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Abstract

P EECY QJHE'J#HJ l_,.‘p'.;u'"ﬁ"l asasall]
Agilall S jall  SulSaall asaiall) g

Project Team
Arwa breight Inas Shweiki May Haddad

Palestine Polytechnic University-2007

Supervisors
Eng. Khaleel Karameh
Eng. Jamal Shweiki

The purpose of this project is the structural & electrical design of a

vella, & the mechanical design for the swimming pool.

The structural design of the vella will be carried out according to the
ACI-02 Code, in addition, many catalogues was used in the mechanical &

electrical design.
The project composed of analysis & design of the structural

electrical& mechanical parts of the vella, & all of the plans needed to

complete the construction.
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List Of Abbreviation

Ac = area of concrete section resisting shear transfer.

As = area of nonprestressed tension reinforcement.

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

reinforcement.

Ec = modulus of elasticity 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 loads.
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Ln = length of clear span in long direction of two- way construction, measured
face-to-face of supports in slabs without beams and face to face of beam or other
supports in other cases.

LL = live loads.

Ld = development length.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

S = Spacing of shear or in direction parallel to longitudinal reinforcement.

Tc = nominal tensional concrete moment strength provided by concrete.

Tn =nominal torsional moment strength.

Ts = nominal torsional moment strength provided by torsion 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.

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

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.
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CHAPTER SIX

Structural & Analysis Design

6.1 Introduction:-

In this chapter, we will present the design procedure for some of the structural
elements, so we will show the design steps (step by step) of Ribs, beams, dabs,
columns, retaining wall, foundations, stairs & shear walls.

This chapter will contain a sample calculation related to one of the preceding
members contained in this project.
All of these memberswill be designed according to (ACI — code-318M-02).




6.2 Deter mination of the dab's Thickness:-

The main loads acting on the structure are dead & live loads. Dead load
calculations based on the density of materials used in the slab.

The overall depth of the slab must satisfy (ACI — code-318M-02).

In our project - According to (ACI — code-318M-02) - the minimum thickness of the
one way slab is calculated as follows:-

Minh=L/21 : for interior span.
Minh=L/185 : for Exterior span.
Minh=L/16 : for smply supported beam.
Minh=L/8 : for cantilever.

Where:-

L: isthe clear span length (from the face of support to the face of next support).

1) Basement Floor:-

Deflection is controlled by the longest rib (1).

Min h =L/16 (simply supported beam).
Minh=370.84/16 = 23.17.

- Select h min for this floor= 25 cm.
So we will use (Block size (17x40x20), thickness of topping slab= 8cm.



2) Ground & First Floor:-

Deflection is controlled by the longest beam B39.
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Min h=L/18.5(for exterior span) =476/185 =25.7cm.
Minh=L/21 (for interior span) =321.08/21 =15.3cm.

- Select Min h = 32. For ground & first floor, Block size (24x40x20), thickness of
Topping slab= 8.
3) Roof Floor:-

Deflection is controlled by the longest beam B64.
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Min h=L/18.5(for exterior span) =612/16 = 30.25cm.
Minh=L /21 (for interior span) =328/21 =17.7cm.

- Select Min h = 32. For roof floor, Block size (24x40x20), thickness of topping
Slab=8cm



6.3 Determination of L oads:-

We decided to use a (15cm) rib in the Ground & First floor to solve deflection

problem, owing to long span cantilever ribs. However, we use a (12 cm) rib in the
Basement & Roof floor.

1) Basement Floor:-

(Ribbed slab = h =25 cm, Rib width = 12 cm)

IIH.EJ e e AL J' v A ""/ﬁ[ AL v R /-'L'?/;J ?:‘
Sand T r
Top #ab o i i
lﬂbjmr - - - I'\-'Il
1
ol ] o
-Tiles = 2.2x052x0.03 =0.034 ton/m of rib
-Sand Fill = 2.0x0.52x 0.07 =0.073 ton/m of rib
-Topdab = 25x0.52x0.08 =0.104ton/mof rib
- Block = 09x040x0.17 =0.061 ton/mofrib
- Rib = 25x0.12x0.17 =0.051 ton/mofrib
- Plaster = 2.2x052x0.03 =0.034 ton/mofrib
- Partitions = 0.125x 0.52 = 0.065 ton/mofrib

- Nominal Total Dead Load = 0.422 ton /m of rib.

- Nominal Total liveLoad =0.2ton/ m ? = 0.2*0.52 = 0.104 ton/m.

Wy =12 (0.422) + 1.6 (0.104) = 0.673 ton / m.



2) Ground and First Floor:-
(Ribbed slab — h = 32 cm, Rib width = 15 cm)
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- Nominal Total Dead Load = 0.505 ton /m of rib.

- Nominal Total liveLoad =0.2ton/ m’ =0.2*0.55 = 0.11 ton/m.

“Wo = 12(05505) + 1.6 (0.11) = 0.782 ton / m.

3) Roof Floor:-
(Ribbed dlab — h = 32 cm, Rib width = 12 cm)

__Nominal Total Dead L oad = 0.468 ton /m of rib.

- Nominal Total liveLoad =0.2ton/ m” = 0.2 *0.52 = 0.104 ton/m.

“Wo = 12(0.468) + 1.6 (0.104) = 0.728 ton / m.




6.4 Design of Topping:-

1) Basement Floor:-
(Ribbed slab — h =25 cm, Rib width = 12 cm)

Liveload = 0.2ton/m”  (For residential).
Dead load = (0.422 / 0.52) — (0.051/ 0.52) = 0.713 ton/ m”.

Wi =12 (0.713) + 1.6 (0.2) = 1.17ton / m®.

- Assume dab isfixed at support point (ribs).

2
Mu=(WUXL]

12

2
Mu = (%j = 0.0155 ton.m, for 1 m wide strip

2) Ground and First Floor:-
(Ribbed slab — h = 32 cm, Rib width = 12 cm).

Liveload = 0.2ton/m>  (For residential).
Dead load = (0. 505/ 0.55) — (0.09 / 0.55) = 0.754 ton/ m”.

Wi =1.2(0.754) +1.6(0.2) =1.225 ton/m”.

- Assume slab isfixed at support point (ribs).

2
MU = Wu x L
12




2
MU — 1.23x0.4
12

j =0.0164 ton.m, for 1 m wide strip.

3) Roof Floor:-
(Ribbed slab — h = 32 cm, Rib width = 12 cm)

Liveload = 0.2ton/m>  (For residential).
Dead load = (0. 468/ 0.52) — (0.072/ 0.52 = 0.761 ton/ m” .

Wi =1.2(0.761) +1.6(0.2) =1.23 ton/m”.

- Assume dlab isfixed at support point (ribs).
2
MU = Wu x L
12

2
MU — 1.23x0.4
12

j =0.0164 ton.m, for 1 m wide strip.
- According to ACI (9.5.2.3)

Fc=0.80x fcu=0.80 x 30 =24 MPa

f, = (5/12)\/f_C'(MPa) = (5/12)@ = 2.04(MPa) = 0.02(ton/ cm?)

Mn=(f, )s)

bh* 100x 8
6 6

®Mn = 0.55 (0.02)(1066.7) = 11.73 ton. cm = 0.12 ton. m

Note > ® = 0.55 for plain concrete.

®Mn =0.12 ton.m > Mu = 0.0164 ton.m

=1066.7cm® ... For arectangular X-section

- Reinforcement is not required for structural reasons.



