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Project Abstract

The idea of the project is the structural design for units of an
educational center where the project provides all the needs and
requirements needed by the visitors, as the large surface area of
the building provides a sufficient number of parking spaces and
terraces, halls, offices, cafeteria and water tanks.

The center consists of many units, we chose three units witch
are:

1-Mosque with an area of 475 sgm.

2-training halls with an area of 3200 sgm.

3-water tanks with an area of 800 sgm and 4000 cup size.

The design will be based on the requirements of the American
Code (ACI -318-08), and the Jordanian Code of loads and the
German Code for Winds(DIN 1055-5) . And we will use some
of software like (Office 2013) and (AutoCAD 2014) to project
output, and also we use some programs for structural design
and analysis like, Atir , Safe , Etaps, Sap 2000.
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107 Fig.(4-13) shear and moment diagram
107 Fig.(4-14) shear and moment diagram

List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As = area of non-prestressed tension reinforcement.

e A, = 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 f. = compression strength of concrete .

e [y = 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.

LL = live loads.

Xl



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 or in direction parallel to longitudinal
reinforcement.

V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

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

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

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

g = strain of tension steel.

£ = strain of compression steel.

p =ratio of steel area .
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Structural Analysis & Design Chapter 4

A

Chapter 4

Structural Analysis & Design

4-1 Introduction.

4 -2 Factored Loads.

4 -3 Design of Shell.

4 -4 Design of Doom.

4-5 Design of solid slab.
4 -6 Design of Beams.

4-7 Design of Column.
4-8 Design of Stairs.

4-9 Design of Foundation.

4-10 Design of Basement Wall.
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Structural Analysis & Design Chapter 4

J

s 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.

So, in this project, there is Threetypes of slabs: one way ribbed slab, Shell elements&
two way solid slab (Flat Plate). They would be analyzed and designed by using finite
element method of design, with aid of computer programs like Atire,"STAAD PRO
2008", Etabs, and Safe. In order to find the internal forces, deflections and moments for
ribbed slab, shells and Flat Plate and then handle the calculations 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- code.

NOTE:
. B300 > fc'=30N/mm?*(MPa) For cylindrical samples.

but for cubic section ( fc'=30*0.8 =24MPa) .
. B350 - fc'=35N/mm?*(MPa) For cylindrical samples.

but for cubic section ( fc'=35*0.8=28MPa) .

. The specified yield strength of the reinforcement {f, = 412 N/mm?
(MPa)}.

34



Structural Analysis & Design Chapter 4

& 4-2 Factored Loads:

wu=12DL+.1.6 LL
Wu = 1.2D.L + 1.6S.L +0.8W.LACI — 318 - 08 (9.2.1)

Where

D.L- dead load
LL:live load
S.L: Snow Load
W.L:Wind Load

«» 4-3 Design of Shell:

For the structural analysis of the shell structure we used (SAP2000) program in order to

find the shear and moment acting on it.

/

«* 4-3.1Shell Thickness calculation:

By Trial and error , take the thickness of the shell, h =10 cm.
% 4-3.2 Load Calculation:

For the shell , the total dead load to be used in the analysis and design is self weight

which is calculated as follows:
Self weight = 0.10*24= 2.4 KN/m?

From Jordanian Snow loads Table,Snow Load for the halls is 2 KN/m2,
From Jordanian Wind loads Table, Wind Load for the halls is 0.8 KN/m2,
= Total Snow load = 2 KN/ m?

= Total Wind load = 0.8 KN/ m?

/

«* 4-3.3 Flexural Design:

The Maximum value of moment from sap program is : 2 KN.M

35



Structural Analysis & Design Chapter 4

Mn= Mn/¢=2/0.9=2.2kN.m.

Design as Solid slab with b_= 100 cm.
As=p.be .d

V=42 _95)

m = ,
0.85* fc 0.85*24

-3
Rn= Mu/g_ 22x107 :
b*d?  1x(0.072)

= 0.42MPa

p=Lfy jp_2mRn)_ 1 1_\/1_2><2o.2><o.42 — 0.001
m fy 20.2 412

As =p.be .d = (0.001) x (1000)%(0.72) = 75mm?.

=» Check Minimum Reinforcement Asmin (ACI- 318M-08 — (10.5.1) )

Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement:
p =0.0018ACI-318-08 (7.12.2)
As = p*b*h=0.0015*1000*100=150mm?* /1m.

Asmin > AsRequired
Take As= 150mm?/1m

A (¢ 8) =50.27mm”

Then use @ 8 @ 200mm
As prov. = 251.3 mm?/m

Check for max. Spacing:

36



Structural Analysis & Design

Chapter 4

S=3h=3%150 =450mm......... (Control)
S=450mm

S = 380(280/f,)-2.5C,
=380(280/.667%420)-2.5%20 = 337mm
S=300(280/fs) =300(280/0.667x420) =305.67mm

Then use @ 8§ @ 200mm

As = 251.35 mm*

Check for Tension steel yielding:-
Tension = compression

As xfy=0.85xf xbxa

251.35*%412=0.85*24*1000* a

a=5mm
c=2 -5 _597mm
B, 085
B=0.85 f,< 28MPa ACI-318M-08(10.2.7.3)
e =(d—c)/cx0.003="2=>97 0003=0.033

&, =0.033>0.005
ok
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Structural Analysis & Design Chapter 4

«*  4-3.4Design Shell For Shear:

Vu( at Face of support) =3.5 KN _(From Shear Envelope)

. Factored shear forces at d=0.072 m = 72 mm from face of

support.
Determine shear strength provided by concrete (¢ Ve).
1.1 Ve= 1.1x Jfc bwx d
6

=1.1x JZ_‘* «1x0.072x10° =64.6KN

®Vc =0.75x64.6=48.5KN
1®Vc =0.5%48.5=24.25 <Vu=3.5KN

2

- No shear reinforcement is required.
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Structural Analysis & Design Chapter 4

«* 4-4 Design (doom) For Flexure :-

From stad pro

Ny
dome stress : 'y,
i = '¢ 2
Sx=0.3698/mm. : /
Sy=-0.2698N/mm.
Where
Sy(N@):Meridian stresses Fig. (4-1) Stress in Doom

Sx(NO) :Hoop stresses

Check for maximum tensile strength of concrete
Tc=.1%x04Xfc'

Tc =.1 % 0.4 x 25 =IN/mm?> 0.3698N/mm?

Because the maximum tensile strength of concrete is greater than maximum
hoop stress, only minimum reinforcement of 0.20% is provided.

+ Design of steel :

A =0.2%xtx1m=0.002x100x1000=200mm?*/m Use @8

# of bars/m = As = 200 =4 bars/m
Area of @8 bar 50
Spacing ~1000mm _ 250mm

4bar
Provide @8@250mm c/c  (hoop direction)

Provide @8@250mm c/c  (meridian direction)

39



Structural Analysis & Design Chapter 4

«* 4.5 Design of slabs:-

«* 4.5.1 Design one way solid slab :-

Min. h one end continues = L/24
L=5m

Minh=5/24=.208m

Selecth =25cm

b =1000 mm h =250 mm
d =14
d=250-20-7 =223 mm

C= %d: §x223 = 9557 mm

a=p;¢=0.85 x 95.57= 81.23mm

Mupma =31 kn.m

My max = 0.85x fc'a b (d - %)

= 0.85x24x81.23 x1000 (223 - 81;3)><10'6 =302.22 KN.M

But, M, = 31 KN.M
OM,=272 KN.M> M;=31 KN.M

=>» Design the section as singly reinforced.

Rn = ﬂ
b*d?

