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The Structural Design of a CollageBuilding in Dura
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Palestine Polytechnic University -2014

SUPERVISOR:

DR. MAHER OMR.

Project Abstract

The main aim of this project isto prepare detailed structural planesand shop drawings For

all structural elements. The project is athree stories collage in Duracity.

The building has a unique architectural design. Functional , Aesthetic , and Practical use

is considered in the building design.

Miscellaneous structural elements will be used accommodated with the architectura
functional purposes of the building.

Autocade , Staad pro , Safe and Etabes software are used for the structural analysis and

design process.

The ACl_318, UBC, and the Jordanians code are used For the structural design.
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Chapter 4 : Structural Design & Analysis
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Figure (4-1): Ground Floor Slab.

Figure (4-2): Structural Plane.
Figure (4-3) : Rib 2 geometry.
Figure (4-4) : Rib Section

Figure (4-5) : loading of Rib 2.
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Figure (4-6) : Moment Envelop of rib 2.
Figure (4-7) : Shear Envelop of rib2.

Figure (4-8): Rib 3 geometry
Figure (4-9): Rib section .
Figure (4-10): Loading of Rib 3

Figure (4-11): Moment Envelop of rib 3
. Figure (4-12) : Shear Envelop of rib3

Figure (4-13) :Beam geometry.(8)

Figure (4-14) : Beam section.(8)

Figure (4-15) : Loading of Beam (8).

Figure (4-16) : Moment Envelop of Beam(8)
Figure (4-17): Shear Envelop for Beam (8)
Figure (4-18): Detail of Beam(8)

Figure (4-19) : Two way Ribbed slab
Figure (4-20) : Long Column Detall
Figure (4-21): Isolated Footing

Figure (4-22): Isolated Footing Detail
Figure (4-23): location of strip footing
Figure (4-24) Strip Footing Detall

Figure (4-25) Stair Plan

Figure (4-26) : Loads on stairs

Xiii



108
109
111

114

115
116

117
118
118
118
124
125
127

Figure (4-27) : Shear Envelope
Figure (4-28) : Moment Envelope
Figure (4-29) : Stair Section
Figure (4-30) : FX- Diagram
Fig.(4-31) Cross section of sheet metal
Fig.(4-32) static system for purlins
Fig.(4-33) Moment envelope for purlins
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Fig.(4-35) Support reaction for purlins
Fig.(4-36) Truss system

Fig.(4-37) weld forces vertica member
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within adistance (S).
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At = area of oneleg of aclosed 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 stedl.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of easticity 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 inlong direction of two- way construction, measured
face-to-face of supportsin slabs without beams and face to face of beam or other
supports in other cases.

LL =liveloads.

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/md).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

XV



€c = compression strain of concrete = 0.003mm/mm.
€s = strain of tension stedl.

és= strain of compression steel.

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

4.8 Design of Beam (3) :
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Figure (4-11) : Beam (3) Geometry.

ff"flfﬁ:’:‘f[“‘r vl ;:f“\-l"“m» “Teo ,r"],/f.;i““;, f-[”’f;?“;x
.:-"'"‘-\. = P == .-"-.]-'ffl “'I\H@x = - ‘m._':__ e P =
:_..-fﬁ:_:.[ vm'].??‘n .--*-.[I‘I ‘1’: ‘}x k b i f{1§ -,"’:V ?‘h__‘._,_:‘"k -"'-'\E“x.,
¥ o i %t YT 1:=I.?. T ¥ T ”1:—':?. T T "F.IP. Py Y '..I.F'. s
I I 1 I

e ——

Lnﬂf_.ua,%.Lﬂ__y_a%; e I BT e S oY W o
e L L e s T T e J‘TF_I]TT““-H i T e e T e

I I
Figure (4-12) : loading of Beam (3)
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Figure (4-13) : Moment Envelop for Beam (3).
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Chapter 4 Structural Analysis & Design

Figure (4-14) : Shear Envelop for Beam (3).

