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Abstract

The Structural Design of Commercial Building.

Work Team
Tassneem Najgjrah | btisam Shatreet

Palestine Polytechnic University — 2006

Supervisor:
Dr. Haitham Ayyad

The purpose of this project is the structural design of commercial
building .The structural design of the building will be carried out
according to the Jordanian code and to the ACI code.

The structural design composed of analysis and design of the
structural members and all of the plans needed to complete the
construction.
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Chapter Four Structural analysisand design

4.1 Structural key plans.
4.2 Deter mination of loads.
4.3 Design of topping.
4.4 Design of rib (R1).
4.4.1 Design of positive moment.
4.4.2 Design of negative moment.
4.5 Design of beam.
4.5.1 Design of beam 7-office floor.
4.5.2 Design of beam 2-office floor .
4.6 Design of columns.
4.6.1Design of column C5.
4.6.2 Design of column C4.
4.7 Footing design :

4.7.1 Design of squrefooting F
4.7.2 Design of strip footing.

Design of mat foundation.

4.8 Design of stairs
4.8.1 Design of stair (A) .
4.8.2 Design of stair (B) .

4.8.3 Stair roof design .



4.9 Shear wall design
4.9.1General definition.

4.9.2 Calculation of shear forceson shear walls. 82
4.9.3 Center of rigidity calculation. 85

. Ratio calculation for each wall .
4.9.5Torsional design.
4.10 Basement wall.
4.10.1 Wall design

4.11 Reinforcement of ground beam.
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Table (4.4.1) all floor rib.

Table (4.5. ) basement & ground floor's beams.
Table (4.5.2) basement floor's beams.

Table (4.5.3) ground floor's beams.

Table (4.5.4) basement — eighth floor's beams.
Table (4.5.5) first — eighth floor's beams.

Table (4.6.1) column'stable.

Table (4.7.1) footing'stable.

Table (4.9.1)design seismic for ces.

Table (4.9.2) Torsional eccentricity calculation.
Table (4.9.3) Torsional moment calculation.

Table (4.9.4) wall shear for seismic forcein N-Sdirection. 94

Table (4.9.5) wall shear for seismic forcein E-W direction.
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Figure (4-1) rib moment envelope.

Figure (4-2) shear envelopefor rib (6).
Figure (4-3) moment envelope for beam (7).

Figure (4-4) shear envelopefor beam (7).
Figure (4-5) moment envelope for beam (2).
Figure (4-6) shear envelopefor beam (2).
Figure (4-6-1) cross section in column 4,
Figure (4-6-2) interaction diagram for C4.

Figure (4-7-1) two way shear area.
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Figure (4.7.2): Section A-A in shear wall base (MF2).

Figure (4.7.3): moment envelope in (MF2).
Figure (4.7.4): shear envelope in (MF2).
Figure ( 4.8.1) Cross section of stair.

Figure( 4.8.2 ) stair part A.

Figure (4.8.3 ) : Moment Envelopefor Stair A.
Figure (4.8.4 ): shear Envelopefor Stair A.
Figure( 4.85 ) stair part B.

Figure (4.8.6 ) : Moment Envelopefor Stair B.

Fig (4.8.7 ) : shear Envelopefor Stair B

Figure (4.8.8) : Moment Envelopefor Stair Roof .
Figure (4.8.9) : shear Envelopefor Stair Roof .
Figure (4.8.10) : Cross Section for Stair Roof .
Figure (4.9.1) : Vertical detail for shear wall.
Figure (4.9.2) : stair shear wall.

Figure (4.9.3) : center of rigidity for shear wall.

Figure (4.10.1): ssimply supported basement wall.

71
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Figure (4.10.2): ssimply supported basement wall's envelope.

Figure (4.10.3): simply supported basement wall's envelope.

Figure (4.10.4):Cantilever basement wall
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NO. Material Density
(KN/m3)
1 Tiles 22
2 Sand
3 Reinforced concrete 25
Mortar
Block 9
Plaster 22
6 Partition 1.0 (KN/m?)
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Chapter Four

Structural Analysis and Design

4.1 Structural Key Plans.
4.2 Determination of loads.
4.3 Design of topping.
4.4 Design of rib (R1).
4.4.1 Design of negative moment.
4.4.2 Design of positive moment.
4.5 Design of beam.
4.5.1 Design of beam 7-office floor.
4.5.2 Design of beam 2-office floor .

4.6 Design of columns.

4.6.1Design of column C5.

4.6.2 Design of column CA4.
4.7 Footing Design :

4.7.1 Design of sgqure footing F

4.7.2 Design of strip footing.

4.7.3 Design of mat foundation.
4.8 Designof Stairs:

4.8.1 Design of stair (B) .

4.8.2 Design of stair (B) .

4.8.3 Stair Roof Design |
4.9 Shear wall design

4.9.1Genera Definition.



4.9.2 Calculation of shear forces on shear walls:
4.9.3 Center of rigidity calculation.
4.9.4 Ratio Calculation For Each Wall .
4.9.5Torsional Design.

4.10 Basement Wall

4.10.1 wall design :

4.11 Reinforcement of Ground Beam :



Chapter Four

Structural Analysisand Design

4.1 Structural Key Plans:

The distribution of ribs of the slabs are shown in the structural key plans, the
key plans are composed of beams.

In this chapter will explain of the structural element for this project , the dead
load is calculated based on type of used materials , which the live load is chosen
based on the values that are used in chapter three table (3-2).

4.2 Deter mination of loads:
The main loads acting on the structure are dead & live loads. Dead Load is

calculated based on the density for each material used in the slab:
The overall depth must satisfy ACI- code.

L .
== For one end continuous span.
i 185 ®
547
=——— = ., cm.
i 185
L ) .
h., =— For interior span.

21



567 _

=== cm.
o =

Use an overal depth of cm (24 cm blocks).

Dead load:

Coarse Sand Fill and Tile = 0.10*0.55*2000 =110 kg/m of rib.
Concrete Rib =0.24*0.15*2500 =90 kg/m of rib.
Block =0.24*0.40*900 =86.4kg/m of rib.
Topping = 0.08*0.55*2500 =110 kg/m.

Plaster = 0.03*0.55*2200 = 36.3 Kg/m of rib.
Partitions = (100)(0.55) =55 Kg/mof rib.

Nominal Total Dead Load = 110+90+86.4+36.3+110+55 = 487.7 Kg/m of rib.
Factored Total Dead Load = 1.4*487.7 = 682.78kg/m .

For office live load = 250 kg / cm?
Factored liveload =250*1.7*0.55=233.75 kg/m

4.3 Design of topping:

Liveload = 250 Kg/m? =0.25ton/m? ... table ( 3-2).
Dead load = 487.7/0.55 — (90/0.55) =723Kg/ m?
W, = 1.4 (723) + 1.7 (250) = 1437.3 Kg/ m?
= 1.437 ton/ m?
Assume slab is fixed at support point (ribs)

2
MU = Wu x L
12




Mu =1.437*(0.4)*(0.4) /12= 0.0192 ton.m, for 1 m wide strip
According to ACI (9.5.2.3)

f, =0.7,/f/(MPa) = 0.7/30 = 3.83(MPa) = 38.3(Kg / cm?)

Mn=(f, Xs)
2 2
= bg = 100; 8 =1066.7cm® ... for a rectangular X-section
®Mn = 0.65 (38.3)(1066.7) = 26555.5 Kg.cm , ® = 0.65 for plain concrete
= 0.266 ton.m

®Mn = 0.266 ton.m > Mu = 0.0192 ton.m
Reinforcement is not required for structural reasons.
.. Provide Shrinkage & Temperature Reinforcement:
For fy = 400 Mpa,

p =0.0018

A, =0.0018(100)(8) = 1.44 cm?/1m

Use ® 8 @ 20 cm on center both ways
Provided : 100/20 =5 bars.

Provided A ,=5*.502=2.5cm?/1m

4.4 Design of rib (R6):

To get the envelope of internal forces atir - software is used.

3.4
-~
AR
i e
. S RELBE ,
= i T
| 1 E | | 1 = | |
r\_\ T /’_/ T I ] \\_\ T .!_z'l
1.1.

\h'x ..f’f | |1 | \H_ _f’/
0.8~ e ey _-—0.8
Fad Z.f

| 2, 3. | 3. | 2.

Fig (4-1) rib moment envelope for office floor (ton.m)



4.4.1 Design of positive moment:

Effective Flangewidth (b ) accordingto ACI code 8.10.2:
b, for T- section isthe smallest of the following:
be
b =b, +16t =15 +16(8) =143 cm

L/4 =500/4=125cm

b =C/C =55¢cm........cceeennne Control

Use Mu max for all spans= 2.2 ton.m

Mn =2.2/0.9 = 2.44 ton.m

Determine whether the rib will act as rectangular or T — section:

For a=t =8cm

C=0.85 fct b, =0.85(0.3) (8) (55) =112.2 ton

d=h-Ct-d/2 = 32-2-1.2/2 =29.4 cm

Mn=TorC(d-05a =112.2(29.4-0.5(8))/ 100 =28.5ton.m
Mn available =28.5ton.m > Mnrequired =2.44 ton.m

Design as arectangular with b, = 55cm

Asmax.=r bd

A s max.=0.0244 (55) (29.4) = 39.45 cm?

N
()

Asmin=
4

(bw)(d) > %(bw)(d) ........... (ACI-10.5.1)

J30

4(400)
Asmin=15> 154

Asmin=

1.4
(15)(29.4) > - - (15)(29.9

Asmin=154cm?

me_ Y 40 57
0.85fc  0.85(30)

Rn= 2.44*10° /(55 29.4%) = 5.13 kg / cm”




* *
poLfq_ jp_2mRn | 1 1_\/1-M = 0.00129
4000

A's =0.00129(52) (29.4) =1.98cm?® >Asmin - OK
Use 2®d12mm ,As =2.26cm?

4.4.2 Design of negative moment:

Using atir software the following moment values result: -
The maximum negative moment from spans with support is
Mu=2.1ton.m
Design of T-section of negative moment as a rectangular section with (b=bw)
The minimum reinforcement is determined according to ACI (10-5.2) asfollows:

Mn=21/0.9=233ton.m

m= 15.7
Rn=Mn/bw . d?=2.33*10%/ 15%(29.4) > =17.97 kg/cm?

* *
c_1(; |, 2mRn)_ 1 1_\/1_2 15.7*17.97 | _ 5 0047
m fy ) 157 4000

A's =0.0047 (15) (29.4) = 2.07 cm?

