.m

@M _n = 0.55 * 0.42 * /24 x 1000 * [80] ~2/6 = 1.207 KN.m

@M _n (plane concrete ) = 1.207 KN.m > M_umax = 0.216 KN.m

vy
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No structural reinforcement is needed.Therefore, shrinkage and temperature
reinforcement must be provided.
For the shrinkage and temperature reinforcement : —
p_min = 0.0018
As= p*bxh=0.0018 1000 * 80 = 144 mm"2.
Number 0f 8 = [As)_req/A_bar = 144/50.3 = 2.87 - Spacing(S) = 1/2.87
= 35cm = 350 mm.
S < 380 (280/fs)- 2.5 x Cc < 300 (280/fs)
= 380 x (280/(2/3f_y))-25x 20 < 300 x (280/(2/3f.y))
=380 x (280/(2/3* 420))- 2.5 x 20 = 330mm < 300 x (280/(2/3 * 420))
=S < 300 mm.
<Y X h =3x%x 80 = 240mm...........controlled.

< 450 mm.

~ Select @8 @ 20 cm in both directions.

(4.2.4) Design constant:-
Effective Flange width ( b )ACI-318-14 (8.12.2)
bE For T- section is the smallest of the following:

be < % * clearspase + b,,= 400 +120 =520 mm ............ Controlled.

< Span/4 =3800/4 = 950 mm.
< (16x t) + by, =(16% 80) +120 =1400 mm.
—bg= 520 mm.
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(4.2.5)Diagram For Rib ;

By using ATIRprogram, we get the envelope moment and shear diagram as the following:-

Rub(20 2 3
1 2
—— A —— A —
L, T A I & ]
| 0.5 | 3.05 | 0.8 | 33 | 0.8 |
f ‘ T - T ‘ T “ T | 1
T T 1
52, )
(==
8
12.
AA

Fig. (4-2) Geometry of rib( 20/GF).

6.54 6.54

3.7 41

Live loads - Service Load factors: 1.20,1.20/1.60,0.00

260 260

37 41

Fig. (4-3) loading of rib.
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Moments: sg

-28.4
-19.9 -19.8

-11.3

10.5
17.2

21.7
3n.2

Fig. (4-4) Moment & Shear Envelope of rib (20/GF)

(4.2.6)Flexural Design:

(4.2.6.1) Design for positive Moment for Rib (20/GF):
1)Design of positive moment Mu® = 12.4KN.m ( SPAN 1)

for main positive reinforcement ® 12 Assume bar diameter , stirrups ® 10

S
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d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 — 20— 10 —12/2= 314mm.
~ Assume rectangular& tension control section.

m=—2_=_*2 _5y59
0.85f]  0.85%24

M, 12.4%10°
R,=—%= - = 269 MPa
b*d?2  0.9%¥520%314

1 2%Rp*
p=—1- /1—Tm)

-1 <1 _ \/1 _ w>: 0.00064
20.59 420

—Asreq = p X b xd = 0.00064 x 520 x 315 = 104.8 mm®.

fe

ASpin = % by, xd > 2% b, *d ACI-318-14 (10.5.9)
4 (fy) fy
=21 1120315 > 224120 +315
=109.88 mm*<125.6 mm? ............. Larger value is control.
—>Asmin = 125.6mm?* > Aseq = 104.8 mm?.
=~ As =125.6 mm>.
2 910 = 157.08 MM*>Aseq = 125.6 mm?... OK.
~ Use 2910
— Check for strain:-(g; = 0.005) ACI-318-11 (10.3.5)

Asxfy =085x f, xbxa
157.08 x 420 = 0.85 x 24 x 520 x a
a =6.22 mm<80 mm =» rectangular section .

c= ﬁi =222 =7.317 mm * Note: f, = 24 MPa< 28 MPa— f3, = 0.85
1 0
d=315mm
= 315-7.317, 4 003
7.317
=0.126> 0.005 ( tension control section ).
~0=09.. OK

@Mu = 0.9%157.08*420*( 315 - 6.22 /2 ) *» 107° =18.52 KN.m> M max= 13.0 KN.m.

