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Abstract

The main idea of this project is analysis and design of all structural
system of the Company Forum project , we will study and design all
of structural element and the preparation of all drawings , that needs

to execute project.

The project consists of fifteen floors, and contains a lot of services
needed by business men and occupant’s , this project designed

according to modern architectural system.
The area of stories vary from one floor to another .

We will design according to ACI load code , and use as many as

needed programs for structural design.
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Chapter 4

4  Structural Analysis & Design

4-1 Introduction.

4-2 Determination of Factored Load
4-3 Design of topping.

4-4 Design of Rib.

4-5 Design of Beam.

4-6 Design of Column.

4-7 Design of Footing.

4-8 Design of Stair.

4-9 Design of Shear wall.

4-10 Design of Basement Wall

4-11 Design of Strip footing.

48



4.1 Introduction

The project consists of several structural elements that will be
designed according to the ACI code and by using the finite
element method using much computer software such as “ATIR”
to find the internal forces, deflections and moments for the all

structural element in order to design it.

4.2 Determination of factored Load

Determination of Dead load

Tiles 3 em

Muortar 2 cm

Course Sand fill 7 cm

R concrete Topping 8 em
Concrete block

R Concrete rib

Plaster 2 cm

e e eI
.::...? . -.- ..l'. - wE i B g A

i 18 | i O

: M f H ;

0 HL B H |
e L L [T — . R S
CYFICA R R ! RIBEERL) 1AL

Figure (4-2-1): Section in rib slab
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Table (4-2-1) calculation of dead load

Material Calculation KN/m / rib
Tiles 0.03° 0.54" 23 0.7
Mortar 0.02° 0.54" 22 0.24
Coarse Sand Fill 0.07 0.54" 16 0.6
Topping 0.08" 0.54" 25 1.08
Block 0.27°0.40 5 0.54
Concrete Rib 0.27° 0.14" 25 0.95
Plaster 0.02 0.54" 22 0.2376
Partitions 1.5 0.54 0.81

Nominal Total Dead Load = 5.91kN/m of rib
Nominal Total live load = 2.5 * 0.54 = 1.35 KN/m of rib

Determination of factored dead & live load
Factored dead load = 1.2*Dead load = 1.2*5.91= 7.1 KN/mof rib.

Factored Live load = 1.6*live load = 1.6*2 = 3.2 KN/mof rib.
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4.3 Design of Topping:

dead load :

Table (4-3-1) calculation of dead load of topping
Material Calculation KN/m / rib
Tiles 0.03" 23x1 0.69
Mortar 0.02" 22x1 0.44
Coarse Sand Fill 0.07" 16x1 1.22
Topping 0.08" 25x1 2
Partitions 151 1.5

Used fy =420 MPa & fct=24MPa

Dead load of topping =5.75 KN/m
Live Load = 2.0*1=2.0 KN/m.
Wu=12DL+16LL
=1.2*5.75 +1.6 * 2 = 10.1 KN/m®. (Total Factored Load)

Design of shear for Topping :

Vus wu2 | _10.1° 0.4

= 2.2kN

F XVC =075 /24~ % 1000” 80" 10" = 48kN > 2.02kN

No shear reinforcement is required.
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Design of bending for Topping :

s 2 , 2
vyo e 1?1017 (0.4)
12

=0.135kN.m

* 2
Mn = 042" 24" M' 10°® = 2.19kN.m.

f”" Mn=0.55*2.19=1.207kN.m
f~ Mn=1.204kN.m> Mu =0.135kN.m

No structural reinforcement is required.

Therefore, shrinkage and temper ature reinforcement must be provided
for exposed dlabs.

r =0.0018
As.. =r b h=0.0018 1000" 80 =144mn? /Im
Use 1d8/30 cm , with As =167 mm?%/1m in both directions.

As =167mm’/m> As_ =144mm’ Ok
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4.4 Design of Rib (R33) at sixth slab:
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Figure (4-4-1): Structural Plane

Using "Atir" software for the following values of the envelope moment
and shear diagram:

1 g ] 1 5 8
' 2 3 1 i
hy 4 L A " A ) b A L A '
T 1 T ﬁ 1 H 1, r T H 1
.z L1 0B 5.2 4.8 5d a8 49 0.8 .41 e
' 8 ' g ' 8 : BT ' B3 =0

Figure (4-4-2): Rib 33 geometry.
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Figure (4-4-3) : Rib Section
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Figure (4-4-4) : loading of Rib R33
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Figure (4-4-6) : Shear Envelop of rib R33.
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Effective Flange width ( b.)
be For T- section is the smallest of the following:

b. =L/4=4900/4=122.5cm
b.=b,+16t=14+16 (8) =142 cm
Control .......... 54cm

bw=14cm, h =35cm

d=350- 20- 8- %:316mm

Check rectangular section or T-section

bw=12cm, h =35cm

d=350- 20- 8- %:316mm

Mu,, = 31.5 KN .m
Mn, = 0.85 + fc* bf xtf+ d—2
Mn, = 0.85* 24 * 540 * 80 * 316 —= =243.233KN.m

F Mn,= 0.9 * 243.233 = 218.9KN .m>>Mu,__,

rectangular section
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Design of Positive moment of rib 33:

- Design of Span (1) :

Mu=31.5 KN .m
31.5" 10°
kn=MN — 09 _ —(65MPa

bd? 540" 3162

A = o) L e

min 4 fy)
V24 1.4
= =" (140)(316)3 ——(140)(316
A = 11317) 140)816)° . (140)(a16)
As . =131.5<150 ............. the larger is control
As,,, =150mnT?
m=_ M —-_42 _s,
0.85* fc 0.85*24
1 2mKn
==(1- 11-
p=—( )

p:L(l-\/l- 2(20.2)(0.65)):0.0016
20.2 412

Areq =p* b *d=0.0016 *540* 316 = 273mm?

Use2d 14....... #ofbar= 213 =177
154

Note Ap14 = 154mm?