Jic Jic
A bw)(d bf )(d) = —(bf )(d) ........ ACI-10.5.2
s min= (W)( w)(d) < fy( )()>W( () o )

430 . 14
A'smin= 2400 (15)(29.4) < +/30(55)(29.4) /(4* 400) > R<55)(29'4)

Asmin=3.01<554<5.65
A smin=3.01cm?

Use 2d 14 mm A's =3.06 cm?
4.4.3 Design of shear:



- oo
.-"’-.'-f-- .-f. -
,ﬂ-"f-f ;-“’ff
T --_.___,. T T -f___,_-o- T
L .
— e .-'f--.-f
._____,.,-" 1.4 ___J--"'f
2.2 " &h
3.4

Figure (4-2): Shear envelopefor rib 1

Determine the concrete shear reinforcement Vu according to ACI, the
maximum shear force Vu is
Vu=26ton
f !
dV, =0.85 N bd =0.85 @ (15)(29.4) 10 =3.42ton
6 6 1000
Vu=26<f Vc=2342 ton
Shear reinforcement is not required .
Use ®8 @ 50 cm



Table (4.4.1) All Floor Rib.

Steel Reinforcement .

_ Span Stirrups
N length Negative Negative :
Ne (m) Positive Exterior Interior @ SLEEl

Support Support ) )
R1 6.1 2014 2012 2014 8 50
6.4 2014 2012 - 8 50
1.6 2012 2012 - 8 50
52 2012 - 2014 8 50
R2 5.6 2012 - 2014 8 50
5.3 2012 - 2014 8 50
6.6 2014 2012 - 8 50
6.1 2014 2012 - 8 50
6.4 2012 - 2014 8 50
52 2012 - 2014 8 50
R3 52 2012 - 2014 8 50
5.6 2012 - 2014 8 50
53 2012 - 2014 8 50
6.6 2014 2012 - 8 50
6.1 2014 2012 - 8 50
6.4 2012 - 2014 8 50
R4 52 2012 - 2014 8 50
52 2012 - 2014 8 50
5.6 2012 - 2014 8 50
5.3 2012 2012 - 8 50
RS 6.1 2014 2012 2014 8 50
3 2012 2014 - 8 50
R6 52 2012 2012 2014 8 50
52 2012 2012 - 8 50
R7 2.2 2014 2014 2014 8 50
53 2014 2012 - 8 50
RS 6.1 2014 2012 2014 8 50
6.4 2014 2012 - 8 50
5.6 2014 2012 2014 8 50
R9 5.3 2012 - 2014 8 50
6.6 2014 2012 - 8 50
2.2 2014 2014 2014 8 50
R 10 5.3 2014 - 2014 8 50
6.6 2F 14 2F 14 - 8 50




4.5 Design of beams:

Assume that:

e L, istheriblength from one side

e L, istheriblength from the other side

Factored Total Dead Load = [%j x DL

Factored live load = (%j K LL

Self weight of beam = Bx H x2.5x1.4

45.1 Design of beam7-officefloor :

-32.2
B o 225 ~24.5 ?23 2
0.3 ,-204 -19.8,-19. ~2F, 4.6 523,
A mﬂﬂ 198 15,5 16
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Figure (4-3):Moment Envelopefor Beam 7 (ton.m)

To calculatethewidth of beam :
Mu=24.6ton.m ....... at support 5.
Mn=24.6/0.9=27.3ton.m

f, 400

m= = =15.7
0.85f, 0.85* 30




Pmex = 0.0244 0.5 Prmax = 0.0122

Rn=p F, (1-0.5p m)

Rn = 0.0122*400* (1-0.5*0.0122* 15.68) = 4.41 Mpa.
Rn = 44.1kg/ cm?

d =32-4-1-1 =26 cm.

Rn=Mn/bd? = 27.3*10°/ b (26) 2= 44.1kg/cm?

B =91.68cm useb =100 cm

Recalculatep :

Rn=Mn/ bd?
P =0.0110

required —

27.3*10°/ 100 (26) 2= 40.38 kg/m?

A sreg. =0.0110 *100 *26 = 28.74 cm 2
Use 10 ® 20 mm As =31.4cm?

1. Design of negative moment:

Support 2:
Mu =20.4 ton.m
Mn=20.4/0.9=22.67 t.m

f
m=—" _ 400 =157
0.85f, 0.85* 30

b=100cm d=26cm m=15.7

Rn=Mn/bd? = 22.67%10°/ 100 (26) 2= 33.53kg/ cm?
1/2

p = 1/15.68 (1- (1- 2*15.7+33.53/4000) ) = 0.00902

o = Y30, 14
M 4% 400 400
0.0034 = 0.0035 0.0244> 0.00964 > 0.0035 OK.

A sreg. =0.00964 *100 *26 = 25.1 cm 2
Use8 ® 20 mm As =25.12 cm?



Support 3:

Mu = 19.8 ton.m
Mn=19.8/09=22tm
fy 400

=15.7

M= 085f, ~ 0.85*30
b=100cm d=26cm m=15.7
Rn=Mn/bd? = 22¢10°/ 100 (26) 2= 32.54 kg / cm?
0 = 1/15.68 (1- (1- 2+15.7%32.54/4000) ) = 0.0087
A sreq. =0.0087 *100 * 26 = 22.71 cm?

Use 8 ® 20 mm As =25.12 cm?

Support 4:

Mu = 16 ton.m
Mn=16/09=17.77t.m

f, 400
m= =
0.85f, 0.85* 30

b=100cm d=26cm m=15.7
Rn=Mn/bd? = 17.77%10°/ 100 (26) 2= 26.3kg/ cm?

=15.7

112
p = 1/15.68 (1- (1- 2*15.7%26.3/4000) ) = 0.00695
A sreg. =0.00695 * 100 *26 = 18.08 cm 2

Use 6 ® 20 mm As =18.84cm?

Support 5: calculated recently .

2.Design of positive moment:

Span 1.
Mu = 17.9 ton.m



Mn=17.9/0.9=19.88t.m

fy 400

m= = =15.7
0.85f 0.85* 30

b=100cm d=26cm m=15.7
Rn=Mn/bd? = 19.88*10°/ 100 (26) %= 29.42 kg / cm”>
0 = 1/15.68 (1- (1- 2*15.7%29.42 /4000) ) = 0.0078

A sreq. =0.0078 * 100 * 26 = 20.37 cm”?

Use7 ® 20 mm As =21.98 cm?

Span 2& 3.
Mu = 15.6 ton.m
Mn=15.6/0.9=17.33t.m

f, 400

m= = =157
0.85f, ~ 0.85*30

Rn=Mn/bd? 17.33*10°/ 100 (26) 2= 25.64 kg / cm?
o = 1/15.68 (1- (1- 2*15.7*25.64 /4000) ) = 0.00677
A sreq. =0.00677 *100 *26 = 17.6 cm>

Use 6 ® 20 mm As =18.84 cm?

Span 4:
Mu =10.9 ton.m

Mn=10.9/0.9=121tm

Rn=Mn/bd? = 12.1*10°/ 100 (26) 2= 17.9 kg/ cm?
o= 1/15.7 (- (1- 2¢15.717.9./4000) ) = 0.0046

A sreq. =0.0046 *100 * 26 = 12.08 cm?

Use4 ® 20 mm As =12.56 cm?

Span 5:
Mu =26.3 ton.m



Mn=26.3/0.9=29.2tm

Rn=Mn/bd? = 29.2%10°/ 100 (26) * = 43.23kg/ cm’
0 = 1/15.68 (1- (1- 2*15.7%43.23 /4000) ) = 0.0119

A sreg. =0.0119 * 100 *26 = 30.99 cm?

Use 10 ® 20 mm As =31.4cm?

2- Design of Shear

AR _26.8 — -26.8
-22.6 =21l —71L. =218 -21.4
i g . r= 16.3
/'/ .-"I/ -"/I ,-"/ o
L s 4 "")- J,-f -
T / T T T T T I LI 7 T T e 1 I
A £ #
 cqr! / L oA
1256 i 5 i i
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17.G o0 7 517 i 18.2 ?/
27.1 26.8 ' A Lt

Figure (4-4):Shear Envelope for Beam 7 (ton)

DV, :O.85[ ;C de

=085 Y39 hoox26x 19 =2017¢
6 1000

4/ fc'
0.5dV, =0.5%0.85 T bd =101t

®Vsmin = 1/3 Mpa*100* 26* 10/1000 = 8.7 t
OV, +PVsmin =20.17 +8.7 = 28.87 1.

DV <V, DV +DPVspmin,  .....e Category (3).



Siequire= (0.856%0.794%226) / 8.7 =16.1 cm
<d/2=26/2=13cm...... control.
<60 cm.

Complies with category (3)

Use 3 ® 10 mm stirrups @ 12 cm.

4.5.2 Design of beam 2-office floor :
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Figure (4-5):Moment Envelopefor Beam 2 (ton.m)

Using the limitation of deflection's equations :

Minh=Ln/21 for interior span
Minh=790/21 =37.6 cm>32 cm

Assume the beam T — section with ;
H= 60cm bywep=30cm Briang=80cm.

Calculation of Mn to determineif it behavesas T or rectangul ar—section:
Mu = 47.3t.m at the face of support.
Mneq = 47.3/0.9 = 52.55 t.m.

Mn = 0.85*0.3*80* 32* (54 — 32/2) / 100 = 248.06 t.m

Mn> Mn, ;section will behave as rectangular beam with b = b .



1.Design of negative moment:

Support 2:
Mu =45.8 ton.m
Mn=458/0.9=50.88t.m

f, 400

m= = =157
0.85f, ~ 0.85*30

b =30cm d=54cm m=15.7
Rn=Mn/bd? = 50.88*10 /30 (54) 2=58.17 kg/ cm?
0 = 1/15.7 (1- (1- 2*15.7+58.17/4000) ) = 0.0167

_ V@ _

Pmin = 5 200~ 400
0.0068 > 0.0034 0.0244> 0.0152 > 0.0034 OK.

A sreq. =0.0167 *30 *54 = 27.12 cm?
Use6 ® 25 mm A's =29.46 cm?

Support 3:
Mu = 43.3 ton.m
Mn=433/09=48.1tm

f, 400

m= = =157
0.85f, ~ 0.85*30

b=30cm d=54cm m=15.7
Rn=Mn/bd? = 48.1*10°/ 30 (54) 2=54.99 kg/ cm?
0= 1/15.7 (1- (1- 2*15.7+54.99 /4000) ) = 0.0156

A sreq. =0.0156 *30 *54 = 25.4 cm?

