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Abstract
Korean School

The idea of this project can be summarized by preparing Korean School . This
consists of all facilities that should be available in any School.

The project consists of two floors, and the total area of the building is 5500
square meters. The design of the project is based on the multiplicity of spatial
cluster and distributed consistently aesthetically and functional.

The ACI-318 code will be used in the design of structural elements, where
other programs such as ATIR and AutoCAD are used as supporting programs.
Old graduation projects where reviewed and studied .This project will include
detailed structural analysis and design of the construction elements according
to the expected various loads. Shop drawings will be produced based on the
resulting design.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

As’ = area of non-prestressed 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.

Cs= 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.

Fc’ = compression strength of concrete .

fy = specified yield strength of non-prestressed 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.
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e LL = live loads.

o Lw = length of wall.

o 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 in direction parallel to longitudinal reinforcement.

e \/c = nominal shear strength provided by concrete.

e \/n = nominal shear stress.

e Vs = nominal shear strength provided by shear reinforcement.

e VVu = factored shear force at section.

o W= weight of concrete.

e W = width of beam or rib.

e Wu = factored load per unit area.

o @ = strength reduction factor.

® £, = compression strain of concrete = 0.003.

e g = strain of tension steel.

e £.= strain of compression steel.

® p =ratio of steel area
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Chapter Four
Structural Analysis and Design

A

4.1 Introduction.

4.2 Factored load.

4.3 Slabs thickness calculation

4.4 Load calculations.

4.5 Design of Topping.

4.6 Design of Rib (1).

4.7 Design of beam (B2, (35/80).
4.8 Design of Shear Wall.

4.9 Design of Footing.

4.10 Design of Stiare.

4.11 Design of Column.
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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 two types of slabs : One way ribbed slab and Two way ribbed slab. They would be
analyzed and designed by using finite element method of design, with aid of a computer program called "ATIR-
Software " to find the internal forces, deflections and moments for ribbed slabs and by using the previous program
and Etabs, Safe, And programs to find the internal forces, deflections and moments for both types of slabs, and then
handle calculation would be made to find the required steel for all members.

The design strength provided by a member, its connections to other members, and its cross — sections in terms of
flexure, and load, shear, and torsion is taken as the nominal strength calculated in accordance with the requirements
and assumptions of ACI-318-08 code.

NOTE:

fc'= 24N / mm?(MPa)
fy = 420N / mm? (MPa)

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+1.6L.L.

4.3 Slabs thickness calculation:
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Minimum thickness, h
Simply One end Both end

i . Cantilever
supported continuous continuous

MemberMembers not supporting or attached to partitions or other construction
likely to be damaged by large deflection

Solid one way
Slabs L/20 L/24 L/28 L/10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

Table (4.1): Check of minimum thickness of structural members

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:
Forrib :

hmin=L/18.5=690/18.5=37.5 cm " One end continuous "

hmin=L/21 =690/21 = 32.85 cm " Both ends continuous "
select : 35 cm thickness with 27 cm block and 8 cm toping .

4.4 Load calculations:

4.4.1 One way ribbed slab:

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

following table:

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

Parts of Rib Calculation
Rib 25 0.12*0.27*25=0.81 KN/m
Top Slab 25 0.08*0.52*25 = 1.04 KN/m.
Plaster 22 0.02*0.52*22 = 0.23 KN/m.
Block 10 0.4*0.27*10 = 1.08 KN/m
Sand Fill 17 0.1*0.52*17= 0.884 KN/m
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Tiles 23 0.03*0.52*23 = 0.36 KN/m

Mortar 22 0.02*0.52*22 = 0.23 KN/m.

partition - 1*0.52 =0.52 KN/m

Nominal Total Dead load = 4.8 KN/m of rib (service load)
Nominal Total live load =4*0.52= 2.1 KN/m of rib (4 KN/m?)

4.5 Design of Topping:

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

Tiles 0.03 * 23=0.69 KN/m?
Mortar 0.02 * 22=0.44 KN/m?
Sand 0.1*17=1.7 KN/m?
Slab 0.08 * 25=2 KN/m?

Partitions  1.00* 1 =1 KN/m2.

Dead Load =5.83 KN/m?,
Live Load = 4 KN/m?,
Wu=12DL+16LL
=1.2*5.83+1.6*4=13.396 KN/m2. (Total Factored Load)

M = Wy 1> 13.396% 0.4%
= =
12 12

=0.1786 KN.m
M, = f*S

1%0.082
6

2
= 042 Jf{ » = = 0.42V30 » «103 = 2.45 KN.m
@M, = 0.55 = 2.45 = 1.35 KN.m
$M,, = 1.35 KN.m > M, = 0.1786 KN.m

~ No structural reinforcement is needed

Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement :-

p =0.0018
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A; = p*b*h=0.0018 1000 * 80 = 144 mm?.

