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Abstract

Structural design is important and results in all outputs related to the stability

of all structural elements, where the structural safety of these elements is evaluated
after carrying out the process of determining the loads, analysis and structural design.
The selection of sections is done depending on the provision of the structural safety
factor as well as on the economic cost

The building consists of three floors, and the total area is about (5000) square

meters, and the design is distinguished from the architectural point of view that it was
done in a manner based on the multiplicity of space blocks and distributed in a coherent
manner in terms of aesthetics and functionality, in addition to that attention was paid
.when distributing the blocks to provide comfort, ease and speed Access to users

The ground floor has a floor area of about 2270 square meters, consisting of

rooms for education, offices and a number of laboratories, a cafeteria, a kitchen and a
multi-use hall. The first floor has a floor area of about 2,200 square meters, consisting of
research offices, a biotechnology department, a seed bank, a equipment department,

an animal health laboratory, a space for tools, a plant drying area, rooms for personal
affairs and an accounting room. The second floor is about 360 square meters, and it
.consists of bedrooms, a dining hall, and bathrooms

The importance of the project lies in the diversity of the structural elements in the
building such as bridges, columns and concrete slabs, and the multiplicity of blocks and
the presence of retreats in the floor areas

It is worth noting that the Jordanian code will be used to determine live loads, and

to determine earthquake loads, as for structural analysis and section design, the
American code (ACIl_318 08) will be used, and it must be noted that some computer
- :programs such as

.ETABS, ATIR, SP Column, Microsoft office and AutoCAD

In the stage of the graduation project, a detailed construction study will be
presented in terms of analysis, design and detailed plans for what has been designed

God grants success.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-pre-stressed tension reinforcement.

Ay = area of non-pre-stressed compression reinforcement.
Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C.= compression resultant of concrete section.

C; = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity of concrete.

f.: = compression strength of concrete .

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

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.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.
Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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



Vc = 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.

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003.

& = strain of tension steel.

& = strain of compression steel.

p =ratio of steel area.
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Chapter 4

Structural Analysis and Design

4.1 Introduction.

4.2 Factored load.

4.3 Slabs thickness calculation

4.4 Load calculations.

4.6 Design of Rib (1).

4.7 Design of beam { B3, (80* 32) }.
4.8 Design of column

4.9 Design of Foundation

4.10 Design of stair

4.11 Design of Shear
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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 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 four types of slabs : One way ribbed slab, Two way ribbed
slab

, Flat slab and solid 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, and load, shear, and torsion is taken as the nominal
strength calculated in accordance with the requirements and assumptions of ACI-318-14
code.

NOTE:

fc'= 24N / mm? (MPa) For concrete slab.

fc'=24N /mm?* (MPa) o peams.

I 2
fe'=24N/mm~(MP2) £or column and footing.
2
fy = 420N /mm~(MP@) ror flexural Reinforcement Steel.

fyt=420N/mm*(MPa) For shear Reinforcement Steel.
4 .2 Factored loads:

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

qu=12D.L+1.6LL
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4.3 Slabs thickness calculation:
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Ground Floor Slab.

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one
way slabs unless deflections are computed as follow:
For rib :

The maximum span length for one end continuous (for ribs):
| = 4.49m, then

L L R
min =795~ 1g5 <M

The maximum span length for both end continuous (for ribs):

l =6.24,then

b = l _6.24_2967
min = 57 = 7 = 29.67mm.
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The minimum ribbed slab thickness will be h,,,;;, = 29.04mm.
Take slab thickness h,,;;, = 300mm > h,,,;;, = 29.04mm.

h = 30cm (22cm Hollow Block + 8cm Topping)

4.4 | oad 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.

Dead load from d*xy*b KN/m
Tiles 0.03 23 % 0.52 0.359
Mortar 0.03 x 22 % 0.52 0.343
Coarse Sand 0.07 * 16 * 0.52 0.5824
Topping 0.08 * 25 % 0.52 1.04
RC Rib 0.22 *25%0.12 0.66
Hollow Block 0.22%x9x0.4 .792
Plaster 0.03 * 22 * 0.52 0.343
Interior Partitio 1% 0.52 0.52
Z 4.639

Total Dead load /rib = 4.64 KN/m.

Total live load /rib =5%0.52 = 26 KN/m.
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4.5 Design of Topping:

Table (4-2) Dead load Calculations:

Dead Load from: dxyx*1l KN/m
Tiles 0.03 * 23 0.69
Mortar 0.03 * 22 0.66
Coarse Sand 0.07 * 16 1.12
Topping 0.08 * 25 2
Interior Partitions 1%1 1
Z 5.47

Live load Calculations: 5 * 1 = 5 KN/m.
Total Factored load: w, = 1.2 x4.64 + 1.6 *5 = 13.57KN/m

_ W12 1357047

My = —m—= > = 0.181KN.m

dM,, = 0.55 % 0.42 * V24 * 1000 * 802/6 = 1.21 KN.m

dM,, = 1.21 KN.m >> M,, = 0.181 KN.m

NO reinforcement is required by analysis. According to ACI 10.5, provided Ag ;,;,,for slabs as
shrinkage and temperature reinforcement.

According to ACI 7.12.2.1, psprinkage = 0.0018.

As = p*b*h=0.0018 * 1000 = 80 = 144 mm?/ strip.

Try bars @8 with A, = 50.27mm?