Use 6 ® 25 mm As =29.46 cm?

Support 4.
Mu =47.3ton.m
Mn=47.3/09=525tm



f, 400

m= = =157
0.85f, ~ 0.85*30

b =30cm d=54cm m=15.7

Rn=Mn/bd? = 52.5%10 /30 (54) 2= 60.1 kg/ cm?
1/2

p = 1/15.7 (1- (1- 2*15.7+60.1/4000) ) = 0.0174

R
2x400 400
0.0068 = 0.0034 0.0244> 0.0157 > 0.0034 OK.
A sreg. =0.0174 *30 *54 = 28.179 cm?
Use6 ® 25 mm A's =29.46 cm?

1.Design of positive moment:

Span 1.

Mu = 39.9 ton.m

Mn=39.9/0.9=44.3t.m
fy 400

=15.7

M= 085f, ~ 08530
b=80cm d=54cm m=15.7
Rn=Mn/bd? = 44.3*10°/ 80 (54) 2= 18.99 kg / cm?
0 =1/15.7 (1- (1- 2*15.718.99/4000) ) = 0.0048

o = Y0 14
4x400 400
0.0034 = 0.0035 0.0244> 0.0048 > 0.0035 OK.
A sreq. =0.0048 *80 *54 = 21.34 cm?
Use 6 ® 20 mm As =214cm?

Span 2:
Mu = 19.4 ton.m



Mn=19.4/0.9=21.55t.m

fy 400

m= = =15.7
0.85f 0.85* 30

Rn=Mn/bd?=21.55*10"/ 80 (54) >=9.24 kg / cm”>
0= 1/15.7 (1- (1 2¢15.79.24 /4000) ) = 0.0023 < pmin
use Pmin = 0.0035

A sreq. =0.0035 *80 *54 = 15.12 cm?

Use5® 20 mm As =157 cm?

Span 3:
Mu =33.8 ton.m

Mn=33.8/0.9=37.55tm

Rn=Mn/bd? = 37.55%10°/ 80 (54) 2= 16.1 kg / cm?
0= 1/15.7 (1- (1- 2¢15.7*16.1 /4000) ) = 0.0041

A sreq. =0.0041 *80 *54 = 17.97 cm?

Use 6 ® 20 mm A's =18.84 cm?

Span 4.
Mu =25.8 ton.m

Mn = 25.8/0.9 = 28.67 tm

Rn=Mn/bd? = 28.67*10°/ 80 (54) 2= 12.28 kg / cm”>
0= 1/15.7 (1- (1- 2¢15.712.28 /4000) ) = 0.00315

A sreq. =0.00315 *80 *54 = 13.6 cm>

Use5® 20 mm As =157 cm?

2- Design of Shear
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Figure (4-6):Shear Envelope for Beam 2 (ton)

DV, = 0.85[ v ;C de

V30 10

=0.85| —— |[30xH4x —— =1257t
6 1000

f ’
050V, = 0.5*0.85[—"60de = 6.3t

®Vsmin = 1/3 Mpa* 30* 54* 10/1000 =4.59 t
DV +DPVsmin =12.57 +4.59 = 17.16 t.

30V, =37.71t.
DV, +DPVgmin <V, 3DV, ... Category (4).
PVsreg=Vy— PV =344-1257=21.83t
Srequired= (0.8572%0.79*4*54) / 21.83=13.3cm .......... Control.
<d/2=54/2=27cm
< 60 cm.

Complies with category (4)
Usel® 10 mmstirrups@ 1 cm.



Table (4.5.1): Basement & Ground Floor’s Beam

Steel Reinforcement Stirrups
beam Span Negative | Negative F Spacing
No. length Positive | Exterior | Interior (mm) (cm)

(m) Support | Support
7.2 6020 4012 11920 25
7.15 5020 11920 25
B2
8.2 7020 11920 10 25
6.15 6020 4012 - 25
5.8 10020 612 11920 10
B
€ 5.6 6020 820 10
4.8 6020 612 - 10 10
5.7 10020 4012 12020 10
5.6 6020 6020 10
B5
4.5 3020 12020 10
6.2 129020 4p12 - 10
7.1 5020 4012 10020 10 25
9.8 7®20 10020 25
B6
5.6 2020 5020 25
6.1 4020 4012 - 25
5.1 3020 6d12 9d20 10
6 3020 9d20 10
B7
5.7 7®20 12020 10 10
6.3 9920 10020 10




5.3 820 612 - 10
Table (4.5.2): Basement Floor’s Beam
Steel Reinforcement Stirrups
beam Span Negative | Negative F Spacing
No. length Positive | Exterior | Interior | (mm) (cm)
(m) Support | Support
7.1 3016 2010 316 50
7.1 316 316 50
Bl
8.2 3016 3016 10 50
6.2 316 2010 - 50
4.55 2020 4012 4020 25
6.3 3020 8020 10 25
B4
8.7 620 7®20 25
4.5 2020 T7®20 25
6.1 4020 4p12 - 25
51 316 2010 316 10 50
6 3d16 3d16 50
B8
5.7 316 3D16 50
6.3 316 316 50
5.3 3016 2010 - 50




Table (4.5.3): Ground Floor’s Beam

Steel Reinforcement Stirrups
beam Span Negative | Negative F Spacing
No. length Positive | Exterior | Interior (mm) (cm)
(m) Support | Support
7.1 4020 3d12 4020 20
7.1 320 4020 15
Bl
8.2 4020 4020 10 15
6.2 3020 312 20
3.8 4020 4012 12020 10 10
B16 6.3 11020 4P12 10
4.5 5020 4012 12020 10 10
B4 6.1 10020 4012 10
51 5020 2012 5020 10
6 420 5020 10
B8
57 4020 5020 10
6.3 5020 - 6d20 10
53 7020 2012 10




Table (4.5.4) Basement- Eighth Floor’s Beam

Steel Reinforcement Stirrups
beam Span Negative | Negative F Spacing
No. length Positive | Exterior | Interior | (mm) (cm)

(m) Support | Support
6.1 3016 2010 3d16 50
6.4 316 316 50
B9 5.2 3016 3016 10 50
5.2 316 - 316 50
5.6 316 - 3d16 50
53 3016 3016 10 50
6.6 316 2010 - 10 50
B11 104 10020 4p12 4p12 25
6.1 316 2010 316 50
B12
3 316 2010 - 50
B15 3.6 5020 2012 - 10 10
2.2 316 2016 316 10 50
53 3016 - 3016 10 50
B10 6.9 3016 2010 - 10 50
B13 10 3016 2010 2010 10 50
Bl14 5.2 316 2010 2010 10 50




Table (4.5.5): First-Eighth Floor’s Beam

Steel Reinforcement Stirrups
beam Span Negative | Negative F Spacing
No. length Positive | Exterior | Interior | (mm) (cm)

(m) Support | Support
7.2 4020 3d12 4020 10 20
7.15 4020 4020 15
Bl
8.2 4020 4020 10 15
6.15 4920 3d12 - 20
7.2 6D20 4p12 6025 10
7.15 5020 6d25 10 10
B2
8.2 620 - 625 10
6.15 5020 4012 - 10
5.8 6d25 4p12 6d25 10
5.6 4020 625 10 10
B3
4.8 6020 6d25 10
6.15 5020 4p12 - 10
4.55 320 4p12 3020 25
6.3 2020 9®20 25
B4
8.7 6020 7®20 25
4.5 5020 4020 10 25
6.1 5020 4p12 - 25
5.7 7®20 4012 10020 10
5.6 5020 5020 10




B5 4.5 3020 1120 10
6.2 11920 4012 - 10 10
Stedl Reinforcement Stirrups
beam Span Negative | Negative F Spacing
No. length Positive | Exterior | Interior (mm) (cm)
(m) Support | Support
7.1 5020 4012 8025 10
9.8 5020 T®25 10
B6
5.6 320 4020 10 20
6.1 620 4012 - 20
5.1 T7®20 4p12 8120 10 12
6 6020 - 8020 12
B7
5.7 620 6020 12
6.3 4020 10020 12
5.3 10020 4012 - 10 12
5.1 4020 2012 4920 10
6 3020 4020 10
BS 5.7 3020 4020 10
6.3 320 6020 10
5.3 T®20 2012 - 10
B16 5020 4p12 9020
9020 4012 -




B4 : 5020 4012 10020

8020 4012 -

B15 . 5020 ®12 -

4.6 Design of columns.

4.6.1Design of column C5::

This column in the basement floor and is an internal column .

Total load on column takes from staad = 628.6 ton.
1. Design of the longitudinal reinfor cement:
Pu =628.6 ton.

Type of column: "tied column".

Assume pg=0.02.

Required Pn = Pu/@ = 628.6/0.7 =898 ton.

Pn (max) =0.80Ag[ 0.85(fc’) +pg (fy-0.85*fc’)]

898 ton =0.80Ag [0.85(0.30) +0.02 (4-0.85*0.30)]

Required Ag = 3402.5 cm?.

Use 60cm* 60cm.

Ag= 3600 cm?

Determination of required pg:

Pn (max) =0.80Ag[ 0.85(fc’) +pq (fy-0.85*fc’)]

898 ton =0.80* (3600 [0.85(0.30) + pg (4-0.85*0.30)]

pg= 0.015




Required As = py* Ag= 0.015* 3600= 54 cn’.
Use 12 @ 25— Ast = 4.91*12= 58.92 cm?.

2. Design of the tiereinfor cement:

Use @ 10 ties.

Spacing < 16*d, (Longitudinal bar diameter) = 16 * 2.5=40cm ...... control.
48* d; (ties bar diameter) = 48* 1.0 = 48.0cm.
Least dimension = 60 cm

Use"3 @ 10" ties @ 40 cm spacing.

Use 60cm*60cm with 12 @ 25 bars. with @ 10 ties @ 40 cm spacing.

4.6.2 Design of column C4 :

1. Design of thelongitudinal reinfor cement
This column in the ground floor and is an exterior column .
Factored axia total load =224.7 ton.
Moment=6.67 ton .meter
Pnreq = 224.7/0.7 = 321 ton.
Use r =rg=1%
Pn=0.8Ag{0.85 fc' + I' g (fy —0.85( fc'))}
321 =0.8 Ag{0.85(0.3) + 0.01(4 -(0.85)(0.3))
122 =0.8 Ag{ (0.255) + (0.03745))
Ag=1372 cm2.
Use60cm x 30cm=1800cm? & User g=r min=0.01
Ast req = (.01)(1800) = 18cm?
Use 6020 = 18.84 cm?