31x10°

= = 0.692MPa
0.9x1000x 223
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0.85x fc  0.85x24

2mRn 2x%20.3%0.692
=2(1- [1- = - (1- . 1- =0.0017
P ( \/1 ) LT 3( \/1 414 )=000

Asreq=px b x d =0.0017x1000x223 = 379.29 mm?
As min .0018* 1000*250 = 450

less than, As min = 450>379.29

use As min 450 mm?

No of bar =450 +113.1=23.97

m=_ 414 _ 503

Use4P12 /' m

As o =453 mm2> As oq = 450 mm?

Ok

=>» Check for Tension steel yielding:-
Tension = compression
Asxfy=0.85xfcxbxa
453*414=0.85*24*1000*a

a=29.18mm
;1 % =10.8mm
B=0.85 oe. fc<28MPa Ll ACI-318M-08(10.2.7.3)
223-10.8

&, = (d-c)/cx0.003= 22"=20,003=0.058
108
¢, =0.058> 0.005

OK : Tension Controlled Section
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Check for shear :
VUpa= 60 kn

dyn =0 .75 * ¥24 * 1000 * 223 =136.55
6

136.55 > 60
No shear reinforcement
Ok
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o 4-5.2 Design two way solid slab :

Min h = 228+2*8 _ 1966 cm
180

Select h =25cm d= 250-20-12 =218
MU nax =40 kn . m (in two direction )
VU max =41 kn

Design of shear :

®yn =0 .75 * v24 * 1000 * 218 =133.5
6

133.5 >41 ok

No shear reinforcement

Design of bending moment :

Rn= _Mn
b*d?
6
Rn=_ 4040 _ 493 Mpa
0.9x1000x 218
m= Y _ 414 _o553

0.85x fc  0.85x24

r fy 20.3

Asreq = px b x d = 0.0053x1000x 218 = 504.28 mm?

As min .0018* 1000*250= 450
No of bar =504.28+ 113.1 = 4.46

Use (59 12/ m) in both direction

43

L. jp2mRny :L(l-\/1_2"20-3"0-93):0,0023
m 414



Structural Analysis & Design Chapter 4

AS,., = 565.54 MM2> AS roq = 504.28 mm?

=>» Check for Tension steel yielding :-
Tension = compression
Asxfy=0.85xfcxbxa
565.4*414=0.85*24*1000*a

a=11.47mm
_ ﬁil _ % —=13.5mm
p=0.85 ... fc<28MPa ... ACI-318M-08(10.2.7.3)
218-135

&, =(d -€)/cx0.003="——-""%0.003=0.045
135
£, =0.045> 0.005

Tension control section
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«*  4-6 Design of Beams :

<  4-6.1 Design of Beams (Primary Beam):

Material :-
—  concrete B350 Fc' =28 N/mm?
=  Reinforcement Steel fy = 414 N/mm?

&

4-6.1.1L oading :
-> Total Dead load :

*

Beam 1.8x24x0.8 34.6

Table (4-1): Dead loads for Primary beam

=»  Sum of service Dead Loads: W )= (34.6 + 19) = 53.6KN/M

=>»  Total live load: W 1) =7 KN/m
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Assumed that h = 1800 mm to analyze the beam using ( Stad Pro )

Software to get Shear &MomentEnvelope :

Beam no. = 2. Section: Recl 1.80. 0.3

1.80

Length = 40

Fig (4-2): Primary beam Dimensions.
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Max: 1.42e+003 kN

N\ WMay: 347.706 kN

Mtax—112e+003 kN

b Max: -347.706 kN S
Shear Y :
Force - kN
Maw: 3.13e+003 kNm
Max—3{13e+003 kfim 713e+003 kNm

Max:|-1.11e+004
- Bending Z :

Fig (4-3): Moment and shear evelope for primary beam

47
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Determination of Beam dimensions :
® =32
d =1800-40—-12—-32\2=1732 mm

- ;d = g x 1732 = 742.3mm

a=f;c=0.85 x 742.3 = 630.9mm

s 4-6.1.2 Design Beam For Flexure :
b =800 mm, h =1800 mm

X Design for Positive Moment Mu = +9640 KN.M:

My max = 0.85x fc'a b (d - %)

= 0.85x28 x630.9x800 (1732- 632‘7’-9)><10'6 = 17016KN.M

But, M, = 9640KN.M
®M,= 15314.4KN.M> M, = 9640 KN.M

=  Design the section as singly reinforced.

Rn=_Mn_
b*d?

6
= 90400 - 4 46MPa
0.9x800x1732°

fy 414

0.85x fc  0.85x28

m =

1 2mRn 1 2x17.4x4.46
==(1- - = ——(1- 1-=—=—""")=0.012
r m( fy )P 17.4( \/ 414 )

Asreq=px b x d=0.012x 800x1732 =16672.3 mm?
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(0.25)/f, (b)d
fy

As min =

_ (0.25)*~/28*(800) *1732

=4427.5 mmz
414

1.4(b)d
fy

Not less than, As min =

_14*(800)*1732 _ se0 6 mm2
414

No. of bars = 16672.3+ 804.2 =20.7
Use 21932 (2 layers)

As,, =16888.2 mm2> As q = 16672.3 mm?

Check for Spacing :

_ 800-2x40-2x12-11x32
10

S =34.4 mm

S>25mm
S>dy
- OK

=>» Check for Tension steel yielding:-
Tension = compression
Asxfy=085xf xbxa

16888.2%414=0.85*28*800* a

a=367.2mm
=2 3872 4aomm
B, 085
B=0.85 oo £ <=28MPa ... ACI-318M-08(10.2.7.3)
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¢, =(d—c)/cx0.003= %;2432 %0.003=0.009

&, =0.009>0.005
OK : Tension Controlled Section
+* Design for Negative Moment Mu = -5270 KN.M:

Mhn max = 0.85*fca b (d - %)

= 0.85*28%630.9x800 (1732- %)xm6 = 17016KN.M

But, M, = 3720KN.M
®M,=15314.4KN.M> M, =5270KN.M

=  Design the section as singly reinforced.

Rn=_Mn_
b*d?
- 6
Rn= _ 227010 _ 5 44MPa
0.9%800%1732>
0.85* fc  0.85*28
1 2mRn
p==(1- 1~ )
m fy

-1 2*17.4*%2.44 \ —
=_* (1- hh_ =0.00623
P 17.4( \/1 414 )

Asreq=p xbxd=0.00623x 800x1732 = 8634.4mm?

(0.25),/f, (b)d
fy

ASs min =

_ (0.25)*+/28*(800) *1732
414

=4427.5 mm?

1.4(b)d

Not less than, As min = :
y

=147(800)*1732 _ 4685 6 mm2
414
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A=8634.4 mm?
No. of bars =8634.4 +-804.2 = 10.7

Use 11932 (llayers)
As,,, = 8846.2 mm >As,, = 8634.4 mm? /m

=>» Check for Spacing :

g = 800-2x40-2x12-11x32
10

=34.4 mm

S>25mm
S>d,
-OK
=» Check for Tension steel yielding:-
Tension = compression
Asxfy=085xf xbxa

8846.2*414=0.85*28*800*a

a=192.34mm

c :i:192'34
A 0.85

=226.29mm

B=0.85..... f.<28MPa....... ACI-318M-08(10.2.7.3)

6. =(d —c)/cx0.003=1732=22529 4 003 0.0199
22629

&, =0.0199>0.005.....0K
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%+ 4-6.1.3 Design (Primary beam) For Shear :

ax: 1.44e+003 kN

Max: -1.34e+003 kN

Fig (4-4): Shear Diagram from Dead load on the Primary beam.

ax: 648.570 kN

: 602,670 kN

: 602,670 kN
: 602,670 kN
: 602,670 kN
: 602,670 kN

&, Max: 502670 kN Wag; 602.670 kN

Fig (4-5): Shear Diagram from Live load on the Primary beam.
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Vu( at Face of support) = 1520 KN(From Shear Envelope)

T~

1520

19.6-2.132

2132

196

Fig(4-6) Vu calculation at distance D from the face of support

o d=1800-40—-10-32\2 = 1732 mm

o Factored shear forces at d=1732mm from face of support.

y _ 1520 _ 1 3546KkN
. 106-2132 196
— y=13546=Vu
o Wn=Vu _13546 _ ana5kN
D 0.75

+* Determine shear strength provided by concrete (®Vc).