~Select2@10For all positive moment.

&)
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2)Design of positive moment Mu ™ = 16.4KN.m ( SPAN 2)

for main positive reinforcement @ 10 Assume bar diameter , stirrups @ 10
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 — 20— 10 -10/2= 315 mm.

~ Assume rectangular& tension control section.

420
m=-—L_ =40 _5,59
0.85 f!  0.85%24
M, 16.4%10°
R,=—%= ~=0.353 MPa
bxd?  0.9%x520%315

1 2%Rp*
p=—(01- /1—Tm)

=L <1 - \/ 1- —2*0'261*20'59>: 0.000858.

20.59 420

—Asrq = p X b xd =0.000858 x 520 x 315 = 138.95 mm?Z.

s
ASpin = L xb,*d="Zxb, xd ACI-318-14 (10.5.9)
4 (fy) fy
_ 24

= £120 %315 > -2 4 120 « 315
4%420 420

=109.88 mm?< 125.6 mm? ............. Larger value is control.
— Asmin = 125.6 mm? <Aseq = 138.95 mm?_OK.
~ As = 138.95mm’.
2 310 = 157.08 mMM?>As;eq = 138.95mm? ... OK.
~ Use 2 010

— Check for strain:-(g; > 0.005) ACI-318-14 (10.3.5)

Asxfy =085x f. xbxa
157.08 x 420 = 0.85 x 24 x 520 x a

a =6.22 mm<80 mm =» rectangular section .

c= ﬁi = 3—22 =7.317 mm * Note: £, = 24 MPa< 28 MPa— S, = 0.85
T

d=315mm

_ 315-7.317

s =3, 0003

= 0.126> 0.005 ( tension control section ).
~ 0 =009... OK.

£y
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®Mu = 0.9%157.08*420*( 315 - 6.22 /2 ) * 107° =18.52 KN.m> My max= 12.1 KN.m.
~Select2@10For in this span positive moment.

(4.2.6.2) Design for Negative Moment for Rib (20/GF):

2) Design ofNegative momentMu®=-12.6 KN.m
d =350-20—10 - -’ = 315mm.
=L - _*20 _5)59

0.85f/  0.85+24

M. 12.6%¥10°
R, = = -=1.176MPa
* 9% *
b*d?  0.9%120%315

1 2%Rp*
p=—(1- /1—Tm)

-1 <1 _ \/1 _ w>: 0.00288
20.59 420

—Asreq = p X b xd =0.00288 x 120 x 315 = 109.06 mm®,

ft
\F by *d>2xb, *d ACI-318-14 (10.5.9)

—— %
4 (fy) Ty

V24 120 %315 > %4120 % 315
4%x420 420

=109.88 mm*<125.6 mm’............. Larger value is control.
—>Asmin = 125.6 mm? > Asreq = 109.06 mm?.
~ As = 125.6 mm>.
2 910 = 157.08 MM*>Aseq = 125.6 mm?... OK.
~ Use 2910

ASpin =

— Check for strain:-(g; > 0.005) ACI-318-14(10.3.5)

Tension = Compression

A xfy =085 x f. xbxa
157.08 x 420 = 0.85x 24 x 120 x a

a=26.95 mm.

c= Bi =22 =-3171mm * Note: f, = 24 MPa< 28 MPa— f3, = 0.85
1 .

d =350-20-10-10/2 =315 mm

_ 315-31.71

= * 0,003
31.71
= 0.0268> 0.005

AN
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~0=09.. OK
@Mu = 0.9%157.08*420*( 315 — 26.95/2 ) * 107¢ =17.9 KN.m> M, max= 10.1 KN.m.

~Select2@10 For at end negative moment.

(4.2.6.3) Design shear for Rib (20/GF):

Vc, provided by concrete for the ribs shall be permitted to be taken as 1.1 times than that for beams
. ACI-318-14 (11.2.1)

d=315mm.

ft
VC:1.1><£><b><d

=11x \/%_4 x120x 315x10° =33.95 KN.