#0f @12 =2rea = 1 _ 13, Spacing(S) = — = 0.769m = 769 mm.
Apar  113.04 1.3
280 280
<380 () -25%Ce < 380 (=)
=380 * (22) - 2.5%20<380 * (222)
3ly 3ly
_ x( 280 v « (280
380 (g* ) -2.5*20<380 (g* )

=330 mm. <380mm.
<3*h=3*80=240 mm........... controlled.

<450 mm.

~Use @12 @ 20 Cm C/C in both directions.

4.6  Design of Rib (1):

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

Section :-
b =12 cm bs =52 cm
h =35cm T =8 cm
Geometry Units:meter cm
1 2 3 4 5
1 2 3 4
A L A T A T A
A ' A A A
lﬁ’. 7.39 | 7.14 0'8| 6.74 0 8| 6.49 |0'8|
T ?-54 T ?-54 T T 7-54 T T 7-29 T 1
I 2 I I I I
35.
12.
A-A

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

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

4.00 4.00 4.00

7.54 7.54 7.54

7.29
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Figure (4-2) : loading of rib (1)

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

Moments: spans 1to 4

76 735
-60.7
-54.4 » .53,
432 , -43.2 232
, 58, 2.6 ,
I | | 1
K 1.171.32 HFfs M z
v % ' $28
39.7 40.3
59.1 55.8
302 452 | s | am | 31 | am 437 | 292 |
I 1 1 1 1 1 T 1 1
Figure (4-3) : Moment Envelope of rib (1)
~ Shear
508 °42 462 -50.1
-38.1 -42. -36.3
-28.2
[n !
I I I I I I |
373 22! 38.2 4
s04 4T 46.3 531 -

Daantinne

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

4.6.1 Design of flexure:-
4.6.1.1 Design of negative moment of rib (RIB 1):
Maximum negative moment Mu®© =39.5 KN.m.

Assume bar diameter @ 14 for main negative reinforcement.

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

M, =Mu/ ¢ = 39.5/ 0.9=43.8 KN.m
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fy _ 420
0.85f, 0.85%24

m= =20.6

_ My _ 43.88x1073
bxd%  0.12*(0.314)2

1 2xKp*
p=ta- [1- )

_ 1 (1 _ g 2377206 ): 0.0098
420

R, = 3.7 MPa

—As=p *bE *d = 0.0098* 120 *314=370.27 mm?,

———sx b, xd = f_ xby, *xd ............ (ACI-10.5.1)
_ V24
T 4x420

=109.8mm?<125.6mm?............. Larger value is control.
—Asmin 125.6 mm? < Asreq 370.27 mm?,

£120 %314 > —2 %120 * 314
420

o As = 826.6 mm?2.
2 @16 =401.92 mm?2 > ASreq = 370.27 mm?2. OK.
~Use2@ 16

— Check for strain: - (¢, = 0.005)
Tension = Compression
As*fy=085*f/*b*a

401.92 *420=0.85*24* 120 *a

a =68.95mm.

C=68.95/0.8=81

g; = T"*0.003

_ 314-81
81

*0.003 = 0.00862> 0.005 - ¢ =0.9 OK

4.6.1.2 Design of positive moment of rib (RIB1):

For positive moment Mu® = 30.7KN.m

Assume bar diameter @ 14 for main positive reinforcement.
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=350 — 20 — 10—12—4 = 314mm.
39



bE < Distance center to center between ribs = 550 mm............ Controlled.

< Span/4 = 3400/4 = 850 mm.
< (16* t¢) + bw = (16* 80) +120 =1400 mm.
—bE =550 mm.

—>Mnf=0.85fc'*b5*tf*(d—%f)

0.08

= 0.85 % 24 * 0.52 * 0.08 * (0.314 - T) «103 = 232.5 KN.m

dMns = 0.9 * 232.5=209.27 KN.m
—dMnf =209.27 KN.m >> My = 30.7 KN.m.

=~ Design as rectangular section with b = bE =520 mm

M, =Mu/ ¢ =30.7/ 0.9 = 34.11 KN.m

fy —_420 _996

T 085f, 0.85%24

_ My, _ 341x1073
M pExd?  0.52% (0.314)2

1 2xKp*
p=—(1- /1—Tm)

1 (1 _ \/1 __ 2x0.665%20.6 >:0.00162.

= 0.665 MPa

" 206 420

—As = p * bE *d = 0.00162 * 520 *314 = 262.88 mm2.