= Check rectangular section or T-section

bw =100cm, h = 70cm
d =700-40-10-12.5=637.5mm

Mu, ., = 940.8 KN .m

Mnf:0.85tfr_'mhl,|"ntf“{d._.g

Mn, =0.85* 24* 1* 0.7* (0.64 — %) * 10° = 41412 KN .m

® Mn, =0.9* 4141.2=3727.08 KN.m >> MU,

¢ rectangular section

=  Check single section or Doubly section

i

Mn,,=085=fc=b=a=(d—=

2

C=3/7*d=3/7* 637.5=273.2 mm

a= 273.2¥0.85 = 232.22 mm

0232
2

Mn,, =0.85 %24 =1 %0232 = ( 0.64 — —) * 10* = 2479.98 KN .m

0 =0.82

® Mn__ =0.82* 2479.98= 203358 KN.m >> Mu,_=940.8KN .m
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Chapter 4 Structural Analysis & Design

% Singly section

4.8.1 Design of Positive Moment

4.8.1.1 Design of Span 1

bw =100cm, h = 70cm
d =700-40-10-12.5=637.5mm

Mu =896.5 KN .m

M
Mn = —u= % =996 KN.m
D 0.9
fc' 14
As ., =———bw)d)>—(bw)d)....ccccvnne.. (ACI -10.5.2)
i oK)= o)
24 14
As .. =—-(100)64)>—(100) 64
S = 20 100(64) 2 % 100)64)
As. .. =187<213............. the larger is control
As . =21.3cm’
Mn
Kn= ——
b*d?
* -3
n= M =243 |\/|pa
1* (0.64)°
fy 420

=20.588

m = - =
0.85* fc  0.85* 24

1 2mKn
p=—(1- 1~ )

m fy
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Chapter 4 Structural Analysis & Design

1 ‘- \/1_ 2(20.588)(2.43)

= )=6.178* 10°
20.588 420

p
Areq=p*b*d=6.178* 10°* 100 * 64 = 39.54cm?

39.54cm?> As_ = 21.3cn’

Use & 25 >> # of bar = % =8.07

Then we select (9) bars ® 25 A provided = 9* 4.9 = 44.1cm?

e Check for yielding

Tension = compression
As*fy=085* f.*b* a

4410* 420 = 0.85* 24*1000* a
a=90.79mm
x=2& 907 _1668mm
b, 085
. _637.5-1068
: 106.8
e, = 0.0149 > 0.005

X0.003

e Check for spacing between the bar

_ 1000—-2*40-2*10-9* 25
8

S

S=84.375mm =25mm

>db =25mm
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Chapter 4 Structural Analysis & Design

4.8.1.2 Design of Span 2

Mu =561.3 KN .m

M
Mn= —o = 613 o 67kN m
® 09
fc' 14
As. =Y —(bw)d)===(bw)d)ocerrrrerrrrneen. (ACI —10.5.1)
iy D)= (bw)
As . = N (100)(63.75) > £(1oo)(63.75)
4(420) 420
As. .. =187<213............. the larger is control
As . =21.3cm’
Mn
Kn= ——
b* d?
* -3
n= M =152 Mpa
1* (0.64)°
fy 420 _ 50588

m = - =
0.85* fc  0.85*24

1 2mKn
p=—(1- 1~ )

m fy

p )=3.76* 10°

1 ‘- \/1_ 2(20.588)(1.52)
20.588 420
Areg=p*b*d=376* 10> * 100 * 64 = 24.06 cn?

2
24.06 cm®> As,. =21.3cm
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Chapter 4 Structural Analysis & Design

Use¢25>>#ofbar=% =49

o Check for yielding
Tension = compression

As*fy=085*f_.*b*a

2450* 420 = 0.85* 24*1000* a
a=50.44mm
x=i:50;44:59.34mm
b, 085
o 637.5-59.34
s 50.34
e, = 0.0292 > 0.005

X0.003

e Check for spacing between the bar

_1000-2*40-2*10-5*25
4

S

S=193.75mm =25mm
>db=25mm
4.8.1.3 Design of Span 3

Mu=587.1 KN .m

Mu
Mn= ——= @' =652.33KN.m

D 0.9
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Chapter 4 Structural Analysis & Design

fc' 1.
As,, =——bw)d)==—(bwfd)....cccere... (ACI -10.5.7)
A(7y) D)= (owkd)
As,., = 24 (100)(63.75) > ﬂ(loo)(63.75)
4(420) 420
As.,, =187<213............. the larger is control
As . =21.3cn’
Mn
Kn= ——
b*d?
* -3
Kn= M =1.59 Mpa
1* (0.64)°
_ fy 420

=20.588

m = - =
0.85* fc  0.85*24

1
o= S (1- 1_2mKn

m fy )

p ) =3.946* 10°

1 ‘- \/1_ 2(20.588)(1.59)

20.588 420
Areg=p*b*d=3.946"* 10°* 100 * 63.75 = 25.16 cm?
25.16 cm?®> As,, . = 21.3cn’