@V =0.75 x 33.95= 25.46 KN.
» Check For dimensions:-

OVe+( 2x ¢ xfff xbyxd) =2546+( =x0.75 xV24 x 315x120)x10°

=25.46 + 92.59=118.05 KN> Vu max =21.7 KN.
-~ Dimension is adequate enough.

= 8.68 KN

0.75 315
D * VSpmin =?*\/24*120 * 1000

or

0.75
O % VSmin = —5—* 120 315/1000 = 945 KN ...control.

075
OV's = —— 24 120 * 315 * 1073 = 46.29 KN.

PVsmax =2+*QV's =2 *46.29 = 92.58 KN

@(Vc+ Vsmin) = 3491 KN. ....casel
@(Vc+Vs') =71.75 KN. .....case 2
@(Vc+Vsmax) =118.04 KN. .....case3

1 25.46
S¢Ve =———=1273 KN < Vu = 21.7 KN < Ve = 25.46KN

23
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Provide As min :

select 2 leg .®8 ,,,,,Av = 2% 50.26 = 100.52 mm?

Av _Vswin __ o _10052:420+311

Sreq ford  T9T T 933x108 o eemm
d 7875

Sreq > 5 = —5— = 393.75 < 600 mm

selectP8 — 35cm (2 — legs) .

(4.3) Design of Beam (36/GF)for ground floor :

1000 1000 10100
100 100 10
il

B
L
B
]
1
=
[
[
[
[
[
[
L
[

(

A

(LALRLEEAREEALARRE LRI

i
I

o
——u-\nmé oy
=
=

Y

mmle

|

_

a1

AL

Fig (4-5) :Beam 36_GF

(4.3.1) Design constant:
Concrete B300, Fc' = 24Mpa
Reinforcement Steel, fy = 420 N/mm? = 420 Mpa
According to ACI-Code-318-14, the minimum thickness of simple beam unless deflections are
computed as follow:
hminfor simple beam = L/16
=7000/16 =437.5mm.

—Select Total depth of beam h=50cm

0
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(4.3.2)Calculation of Dead load:-

Load of this beam come from reaction of Rib(20/GF) as following :

Beactions

Factored

DeadH10.45%
LiveR 6.78

Max R17.24
Min B 9.21
Service

DeadR 8.71
LiveR 4.24
Max R12.95
Min R 7.94

DL = 38.34/0.52 = 73.73 KN/m
LL =20.32/0.52 = 39.07 KN/m

Self weight of beam = 25*0.8*0.5 = 11.2 KN/m .

Beam [
1
—— Al —
L4 T A j ——

50.

a0
A-A

Fig(4-6): Geometry Of beam.

€1




Chapter four Structural Analysis and design

WL L L ]

Fig (4-10) : Load Of Beam.
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Moments: spans 1 to 1

Fig (4-8) : Envelope shear &
moment of beam.

(4.3.3) Flexural Design: -
Positive Moment , Mu=765.6 KN.m

for main positive reinforcement ® 25 Assume bar diameter , stirrups @ 10
d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
=500 — 40— 10 —25/2= 437.5 mm.

Check for double :

3%437.5

C=3/7*d = =187.5 mm

EA
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a=c#*f; =187.5*0.85=161.38 mm
PMnmax = @ 0.85 x fC'xbxax(d_%)
161.38

Mymaz =0.85* 24*161.38*800*(437.5 — =) *10°°= 939.74 KN.m
@M, = 0.82%939.74 = 770.6> MU =765.6 «....eovvvenn. OK

Design the section as dsign single reinforced concrete section .
for main positive reinforcement ® 25 Assume bar diameter , stirrups ® 10
d = depth — cover — diameter of stirrups — (diameter of bar/ 2)
=500 — 40— 10 —25/2=437.5 mm.
~ Assume rectangular& tension control section.
m=-—2_=_*20 _5y59
0.85f, 0.85%24

R. = M, _  765.6%10°
n - 2 = 2
bxd 0.9¥800%437.5

1 2%Rp*
p=—(1- /1—Tm)

-1 <1 _ \/1 _ w>: 0.0158
20.59 420

—Asreq = p X b xd = 0.0158x 800 x 437.5 = 5528.5mm>,

= 5.56Mpa

I

ASmin = J 05 * b +d 2 ;_y“ * by, * d ACI-318-14 (10.5.9)
= V2% L 800 %437.5 > %4800 437.5
4%420 420
=1020.62 mm?< 1166.67 mm?............. Larger value is control.