JAd
ASpin = T\/;) xb, *xd = ;—: xby,*xd ........... (ACI-10.5.1)
V24 1.4

* 120 * 314 = — %120 * 314
4%420 420

=120.877 mm?< 125.6 mm? ............. Larger value is control.
—Asmin = 125.6 mm? > Asreq = 262.88 mm?,

o ASreq = 1415 mm2
2 @ 14 =307.72 mm? > Asreq = 262.88 mm?. OK.
~Use2@ 14

— Check for strain: - (¢, = 0.005)
Tension = Compression
As*fy=085*f/ *bE *a
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307.72* 420 =0.85* 24 * 520 * a

a=52.7mm.

g5 = == *0.003

_ 314-62
62

*0.003 =0.012>0.005 - ¢ =0.9 OK

4.6.2 Design of shear of rib (RIB 1):

1) Vu =19.7 KN. (at distance d=283 mm from the face of support)
fe
q)VC:q)*Q*bW*d

V24
6

=0.75* 0.12 * 0.314 *10° = 138.445 KN.

1.1* ¢ Ve =1.1*138.44 = 152.29KN.

—Check for cases:-

Casel: Vu< %

152.29

28.08 < =76.145.......Then ok

~ Case (1) is satisfied — minimum shear reinforcement is required.

fe
min > 2, bu ==« Y2240.12=8.75%105................ Control.

* —
16 fy 16 42

w =24 2222 g 5x10

> *_W
= fyt 3 420

Wl

Try @8 (2Legs):

* * -6
2030410 7 _ 9 99%10% > S=0.82m
Smax < %z 32ﬁ = 157 mm.
< 600 mm.

~Use@8 @ 10 Cm

4.7 Design of Beam (B2):

Material :-
Concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
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Section :-
B=80cm,h=55cm

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

S
T SO 814, {3;/50)
754.,77772777 )

Figure (4-5) : hatched areas represent the load on beam from slab

The tributary load area beam from ribbed slab as shown above (shaded area). In addition to factored load acting on
the beam from the ribbed slab, the own weight of the beam must be added and the load of the RC wall (25 cm thick, 3
height).

Load calculation for the beam:

Service DL from the slabl =73.15 KN/m
Service DL from the slab2 = 66.46 KN/m
Service DL from the slab3= 68.85 KN/m
Service DL from the slab4 = 72 KN/m

Weight of the beam = 0.8 x 0.35 x 25 =7 KN/m

Table (4 — 3) Calculation of the total dead load for beam (2).

Dead load from: KN/m
Tiles 0.03 x 23 x 0.8= 0.552
Mortar 0.02 x 22 x 0.8= 0.352
Sand fill 0.0.7 x 17 x 0.8=0.952
Plaster 0.02 x 22 x 0.8=0.352
Partitions 1x08=0.8

Weight of floor materials acting directly on the beam =3 KN/m

Service LL from the slabl = 62.23KN/m
Service LL from the slab2 = 67.076 KN/m
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Service LL from the slab3 = 62.98KN/m
Service LL from the slab4= 63.77KN/m
Service LL over the beam =4 x 0.8 =3.2 KN/m

Total service DL on the beam 74.33 KN/m (spanl), 73 KN/M(span2) .68.86 KN/M(SPAN 2) .72KN/M(SPAN
4)and 7+3=9.011 KN/m
Total service LL on the beam 70.84 KN/m (spanl), 66.6 KN/m (span2) .62.9KN/M(SPAN 3).63.769 (SPAN 4) .
and 2.75 KN/m

Geometry Units:meter,cm
1 2 3 4
1 2 3
T A T A T T A T
| o.sl 5.5 | 0.8 | 25 ‘ 0'6| 5.6 | 0.7 |
I 1 6.2 1 1 3-2 T 1 6.25 1 1
1 I I I
35
80.
A-A
Figure (4-6) : Geometry of beam
Toad group no. 1
Dead load - Service Units:kN,meter
6d.2 61.7 64.3 .1
I I I Iy I I
62 4 2.65 L 3.6
T
Live load - Service Load factors: 1.20,1.20/1.60,0.00
66.2 64.3 54.8 64.3
6.2 3.2 2.65 | 3.6
1

Figure (4-7) : Load of Beam (B.2)
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Moment/Shear Envelope (Factored) Units kN meter

Moments: spans Tio 3

-628. -656.4
-488.9 -534.3 .458.2
-3M
. A7, 1.2 ,
I | I 1
Lt 1 1 1 1 1
T Iog| T T
1394
| 279 8478 3.41 | 16 | 16 | 3.75 6766 35
I I I T T T 1
Figure (4-8) : Moment Envelope for Beam (B.2)
Moment/Shear Envelope (Factored) Units:kN, meter
Shear
-679.8
-547.3 -516.5
-435.2 386.7
-320.6 -380.
Lt 1 1 Il 1 1
T T 1 T T T
% 280.3
2925 e 577.2
687.9

Figure (4-9) : Shear Envelope for Beam (B.2)

4.7.1 Design of flexure:-

4.7.1.1 Design of maximum negative moment:-

—Mumax = 325.73 KN.m.

Assume bar diameter @ 25 for main negative reinforcement.
d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

=55O—4O—1O—22—5=487.5 mm
amax=§*d=§*487.5:209 mm.

f! = 24MPa

dmax — 209 mm.