Check slender ness effect:

((&j <(34-12 [Ej) short column.
r M2



(( Klu ]/(34 -12 (%)) long column & Slenderness effect must be considered.
r

M1

(34 -12 (—j) <40 ACI 10-12-2
M2

L, : Actua unsupported (unbraced) length.
R: radius of gyration = 0.3 h = \/_IZ

K : Effective length factor.

M, : the smaller of end moment on the member.

M, : thelarger of end moment on the member .

M . .
M—l : Positive for single curvature.
2
M, :
IR : Negative for double curvature.
2
M, .
—= | =1for single curvature.
M 2

K =1 for braced frame according to ACI -10.12.1.

[K'“j:(lx‘”ﬂ: 52.78> (34 —12['\/'1)) =22

r ) 103x03 M2
.. Slenderness effect must be considered
M., =(15+0.03h)Pu
M . = (15+0.03x 300)224.7

=5.4ton.m
dns = cm /1.0
1- (Pu/0.75Pc)
Cm=1.0 single curvature , braced frame .

El = larger of:



_ 0.2Eclg + Eslse
1+ Bd)

_ (0.4Eclg
| @+ Bd)

Where:

Ig: Gross moment of inertiaignoring steel.
Ise: Moment of inertia of reinforcement.

Bd: (Factored axial dead load)/(Factored axial total load).

E. =15000+/300 = 259.8 ton/cm?

Ise = 2(3x3.14)(9) 2 = 1560.14cm*

3
s (bxh J
12

(6O><303
IQ

j 5 135000cm*.

14D,
14D, +1.7L,

1 i
<[z o

224.7

( 1+0.74
El =5824643.6 ton.cm?2.

or

el :[o.4x 259.8x 135000
1+0.74

0.2 x 259.8x 135000) + (2000 x 1560. 14)j

j = 8062758.6 ton.cm?2.

=8062758.6 ton.cmz .............. Control.



o _ ((3.14)2 x 8062758.6

=352.7 ton.
’ (1x 475)° ]

Cm
dns =
(1— (Pu/O.75Pc)j

dns = (1— (224.7/;.75>< 352.7)]

dns =6.25

The value of dnsislarge so we use 60*40 section of column.
Use 60cm x 40cm =2400cm? & Use r g=r min=0.01
Ast req = (.01)(2400) = 24cm?

Use 8920 = 25.12 cm?

G & @ & 1
0.60

Fig(4.6.1)Cross section in C4.

KU (1475 ) 5965 (31 -12[ ML)y = 22
r ) 03x04 M2

.. Slenderness effect must be considered
M., =(15+0.03h)Pu
M .. = (15+0.03x 400)224.7

=6.10 ton .m

dns = Cm /1.0
1— (Pu/0.75Pc)

0.40




Cm=10

El=

El

or

= larger of:

_ [O.ZEclg + Eslse]

(1+ Bd)

0.4Eclg
(1+Bd)

x h?
12

jS 320000

1.4D,
14D, +1.7L,

|1 i
<[z o

224.7

single curvature , braced frame.

cm®.

[(0.2 x 259.8 x 320000) + (2000 x 4923.52))
1+0.74

=15215080 ton.cm?.

1+0.74

El = (0.4>< 259.8x 320000

P

c

c

=19111724.14 ton.cm?

i

j: 19111724.14 ton.cm?.

Control.

_ ((3.14)2 x19111724.14

(1x 475)°

] =836.01 ton.



Cm
dns =
(1— (Pu/0.75Pc))

ans = (1— (224.71 01.75x 836.01)]

dns = 1.56

€., =15+ 0.03h

€ ures = 1.56(15 + 0.03 (400)) = 42.4 mm.
& equired = 4-24 CM,

Pn = 224.7 ton

required —

Mn,,, =224.7 x 4.24 = 9.52 ton.cm.
Mn,, = 9.52 ton.m.

Use chart for stedl reinforcement

1- [Ej - (ﬁj ~0.106
h) 40

2-(d-d’)/h=75cm

3-r g=0.02
By using chart
fc'=30 Mpa=4.35Ks use 4 Ksi
Fy = 400Mpa =58 Ksi use 60 Ksi
Use E -4-60.75

From chart : [fﬂ] =2Ks =13.78 Mpa

Ag
Ag _(fPn _[ 2247 x1000 j
reaaired = ag ) (13.78x1000000
=0.1630

Use 60*40
Ag = 2400 cm?

d’=4+1+1=6cm
d=40-6 =34cm



B
o (505

fPn :[2247><10J ~0.36Mpa
Ag 2400

(4—24j =0.106
40

=1.36Ksi
[fA%”x E] =1.36+0.106=0.144 Ksi
Use E-4-6-0.75
Fromchart r g<r
r=r.,=001
As=0.01*60*40=24 cm?
Use 8020 bars ,with As=25.13 cm?
Check design:
Po= 0.85fc'(Ag — Ast) + (fyx Ast)
Po=0.85X 0.3 X (2400 - 25.12) + (4 X 25.12)
P o = 706.07 ton.
Pnmax =0.8 Po
= 0.8(706.07) = 564.8 ton.
564.8 ton > 224.7 ton
. DesignisOK

2. Design of the tiereinfor cement:

Use @ 10 ties.

Spacing < 16*d, (Longitudinal bar diameter) = 16 * 2= 32cm  ....Control.
48* d; (ties bar diameter) = 48* 1.0 = 48.0cm.
Least dimension = 40 cm

Use"2@10"ties@ cm spacing.

Use 40cm*60cm with 8 @ 20 bars. with@ 10ties@ cm spacing .
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Table (4.6.1): Columns Tables

Column Vertical Ties
Colu Floor Dimensio Reinfor cement
mn No. n No. Of Size No. Of Size Spacing
No. (cm) Bars (mm) Ties (mm) (cm)
Basement 40* 2 1
Ground 40*2 1
C1
First 30*2 4 16 1 10 25
Second-Fourth | 30* 2 4 16 1 25
Fifth-Seventh | 30* 2 4 14 1 2
Eighth * 4 14 1 2
Basement 60 *30 2 30
Ground 60 *30 6 2 30
Cc2
First 60 *25 6 20 2 10 25
Second-Fourth |  5g* 25 6 20 2 25
Fifth-Seventh 0*2 4 1 1 2
Eighth *2 4 14 1 2
Basement 60 *30 8 25 2 30
Ground 60 *30 2 30
C3
First 60 *25 8 20 2 10 25
Second-Fourth | 5025 8 20 2 25
Fifth-Seventh 40* 2 4 16 1 25
Eighth * 2 4 14 1 2




Basement 60 * 40 8 20 30
Ground 60 *40 8 20 30
C4
First 60 * 6 20 2 10 30
Second-Fourth | go*25 6 18 2 25
Fifth-Seventh | 50 * 25 4 16 2 25
Eighth * 2 4 14 1 2
Column Vertical Ties
Colu Floor Dimensio Reinfor cement
mn No. n No. Of Size No. Of Size Spacing
No. (cm) Bars (mm) Ties (mm) (cm)
Basement 60* 60 12 5 3 10 40
Ground 60* 60 12 5 3 10 40
C5
First 60* 50 10 25 3 10 40
Second-Fourth 60* 40 10 25 2 10 40
Fifth-Seventh 40* 30 8 25 1 10 30
Eighth * 1 10 20
Basement 70* 60 12 25 3 10 40
Ground 70* 60 12 25 3 10 40
Cé First 60* 50 12 25 3 10 40
Second-Fourth 60* 50 10 25 3 10 40
Fifth-Seventh 50* 30 8 25 2 10 30
Eighth * 1 10 20
Basement 70* 60 12 25 3 10 40
Ground 70* 60 12 25 3 10 40
C7 First 60*50 10 25 3 10 40




Second-Fourth 60*40 10 25 3 10 40
Fifth-Seventh 40* 30 6 25 1 10 30
Eighth 25 25 4 14 1 10 20
Basement 60 * 25 6 20 2 10 25
Ground 60* 25 6 20 2 10 25
Cc8 First 60 * 25 6 20 2 10 25
Second-Fourth 50*25 6 16 2 10 25
Fifth-Seventh 40* 25 4 16 1 10 25
Eighth 25 25 4 14 1 10 20
Column Vertical Ties
Colu Floor Dimensio Reinfor cement
mn No. n No. Of Size No. Of Size Spacing
No. (cm) Bars (mm) Bars (mm) (cm)
Basement 60 * 25 6 18 2 10 25
Ground 60* 25 6 18 2 10 25
C9 First 60 * 25 6 18 2 10 25
Second-Fourth | 50 * 25 6 16 2 10 25
Fifth-Seventh 40* 25 4 16 1 10 25
Eighth 25 25 4 14 1 10 20
Basement 60* 4 10 5 2 10 40
Ground 60* 4 10 5 2 10 40
Cc10
First 60 * 30 8 5 2 10 30
Second-Fourth | 50 * 30 8 25 2 10 30
Fifth-Seventh 30* 30 4 25 1 10 30
Eighth 25* 25 4 14 1 10 20
Basement 60 * 40 6 25 2 10 40
Ground 60 * 40 6 25 2 10 40




cil First 60* 30 6 25 2 10 30
Second-Fourth | 50 * 30 6 20 2 10 30
Fifth-Seventh 40* 30 4 20 1 10 30
Eighth 25* 25 4 14 1 10 20
Basement 60 * 40 14 25 3 10 40
Ground 60 * 40 14 25 3 10 40
c12 First 60 * 30 12 25 3 10 30
Second-Fourth | 60 * 30 8 25 2 10 30
Fifth-Seventh 40* 30 4 20 1 10 30
Eighth 25* 25 4 14 1 10 20
Column Vertical Ties
Colu Floor Dimensio Reinfor cement
mn No. n No. Of Size No. Of Size Spacing
No. (cm) Bars (mm) Bars (mm) (cm)
Basement 50* 30 4 25 1 10 30
Ground 50* 30 4 25 1 10 30
Cc13 First 40* 25 4 20 1 10 25
Second-Fourth |  40* 25 4 20 1 10 25
Fifth-Seventh 30* 25 4 16 1 10 25
Eighth 25* 25 4 14 1 10 20
Basement 60 * 50 12 25 3 10 40
Ground 60 * 50 12 25 3 10 40
Cl4 First 60 * 40 10 25 2 10 40
Second-Fourth | 60 * 40 6 25 2 10 40
Fifth-Seventh 40* 30 4 25 1 10 30
Eighth 25* 25 4 14 1 10 20
Basement 60 * 60 8 25 3 10 40
Ground 60 * 60 8 25 3 10 40




Cc15 First 60 * 50 6 25 2 10 40
Second-Fourth | 60 * 40 6 25 2 10 40
Fifth-Seventh 40* 30 6 25 1 10 30
Eighth o5x o5 10 0
Basement 60 * 50 6 25 2 10 40
Ground 60 * 50 6 25 2 10 40
Cc16 First 60 * 40 6 25 2 10 40
Second-Fourth | 60 * 30 6 25 2 10 30
Fifth-Seventh 40* 30 4 20 1 10 30
Eighth 25 25 4 14 1 10 20
Column Vertical Ties
Colu Floor Dimensio Reinfor cement
mn No. n No. Of Size No. Of Size Spacing
No. (cm) Bars (mm) Bars (mm) (cm)
Basement 60 * 25 6 20 2 10 25
Ground 60* 25 6 20 2 10 25
c1s First 50 * 25 4 20 1 10 25
Second-Fourth | 50 * 25 4 20 1 10 25
Fifth-Seventh 30* 25 4 16 1 10 25
Eighth 25 25 4 14 1 10 20




4.7 Footing Design :

4.7.1 Design of squrefooting F

From Column (C23):

Serviceload =2729ton  ....... from STAAD.Pro — analysis.
Factored load = 398.5 ton

Allowable soil pressure = 4.0 kg/cm?