—>Asmin = 1166.67 mm?*< Asreq = 5183.3 mm®.
« As = 5528.5 mm?.
13025 = 6381.4mm*>Aseq = 5528.5mm? ... OK.

~ Use 13 925
Siax = 8°°‘4°*2‘112°*2‘13*25 =31.3mm>25mm....... OK
5 Check for straing, > 0.005) ACI-318-11 (10.3.5)

Asxfy =085x f. xbxa
6381.4 x 420 =0.85 x 24 x 800 x a

a=164.2 mm.
c= Bi = %: 193.2 mm * Note: £, = 24 Mpa< 28 Mpa— f; = 0.85
T

¢q
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dt=500-40-10-25/2 = 437.5 mm

__437.5-193.2

£ = % 0.005 =0.0063
193.2

=0.0063> 0.005 ( tension control section ).
~9=09.... OK.

(4.3.4) Design shear for Beam (36/GF) :
1- Vumax =363.8KN

fe
q)Vc=(p><£xbW><d

=075 x % x 800x437.5%10° = 214.33 KN.

» Check For dimensions:-

GVe+( 2x ¢ x[ff xbyxd) =21433+ ( Zx 0.75 V24 x 437.5x800 )*10°
=214.33 + 857.32=1071.65 KN>Vu max =363.8 KN.

-~ Dimension is adequate enough.

0.75
D *Vspin = BT 24 x 800 x437.5/1000 = 80.37 KN

or

5
D * Vspmin = * 800 * 437.5/1000 = 87.5 KN ...control .

5
* V24 % 800 * 437.5 * 1073 = 428.66 KN.

PpV's =

OVsmax=2*QV's = 2% 428.66 = 857.32 KN

@(Vc+ Vsmin) = 301.83 KN. .....casel
Od(Vc+Vs') =642.99 .....case 2
@(Vc+ Vsmax) = 1071.65 KN. .....case3

casel < Vu=363.8KN.< case?2
- required designed shear reinforcement.

O
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Vs =363.8 \0.75 — 214.33/0.75 = 199.3 KN

select 4 leg .10 ,,,,,Av = 4 * 78.54 = 314.16 mm?

Av Vs o _31416+42044375

Sreq Sy rd 1T T 1993x108 o0
d 4375

Sreq >3 = —5— = 21875

Sreq < 600 mm
select®10 — 20cm (4 — legs) .

a1nEzn

=
o L o [HE

(4.4)Design of column (C22):

The total liveand dead load
LL=5280 DL=2384

o)
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PuTotal = 7664KN(factored)

(4.4.1) Check the slenderness effect:

(Non-sway system braced ,K=1)
M, . :
(—) =1 brecedframewithM min
M,
kL, M,
—< 34—12(—) <40
T M,

I'x Z\E ~ 0.3h=03x0.8 =0.24

r'y= |~ ~03h=0.3x0.75=0.225
A

Ly=3.7m

kL, 1%3.7 . .
— = =154 < (34 —-12) =22 So the column is short at y axis
rx 0.24

kL, 1x3.7 . .
— = =16.44 < (34 —12) =22 So the column is short at x axis
ry 0.225

Check for the X-axis "short column"
pn,max = @ * 0.8(0.85fc(Ag — Ast) + Ast * fy)
@ = 0.65 istide
7664*10"3 =0.65*0.8 (0.85*24(800*750-Ast) + Ast * 420)
Ast=6252.4 mm®
p = Ast\Ag = 6252.4\(800 * 750) =
0.0104 > 0.01 ok
Use 20020 with As=6283.2mm?>Ast=6252.4,,,0K.