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

0.209

=0.85*24*0.8*0.12321 * (0.4785 — — ) *10%=1275.7 KN.m .
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—OMnmax = 0.9 * 1257.7 = 1148.1KN.m .
—OMnNmax = 1148.1 KN.m > Mu =325.73 KN.m .

=~ Design as Singly reinforced concrete section

M, =Mu/$=325.73/0.9 = 362 KN.m.

_ fy _ 420
m= ;= ———
0.85f, 0.85%26

=20.6

_ M, _ 362x1073
bxd? 0.8+ (0.487)2

1 2xKp*
pra(l- [1-Ham

1 <1 N 2%1.9%¥20.6 ) — 0.005

T 206 420

=1.9 MPa.

Ry,

—As=p * by *d =0.005 * 800 * 478.5 = 1820 mm?,

fe 1.4
Asmin = Tfy) * bW xd > E * bW xd .. (ACI-lOSl)
= V2 800+487.5 > 1% « 800 « 487.5
4+420 420
=432 mm?< 1300 mm? ............. Larger value is control.

— Asmin = 1300 mm? < Asreq = 1820 mm?,

. As = 1820 mm?Z.

#0f @25 ="2rea = 1820 3 7 4 of bars =4 bars.
Apar 491

~Used @25

— As =4 * 491 = 1964 mm? > ASreq = 1820 mm? .
— Check for strain:- (g = 0.005)

Tension = Compression

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

1964 * 420 = 0.85 * 24* 800 * a

a=50.5 mm.

C=50.51/0.85=59.4

f! =24 MPa

£ = =% 0.003

_ 487.5-59.4
59.4

*0.003=0.0216 > 0.005 .. ¢ =0.9 OK.
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~Use4 @25

4.7.1.2 Design of positive moment:-

1) For positive moment Mu®) =676.6 KN.m .

Assume bar diameter @ 25 for main negative reinforcement.

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

:550—40—10—22—5:487.5 mm

dmax =

fe=2

*d = % * 487.5 = 208.9 mm.

B ogiw

MPa

M max = 0.85 * fc’*b*a*(d-g)

0.208

=0.85*30 *0.8 * 0.2089* ( 0.4875 — 5 ) * 10° = 1632.32KN.m .

—OMnmax = 0.9 * 1632.32 =1469KN.m .
—OMnmax = 1469 KN.m > Mu =670.6 KN.m .

= Design as Singly reinforced concrete section with b = bE = 800 mm

Mn = Mu /$ =670.6 / 0.9 = 745 KN.m .

f; 420
= =20.6
0.85f, 0.85x24

m=

_ M, _  745.6%1073
bxd?  0.80+* (0.387.55)2

1 2xKp*
p=ta- f1- )

_ 1 (1 _ [ _ 2r62-206 ): 001

R, = 3.92MPa.

420

—As = p * by *d = 0.01 * 800 * 487.5 = 4078 mm?.

1
Asmin = 70y *bw xd 2 ;—y“* by *d eooeeeenn. (ACI-10.5.1)
e

= + 800 * 487.5 > —Z « 800 * 487.5
4%420 420

46



=397.4 mm?< 1300 mm? ............. Larger value is control.

—ASmin = 1300 mm2 < ASreq = 4078 mmz.

- As = 4078mm?.

#0f @ 25="rea — 2078 _g 3, 4 of bars = 9bars.
Apar 491

~Use12 @ 25

— As = 9% 491 = 4419mm? > ASreq = 4078mm? .

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

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

4419 * 420 = 0.85 * 24* 800* a
a=113.7 mm.

C=113.7/0.85=133.8

£/ =30 MPa.
g, = X% 0.003
X

_ 487.5-133.8
133.8

~ Use 80 25

*0.003=0.0094 > 0.005 - ¢ =0.9 OK.

4.7.2 Design of shear:-

1) Max Vu = 679.8KN .

Q)VC:(l)*g*bw*d

V24
6

=0.75* 0.8* 0.4875 * 10% = 239 KN.

— Check For Cases:-

1- Casel: V< q’zv‘:.

239

679.8 < -~ = 119.4 ......Not satisfy.

2-Case 2: % < Vy < dVe
119.5< 204 < 239....... Not satisfy.
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3'Case3: (l)Vc < Vu S (1)Vc+(l)VSmin
b VSmin > % fc”"bw*d=0i—765 V24 * 0.8 *0.4875 * 10° = 90 KN.....Control.

IV

%*bw*d = 0'775”‘0.8*0.4875* 10% = 147 KN
oo (l)VS min = 147KN

GV + GV min = 239+147= 386 KN.
OVe < Vi < OVe+ OVSmin
239< 679.8< 386 .......... Not satisfy.
4-Cased: PVo+ PVsmin < Vu < dVe+ (2 * /7 *bu*d)
45217 < 6798 <379.67+ (“2° *V24 *0.8* 0.4875*10°)
452.17 < 679.8 < 955.5....c........ Satisfy.