Use & 25 >> # of bar = % =513

Then we select (6) bars @ 25 A provided = 6* 4.9 = 29.4cm?

e Check for yielding
Tension = compression
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Chapter 4 Structural Analysis & Design

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

2940* 420 = 0.85* 24*1000* a
a=60.53mm
x=£=%=71.2mm
b, 085
637.5-71.2
)
e, = 0.0238 > 0.005

X0.003

e Check for spacing between the bar

_ 1000—-2*40-2*10-6* 25
5

S

S=150mm =25mm
> db =25mm
4.8.1.4 Design of Span 4

Mu =657.4 KN .m

Mu
Mn= ——= % =730.44 KN .m
()] 0.9

1l
iy
‘?
T
=
o
N—
\Y4
'_\
~
fon
=S
=
o
N—

.................... (ACI -10.5.1)

As,, = ——(100)64)> %(100)(64)

As.,, =187<213............. the larger is control

As . =21.3cnm’
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Chapter 4 Structural Analysis & Design

Mn
Kn=——
b*d?
* -3
Kn= M =1.78 Mpa
1* (0.64)
fy 420

=20.588

m = - =
0.85* fc  0.85* 24

pzi(l_ 1_2mKn
m fy

)

y=4.44* 10°

A 1 ‘- \/1_ 2(20.588)(1.78)

"~ 20.588 420
Areq=p*b*d=4.44* 103 * 100 * 63.75 = 28.31 cm?
28.31 cm?> As,;,, = 21.3cny’

Use & 25 >> # of bar = % =578

o Check for yielding

Tension = compression

As*fy=085*f_.*b*a
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Chapter 4 Structural Analysis & Design

2940* 420 = 0.85* 24* 1000* a
a=60.53mm
x=-2 290 _ 21 21
b, 085
o - 637.5-71.21
° 71.21
e, = 0.0238 > 0.005

X0.003

e Check for spacing between the bar

_1000-2*40-2*10-6* 25
5

S

S=150 mm = 25mm

>db =25mm

4.8.1.5 Design of Span 5

Mu=841.2 KN.m

M
Mn = —u= % =934.67 KN.m
D 0.9
y fc' 14
As. =Y (bw)d)===(ow)d)ooccrrrrrrneenn (ACI —10.5.1)
A(7y) D)= (owkd)
As, = a4 (100)(63.75) > ﬂ(loo)(63.75)
4(420) 420
As.,, =187<213............. the larger is control
As . =21.3cnm’
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Mn
Kn=——
b*d?

* -3
Kn= m =2.28 Mpa

1* (0.64)>

fy 420

m = - = =20.588
0.85* fc  0.85*24

pzi(l_ 1_2mKn
m fy

)

) =5.77* 10°

A 1 ‘- \/1_ 2(20.588)(2.28)

"~ 20.588 420
Areq=p*b*d=577*10%* 100 * 63.75 = 36.79cm?
36.79 cm?®> As,;,, = 21.3cn’

Use & 25 >> # of bar = % =7.49

o Check for yielding

Tension = compression

As*fy=085*f_.*b*a
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3920* 420 = 0.85* 24*1000* a
a=280.7mm
X= a._ y =94.95mm
b, 0.85
o - 637.5-94.95
s 94.95
e, =0.017 > 0.005

X0.003

e Check for spacing between the bar

_1000-2*40-2*10-8* 25
7

S

S=100 mm =25mm

> db =25mm
4.8.2 Design of Negative moment
4.8.2.1 Design of support (2)
Mu=922.2KN .m

Mu
Mn= ——= % =1024.67 KN ..m

S}

As,;, =~V—(bw)d)> %(bw)(d) .................... (ACI -10.5.1)

As . = (100)(63.75) > %(100)(63.75)

As. . =187<213............. the larger is control

As . =21.3cm’
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Mn
Kn=——
b*d?
* -3
Kn = 1024.67 15) - 25Mpa
1* (0.64)
fy 420

m = - = =20.588
0.85* fc  0.85*24

pzi(l_ 1_2mKn
m fy

)

)=6.37* 10°

A 1 ‘- \/1_ 2(20.588)(2.5)

"~ 20.588 420
Areq=p*b*d=637*10%* 100 * 63.75 = 40.61 crr?
40.61 cm?> As,;, = 21.3cm’