-> Provide Shrinkage & Temperature Reinforcement:

- Referring to (ACI-7.12.2.1).
The steel used in our region has ayielding stress = 420 MPa.

p =0.0018.
Asreq = (0.0018)(100)(8) = 1.44 cm? /m.
Use ® 8 @ 20 cm in both directions.

100/20 = 5 bars.
Provided As= 5* 0.503= 2.5cm”

6.5 Design of Rib (4):-

1 2 3 4
1 2 3
A A A
| | |
-, 5 L, T
A A A
9.2? 4.3 ‘ 0.8 ‘ 1.18 ‘ 0.8 ‘ 1.7 ‘
o 4.82 ‘ " 198 | ‘ 2.1 :
I 55 I 1
32.
15.
A-A
By using Atir program, we found that the envelope of moment for thisrib (R4)
isasfollows:-

Dead load = 0.505t/m.
Liveload =0.11t/m.




-2.4

| 2.17 2.65 0.1 1.88 |
T

21

Figure (6.1): rib (4) moment envelope.

6.5.1 Design for Positive M oment:-

Effective Flange width (b ) according to ACI code (8.10.2)

(o) For T- section isthe smallest of the following:-
Be= | /4=483/4=12095cm.

be - bw+16t:15+16(8):143cm

be = C/ICspacing=55cm.................... Control

be - 55 cm.

* Design of Span (1):-

Maximum (Mu) for this span = 1.6 ton. m.

Mn = w = 1—6 =1.78ton.m.
()} 0.9

Determine whether the rib will act as rectangular or T — section.
Take a=t =8cm. = C=0.85f_th.

= 0.85 (0.24) (8) (55) =89.76 ton.




d=nh- Cover - 9 d, (stirrups) =32-2-1.2/2-1=28.4cm.
2

28.4— 8

a
(d j 2j ( 2j
Mn = (T)or (C)~——=2 =89.76~— </ = 21.9tonm
100 100

Mn available = 21.9 ton.m > Mn required = 1.78 ton.m

= Design as arectangular with bE =55 cm.

s 14
min=——(bw)(d) >=—(bw)(d) ........... (ACI-105.1)
A 4(fy)( )(d) fy( )(d)
24 1.4
A min= 220 (15)(284)> 7 (15)(284) > 124> 1.42
A, min=1.42 cm 2 e, Control.
m= fy : :—420 =20.59
0.85fc’  0.85(24)
5
Rn = N - = 1.6x10 —=4.01kg /cm?®
@ bd 0.9x 55 x 28.4
" :i(l— 1 2mRn J
m fy
_ 1 (1_\/1_ 2X20'59X4'01]=0.000964
20 .59 4200

A, (req) = 0.000964 (55) (28.4) = 1.51 cm? > Asmin =1.42 cm?.

Alred) 151 4 gy

Number of required bars = =
Al(bar®12) 1.13

= Use2 d12.



As provided (2 ©12) = 2.26cm?.
As provided > Asmin.

= Check of yielding:-

T =Asprovidedx Fy = 2.26 x 4.2 =9.492
C=085f;ab o g5y 024x15xa=306a

T=C
a= % =3.102cm.
3.06
_a_3102_ 5eeim
b 085

0.003_©5*0003_ 0,003 _e+.003
X 28.4 365 284

e, =0.0203> 0.005.............. OK.

6.5.2 Design for Negative M oment:-

Design of T-section for negative moment as rectangular section with (b=bw).

The minimum reinforcement is determined according to ACI (10-5.2)

asfollows:-
i Jic
A min _m(bw)(d) < W(bf )d)........... (ACI-10.5.1)
o J24
A min= 2420) (15)(28.4)5M(55)(28.4)9 2.48< 4.55

A min= 248 m’ . Control.



* Design of Span (2), Span (3), and Support (3):-

All of span (2), span (3), and support (3), will be designed for the maximum
negative moment as shown in Fig (6.1) that is equal to 2.4 ton.m.

Mu = 2.4 ton.m.
m = 20.59

5
_ Mo 24x10° 55 04kg /em?
®hd 0.9x15x28.4

: :1(1_ /1_2m_RnJ
m fy

1 [1—\/1— 2 x 20.59 x 22.04

Rn

r= = 0.00557 .
20 .59 4200

As( req) =0.00557 x 15 x 28.4 = 2.37 cm?.
As(req) =2.37cm? < Asmin = 2.48 cm? .
Take As= Asmin = 2.48 cm?,

A(req) 248

Number of required bars = = =1.61bar.
A(bar®14) 154

= Use2 ©14.
As provided (2 ®14) = 3.08 cm?.
As provided > As min.

= Check of yielding:-

T =Asprovidedx Fy = 3.08 x 4.2 =12.94 ton.

C=085f;ab o 5g5x024x15xa=306a

T=C



0.003_&s*0903 _ 0003 _e;+.003
X 28.4 497 284

e, =0.0141> 0.005.............. OK.

* Design of Support (2):-

Mu = 1.4 ton.m.
m = 20.59

5
Mn __ 14x10 =12.86kg /cm?

Rn = 5 5
@ bd 0.9x15x 28 .4

1 1_\/1_ 2 x 20.59 x 12.86
4200

j = 0.00316 .

As( req) =0.00316 x 15 x 28.4 = 1.35 cm.

As(req) =1.35cm? < Asmin =248 cm? .
Take As= Asmin = 2.48 cn?.

Alreq) _248 =1.61bar.

Number of required bars = =
A(bar®14) 154

= Use2 ©14.
As provided for 2 ®14 = 3.08 cm2
As provided > As min.



= Check of yielding:-

T =Asprovidedx Fy = 3.08 x 4.2 =12.94 ton.

C=085fab o gg5x024x15xa=306a
T=C

1294
3.06

=4.23cm

——=497/cm
0.85

a_ 423
b o

0.003_&s*0903 _ 0003 _e;+.003
X 28.4 497 284

es =0.0141> 0.005.............. OK.

= Apply minimum reinforcement at the top of the edge support
Asmin = 2.48 cnm?.
= Use2 ®14.
As provided for 2 ®14 = 3.08 cn?.

... (Support 1).



6.5.3

Shear Design of Rib (R4):-

By using Atir program, we found that the envelope for shear Diagram, as

follows:-
2.2
-1.6 -1.5
-0.9
| | : 0.2 I I/
0.5
e 13 1.4
2,
Figure (6.2) rib (4) shear envelope.
* Span (1):-
V,=22ton .......ooeevinnn. As shown in Fig. (6.2)

(Vu) at Critical point = 1.6 ton.

Ve = (Ejbd = [*@](15)(28.4)( 10 ) = 3.48ton.

6 6 1000

= Check (Item 2):-

So, minimum shear reinforcement is required, except:-
- Slabs & footings.
- Floor joist constructions. (Ribs).




- Beamswith total depth  h < 25cm.
<2.5tf.
< 0.5bw.

Exception #2 is satisfied because we design arib. = so no need for minimum
shear reinforcement , but we will apply ®10@40 cm, for construction requirement.