Ve = @wa d

= @ «800x1732x10° = 1221.9 KN

® Vc=0.75x1221.9 = 916.5KN

1®Vc=916+2=458.2 <Vu=1354.6 KN
2
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+$* Check for Section Dimensions :

V=V, —-V,=1806.2 - 1221.9 = 584.1 KN

x1(0 " = 4887.9KN

2./fc’ xbwxd  2/28x800x1732
Vs,max= 3 = 3

Jfc' xbwxd  /28x800x1732
n= =

V .
> 16 16

x10 " = 458.2KN

Vo = Jfc xbwxd  /28x800x1732
S = _
3

. x10 " = 24424KN

Vs < Vimax= 584.1 <4887.9-> The section dimension is large enough.

Vs <V = 584.1<2442.4->

Smax < d\2 < 600

—>1732/2=866> 600 mm

Take Smax = 600 mm - Control

V,=1806.2>V.= 1221.9

+* Try minimum shear reinforcement:

J fc' xb,s
Ay min= N0 hyt ot lessthan,
16x f
yt
b s ./ fc' 5 1
A, min= —~— -Control (-— =—<=
V,min 3Xf ( 16 16 3 )
yt

Use stirrups U-shapes (4 - leg stirrups) ®12 with As = 4x113.04 = 452.16 mm”
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_3A f. 3xa5216x414
b, 800

=701.9mm >S_, =600mm

Take S =600 mm

dxAxf _1732x45216x414
600

10° =540.36 KN

s(4®12) =

Check Case 4:

@D (Vet Vomin) <V < & (V+ V') — Stirrups are required.
0.75(1221.9 + 458.2 )<1354.6 < 0.75 (1221.9+ 2442 .4)
1260<1354.6< 2748.2-> Case 4

oo dx A x f q _1732x45216x414
V. 584.1

S

10° =555 mm< S__ =600

Use (4-Leg) @1, @200mm <S,,, =600

Changing “S” to “S,” = 2S; = 400 mm for another region .
Take S, =250 mm.

1520
1296.8

A _ Vs :>(V”_VC) 196
s d.f d.f - -
yt yt
V Avd yt . . . .
V= ?“ =< +V/, Fig (4-7) distance to change spacing of stirrups
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_ 452.16x414x1732x1(0)"
250

=1296.8 KN

12968 _ 1520
(196-X) 196

= X=2.9m
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/7

«* 4-6.2 Design of Beams (Secondary Beam):

+* Material :
=  concrete B350 Fc' = 28 N/mm?

=  Reinforcement Steel fy = 412 N/mm?

» 4-6.2.1 Loading :

=>» Total Dead load :

Materials : ‘ hxYxbe KN\m
Shell 1x2.5%0.1x24x0.5 9.42
Beam AX3x%x24 2.88

Table (4-2): Dead loads calculations of Secondary beam

=» Total Dead Loads: W )=9.42+2.88 = 12.3 KN/M
=>» Total live load: W )=10 KN/m
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Assumed that h = 300 mm to analyze the beam using ( Atir ) Software to get

Shear & Moment Envelope :

MomentiShear Envelope (Factored) Units: kM, metar
Moments: spans 1to &
-T4.7-T3 4 71, -T2.5 2.2 -T2.4 -T1.6 -T3.4-T47
-34. -34.
58 5 5
44 A 5 & 48 {65 0.
; # : i i t i i i
4 . . . . .
447 308 41.2 41.1 411 41.2 308 442
|216 284 | 25 25 | 25 25 | 25 25 | 25 25 | C25 | 25 | 25 | 264 248
I 1 1 1 1 1 T 1 1 1 1 1 1 1 1 1 1
Shear
-£4.9 1.7 -52.8 -B2.6 H2.7 -£2.5 -B3.
0.7 ET.6 -EEB.T -68.5 -BB.E/ -£8.3 £8.8 o -F0.2
It N fin Hd A n W ) ;
1 UL T 1L Il T Ll Il il
56.
0.2 BE.B EE8.2 EE.5 BE.5 EB.T ET.E 707
83, B2.5 g2.7 B2 B2.8 g81.7 24.8
Fig (4-8): Moment and Shear Envelopes of Secondary beam
MomentiSheas Envelope (Factored) Units:kM,metar
Reactions
Factored
n i fn i fn i fn i 1|
IT T ULl Ll ULl T ULl Ll Tl
DeadR 32.77 80.51 TE.TH 7737 77.25 7737 TE.TH g0.51 3277
LiveR 37.289 B7.24 BT AT B2.18 28.05 B28.18 BT AT B7.24 37.38
Max R 7017 167.85 164.22 165.53 165.3 166.53 164.22 167.85 7017
Min R 28.3 118.74 112.06 113,33 113.18 113,33 112.06 118.74 28.3
Service
DeadR 27.31 ET.09 E3.96 E4.48 E4.37 E4.48 E3.96 ET.09 27.31
LiveR 23.37 54.58 5467 55.1 55.02 55.1 5467 54.59 23.37
Max R 50.68 121.68 118.63 118.58 119.4 118.58 118.63 121.68 50.68
Min R 25.14 81.81 BE.03 86.85 26.84 B6.95 BE.03 81.61 25.14

Fig (4-9):Factored reactions on Secondary beam.
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1 2 3 4 5 B
1 2 3 4 5
I F—ll | A'-I | ﬂ | A'-I ﬂ I
%LL_FBB A EBlli=s A Elli=s. A Blli=s A Blli=s. A Ll
0.4 4.4 0.4 4.8 0.4 4.8 0.4 4.8 0.4 4.8 0.4
H "’ tH - t— - tH - tH - H
I - I - I I - I
B T g 8
B T ]
A A Al

IIZIJI. 46 II:“? 46 Fla? 4.4 IIZI.}
| 5 L 5 T 18 U
| | | |
f T T 1

1] a0,
40 40,
AR BE

Fig (4-10): Beam Dimensions and spans lengths.

Determination of Beam dimensions :
® =18
D =300-40—-10-18/2 =241 mm

C= gd = §x241 =103.3 mm

a=p;¢=0.85x 103.3=87.8 mm
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«» 4-6.2.2 Design Beam For Flexure :

b =400 mm, h =300 mm

+* Design for Positive Moment Mu = +44.2 KN.M:

My max= 0.85x fc'a b (d - g)

= 0.85x28x87.8x400 (241 - 872-8 )x10° = 164.74 KN.M

But, M= 44.2 KN.M
®M,=148.3 KN.M > M, =442 KN.M

—>Design the section as singly reinforced

Rn=_Mn_
b*d?
6
Rn= _442%10°  _ 511 MPa
0.9 x 400x% 2412
= Vo 412 _g73

0.85x fc'  0.85x28

— 1(1_ 1_2mRn)
fy

1 2x17.3%x2.11
= 1 (1- h-ZXSX0y = 00537
r 17.3( \/ 412 )

Asreq=px b x d =0.00537x400x241 =517.668 mm?