Then we select (2) bars 14 A provided = 2*154 = 307.8mnY

307.8mm? > As,;,, =150mnt
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Check for yielding
Tension = compression
As*fy=0.85*f*b*a

307.8*412=0.85*24*540*a
a=11.5mm

o = 316" 0.003
° 10.53
e, =0.067 >0.005

- 0.003

P Ok

- Design of Span (2) :

Mu=17.3 KN .m
17.37 10°
kn= MM _ 09 _ -0 356 MPa

bd? 540" 316
A = ey o) L e

(140)(316)3 % (140)(316)

As. =131.5<150 ............. the larger is control
As,. =150mnt

m = fy _ 412 _
0.85*fc  0.85*24

2mKn
fy

)

1.0 |
p—a(l 1

o= L - \/1_ 2(202)(0.356) y _ () n0g
20.2 412
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Areg=p*b*d=0.0008 *540* 316 = 136.5mm?
Use2® 10....... # of bar = % =155

Note Agpio = 88mm?
Then we select (2) bars ®10 A provided = 2*88 =157mn7
157 mm? > As,;,, =150mnTt

Check for yielding
Tension = compression

As*fy=085*f*b*a

157*412 =0.85*24*540* a

a=5.87mm
_i :_587 =6.9
b, 0.85
_ 316 0.003_ 0.003

S

e, =0.134>0.005

P Ok

- Design of Span (3) :

Mu=22.4 KN .m
22.4° 10°
kn=MM = 09 _ -0462 MPa

bd? 540" 3162

AS = e (ow)c) %(bw)(d)

J24 1.4
- =——"(140)(316)3 =—(140)(31
s = ) 140616)° 2 (1a0)316)
As. =131.5<150 ............. the larger is control
As,, =150mn?
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y __ 412 _s9

© 085*fc  0.85%24

2mKn

ty )

1
==(1- -

0= 1 (1- \/1_ 2(20.2)(0.462))=0'0011
412

Areq=p*b*d=0.0011 *540* 316 = 187.7mm?

Use2®d 12....... # of bar = 118% = 1.66

Note Agp1p = 113mm2

Then we select (2) bars ®10 A provided = 2*113 = 226.2mnv

226.2mm?> As,;, =150mnT

Check for yielding
Tension = compression

As*fy=085*f*b*a

226.2*412=0.85*24*540*a

a=_8.46mm
=8 _846 _go0mm
b, 0.85
e, _316° 0003 _ 103
9.95

e, =0.092>0.005

P Ok
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- Design of Span (4) :

Mu=14.4 KN .m
14.4" 10°
kn= N - __09 -0 297 MPa
bd> 540" 316
Jfce 14
As . =X _"(bw)(d)3 =—(bw)(d
4(fy)( )(d) fy( )(d)
J24 1.4
- =——(140)(316)3 ——(140)(316
s = i 140)316)° 1% (140)16)
As. =131.5<150 ............. the larger is control
As,, =150mn?
m=_— = 42 _5,
0.85* fc  0.85*24
1 2mKn
==(1- -
p= (- 1 =)

0= 1 (1- \/1_ 2(20.2)(0.297))20_00073
20.2 412

Areq=p*b*d=0.00073*540* 316 = 124.6mm?
Use2® 10....... # of bar = % =14

Note Agp1g = 88mm?

Then we select (2) bars @10 A provided = 2*88 =157mnv

157 mm? > As,;,, =150mnt
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Check for yielding
Tension = compression

As*fy=085*f*b*a

157*412 =0.85*24*540* a

a=5.87mm
= i = 5_87 = 69mm
b, 0.85
_ 316 0.003_ 0.003

S

e, =0.134>0.005

P Ok

- Design of Span (5) :

Mu= 35.1 KN .m
35.1° 10°
kn= MM _ 09 -0 723 MPa

bd? 540" 316
A = ey o) L e

(140)(316)3 % (140)(316)

As. =131.5<150 ............. the larger is control
As,. =150mnt

m = fy _ 412 _
0.85*fc  0.85*24

2mKn
fy

_ 1
p—a(l' 1- )

pzi(l-\/y 2(20'2)(0'723))=0.0018
20.2 412
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Areg=p*b*d=0.0018 *540* 316 = 307.8mm?

Use2d 14....... # of bar = 3078 _ 2
154

Note Agp1p = 154mm?

Then we select (2) bars 14 A provided = 2*154 = 307.8mnY

307.8mm? > As,;,, =150mnt

Check for yielding
Tension = compression
As*fy=085*f.*b*a

307.8*412=0.85*24*540*a
a=11.5mm

o = 316" 0.003
® 13.5
e, =0.067>0.005

- 0.003

P Ok
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Design of Negative moment

- Design of support (1) :
Mu=27.8KN .m

27.8° 10°

kn= Mn _ 09

= —>2 - =22mpa
bd? 140° 316° P

&
Sh

min

(bw(a)* 5 (owlc)

SN
—

fy

(140)(316)3 %(140)(316)

B

ASmin =

N
—

41

N

)

As . =131.5<150 ............. the larger is control

min

As,;, =150mn?

m=_ - 42 _,45
0.85* fc 0.85*24

2mKn
)

1 |
p—a(l 1 fy

_ 1o [ 20202)22), _
p=_— (1 \/1 S, ) =0.0057

Areq=p*b*d=0.0057* 140 * 316 = 252.17mm?

Use @ 12..... # of bar = 25217 _ 1.6
113

Note Ap14= 154mm?

Then we select (2) bars 14 A provided = 2*154 = 307.8mnY

307.8 mm2> As,;, =150mnt
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Check for yielding
Tension = compression

As*fy=085*f*b*a

307.8*420=0.85*24*120*a

a=44.4mm
=2 _44 o oemm
b, 085
e, = 315 0.003 0.003
52.25

e, =0.015>0.005

P Ok
- Design of support (2) :
Mu=21.9KN .m
21.97 10°
kn=M" — 09 __ —168MPa
bd? 140" 316
Jfct 14
As. ., =——\bw)d)3 —(bw)d
4(fy)( ) =, bw)(d)
_ 24 , 14
As,, _m(mo)(?,la) m(140)(316)
As . =131.5<150 ............. the larger is control
As,,, =150mn?
m=_Y __=_42 _5,
0.85* fc  0.85*24
_1 _ . 2mKn
p= E(l 1 fy )

0= 1 (1- \/1_ 2(20.2)(1.68)):0'0043
20.2 412

Areq=p*b*d=0.0043* 140 * 316=190.2mm?
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Use @ 14.... # of bar = 1902 _ 1.24
154

Note Ap14= 154mm?