Column=60cm x 40 cm

Footing Area:
Estimate footing to be about 70 cm thick, in addition to about 10 cm of blinding

concrete.

Footing Weight = 0.8 x 2.4 = 1.92 ton/m?.

Load :

Coarse Sand Fill and Tile =0.10* 2 =0.2ton/m?.
Concrete =0.10v2.5=0.25ton/m?,
Overberden =0.40*1.6 =0.64 ton/m?.

Load =109t/ m?



Total load =1.09 + 1.92=3.01 t/ m?
Pnet = 40- 3.01 =36.99 ton/m2.
Area(A) = Total Weight / Soil Pressure

_ 2129 =7.38 272.9/36.99 n’.

 36.99
Use
L=28mW=28m,
A=28x28=7.84m?

Deter mine depth based on shear strength
DV, = CD%\/fThNd = 0.85x%@x (280) x (d) x10 = 2172.63d

R %:50.82 ton/ m?.

- Area 7.84
Vu = (Pnet)(one way shear area)
280-40

net

Vu = (5.082)(280)(

_d)

oV, =V

C u

280—-40

2172.63d = (5.082)(280)( - d)

d=475cm.

- Used=50cm

Total depth of footing =50+ 8 + 2
= 60cm.

Check thisdepth for two way shear action (punching):

V, =P x( (W) x(L)-(a+d)(b+d) )
=5.082[(280)(280) — (40+50)(60+50)]/1000 = 347.98 ton.
The punching shear strength is the smallest of:



v, :%(u bi}/ t'bd  =038/f bd

v —1( as +2] f'bd = 0583 f. bd

I _E b0 /d (o) c ™o
v, =%\/ t.'b,d =033 £, d srvrve . Control
Where:

b.=a/b=60/40=15
b, = Perimeter of critical section taken at (d/2) from the loaded area

= 2{ (50+40)+(50+60)} = 400 cm.

a,=40 For interior column
10
V, =0.33y 30(400)(50)(ﬁj = 361.49ton.

DV, <V, 0.85%361.49 ton <347.98 ton

307.26 ton < 347.98 ton
NOT OK

Re-Calculate required d to satisfy punching shear

Let d=60cm in addition to about 10 cm of blinding concrete.

V, =Py x( W)x(L)-(a+d)(b+d) )
=5.082[(280)(280) - (40+60)(60+60)]/1000 = 337.4 ton.

The punching shear strength is the smallest of:

v, =%[1+ bi}/? bd  =038/f bd
VA ( ik +2j\/ftlbod = 0.621 1, bd

12\ b, /d

v, =%\/ t.'b,d =033 £, 0,d srvrve . Control

Where:



b.=a/b=60/40=15
b, = Perimeter of critical section taken at (d/2) from the |loaded area

= 2{(60+40)+(60+60)} = 440 cm.

a,=40 For interior column

V. =0.33V 30(400)(60)(£j = 433.79ton.
1000
DV, >V, 0.85x433.79 ton >337.4 ton
368.72 ton> 337.4 ton

. OK

XK

2.680
b+d
B

8
a+d
il
7 L~ = .80 L
| Pl

Fig. (4.7.1): Two way shear area.

Check transfer of load at base of column:
®Pn = ®(0.85fc'Ag)

®Pn = 0.7(0.85)(0.3)(40x 60) = 428.4ton > 398.5 ton.
Since ®Pn>Pu ,the area of dowelsis controlled by minimum reinforcement .
Min dowels = r minx Ag =0.005* 60*40



=12 cm?
Use 6016
Development Length (L, )

Lab= 4%, 4 =18.25¢,=20.21 cm

4430

But not less than:

Ldb = 0.044(400) d,=28.16 cm

Available Ld =60-8-(2* 2+1.6//2)=47.2cm
47.2>29.21 OK

Design for Bending M oment:

parallel to short side of the column.

Mu = Pnethx(ﬂ—E] x 0. W—Ej
2 2 2 2

= 50.82x2.80x[@—% x 0. ﬁ—% =102.4 ton.m
2 2 2 2

Mn = w = % =113.78 ton
)] 0.9

_ Mn 113.78x10°
bd?  280x 602

; :ll— 1_2xm><Rn
m fy

1 \/ 2x15.7x11.28
r=—|1-.[1-
15.7 4000

r =000288> r , =0.002

Rn =11.28Kg/cm?.

Reg. A, = 0.00288 (280) (60) = 48.38cm?
Use 16 ©20

A, =50.24cm?,

Development Length (L, ):

Category A item 2



_| Ty
Ld=| —2—a xb xgxdb
(2 fC' X ng J

LdI( 400 xlxlxlej: . €cm

2430

Available Ld =110-8=102cm
102>

OK.

4.7.2 Design of strip footing:

Weight of wall=height * thickness of wall * 1m wide *yconcrete
= 36.37*0.30*2.40* 1
=26.18 ton/m

Total uniform load from column=29.3 ton /m

Total l0oad=26.18+29.3=55.48 ton/m

Determine the footing width:

Assume the footing depth to be 60cm .

Allowable net soil pressure =40-(2.4*0.60).
=38.56ton/n?

Footing width =55.48/38.56=1.438 m

So select 1.5 m width strip footing.

Total load factored =79.52 ton/m.

=53 ton /m=2.

area 15x1
With no shear reinforcement;
DV, =V,

15-0.30

0.85x %@ « (100) x (d) =(53)( d)

77.6d =31.8-53d



d=0.24m
h=24+2+8=34
so select 40cm depth of footing.

Determine reinforcement for moment strength :

Mu = (Pnet)(w—zbwj(w—zbwj

Mu = (53x 1)(1'5_20'30j(0'60) = 9.54ton.m/m

2
Mn = w = 9—54 =10.60 ton.m/m
) 0.9
_ Mn 1060

n=—-= ~  =11.78Kg/cm?.
bd 100x 30

1 \/ 2x15.7x11.78
r=——|1-.[1-
15.7( 4000

r =0.003> r . =0.002
Reg. A, =0.003 (100) (40) =9.05cm?/m

No of bar =% =5.9bar/m
153

Spacing of bars =100/5.9 =16.9 cm
Use® 14 @ 15cm.

Development Length (L, ):
Category A item 2

Ld=( fy a xbxgxde

2/fc'

Ld=( 400 x Ix1x1x 1.4) =51.12cm

24/30




150-30

Available Ld = -8=52

52>51.12

Design of dowels bars:

Agmin req = 0.0015 *100* 30=4.5 cnv?
No of ® 10=4.5/.79=5.69 bar/m

Use 1010@17 cm .

Development Length (L, )

Ldb= A0 x d,=18.25d,=18.25 cm

44/30

But not less than:

Ldb = 0.044(400) d,=17.6 cm

Available Ld =60-8-(1.4+1.4/2)=29.9cm
29.9>18.25
OK

4.7.3 Design of mat foundation :

Design of mat foundation MF2 :

Total Service Load =1272.25ton. ....... from STAAD.Pro — analysis.
Areq = 127225/ 40 = 31.8 M.

Wau (factored) = 884.6 + 699.51 = 1584.11 ton.

Onet = WU / Aprovided : Aprovided = (3.5+1.2) (7.95+ 1.2) =43 m’
Onet = (884.6 + 699.51) / 43 = 36.83 ton / m*

For 1-m wide strip

Onet = 36.83*1 = 36.83ton/ m.
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Figure (4.7.2): shear wall base (MF2).
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Figure (4.7.4): shear envelope in (MF2).

Vu = 38.9 ton.
Vu=®dVc

@%:@%Jﬂ%d
10

1
OV, =.85-4/30x100x dx
¢ 6 1000




77.6*d=38.9
d=50.1 cm.
Used =50 cm.

Design of positive moment :

Mu = 49.8 ton.m
Mn=49.8/0.9=55.33t.m
f, 400

m= = =157
0.85f, ~ 0.85*30

Rn=Mn/bd? = 55.33*10 /100 (60) 2= 19.92 kg / cm?
1/

0 = 1/15.7 (1- (1- 2¢15.7*19.92 /4000) ) = 0.0051

Pmin = 0.0035 < 0.0051 < prax = 0.0244

A sreg. =0.0051 *100 *50 = 25.9 cm?
Use® 18 mm @ 10 cm.

Design of negative moment :

Mu = 4.2 ton.m
Mn=4.2/09=4.67t.m

f, 400

m= = =15.7
0.85f 0.85* 30

Rn=Mn/bd? = 4.67*10 /100 (50) 2= 1.86 kg/ cm?

0= 1/15.7 (1- (1- 2+15.7+1.86 /4000) ) = 0.00046.

p = 0.00046 < pmin =0.0018 .....use minimum reinforcement.
A sreg. =0.0018 *100 *50 = 9 cm?

Use® 12 mm @ 12.5 cm.

S0, in other direction provide shrinkage & temperature reinforcement.



The mat foundations that have L — shape are designed using STAAD-Pro.