(4.4.5) Design the stirrups:

The spacing of ties shall not exceed the smallest of:

oy
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- 16xdp = 16x20 =320 mm control.
- 48xds =48 x10 =480 mm
- Least diminution of the column =750 mm

Use $10@200mm.

-|..--_

™ 2
12 S
13 2
67 &7
LT 67
12
2
GINEN0L = 3.02m BINENL=202m
Scale :1/20

Fig(4-10) :Column section
and reinforcement.

(4.4.6) Check for code requirements:

800—40X2—10X2—6%*20

clear spacing between longitudinal bars = . = 116mm
116 mm > 40mm
>1.5dp=24 mm
- gross reinforcement ratio = 0.0104 0.01 < 0.0104<0.08 ok

- NO of bars = 20> 4 bars for square columns.
oy
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- min ties diameter : $10 for $32 longitudinal bars and smaller.

(4.5) Design of Isolated Footing (F9):-

(4.5.1) Determination of Loads:
fc=24Mpa  fy=420Mpa

Total factored load = 7664KN. ' | — .
Total services load = 5890 KN T PRI 5 Y

Column Dimensions = 80*75 cm
Soil density = 18 KN/m®. =
Allowable soil Pressure = 400 KN/m?.

Assume footing to be about (95 cm) thick. A
Footing weight = 25x0.95= 23.75 KN/m?, % o

10.0 - ¥ v . £ w ¥ ’w - ¥
Soil weight above the footing =0.4 x18 = 7.2 =TS RIS
KN/m2. b

Gaitow =400 — 7.2 — 23.75 = 369.05 KN/m?

30014

LC.CU..."...'U'..'C....i(

140 %\wg’
S v 25@14
Fig (4-11) :Top Plan and
(4.5.2) Determination of Footing Area: section of footing.
_ 5890 _ o
~369.05 0™

Try 4*4 m with area = 16 m? > Areq = 15.96m?,,,,,0K.
Take |=4m.

Pu=7664 KN.

qu = 5890/4*4= 368.1 KN/m2

o¢
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(4.5.3) Check for one-way shear strength:-

Vi =368.1*4(g—0.8/2—d)

pVe = 4G [Te b, *d)

$NC = 0.75*%*\/ﬂ*4000*d

¢Nc =Vu
d =0.6m

(4.5.4) Determination the depth of footing based on shear strength:-

Assume, ¢$=20mm , cover=75mm
H=600+75+20=695mm

Take H = 800mm

d=800-75-20=705mm

(4.5.5) Check for two-way shear action (punching):-

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

1 2 [’
¢.\/C = ¢g(1+ ﬂ—cJ fc bod

1 o '
4V, =¢.1—( - +2}/ f.'b,d

2\ b,

V. =¢%\/f>c’b0d

Where:

o0
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Column Length (a
. = .g ():@:1.067
Column Width (b) 75

= Perimeter of critical section taken at (d/2) from the loaded area

b, =2(d +al)+2(d +a2) = 2(0.8+0.705) + 2(0.75+0.705) =5.92m
0[5:2 .

for interior column

AV =¢.1 142 =E*(1+2/1.067)=0.36
6 B 6

1 [as*d +2j_ 0.75*(40*0.705

= +2[=0.422
12 5.92

PV = ¢.§ =——=0.25.......... control

PV, = ¢é\/ f.'b,d = 0.25% /24 *5920* 705*10"-3 = 5111.6KN

Vu =368.1*{(4*4) - (0.8+0.705)*(0.75+0.705)} = 5083.5kN
¢Vc =5111.6 >Vu. =5083.5............ satisfied

(4.5.6) Design of Bending Moment:

1) At short dimension column "75cm"
Assume, ¢$=20mm , cover=75mm
H =800mm

Mu=|q,,xBx L a x0.5 L a
2 2 2 2
=|368.1x4x 4_075 x0.5 4075 = 1944KN.m
2 2 2 2

Mn =1944/0.9 = 2160 KN.m
d =800—75-20/2 =715 mm
Mn _ 2160x10°

Rn = 2 = 2
b*d 4000x 715

=1.06Mpa

o1
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i Fy 420
0.85fc’ 0.85x24

1 2mRn
p=—(- 1~ )

1 2x20.59x1.054
p=so- f1-
20.59 420

As ., =0.00258x4000x 715 = 7389.3mm?