Then we select (2) bars 14 A provided = 2*154 = 307.8mnY

307.8 mm2> As,;, =150mnt

Check for yielding
Tension = compression

As*fy=085*f*b*a

307.8*420=0.85*24*120*a

a=44.4mm
=2 44.4 =52.25mm
b, 0.85
e, = 315 0.003 0.003
52.25

e, =0.015>0.005

P Ok
- Design of support (3):
Mu=19.8KN .m
19.8” 10°
kn= M = __09 -1 57mpa

bd? 140  316°

A = o1 o) L e

(140)(316)3 %(140)(316)

As . =131.5<150 ............. the larger is control

As,;, =150mn?
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y __ 412 _s9

© 085*fc  0.85%24

_ 1 ) _2mKn
= - =10

_ 1 | 202)W57), _
p=—(1 \/1 T ) =0.0039

Areq=p*b*d=0.0039* 140 * 316=175.7mm?

Use ® 14.... #of bar = 22%2 = 1 15
154

Note Agp14= 154mm?

Then we select (2) bars 14 A provided = 2*154 = 307.8mnY

307.8 mm2> As,,, =150mnt

Check for yielding
Tension = compression

As*fy=085*f*b*a

307.8*420=0.85*24*120*a

a=44.4mm
— 2 _ 845 o5mm
b, 085
e, = 315 0.003 0.003
52.25

e, =0.015>0.005

P Ok

66



- Design of support (4) :

Mu= 29.5KN .m
29.5” 10°
kn= M = __ 09 =) 34mpa

'min 4 fy)
J24 1.4
- =——-(140)(316)3 ——(140)(316
s = i 140)316)° 1% (140)16)
As. =131.5<150 ............. the larger is control
As,. =150mnt
m=_ Y = 42 _5,
0.85* fc 0.85*24
1 2mKn
==(1- 1-
p=—( 5

o= L (1- \/1- 2202234y - 00606
20.2 412

Areq=p*b*d=0.00606* 140 * 316=268.3mm?
Use ® 14.... #of bar= 2883 =17
154

Note Agp14= 154mm?

Then we select (2) bars 14 A provided = 2*154 = 307.8mn7

307.8 mm2> As,,, =150mnt
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Check for yielding
Tension = compression

As*fy=085*f*b*a

307.8*420=0.85*24*120*a

a=44.4mm
=2 _44 o oemm
b, 085
e, = 315 0.003 0.003
52.25

e, =0.015>0.005

P Ok

Design of shear for Rib (R33):
Categories for shear design:
Vu=35.1KN

Use @8 with four legs

- Regionl :

1.IF Ve Vu

1.1F Ve =1.10F —V;C' b, " d
V24

1.1F Vc=1.1" 0.75° T 140" 316

=29.6 KN
Since F Vc£Vu
Not control

- Regionll :

%FVC £Vu £ FVc
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F Vc=27.1KN

1FVC :E =13.5KN
2 2

Not control

- Regionlll :
FVcEVuEFVCc+FVs,

F Vc=0.75" g 140" 316 =27.1kN

F Vs 3%'bw'd

min

FVs,, =075 (%)' 140 316 =11KN ..covernenne control
FVs, . 3 % Jic® bw d

FVs_ =075 % V247 140° 316 =10.1 KN

FVc+FVs  =11+27.1=238.1KN

Vu=351KN<FVc+FVs_  =38.1KN control

All spans are Region 11 .

Spacing between stirumps

102" P

Av=2%* =157mm?

Av_ Vs (15774127316 _ 500 s 42 = 316/2 = 15.8cm

= S
S fy" d 46.8*10"3

Sreq = 15.8 cm.

select S= 15 cm.
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4.5 Design of Beam (B200) :
The Load on this Beam it is From Rib R33

The Reaction of this Rib that the dead load and live load on the Beam

Geometry Units:meter.cm
1 2 3 4 3
1 2 3 4
i A A a ;
L LI LI LI J
ﬂliil‘ﬁ 373 : ﬂI.IIS v ﬂl.liﬁ 373 A nl.zls 373 A [}-I.Elﬁ
III E III E III E. III E. III
a9,
B0,
A-A
Loading
load groupnc. 1
Deadload - Factored Urits kN, meter
105.0 1650 1050 1060
6. " 6. 6. 6.
Live oad- Fadored
| s ] | L loda ] | L lwa | | L lwa | |
[ [ 6. 6.

Figure (4-5-1) beam & loads
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Moment/Shear Envelopes (Factered)  Unitskh meter

Moments: span: Ti0 4

6.6
1338
srg 4368 g WE e
3 md 'y
Rezctions
DezdR 2473 TH 383. 2. 413
LiveR  BB.23 3832 s 23632 B6.23
MazR 13373 236.33 ot 936.33 13373
MirR X743 4.7 B34 8047 3115

Figure (4-5-2) shear and moment envelop for the beam
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Support reaction from rib:

= i .
DL=48.08 + — = 89.04 KN/m

- 1
DL=15.65 * T 29 KN/m

Table (4-5-1): Dead load of beam

Material Calculation kN/m / rib
Tiles 0.03 0.8 23 0.552
Mortar 0.02° 0.8 22 0.352
Coarse Sand 0.07 0.8 16 0.896
Fill
Beam 0.08 0.55° 11

25
Plaster 0.02° 0.8 22 0.352

Nominal Total Dead Load = 13.78+89.04=105 kN/m
Nominal Total live load = 2.5 * 0.8*%1.6+29 = 32.2kN/m
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Design of Positive Moment :

- Design of Span(1) and span (4)

Figure (4-5-3): Moment envelop of span 1 &4

bw =80cm, h =55cm
d=550- 40-10-12.5=487.5mm

Mu = 405.9KN .m
Mn= MU = 4059 _ 451 KN .m
F 0.9
fc¢ 1
n = —7—\bw)id)® —(bw){d
As, 4fy)( Jd)2 == (bw)(d)
V24 1.4
= 487.5)3 —— 487.
ASn = 3413 (800)(487.5) -, (800)(487.5)
As. . =1159mnT <1325mnt ............. the larger is control
As, =1325mn?
Kn= _Mn
b*d
Kn=_ Pl -237Mpa
800*487.5
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m=_ M - 42 _549
0.85* fc 0.85*24

2mKn
Y )