* Span (2):-

u=15toN.........oeunn.. As shown in Fig. (6.2)
(Vu) at Critical point = 0.9 ton.
ve=| VI g - X@E-a5x2&4{}glﬂ==a4&on
6 6 1000
= Check (Item 1):-
Vu_Ve

f 2
9 348
S Gt
075 2

1.20<1.74
= So no need for shear reinforcement, but we will apply ®10@40 cm, for

construction requirement.
* Span (3):-

V,=2ton ......oeenil As shown in Fig. (6.2)
(Vu) at Critical point = 1.4 ton.

vcz(ﬁfgjbd=(X§EJQ5X2&4{}g1J::34&on
6 6 1000



= Check (Item 2):-
Ve > wu > ve
f 2

3.48 > ﬁ > @
0.75 2

348>1.87>1.74
So, minimum shear reinforcement is required, Except:-
- Slabs & footings.
- Floor joist constructions.( Ribs).
- Beamswith total depth  h < 25cm.
< 2.5tf.
< 0.5bw.
Exception #2 is satisfied because we design a rib. =2 So no need for minimum

shears reinforcement, but we will apply ®10@40 cm, for construction requirement.



6.6 Design of Beam (22):-

1 2
1 2
1 A‘ 1 N 1
0.2 1.64 0.4 4.76 0.28
s 1.94 ‘ ‘ 5.1
1 1 \
32]
60.
A-A

Figure (6.3) section of beam (22)

6.6.1 L oad calculations:-

= For span (1) = only the weight of the above wall acting onit.
The weight of the wall per 1 m of thewall length = y.b.h.
And equals=2.4x 0.3 x 3=2.16 ton/m.
= For span (2) = Reaction from R (6) acting on it.
By using Atir program to find the reaction of Rib (6)
On this beam (the longest rib). The result was as follows:-
From R (6) => Service dead reaction = 1.3 ton.
Service live reaction = 0.28 ton.

By dividing the reaction by the rib width (55 cm), we can get the uniform linear

load on each span of the beam
— Dead load = 1.30/0.55 = 2.36 t/m.

— Liveload = 0.28/0.55 = 0.509 t/m.

- Assume beam width = 60 cm, beam thicknessis 32 cm.

Dead and live load are as explained before.



B1=0.85.

. _(035)(085)fc'bl( 600
) fy 600+ fy

. (0.35)(0.85)(24)(0-85)( 600 j - 0.0085.
420 600+ 420

f
m=— _-_40 _ 5459
0.85f/  0.85(24)
rm
Rn=r.fy|1-—
fy( 2)

Rn = (0.0085)(420)(1— (0'0085;(20'59) j = 3.26kg / cm?.

- Assuming @ 20 for main reinforcement.

d = h- cover — db(stirrups)- (Db/2)=32-4-1-1 =26 cm.
b=60cm.

h=32 cm.



6.6.2 Design for Positive Moment:-

The bending moment envelope for this beam is as shown below:-

-10.3

1.94 3.06 2.04

Figure (6.4) beam (22) moment envelope.

* Design of Span (1):-

No positive moment on this span. But minimum steel should be used at the

bottom of the span.

Assume b = 60 cm.

A, min = %(bw)(d) > %(bw)(d) ........... (ACI-10.5.1)
24 1.4
Amin= (60)(26) 2, (60)(26) > 4.552 5.20

A min=1.42cm SR Control.

~>Use4 @ 14 mm, Asprovided = 6.16 cm”.




= Check of yielding:-

T =Asprovidedx Fy = 6.16 x 4.2 = 25.87 ton.
C=0.85fab = 0.85x024x60xa=1224a
T=C

a=28"_5110m
12.24

a_211_, 49em

b 085

0.003_&s*0903 _ 0003 _e;+.003
X 26 249 26

es =0.028>0.005.............. OK.
* Design of Span (2):-
Mn = # = Rnb.d?

90x10°°

=3.26.0(0.26)*

B= 0.45 m, and we will take b=60 cm, (for deflection reasons& and to be the

same as the width of span (2) section).

= Check if the beam is singly or doubly reinforced:
= Determination of required steel :-
m = 20.59.

5
= Mr; __ 9010 = 24.65(Kg/cm?)
bd® 0.9x60x26

i =1[1— - ZmR"]
m f,




1 [1_ \/1_ 2x 20.59x 24.65

= =0.00628
20.59 4200

As = 0.00625 (60) (26) = 9.79 cm”

Asmin=52cm-.

Asreg >Asmin
Use4 @ 18, Asprovided = 10.16 cm®.

But we use 11 @ 18, for deflection reasons, as results just from Atir program, as

shown in beams detailing in the appendix.
= Check of yielding:-

T =Asprovidedx Fy = 10.16 x 4.2 = 42.67 ton.
C=0.85fab = 0.85x024x60xa=1224a
T=C

a= @ =3.49cm

1224

_2_ 3% _ 4 10em
b 085

0.003_&s*+0903 _ 0003 _e,+.003
X 26 410 26

es =0.016 > 0.005.............. OK.

o 349

a
(d_zj [ 2 j
Mn = or(C)~———£ =42.67—— =10.35ton.m.
(Tor(C) 100 100



6.6.3 Design for Negative M oment:-

* Span (2):-

Check whether the assumed beam width is correct or not
Mn = # = Rnb.d?

10.3x10°®
0.9

B=0.52 m, and we will take b=60 cm .

= 3.26.0(0.26)°

- Determination of required steel
m = 19.35.

~ Mn _ 10.3x10°
bd? 0.9x60x 262

‘ =1[1— - ZmR"J
m f,

_ 1 1_\/1_ 2x 20.59x 28.22
20.59 4200

Rn = 28.22(Kg/cm?)

r =0.00726.

As = 0.00726 (60) (26) = 11.33cm”

Asmin=5.20 cmz.

Asreg >Asmin

Use5®d 18 mm , As provided = 12.7 cm®.



= Check of yielding:-

T=Asprovidedx Fy = 12.7 x 4.2 =53.34 ton.
C=0.85fab = 0.85x024x60xa=1224a
T=C

a= ﬁ = 4.36cm
12.24

_2_430 _513m
b 085
0003 €g*t0003 0003 e +.003

= =
X 26 5.13 26

es =0.0122 > 0.005.............. OK.

5 436

(d _:j (2 2 j
Mn=(T)or(C)~—=2=5334~< 7 12 7ltonm
100 100

= Providing minimum positive steel at the bottom of the span
= Apply minimum steel at the end supports.

Use4 ® 14 mm, As provided = 6.16 cm’



6.6.4 Shear Design of Beam (22):-

-8.4 -8.7
-6.9
2.3
[ I I I
10.8
12.7
Figure (6.5) beam (22) shear envelope.
* Span (1):-
V,=84ton...........o..on.n. As shown in Fig. (6.8)

V, @ Critical point = 6.9 ton

Ve = (—\'fded _ [—VZA'J(GO)(%)(ﬂj _12.74t0n.
6 6 1000
= Check (Item 2):-

Vc>\£>£
f 2

12.74 > ﬁ > %
0.75 2

12.74>9.2>6.37
So, minimum shear reinforcement is required, Except:-
- Slabs & footings.
- Floor joist constructions.( Ribs).
- Beamswith total depth  h < 25cm.
<25tf =2.5(8) =20 cm.

< 0.5bw = 0.5(60) = 30 cm.




Exceptions are not available, so we need the minimum shear reinforcement.
= According to ACI-code-318 = minimum number of stirrupsis:

(2) Stirrup = for beams with (b < 40 cm).

(2) Stirrups = for beams with (40cm<b <80cm).

(3) Stirrups = for beams with (b > 80cm).

= So, we will use (2) stirrups (4- legs) for a 60 cm beam width.