Use & 25 >> # of bar = % =8.29

o Check for yielding

Tension = compression

As*fy=085*f_.*b*a
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4410* 420 = 0.85* 24*1000* a
a=90.79mm

x=2 2997 _ 145 80mm
b, 085
o, 637510682 0 o
106.82

e, = 0.0149 > 0.005

e Check for spacing between the bar

_1000—-2*40-2*10-9* 25
8

S

S=84.375mm =25mm
> db =25mm
4.8.2.2 Design of support (3)

Mu =746.7 KN ..m

Mu _ 7467

Mn= ——= —— =829.67 KN.m

S}

0.9

14

As,, = (100)(63.75) > 4'—20(100)(63.75)

(ACI -10.5.1)

As.,, =187<213............. the larger is control

As . =21.3cnm’

Mn

= e a?
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* -3
n= M =2.025 Mpa
1*(0.64)

fy 420

m = _ = =20.588
0.85* fc 0.85*24

1 2mKn

p=—(1- 1~ )
m fy

. 1 ‘- \/1_ 2(20.588)(2.025)):5. 088+ 10°
20.588 420

Areq=p*b*d=5088* 10°* 100 * 63.75 = 32.44 crr?
32.44 cm?> As_ = 21.3cm?

Use @ 25 >> # of bar = % =6.62

Then we select (7) bars @ 25 A provided = 7* 4.9 = 34.3cm”

e Check for yielding
Tension = compression

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

3430 420 = 0.85* 24* 1000* a
a=70.62mm
x=-2 = 7902 _ g3 08mm
b, 085
. _637.5-8308
* 8308
e, =0.02> 0.005

X0.003

e Check for spacing between the bar
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_ 1000-2*40-2*10-7*25
6

S

S$=120.83mm =>25mm
>db =25mm
4.8.2.3 Design of support (4)

Mu =825.9 KN .m

M
Mn= —o = 829 _ 17 67N m
® 09
fc' 14
As. =Y —(bw)d)===(bw)d)ocerrrrrrrrneen. (ACI —10.5.1)
iy D)= o)
As . = N (100)(63.75) > £(1oo)(63.75)
4(420) 420
As.. =187<213............. the larger is control
As . =21.3cm’
Mn
Kn= ——
b* d?
* -3
o 917.67*10 _ 224Mpa
1* (0.64)?
fy 420 _ 50588

m = - =
0.85* fc  0.85* 24

pzl(l- 1_2mKn
m fy

)
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1 ‘- \/1_ 2(20.588)(2.24)

= )=5.66* 10°
20.588 420

p
Areq=p*b*d=566* 10> 100 * 63.75 = 36.11 cr?

36.11 cm?> As_ | = 21.3cm’

Use @ 25 >> # of bar = %L =7.37

Then we select (8) bars @ 25 A provided = 8* 4.9 = 39.2cm?

e Check for yielding

Tension = compression
As*fy=085* f.*b* a

3920* 420 = 0.85* 24* 1000* a
a=380.7mm
x=2 897 _ 54 95mm
b, 085
. _637.5-9495
; 94.95
e, =0.017 > 0.005

X0.003

e Check for spacing between the bar

S= 1000—-2* 40-2*10-8* 25
7

S=100mm = 25mm

>db =25mm
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4.8.2.4 Design of support (5)

Mu =940.8 KN .m

M
Mn= o = 9408 e a3k m
® 09
Jfc 1.4
As. =Y —(bw)d)===(bw)d)ocerrrrrrrrneen. (ACI —10.5.1)
iy D)= o)
As, = N (100)(63.75) > £(1oo)(63.75)
4(420) 420
As. .. =187<213............. the larger is control
As.. = 2136cm’
Mn
Kn= ——
b* d?
* -3
n= M =2.55Mpa
1* (0.64)
fy 420 _ 50588

m = - =
0.85* fc  0.85*24

1
o= S (1- 1_2mKn
m fy

)

) = 0.0065

A 1 ‘- \/1_ 2(20.588)(2.55)

20588 420
Areg=p*Db*d=0.0065* 100 * 63.75= 41.52cm?