1
==(1- -

_ Lo [ 2(202)(237) \ _
p=—+ (1 \/1 ST = 0.0061

Areq=p*b*d =0.0064800 * 487.5 = 2379 mm?
2379 mm? > As,,,, =1325mnt

Use 5 ® 25>> # of bar = 2244 =5

Then we select 5 bars ®25 A provided =5* 491 = 2454.4mnY

Check for yielding
Tension = compression
As*fy=085*f.*b*a

2454.4*412 =0.85*24*800* a
a=62mm

o _4875-827,
s 82.7
e, =0.014 >0.005

0.003

F*Mn=F * As* fy*(d - g)
F *Mn=0.9*2454.4*412*(487.5 - 31) =415.4>405.9 singly reinforcement

Check for spacing between the bar

- 800- 2*40- 2*10- 5*25
4

S

S=143mm =25mm
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- Design of span(2) and span (3) :

Figure (4-5-4): Moment envelop of span 2 &3

Mu = 229.8KN .m
Mn= MU _ 2298 _opp 3 KN . m

F 0.9

fc¢ 1.4

A = 1 on)a)> 2 (o))

4(fy)

24 14
- =———(800)1487.5)3 ——(800){487.5

ASun = 412)( 487.5)> == (800)(487.5)
As. . =1159mnT <1325mnt ............. the larger is control
As, . =1325mn?
Kn = —an

b*d
Kn=_ 253 =1 34Mpa

800*487.5
m=_ - 42 _559

0.85* fc 0.85*24
1 2mKn
==(1- 11-

p= 1 )
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o= L (1- \/1- 220203y = 90034
20.2 412

Areq=p*b*d=0.0034 * 487.5 = 1326 mm?

1326 mm? > As,,,, =1325mnt

Use 4 ® 225> # of bar = 122%5 =4

Then we select (4) bars @22 A provided = 4*380 =1520.5mn7

Check for yielding
Tension = compression

As*fy=085*f*b*a

1520.5*412 =0.85*24*800*a

a=38.38mm
= i = @ - 512mm
b, 0.85
e, _487.5-512. ) 1oa
51.2

e, =0.025>0.005
a
F*Mn=F *As* fy*(d- 0)
F *Mn=0.9*2454.4*412*(487.5- 19.19) =264>229.8 singly reinforcement
Check for spacing between the bar

— 800- 2*40- 2*10- 4*22
4

S

S=153mm =22mm
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Design of Negative moment :

- Design of support (1)& support (3) :
Mu=489.1KN .m

T, R
-489.7 -483.

Figure (4-5-5): Moment envelop of support 1 &3

Mn= MU _ 4891 _ o3 A KN'm

4ty
As,. :%(800)(487.5)3 %(800)(487.5)
As . =1159mnT <1325mnt............. the larger is control
As,. =1325mnt
Kn=_Mn_
b*d?

Kn=_ %4 -5 g6Mpa
800*487.5
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m=_ M - 42 _549
0.85* fc 0.85*24

2mKn
Y )

1
==(1- -

_ 1o [ 2(202)(2.86) \ _
p=—+ (1 \/1 SEe20)=0.0075

Areg=p*b*d=0.0075*487.5 = 2925 mm?

2925 mm? > As,,,, =1325mnt

Use 6 ® 25>> # of bar = 22422 =g
490

Then we select (6) bars 25 A provided = 6*490 = 2945.5mn7

Check for yielding
Tension = compression
As*fy=085*f.*b*a

29452*412=0.85*24*800* a
a=74.4mm

o 4875- 785,
s 785
e, =0.0156 > 0.005

0.003

F*Mn=F * As* fy*(d - g)

F *Mn=0.9%2945.2*412*(487.5- 37.2) =492>489.1 KN.m

then singly reinforcement

Check for spacing between the bar

_ 800- 2*40- 2*10- 6*25
6

S

S=92mm =25mm
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- Design of support (2)
Mu= 344.9KN .m

Figure (4-5-6): Moment envelop of support 2

Mn= MU _ % = 3832 KN.m

4(ty)
As,. :%(800)(487.5)3 ﬂ(soo)(487.5)
As . =1159mnT <1325mnt............. the larger is control
As,. =1325mnt
Kn= ﬂ
b*d?

Kn=_ 38322  _5 0oMmPa

© 800*4875

m=_ Y - 42 _,59
0.85*fc _ 0.85*24
1 2mKn

=—(1- [1-

p=—( y )

_ 1o [ 2(02)202) \ _
p=—(1 \/1 SEe=) = 0.0052
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Areq=p*b*d=00052* 487.5 = 2028 mm>

2028 mm? > As,,, =1325mnt

Use 5 ® 25>> # of bar = 2‘2‘;4 =5

Then we select (5) bars @25 A provided =5*490 = 2454.4mnY

Check for yielding
Tension = compression
As*fy=085*f.*b*a

2454.4*412=0.85*24*800*a
a=62mm

o = 487.5- 729,
° 72.9
e, =0.017 >0.005

0.003

F*Mn=F *As* fy*(d - g)

F *Mn=0.9%2454.4*412*(487.5- 31) =415.4>344.9 (then singly
reinforcement).

Check for spacing between the bar

g = 800- 2*40- 2*10- 5*25
5

S=115mm =25mm
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Design of shear

- Design of Span (1) :
Limitation for region IV
Vu=485.2 KN
d=550-40-10-12.5=487.5mm

V= @bw*d

Ve= @*800 *487.5%10°=318.4

® Vc= 0.75* 318.4 = 238.8 KN
®Vsmin=0.75 (%) * hw * d =0 .75*(%)*800*487.5*10'3 = 955.3 KN

®Vsmin = 955.3 KN.
® Ve + dVsmin =1194.1 KN =485.2 KN .
Vu = 485.2 KN (From shear Envelope)
b=80cm is suitable .
Section is correct
- Region 111 :

F Vc =238.8kN

®Vsmin=0.75 (%)\/E * pw * d =0.75 (%)m * 800 * 487.5=89.6kN

®Vsmin=0.75 (%)* bw * d =0.75 (%)* 800 * 487.5=97.5kN

Vu=336.3KN>316.6KN

X=2253_9 45 m

T 137.2

Use 4 leg 910
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=104

Av=4 = 314.16 mm?

Vsmin=—2 = 130K N
075

Av Vs

s fy*d

_314.16+412+487.5
130=10%

Sreq = 485 mm > % = 158 mm,, S= 15 cm
- RegionV:
F Vc =238.8kN

4 fc’
FVc+FVs,, £EVufFVc+F *T*bw*d
F *—“?]:C*bw*d :O.75*%*800 *487 .5*10° = 447 .7 KN

Vu= 716.4KN>485.2KN
So categories (4) satisfy:
—1 -f* :i - =
Vs= 2 (Vu- f V) = = (4852- 2388) =3285KN

Use 4 leg 910

=104

Av=4 * = 314.16 mm?