As 144

— = 2.87

Bar number n = =
Asps  50.27

Try 3¢8/m with A, = 150.8mm?/m strip or @8@300mm in both directions.

Step (S) is smallest of:
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3h =3 %80 = 240mm — control

450mm
280 280
s=380( )——ZSCC=380 — | - 2.5+ 20 = 330mm
fs £420
280 280
sssoo( )=300 — | = 300mm
s £420

Take @8@200mm in both directions. s = 200mm < S5, = 240mm — o

4.6 Design of one way Rib (1):

Material:-

Concrete  B300 f! = 24 N/mm?
Reinforcement Steel f, = 420 N/mm?
Reinforcement Steel of shear f,, = 240 N/mm?
Section:-

b =12cm bf =52cm h =30cm Tf =8cm

Figure (4-1): Geometry of rib and it’s dimension.
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6.3

Figure (4-3) : Moment Envelope of rib (1)

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

(4.6.1) Design of flexure one way rib (Rib1):

(4.6.1.1) Design of Positive moments of rib (Ribl)
be < Center to center spacing between adjacent beams
= 520 mm ... Controlled.
< Span/4 = 2110/4 = 527.5mm.
< (16* tf) + bw = (16* 80) + 120 = 1400 mm.
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be = 520 mm.

Assume bar diameter @ 12 for main positive reinforcemen

12
d= 300- 20- 8- -5 = 266 mm.

t
Mnf=o.85fc'*be*tf*(d—5f)

= 0.85 % 24 + 520 + 80 * (266 — 2) + 107° = 191.79 KN.m
dMnf = 0.9 * 191.79 = 172.61 KN.m
dMnf = 172.61KN.m
1) Positive moment of first span Mu (+) 6.3 KN.m
dMnf =172.61 KN.m »> Mu=63KN.m
Design as rectangular section..-
Mn = Mu/d =6.3/09 = 7KN.m

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

12
= 300 - 20- 8- - = 266 mm.

_ fy _ 420

= - = = 20.6
0.85f!  0.85%24

M, _ 7x10°
bxd? 520%2662

1 2*%Rp*
p=—(1- fl—Tm)

:L(l _ \/1 _W) = 0.00045

20.6 420

Rn= = 0.1903 MPa

As = p *= b xd = 0.00045 * 520 =266 = 62.24 mm?2.

JAd
............ (ACI-10.5.1)AS,in = f by*d > Zxb,xd

—_— %
4(fy) fy
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_ 22 1.4

= * 120 x 266 = — x 120 * 266
4%420 420

= 93.08 mm? < 106.4 mm? ............. Larger value is control
Agreq = 62.24 mm? < Aspy, = 106.4 mm? ... NOT OK
s As =106.4 mm?
Use 2 10 with A; o = 157.08mm? > Ag,.q, = 106.4 mm?. ... OK.
~ Use2 (910

Check for strain: - (¢ = 0.005)
Tension = Compression

As * fy = 085 f) * b x a

157.08 * 420 = 0.85 * 24 x 520 * a

a = 6.21 mm.

=521 _ 7317 mm
0.85

d—c
& =0.003 = (T)

=0.003 * (M) =0.108 > 0.005
7.317

b =09 (T.C.S).... OK.

Positive moment of second span MU (+) =12.6 KN.m (1

dMnf =172.61 KN.m > Mu =126 KN.m
Design as rectangular section...
Mn = Mu /d =12.6/09 = 14KN.m

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

12
= 300 - 20- 8- -5 = 266 mm.
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fy _ 42
0.85f!  0.85%x24

= 20.6m

_ M, _ 14x10°
bxd?  520%2662

_i _ _Z*Rn*m
=—( /1 — )p

= L(l _ \/1 _ 2*0.3805*20.6) — 0.000914
20.6 420

As = p * b *d = 0.000914 * 520 =266 = 126.42 mm?.

= 0.3805 MPaR,

fé 1.4
............ (ACI-10.5.1)Asin = T\/f:) xb,*d = E * b, xd
_ 22 1.4

* 120 * 266 > — x 120 * 266
" 4420 420

= 93.08 mm? < 106.4 mm? ............. Larger value is control.
Asreq = 12642 mm? > Asp;, = 1064 mm? ... OK

~ As = 126.42 mm?

Use 2 @12 with Agpro = 226.2 mm? > Agyeq = 126.42 mm? . ... OK.
~ Use 2 ¢12

Check for strain:- (¢, = 0.005)
12
d = 350- 20- 8- 7= 266 mm.

Tension = Compression
As x fy =085 f/ x b *a
226.2 x 420 = 0.85 * 24 * 520 * a

= 8.96 mm.

896

=— = 10.54mm * Note: f/ = 24MPa< 28 MPa— B, = 0.85¢ = ﬁi
1
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d—c
& = 0.003 * ( )

266—10.54

=0.003 * ( =

) =0..0727 > 0.005 - =09 (T.C.5).... OK.
(4.5.1.2) Design of Negative moment of rib (Rib1):

1) Negative moment at support (2) Mu(-) =18.6 KN.m.
Mn = Mu/d = 18.6/0.9 = 20.67 KN.m

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

14
= 300 - 20- 8- — = 265mm.