4152 cm?> As,, . = 21.3cm’
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Use & 25 >> # of bar = % =847

o Check for yielding

Tension = compression
As*fy=085*f_.*b*a

4410* 420 = 0.85* 24* 1000* a
a=90.79mm
x=2 9079 _ 145 00mm
b, 085
 637.5-106.82

e
s 106.82
e, = 0.0149 > 0.005

X0.003

e Check for spacing between the bar

_ 1000-2*40-2*10-9* 25

S
8

S=84.375mMm =25mm

>db =25mm

4.8.3 Design of shear

4.8.3.1 Design of Span 1

Vc= \/E bw * d
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2

= e *1000* 0.64

=522.56 KN

® Vc= 0.75* 522.56 = 391.9 KN

® vsmin = 0.75 (%) * pw * d =0 .75*(%)* 1000*637.5%10° = 159.37 KN. control

>0.75 (g) * bw* d=0.75 (%) * 1000 * 637.5*10° = 146.39 KN .
® vsmin = 159.37 KN.
Vu=533.8KN (From shear Envelope)
Item 1 &2 isnot suitable .
Item 3
®Vc<Vus®d Ve + ®Vsmin
391.9 < 533.8 < (391.9+159.37)
So Item (3) satisfy.

Minimum shear reinforcement required, so;

Av  bw
_>

> =0.79 control
S 3*fy

L febw_ oo
16* fy

Try 2leg® 10 @ 10 = 78.54 mm2

*
A_SV _ 2% 7854 079
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S=198.84 mm
<600 mm
<d/2=637.5/2=318.75mm

UseS=125cm

Use2leg ® 10 at 15cmc/c

4.8.3.2 Design of Span 2

Vc= @ bw* d

2

e *1000* 0.64

=522.56 KN

® Vc= 0.75* 522.56 = 392 KN

® vsmin = 0.75 (%) * pw * d =0 .75*(%)* 1000*637.5%10° = 159.37 KN. control

4 fc' N 24

20.75(——)*bw*d=0.75 (ﬁ) * 1000 * 637.5%10° = 146.39 KN .
16 16

® vsmin = 159.37 KN.

Vu =468.3 KN (From shear Envelope)

Item 1 &2 is not suitable.

Item 3
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®Vc<Vusg®d Ve + D Vsmin
392 < 468.3 < (392+159.3)
So Item (3) satisfy.

Minimum shear reinforcement required, so;

Av  bw
_>

T fy =0.79 control

LV febw_ oo,
16* fy

Try 2leg @ 10 @ 10= 78.54mn®

Av _ 2*7854
S

=0.79

S=199 mm
< 600 mm
<d/2=637.5/2=318.75mm

UseS=15cm

4.8.3.3 Design of Span 3
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2

= e *1000* 0.64

=522.56 KN

® Vc= 0.75* 522.56 = 391.92 KN

® vsmin = 0.75 (%) * pw * d =0 .75*(%)* 1000*637.5%10° = 159.37 KN. control

fc' [
>0.75 (X y x pw* d= 0.75 (V2%
16 16

) * 1000 * 637.5*10° = 146.4 KN .
® vsmin = 159.37 KN.
Vu=431.2 KN (From shear Envel ope)
Item 1 &2 isnot suitable .
Item 3
®Vc<Vus®d Ve + ®Vsmin
301.92 < 431.2 < (391.92+159.37)
So Item (3) satisfy.

Minimum shear reinforcement required, so;

Av, bw
S T 3*fy

=0.79 control

L febw_ oo
16* fy

Try 2leg @ 10 ® 10 = 78.54 mm2
*
A_S:/ _2*7854 _ 0.79
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S=198.8mm
< 600 mm
<d/2=637.5/2=2318.75mm
UseS=15cm
Use2leg® 10at 15cmclc

4.8.3.4 Design of Span 4

Vc= @ bw* d

Nen

= —— *1000* 0.64
6

=522.56 KN

® Vc= 0.75* 522.56 = 391.9 KN

1 1
®vamin > 0.75(2) * bw * d =0.75*(3)* 1000+637 5" 10° = 159.37 KN. control

4/ fc' '
>0.75 (?) *bw* d=0.75 (%) * 1000 * 637.510° = 146.4 KN .

® vsmin = 159.37 KN.
Vu=486.6 KN (From shear Envel ope)
Iltem 1 &2 isnot suitable .
Item 3
®Vec<Vus® Ve + ®Vsmin

392 < 486.6 < (392+159.3)
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So Item (3) satisfy.
Minimum shear reinforcement required, so;

Av_ bw
S T 3y

,Jfebw _ 0.73

~16* fy

=0.79 control

Try 2leg ® 10 ® 10= 78.54mn?