X="2%_g 2o m
137.2

Sreq= 314.;;5;:;:;5?.5 =192 mm > g = 158 mm,, S= 15 cm

Use 4 leg 910

=104

Av=4 = 314.16 mm?

Vs= f1(\/u- f *Vo) :0%5(4368- 2388) = 264KN
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Av

S

Vs
fy*d

314.16+412+487.5
264=107

Use 4 leg 910

Sreg=

=102

Av=4 * = 314.16 mm?

Vs= fl(vu- f *VQ) = 0%5 (3858- 2388) =196KN

314.16=412=487.5
19wE=10%

Sreg=

=239 mm > g = 158 mm,, S= 15 cm

=322 mm > g = 158 mm,, S= 15 cm

Figure (4-5-7): qaal) & i
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4.6 Design of Column (C13):

‘ _-L.._IE_ — ‘ U ‘
[]es I,f e
-]
= 1]
g 385 ([ R4/ |.F BS5
Fig.(4-6-1) :Place Of Column (C13) within the Ground floor.
Load Calculation for Column
Column Column Dimensions fc’ fy
C81 60cm* 80 cm 24Mpa 412Mpa
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Load Calculation:

Pu =6957KN
User =1rg=2%

Pu=0.65*0.8*{0.85* fc' (Ag- Ast)+ Ast( fy)}

6957*10° = 0.65*0.8*[0.85% 24* (Ag - 0.02Ag) +0.02Ag*412]

Ag = 473889.mn’
Ag =600*a
4738846.15/600 =a
a=789.8mm

Use 800" 600mm with Ag = 480000mm?

Pu(KN)

rg Ag, provided

a( mm)

Ag ,required

6957

0.02 480000 mm’

789.8

473889 mnv

Selecting longitudinal bars:

Pu = 0.65*0.8*%{0.85* fc'(Ag - Ast) + Ast ( fy)}

6957 *10° = 0.65 *0.8*[0.85 * 24 * (480000 - Ast) + Ast *412 ]

Ast = 9159 .46 mm 2

Take 20® 25 As,provided = 9800 mm* > As,req = 9159.46 mm?

Ast

rg _ Ag _ 9800 =0.0204
480000
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0.65 9159.46 mm? 0.0204

Design of Ties:

- Use ties @10 with spacing of ties shall not exceed the smallest of
1.48 * ds =48 * 10 = 480mm

2.16 * db =16 * 25 = 400 mm - control

3. the least dimension of the column = 600 mm

Use ties @10 @ 200mm

®10 P25 200

Check for code requirements:

_800-40*2-10*2-6*25
5

1. Clear Spacing =110mm >

40mm>1.5db=1.5*25=37.5mm - OK

2.0.01<rg =0.0204 <0.08 - OK

3. Number of bars 20>4 for rectangular section — OK

4. Minimum tie diameter ds =®10 for db = ®25 bars — OK
5. Arrangement of ties 110 mm<150mm — OK

110 mm 20 0.0204 @10 P25
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Check Slenderness Effect:

LUPPYR 12% ............... ACI - (10.12.2)

r

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

I
R: radius of gyration =0.3 h = \/;
Lu=3.35m
M1/M2 =1 (Braced frame with M,min)
K=1 , According to ACI 318-02 The effective length factor, k, shall be
permitted to be taken as 1.0.

KU cgp oMY _oca0 ACI - (10.12.2)
r M 2
*
Mu _ 173.35 _1396<20<40....
r  0.3*0.800
.....short
column.

Short column in both direction

3.35 1.0 1.0 13.96
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C13

EUES @d 0,L=178

KA/
AN LT

Ng ) R0 =/

2

=2

Ze10.L=218 10

-
E?r 5 50 50
70 .

Fig. (4-6-2):Section of Column (C13).
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4.7 Design of isolated footing (F 13):

Design of Isolated footing (Under ColumnC202):

£ fy

c

24 Mpa 412Mpa

Load Calculation:-

- From column (C202): (DL &LL)

* Service dead load ( DL) = 4013.5 KN

* Service live load (LL) =2127.4 KN

* Service Surcharge = 5 KN/m?

* Column dimensions =80 cm*80 cm

* Allowable soil pressure =480 KN/ m?
* Soil density = 18 KN/m3

* Soil weight =0.1*18= 1.8 KN/ m?

DL(KN) LL(KN) Service Column all. soil Soil density | Soil weight
dimensions
Surcharge pressure
4013.5 2127.4 | 5 KN/m? (80*80) cm| 480 KN/ m? 1.8 KN/m3 |10.8 KN/ m

Calculating the weight of footing, soil, and Surcharge :

- Weight of footing ( assume Mioning 90 cm)

Wiggng = 0.25%90 = 22.5 KN/m?
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- Total Surcharge load foundation:

WT = Soil weight +W,,, +Surcharge load =1.8+22.5 + 5 = 29.3 KN/m?

- Net soil pressure Ohes

0. =480 —29.3 = 450.7 KN/m?

- Required sizes of footing:

A,required = P, _ 40135+2127.4 13.62m?
O 450.7
Try 3.7*3.7 Area =13.69 m2
hfooti ng Wfooti ng Wsoi | WT qnet AI req u I red
90cm 22.5 KN/m? 1.8 KN/m? | 29.3 KN/m| 450.7KN/m? | 13.69m?

Depth of footing and shear design:

Pu =1.2DL+ 1.6LL=1.2*4013.5 + 1.6*2127.4 = 8220.04 KN

- 822004 _ £00.44 KN/m?
13.69
Try area Pu qu
3.7%3.7m 8220 KN 600.44KN/m?
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Tribudary ares far
0=y shear

Critical saction
tor bwo-way shaar ™

Two-wav shaar

Fig. (4-7-1) : Isolated Footing

Determine the Depth of Footing Based on Shear Strength:-
Check for One Way Shear Strength

- SR,

Inclinad crack ="

ritical section for |
it

Citg—wray shaa Tributary are for

DO way anear

Cuoluomn -
™

Ona—way sheal.