Table (4 .7.1): Squre Footings

Total Dimensions Reinfor cement
Footing load (cm)
No. (Ton) | Length(L) | Width(B) | Height(H) L B
(cm) (cm) (cm) Direction | Direction
F1 [0 [0)
F2 [0)) o)
F3 [0)) [0))
F4 [0) [0)
F5 @ ®
F6 @ ()
F7 [0 [0
F8 @ ®
F9 @ ®




4.9 Design of Stairs:

4.8.1 Design of stair (A) :

1. Limitation Of Deflection

Minh=L/24 for one end continuos .
Minh=343/24 =14.29 cm

Takeh=15cm

Y =tan™ (2 /3.5 ) =308.

h-——-= o
i
1
]
1 -
===l -
" -
| -
R -
il -
1] -
RAartar Fr——
/_z/ :I -
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o I = Concrete
- [ . —_—
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= T | - o
- -
. -
-] TR H I /-'"’ sanc
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Slait Swann g RS [ o F oot lu
) | —_—

Fig ( 4.8.1) Cross section of stair.



2.Dead load:

_ (0.03m)(2.2ton/ m®)(1m)
- cos30

(0.15m)(2.5ton/ m®)(1m)
cos30

0.3m+0.18m
0.3m

Plaster = 0.076ton/m

Concrete= = 0.43ton/m

Mortar = ( ](0.0me 2.2ton/m’ x]m) =0.07ton/m

. 0.35m+0.18m
Tiles=

j(0.0Smx 3ton/m’ xIm) = 0.159%ton/m
0.3m

Stair = 0.18 *0.5%2.5 =0.225 ton/m

Total dead load = 0.964 ton/m

Factored dead load = 1.4 (0.964) = 1.35 ton/m
Liveload = 0.5 ton/m?2.

Factored live load = 1.7(0.5) =0.85 ton/m
Qu=135+0.85=2.2ton/m

[T T2
kS

A B

Q>

A Bl 3.0
Fig( 4.8.2 ) stair part A.
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Fig (4.8.3 ) : Moment Envelopefor Stair A .

3. Analysis:
Support reaction :
Ay=Cy=44t
By =116t

Mnmax =4.8t.m

Design of negative moment:

Mu =4.8ton.m
Mn=4.8/0.9=5.33ton.m
m=15.7

Select ®12:

d=15-2-0.6 =124 cm.

Rn=Mn/bd? = 5.3310° /100 (12.4) 2= 34.7 kg/ cm?

1/2
p=1/15.7 (1- (1- 2*15.7*34.7 /4000) ) = 0.00935
[ . =0.0035< peg=0.00935< r__ =0.0244

A sreg. =0.00935*100 *12.4 = 11.6 cm 2
Usel @16 mm @ 15 cm As =134cm?



Design of positive moment :

Mu=2.9ton.m
Mn=29/0.9=3.22 ton.m
m = 15.7.

Rn=Mn/bd? = 3.22¢10°/100 (12.4) 2= 20.94 kg / cm?

1/2
p = 1/15.7 (1~ (1- 2*15.7%20.94 /4000) ) = 0.0055
[, =0.0035< g =0.0055< r __ =0.0244

A sreq. =0.0055 *100 *12.4 = 6.78 cm?

Usel @12 mm @ 15 cm A's =10.26 cm?
Design of Shear
- -5.8
,,- | : _3E
2 =1 -
.,r”'f} - g I
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Fig (4.8.4 ): shear Envelopefor Stair A.

4/ fc'
OV, = o.ss{Tde = 0.85* ((30)"/6)* 100* 12.4* 10/1000 = 9.62 t

dV, >V, =52 critical section .

Shear reinforcement is not required.



4.8.2 Design of stair (B) :

fqu = 2.2 tim
il i)
A B
C
076 493 ﬂ;
Fig ( 4.85 ) stair part B
Analysis:
-6.8
A5 E 5%
/\

A

i

P .07 %, i
I/ 1 ! 1 K I
[T T g
1. 1.03 e
I I s A
H‘“"“-—___ = 1 _Fd____d_f"'f-—
4.8
0.76 | 2.9 | 1.93

Fig (4.8.6 ) : Moment Envelopefor Stair B .

Support reaction :
Ay = 8.3 ton.

By = 19.7 ton.

Cy =5.1ton.
Mnmax = 6.8 t.m



Design of negative moment:

Mu = 6.8 ton.m

Mn=6.8/0.9 =7.55ton.m

m=15.7

Select ®12:

d=15-2-0.6 = 12.4 cm.

Rn=Mn/bd? = 7.55*10 /100 (12.4) 2=49.14 kg / cm?
p = 1/15.7 (1- (1- 2*15.7*49.14 /4000)1/2) =0.0137

[ min. = 0.0035 < preg = 0.0137 < 1 =0.0244

Asreq. =0.0137 *100 *12.4 = 17.1 cm?

Usel ®18 mm @ 12.5cm A's =20.32cm?

Design of positive moment :

Mu = 4.8 ton.m
Mn=4.8/0.9=5.33ton.m
m=15.7

Rn=Mn/bd? = 5.33*10°/100 (12.4) 2=34.7kg/ cm?
1/2

p = 1/15.7 (1- (1- 2*15.7+34.7 /4000) ) = 0.00935

r . =0.0035< pe=0.00935< r__ =0.0244

A sreg. =0.00935 *100 *12.4 = 11.6 cm?
Usel ®18 mm @ 20 cm As =12.7cm?

Design of shrinkage reinforcement for stair A , B :

r. =00018 ... for Fy (300 - 400) Mpa

A sreq. =0.0018 *100*15=2.4 cm 2
Use @10 mm



A Sprovided. = (100/ 25) *0.79 = 3.16 cm 2
Usel P10 mm @ 25 cm

Design of Shear
-10.
—Ii_‘,'?‘g_ﬂ_.i
451
| | | —ﬂ‘f-d_x-_ |
[ 1 1 ——— 1
_—'-'_'_-f-ﬂ-‘_
?"_r’fﬁ_-
7.3
i

Fig (4.8.7 ) : shear Envelopefor Stair B

4/ fc'
OV, = o.ss{Tde = 0.85* ((30)"/6)* 100* 12.4* 10/1000 = 9.62 t

®dV, >V, =94 at critical section .

Shear reinforcement is not required.

4.8.3 Stair Roof Design .
Minimum Thickness:

Modification factor = 1

hmin = (L / 20) * Modification factor ~ ...... for simply supported.
hmin = (325 / 20) * 1= 16.25 cm

useh =15cm

D.L = (15/100) * 2400 = 360 Kg / cm?



Wp = 1.4 *360 = 504 Kg / cm?
W, =1.7* 500 = 850 Kg/cm?
For Im —wide strip:- W, =504 + 850 =1354 Kg/ m

.4

=

1.62 £.5 1,62
1

Fig (4.8.8 ) : Moment Envelopefor Stair Roof .

My =25tm

For p = 0.5 pmax = 0.0122

Rn=p*F,(1-05pm)

Rn=0.0122* 400 (1-0.5* 0.0122 * 15.7 ) = 4.41 Mpa.
Rn=Mn/bd? = 2.44*10°/100(d) 2= 44.1kg/ cm?

Oreq. = 7.45CM

use ®16 mm, cover =2 cm

hreq. = 7.45+ 2 + 0.8 = 10.25 cm

weuseh=15cm ........ oK

Design of Shear

Fig (4.8.9 ): shear Envelopefor Stair Roof .



Vu=3t { for Im-widestrip}
d=15-2-08=12.2cm

4 fc'
oV, = O.SS[Tde =0.85* ((30)1/2/6)* 100*12.2*10/1000=9.5t

DV, >Vu So ,shear reinforcement is not required .

Design Of Reinforcement :

Mu = 2.5ton.m
Mn=25/0.9=277ton.m
m=15.7

Rn=Mn/bd? = 2.77%10°/100 (12.2) 2= 18.66 kg / cm?
0 = 1/15.7 (1- (1- 2*15.7*18.66 /4000) ) = 0.00485

I min. = 0.0035 < preg =0.00485 < r ., =0.0244

A sreg. =0.00485 *100 *12.2 = 5.92 cm?

Usel ®12 mm @ 15 cm As =753 cm?

p1eRl5m

Fig (4.8.10 ) : Cross Section for Stair Roof .

Design of shrinkage reinforcement :

r .. =0.0018 ... for Fy (300 -400) Mpa



A sreq. =0.0018 *100*15=2.4 cm 2
Use @10 mm

A Sprovided. = (100 / 25) *0.79 = 3.16 cm?

Usel 10 mm @ 25 cm.



4.9 Shear wall design

4.9.1General Definition :

The horizontal force on shear wall is given by:
ZIC
= X

\% \W

Where:
V=The design base shear.
W= Total dead load of the building, including partitions, and portions of other loads.
According to ACI 11.10.9.3
R, =Numerical coefficient depends on the structural system. Valuesof R for

concrete structure range from 4 to12 .Teke R =8.

Z=Seismic zone factor=0.2for zone 2B.

I=Importance fact=1.0 depending upon occupancy category.

C=Caoefficient based on site coefficient (S), and period of structure (T).
1.25S

T2/3
Where S depends on the soil profile type and equals 1.0 for rock-like or stiff soil.

C <275

The period T calculated according to:

T=C.(h)"

Where: ) =Height of the structure above the base level.

C,=0.02 for all reinforced concrete buildings.

Thetotal design base shear V is distributed over the height of the structure according
to equation:

V=F+ 2 F,

Where: |, =The concentrated force applied at the tope of the structure.



F,=0.07TV.

The remaining portion of the base shear is distributed over the height of the structure

including the top level, n, according to the expression:

I:X:((\/— Ft)xwx hxj
> Wi x Hi

Where \\ , \\, =Portionof W at x , i level.
h. h =Heighttox , i level.
The design shear at any story, \/ , equalsthe sum of theforces, |, and |

above that story.

Horizontal shear reinforcement spacing shall not exceed:

_ AvxFyxd
Vs

Where Vs =Vn-Vc

S< (ﬂj
5
S<3h
S<18" = 450mm

Note: S minimum value controls
r h(min) = 0.0025 ACI 11.10.9.2

S

Vertical shear reinforcement spacing shall not exceed:

S< (Mj
3
S<3h
S<18" = 450mm

Note: S minimum value controls

r n of vertical shear reinforcement shall not be less than:



A, =[00025+ 05(25- Wy _An__

Lw Sz*h

rh(min) = 0.0025 ACI 11.10.9.4

Center of rigidity for wall is given by:

3
Ao 4P(Ir_:1tll) +3P(Ehtll)
E=Modulus of elasticity
T=Wall thickness.
P=1 KN.
Therelative wall rigidity is given by:
1

A

0.0025)] S * h).