Av _ 2% 7854
s s

=0.79

S=199 mm
<600 mm
<d/2=637.5/2=318.75mm

UseS=15cm

4.8.3.5 Design of Span 5

Vc= @ bw * d

*1000 * 0.64

V24
6

=522.56 KN

® Vc= 0.75* 522.56 = 391.9 KN
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® vsmin = 0.75 (%) * bw * d =0 .75*(%)* 1000*637.5%10°° = 159.37 KN. control
>0.75 (g) * bw* d=0.75 (%) * 1000 * 637.5%10° = 146.4 KN .
® vsmin = 159.37 KN.
Vu=528.9 KN (From shear Envel ope)
Item 1 &2 isnot suitable .
Item 3
®Vc<Vus® Ve + ®Vsmin
392 <528.9 <(392+159.37)
So Item (3) satisfy.
Minimum shear reinforcement required, so;

Av  bw
_>

> =0.79 control
S 3*fy

Try 2leg ® 10 ® 10 = 78.54 mm?
*
A_S:/ _ 277854 _

S=198.8 mm
< 600 mm

< d/2=637.5/2 = 318.75 mm
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UseS=15cm

4.11 Design of Long Column (C123):

4.11.1 Design of Longitudinal Reinfor cement :

Select column (C123) for design

Pu = 4945KN

Pn = 4945/(0.65) = 7608 KN

rg=2%

Pn = 0.8* Ag{0.85* fc'+r g(fy—0.85fc'")}

7608*10°° = 0.8* Ag[0.85* 24 + 0.02* (420 — 0.85* 24)|
Ag = 0.33m°

X =4/0.33=0.58m

4.11.2 Check Slenderness Effect :

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

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

I
R: radius of gyration=0.3 h= \/;

Lu=4.75m
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.
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(K_Iu] < (34—12(mj SO ACI 10-12-2
r M 2
17 4.75 =26.39 > 22
0.3*0.6
Long column in two direction.
E.|
El =04—2 ... [ACI 318—- 2002 (Eg. 10-15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_12DL 343917

b, = = 0.695
Pu 4945
* |3 * 3
I, = b*h” _ 06*06" _ yi08m:
12
El - 0.4* 23270.15* 0.0108 _ 50.31MN M
1+0.695
p °El
P =o— e ACI 318 - 2002(Eq. 10—13)
(KLu)
2 %
P.= 314—59321 = 25.92MN.
(1.0* 4.75)
M1
Cm=0.6+ OA{WJ ............ ACI 318-2002(Eq.10-16)
Cm=1.... According to ACI 318-2002(10.10.6.4)
Cm
d.= >1.0 ACI 318—-2002(Eq. 10-12)
1-(Pu/0.75R,)

1
d =
™ 1-(4945/0.75* 25.92* 10°%)

e, =15+0.03* h=15+0.03* 600 = 33mm = 0.033m
e=e, xd_=0.033%1.34=0.04422 m

_ 0.04422 _ 0.074
0.6

=134>1

£
h
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From Interaction Diagram
fP, 4945 | 145

= * =1992 Psi
A, 0.6*0.6 1000

r, =0.0245

A<= p* Ag = 0.023*60*60 = 84.3 cn?’

Use ® 25 >> #of bar =22 =17.2

40

Use 18 @ 25 with As= 88.4 cm? >AS ;q = 84.3 cm?

e Check for spacing between the bar

_ 600-2*40-2*10-5*25
4

S =093.75

S=93.75 mm =40mm
> 1.5db =37.5mm

In other side,

_ 600-2*40-2*10-6*25
5

S 70

S=70 mm =40mm

> 1.5db = 37.5mm

4.11.3 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter)....................... ACI -7.105.2
S < 48dt (tie bar diameter).
S < Least dimension.

65



Chapter 4 Structural Analysis & Design

Sracing <16x d, (Longitudinal bar.diameter) =16x 2.5 = 40cm
Spacing < 48x d, (tiebar.diameter) = 48x1.0 = 48cm

Spacing < Least.dimension = 60cm

. Usef10@20cm

4.11.4 Detail of column 123:

@10@2a
L=228

B

@10E20
L=72

10 i
5B

iD

Figure (4-20) : Long Column Detall

4.12 Design of I solated Footing (F1) under column (C129) :
4.12.1 L oad Calculation :

From column C129:
Totd factored load = 1495 KN.
Totd servicesload = 1045 KN.

Column Dimensions = 40*40 cm.
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Soil density = 18 KN/n’.
Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (50 cm) thick.

liveload =5 KN/m2.