Fig. (4-7-2) : One way shear strength
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a a o a8.7 0.6

Vu=g- - d2rqurb =g 5 28 d9+600.44+3.7
e2 %) e 2 2 %)

f\Vc -%\/_4*3.7*(1*103

Let,fVc=Wu

d=0.78m

h=7820+75+20=875mm

Try h=900 mm .....

d =900 — 75 — 20= 805 mm

d (mm) h (mm) Try h(mm) Try d (mm)

0.75

805 875 900 805

Check for Two Way shear Action (Punching).

- The punching shear strength is the smallest value of the

following equations:

fV, =f 18?+_°\/7%d

1 aea
fV, =f.— 22/t %, d
12 b/d+

a2
fV, =f. —\/ % d
Where:

Column Length (a) 800
b, = =1.00
Column Width (b) 800

b, = Perimeter of critical section taken at (d/2) from the loaded area
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b,=2(0.8+0.805)+2(0.8+0.805)= 6.42 m.

a_=40..... for interior column

o) &
f Ve i:\/ ¢b d= Ox 24 *6.42*0.805*10° = 75955.24kN
b, .00 a
=f. 1 2. _\/ c 0 0 [ 83,40 0805 20* 24*6.42*0.805*10° =1110145kN
g 12 e 6.42 9

fV, =f —r ba=27 75 24%6.42*0.805%10° = 6408.8kN

1.00 6.42 40 6408.8

VU =((3.7*3.7) - ((0.8+0.805)* (0.8 +0.805)) * 600.44 = 6329.6kN

Vu=6329.6KN < ®Vc =6408.8...... OK

900 805 6.42 6329.6 6408.8

Design for Bending Moment of long & short directions.

900 805 3.7

d =900-75-20/2 = 815 mm
Mu =600.44*3.7*0.8*%0.8/2 = 710.92 KN.m

m=_ Y - 42 _o45
0.85% fc  0.85*24
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* 6
_ Mu/f _ 7109210108 _ g 5y 0

Rn = > = 2
b*d®  3700*(815)
1 2mRn
-La- b
p=—( )
o= L (1- \/1- 2202)0382) ) _ g 090783
202 412

As,.q= 0.000783 (3700) (815) = 2361.13 mn?

Asmin =0.0018*b*h == 0.0018 (3700) (900) = 5994 mnv

ASieq= 2361.13 mn? < Asyin = 5994 mn7’..... NOT OK

As= As.in = 5994 mn?

Take 53 ® 12 , As,provided = 61.02 cm? > As,required = 59.94cm?

- * - *
S= 370 75522 372 560.04 mm> Smax=450mm

- Step(S) is smallest of:

1.3h =3*900 =2700 mm

2. 450 mm — control
Take 63 ® 12 , As,provided = 7119 cm? > As,required = 59.94cm?

- * - *
S= 3700 75622 63*12 = 449.28 mm< Smax=450mm — OK

Mu(KN.m) | m Rn P ASreq( M) | Aspin(mn’) | Asyo( mn? ) S(mm)

0.32Mpa | 0.000783 |2361.13 5994 7119 | 449.28

710.92 20.2
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- Check strain
Tension = Compression
A~ fy=085" f."b" a

7119” 412=0.85" 24" 3700" a
a=38.85mm

c= ﬁ =45.7mm

0.85

_815- 457,

e 0.003 =0.00505 > 0.005...0k
45.7

7119 38.85 45.7 0.00505

Development length of flexural reinforcement:

Ld for ® 25:
-2 N yUyews. 4 9. 412 1M 55 756 gormm
10 /fct oK, +CO 10 J24 25
& db g

Available length = ((3700-800)\2)-75=1375mm

1375mm> 756.89mm ............... ok
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Load transfer at the column-foundation interface (Dowels
design ):

- In footing :

FPnb=F(0.85fc®~ \/%)

A, =0.8 ¥0.8= 0.64 m’

A, =3.7%¥3.7 =13.69 m?

i: @:463>2 ................ i=2
A V064 A

FPnb=0.65" (085" 24" 0.64" 2)" 1000 =16972 .8KN
FPn =16972 .8 > Pu =8220 KN .......... .0k

The Dowels are not needed for footing

As,min = 0.005 * Ac = 0.005 * 800 * 800 = 3200 mm?2

Use 8® 25 , As,provided = 3920 mm? > As, required = 3200 mm?
- In column:

F Pn,b = F (0.85 fctAl)

FPn,b=0.65(0.85" 24" 0.8" 0.8" 1000) = 8486 .4KN

F Pnb =8486.4KN > P, =8220KN

The Dowels are not needed for column
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- Development of dowels in footing:

0.25fy, , _025*412

| /fc 1*/24

Ld(2)req = 0.043 " fy  db=0.043 ~ 412 " 25=442.9 mm

Ld(l)req = *25=525.62 mm

Ld(2)reqg =200 mm

=>Ld(1)req=525.62 mm ............. Control
Available Ld =900 - 75- 2*12=801mm .
AvailableLd =801 mm > Ld required= 525.62 mm................. OK.

- Lap splice of dowels in column :

Ls =0.071fy.db
=0.071 * 412 * 25=731.3 mm.

Use 1000 mm

3.5
®83212 L=4.

Fig. (4-7-3) : Detail of Isolated Footing (F13)
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{Frezeii em

Section A-A [ &
[

Fig. (4-7-4): Section in footing (F13)

4.8 Design of Stair:

Mmoo
b | L2
¢ Y
.".r II'
¢ '-.
i !
II'.I'
W - I
\ 5
4 Do
=l
wil

Fig. (4-8-1): Direction of Loading of stair
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i til=

(I T ol e i
. Tt o]
- A T
',_E = -'-.J| __a.{ -
e ,, T
L P N T Tl
x=tan™! —— =28.44°
30
380
hpin = —===19cm ....select h = 20cm
20
Load
Dead load
Table(4-8-1): Dead load of stair

KN/m

Slab 1 4.55
O'Z*ZO*L'U:" 2044
Horizontal mortar 0.03*22*1 0.66
Horizontal tile 0.04*23*22 1.012
30
Vertical mortar 0.03*0.1625%22*—— 0.358
0.3
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Vertical tile 0.03*0.1625*23*L 0.374
0.3
laster 1 0.75
P O'OS*ZZ*L'M 2844
tringles 0.1625 2.0
'ng +25+1 3
=974
Live load =4 KN/m
Design of flight no.2
L olei ey
FE - .
s
s
VI - e s
1-Design of shear
qu=1.2*9.74+1.6*4=18KN/m .
MRA=0 + T
(* & tan o,
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18421+ =404 =Ay+29 ....Ay=18.9KN