Try @ 8 (2 Legs) =2 * 50.26 = 100.5 mm?.
§=120-20.16.50=34mm=3.4cm ......... control

d 487.5
Smax < > = - = 243mm.

< 600 mm.

~Use@8 @ 15Cm 2 Legs.

4-11 Design of Shear Wall (3)
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First Floor

Ground Floor 9

Basement Floor

v" Material and Sections:-

=

concrete B300
Reinforcement Steel
Shear Wall Thickness
Shear Wall Width

Shear Wall Height

Figure (4-22): Shear Wall(3).

Fc' = 24 N/mm?
Fy = 420 N/mm?
h=30cm
Lw=5.8m

Hw = 14.2m

4-11-1 Design of Horizontal Reinforcement:-
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D Fx=Vu=719.17 KN

The critical Section is the smaller of:
M = @ =2.95m.......Control
2 2
hw 14.2
, =
storyheigh{Hw) =3.9m

=7.1m

d=0.8xLw=0.8x5.8=4.64m

5 !
DVomax = (Z)E Vfc hd
= 0.75 * 0.83 * V24 * 300 * 4640 = 4245KN >V, = 719.17KN

V.is the smallest of :

1— V, = <y/f'hd = <24 * 300 4640 = 1136KN ..... control

N,d
2— V. =027/ hd + 4’1‘ = 0.27v24 % 300 * 4640 + 0 = 1841.23.12KN
w

Ly (017 +025°%)

3— V. =|0.05/f; + | hd

Vy 2
5.8(0.1v24 + 0)

05925 300 x 4.64 = 7016KN

3— V. =0.05v24 +

V¢ =790.19KN

@ * vc + Qvs = vu

@ * vs=vu-0 * vc

Vs=vu/@ — vc

Vs=719.17/0.75-1136=118.92kn need reinforcement

v, 118.92
S2 fyd 420 x 464

4, 0.0000065
Pt =5m ™" 03

Ayh _

= 0.0000065 m2/m

= 0.0000216 < 0.0025

- Maximum spacing is the least of :

Lw
—= @ = 1160 mm
5 5

3*h = 3*300 = 900mm
450 mm ....... Control
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Select 10 ,tow layers

Sh=157/0.75=209.33

= dm 25750 6025
Pt s =5, %300

Sh=209.33

Select Sh=200mm<Smax= 450 mm.

4-11-2 Design of Vertical Reinforcement:-

Avwy _ _hw _

f = 0.0025+05 (2.5 - 2) (p, — 0.0025) > 0.0025
h, 1426

Lw 58

for this wall with 22 >2.5p, = 0.0025
w

Lw
- Maximum spacing is the least of :
Lw _ 5800

3
3*h = 3*300 = 900mm

=1933.33 mm

450 mm ....... Control

Use ¢$10/200 mm for two layers

4-11-3 Design of Bending Moment:-

5800 ,
St=(200)*2*79=4060mm
A 4060 420
w=( “)f—y,=( ) = 0.0406
L,h) £~ \5800 * 300/ 24
P,
a=——=0
Lwhfe
cC_ wta 0.0406 + 0 00565
I, 2w+0858, 2%0.0406+0.85%0.85
B, c
OM, = 00.545f, Ly (1 +—)(1 ——
Astfy lw

= 0.9[0.5 * 4060 * 420 * 5800(1 + 0)(1 — 0.0565)] = 4202.3KN = 2953.2KN.m .... Ok

Lw _ 5800
600%0.015  600%0.015

=644.44

X
Lb = 2" 3322.22

Since Smallest value of Lb & Mub not require Boundary .
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Structural Analysis and Design

) ) Juadl)

4-12 | Design of isolated Footing(F4):

4-10-1 Materials and Loads:

Isolated footing that we consider to design with materials Of:
fo =24 Mpa,f, =420 Mpa.

Dead Load (service) = 1500kN.

Live Load (service) = 500 kN.

Total services load = 1500 + 500 = 2000 kN.

Total Factored load = 1.2(1500) + 1.6(500) = 2600 kN.
Column dimension( a x b) = 50cm X 50cm.