2
f 420
=—2_= = 20.6m
0.85f!  0.85%24
M, _ 20.67%10°
= = = 2.45 MPaR
b*d?  120%2652 5 aktn

_ 1. _ 2*Rpxm
=—( /1 3 )p

= (1 - 1- —2*2"‘5*20'6> = 0.00623

20.6 420

As = p * bw xd = 0.00623 * 120 * 265 = 198.11 mm?.

fe 1.4
............ (ACI-10.5.1)Aspmin = 20 xb, *d = % * b, *d
= 2% 1904265 > 124120 * 265
4x420 420
= 92.73 mm? < 106 mm? ............. Larger value is control.

Asreq = 19811 mm? > Asp;, = 106 mm?.... OK
.~ As = 198.11 mm?2.
Use 2 @12 with As ,,, = 226.2 mm? > As ,,, = 198.11 mm?* . ... OK

-~ Use2 ®12
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Check for strain:- (¢, = 0.005)
12
d = 350- 20- 8- - = 266 mm.

Tension = Compression
As x fy =085 f/ x b *a
226.2* 420 = 0.85 * 24 * 120 * a

a = 38.8 mm.

- 388 _ 45.65 mm.
0.85

d—c
e =0.003 = (T)

266—45.65

=0.003 » (3222%%) = 0.0145 > 0.005 =~ ¢ = 0.9 (T.C.S). ... OK.
45.65

(4.6.2) Design of shear of rib (1):

1) Design of shear at support (1) & (5):
Critical section at distance d = 265 mm from the face of support
fye = 420 MPa

Viumax(between two value) = 14.9 KN .

V. =11 « Ve b,d
6
4
= 1.1 * x 120 * 265 * 10 ~3 = 28.56 KN.

¢ *V, =0.75 % 28.56 = 21.42 KN

1
5&* V. =05%2142 = 1071 KN
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1
¢*Ve=214KN >V, =149KN > -¢+V, = 1071 KN

NO shear reinforcement is provided at support (1)& (5).
Design of shear at support (2):
Critical section at distance d = 315 mm from the face of support

fye = 420 MPa

Vumax(between two value) =18.6 KN.

bV, =11 * \/éc_cbwd

4
= 1.1 * * 120 * 265 =10 ~3 = 28.56 KN.

b * V. = 0.75 % 28.56 = 21.42 KN

1
Eq; *V.=05%2142=10.71KN

1
b*xV, =214KN >V, =186 KN > ECI)*VC=10.71KN

NO shear reinforcement is provided at support (2).

Use p8@100mm
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(4.7) Design of Beam (B3):
Material:-
concrete B300 Fc' = 24 N/mm?

Reinforcement Steel fy = 420 N/mm?

Section:-
B =60cm.
h =40cm.

According to ACI-Code-318-08, the minimum thickness of non-prestressed beams
or one way slabs unless deflections are computed as follow:
The maximum span length for one end continuous (for beam): [ = 6.24 m, then

hoo— b 5240 oo
min = 7g5 = 1gg5 oo/ M

The maximum span length for both end continuous (for beam): [ = 6.24 m, then

i = = = 220 _ 297,14
min =17 g1 TR

The controller beam total depth is 33.729 cm.

— Select Total depth of beam h = 40cm. ( drop beam).
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Figure (4-4): Beam Geometry.

Figure (4-5) : Loading of Beam (B3)

1.07,2.47 . I

0.971.35 |

41



Figure (4-8): Moment & Shear Envelope for Beam (B3)

(4.7.1) Design of flexure:

(4.7.1.1) Design of Positive moment:
, h =40cm. , @4 =10mm.B =60cm.
Assume bar diameter @18 for main positive reinforcement.

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

400 - 40 -10 - 178= 341 mm.

Check whether the section will be act as single or doubly reinforced section:

Maximum nominal moment strength from strain condition &; = 0.004

Cmax -

3
x d = 7 x 341 = 103.3 mm.

N w

Amax = B1* C e = 0.85 x103.3 = 87.81 mm.

* Note: f, = 24 MPa < 28 MPa - 1 = 0.85

a
Mn,max:0-85*fcl*b*a*(d_§)

— 0.85 % 24 *87.81 * 600 * (341 _ % )* 1076 = 319.32 KN.m
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250
$=065+ 3 (g —0.002).

250
=065+ 3 *(0.004—0.002) = 0.816

1) Positive moment of firstspan: M, = 122.6 KN.m
M, =1226 KN.m < ® M, = 0.816 * 319.32 = 260.56 KN.m
~ Design the section as single reif orced concrete section.

Mn = Mu /$ = 122.6/0.9 = 13622 KN.m.

18
d= 400-40-10- - = 341 mm.

fy __420 _ 556

T 085f  085%24

_ M, _ 136.22x10°
bxd%2  600%* (341)2

_l _ _Z*Rn*m
(- [1-2m

:L(l ] _m> = 0.00489

Rn = 1.95 MPa

420

Agreq = pbd = 0.00489 * 600 * 341 = 1000.5 mm?

JAd
............ (ACI-10.5.1)Ag pyin = L xbxd >=2xb, xd

4 (fy) fy
= 28 600 341 <« 600 341
4+420 420
= 596.63 mm? < 682 mm? ... Larger value is control.

Agmin = 682mm? < Agroq = 1000.5mm? ... OK

~ Ag = 1000.5mm?
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Take 5018 in one layer with A, = 127235 mm? > Ageq

= 1000.5 mm? ....OK
Check for bar placement:

600 —40*2—-10%x2—-5%18
b= 4

=102.5 > 25mm ....ok

Check for strain: (g5 = 0.005)

Tension = Compression
As x fy =085 f/ x b *xa
1272.35 420 = 0.85 * 24 600 * a

a = 43.65 mm.