— W:——(60) 0.0437cm
S 16 f, 16 4

[ﬂj , 1 fcb 1 24

1fbwi_ 1760 )_ 4 04760m
3 f, ) 3l42

(%j =0.0476cm controls.

=>Assume ®10 stirrups = Av = 0.79 cm?.

Av 4079
s

S=66.39 cm.

(€ = 2 ~130m)

< 60cm

=0.0437.

S

IA

S =13 cm controls.
=2>Use 10 @ 13 cm.

* Span (2):-

V,=127ton .......ooenenenen. As shown in Fig. (6.8)

V, @ Critical point = 10.8 ton.



= Check (Item 3):-
[:—13 +%}/ fc'bd > \]f_u >\c

[ j\/_ (60)(26)(

38.21>16.93>12.74
= Complies with Item (3).
Av_ Vs

s f,d

12.7

>12.74
100 oj 0.75

-
Vu
Where: Vs= f— -Vc =16.93-12.74=4.19 ton.

_ Av. fyt d
Vs

Use 2 stirrups (4- legs) for a60 cm beam width.
=>Assume 10 stirrups = Av = 0.79 cm?2,
_ 4x0.79x4.2x 26

=82.36cm.
419
S < (_:§ 13cm)
2
< 60cm

S =13 cm controls.
=>Use ®10 @ 13 cm.



Basement floor : -

Table(6.1): beams Table

Beam Span Positive steel Negative steel stirrup
beam | section | length
No. (cm) (cm) | No.Of | Diam. | No. Of | Diam. | No.Of | Diam. | Spacing
Bars | (mm) | Bars | (mm) | stirrup (mm) (cm)
Bl 25*50 200 4 12 4 12 38 10 10
B2 2550 300 6 20 5 20 59 10 10
B3 25*50 235 4 14 9 12 46 10 10
B4 25*50 80 4 14 4 16 14 10 10
25*50 320 4 14 4 16 63 10 10
B5 2550 330 6 12 4 14 64 10 10
B6 25*50 100 4 14 4 16 18 10 10
25*50 340 4 14 4 16 67 10 10
Ground floor:-
Beam Span Positive steel Negative steel stirrup
beam | section | length
No. (cm) (cm) | No.Of | Diam. | No. Of | Diam. | No.Of | Diam. | Spacing
Bars | (mm) | Bars | (mm) | stirrup (mm) (cm)
B7 32*50 150 4 12 4 12 15 10 10
32*50 365 4 12 4 12 36 10 10
32*50 150 4 12 4 12 15 10 10
B8 32*70 490 10 20 6 20 49 10 10
32*70 215 6 12 6 12 21 10 10
B9 32*50 490 4 12 4 12 49 10 10
32*50 215 4 12 4 12 21 10 10




B10 32*50 20 4 12 4 12 2 10 10

32*50 215 4 12 4 12 21 10 10

32*50 20 4 12 4 12 2 10 10
Bll 32*80 260 14 18 8 18 26 10 10
B12 32*80 385 14 18 6 10 38 10 10
B13 32*50 240 4 12 4 12 23 10 10
B14 32*50 305 6 12 4 14 30 10 10
B15 32*70 200 4 14 4 14 20 10 10

3270 475 12 18 6 18 47 10 10
B16 32*50 350 4 12 5 12 35 10 10
B17 | 32*121 475 18 20 17 20 47 10 10
B18 32*50 330 4 14 5 18 32 10 10
B19 32*50 315 8 18 4 12 31 10 10
B20 32*80 470 12 20 8 20 47 10 10
B21 32*50 240 4 12 4 12 23 10 10
B22 32*60 165 4 14 4 14 16 10 10

32*60 475 11 18 4 14 47 10 10
B32 | 32100 400 15 20 10 20 40 10 10
B24 32*50 230 4 12 4 12 22 10 10
B25 32*50 165 16 10 9 14 16 10 10

32*50 475 4 12 4 12 47 10 10
B26 32*50 340 4 12 4 12 33 10 10
B27 32*50 85 4 12 4 12 8 10 10

32*50 330 4 12 4 12 33 10 10

32*50 180 4 12 5 16 18 10 10
B28 32*50 330 4 12 4 12 15 10 10

32*50 160 4 12 4 12 8 10 10




First Floor:

Beam Span Positive steel Negative steel Stirrup
beam | section | length
No. (cm) (cm) | No. Of | Diam. | No. Of | Diam. | No.Of | Diam. | Spacing
Bars | (mm) | Bars | (mm) | stirrup (mm) (cm)
B30 32*80 260 14 18 6 14 26 10 10
B31 32*50 210 4 12 4 12 21 10 10
B32 32*110 335 16 20 12 20 33 10 10
B33 32*60 285 11 18 4 14 28 10 10
B34 32*50 300 10 18 4 12 29 10 10
32*50 165 4 18 4 12 16 10 10
B35 32*50 235 4 12 4 12 23 10 10
B36 32*50 130 4 12 4 12 12 10 10
B37 32*50 190 5 12 4 12 19 10 10
B38 32*80 420 6 14 5 14 42 10 10
32*80 370 5 14 7 14 36 10 10
32*80 420 6 14 5 14 42 10 10
B39 | 32*120 475 18 20 17 16 47 10 10
32¥120 320 6 16 13 16 32 10 10
32*120 340 18 20 12 16 34 10 10
B40 | 32*120 470 18 20 8 14 46 10 10
32*120 320 17 20 10 20 32 10 10
B41 | 32*110 475 16 20 15 20 47 10 10




B42
B43
B44

B45
B46
B47

B48
B49

B50

B51
B52
B53

B54
B55
B56

B57

32*50 125 4 12 4 12 12 10 10
3290 530 13 20 10 20 52 10 10
32¥110 165 8 14 10 20 16 10 10
32*110 655 15 20 8 20 65 10 10
32¥110 340 11 20 8 14 33 10 10
32*50 235 4 12 4 12 23 10 10
32*50 305 8 20 5 20 30 10 10
32*60 200 11 14 11 14 20 10 10
32*60 175 5 14 6 18 47 10 10
32*50 340 5 12 4 12 33 10 10
3270 10 6 12 6 12 3 10 10
32*70 135 6 12 6 12 13 10 10
3270 235 6 12 6 12 23 10 10
32*70 135 6 12 6 12 13 10 10
3270 10 6 12 6 12 3 10 10
32*50 310 4 12 4 12 15 10 10
32*50 160 4 12 4 12 27 10 10
32*50 270 4 12 4 12 27 10 10
32*80 475 12 20 10 20 47 10 10
32*50 20 4 12 4 12 2 10 10
32*50 215 4 12 4 12 21 10 10
32*50 20 4 12 4 12 2 10 10
32*80 385 12 16 6 12 38 10 10
32*70 285 10 20 6 20 28 10 10
32*50 150 4 12 4 12 15 10 10
32*50 305 4 12 4 12 36 10 10
32*50 150 4 12 4 12 14 10 10
32*50 180 4 12 5 16 18 10 10




Roof floor:-

Beam Span Positive steel Negative steel Stirrup
beam | section | length
No. (cm) (cm) | No.Of | Diam. | No. Of | Diam. | No.Of | Diam. | Spacing
Bars | (mm) | Bars | (mm) | stirrup (mm) (cm)
B58 32*50 200 4 12 4 12 20 10 10
B59 32*50 100 4 12 4 12 10 10 10
B60 | 32*110 525 13 20 10 20 52 10 10
32*60 500 7 12 6 12 47 10 10
32*50 230 8 14 7 14 22 10 10
B61 32*50 200 4 12 4 12 20 10 10
32*50 605 4 12 4 12 60 10 10
B62 32*50 235 4 12 4 12 23 10 10
B63 | 32*50 230 4 12 4 12 22 10 10
32*50 195 4 12 4 12 19 10 10
32*50 200 4 12 4 12 5 10 10
32*50 230 4 12 4 12 22 10 10
B64 | 32¢100 610 17 320 11 20 61 10 10
32*100 330 7 14 8 14 32 10 10
32*100 242 7 14 7 20 24 10 10
B65 | 32*50 235 4 12 4 12 23 10 10
B66 32*50 305 4 12 4 12 30 10 10




6.7 Design of Columns:-

Fig (6-6) horizontal plan with columns

6.7.1 Design of (C1):-

Exterior rectangular column.