As,. =0.0018*4000*800 = 5760mm’

AS,,;, =5760mm? < As,,. =7389.3mm?,,,OK.

#of bar in on meter = 7389.3 =24
314.1

=20.59

) = 0.00258

Use 24@20 with As =7539.6 mm2 >As req =7389.3 ,,,,, OK.

check for spacing :
4000 —2*75—24 %20
s = >3 = 146.5mm

Step "s" the smallest of

1.450mm  control
2. 3h= 3*800=2400mm
S=146.5<450 ,,,,, ok.

2) At long damnation column "80cm™
Assume, ¢$=20mm , cover=75mm

Take H = 800mm.

ov
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=| 368.1x 4 x i—%j x 0.5 4_08 =1884.7KN.m
2 2 2 2

Mn = 1884.7/0.9 = 2094.1 KN.m
d =800-75-20/2=715mm
Mn  2094.1x10°

Rn = > = > =1.02Mpa

b*d? 4000x 715
me_Y___ 420 545

0.85fc' 0.85x24

1 2mRn

=~ (1- 11—

P rn( y )
oL (1_\/1_2x20.59x1.02):0.0025

20.59 420

As,., =0.0025x4000x 715 = 7157.7mm?

As_. =0.0018*4000*800 = 5760mm’
As i, =5760mm?* < As, =7157.7mm’

71577 _,,
314.2
Use 23@20 with As =7226.6 mm?® >As req =7157.7mm?,,,,0K .

#of bar in on meter =

check for spacing :

4000 —2*75—23%20
= > = 154.1mm

Step "'s" the smallest of
1. 450mm  control

2. 3h=3*800=2400mm
S=154.1<450 ,,, ok

(4.5.7) Design the column —footing joint ""dowels"":
Pu=7664 KN

oA
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0(0.85 + fe » A1) |22
) fc 11
Where\/7 2

A2 is area lower base

Al is the area of section column

® = 0.65

The allowable bearing on the base of the column is

?(0.85 * fc * A1) = 0.65 = 0.85 * 24 x 800 * 750 * 103 = 7956KN

The allowable bearing on the footing is

1 516> 2control2
08*075 . = L4CONtro

?(0.85 * fc * Al)\/g =0.65*0.85*24*800*750*2*10"-3=15912KN

Pu=7664< 7956
the dowels is not need.
The min area of dowels Asmin = 0.005 x Ag = 0.005 * 800 * 750 = 3000mm?2

Select 20020 .

(4.6) Design of shear wall (SW1):

o1
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Fig(4-12) : Plan of wall.

We design shear wall by using Etabs program.

Vertical Steel Asmin=0.0012*100*30= 3.6cm%/m
Horizontal Steel Asmin= 0.002*100*30= 6cm?/m both sides

Vertical Reinforcement: select @ 14 \10cm at each side
Horizontal Reinforcement: select @ 10 \15cm at each side

U-hook @ 10 \15cm

(4.7) Design of Stair:

(4.8 .1) Determination of Slab Thickness:
L =5.6m

Nreq = 5.6/ 20 = 28 cm

Nreq = 5.6/ 28 =20 cm

take h= 25 cm.

0 = tan™(1.65/ 3) = 30
Cos 6=0.87

Fig(4-13) : Plan of Stair.
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(4.7.2) Load Calculations at section (A-A):

Load on Flight:-

Dead Load:
Tiles =0.03*27*((0.35+0.15)/0.30) =1.35 KN/m.
mortar = 0.02*22 *((0.15+0.35)/0.3) =0.733 KN/ m.