_ 4365 _

0.85

d—c
e =0.003 = (T)

341-51.36

=0.003 « ( 51.36

2) Positive moment of second span: M, =16.7 KN.m
M, =16.7KN.m < ® M, =0.816 * 319.32 = 260.57KN.m
~ Design the section as single reif orced concrete section.

Mn = Mu/$ = 16.7/0.9 = 18.56 KN.m.

18
d= 400-40-10- - = 341 mm.

=L - %0 _ 556
0.85 f, 0.85%24
+106
Rn_ My _ 18.56%10 — 27 MPa

T bxd? 600% (341)2

44
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)=0017 >0.005 ¢ =09 (T.C.5)....

a

B1

OK.



:p:%(l— 1_2*sz*m>

= L(1 — 1= 2*'27*20'6> = 0.00065

420

Agreq = pbd = 0.00065 * 600 * 341 = 132.99 mm?

7
............ (ACI-10.5.1)Ag pin = L xbxd >=2xb,xd

4 (fy) fy
= V2% L 600 341 < 224600 +
4%420 420
341
= 596.63 mm? < 682 mm? ... Larger value is control.

Asmin = 682 mm?* < Ag,pq = 132.99mm? .... Not OK
=~ Ay = 682 mm?
Take 3918 in one layer with Ag pr, = 763.02 mm? > A req

= 763.02 mm? ....0K

Check for bar placement:

_600—40*2—10*2—3*18

= z =89.2 > 25mm .... ok

Check for strain: (g5 = 0.005)

Tension = Compression
As  fy = 085 % f/ x b % a
763.02 x 420 = 0.85 * 24 600 * a

a = 26.2 mm.

=22-30.82mm  *Note: f = 24MPa< 28 MPa— ; = 0.85¢ = 5
] 1
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d—c
c

g5 = 0.003 * ( )

341-30.82

= 0.003 * ( —

) =0.03>0.005 -~ =0.9(T.C.5)... OK.

(4.7.1.2) Design of negative moment:

1) Negative momenton at support (2) M,, = —137.4 KN.m

M, = —1374KN.m < ® My nax = 0.816 * 319.32 = 260.5 KN.m

~ Design the section as single reif orced concrete section.

=d = depth — cover - diameter of stirrups - (diameter of bar/ 2)
400- 40-10- — = 341 mm.

Mn = Mu /$ = 260.5/0.9 = 288.89 KN.m.

fy __420 _ 556

T 085f  0.85%24

_ M, _ 288.89x10°
Rn = =
bxd? 600+ (341)2

1 2%Rp*
p=—01- /1—Tm)

:L(l_ 1_w> = 0.011.

= 4.14 MPa

20.6 420

Agreq = pbd = 0.011 % 600 * 341 = 2278.45 mm?

!
c

............ (ACI-10.5.1)As,min = 4 (fy)

*bhxd Zli*bw*d
fy

= V2% L 600341 <%« 600 « 341
4x420 420

= 596.63 mm? < 682 mm? ... Larger value is control.

Asmin = 682mm? < Agppq = 227845 mm? ... OK

o Ag = 2278.45mm?
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Take 9918 in one layer with A,y = 2290.22 mm? > Agyeq

= 2275.6 mm? ....0K

Check for bar placement:

_600—40*2—10*2—9*18

Sy = 3 = 42.25 > 25mm ....ok

Check for strain: (g5 = 0.005)

Tension = Compression
As + fy = 085 % f/ *+ b * a
2275.6 x 420 = 0.85 * 24 600 * a

a =78.1mm.

_ 781

=—=919mm
0.85
—C
g5 = 0.003 * ( )
= 0.003 x (%) =0.0114 >0.005 -~ ¢ =0.9(T.C.S).... OK.

(4.7.2) Design of Beam (3) for shear

1) Design of shear at support (1):
fye = 420 MPa
Critical section at distance d = 441 mm from the face of support. V;, jqx =

99.3 KN

* 600 * 341 *1073 =167.1 KN.

$*V. =0.75%167.1 = 125.3KN
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V,=993< ¢*V,

= 125.3KN ..... No shear reinforcement is required .

1
=62.63 <V, = 99.3- * V.

*Use 2010

2) Design of shear at support (2):

Critical section at distance d = 441 mm from the face of support.

Vimax = 149.6KN

\/ﬁ

VC: 6

b, d

V24
* 600 x 341 %1073 =167.1KN.

(o))

b * V. =0.75 % 167.1 = 125.3KN

V,=149.6 > ¢ *xV. =1253 ..... shear reinforcement is required .

Check for section dimensions:

Ve=Vu/d — Vc = 149.6/0.75- 167.1 = 32.4KN.
2 !
Vs,max = § fc b, d

2
= 3* 25%600%3+41%10"3 =682KN

Vs < Vs max — the section is large enough.

Find the maximum stirrup spacing

r_ 1 7 d
Ve <V =§*w/fc b, d then SmaxS;

or Spmax = 600 mm.

1 1
V' = 3 *\/fc'b,d = §* 24 % 600 * 341 1073 = 334.1KN.