(0.25),/, (b)d
fy

AS min =

_ (0.25)*+/28*(400) * 241
412

=309.5 mmz2
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Not less than, As min = 1-4]Eb)d
y
=147(400*241_ 357 57 mmz

412
N =517.668 + 153.86 = 3.36
Use 4O 14 (1 layer)

AS o = 615.44 mm2/m> AS g = 517.668 mm?

= Check for Spacing :

_ 400-2%x40-2x10-4x14
3

S

=81.3 mm

S>25mm
S>dy
-OK

Check for Tension steel yielding:-
Tension = compression
Asxfy=085xf xbxa

615.44 *412=0.85*28*400*a

a=26.6mm
- ﬁ’il - % — 31.33mm
B=0.85 ... f <=28MPa ACI-318M-08(10.2.7.3)
241-31.33

g =(d-c)/cx0.008= ——————x0.003=0.02
31.33
g, =0.02>0.005

OK : Tension Controlled Section
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+* Design for Negative Moment Mu = -74.7 KN.M:
Determination of Beam dimensions :
® =18
D =300- 40 — 10 -18/2 =241 mm
C= %d = §x241 =103.3 mm

a=p;¢=0.85x 103.3=87.8 mm

M max= 0.85x fc'ab (d - %)

= 0.85x28x87.8x400 (241 - 872-8 )x10° = 164.74 KN.M

But, M= 74.7 KN.M
O®My=148.3 KN.M > M, =74.7 KN.M

—> Design the section as singly reinforced

Rn=_Mn_
b*d?
6
Rn= _ /47*10"  _357Mpa
0.9x 400x 2412
= V- 42 _q73

0.85x fc©  0.85x28

— 1(1_ 1_2mRn)
fy

\/1— 2x17.3x3.57

1
=_- (1-
P ( 412

) = .00944
17.3

Asreq=px b x d =0.00944x400x241 =910.26 mm?

(0.25)/f, (b)d
fy

As min =

_(0.25)*/28*(400) * 241
412

=309.5 mmz2
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1.4(b)d
fy

Not less than, As min =

_14*(400)*241_ 307 57 oo
412
N =910.26 + 254.46 = 3.57

Use 4@ 18 (1 layer)

As,,, =1017.8 mm?2/m> As g = 910.26 mm?

=» Check for Spacing :

_ 400-2x40-2x10-4x18
3

S =76 mm

S>25mm
S>dy
- OK

Check for Tension steel yielding:-
Tension = compression
Asxfy=085xf xbxa
1017.8 *412=0.85*28*400*a

a=44mm
c=2 -4 51 mm
B, 085
B=0.85 ... f.<=28MPa ACI-318M-08(10.2.7.3)

6. =(d-0)/cx 0.003:%x 0.003=0.0109

¢, =0.0109>0.005

OK : Tension Controlled Section
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*» 4-6.2.3 Design ( Secondary beam ) For Shear :

Vu( at Face of support) =70.7 KN _(From Shear Envelope)

° Vn=Yu_707_g,56kN
d 0.75

+* Determine shear strength provided by concrete (¢ Vc).
Ve = E bwx d
6
= @ x400x241x10° = 85 KN
® Vc=0.75x85 =63.7 KN

1P Vc=63.7+2=31.88 <Vu=70.7KN
2

** Check for Section Dimensions :

V=V, —V,=94.26 -85 =9.26 KN

x10 " =340KN

2./fc’ xbwxd 228 x400x 241
Vs max = 3 = 3

Jfc' xbwxd  /28x400x 241
n= -

V .
sm 16 16

x10 * = 31.88KN

x10 " =170KN

. = JfC/xbwxd _ /28x400x 241
NE -
3 3

Vs < Vimax=2 9.26< 340> The section dimension is large enough.

Vi<Vy > 926<170 >
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Smax < d\2 <600
—->241/2=120.5 < 600 mm
Take Smax = 120 mm - Control

Vh= 94.26>V.= 85

+* Try minimum shear reinforcement:

J fc' xb s
Ay min= N2 20 it not lessthan,
16x f
yt
b s \J fc’ 5 1
A, min= ——  -Control (*— =—<=
v,min 3 f ( 16 16 3 )
yt

Use stirrups U-shapes (2 - leg stirrups) ®10 with As = 2x78.5 = 157.1 mm’

A | 3x157.1x 412
b. 400

=4854mm > S =120mm

Take S =120 mm

dxAxf 241x157.1x 412
120

10° =129.98KN

Vs 2 010) =
Check Case 3:
D V<V, < O (Vet+ Vsmin) — Stirrups are required.
0.75 (85) <70.7 < 0.75 (85 + 31.88)

63.75< 70.7 <87.66 - Case3

dx A, x f
S= w 28051112 s 16845 mm >, —120mm

V 9.26

S

Use ®10@120mm <S,,, =120.5
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** 4-6.3 Design Beam 1 (in Mosque):-

/

% 4-6.3.1 Design Beam 1 For Flexure:

b =600 mm h =1250 mm
e ©=32
e d=1250-40-12-32/2=1182 mm
. C=§d=§x732=506.6mm

e a=p;¢=0.85x 313.7=430.6mm

MuUmax =1990

My max = 0.85x fc'a b (d - %)

= 0.85x24x430.6x600 (1182 - @)xlo“3 = 5095 KN.M
But, M, = 1990 KN.M

®M,= 45855 KN.M> M,=1990 KN.M

=>» Design the section as singly reinforced.

Rn=_Mn_
b*d?
6
= 100" 5 6ampa
0.9x600x1182
m=_— = 414 -pg3

0.85x fc'  0.85x24

1 2x20.3% 2.64
=_- (1- _srevt ey =0,
fy ) P 20.3( \/1 414 ) =0.00685

Asreq=px b x d = 0.00685x600x 1182 = 4860.55 mm?

o= (025)/f (b)d
fy

As mi
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_ (0.25)*~/24*(600) *1182
414

= 2098.1 mm2

1.4(b)d

Not less than, As min = :
y

414

No of bar = 4860.55 +490.8 =9.9

Use 10925 (1 layers)

As,,, = 4908 mm? > As o, = 4860.55 mm?
Ok

=>» Check for Spacing :

_ 600-2x40-2x10-10%25
9

S = 27.77mm

S>25mm
S >d,
- OK

=» Check for Tension steel yielding:-
Tension = compression
Asxfy=0.85xfcxbxa
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4908*414=0.85*24*600*a

a=166mm

C= % = % =195.3mm

p=0.85 ... fc<28MPa ... ACI-318M-08(10.2.7.3)
1182-1953

&, =(d-C)/cx0.003=—————"%0.003=0.015
19531
¢, =0.015<0.005

Tension control section

OK : Tension Controlled Section

+* 4-6.3.2 Design Beam 1 For shear:

Vu( at Face of support) =460 KN(From Shear Envelope)

T~

1520

19.6-2.132

2132

196

Fig(4-5) Vu calculation at distance D from the face of support

o d=1250-40-10-25\2 = 1187.5 mm

. Factored shear forces at d=1187.5mm from face of support.
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Yy _ 480 seekn
L 9.7-1.1878 10.7
— y=366=Vu
. Vn=Vu_ 366 gakn
® 075

+* Determine shear strength provided by concrete (®Vc).

Ve = @wa d

= J§_8 x600%x1187.5x10° =581.75 KN

® Vc =0.75x581.75 = 436.31KN

® Vc =436.3>Vu =366 KN

Select As min

Use stirrups (2- leg stirrups) ®10 with As = 2x78.5 = 157 mm?

_3Af  3.366x414
b. 800

=757.62mm >S_  =600mm

Take S =600 mm
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% 4-6.4 Design of ring beam:-

/

% 4-6.4.1 Design of ring beam for flexure:

—  F¢' = 24 N/mm?

= fy =414 N/mm?