- Loads on the Column:-

Loads acting on columns are obtained from support reaction when anayzing
the supported beams.

Loads acting on column (c1) are asfollows:-

* From the First Floor = From B 39 = Service Dead reaction = 18.2 ton.



Service Live reaction = 2.69 ton.
From B 48 = Service Dead reaction = 3.43 ton.

Service Live reaction = 0.59 ton.
From B 50 = Service Dead reaction = 0.48 ton.

Service Livereaction = 0.00 ton.

* From the Ground Floor => From B19 => Service Dead reaction = 4.85 ton.
Service Live reaction = 0.76 ton.
From B 26 => Service Dead reaction = 3.61 ton.
Service Live reaction = 0.54 ton.
From B28 = Service Dead reaction = 1.17 ton.

Service Live reaction = 0.00 ton.

Column dimension will be the same and design in al the floors, because we
are designing a vella with 4 floors only. So the load will not have a large variation

that requires changing the dimensions.

As we design a Vellathat means that no expectations to construct additional

floorsin future, so we will design only for the required columns.

Self weight of the column for three floors= A x h x p x # of floors
=(04x02)x3x24x2=1.152Ton.

By summation of the above reactions and the self weight
- Total dead load = 32.892 ton.
- Total liveload = 4.58 ton.



6.7.2 Design of the Longitudinal Reinfor cement:

Total load (Pu) =1.2DL + 1.6 LL.
=(1.2x 32.89) + (1.6 x 4.58)
= 46.80 ton.

Pn(req) = % = % = 72.0ton

Pn=0.8Ag(0.85fc'(1-rg)+4.2rg).

Take pg = 0.015.

72 = 0.8Ag(0.85(0.24)(1- 0.015) + 4.2(0.015)).
Ag =341 cm?

Ag=bxh.

Takeb=20cm —h=17.05cm.

Select-> 20cm x 40cm = 800 cnm2.

* Determination of required pg:

72 = 0.8(800)(0.85(0.24)(1— 1 g, )+ 4.2 9, )
pg (req) = -0.0229 < p(min)= 0.01.

Use pg = p(min)=0.01.

As(req) = pgx Ag=0.01x 800=8cm?
Use 6 ®14 =9.24 cm2.

6.7.3 Check denderness effect: -

(KLu/r)<(34-12M1/M2))
A0 i ACI 10-12-2



Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame)
r: radius of gyration =0.3* h = JITA .
M1/M2 = 1 for transverse loading.
Lu=3m.
(1* 3/(0.3* 0.4m)) < (34-12[1])
25 > 22.
< 40

Slender ness effect must be consider ed.

P, = (1.2*DL) + (L6*LL).

P, =46.8ton.
_ p’El
T RIYE
El = large of:
0.2E.1, +E.I
El = ( o tBle)
1+ bd
Or
= O.4ECIg .............................................
1+bd

E, = 15000,/ fc' «——Kg/cn?

= _ 15000240

. = 232.38 ton/cm’.
1000

....... A.C.l (10.12.3) eq (10.9).

............. A.C.l (10.12.3.1).

I, =moment of inertia of gross concrete section about centroidal axis, neglecting

reinforcement, cm?®.



_b*h®  20* 40°

. — 106666.67cm".
12

| . =Moment of inertia of reinforcement about centroidal axis of member cross
section, cm®.

| =2(A* x?) = 2(2* 1.54* 14.3%) = 1259.66cm" .

Es = 200000 M Pa = 2000 ton/cm?.

factored axial dead load 3947

bd = . = =.8433
factored axial total load 46.8 .
From equation 1 and 2 we select the large value:
£l = ((0.2* 232.38* 106666.67) + (2000* 1259.66)) _ 4056181.93ton.ci?
1+0.8433
* *
El = 047 232.38" 106666.67 =5378875.012 toncm’ (control).
1+0.8433
2 %
, - P TS378875.01 _ gog66  ton .
(1.0* 3.00*100)
1.0
p— p— >
d - 168 112 210 i OK.
0.75* 589.86

e =15+ (0.03* h) =15+ (0.03* 400) =27 mm

e used for the design = 1.12* 27 = 30.24 mm = 3.02 cm..

Because M negligible we use the equation above.

eused = 3.02 cm.
We calculate eb (balance) to check e used if small or greater than eb.
e, = 420 _ 0.0021
200000
% _ 0.003 % 0.003 —x,= 20.18cm

d  0.003+00021 343 0.003+0.0021



a,=0.85*x,—~a, = 0.85* 20.18 =17.15cm
Compression stedl —yield?

es x,-d e’/ 2018-57
- _

0.003  x, 0003  20.18
C,=0.85* fc'* b*a,=C_ = 0.85* 0.24* 20*17.15 =C = 70ton.

=e,'=0.0021> €, ..o OK

C=A,(f -0.85fc’) =C = (2*1.54){4.2 - (0.85* 0.24)} =C =12.31ton
T=A*f=T=2¥154*42=T =12.94ton
Z fy=0T"

C+C.-T-P,=0.0
70+12.31-12.94—P, = 0.0 =P, = 44.75ton.

Take moment about center axis of column:

Zm at C.A =0.0 + Clock wise.

(-T*14.3) -g(g - %) —C.(14.3) +(P,"&,) =00

(-12.94*14.3) - 70(? - %) —-12.31(14.3) + (44.75*¢,) = 0.0

=e,=25.94cm
eused <e,= 3.02< 25.94 .. compression control.

E =200000 MPa = E = 2000t/ cm?
C=12.31ton.

C.=0.85* fc'*b*a,=C_=0.85*0.24* 20* 0.85* x =C _=3.47* X

e= (d—;x) *0.003

3437 %)+ 0,003% 2000 f = 6+ (432X

fS:eS*E:>fS:(



34.3- X

T=A*f=T=1f=6%(
X

)* (2*1.54)

633.86—18.48* X
T=( )

X

Pn=C_+C_-T
Z m at Pn=0.0+ Clock wise.

_{633.86—18.48 X}{17.1]} +{3.47% X(O.85 X
X

~17.19)} — (12.31* 11.49) = 0.0

X3 —-40.54X%+118.88X — 7377.76=0.0
X=41.9cm.
Weused X=h =40 cm.