V, =324 < V. =334.1KN then
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341
Smax = 600 mm , Smax < - = 170.5 mm — control

Check forV min:

1 1
Vs,min = E fc'by,d = E V24 % 600 * 341 * 1073 = 62.64 KN.

1 1
Vs min = §bwd = 3 * 600 * 341 * 1073 = 68.2 KN - control

Vomin = 68.2KN < Vs = 32.4KN <V, =3341KN — Case 4
Use stirrups U — shape (2 legs stirrups)®8 with A,, = 50.27 * 2
= 100.54mm?

G Ay * fyr+d  100.54 * 420 * 395
B Vs ~ 334.1%103

= 4992 mm

Take S = 150 mm < Sq = 220.5mm — OK
Use shape (2 legs stirrups)?8 @ 150 mm < S, = 220.5 mm
1) Design of shear at support (3):
fye = 420 MPa
Critical section at distance d = 437.5 mun from the face of support.

Vimax = 28.7 KN

* 600 %341 1073 = 167.05KN.

V24
6
¢ * V. =0.75%167.05 = 125.3 KN

V,=287< ¢xV.
= 125.3KN ..... No shear reinforcement is required .

*Use 2010
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4.8 Design of coloumn:

4-8-1 Load Calculation:- (C 10)

Service Load:
Dead Load =1600 KN
Live Load =1000 KN

Factored Load:-
Pu=1.2 x1600+ 1.6x1000=3520 KN

4-8-2 Dimensions of Column:-

Assumena = 0.01

¢*Pn=0.65x 0.8x Ag{0.85 fc (1- pg) + pg * Fy}
3520 x 10%3=0.65 x 0.8 x Ag{0.85*24(1- 0.01)+0.01*420}

Ag= 280071 mm2

Assume Rectangular Section
b= 650mm

select h = 450 mm

Ag 1ew=292500 mm2

Check Slenderness Parameter:-

K — < 34- 12 M < 40
M2

T

Lu: Actual unsupported (Unbraced) length.

K: effective length factor. According to ACI 318-2002 (10.10.6.3) The effective length
factor k, shall be permitted to be taken as 1.0.

R: radius of gyration = \/'IA\: ~03h ..o For rectangular section

Lu=4- 0.3=3.70m
M1/M2 =1
K=1 for braced frame.

— About y-axis (b=0.650 m) :

Meza- L <40
r M2
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1%3.7
0.3%0.65

Column Is Short About Y -axis

= 18.9< 22

— About X-axis (h=0.450m):

m<34—12ﬂ ............... ACI —(10.12.2)
r M2

Hegs- <y
r M2

1%3.7

0.3%¥0.45

Column Is Long About X-axis

= 274> 22

— Magnification Factor:-

2
7 El
Pcr = 71 N2
E.I,
El =04 1

Ec =4700,/f, =4700x /24 = 23025.2 Mpa

1.2xDl1 1.2x1600
pd = ——=— =0.54 <1
Pu 3520
o bx AT _065x045 6049 me
£ 12 12
>
g = 04230200099 _ g 34 rnm?
1+ 0.59
Ti*28.
= —283 =204 MN
(1*3.7 )*
- 1
= = > == -
3, : 3550 1.29 1.0and = 1.4
0.75%20402
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— Minimum Eccentricitiy:-

Millvax
ey = =

e

miney =15+ 0.03=<x A4 =15+ 0.03=<300=28.5mm

ey = 00285

mnr

— Interaction Diagram:-

ey =g, . x&  =00285x1.29 = 0.0367Tm

ey _ 0.0367
0.45

= (.08

h
y_A450—-2*40-2*18-16
450
rom the interac tion diagram chart

h
F

0.7

for L=08 - pg=0015

h
Select remforcenent

Ast=pgx Ag = 0.015%450%650= 4358 mm":
Select 18418 with As=4578mm" > Ast =4388mm" .

— Design Of Stirrups:-

The spacing of ties shall not exceed the smallest of :-

spacing = loexd, =16x 1.8=288cm
spacing < 48xd_ =48x1.0=48cm
spacing = 45 cm

Liseg| O 20 cm

210

45

57

@210 L=1.7 210 L=1.36

Figure (4-9): Column Reinforcement Details

52
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@10 L=0.79
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4-9 Design of Isolated Footing(F4):
4-9-1 Materials and Loads:

Isolated footing that we consider to design with materials of

fcer =24 Mpa, f, = 420 Mpa .

Dead Load (service) = 675 kN.

Live Load (service) = 1200 kN.

Total services load = 1100 + 675 = 1775 kN.

Total Factored load = 1.2(1100) + 1.6(675) = 2400 kN.
Column dimension( a X b) = 60cm X 30cm.

Soil density = 19(;% :

Allowable bearing capacity qq;; = 400 (%)

I 2.85

Figure (4-10) :Footing Section.

Assume h = 55 cm.

kN
Gati-nee = 400 = (384X 0.5) = (19 X 0.5) = 372 ()

Area of footing:
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pe 2400

= 6.45 m?
Qali—net 372

Assume rect. Footing
SelectB = 2.85m
SelectL = 2.85m

Bearing pressure:
2400

= =306 kN
"~ 2.85%2.85 (mz)

qQu

4-9-2 Design of one-way shear strength:

Critical Section at DistancedFrom The Face of Column Assume = 50 cm .
Bar diameter @14for main reinforcement and 7.5 cm Cover.

d =550—-75—-14 =461mm

B—a 2.85—-0.6
4 =qu<

— d) x L = 306 X (T — 0.611) X 2.8 = 547kN

~—

LTI (T

Inclined crack
'
Critical section for 1
one-way shoar | Tridy ‘.' rea

-
B

dg
One-way shoar

Column

Figure (4-11): one-way shear calculation.