Soil density = 18(0% :
Allowable bearing capacity q,; = 400 (%)

k=

| /] \ | {\ |
: \
/ ( [ P LS
;
o S O NS AN
AL S S S
NN INRIRINIRIRRER,
K

N
— r\\\ ’

s

NG l

| Y == ke d

o0

Section A-A

Figure (4-25): Footing Section.

kN
q ati-net = 400 — (25 % 0.6) — (18 X 0.6) = 374.2 ()

52

+0.45 m

+0.25 m

0.00 m

-0.60 m
-0.70 m

Assume h = 60cm.

e Area of footing:




Structural Analysis and Design 2 )l Juadll

P, 2000

_ _ 2
—374.2—5.34m

A=

q all-net

Assume rect. Footing

Select B=2.5m
Select L= 2.5m

e Bearing pressure:

kN
qu = 500 (F)
e Design of one-way shear strength:

Critical Section at Distance d From The Face of Column Assume = 60 cm .
Bar diameter @14 for main reinforcement and 7.5 cm Cover.

d =600—75—-—14=511mm
B—a
Vy =qux(

~—

IITIIT (100

2.5—-0.5
—d)xL=SOOX(T—O.SM)XZ.S=611..25kN

rrrrrrrrrrrrrrr

Fig.u-r(ve (4-26): one-way shear calculation.
1 1
OV, = @xgx./fcr Xbxd= 0.75><g><\/24><2500>< 511 = 782.31 kN

@V, = 782.31kN >V, = 508.56kN - Safe

e Design of Tow-way shear strength:

Vu=pu—FRy
FRj = q, x area of critical section
V,=500x[(2.5%2.8)—(0.5+0.511)(0.5+ 0.511)] = 3000 kN

The punching shear strength is the smallest value of the following equations:
1 2
1. @VC—QXg(l-FE)X fcIXbon
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Structural Analysis and Design 2 )l Juadll

2 (ZWC=(Z)><%(5+2)>< fo X boxd

bo
q
3. Q)VC=Q)><§><,/fC,><bo><d

Where:
_ column Length (a) 60
¢~ columnwidth (b) 60
b. = Perimeter of critical section taken at (d/2) from the loaded area.
=2%(0.5+0.511) +2 x (0.5+0.511) = 404.4cm
a; = 40 for interior coulmn
Substituting values in equations:

1 2
@V =0.75 X g(l + I) X V24 X 4044 x 511 = 3796.37kN — CONTROL

1 (40 *0.511

= U. X —
Ve =0.75 12\ 4.044

1
Ve =10.75 X 3 X V24 X 4044 X 511 = 2530.9 kN — CONTROL

@V = 2530.9kN >V, =2174.79 kN
¢ Design Bending moment for long dirction:

1

+ 2) X V24 X 4044 X 511 = 4463.52 kN

Critical Section at the Face of Column

select P14
d = 600-75-14 =511mm

M, =416 x 2.5 x 0.489 X

9
= 124.34 kN.m

M, 704.7 x 10°
Rn = Gpaz = 09 x 2800 x 5112~ 0212 MPa
420
m=085x2a 2058

_af | _zmR,\_ 1 [ | 2x2058x129)
P = 420 | 2058 420 =

Agreq = p X bxd=0.0023 x 2500 x 511 = 638.75mm”
Agmin = 0.0018 X 2500 x 600 = 2700 mm?
Agreq = 638.75 mm? < Agp, = 2700mm? - OK

Check maximum step (S) is the smallest of:
1. 3h=3 X600 =1800mm

2. 450 mm — control
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Structural Analysis and Design 2 )l Juadll

Use 18014 with Ay, = 2772mm? > Ag,,, = 2700 mm®

S=(2500-75*2-18*14) / 17 = 123.4 mm
S$=123.4 < Smax =450 mm, select S=100mm
Check for strain:

_Asy, 0 2772x 420 228

= 0.85bf. 0.85x2500x24 oMM
_a_228_

€=3, To0g5 ->o>mm

—0003<d_c)—0 (511_26'85)—00541>0005 0k
g =0. —)=0. 26 85 = 0. 005 ......

Design Bending moment for short dirction:

Critical Section at the Face of Column

select P14
d = 600-75-14 =511mm

M, =500x2.5x0.489 X

9
= 149.45 kN.m

M, 704.7 x 10°
Rn = Gpaz = 09 x 2800 x 5112~ 0212 MPa
420
m=085x2a 2058

A | _zmR.\_ 1 (| 2x20.58x129)_
P=m 420 |~ 2058 420 =

Agreq = p X bxd=0.0023 x 2500 x 511 = 638.75mm”
Agmin = 0.0018 X 2500 X 600 = 2700 mm?
Agreq = 638.75 mm? < Agp, = 2700mm? - OK

Check maximum step (S) is the smallest of:
3. 3h=3x600 =1800mm

4. 450 mm — control

Use 18014 with Ag pyo, = 2772mm? > Ag,,, = 2700 mm®

S=(2500-75*2-18*14) / 17 = 123.4 mm
S=123.4 < Smax =450 mm, select S=100mm
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Check for strain:

_Asy, 0 2772x 420 228

= 0.85bf. 0.85x2500x24 oMM
_a_228_

€=3, To0g5 ->o>mm

—0003(d_c)—0 (511_26'85)—00541>0005 0k
g, = 0. —)=0. 26 85 = 0. .005 ......