From stad pro
max .positive moment = 194 KN.m

max .negative moment = 10 KN.m

Dimensions=(600x 600)cM

® =18

d=600-40-10-18\2 =541 mm

C=

~N | w

d= $x541=231.8 mm

a=pB,c=0.85x231.8=197.0 mm

)

% Design for Positive Moment Mu = + 194KN.M:

M, max= 0.85x fca b (d - 2)
2

= 0.85x24 x197.0x 600 (541- @)x 10° = 1066.9 KN.M

®M,=960.2KN.M > M, =194 KN.M

=>» Design the section as singly reinforced.
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Rn = Mn

b*d?
R 194X106 1.227MP
M= 0.9x600x541% ~ a
m=—1 - 414 __5y3

0.85x fc  0.85x24

bS]
|

= 1. |y_2mRn, =L(1-\/1_2"20'3x1'227
m

fy 77 203 414
Asreq=px b x d =0.00465x600x541 = 993.2mm?

(0.25),/f, (b)d
fy

As min =

_ (0.25)*~/24*(600) *541
414

=960.2 mm?

1.4(b)d

Not less than, As min = :
y

_1.4*(600) *541

— 2
214 1097.7 mm

As req =993.2< As min 1097.7
N =1097.7 + 254=4.3

=>» Use 5018

AS 0, = 1271.5 mm? >As,eq = 1097.7 mm?
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=» Check for Spacing :

_ 600-2x40-2x10-5x18
- 4

S

=102.5mm

S>25mm
S >dy,

- OK

=» Check for Tension steel yielding:-
Tension = compression
Asxfy=0.85x f_ xbxa

1271.2*414=0.85*24*600*a

a=43mm
c=ﬂi:04—:5=50.5mm
=085 ... f<28MPa ... ACI-318M-08(10.2.7.3)

g, =(d —c)/cx0.003= % x0.003=0.0292

&, =0.0292>0.005

OK : Tension Controlled Section
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% 4-6.4.2 Design of ring beam for torsion (D=10m ):-
max.torsion =18 KN.m

2
Check if Tu>®0.083,/f"_ (APCP)
cp

A,,=0.6*0.6 = 0.36 m’

Pp=(4%0.6)=2.4 m’
2 2
®0.083,/F7, “o62=0.75x 0.083v24 Z20x10°=16.46
cp
=» Check for probability of brittle failure of concrete:
Vo )y (TuPn N o (e -
\/(bw d) + (1.7A20h) <9 (bwd +0.66,/f C)

d=600-40-10-18/2=54.1cm

Xo(1) = 600-80-10=510
Yo(1)=600-80-10=510
Ph=2x510+2x510= 2040cm

A, =510x510 =260100 mm?
Vu =36.2 kn

® vc = 198kn

=» No shear reinforcement

\](36.2)(1000)2 4 (18x2040x106)2 SO'75(198><103 + .66@)

600x541 1.7%2601002 600x541

0.1143N/mm? <2.88 N/mm?

SXTy,
2xAgfyt Cot
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_ 200x18%10° 5
At(riq)= =16.8mm
2x260100Xx412XCot45
V. xs
Av(rig)== — =0
(rig) i f

yt

Area of stirrups= At+Av =16.8+0=16.8mm?*
Use stirrups (2 leg stirrups) ®10 with As = 2x78 = 157 mm®

75.2 414
Ai=(=) x2040 () Cot?45=255.68

V24 x360000 75.2 414
Al,=0.421=% - (222) x2040(—) Cot 245 = 1523.5 mm>
414 600 414

As = As min = 1523.5 mm?

= use6d18 with As=1524 mm’
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< 4-7 Design of columns:

o 4-7.1Design ofFramecolumn as a beam:

< 4-7.1.11 oading :

Assumed that h = 1200 mm to analyze the beam using ( Stad Pro ) Software to

get Shear & Moment Envelope :

1.16e+004 kNm

-54e+004 kNm

Fig (4-11): Moment evelope for on the Column.

Determination of Beam dimensions :

® =32
d=1200-40-12-32/2=1132 mm

C= gd = g x 1132 =485.14 mm

a=p;¢=0.85 x 485.14 =412.4 mm
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«» 4-7.1.2 Design Beam For Flexure (Section1-1):
b =800 mm,h=1200 mm

Design for Negative Moment Mu = -5280KN.M:

M max= 0.85x fc'ab (d - g)

= 0.85x28 x412.4x 800 (1132 - 4122-4)x10'6= 7270 KN.M

But, M, = 5280 KN.M

®M,= 6543 KN.M > M, =5280 KN.M

=>» Design the section as singly reinforced.

Rn=_Mn_
b*d?

6
Rn=_ 228010° 575 \py
0.9x800%x1132

m=_0 = 44 474
0.85x% fc 0.85x 28
1 2mRn 1 2x17.4%x5.72
=l o = L - 2AST 2 0 016
p= fy Vo = 4l iz )

Asreq=px b x d =0.016x 800x1132 = 14544.38 mm?/ m

(0.25)/f, (b)d
fy

As min =

_ (0.25)*+/28*(800)*1132
414

=2839.7 mmz/m

1.4(b)d

Not less than, As min = :
y

=147(800)"1132 _ 3062 41 mm2 /m
414
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No of bar = 14544.38 + 804.2 = 18.0855

Use 20932 (2 layers)

As o = 16084 mm?2 /m> As oq = 14544.38 mm? /m

=>» Check for Spacing :
_ 800-2x40-2x12-10x32

S S =41.77mm
S>25mm

S>dy

- OK

p =28 _8042x20 451675 - OK

Ag 1200x800
=>» Check for Tension steel yielding:-
Tension = compression
Asxfy=085xf xbxa

16084*414=0.85*28*800*a

a=349.72mm
_ 2 _384972 _ 419 44mm
B, 085
B=0.85 oo £,<28MPa ... ACI-318M-08(10.2.7.3)
g, =(d —c)/cx0.003= 1132-41144  ,003=0.00525
411.44

& =0.00525>0.005

OK : Tension Controlled Section
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% 4-7.1.3 Design Beam For Flexure (Section 2-2):
b =800 mm h =800 mm

d =32

d=800-40-12-32/2 =732 mm

C= §d= §x732 = 313.7 mm

a=p;¢=0.85 x 313.7= 266.65 mm

Mu = 5280/2 =2640 KN.M

M max= 0.85x fc'a b (d - %)

= 0.85x28 x 266.65 x800 (732 - 262-65 )x 10 = 3037 KN.M

But, My, = 2640 KN.M
®M,=2733.36 KN.M> M;=2640 KN.M

=>» Design the section as singly reinforced.

Rn= M
b*d?
6
= 2040d0° g4 MPa
0.9%x800%x732
m=_ = 44 _474

0.85x fc  0.85x28

1 2mRn 1 2x17.4%x6.84
Sl | | :_1-J_— =0.02
P m( fy ) P 17.4( 1 414 )

Asreq=px b x d=0.02x 800x732 = 11712mm?