1 1
(z)VC=(bxgx\/ﬂxbxd:0.75x€x\/ﬂx2800x461=839.8kN

@V. = 791kN >V, = 547 kN - Safe
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4-9-3 Design of Tow-way shear strength:
Vi =Dy —FRy

FRy, = q, X area of critical section
V, =306 X [(2.85 % 2.85) — (0.3 + 0.461)(0.6 + 0.461)] = 2152kN

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

. 1 as
@VC=®XE(%+2)xw/fC,xboxd

* OV =0 x5 x\[foxbxd
Where:

_ column Length (a) 60

¢~ “column width (b) _ 30
. bo = Perimeter of critical section taken at (d/2) from the loaded area
=2x%(03+0.461)+2x (0.6 +0.461) = 3644mm

=2

as; = 40 for interior coulmn

Substitutingvalues in equations:

1 2
@Ve = 0.75 X g(l + E) X V24 X 3644 x 461 = 10287.1kN

oV, = 0.75 X 1 ( 40 +2>x\/ﬁx3644x461—103436kN
c—= 12 \3644 - '

1
@Ve = 0.75 X 3 X V24 x 3644 x 461 = 2727 kN — CONTROL

-Safe@V, = 2727 kN >V, = 2152 kN

4-9-4 Design Bending moment for long dirction:

Critical Section at the Face of Column
select 14
d =550-75-14 =4611mm
M, = 306 x 2.85 x 1.25 X 1zis =669 kN.m

M, 669 x 10°

Rn = 3haz = 00 x 2850 x 4612~ 2MPa
420

m= 085 xz2a 208
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= 0.0028

=—[1- |1-
p 420

1 2m.R,\ 1 ) 2x20.58x 1.2
m 420 |  20.58

Asreq = P X b x d = 0.0028 x 2800 x 461 = 3162.7 mm?

Agmin = 0.0018 x 2800 X 550 = 2772mm?
Asreq = 3162.7 mm? > Agyin = 2772 mm? - 0K

Check maximum step (S) is the smallest of:

1. 3h=3x%x550=1650mm
2. 450 mm — control

Use 23014 with A rop = 3542 mm? > Ag oq = 3162.7 mm?

S = 2850-75*2-23*14 / 22 = 105.8 mm
S$=105.8 < Smax =450 mm, select S=100mm

Check for strain:

_Asp, 3542x420 20,25

@ = 085bf  085x2800x24 o>
_a _78_

€T3, " 085 /omm

d—c 461 —47.35
& = 0.003 (T) = 0.003 (W) = 0.0421 > 0.005 ...... 0k

4-9-5 Design Bending moment for short dirction:
d =550-75- 14 -14/2 = 454 mm

1.1
M, = 306 x 2.8 X 1.05 x - = 494 kN.m

M, 494 x 10°
Rn = Ghd? = 0.9 x 2800 x 4542 -~ 0°MPa
420
m= 085 %24 2008
1 2.m.R, 1 2 % 20.58 x 0.95
e R R 420 = 0.0023

Agreq = p X bxd=0.0023 x 2850 X 454 = 2923.8 mm?
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Agmin = 0.0018 x 2850 x 550 = 2722 mm?
Asmin = 2923.8mm? > Agpq = 2722 mm?
Check maximum step (S) is the smallest of:
1. 3h =3 x 550 = 1650mm
2. 450 mm — control
Use 21914 with A prop = 3234mm? > Agpin = 2923.8mm?
S = (2850-75*2-21*14) / 20 = 125.5 mm
S=125.5 < Smax =450 mm, select S=100mm
Check for strain:

__Asp _ 3234x420
@ = 085bf  085x2850x24 <>
_a _23.77_ 279
€=3 “ogs /MM
d—c 461 —27.9
&5 = 0.003 (—) = 0.003 (—) = .046 > 0.005 ......0k
c 27.9

4-9-6 Design of Dowels:

Load Transfer In Footing :-

® Pn.b =0.65*0.85*24*0.6*0.3*10"3 = 2387 Kn > pu = 3400Kn ..... Ok
No Need For Dowels

As,min =0.005* Ac = 0.005 * 600 *300 = 900 mm2

Use the coloumn bar as dowels 12014
with As =1848 mm2 > As,min= 900 mm2

Development Length In Footing :-

Tension Development Length In Footing :-
Lay for @14

9 fy e * Pra = g

L = — * *d = 300
e T (Cn e Kzr) b = mm
dp
9 420 1=1=*=0.8
req Ly = * 14 = 3457 mm = 300 mm — OK

10 1++24 (2.5)
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2800-600

available Ldt :( :

)—75=975mm

available Ldt =975 mm > req Ldt=345.7....0k

Compression Development Length In Footing :-

0.24 f,
req Ly = Y . dp,
AJ IS
0.24 = 420 18 370.4
e —— = 4 mm
1 =+24

> minLge = 0.043 = f,, + d, = 0.043 = 420 18 = 325.08 mm

available embedment =700 - 75— 2+« 14 =589 mm =req Ly = 3704 mm — OK

Lap splice of column

L:=0071=#f,+dp,=0071 =420+ 18 = 536.8mm — usel; =550mm
&N
sl 2.7 E
21#14 L=3.05
- 0.21
1D
=
%__ . =3 - —|1
o ! 0L
|£ID.EEI e =~}
]
a¥
" — |
7
L E.LS , 021

Figure (4-12) : Detailing of footing
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4-10 Design of Stair:

' 580

Fig (4-13): Stair Plan.