4-27): Figure

Detailing of footing.
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4-8 Design of Stair

Fig (4-20): Stair Plan.

< Material :-

= concrete B300 Fc' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm?

4-8-1 Design of Flight :-
v" Determination of Thickness:-

hmin = L/20

hmin = 3.50/20 = 17.5 cm

Take h =25 cm

The Stair Slope by 6 = tan™(16.3 / 30) = 28.6°

v" Load Calculation:
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$ 25 cm Concrete

I

\I\

3 cm Morter
3 cm Tiles

RSSESS
ST I e Ko
KRS

Fig (4.21):Stair Section.

Dead Load for Flight for 1m Strip:-

No. | Parts of Flight Calculation
1 | Tiles 23*0.03*1*((0.35+0.163)/0.3 ) = 1.18Kn/m
2 Mortar 22*0.03*1*((0.3+0.163)/0.3 ) = 1.02Kn/m
3 Stair 25*0.5*0.163*1 = 2.04Kn/m
4 R.C 25*0.25*1 / c0s28.6 ° = 7.11Kn/m
5 Plaster 22*0.02*1 / c0s28.6° = 0.51Kn/m

Sum 11.9Kn/m

Table (4-5): Dead Load Calculation of Flight.
Live Load For Landing For 1m Strip = 4*1 =4 Kn/m
Factored Load For Flight :-

Wy = 1.2 x11.90 + 1.6x4 =20.68Kn/m
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v" System of Flight:-

(Fig 4.22): Statically System and Loads Distribution of Flight.

Moments: spanltol

2.15. 51.5 2.15

Shear

-37

37

Fig (4-23): Shear and Moment Envelope Diagram of Flight.

4-8-1-1 Design of Shear for Flight :- (Vu=37.0 Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover — 2 = 250 — 20 — = = 223 mm

Ve=z\/fc'b, d == V24 %1000 + 223 = 182.1Kn

® V¢=0.75* 182.1 = 136.6 KN>Vu = 37Kn...... No shear reinforcement are required

4-8-1-2 Design of Bending Moment for Flight :- (Mu=51.5 Kn.m)

_ My __ 515x10°
Rn= Obd? _ 0.9x1000x2232 1.15 Mpa
420
=L - = 20.6

T 0.85f]  0.85x24

p:l<1 -1 _M> :L(l _\/1 _M) = 0.00282
m 420 20.6 420
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Asreq = p.b.d = 0.00282 x1000x223 = 630 mm*/m
Asmin= 0.0018*1000*250 = 450mm?/m

ASreq =630 mm2>As,min:450mm2/m

Check for Spacing :-

S =3h =3*300 =900 mm

280

S =380*(3 ) —2.5*%20 = 330
3 * 420

S =450 mm

S =330mm ......... is control

Use g12 @ 150 mm ,Asprovided= 770 mm2>As,required: 630mm?... Ok

Check for strain:-

AS.
a=—Jy - 70420 _ 45g5 mm
0.85b fc 0.85X1000%x24
=& _ 1585 18.65 mm
B,  0.85
= 0.003 (d _ C) = 0.003 (173 _ 18'65> = 0.025 > 0.005 0k
& = 0. —)=0 1865 = 0. 005 ...

1- Lateral or Secondary Reinforcement For Flight :-

As,req: As,min =0.0018*1000*250 = 450mm2
Use g10@ 150mm ,Asprovided= 523 mm2>As,required: 360mm?... Ok

4-8-2 Design of Middle Landing :-

v" Determination of Thickness:-

hmin = L/20
hmin = 3.30 /20 = 16.5 cm
Take h=25cm
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Dead Load For Solid 7 Landing For 1m Strip:-

v" Load Calculation:-

No. | Parts of Landing | Calculation

1 Tiles 23*0.03*1= 0.69Kn/m
2 Mortar 22*0.03*1= 0.66Kn/m
4 R.C 25*0.25*1=6.25Kn/m
5 Plaster 22*0.02*1= 0.44Kn/m

Sum

8.04Kn/m

Table (4-6 ): Dead Load Calculation of Middle Landing.

Live Load For Landing =5*1 =5 Kn/m

Reaction From Flight:-

DL =19.7Kn/m
LL =8.25Kn/m

Total Dead Load = 8.04 + 19.7 = 27.74Kn/m

Total Live Load =5 + 8.25 = 13.25 Kn/m

Factored Load For Landing :-

Wy = 1.2 x27.74 + 1.6x13.25 =54.50Kn/m

v" System of Landing:-

Fig (4-24): Statically System and Loads Distribution of Middle Landing.
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4-8-2-1Design of Shear:- (Vu=64.8Kn)

Assume bar diameter g 14 for main reinforcement

d =h- cover — 2 = 250 — 20 — = = 223 mm

Ve=2\/fc'b, d == —V24 %1000 * 223 = 182.1 Kn

®* V=0.75* 182.1 = 136.6Kn> Vu = 64.8Kn...... No shear reinforcement are required