(0.25),/, (b)d
fy

AS min =

_ (0.25)*~/28*(800) * 732
414

=1871.1 mm?
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1.4(b)d

Not less than, As min = .
y

=147(800)"732 — 1980.28 mm?
414

No of bar=11712 +804.2 = 14.56

Use 15®32 (2 layers)

AS o = 12063 MM2> AS 1oq = 11712 mm?
Ok

=» Check for Spacing :
_ 800-2x40-2%12-8x32

S - = 62.85mm

S>25mm

S>d,

- OK

p = As _8042x15_ o0 OK
Ag 800x800

=» Check for Tension steel yielding:-
Tension = compression
Asxfy=0.85xfcxbxa
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12063*414=0.85*28*800*a

a=262.3mm

c= % - % — 308.58mm

B=0.85 ... fc<28MPa ... ACI-318M-08(10.2.7.3)
732-30858

&, =(d-¢)/cx0.003="""220,003=0.00411
30858
£, =0.004< 0.00411< 0.005

Transition control section

OK : Tension Controlled Section

«» 4-7.1.4 Design of Shear in Column:

Vu( at Face of support) =587KN(From Shear Envelope)

o d = 1200 - 40 — 10 — 32/2= 1132 mm

° Vn = \ﬂ=£:782.6KN
d 0.75

=» Determine shear strength provided by concrete (® \c):
Ve = @wa d
= @ «800x1132x107% = 798.6 KN

® Vc=0.75x798.6 =598.9 KN
1P Vc=5989+2=2995 <Vu=587KN
2

** Check for Section Dimensions :
V,-V,—V,.=782.6-798.6 =-16.6 KN
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2./fc’ xbwxd 228 x800x1132
Vs max = =

-3
X =3194.6KN

Jfc' xbwxd /28x800x1132
Vs,min: 16 =

-3
X =299.5KN

bwxd 800x1132
3 3

Vs,min = X 10_3 =301.8KN

x10 " =1597KN

.= Ve xbwxd _ 28x800x1132
. = -
3 3

Vs < Vg min=> The section dimension is large enough.
Smax < d\2 < 600
-21132/2=566 < 600 mm

Take Smax = 566 mm - Control

=»  Try minimum shear reinforcement:

A fc' xb s
Ay min= N2 2% it not lessthan,
16x f
yt
b, s Jfc© 53 1
Ay min= —2 -Control (*— ==—"*=<=
Y e f 6 “16 "3
yt

Use stirrups U-shapes (6 - leg stirrups) ®10 with As = 6x78.5 = 1884 mm°

_3A T 3.1884x412
b, 800

=2119.5mm > S, =566mm

Take S = Sjax = 566 mm

dxAxf _1132x1884x 412
s 566

Use (6-Leg) ®;0 @300mm in all sections<sS,, =566

Vs 6010) = 10° =1552 KN
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< 4-7.2 Design of Secondary column:

concrete B350 Fc' = 28 N/mm?
Reinforcement Steel fy = 414 N/mm?

Dead load from beam = 67 KN

Live load from= 56 KN

Self weight of column = 28.8 KN

Factored load =1.2x( 67+28.8)+1.6x56 =206 KN

** 4-7.2.1Slenderness parameters:

¢ In 0.3 m-Direction(about x axis)

KU gy ML ACI —(10.12.2)
M2

r

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

R: radius of gyration = \/L\: ~03h . For rectangular section

Lu=9 m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

KU g4 oML ACI — (10.12.2)
r M2
1x9
0.3x0.3

~.long Column in 0.3m:direction

=100> 22
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e In 0.4 m-Direction (about y axis)

@<34_12% ............... ACI - (10.12.2)

r

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

R: radius of gyration = \/L:z 0.3h

Lu=9m

M1/M2 =1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be
permitted to be taken as 1.0.

Ku gq oML ACI —(10.12.2)
r M2
1x9
0.3x0.4

~.long Coloumn in 0.4m:direction

=75> 22
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** 4-7.2.2 Magnification parameter:

E
El=04—2 ... [ACI318-05 (Eq. 10-15)]
1+ B,

E, = 4700,/ fc' = 4700x +/28 = 25135Mpa
_12DL  1.2*(97)

=0.56<1
b Pu 206
3 3
|, = bxh _ 04x0.3 — 0.0009m*
12
£l - 0.4 x 25135x 0'0009:5.8N.m2
1+ 0.56
7°El
P, = T e s ACI318-05(Eqg. 10-13)
(KLu)
2
p 314758 X5;8 —0.7MN.
(1.0x9)
M1
Cm = O.6+O.4(mj ............ ACI1318— 05(Eq.10—16)
Cm=1.... According to ACI318—-05(10.10.6.4)
S = _CM 90 ACI318— 05(Eq. 10—12)
1_ Pu
0.75P,
1
S =1_ so5 — —16>1
0.75%x 700

** 4-7.2.3 Reinforcement :

~15+0.03x h =15+ 0.03x 300 = 24mm = 0.024m
e x5, =0.024x1.6=0.038m

e
e
e_00288_ ..
h 03

min

d =300-40-10-(20/2) = 240

d=40 + 10 + (20/2) = 60

y=0.6

From the interaction diagram in chart: p=0.02
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WzmzstN

P,-0.85x Agx[ 0.85x Fc'(1- p)+ pxfy]

P,=3 MN

€min =15+ 0.03xh=15+0.03x400=27mm =0.027m
e=e, x5, =0.027x1.6=0.0432m

e_00432 . 00

h 04

d =400-40-10-(20/2) = 340

d=40 + 10 + (20/2) = 60

y=0.75

From the interaction diagram in chart: p= 0.02

PPny — 2. 9 MN

Ag

Po-0.85x Agx[ 0.85x Fc'(1- p)+ pxfy]
Ps=3 MN

1 1 1 1

- . -

Pnx I Pny I PnoO _Pn

L+ L1+1-0968 MN

28 29 3

@Pn > Pu

0.65x0.968=0.63 MN

0.63 > 0.206

~Section is safe

Select the longitudinal bars:

A =p xA, = 0.02 x400 * 300=2400 mm®
~use8(020 = A, = 2512 mm?

** 4-7.2.2Design of the Stirrups:

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

spacing<16xd, =16x2 =38cm
spacing<48xd, =48x1.0=48cm
spacing < leastdim. =30 cm

UseglO@ 20 cm
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%  4-8 Design of stairs :-

Limitation of deflection

. 1 380
hmin=—=—=19cm
20 20

take h=20 cm

5
tanB=13L0

B=30.3
% 4-8 .1 loads
dead loads (for 1m strip )
L =58kn/m

cos30.3

plaster = 0.03 *22*1*—

cos 30.3

flight = 0.2*25*1*

=0.8kn/m
horizontalmorter = 0.03*22*1 = 0.7 kn/m

horizontal tiles = 0.04 * 23 *1 *% =1kn/m
verticalmorter = 0.03 *22 *% = 0.4 kn/m

vertical tiles = 0.03*23*% =0.4kn/m

triangle = %75 *25=22kn/m

D.D=11.3kn/m
L.L=35kn/m

Vu max = 24.9 kn

Mu max = 33.2 kn .m
4-8.2 Shear design :
d=200-20-6=174 mm

X3

*

dyc=.75* 6i *24 *1000 * 174 = 106.55kn
dvc>vu =106.55>24.9 ok
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*$* 4-8.3 Design of Bending moment :

d=174 mm
Mn
Rn= b*d?
33.2x10°

Rn = 0.9x1000x174# =1. 21MPa

Voo aa
m = 0.85xfc _ 085x24=7903

1 AR 1 Jl_w
=m(1- W oyp=203(1- 414 )=0.00301

Asreq=px b x d=0.00301x 1000x174= 524.6mm?
As min =0.0018 * 1000 * 20 = 360 mm2

As req = 524.6 >As min 360
N =524.6 +113.1=4.638
Use 5@ 12

AS oy =565.5 mm?2 >Asreq = 524.6 mm?