Ogion =400 - 5 - 0. 5*25 = 382.5 kN/m’

4.12.2 Deter mination of Footing Area

glas
3825 <M

= L=1.65m

Try 1.7* 1.7 mwith area= 2.89 m?* > A o = 2.73m°
Determinate q, =1495/2.89 = 517.3 KN/m?
4.12.3 Deter mine the depth of footing based on shear strength:

Assumeh=50cm .....d =500-75-20 = 405 mm

e Check for oneway shear strength

Critical Section at g+d

+d= 0—24 +0.405 = 0.605m

a
2
1.7
VU =517.3* (-~ 0.605)*1.7 = 215.45KN

f.\/c:f.(%*\/f_c'*bw*d)

f Vc=0.75* %* 28*1700* 0.405 = 455.4KN

f Vc = 455.4KN >Vu = 215.45KN
Safe
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e Check for two way shear action (punching)

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

fV, =f %(u bi}/? b,d
FV, =f. (b/d erd
fv, =f —\/7bd

Where:

~ Column Length (a) 40
€ Column Width (b) 40

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

b, = 4(d + a) = 4(40 .5 + 40) = 322 cm

as =40 for interior column

fV, =f %(u bij\/ f. byd = %* [1+ 1—20] [28* 3220* 0.405 = 2587.7KN

fV, =f. Lb - j\/ bd_075 ( 0302;105+2j*@*3220* 0.405 = 3032.43KN

fV, =f —\/ bd_O;S* 28* 3220* 0.405=1725.2KN
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f V., =1725.2KN ..... Control
Vu. = Pu-FR,

FR, =s,, *area of critical section
VU, =1495-[517.3* (0.4 + 0.405) * (0.4 + 0.405)| = 1159.8KN
f Vc=1725.2KN >Vu, =1159.8KN........ satisfied

4.12.4 Design for Bending M oment:

[am ] [am ]
ol o f_(
|/ .25
2 7
]
0.40
rd "
o
[¥]
— — o [t & f
b
162127
o =3 14817 L="2.05 o
1.53
0.2
O O
ot o
.10 0.55 0.40 0.65 010
0.1 1.70 010
1.50
Figure (4-21): Isolated Footing
0.65°

Mu=517.3*1.7* - =185.8KN.m

Mu =185.8 KN.m for both side
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Using Reinforced Concrete.

1858

Mn 3 = 206.4KN.m

Mn 206.4x10°

e M _ — 0.74Mpa.
" bd?  1.7x0.4052 P

fy 420

m= - = == 17.65
0.85* fc  0.85* 28

. 1 . \/1— 2x17.65x0.74 | _ 179%10°3
17.65 420

ASge, = *b*d =1.79*10°*170* 40.5=12.33 cm’

As =0.0018* b* h = 0.0018* 170* 50 = 15.3cm?

Shrinkage

ASqyiage. = 153> AS,, =12.33cm’
Select 14f 12....ASp, yigeq = 15.83cm? > 15.3cm?.....0k

Select 14f 12....AS,, g = 15.83cm” > 15.3cn7’.....0K

Check of strain:
As* fy=0.85* fc* b*a

1583* 420 = 0.85* 28*1700* a
a=16.43mm
X = a = % =19.33mm

b, 085

o - 405-19.33
° 19.33
e, = 0.0599 > 0.005

X0.003
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= OK

4.12.5 Development Length of main Reinforcement for Mul:

9 ‘L:'u !J[Jrsip.wipl
ldyeg = 10 4 AT *Kir+cb ab
dh

Ktr =0 Nostripes ch=75+6=81lcm
ktr+ch 0481

- 1 =675=25
ktr + ch

ab - 2°

9 420 1+1+0.8

ldreq = 10" 1+v28 Y 12 = 2743 mm

Ld available — 650-75= 575mm

Ld avitapie= 575 mm > Id,., = 274.3mm

4.12.6 Design of dowels:

Pu= 1495 KN

f.Pn=f.(0.85fc’AQ)
f.Pn=0.65*[0.85* 28* (400* 400)]/1000 = 2475.2KN
But Pu=1495<f .Pn=2475.2KN

Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
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As_., = 0.005* Ag = 0.005* 40* 40 = 8cm?
Use the column barsasadowels
Slect 16012

As,, i =18.09cm? > As. . =8cm?

Req.

0.24fy , _ 0.24* 420
db=
./ fc A/ 28

Ldg = 0.043 xfy xdb = 0.043 x420 x 1.2 = 21.67cm

Ldg = 1.2=22.86cm .