Plaster = (0.03*22)/ (Cos 30) =0.76 KN/ m.

Steps = ((0.15*0.3)/2) * 25/0.3 =1.875 KN/ m.

Slab = 0.25 *25/ Cos 30 =7.21 KN/ m.

Total dead load =11.90 KN/ m.
Live load:

Live load for stairs =5 KN/ m?.

on Flight Q,=1.2*11.9+1.6*5=22.32KN/m.

fig (4-14) : load of flight

iR
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(4.7.3) Design of Shear :

= Assume @ 14 for main reinforcement:-

So, d = 250-20 -14\2 = 223 mm

Shear

Support reaction at B&A = 32.53 & 29.27 KN

Vu =32.53 KN.

0.75*+/24*1000*173
MNeC = 5

Vu=3253 KN <gVc=106 KN .

=106KN

No shear Reinforcement is required. So the depth of the stair is OK.

(4.8.4) Design of Bending Moment :
The Following figure shows the Moment Envelope acting on the stair
Mu =(1.6*0.8*20.6)-(32.53*1.9)=35.44 kN.m
Mu = 35.44 kN.m

Mn =Mu/0.9=35.44/0.9 =39.4 KN.m.

d=173mm.

_ Mn_
" h.d2

_39.4*10°
" 1000*173°

__ v
0.85x fc'

420
m=———
0.85x 24

* *
p=i(1 12mK"J 1 (1—\/1——2 209 1'32j:5.78*10'3

K

=1.32MPa .

=20.59

m f | 2059 420

y

1y
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As,., = 5.78*10°*1000*173 = 999.5mm*

As_;.=0.0018*b*h = 0.0018*1000* 20 = 360mm
As,= 360mm< As, . = 9.995cm?

Use ® 14@ 15cmc/c

As provided =10.27> As req

5 - Secondary reinforcement:

As =0.0018xbxh =0.0018x1000 x 200 = 360mm

Shrinkage

Use @12 @ 30 cm

(4.7.5) Design of landing :

- Load on landing :

Dead Load:
Tiles =0.03*22 =0.66 KN/m.
mortar = 0.02*22  =0.44 KN/ m.
Plaster =0.03*22 =0.66 KN/ m.

Slab = 0.25 *25 =6.25 KN/ m.
Total dead load =8.01 KN/ m.
Live load:

Live load for stairs = 5 KN/ m?.

Load from flight =(32.53& 29.27) KN

on landing Q,=1.2*8.01+1.6*5=17.6KN/m.

& (29.27/1.2) = 24.4 KN/m& (32.53/1.2) = 27.11KN/m

(4.7.6) Design of Shear :

= Assume @ 14 for main reinforcement:-

So, d = 250-20 -7 = 223 mm.

Support reaction at B&A = 51.9& 50.18 KN
Vu =51.9KN.

1y
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gt *b, *d
A el

¢Vc

_ 0.75*4/24*1000*173
6

=106KN

MNc

Vu =51.9KN <¢gvc =106 KN.

No shear Reinforcement is required. So the depth of the stair is OK.

(4.7.7) Design of Bending Moment :
Mu =(1.8*0.5*1.8*17.6)+(27.1*1.2*0.9)-(51.9*1.8)=35.6 KN.m
Mu =35.6 KN.m.

=Mu/0.9=235.6/0.9=239.6 KN.m.

d =223mm.

_ Mn
"Tbod?
K — 34,63*10°

" 1000* 2237

m=_0
0.85x fc'

420
m =—
0.85x24

* *
P PR LS 1—\/1—M _1.93*10°
m f 20.59 420

y

K

=.79MPa

=20.59

As,., = 1.93*10°*1000*223 = 431.4mm”*
As,,, =0.0018*b*h = 0.0018 *1000* 200 = 360mm2
As;, = 360mm2<As,,, = 431.4mm2

Use @ 14 \15cm
10.27cmA/M> ASTCq...cceveeeeeeeeen... OK.