4.9.2 Calculation of shear forceson shear walls:

Thickness of shear wall =25 cm
Lengh of shear wall =7.95m
Hieght of building = 36.73 m



Table (4 .9.1):Design Seismic Forces.

. Hieght (m) Story weight (Wx) Wx * Hx
ton tm

10 36.67 1242.45 45560.6
9 33.3 1310.28 43632.32
8 29.93 1306.53 39104.4
7 26.56 1305.5 34674.1
6 23.19 1299.5 30135.4
5 19.72 1310.2 25837.14
4 16.35 1306.5 21361.27
3 12.98 1336.4 17346.5
2 7.91 1430.99 11319.13
1 2.84 1426.4 4050.9
> - 13274.75 273021.76

V =ZICW/ Rw

Z=0.2 (1=1)

C:%szjs (S=1)

T=C./(h)"

T =0.02 (36.73 ft / 0.3048) ¥* = 0.73 sec.
C=125(1)/0.73"% =154<275

V = 0.2 (1) (1.54) (13274.75) / 8 = 511.1 ton.
F,=0.07TV.

Ft =0.07 (0.73) (511.1)
Ft =26.12 ton.

Ex — ((\/ — Ft) x Wx x hxj

>SWi x Hi




- ((511.1— 26.12) x 4050.9) 7 105t0n

273021.76
e, ((5111-2612)x11310.13) ..
273021.76
Fg((5111-26.12)x17346.5) _ o0
273021.76
ey ((B111-2612)x21361.72) _ o
273021.76
ce_((5111-2612)x25837.14) o
273021.76
Foo [ (B111-2612)x301354) _ oo,
273021.76
e, ((B111-2612)x346741) o o
273021.76
Fgo[(511.1-26.12)x39104.4) o o
273021.76
co_((B111-2612)x4363232) .
273021.76
c1o_[(B111-2612)x455606) .o o
273021.76 o

F10=80.92 + Ft
F10=80.92 +26.12 = 107.03 ton
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Figure (4 .9.1): Vertical Detail For Shear Wall
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4.9.3 Center of rigidity calculation:

Figure (4 .9.2): Stair Shear Wall

For wallsA,B,C,D (0.25m* 7.95m)
Rx=1/A
_ 4P(h/1)? +3P(h/|)

Et Et
P=1 h : height of building.
_ 4x13/ 7.95)° . 3x1(3/7.95)

Et Et

Aq=1.347/ Et
Ri=1/A=1/(1.347/Et) = 0.742 Et

A

Y

4x1(5.07/7.95)° s 3x1(5.07/7.95)

Ai=A.=
2 s Et Et

A2,3 =294/ Et



Ros=1/A=1/(2.94/Et)=0.34Et
A 4x1(3.27/7.95° 3x1(3.27/7.95)
Et Et
A4=287/Et =Asg78910
Ry=1/A=1/(2.87/Et)=0.35Et

For wall L
4x1(3/1.5° 3x1(3/1.5)
A= +
Et Et
A,=38/Et

Ri=1/A=1/(38/Et) =0.03Et
4x15.07/15)°  3x1(5.07/L5)
Et Et
A ,5=164.64/ Et
Ro3=1/A=1/(164.64/ Et) = 0.0061 Et
A 410=4*1(3.27/15)%/ Et + 31 (3.27/ 1.5) / Et
A 4.10=47.98/ Et
Ri0=1/A=1/(47.98/Et) = 0.02 Et.

A,=Ay=

For wall M
3
A= 4x1(3/1) N 3x1(3/1
Et Et
A,=117/Et

Ri=1/A=1/(38/Et) =0.00854 Et
4x1(5.07/1)° . 3x1(5.07/1)
Et Et
A ,3=536.51/ Et
R.3=1/A=1/(536.51/ Et) = 0.0019 Et
4x1(3.27/1)° 3x1(3.27/1)
4-10— +
Et Et
A 4-10 — 149.7 | Et

A,=A=




Ra10=1/A =1/ (149.7/ Et) = 0.0067 Et
For wall O
_ 4x1(3/2)° . 3x1(3/2)
Et Et
A,=18/Et
Ri=1/A=1/(18/Et) =0.056 Et
A, - 4x1(5.07/2)° . 3x1(5.07/2)

Et Et
Ar3=4*1(5.07/2)/Et+3*1(5.07/2)/Et
A 3=72.39 Et
Ros=1/A=1/(72.39/Et) = 0.0137 Et

Y

4x1(3.27/2)° 3x1(3.27/2)
Ao Et " Et

A 4-10 — 2239/ Et
Ra10=1/A=1/(22.39/ Et) = 0.045 Et
For wall E ,F
4x1(3/6.56)° 3x1(3/6.56)
A= +
Et Et
A1=175/Et
Ri=1/A=1/(L75/Et) =057 Et
4x1(5.07/656)° 3x1(5.07/6.56)
Aye= +
’ Et Et
A 23= 416/ Et
Roz=1/A=1/(4.16/Et) = 0.24 Et
For wall K
4x1(3/3.6)° 3x1(3/3.6)
A= +
Et Et
A1=481/Et
Ri=1/A=1/(4.81/Et) =0.207 Et

4x1(5.07/3.6)° 3x1(5.07/3.6)
Bos= B E




A 23 = 15.395/ Et
Ros=1/A=1/(15.395/ Et) = 0.065 Et.

For wall g,h,1,]j
4x1(3/3.5)° 3x1(3/3.5)
A= +
Et Et
A1=481/Et

Ri=1/A=1/(4.81/Et) =0.207 Et
4x1(5.07/35)° 3x1(5.07/35)

A, 5= +

’ Et Et
A 23= 16.5/ Et
Ro3=1/A=1/(16.5/Et) =0.06 Et

4x1(3.27/35)° 3x1(3.27/3.5)
Ay 0= +

Et Et

A 4-10 — 6.06/ Et
R4.1o: 1/A=1/ (606/ Et) =0.164 Et

4.9.4 Ratio Calculation For Each Wall :

For Basement Floor :
Wa=Ra/ZR=Ra/(Ra+Re+Rc+ Ro+ Re+ R+ RL+Rn)
Wa =0.742 Et / 4168 Et =0.178 = Wg =W =Wp

We = We=0.57 Et / 4.168 Et = 0.1367

Wy =W, =0.03 Et/ 4.168 Et = 0.0072

SRX/ZRX) =1 ...... =(0.178*4) + (0.1367*2) =1 ...Ok.
In other direction :

Wy=Ry/ZR=Rg/ (Rg+Rn+ Ri+ Rj+ Rk+ Rm+Ro)

W,y =0.196 Et / 1.05554 Et = 0.186 = W = W; = W,

Wi =0.207 Et / 1.05554 Et = 0.1961

Wy, = 0.00854 Et / 1.05554 Et = 0.0081



W, = 0.056 Et / 1.05554 Et = 0.053

For Ground & First Floor :
Wa=Ra/ZR=Ra/(Ra+Re+Rc+ Ro+ Re+ R+ RL+Rn)
Wa =0.34 Et/ 1.8522 Et =0.1835=Wpg =Wc=Wp

We =We=0.24 Et / 1.8522Et = 0.1295

Wy =W, =0.0061 Et / 1.8522 Et = 0.0033

SRX/ZRX) =1 ...... =(0.1835%4) + (0.1295*2) =1 ...O.k.
In other direction :

Wy=Ry/ZR=Rg/ (Rg+Rh+ Ri+ Rj+ Rk+ Rm+Ro)

W,y =0.06 Et/0.3856 Et = 0.1556 = W = W; = W,

W, = 0.065 Et / 0.3856 Et = 0.168

Wy, = 0.0019 Et / 0.3856 Et = 0.00493

W, =0.0137 Et / 0.3856 Et = 0.036

For Floor From (4-10):
Wa=Ra/ZR=Ra/(Ra+Rs+Rc+ Ro+ Re+ R+ RL+Rn)
Wa=0.35Et/144Et=0.243=Wg=Wc=Wp

Wy =W, =0.02 Et/ 1.44 Et =0.014

SRx/IRX)=1 ..Ok

W, = 0.164 Et/ 0.7077 Et = 0.232 = W, = W, = W,

Wy, =0.0067 Et / 0.7077 Et = 0.0095

W, =0.045 Et / 0.7077 Et = 0.0635



4.9.5Torsional Design:

Design For Ground Floor :

Figure (4 .9.3): Center of rigidity for Shear Wall



Table (4 .9.2): Torsional Eccentricity Calculation

wal | [X Ry wal| Y Rx

. Dir. ) (EUD) XRy . Dir. m | D) YRX
1 Y 12.7 0.24 3.048 A X [2885] 0.065 | 1.875
2 Y 16 0.24 3.84 C X |28.85(0.0137| 04
3 Y 9.4 0.34 3.196 D X |28.85]0.0019| 0.55
4 Y 12.7 0.34 4.318 E X | 7.825| 0.06 0.5
5 Y | 231 0.34 7854 | F | x | 015 | gpg |0.009
6 Y | 264 0.34 8976 | G | x |7.825] gpog | 05
7 Y | 015 | 00061 | 915e4 | H | x | 015 | gpg |0.009
8 Y 40.74 0.0061 0.25 - X - - -
z Y - 18522 | 31.5Et - - - 0.325 | 3.843

Center of building :

X =20.445m Y =145m

Center of Rigidity
X, =Z(XRy)/ ZRy =31.5/1.852=17m.

Y, =2(YRx)/ZRx =3.843/0.325=11.82 m.