SIS WY s
Vu = 18.9 +c0528.44 = 16.62 KN I_[:[:’\_\__
"' "‘. \H\'\-\ \
Fve=F Y/ g R
N
\“‘M\\x
F Vc=0.75" —”24’ 1000 174 =106 3 Vu =16.62KN H=20 cm ok “‘
No shear reinforcement is required 1_\;-_\.;'
2-Design of dending moment
M1=18.9%0.4=75.6KN.m
Mgy = 189+ 04+2 —18+2 2= 1748 kNm & 7
17.48 10° .
Mn O 9 \\ .-"r T
Kn= = : =0.64 mpa s .
bd? 1000 174° P S
m=_ ¥ __ 42 ., I
0.85* fc 0.85*24 T S
2mKn .2)(0.
o=@ 1- ) p:La-Jl-w):o.oom
m fy 20.2 412

Asreq=p*Db*d=0.00158 *100* 17.4 = 2.74cm?/m
As min=0.0018* b * h=0.00158 *100* 20 = 3.6 cm?m - control
Use @ 10/20cm As=3.9274cm?/m> Asreq

Check for strain

Tension = compression

As*fy=085*f *b*a
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392*412=0.85*24*1000* a
a=7.92mm
= E =931
0.85
o :174’ 0.003
° 9.31
e, =0.053>0.005

f =0.90k

- 0.003

Secondary reinforcement
As min=0.0018* b * h= 0.00158 *100* 20 = 3.6 cm/m

Select ® 10/20cm

Ay laald lle Jaadll o Il arancas

Jul=34. 203N

QAC=101Np

-
- “
- ;
- ! \
-
e

[=—

=2

111

1-Design of shear
DL=0.03*23+0.02*22+0.07*16+0.02*22+0.2*25=7.69KN/m
qup,=1.2*7.69+1.6*4+(Ay=18.9)

qu,= 34.53KN/m
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MRA=0 +

18*1.65*%

MRB=0 k\ +

375+ Ay = 34544214+ + 18+ 165+

+3453+21 2—2] +1.65 = By+3.75 .... By=58.74 KN

1.

E 421 ... Ay=4347 KN

FVc=F _«/(;:C b” d.eeeenn. F Vc=0.75" g 1000” 174=106 3 Vu =13.77KN
H=20 cm ok
No shear reinforcement is required
1377
[
e T PN
- ——-:'-"’Fr:-— B he
TP '|'_'__ = E 4 o
..\\. . - N
2-Design of-dending moment SN TS
My e = 4722 KN.m
47.22° 10° S
M I e
Kn= n2 = 0,'9 > =1.73 mpa £
bd 1000° 174 £
2mK
m = fy - = 412 :20.2p:i(1- 1- m n) ...... pzi(l-
0.85* fc  0.85*24 m fy 20.2

\/1_ 2(20.2)(1.73) ) = 0.0044
412

Asreq=p*b*d=0.0044 *100* 17.4 = 7.64cm?/m
As min=0.0018* b * h=0.00158 *100* 20 = 3.6 cm?/m
Use @ 10/10cm As=7.85cm?/m> Asreq

Check for strain

Tension = compression

As*fy=085*f *b*a

104



785*412=0.85*24*1000*a
a=15.85mm
1585 _

X=——=186
0.85

o 17470003
*~ 186
e, =0.025> 0.005

f =0.90k

- 0.003

Secondary reinforcement
As min=0.0018* b * h= 0.00158 *100* 20 = 3.6 cm/m

Select ® 10/20cm

Design of flight no.2

AL =12 KM . quE=15.6::|<f\|f'm

| ] L
-
-
- A
=
o L
P
.F'Jf-}
-"-F--.
-
-'-'-I--i-
.'--ff
-
y
1 a
- ]._.bh.l -~ —|1 -

1-Design of shear

MRB=0 +‘\

1563+ 2.1 m% + 18 +1.65 +

MRA=0 + C

1.65
z

+21 =Ay+375 .... Ay=32.36KN
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1.65

18+165+:% £ 1563421+ 214165 = By+375....By=30.L7KN
FVe=F \/g"" b i FVc=075 —”6234' 1000° 174=1063 Vu = 28KN
H=20 cm ok

No shear reinforcement is required P

2-Design of dending moment

My ae = 289KN. m

28.9710° RN
M S
Kn — n2 - O,.g > = 106 // ___.-'"-.
bd® 1000° 174 PR
mpa e
s

m=_ M o M2 _,, =
0.85* fc  0.85*24

_1 / 2mKn I P A 2(20.2)(1.06) _
p—m(l 1 y ) p 20.2(1 \/1 —412 ) = 0.0026

Asreq=p*b*d=0.0026 *100* 17.4 = 4.6cm?m

As min=0.0018* b * h=0.00158 *100* 20 = 3.6 cm?/m
Use @ 10/15cm As=5.23cm?/m> Asreq

Check for strain

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

523*412=0.85*24*1000* a
a=10.56mm
y = 10.56 —124

0.85

1747 0.003

e, ==~ ——".0.003
12.4

e, =0.039>0.005
f =0.90k

Secondary reinforcement

As min=0.0018* b * h=0.00158 *100* 20 = 3.6 cm?/m

Select ® 10/20cm

Fig. (4-8-2): Details of Stair
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4.9 Design of a shear wall (W3):

To design shear walls we use ( CSI ETABS) Software , and this

is a manual example of shear wall design :

Fig. (4-9-1) Location of the Shear wall

L732.25EMN

L
£

[

AHILAR KM AN

™
SRl

|
£

41358 KM M

Fig. (4-9-2) Shear and Moment Diagrams of Shear wall
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Fc = 24MPa

Fy =412 MPa

t=25 cm .shear wall thickness
Lw = 11.60 m .shear wall width

Hw for one wall = 3.35 m story height

4 .15.1: Design of shear

é Fx=Vu=17325+374=547.25KN

Design of the Horizontal reinforcement:

The critical Section is the smaller of:

= H = 5.8m.... contorl

2

:£:3.35m

SENH

storyheigh t =3.35m
d=0.8"lw=0.8"11600 = 9280 mm

5 —
@L;?Trax . 66 JFE. hd

=0.75 + 0.83 + V24 + 250 + 9280 = 7245.6KN > V/,

1 — 1
V. = G f'hd = 6\/24 * 250 + 9280 * 1072 = 1894.27KN
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— N,d _
1. =027 f.'hd+ 4}_‘ =0.27V24 + 250 + 9280 + 0 = 3068.72K N
W

= 2413.68 —580.38
- 3.35

+2413.68 = 2960.9KN.m

My L, 29609 116 . . _ . (+ve value)
V, 2 54725 2

Iy, 01 f/+02

.= 005 f+ v hd
v, 2
116 0.1v24+0
= 0.05v24 + 250 * 9280
1.32
= 392.3KN Control
Vs =Vn - Vc
= (374 /0.75) - 392 .3 =106 .4KN
A Vi 106.4 * 10?
= = = 0.0278mm?/mm

S f,d  412x9280

A, 00278
P=Sxh™ 250

= 0.00011 < 0.0025

Use $12 As=113.1 mm?