Ld) = 22.86cm < Ld(y) =24.7cm = control
AvallableLd=50-7.5-2*1.2=40.1cm > Ld req. = 24.7 cm.....0k

- Lap splice of dowels in column :

Ls=0.071xfy xdb=0.071x420 x1.2 =35.78 cm
Use 750 mm

Use Hooks= 35cm
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4.12.7 |solated Footing Detail:

Mezh #10@20zm

= ——
e e o
7 I
vl || P
[ = |
% [ " T e
gy L]
0.5 kil QA0 Q&5 0.8
] Fit} 010

Figure (4-22): Isolated Footing Detail
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4-12: Design of Strip Footing Under Shear Wall (SH8):

dall \‘
T Critlcal
SEEE] - section

SR har shear

o L
3 4 e
i strip

M Trputary anea
For shear

R
Bl

™

# 4
i

SR

sy o
= .wcwc.-\.-%

(=3
|
m]
w
[ig]
i

SR MiEeanan

(i) Pian viow of footing showing
trioutary araa Far ehaar

Loads of Shear Wall (SH51):

DL = 3283.3 Service Dead Load.

LL =510 Service Live Load.

DL (Factored/m) = DL/Lw = 3940/5.1 = 772.6 KN/m
LL (Factored/m) = LL/Lw = 816/5.1 = 160KN/m

DL (Service/m) = DL/Lw = 3283.3/5.1 = 643.8 KN/m
LL (Service/m) = LL/Lw = 510/5.1 = 100 KN/m

Total Factored / m = 772.6 KN/m + 160KN/m = 932.6 KN/m

Service Surcharge = 5 KN/m?

Allowable soil pressure =400 KN/ m?
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- Soil density = 18 KN/m3

Try 50cm thickness:
ga,net = 400 — 0.5*25 -5 = 382.5KN/m2 ,

and:

A= Pu__ 6438+100 1.94 m2/m ,,,, length of the wall

- ga, net 3825

A=b*1Im..... b=1.94m take b=2.00 m

Takeit(2m x1m)

e Design of footing and shear design (SH51):

Pu=1.2 *643.8 + 1.6* 100 = 932.56 KN/m

Pu 93256
qult=— =
A 2*1

=466.28 KN/m2

e Check for One Way Shear Strength:

Vu:(I——E—d)*qu*lrn:(@—%—dj*%am*l
2 2 2 2

fVc:%@*wOO*d

Let,f Vc=Vu

d =0.35m

assume

h=350+ 75+ 20/ 2 = 435mm

h =500 mm, d=500-75-20/2 =415 mm
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e Design for Bending Moment of long direction:

500 415 1000

Mu =466.28*1*0.85*0.85/2 = 168.44 KN.m/m

m=_ - 40 _45¢
0.85* fc 0.85* 28
* 6
Rn = Mu/f2 _ 168.44* 10 /(2).9= 1.09 Mpa
b* d 1000* (415)
1 2mRn
= 1- 1—-—
P m( y )

o= 1 (1- \/1_ 2(17.6)(1.09))=0.0027
17.6 420

ASreq = 0.0027 (1000) (415) = 1102.8 mm2/m >Asn = 900 mm2 /m..... OK
Aspmin =0.0018*b*h == 0.0018 (1000) (500) = 900 mm?/m

Try ® 16:

n=1102.8/201=6 , S= % =1-0167m

Take 60 16 @ As=1206 cm? > Asreq =1102.8 cm?

Use® 16 @ 16 cm
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168.44 17.6 | 1.09Mpa | 0.0027 1102.8 900

160

- Step ( s) is the smallest of :-

1) 3*h =3* 500 = 1500 mm
2) 450 mm .... control

S$=160 mm < S,max =450 mm .... OK

- Select the minimum temperature reinforcement.
Asin =0.0018*b*h == 0.0018 (1000) (500) = 900 mm*/m
- The maximum spacing (s) is :-

1. 5*h =5%* 500 = 2500 mm

2. 450 mm.... control

N=900/201=4.47 , S= -+ =0.224m
4.47

Use® 16 @ 20 cm
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2. Building Code Requirements for Structural Concrete )ACI 318M-

05 (and Commentary, USA, 2005.

3. Uniform Building Code ( UBC).
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ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project
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STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, b

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 £120 £/124 £/28 £M0
Beams or

ribbed one-

way slabs £/16 t18.5 £/21 L8

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

(density w, = 2320 kg/m°) 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 - 0.003w, ) but not
less than 1.09.

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

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED
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