Torsional eccentricity :

eXx=X;-X=17-20445=-3.445m

ey=Y,-Y=11.82-145=-2.68m

Minimum eccentricity :

€ min = 0.05%40.89 = 2.0445 m <ex =3.445m

use ex=-3445m

Torsional Moment :
Ty =Vy*ex = 201.1* - 3.445 = - 692.8 KN.m
Tx =Vx*ey = 201.1* - 2.68 = - 538.95 KN.m

Fte = Tx *Rdy / SR(ds)




Table (4.9.3): Torsional Moment Calculation.

wall . Ry , | Wall _ Rx )
4 Dir. dx (EtA) Rdx | R(dy) 4 Dir. | dy (EtA) Rdy, | R(dy)
1 Y -11.2 0.24 -2.7 30.1 A X | +11.5) 0065 | 0.75 8.6
2 Y -7.9 0.24 -19 15 C X | +11.5]0.0137| 0.16 | 1.81
3 Y -145 | 034 | -493 | 715 D x | +11.5| 0.0019 | 0.022 | 0.25
4 Y -11.2 0.34 -3.81 | 42.65 E X |-103| 006 |0618| 6.4
5 | Y | 07 | 034 | 024 017 [ F | x | -18 | oo | 108 | 19.44
6 | Y | +25 | 034 | +085 | 2125 | G | x |-103| o |0.618| 6.4
7 | Y | -237 |00061|-0145| 343 | H | x | -18 | oo | 108 | 19.44
8 Y +16.7 | 0.0061 | +0.1 17 = X - - - -

> Y - - - 166.67 - - - 0.325 - 62.34

Ft, = Tx *Rdy / ZR(d\)?
Fty = - 538.95*-2.7 / 166.675 = +8.731
Ft, = Ty *Rdy / ZR(dy)*
Ft,=- 692.8*-2.7/ 166.675 = + 11.22
Fvx =VX * Rx / ZRx
Fvy, =5039.4 * 0.1835 =924.7 KN
Rx/ZRx =Wpa=Wg =Wc=Wp forwals3,4,5,6=0.1835
We = WEg=0.1295 for walls 1,2

Fvy =5039.4 * 0.1295 = 652.6 KN

Wy =W, =0.0033 forwalls7, 8

Fvy =5039.4 * 0.0033 = 16.6 KN
Fvy =Vy * Ry / 2Ry
Ry /%2Ry =Wy =W, =W; =W, forwalsE,FG,H =0.1556

Fvy =5039.4 * 0.1556 = 784.13 KN

Wg =0.168 for walls A
Fvy =5039.4 * 0.168 = 846.6 KN
W, =0.036 for wallsC




Fvy =5039.4 * 0.036 = 181.4 KN
Wy =0.00493 for wallsD
Fvy =5039.4 * 0.00493 = 24.8 KN
Table (4 .9.4): Wall Shear For Seismic ForceIn N-SDirection :

- Fty Fv Ftotal - Fty Fv Ftotal
KN KN KN KN KN KN
1 +8.7 652.6 661.3 A -8.33 0 8.33
2 +61 | 6526 | 661.3 C 18 0 18
3 +159 | 9247 | oan6 D .0.24 0 0.24
4 +123 | 9247 | o906 E 6.9 0 6.9
5 +0.78 | 9247 | 940.6 F +12 0
6 275 | 9247 | 9247 G +6.9 0 6.9
7 +0.47 16.6 17.07 H +12 0
8 -0.32 16.6 16.6 - ] 0 _
z - - - - 0 -
Table (4 .9.5): Wall Shear For Seismic ForceIn E-W Direction :
] Fty Fv Ftotal — Fty Fv Ftotal
KN KN KN KN KN KN

1 +11.2 0 11.2 A -6.5 8466 | 846.6
2 +7.9 0 7.9 C 14 1814 | 1814
3 +20.5 0 20.5 D -0.19 248 24.8
4 +15.8 0 15.8 E +5.34 | 784.13 | 789.47
5 +0.99 0 0.99 F +934 | 78413 | 79347
6 -3.53 0 3.53 G +534 | 78413 | 78947
7 +0.6 0 0.6 H +934 | 78413 | 79347
8 -0.42 0 0.42 - ] ] _
s - 0 - - - - -




Design of shear for first & ground floor :

For Lw=7.95m ....wals3,4,5,6
d=0.8Lw =0.87.95 = 6.36m

1ve= [ A€ de
6

/30

1-Vc= T]O.ZS x 6.36 =1451 5KN ...... Control.

Ve = \/Exhder Nud

4 4w
ez Y30x025x636 0,00y
4 4w
Vs: Vn_vc
\/ . . .
Vip= f—“ forwal 5, V,=940.6 KN in N-Sdirection.

Vip= 940.65 =1106.65KN
0.85

Vnh<V: minimum shear reinforcement is required.
Vip= % forwal A, V,=846.6 KN in E-W direction.

V,=846.6/0.85=996 KN.
Vhn<V. minimum shear reinforcement is required.

So for all wallsin two directions the shear reinforcement will be:

Avhxh _ Vg
s, fyrd
Avx h

=0.0025* h=0.0025* 25cm=0.000625 m

S
SZ =Lw/5=7.95m/5=1590mm.

SZ =3*h=3*25cm=750 mm.



S2 =450 mm controls.

Use2 ®12
S, =226* 10" 10%/0.000625=36.16cm.

Use2 12 @30cm C/C.

Vertical reinforcement:

B hw A/h *
A, =[0.0025+0.5(2.5- m)(@ -0.0025)] S * h).

Av =0.0025*h*S,
226 =0.0025* 250 * S,
$,=36.16 cm

Use2 12 @30cm C/C.

Forwals1l wall thickness = 20cm.

Avxh

S
Use2 ®10

S, =158+ 10" 10°/0.0005=31.6 cm.

=0.0025* h=0.0025* 20cm=0.0005m.

Use2 10 @ 30 cm C/C.

Vertical reinforcement:

A

_ hW *
A, =[0.0025+0.5(2.5~ m)(g —-0.0025] S *h

Av =0.0025*h*S,

158 =0.0025* 200 * S,
S, =31.6cm.

Use2 @10 @ 30 cm C/C.

For walls7 8 AD C.

Avx h
S
Use2 912

=0.0025* h=0.0025* 25 cm=0.000625m.




S,=226*10"+10°0.000625 = 36.1 cm.
Use2 $12 @ 30 cm C/C.

Vertical reinforcement:

~ hw, An .
A/n =[0.0025+ 0.5(2.5—m)(§— 0.0025)] Sl h).

Av =0.0025*h*S,
226 =0.0025* 250 * S,
$,=36.1cm.

Use2 12 @30cm C/C.

Design of moment:

For wallsA B C Din all floors.

2x As  7.95x2x113

Ast = Lwx = 5989 mm? = 0.05989 m?
Y 0.3
Z_ 1
Lw 0.85p * f _ *Lw*h
2+
As* fy
Z LI -0.26
lw 0.85* 0.85* 30N / mn? * 7.95m* 0.25m
0.05989m? * 400N / mm?

Mu= ®(0.5* As*fy* Lw(1- i )
Lw

Mu=0.9* 0.5* 0.05989 m?* 400N/mm?* 7.95m(1-0.26)= 63.4199 MN.m.
M (at wall A B C...)=0.18*134008 KN.m = 24121.44 KN.m.

Mu=63.4199 > 24.12 MN.m

Reinforcement is not required , provided minimum reinforcement.
Ast = ppin *b*h

Ast = 0.01¥40*25 = 10 cm”

Use 8 d14 ASprov = 12.32 cm?



Design of moment:

For wallsE F in basement floor.

y 2x As  6.56x2x 79
S2 0.3

Z 1

w  085p *f *Lw*h
2+ ¢
As* fy
i = 1 5 =0.33
Lw ot 0.85* 0.85* 30N /mm* * 6.56m* 0.20m
0.0673493m” * 400N / mm?

Ast = Lw = 6734.93mm? = 0.0673493 N’

Mu= ®(0.5* As*fy* Lw(1- i )
Lw

Mu=0.9* 0.5* 0.0673493 m** 400N/mm? 6.56m(1-0.33)= 53.28 MN.m.
M (at wall E F)=0.142* 134008 KN.m=19029.13 KN.m.

Mu=53.28 > 19.029 MN.m

Reinforcement is not required , provided minimum reinforcement.
Ast = pmin *b*h

Ast = 0.01*40*20 = 8 cm?

Use8 ®12 ASprov = 9.04 cm?
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Figure (4 .9.4): Interaction diagram for Shear Wall



4.10 Basement Wall

4.10.1 wall design :

et = 16ton/m®  (unit weight of soil ).
Y =308 (For granulated fill )

H=2.2m. (Height of basement wall)
Thichness of wall = 30cm

K = 1- s?nq

1+sing
K= ﬁ—:zg =0.333
P=y*h*K,
=1.6*2.2 *0.333=1.172 ton/m?

1. Design basement wall as simply supported beam :

L=

o2 . "y

. 1:)- k. . oy Y

Figure (4 .10.1): simply supported Basement Wall

Design of moment:



1.32 3 0.88 |

Figure (4 .10.2): ssimply supported Basement Wall's envelope.

Mu = 0.5 ton.m

Mn= 0.5/0.9 =0.55 ton.m.

d=23cm

Rn=Mn/bd? = 0.55*10°/100 (23) 2= 1.05 kg / cm?
p=1/15.7 (1- (1- 2¢15.7*1.05 /4000)1/2) = 0.00026

I win. = 0.0012> preq = 0.00026

Minimum reinforcement is required.

Design of shear :

0.6

Figure (4 .10.3): ssimply supported Basement Wall's envelope.

DV, = 0.85[—\';(:de



=0.85 v 100 x 23 x 10 =17.85t
6 1000
oVe>Vu ... shear reinforcement is not required.

1. Design basement wall as cantilever beam :

Ay

Figure (4 .10.4):Cantilever Basement Wall

M @A =0

l\/la:%xl.l72>< 2.2><% = 0.95ton.m

Muitimae= 1.7 *0.95=1.6 ton.m

d=23cm

Rn=Mn/bd? = 1.610 /100 (23) 2= 3.02 kg/ cm?
p=1/15.7 (1- (1- 2¥15.7*3.02 /4000)1/2) =0.00076

r .. =0.0012> peq = 0.00076

Minimum reinforcement is required.

Designed for ssmply supported :

As=0.0012*23* 100=2.76 cm?

# of bars =2.76/0.79=3.49



S=100/3.49=28.6
Use ®10@25 cm in two ways.

4.10 Reinfor cement of Ground Beam :

Pu = 628.6 ton.

h =40cm b = 30cm.

Reinforcement = 10% Pu

Reinforcement = 10*628.6 / 100 = 62.86 ton
As=62.86/4=1572cm’

Use ®16

No. of bars=15.72/2=7.85

Use8 D16
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List of Abbrseviation:

As = area of nonprestressed tension reinforcement.

Ag = gross area of section.

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

At = area of oneleg of aclosed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width.

DL = dead |loads.

d = distance from extreme compression fiber to centroid of tension
reinforcement.

Ec = modulus of easticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored |oads.
L n = length of clear span in long direction of two- way construction, measured

face-to-face of supportsin slabs without beams and face to face of beam or other
supportsin other cases.

LL =liveloads.

L d = development length.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

S = Spacing of shear or in direction paralel 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.

Wu = factored load per unit area.

@ = strength reduction factor.

® = steel bar diameter.

@ = distance.






The structure building in three dimensions using staad-pro.
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