_2+1131

P =S5 = 0.0025 = 5§ = 361.92mm take it 250 mm

Max. Spacing

b _ 11690 _ > 320mm
5 5
3h =3+ 250 = 750mm
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Use $10@200mm in tow layer

Design of bending moment :

= 11600 *2+113.1 = 10495.7mm*
st 250 T '
A .
LA f_y _ 104957 412
Lyh f'~ 11600+250 24
Py
@=——=0
Lwhfe
¢ w+ o 0.062 +0

l, 2w+0858, 2+0.062+0.85%0.85 0.073

f & C
OM, =@ 05A.f, 1, (1 +—)(1——
1 ‘Ifj.-’ 'I."I.-'( Aﬂfy]( Iw

=0.9 05%10495.7 +412 » 11600(1 + 0)(1 — 0.073)
=20924KN.m > Mu

- use ¢$12@1500 mm for vertical reinforcement
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4-10 Design of Basement wall:

load calculation:

fc=24 MPa, fy=412Mpa, s=18KN/m>, qall=480KN/m?, =30, surcharge =5KN/m>

24Mpa | 412 Mpa | 18 KN/m? 480 KN/m? 30 | 5KN/m?

T

Fig (4-10-1):Section Of basement wall

Ca =1-sing =1- sin 30 = 0.5 ( Static Earth Pressure)
Pa=Ca*h* (g =0.5%*6.65%18 = 59.85 KN/m2

Ws g
hs=—= "= =0.278m
W 18

Ps=Ca*hs* Qg =0.5*0.278 * 18=2.5 KN/m2
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0.5 59.85 KN/m2

0.278 m

2.

5 KN/m?

Ps=2.5 Km

Pa =59.85KN/m

Fig. (4-10-2): Static System

From Atir we have moment and shear envelop

Shear
-120.7
-101.2
146 212
: —— —
735 g6 027
101.2
Fig. (4-10-3) : Shear envelope diagram of basement wall
Moments: spans 1to 2
-66.8
} 0.65}1.42 |
— Il Il Il
' 0.62]1.51 e — 1
[ 1
13.2
\ 1.33 64.2 2 113 | 2.14 115




Fig. (4-10-4) : Moment envelope diagram of basement wall

Design of Bending Moment
Design of -ve moment:

Mu+ =Mu- = 66.8 KN.m/m

d=300-75-20/2 =215 mm

_ Mn
" bxd’

R

=1.6MPa

R = 66.8*10°
0.9*1000* 2157

f =2 __Rw;: 1 & \/1_ 27202716 2_ 4 50405
mS fy 5 2 .2§ 412 p

Use ® 14@ 15 cm, on both sides.
With As,provided = 1026.25 mm2/m > As,req = 870.75 mm2/m

- As.min for vertical bars:

0.0015*b*h = 0.0015 *1000*300 = 450 mm?*/m

0.25 % *1000*250= 743.17 mm*/m.

% *1000 *250 = 849.51 mm¥/m. ..... .. CONTROL
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Use ® 14@ 15 cm, with As, provided = 1005.31 mm2/m > As, req = 870.75

mm2/m

- For horizontal bars :

For each side:

0.001*b*h =0.002*300*1000= 300 mm?/m.

Use ® 10@20cm, with As, provided = 392.7 mm2/m > As,req = 300

mm2/m

- Check for shear

d=300- 75- 10 = 215cm
fVc= 0.75*%* fc' *bw*d

fVc= 0.75*%* 24 *1000 * 215 =131.66KN

Vu=120KN < BVc= 131.66........ OK

The thickness is enough

!

o3s
.-'w.
T

it frEoRE Aot 4
e i01]

==

wil
1
:.';’l
1
o
e o
:
'fj...
8
b8
7 8
- 5
LN
ba
a1
4
|
B
9
ke

Fig. (4-10-5)Basement details
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4.11 Design of Strip footing.

- = =
=]

! r=1

i =1 =]

i = =

Fig. (4-11-1) location of Strip footing .
Load Calculation :

H (slab) = 0.35m
H( )=0.15m

Weight of wall (D.L.) = height* Thickness * 1m wide *y, =3.35%0.3 * 25=25.13 KN/m

From plaster D.L =0.3*25* 23 =5.52 KN/m2

D.L =25.13+5.52 = 30.65kn/m

Total W=30.65 =30.65 KN/m
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Allowable soil pressure = 480 KN/m?

Assume footing thickness is 0.25 m.

= Pn _ 50 4 104mp
gall 480
P B=12m

Take B=120cm .

Pu =1.4*30.65 = 42.91 KN/m

Assume h=35cm

h =350mm
d =350- 75- 10 = 265mm

V, =1 (0.6- 0.15- 0.265) 41.67 = 7.71kn
fv, = 0.75x% fc b,.d = 0.75x%ﬂ " 1000 0.265" 10°

=162.28kn
fV, >V,

So No Shear Reinforcement

a®.450

M, =3576" 045" 1" ¢c——==3.62kn/m
e 2 g
N :ﬂ :ﬁ =4.022kn/m
09 0.9

Mn _ 4.022° 10°

Kn= = -
b*d® 1000" 265°

=0.057Mpa
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a2
0.85f, 0.85(24)

_(1_ /1_ 2mKn

:L . 2720.2° 0057):0.000139

20.2 412

A s req = 0.000139 (1000) (265) = 36.84 mm”

As min for shrinkage and temperature:

A's min =0.0018*b*h

2
=0.0018*1000*350=630 mm

As,, = 630mnt
#of bar = ﬂ =4
113.1

Select ®12 @ 15cm c/c with A rov. 753.98mm?/m.
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