C.=347*40=138.8 ton

_ *
T (633.86 18.48 40) _ 263 ton

40

Pn=138.84+12.31--2.63= Pn=153.74 ton.

f *Pn>Pu= 0.65*153.74=99.93 ton>46.8..................... OK

Use 6 @ 14 bar
6.7.4 Design of Ties

Use @ 10 mm ties for longitudinal bars diameter < ® 10 mm: ACI -7.10.5.2

S <16db (L ongjtudinal diameter bar) = 16(1.60) = 19.2 cm......... (Control)
S < 48dties (Ties bar diameter) = 48(1.00) =48 cm .
S<Leastdimenstion =20 cm.
. Use ®10 mm rectangular ties @ 19 cm spacing.
- Use 40x20 with 6@ 14 bar with @ 10 ties @ 19 cm spacing.



Table(6.2): Rectangular Columns Table

Fig (6-7) column (C1) detail

Column Vertical Ties
Column Floor Dimension Reinfor cement
No.

No. (cm) No. Of Diam. Size Diam.

(mm) (cm)

Bars (mm)

Base. 20*40 6 14 10 20

Ground 20*40 6 14 10 20

Cl First 20*40 6 14 10 20

Roof 20%40 6 14 10 20

Base. 20*60 8 14 10 20

Cc2 Ground 20*60 8 14 10 20

First 20*60 8 14 10 20

Roof 20*60 8 14 10 20

Base. 20*80 8 16 10 20

C3 Ground 20*80 8 16 10 20

First 20*80 8 16 10 20

Roof 20*80 8 16 10 20




Table (6.3): Circular Columns Table

Column Vertical Ties
Column Floor Diameter Reinfor cement
No.
No. (cm) No. Of Diam. Diam. Spacing
(mm) (mm)
Bars (cm)
Exterior D=55 6 22 10 20
C4 column
Base. | - | - | - -
C5 Ground | - | - - e
First D=35 6 16 10 25
Roof D=35 6 16 10 25
C6 Exterior D=30 6 14 10 20
column




6.8 Design of Stairs:-

6.8.1 Design of Interior Stair (1):-

Fig (6.8) Top view of stair 1

as shown in section (1— 1) above: -

1) Determination of thickness:-
h>1/20 = 1.5/20 =7.5cm
= Select h = 15cm.

2) Loads Calculation:-

0 = tan-1(16/30) = 28°

* Dead load: -

3
Plaster — (0-08ME.2on/m)AM) _ ) om0

cos28




(0.15m)(2.4ton/ m®) (1m)
c0s28

0.3m+0.16m
0.3m

Concrete= = 0.04080n/m

Mortar = ( j(0.0me 2.2ton/ m’ x]m) = 0.067ton/m

0.3m
Step =0.5 (0.16m)(2.4ton/ms)(1m) = 0.192 ton/m.
Sand = (0.08m)(1.8 ton/m3)(1m) = 0.144 ton/m.
Total dead load = 0.99 ton/m.

= (0.33m+ 0'mmj(O.O'ESmx 2.2ton/ m® x ]m) =0.107ton/m Tile

* Liveload:

Liveload = 350 Kg/m?.

Factored load = 1.2(0.99) + 1.6(0.35) = 1.748 ton/m.
Wu = 1.748 ton/m.



3) Internal force:

1.748t/m
l 1 | 3 1 1 3 i ]
r
By
Distribution load
Al
AF
1.3m 1.2m 1.89m
1288 t
Shear envelope
3.4z t
Moment envelope
AlEF t/m

Ay =By =Wu*L
2

=1.748*3.8 =3.32ton=33.2KN

2

Mu=(0.5%1.9*3.32) =3.15t.m

* Design for Positive M oment:
Mu=3.15tm
Mn=3.15/0.9=35tm



m = 20.58

- Select ®12
d=15- 2(cover) - 0.6 = 12.4 cm.
Used=12.4cm.
6
Rn= M 3UO)" 5 33kg sem?
bd (1000 )(124)
" :i(l— 1 2mRn J
m fy
_ 1 [1_ \/1_ 2 x 20 .59 x 2.33 ] _ 0.0061
20 .59 420
" =0.0061

Asreq = 0.0061(100)(12) =7.4cm”/m

A min = ;/(E') (bw)(d) 2%(bw)(d)

24 1.4
Amin=_"" ~(100)12) > - (100)(12)

4(420)

35cm’ <4cm’

WetakeAsmin=4cm2

Asreq > Asmin
=>WeuseAsreq=7.4 cm’/m

Asshrinkage & temp = 0.0018*100*12.4 = 2.23 cm ?Im
Asreq=7.4> Asshrinkage & tem.
Use®12 @ 15

As provided = 1.13*(100/15) = 7.5 cm”/m
#Of bare=7 ® 12



-> Secondary reinforcement

As=0.2Asreq
=0.2* 7.4 = 1.5< As shrinkage

Select 8 @ 15
As provided = 0.502* (100/15) = 3.35cm”/m

* Design Shear Reinfor cement

f !
fVc= (%de = 0.75(g](100)(12)(10) = 7.3Ton.
Vu = 3.32ton

= Check (Item 1):-

vu_ve

f 2

3.32 < 9.73
075 2

442< 486 .onnnn... Ok

No shear reinforcement required



6.8.2 Design of Interior Stair (2):-

—_——
= | T
P R

o RN

i M,
ey A
’/r/'k. —— Bg__.l. A

4 e i S .‘"‘.

"l,'\‘.w:'-i o “@h}“
Y
Fig (6.9) Top view of stair 2
- Stair (2-A)
asshownin section (1-1)
1) Determination of thickness:-
h>1L/20 = 276/20 = 13.8cm.
= Select h=15cm.
2) Loads Calculation:-
0 = tan-1(18.8/30) = 32°
* Dead load:
3
Plaster — (0.03m)(2.2ton/ m*)(1m) _ 0.077ton/m

cos32



(0.15m)(2.4ton/ m®)(1m)
cos32

0.3m+ 0.188m
0.3m

Concrete= =0.424on/m

Mortar:( j(0.0me 2.2ton/m’ xm) = 0.071ton/m

0.3m
Step =0.5 (0.188m)(2.4ton/m3)(1m) = 0.225 ton/m

Sand = (0.08m)(1.8 ton/m3)(1m) = 0.144 ton/m
Total dead load = 1.05 ton/m

= (0.33m+ 0'188mj(0.03m>< 2.2ton/m’ ><]m) =0.11lton/m Tile

*Liveload:

Live load = 350 Kg/n?

Factored load = 1.2(1.05)+ 1.6(0.35) = 1.82 ton/m
Wu =1.82 ton/m

*|nternal force

1.5 /m
1 ! 1 1 1 | [ 1 1
f,-"! il
.f"'-f 2""}'
,-f"/
T
-~
~
-~
e
4
Ax
2 4710 . 15881

Distribution load



Ay =By = Wu*L
2

=1.82*3.82 =3.47ton=34.7KN
2

Mu = (0.5*1.91*3.47) = 3.31tm

* Design for Positive M oment:

Mu=3.31tm
Mn=3.31/09=3.67tm

m = 20.58

select ©12

d=15- 2(cover) - 0.6 =12.4 cm.
Used=12.4cm.

6
Mn _ 36.7(10)° ., 1o iom?

Rn = > >
bd (1000 )(124)

" :i(l— 1 2mRn J
m fy

1 1_\/1_2><20.59><2.55
20 .59 420

] = 0.0060

I =0.0060
Asreq = 0.0060(100)(12.4) =7.44cm ?Im

A min = ;/(E') (bw)(d) 2%(bw)(d)

24 14
Amin = o5y 10002) 2 25100)12)



3.5cm2 <4cm2.