Check for Spacing :

1000-2%x40-5x%x12
S= 4 =215mm

S>25mm
S >db
- OK

Check for Tension steel yielding:-

Tension = compression

ASXfy:0.85xf°><bxa
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565.5x414=0.85x24%x1000x%x a

a=11.47mm
C =i=£=13.5mm
B, 0.85
B=085 ... Te<28MPa ... ACI-318M-08(10.2.7.3)
174-135

& =(d-c)/cx0.003= 35 x0.003=0.0222
& =0.0356>0.005
OK : Tension Controlled Section
+%* 4-8.4 Design of landing :
D.L =7.6 kn
L.L =3.5kn
Vu max = 20.3 kn

Mu max = 20 kn.m

=>»  Shear design :
d=200-20-6=174 mm

dvc=.75%* 6i *v24 * 1000 * 174 = 106.55kn
®ve>vu =106.55>20.3 ok

No shear reinforcement

** 4-8.5 Design of Bending moment :

Mn
Rn= b*d?

20x10°
Rn = 0.9x1000x174 = (.733MPa

Vo a4
m = 085xfc _ 0g5x24=903
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1 1 2mRn 1 \/1_ 2x20.3x0.733
p=m(l- fy )P = 20.3(1 - 414 ) =0.0018

Asreq=px b x d=0.0018% 1000x174= 313.81mm?
As min = 0.0018 x 1000 x20 = 360 mm?®

As req = 313.81 < As min =360 mm?
N = 360 + 78.5= 4.585
Use 5@ 10

ASyor = 392.5 mme >Asreq = 360 mm?

Check for Spacing :
1000-2x40-5x%10

S= 4 =217.5mm

S>25mm

S>db

-OK

Check for Tension steel yielding:-
Tension = compression

As x fy = 0.85x fexpx a
394*%414=0.85*24*1000*a
a=7.99mm
a 7.99

=— = =9.4mm
yin 0.85

C

B=085 ... Te<28MPa ... ACI-318M-08(10.2.7.3)

174-9.7

&, =(d —c)/cx0.003= x 0.003=0.0222

&, =0.0525> 0.005
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OK : Tension Controlled Section

s 4-9 Design of Foundation:-

++ 4-9.1 Design of Isolated footing Under Frame Column:
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+ 4-9.1.11 oad Calculation:
Weight of Column=V x Y =[0.5(1.2+.8) x10 x0.8] x24=192 KN

Total D.L = 1080 + 192 = 1272kN
L.L =140 KN

Surface Service Surcharge = 5 KN\m2
Allowable soil pressure =160 KN/m2
Soil unit weight = 18 KN/m®

fc = 28 MPaFy = 420MPa

Assume h (footing) =40 cm
W(footing) = 0.40x 24 = 9.6KN\m?
W(soil) = 1.1x 18 = 19.8KN\m?

W total =5 + 9.6 + 19.5 = 34.4 KN\m’

ga,net = 160 — 34.4 =125.6KN\m?

pn 12724140

= =11.24 m?
qanet 125.6

A=L?> L=vV11.24=3.35m
= TakeL=B=35m
Pu=1.2 x1272 + 1.6 x 140 = 1750.4 KN

Ou=1750.4/ (3.5x 3.5) = 142.9kN/m’
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o 4-9.1.2 Check for One Way Shear :

Critical Section atE +d

VU = q, b(LFounzdation _%_ dJ

Vu=1429x&5(%?—%;—d)=6752—61&”

¢Vc:¢(%x fc xb xd)

#NVc =0.75% % x+/28x3500xd =231

pNc =Vu

— 2315d =675.2—(515d)
— d =0.238m
h=238+75+20=333mm
Take h=0.4m

d =400-75-20=305mm
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+» 4-9.1.3 Check for two way shear action (punching):

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

Vu =[A—{(b+d)x(a+d)}xq,

VU, =[3.5%3.5 —{(.8+0.305) x (0.8 + 0.305)}]x142.9=1576KN

oV, - _[ ]\Fb d

1( «a '
oV, :¢.E(b0/d +2]Ebod
A :¢%\/ f'b.d

Where:
Column Length (a) 0.8

¢ ColumnWidth (b) 0.8

by — perimeter of critical section taken at (d /2)from the loaded area

D =2 (0.8 +0.305) +2(0.8 + 0.305) = 4.42 m

s =40 for interior column

According to ACI section 11.11.2¢V, =

AT qﬁ%(ﬂﬂij\/fjbod :%X(l+§jx 28x 4420%305x10°° = 2675.KN

12\ b, /d 12 | 4420

¢'Vc:¢-i[ - +2j fc'bod:0'75(40 3O5+2j>< 28 x 4420x 305x107° = 4244, 5KN

N, = 1f bd—Ex\/_ x 4420x 305x10° =1783.3KN
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¢V, =1783.3KN ..... Control

gNVc >Vu. = Satisfied

% 4-9.1.4 Design for flexural in both direction :
@,=20 mm
b=35m
h=04m
d =400—75—20=305mm

Mu = 142.9x 3.5 x1.35 x 1735 = 455.76KN.M

6
Mn _ 455.76x10 _1.55Mpa

Rn-
"“1hd?  0.9x3500% 3057

fy 420

m= - = =
0.85* fc  0.85x28

pzi[l— 1_2xmenJ
m ‘\f fy

o L 1_\/1_2><17.6><1.55 00038
17.6 420

ASgeq =P xbxd =0.0038x3500x305= 4091.1mm?
Check As_;,:

AS grinage = 0-0018x b x h = 0.0018x 3500x 400 = 2520mm?

. As =4091.1mm?
Select 21416 => AS, ,ieq = 4222.3mm? > 409Imm?.....0k
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Check Spacing :

_3500—-75x2—21x16
20

Sinax =3h =3 * 400= 1200 mm
450 mm -> Control
= 150.7<S;x = 450 mm = OK

S

= 150.7 mm
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++ 4-9.2 Design of Isolated footing Under secondary Column:-

% 4-9.2.1 Load Calculation:
Weight of Column=V x y =[0.3 x10 x0.4] x24=28.8 KN

Total D.L =68 +29 =97kN

L.L =56 KN

Surface Service Surcharge = 5 KN\m2
Allowable soil pressure =160 KN/m2
Soil unit weight = 18 KN/m®

fc = 28 MPa Fy = 420MPa

Assume h (footing) = 30 cm
W(footing) = 0.3x 24 = 7.2KN\m?
W(soil) = 1.2x 18 = 21.6KN\m®

W total =5 + 7.2 + 21.6 = 33.8 KN\m?

ga,net = 160 — 33.8 =126.2KN\m?

A=L>> L=V1.2=1.104m
= TakeL=B=12m
Pu=1.2 x97 + 1.6 x 56 = 206 KN

u =206/ (1.2x 1.2) = 143kN/m’
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o 4-9.2.2 Check for One Way Shear :

Critical Section at% +d

2 2

Vu =143x1.2 (%—0—;’— d)=77.22—(171.6d)

VU = q, b ( LFoundation_E_dj

¢.\/c=¢.(%x\/ﬁxwad)

@#NVc =0.75% % X~/28%x1200xd =793.7d

pNc =Vu

— 793.7d =77.22—-(171.6d)
— d =0.07999m
h=80+75+16=171mm
Take h=300m

d =300-75-16=209mm
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» 4-9.2.3 Check for two way shear action (punching):

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

Vu, =[A-{(b+d)x(a+d)}xq,

=[1.2x1.2-{(0.3+0.209) x (0.4 + 0.209)}| x 143=161.59KN
1 2 '
PV, = ¢'E(l+ ﬁ—cj\/ f. b,d
PVe = [b /d j‘/»b d
SN = ¢.%\/ f. b, d

Where:

Column Length (a
5. = gth (a) _04 4,
Column Width (b) 0.3

D, — Perimeter of critical section taken at (d /2)from the loaded area

by =2 (0.3 +0.209) + 2(0.4 + 0.209) = 2236mm

s =40 for interior column

According to ACI section 11.11.2¢V, =

oV, =¢%(1+ ﬂi}/ f'b,d =%x(1+ 1—23} 28 x 2236x 209x10°° =7739.KN

0.75( 40* 209
v +2 . bd = +2|x /28 % 2236x 209x10°° =886..9KN
Pe = 12[b /d J ( 2236 j