< Material :-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?

4-10-1 Design of Flight :
Run =300 mm

Rise =160 mm

The Stair Slope by 0 = tan™(16/ 30) = 28.07 °

Determination of Thickness:-
h min = L/20 =5.8/20 = 0.333 m

h min = L/20 =5.8/28 = 0.2591 m
Take h = 35cm
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Load Calculation:

Dead Load for Flight for 1m Strip:-

No. | Parts of Flight Calculation
1 Tiles 27%0.03*1*((0.30+0.16)/0.3 ) = 1.377Kn/m
2 Mortar 22*0.02*1*((0.3+0.16)/0.3 ) = 0.674Kn/m
3 Stair (25/0.3)*((0.16*0.3)/2)*1 = 2 Kn/m
4 R.C 25*0.25*1 / c0s28.07 ° = 7.08 Kn/m
5 Plaster 22*0.03*1 / c0s28.07° = 0.748Kn/m
Sum 11.879Kn/m
Table (4-3): Dead Load Calculation of Flight
Live Load For Landing For 1m Strip = 5*1 = 5 Kn/m
Factored Load For Flight :-Wy = 1.2 x11.879 + 1.6x5 = 22.25 Kn/m
The calculation of landing Dead load computation :-
No. Parts of Landing Calculation
1 Tiles 23*0.03*1= 0.69Kn/m
2 Mortar 22*0.02*1= 0.44Kn/m
4 R.C 25*0.25*1= 6.25Kn/m
5 Plaster 22*0.03*1= 0.66Kn/m

Sum

8.04Kn/m

Table (4-4): Dead Load Calculation of Landing.
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Total Dead load = 8.02 Kn/m
Live Load =5 Kn/m

Factored Load for landing : Wu = 1.2*8.04+1.6*5 = 17.648 Kn/m

4-10-2 Design of flexure of stair :-

Because the load om landing is carried into two direction, only half of the load will be considered

in each direction 17.648/2 =8.824 Kn/m.

OIILI

N
FE B =90.79 KN T
. !

1.925 . 3

0.8

*
*

5.8

Fig( 4.14): Statically System and Loads Distribution of Flight.
R A= 8.82*(1.928+0.8)+(22.25*3)= 90.79Kn
RB = RA =90.79 Kn

4-10-3 Design of Shear for Flight :- (Vu=86.68 Kn)

Assume bar diameter g 14 for main reinforcement
d = h- cover — %2 = 350 — 20 — = = 316 mm
Vu =90.79 - 8.824*(0.15+0.316) = 86.68 Kn
Ve==/fc'b, d = V24 % 1000 * 316 + 10" = 257.2 Kn

® V=0.75*257.2= 193 KN> Vu =90.79 Kn

0.5 Vc=96.5 Kn>Vu=90.79 Kn

The thickness of slab is adequate enough
No shear reinforcement are required
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4-10-4 Design of Bending Moment for Flight :- (Mu=196.5 KN.m)

Maimum Mu= 90.79*(5.8/2)- 8.824*1.925*((1.925+3)/2)-22.25*1.5*0.75=147.4 Kn.m

Mu =Mu/ @
=147.4/0.75 =196.5 Kn.m

M 196.5%10°
Ri=—% = = 1.98 Mpa
"™ ®pdz T 1000x3162 p

f; 420
=—2- = = 20.6
0.85f]  0.85x24

p= l<1 - |1- —z'm'Rn> = 0.005
m \ 420

Asreq = p.b.d = 0.005 x1000x315 = 1575 mm?
Asmin= 0.0018*1000*350 = 630 mm?

ASreq = 1575mm?>Ag min=630 mm?...... OK
Use g 14:

n =1575/154= 11¢14

S=1/11=0.109

Select 11g14@150 with As =1575 mm?
Check for Spacing :

S =3h =3*350 = 1050 mm

s <300*(280/Fs)= 300* (>

3*420

) =300 m

S=300 mm ......... is control
S=150 < 300 Ok
Use 11 g14 @ 150 mm ,As= 1694 mm?

Tempreture and shrinkage reinforcement:

As(temp and shrink) =0.0018*b*h= 0.0018*1000*350=630 mm?
N =7630/79 = 7.97

S =1/7.97=0.125

Select 8g10@150 with As =632 mm?/m

Check for Spacing :-

S =5h =5*350 = 1750mm

S=450 mm ......... is control
S=150 < 450 Ok

Use 8910 @ 150 mm A= 632 mm?
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4-10-5 Design of Landing:-

TV

2=8 E24Fn/m

1111

q2=5 224K nfm

1825 3 - 0.8

ra
E B=33.3KM /l\

*
*
"

£l

-

Fig( 4.15): Statically System and Loads Distribution of Landing.

d= 400 —20 ~14 — 14/2 = 359 mm
RA=RB = (8.824 * 1.8)*2 — (17.648 * 0.2) = 35.3 Kn

Mu = 35.3-8.824*1.4*1.4*0.2/2 — 17.648*0.1*0.05 = 42.9 Kn.m

Mn = 42.9/0.75 = 47.75Kn.m

_ M, __ 47.75x10°
" @bd? " 1000x3152

= 0.48 Mpa

n

420
As=p*b*d=0.0012¥1000*315=378 mm?

0= %(1 -1 —ﬂ> =0.0012

Take As min = 630 mm?