Wetake Asmin=4cm’ .
Asreq > Asmin

>Weuse Asreq = 7.44 cm’/m.

> Asshrinkage & temp = 0.0018* 100*12.4 = 2.23 cm” /m.
Asreq = 7.44 > As shrinkage & temperature,
Use @12 @ 15

= As provided = 1.13*(100/15) = 7.5 cm’ /m
#of bare=7d 12

-> Secondary reinforcement

As=0.2asreq
=0.2* 7.44 = 1.5< As shrinkage

Select ®8 @ 15
As provided = 0.502*(100/15) = 3.35cm” /m

*Design shear reinforcement:-
f\Vc = (@]bd = o.75{%}(100)(12)(10) = 7.3Ton.

Vu = 3.47 ton

= Check (Item 1):-
Vu Vc
<~

f 2

3.47 < 9.73
075 2



462<486 ... Ok
No shear reinforcement required

* Design of stair's beam:-

DL =1.36

LL = 0.406

Factored load = 1.2(1.36) + 1.6(0.406) = 2.28 ton/m
Wu = 2.28 ton/m

By using atir program, we found that:-

Vu=1596t
Mu = 0.558t.m

*Design for Positive Moment:

Mu=0.558t.m
Mn=0.588/0.9=0.62t.m

m = 20.58

Select ®12

d=15- 4(cover) - 0.8- 0.6 = 9.6 cm.
Use d= 9.6cm.

6
n=Mn o 62000 4 67kg /om?
bd > (1000 )(96)

" :i(l— 1 2mRn J
m fy

1 1_\/1_2><20.59><O.67
20 .59 420

I =0.002

] = 0.0065



As req = 0.002(100)(9.6) =1.92cm* /m

A min = ;/(E') (bw)(d) 2%(bw)(d)

_ 24
- 4(420)

. 1.4
A min (100)(12) > - -(100)(12)

35cm’ <4cm’

wetake Asmin =4 cm®
Asreq <Asmin

Weuse Asreq = 4cm’/m
Use @12 @ 15

A (req) 4
#of bars= Albar®l4) — 113 —35pas
Use4 ©12

As provided for 4012 = 4.52 cm?2.

*Stair (2-B):

1) Determination of thickness:-
h>1/20 = 270/20 = 13.5cm.
= Select h=15cm.

2) Loads Calculation:-

0 = tan-1(18.8/30) = 32°



*Dead load:

_ (0.03m)(2.2ton/ m*)(0.3)
cos32

(0..263m)(2.4ton/ m*)(0.3)
c0s32

0.3m+0.188m
0.3m

Plaster =0.023ton/m

Concrete= =0..220n/m

Mortar = ( j(0.0me 2.2ton/ m® x 0.3) = 0.021ton/m

( 0.33m+0.188m

](0.0Bmx 2.2ton/m’ x 0.3) = 0.034ton/m Tile
0.3m

Step =0.5 (0.188m)(2.4ton/m3)(0.3) = 0.067 ton/m
Sand = (0.08m)(1.8 ton/m3)(0.3) = 0.043 ton/m

Total dead load = 0.41ton/m

*Liveload:

Live load = 350 Kg/n?

Factored load = 1.2(0.41)+ 1.6(0.35) = 1.05ton/m
Wu = 1.05 ton/m



*|nternal force:

Distribution load

Shear envelope

Moment envelope

Ay = 1.05*1.3=1.4ton=14KN
Vu = 1.4ton

Mu = (0.5*1.3*1.4) = 0.91 t.m

* Design for Positive M oment:

Mu=0.91tm
Mn=091/09=101tm

m = 20.58

Select ®12

d = 26- 2(cover) - 0.6 = 23.4 cm.
Use d= 23.4cm.

1200

105+

1.4%

0911w




Mn  10.1(10)°

Rn = =
bd ? (300)(234)*

= 0.61Kg /cm?

fy

_ 1 1_\/1_2><20.59><O.61 _ 0.0014
20 .59 420

" :i(l— 1 2mRn J

' =0.0014

Asreq = 0.0014(30) (23.7) = 1.05cm ?Im

A min= ;/(E') (bw)(d) > %(bw)(d)

24 14
A min = m(so)(zs.@ > @023

2.04cm’ < 2.34cm”’

we take As min = 2.34cm’
Asreg<Asmin

>Weuse Asreq = 2.34cm’/m
Use ®12 @ 15

A(req) 2.4

A(bar®12) _ 113

# of bars = = 2bars

=>Asprovided = 1.13*2=2.26 cm”/m

-Secondary reinforcement

As=0.2Asreq
=0.2* 2.34= 0.468< As shrinkage



- Asshrinkage & temp. = 0.0018* 100*23.4= 4.2 cm ?Im
Asreq = 2.34 <As shrinkage & tem

Select ®8 @ 15
As provided = 0.502*(100/15) = 3.35cm” /m

# of bare=7d 8/m

*Design shear reinforcement:-
f\Vc = (@]bd = o.75{%}(100)(12)(10) = 7.3Ton.

Vu=1.85ton

= Check (Item 1):-
Vu_Ve

f 2

1.85 < 9.73
075 2

246<486 ....... Ok
No shear reinforcement required



6.9 Design of Footings:-

Fig (6-10) horizontal plan with footings

- Load:

From Column (C 1) (40* 20)

Dead load: 26.13 ton

Liveload : 3.9ton

Serviceload =>D + L =30.03 ton.

Factored load => Pu = 37.60 ton

The footing will carry 1m of overburden soil, weighing about 1.6 ton /m?3

Allowable soil pressure = 3.5 kg/cm?



* Design:

- Estimate footing to be about 50 cm thick, in addition to about 10 cm of blinding
concrete.

- Footing Weight = (0.10+0.50) (2.4) = 1.44 ton/m?
- g, x d = (1.60) (1.00) = 1.60 ton/m?

- Pnet =35- 1.60 — 1.44 = 31.96 ton/m?
- Area(A) = Service Load / Pnet

= 30.03 ton/ 31.96 ton/m2 =0.94 m?>

> Sdect: L=110mW=100m, A=11m?
- Pnet (factor) = Pu /area = 37.6/1.1 = 34.2 ton /m?

e Determine depth based on shear strength :-

9.35

critical sectton for
tow way shear d [0.35-d

i0

@ ctitical section for
ofe way shear

Fig. (6-11) one way & two ways shear sections.



Using section (A — A) and making the nominal strength Vn=VC.
Vu == (Pnet)(one way shear area) = (3.42)(100)(35-d) = 342(35-d)

OV, = cp%\/ft'u”d = 0.75x%\/ﬂx (110) x (d) x10 = 673.61d

DV, =V,

673.61d =342 (35-d)

d(req) =11.79cm

- Used=30cm

Total depth of footing=30+ 8+ 2
=40cm

* Check thisdepth for two way shear action (punching):-

Using critical section (B-B-B-B) with d = 30cm.
V, =P x( (W) x (L)~ (a+d)(b+d) )

= 3.42[(110)(100) — (40+30)(20+30)]/1000 = 25.65 ton
The punching shear strength is the smallest of:

v, =%(1+ bij\/T bd  =033/f, bd
v, =%(bj‘;d +2]\/f7c'bod = 038y 1, b,d

V. :%wl f.'b,d =0.33yf. b, .ovvre Control

Where:
b = ratio between the long side of column & the short side.