¢
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Cheek spacing :
3h =3*250=750mm
=450
=380(280\(2\3)*420)-2.5*25=300
= 300(280\(2\3)*420=300........ control

10
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2Tl
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fig (4-16) : Detailing of stair

"



Gila gl g zailddl) eadl) Juadl)

Caldl) Juaadl

Slua gill g giladll

iy o
. Clua gilly o

Lgalalivo

Caldaaldl 45

67



Gila gl g zailddl) eadl) Juadl)

- @m‘ \.0

-:&LA.J’A !:.....

il g aladinl) ¢ sl AaDlall Aplisy) Jshall alag) 8 0S990 4l 4 jlerall bl agd o)) ()
lelas 48 5k agd s 4 gunall el il Ja e aSEL JLEY) aacadl 4y ) g juia g sl dall e 5508l o) (Y
Juu\ﬂ\ds;:a\_\:};ww#dh}c WQT@}‘L@M&M\@ﬁ}shUM\HM\Q;u)JI (V
Aty s 3
- cluagillY o
Lolenes
Aian s Sl 5 pially 438 jall Clabadall Cuis g g pial) 2 amsy (Y
& 5 dall Jund) il el ag ) 5 cilaladially o ik 5 2l e <8l 33U Ca e (uiga 53 g0 ana (¥
e dle Alaiang st (ol JLanY 2nl 85 8lall Jd ¢ o pdiall GSlSaad) 5 Al eSh) arenail) JLeSinl iy (¢
Al sl

-1 aalpally alaal) 4ais5, 3
AV Y clae (3 W) b gl e L) Gulas ¢ g gy JLaa S 48 3 Yl gl clll la S )
(o pdall Ay claadle Y
3. ACI Committee 318 (201Y),ACI 318-1 !: Building Code Requirements for Structural
Concrete and Commentary, American Concrete Institute, ISBN 0-87031-264-2.
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (S)

Structural Drawings

This appendix is an attachment with this project
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Appendix (C)

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

Minimum thickness, h

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs £/20 (124 (/28 £Mno

Beams or

ribbed one-
way slabs £16 £M18.5 e £/8

Motes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 k% ) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural I|ﬁhmr9|ght concrete having unit density, w,, in the range
1440 1920 kg/m¥, the values shall be multiplied by (1.65 - 0.603w ) but not

less than 1.09.
bj For f,, other than 420 MPa, the values shall be multiplied by (0.4 + fyf?m)

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
SLABS UNLESS DEFLECTIONS ARE CALCULATED
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of member Deflection to b considered Deflection limitation
Flat roofs not supporting or aftached o non- | Immediate deflection due to live load L .
structural elements likely to be damaged by £/180°
large deflections
Floors not supporting or atiached to nonstruc- | Immediate deflection due to live load L
ural elements likely to be damaged by large £/360
deflections
Raaf or floor construction supporting or That part of the total deflection occurring after .
attached fo nonstructural elements likely to be | atiachment of nonsiructural elements (sum of £,/480¢
damaged by large deflections the long-erm deflection due to all sustained
Root or floor construction supporting or g}sgwi;nnadl m ‘{Q;”d‘)’?‘ate deflcton due o any .
attached fo nonstructural elements not likely o {/240°
be damaged by large deflections

* Limit not intended to safequard against ponding. Pondmg should be checked by suiable calculations of deflection, including added deflections due to ponded
water, and considering long-ferm effects of all sustained loads, camber, construction tolerances, and reliability of provisions for drainage.

f Lon?-term deflection shall be defermined in accordance with 9.5.2.5 or 9.5.4.3, but may be reduced by amount of deflection calculated to occur bafore aftach-
ment of nonstructural elements. This amount shall be determined on basis of accepted engineering data relating to time-deflection characteristics of members sim-
ilar to those being considerad.

Flim may be exceaded if adequate maasures are taken to prevent damage to supported or attached elements.

$Limit shallpot be greater than folerance provided for nonstructural elements. Limit may be excaaded ff camber s provided so that total deflection minus camber
doas not exceed limit.

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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