Use 80 10/ 150 cm

Check for Spacing :-
S =3h =3*400 = 12000mm

S <300%(280/Fs)= 300*(32*1‘;0) =300 mm
3
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S=300mm ......... is control
S=150 < 300 Ok
Use 8 10 @ 150 mm , As= 632 mm?

+3. 70
S

A e
mme—— \Mwﬂ

Fig (4-16): Stair Reinforcement Details (1)
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4-11 Design of Shear Wall (SW17)

v" Material and Sections:-
= concrete B300 Fc' = 24 N/mm?
= Reinforcement Steel Fy = 420 N/mm?
=  Shear Wall Thickness h=30cm
= Shear Wall Width Lw=52m

= Shear Wall Height Hw=7.4m

4-11-1 Design of Horizontal Reinforcement:

YXFy=Vu=760

Mu =4373 KN.m

d =0.8* Lw = 0.8 *5200 =4160 mm.
The maximum shear strength
@Vn=0.75%0.83*(f ¢' *h*d

=0.75 * 0.83 * \24 * 300* 4160*10"-3.
= 3806 > Vu = 760.

The critical Section is the smaller of :
=52/2=26m—
=74/2=37m="

Story Highet(Hw) =3.7 m |

Calculate shear strength provide Vc
Vc is the smallest of :

1 1

1=V, =2/f’hd = 224+ 300 « 4160 + 107 = 1019 KN .......CONTROL

N,d

2-V.=027/f."hd + 4”
Ly (01yF+ 0.2 L)

Ik
My Ly
v, 2

= 0.27V24 * 300 * 4160 * 1073 + 0 = 1651KN

Lw

3 -V, =|0.05/F. + hd
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5.5(0.1v24 + 0)

-3 _
315 300 4160 * 107> = 1315 KN

3 -V, =10.05V24 +

Calculate the Horizontal Reinforcement

@V>Vu ..... Min Reinforcement

Take p=0.002 m2/m For @ < 16

— Anmin
pt - Sz*h

Select 10 /200 mm in each side for each story

Calculate the Vertical Reinforcement

Take p=0.0012 m2/m For ¢ < 16
— Anmin
pt - 22*h

Select @12 /200 mm in each side for each story

Design of flexure :-

5200
Ay = (m) * 2 % 113.4 = 3931.2 mm?
A 3931.2 \420
wz(—“)f—yz( ) = 0.044
L,h/ f.' 5200 % 300/ 24
B,
a = =0
Lyhfe'
C w+a 0.044 + 0
l, 2w+0.858, 2%0.044+ 0.85%*0.85
B, c
oM, = 00545 f, 1, (1 +-—)(1 —7)
Astfy lw

= 0.9[0.5 * 3931.2 * 420 * 5200(1 + 0)(1 — 0.002)] = 5855.85KN >
.... Ok4373 KN.m
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project

Appendix (B)

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

Beams or

ribbed one-
way slabs £M16 £/18.5 e L8

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

(dens‘rtz W, = 2320 k /m3) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural lightweight concrete having unit density, w,, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.803wc) but not

less than 1.09.
b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700).

€120 €124 £/28 Mo

MINIMUM THICKNESS OF NONPRESTRESSED BEA'S OR ONE

WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)
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TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type of mermber Daflection to be considered Deflection limiation
Flat roafs not supparting or attached to nan- | Immediate deflecion dus to live load L
siruchural elements liely to be damaged by L8
Iarge deflectins
Floors nat supparing or afiached fa nonsiuc- | Immediate defiection due fo live load L
turl elements kel to be camaged by erge LA
deflections
Rool or fioor construction supparting or That part of the fakal deflection oocuring after
affached fo nonstnuctural elements likely to be | attachment of nonsfructural elements (sum of £ AR
damaped by targe deflecins thelong-tem defiection due fo al sustained
Rioof or floor canstruction supporting or ﬂﬂ mmﬁm Oeflection dug o any
aftached ¥ nonatructural elements not lkely ta {20

be damaged by large deflections

* Limit rct infenced o safequand agamst ponding. Ponding should be checked by suiiable calculations of deflecion, including added deflections due o ponded

waer, and considering kong-tem eficts of al sustained

, camber, construction tolerances, and reabiity of provisions for drainage

* L onggdeem difiocton shllbs deermined in accordance wih §.5.2.5 or 0.5.4.3,but ey be reduced by amountof deflecion calciaer o cur befoe aftach-
menk of nonstrucural elsmens. This amound shall be dedermined on basis of acospted enginaening data relaing bo time-deflection charavkensics of members sim-
flar i those being camsidersd,

t Limit may be exceeded  adnquate massures ans taken o prevent damane o supporied of attached elaments

5 Limi shal not b gpashe than tolerance: provided for nonstructural elements, Lkt may be exceeded i camber s provided so thattokaldefleckon minus camber
toes nof exceed limil,

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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