#V, = ¢.%\/ f. b,d = % x /28 x 2236% 209%107° = 618..2KN
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¢V. =618..2KN ..... Control

¢Vc >Vu,. = Satisfied

¢ 4-9.2.4 Design for flexural in long direction :
@p=16 mm
b=12m
h=0.3m
d =300—75-16=209mm

0.45

Mu = 143x 1.2 x0.45 x - = 17.4KN.M

~Mn_ 17.4x10°
“bd?  0.9x1200x 209°

Rn =0.36Mpa

. fy 420
0.85x fc© 0.85x28

p_l[l_\/l_ZmeRn]
m fy

p:itl_\/l_2><17.6><0.36J:0_00088

17.6

17.6 420
ASgp,, = pxbxd =0.00088x1200x 209 = 220.7mm?
Check As, ;. :
ASgirinage = 0-0018x b x h = 0.0018x1200x 300 = 648mm?
. As = 648mm?
Select 5414 = AS,, g = 770Mmm? > 648mm?.....0k
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Check Spacing :

_ 1200-75x2—14x5
4

Simax =3h =3 * 300= 900 mm
450 mm -> Control
= 245<S,.x =450 mm = OK

S

= 245 mm

%+ 4-9.2.4 Design for flexural in short direction :

@p=16 mm
b=12m
h=0.3m

d =300—-75—-16=209mm
Mu = 143x 1.2 x0.4 x 02;4 = 13.7KN.M

6
_ M'; __ 13710 _—0.29Mpa
bd?  0.9x1200x 209

Rn

i fy _ 420 176
0.85x fc 0.85x 28

pzl{l_\/l_meanJ
m fy
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T 176 420

ASgeq = pxbxd =0.00069x1200x 209 = 173mm?
Check As,_,, :

PO (LJ _2x17.6xo.29j20_00069

As
. As = 648mm?
Select 5414 => AS,,_,4q = 770mm? > 648mm?Z.....0k

Check Spacing :

1200—-75%x2—-14x%x5
S= = 245 mm

Smax =3h = 3 x 300= 900 mm
450 mm -> Control
= 245<S,x =450 mm > OK
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&+ 4-9.4 Design of Strip (Wall) Footing:-

% 4-9.3.1 Load Calculation:
Weight of Wall =V x Y =[0.3 x10 x1] x24=72 KN/M

Weight of tie beam =V x Y =[ 0.3x0.3x1]x24=2.16
Total D.L =72+ 2.16 = 74.16kN/M

Surface Service Surcharge = 5 KN\m2

Allowable soil pressure =160 KN/m2

Soil unit weight = 18 KN/m®

fc = 28 MPaFy = 420MPa

Assume h (footing) = 30 cm

W(footing) = 0.3x 24 = 7.2KN\m?

W(soil) = 1.2x 18 = 21.6KN\m?

W total =5 + 7.2 + 21.6 = 33.8 KN\m?

ga,net = 160 — 33.8 =126.2KN\m?

Pn 75
A= =2 =06m
ganet 126.2

A=Bx1-> L=1
= TakeB=0.65m
Pu=1.4 x75 =105 KN

Oy = 105/ (1x .65) = 161.5 kN/m’
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¢ 4-9.3.2 Check for One Way Shear :

Critical Section at% +d

2 2

055_2f_d)=2&26—66139

¢VC=¢(%xvﬁExbde)

VU = q, b { LFoundation_E_dJ

Vu =1615x%1 (

PNC = 0.75><%>< /28 x1000xd =661.4d

pNc =Vu

— 661.4d =28.26—(161.5d)
— d =0.0343m
h=33.4+75+16=124.4mm
Take h=300m

d =300—-75-16=209mm
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% 4-9.3.3 Design for flexural:
@,=16 mm
b=1m
h=0.3m
d =300—75-16=209mm

0.175

Mu = 1615 1 x0.175 x 2275 = 2 5KN.M
Mn 25x%10°
_ —0.063Mpa
RN 47 = 0.9x1000x 2097 P
fy 420 _176

m= - = =
0.85* fc  0.85x28

p—l{l—\/l—zmeRnJ
m f,

po L 1_\/1_2x17.6><0.63 — 0.00015
17.6 420

ASgeq. = pxbxd =0.00015x1000x 209 = 31.68mm?
Check As,., :

ASgrinege = 0.0018x b x h = 0.0018x1000x 300 = 540mm?
. As = 540mm?
Select 5¢12 = As, _...q =565mm? >540mm?Z.....ok
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Check Spacing :

_ 1000—75x2—12x5
4

Siax =3h =3 x 300= 900 mm
450 mm -> Control
197.5<Sx = 450 mm = OK

=» Reinforcement in long direction :

S =197.5mm

Select the minimum area of steel (shrinkage &temperature )

ASgrinkage = 0.0018xbxh =0.0018x1000x 300 = 540mm*
. As =540mm?
Select 512 = As,,,iqeq = 565Mm? >540mm?.....ok

Check Spacing :

_1000—75x2-12x5
S= : =197.5mm

Simax =3h =3 x 300=900 mm
450 mm - Control

197.5 <S5 x =450 mm > OK
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«» 4-10 Design of Basement Wall:-

+» 4-10.1:- load calculation:
Fc’=24 MPa, Fy=414 Mpa, y:=18KN/m®, qall=160 KN/m?, ¢=30,

surcharge =5 KN/m? , wall thickness =30 cm

02 T YN = K;\i-'mE
5 5.1
0.6:\' N

Fig.(4-12) basement wall

_1-sin¢g 1- sin30
1+ sin@ 1+ sin30
W,=KXxhxy=033x5x18=30KN/m?

= 0.33

Wy, = KX P =0.33x5=1.65KN/m?
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LN e

Wsu =1.65 Kn/m
Ws =30 kn/m

Fig.(4-13) shear and moment diagram

From Atir we have moment and shear envelop :

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

Moments: spans Tto 1

243 98.3 2.97

548 557

75.
88.1

Fig.(4-14) shear and moment diagram
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%+ 4-10.2 Check for shear:-

0.75
PV, = %/fc' Xbxd= T\/ﬂ X 1000 X 268 x 1073 = 164.1KN

V. > Vu =75 KN

The thickness is enough

% 4-10.3:-Design of Bending Moment:-
D=300 - 20— 12/2 =274 mm
Mn
n — b.-d2
~ 98.3x10°
" 0.9x1000x 2747

m = fy
0.85x fc'

m = 414 =203
0.85x24

1 2mR
p:_ l_ 1— n :i 1—\/1—M :00036
m f, | 203 420

As req = 0.0036x100x27.4=9.96 cm“/m........... control

=1.45MPa .

p = 0.0036 > pmin = 0.0012 ... ....0K
Check for spacing

3h=3x300=900mm
S=450

Use @ 16@ 20 cm , As prov = 10.04 cm?/m for both sides.

For horizontal bars use the half of the min. in each side
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P = pmin=0.001

p = As/ac

As = px100x30 = 3 cm?/m

Use ® 10@25 cm, As prov =3.16 cm*/m > 3 cm’/m

Check for strain:
Tension = Compression
A x fy =0.85x fc' xbxa
1000%x414=0.85%x24x%x1000x a

a=20.3mm
a 20.3

= = 23.85mm
£, 0.85
&, = 268—23.85, 7.003=0.0314
23.85

&, =0.047 > 0.005—> ok
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1. American Concrete Institute (A.C.1), Building code Requirement for structural concrete
(ACI-318M-08).
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