4-8-2-2 Design of Bending Moment :- (Mu=65.5Kn.m)

Assume bar diameter g 14 for main reinforcement
d 14

d =h- cover —7” =250 —20 — — =223 mm

R— Mu _ 65.5x10°

"™ 9bd2 ~ 0.9x1000x2232

f; 420
=2 = = 20.6
0.85f]  0.85x24

p=1<1 _ 1 _m> =L<1 _\/1 _w> = 0.0036
m 420 20.6 420

Aseq = p.b.d = 0.0036x1000x223 = 807.12 mm?
Asmin =0.0018*1000*250 = 450mm?

Asreq = 807.12 mm?2......... is control

= 1.46 Mpa

Check for Spacing :-
S =3h =3*300 =900 mm

280

S = 380*(3 ) —2.5%20 =330
3 * 420

S =450 mm

S =330mm ......... is control

Use ﬂ14@ 15mm ,Asprovided= 1026 mm2>As,required= 807.12 mmZ... Ok
Check for strain:-

AS.
— fy = 1026X%x420 — 2114 mm
0.85b fc 0.85X1000x%x24
=2 =21 o487 mm
B, 085
= 0.003 (d _ C) = 0.003 (223 _ 2487) = 0.024 > 0.005 ......0k
& = 0. —)=0 A7 = 0. .005 ...

lateral or Secondary Reinforcement For Landing :-
As,reqz As,min =0.0018*1000*250 = 450 mm2

Use 910 @ 150 mm ,As.provided= 523 mm2>As,required: 450 mm?... Ok
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0.16+

1.3m 3.6m 15t
_ #12020,L=2308 ¢ /

Fig (4-28): Stair Reinforcement Details.
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4-9 Design of Column
+ Material :-
— concrete B300 Fc' = 24N/mm?

= Reinforcement Steel Fy = 420 N/mm?

4-9-1 Load Calculation:- (From Column Group E)
Service Load:-

Dead Load =2500KN
Live Load =500 KN

Factored Load:-

Pu =1.2 x2500+ 1.6x500 =3800 KN
4-9-2 Dimensions of Column:-

Assumepg = 0.01
¢*Pn=0.65x 0.8x Ag{0.85 fc (1- pg) + pg * Fy}
3800*1073= 0.65x 0.8x Ag {0.85* 24 (1—0.01) + 0.01* 420}

Ag= 299545 mm2

Assume Rectangular Section
b=600 Omm

select h =500 mm

Ag new— 300000 mm2

v Check Slenderness Parameter:-

m < 34—12m <40
r M2

Lu: Actual unsupported (Unbraced) length.
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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 .. ... For rectangular section

Lu = 3.9-0.35=3.55m
M1/M2 =1
K=1 for braced frame.

e about y-axis (b=0.50 m)

@ < 34—12ﬂ <40

r M2
w =2366>22
0.3x0.50

Column Is long About Y-axis

e about X-axis (h=0.650m)

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

1x3.55
0.3x0.6

=19.72<22 Then Column Is Short About X-axis

v Magnification Factor:-

S5.——CM __ ~10and<1.4
Pu

~ 0.75P,

Cm=0.6+ O.4(ﬁj =>0.4
M 2

Cm=06+04*1=1>=0.4
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B 72El
“ (KLu)?
E I
El =04—%
1+ 4,

E, = 4700/ fc' = 4700x /24 = 232702Mpa
_1.2DL  1.2*(2500)

=0.940<1
Ps Pu 3800
3 3
| _bxh®_0.60x050° oo s
9 12 12
£y _ 0:4x232702x0.00625_ 5\ 2
1+0.940
7°*30
) =—————=234MN
(1*3.55)
o 1 —1.31>1.0and <1.4
o 3800 o= =
0.75*20380

v" Interaction Diagram:-

y _9500-2*40-2*10-25
h 500
Fromthe interaction diagram chart

=0.75

fromchart A9-Db for% =0.75—- pg =0.01
ﬁeiemheihikﬁeénént% ~0.75— pg =0.01
AtecrBitiRcar A< 600500 = 3000mm’

selectle SURnith 4%,580536600 G0 = 3000mm”.

Select12 g18 with As =3053nm?* > Ast =3000mm?.

4-9-3 Design of the Stirrups:-
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The spacing of ties shall not exceed the smallest of :-
spacing<16xd, =16x1.80=28.8cm
spacing<48xd, =48x1.0=48cm
spacing<leastdim =50cm

UseplO@ 20 cm
16418
. & & & 0= w
- * . 10
10 25 . | 3 44
34 . .
#10 L=178 s & 0+ & @& 30
' " T 610 L=168
w
0
42
52
10 L=208

Figure (4-30): Column Reinforcement Details.
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