= a/b>40/20=2
b, = Perimeter of critical section taken at (d/2) from the |oaded area

= 2{ (40+30)+(20+30)} =240 cm



a,=40mm for interior column

30mm , for edge column

20mm for corner column

- Use a, =20 mm, for corner column

V, = 0.33/24(2400)(300) =117.58 ton
@V, = (0.75)(117.58) = 88.18 ton.

DV, >V, 88.18ton > 25.65ton  OK

* Check transfer of load at base of column: -

®Pn = ®(0.85fc'Ag)
®Pn = 0.7(0.85)(0.24)(40x 20) = 114.24ton >37.61 ton=Pu

Dowels are not required for load transfer.
Minimum required As:
Asmin =0.005 Ag = (0.005)(40)(20) = 4 cm?

Use 4¢p12barsasdowels , As=4.52cm

. But wewill use 6 ¢ 14 which isjust like the (As) of the column.



* Development length in compression:

Here we will calculate Development length (between the reinforcement of column &

the dowels) using the following equation (12.3.2)

Ld shall be taken the larger of:
-Ld= 0.24l db = 0.24%(1.4) = 28.8cm.

Jfe NE7

-Ld= 0043 db = 0.043%%% (1.4) = 25.28cm

But not less than-> Ld = 200 mm
- Select (Ld) =30cm.
* Design for Bending Moment:

By using section (A-A)
Mu =34.2( Im)( .4)/2 = 2.74t.m
Mn = w=ﬂ:3.04 ton

® 0.9

_ Mn  3.04x10°
n= =
bd? 110x30?

r =0.000733< r . =0.002

=3.07 Kg/cm?

Reg. A, =0.002 (110)(30)= 6.6 cm?
Use 60 14> A, =9.24cm (In each way)



Development Length (L, ):

Ld for ® 14
420
L, = ——xd_ =30cm.
d 4@ b

Available embedment = 40- 8 = 32c m > 30cm

1#10@20cm

1

+6.34

. OK.

=

,

()

| 039 [o30 >

+6.34 [T T s T o LA g
38.10 1.10 \\ 0.10
\eg1d

Fig. (6-12) Footing (4) detail.



Table (6 -4): Isolated Footings

Dimensions Reinfor cement
(cm) (Each way)
Footing No. | Width(W) | Length(L) | Height | No of Noof. | Diameter
(cm) (cm) (H) Bar Bars (mm)
(cm (short) (long)
F1 100 100 40 6 6 14
F2 150 200 40 11 8 14
F3 120 120 40 7 7 14
F4 100 110 40 6 6 14
Table (6 -5): Combined Footings
Dimensions Reinfor cement
(cm) (Each way)
Footing No. | Width(W) | Length(L) | Height
(cm) (cm) (H) (short) (long)
(cm
F5 100 400 40 6 d12/m | 4 14/m
F6 110 400 40 |6¢p12/m| 4 14/m
F7 120 322 40 6 d12/m | 4 ¢ 14/m




6.10 Design of Strip Footing Under Exterior Columns:-

- Assume base depth to be 30 cm & width = 80 cm.

-Weight of concrete footing = 0.8* 0.3* 2.4=0.576 ton/m
- Service dead load from columns= 33.96 t.

- Servicelive load from columns= 2.88 t.

—> Total length of strip footing = 8.13 m.

- Servicedead load = (33.96 1 /8.13) + 0.576 = 4.75 t/m
- Serviceliveload =2.881/8.13 = .35 t/m.

- (D+L) service=5.1t/m.

- Pu (factored) = 6.26 t/m.

—> Footing width = Service Load / (B/C)

_ 5.dton/m

= =0.146 m
35ton/ m?

- Select 80 cm width of strip footing, because the diameter of column supported is
55 cm.

g net factored = Pu/Area
= (6.26 ton/m)/ (0.8m) (1m) = 7.83 ton/m for | m wide strip

* Depth calculation to satisfy shear strength:

Vu=0Vc



width — wallthickness d]

> =E x0.75,/ fc' xbwxd

78 ZSXM—dJ:—xO75\/ 24 x800x d

d=0.062m=6.2cm

.. Takeh =30 cm as assumed
dact=30-8-1.2- .6 =20.2cm

* Reinfor cement for flexure:

width — wallthickness 1 width —wallthickness
Mu = ( net > X E X 5

Mu = (7.83)( 0'82_ Oj . [1 ‘ 0'82_ Oj = 626 ton.m.

2
Mn = w = @ = 0.696 ton.m
()] 0.9
_ Mn  .696x10°

= = 2.13 Kg/cm?
bd? 80x20.2° 9

_ 4 (1— /1_2m_RnJ 0.00051< 0.0018
m Fy

Asreq = (0.0018)(100)(20.20) = 3.64cm2 /m.
Used®d 12 /m, As= 4.52 cm?m

- In the other direction provide shrinkage and temperatur e reinfor cement
As=p (b) (H)

=0.0018 (80) (30)

=4.32 cm?
Use4 ®12 = 4.52 cm?



* Check Development length:
Ld for ®12:
Fy
2/t

Ld =40

2424

Ld = abl db > 30cm

80-0

(D)D) (1)(L.2) = 51.4cm >30cm.

Available embedment = — —8cover =32<51.4cm

Standard 90° hook should be used.

Inside diameter of bent =6 db = (6) (1.2) =7.2cm
Straight extension = 12 db = (12) (1.2) = 14.4cm

151083501 P
“ o s
b
'-..\ It
21 4
‘I\"\. \\L
“ 4812 /m
\l
: 5 2 — 412 1.8
£3 0.350 0.5a
’ . o5 |03 14712 B.B
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R e T R e
. —pE A I e e o e B SR
TR LA e b e e

.1

0.50m

o

Fig. (6-13) Strip footing detail.



6.11 Design of Pool:-

FE e 2.60 m
! -t \
<t : = : . T

| 100 m

\, ' | j.":ﬂ m

Figure (6.14): swimming pool dimensions

According to the dimension of the pool, the hydrostatic water pressure & the

soil pressure will act in the vertical direction.

Two cases of loading will be considered:-
1) Thepool isfull & no soil around the pooal.

2) Thepool isempty & the soil surrounding the pool walls.

According to critical case, we decide the width of walls & required thickness of

the floor.

In designing the pool we will consider Rankin theory for the triangular and
trapezoidal loads on the pool walls. The following parameters will be considered in
the solution:-

= Takey soil =1.6 KN/m3.



y water = 9.81 KN/mé.
® = 25°,
gal =3.5KN/m2,
Fc=0.8fcu=0.80x 30 =24 Mpa.
Fy =420 Mpa.
H = 2.70 m. (The highest dimension of the pool).

6. 11 .1 Design of the Pool's Walls:-

The design of the wall will be considered as one way solid slab for

L >2-> L =222 > 2.
B 02.70

6. 11 .1.1 Design for the Hydr ostatic Pressure:-
= Main Reinforcement
Foralmstrip
sv=dxh=9.81x2.70=26.49KN/m

dh® 9.81x2.70°
=

Mu = =32.18KN.m

Al |

G K o R Bl NP "

Water load is considered to be alive hydrostatic |oad
MU e =1.6MuU,,, =1.6x32.18 = 51.49KN.m

service




*Deter mine thickness of wall

r:(0.35)(0.85)fc'b1( 600 J

fy 600 + fy
. (0.35)(0.85)(24)(0.85) ( 600 j — 0.0085.
420 600+ 420
me_ Y __ 420 5459
0.85fc' 0.85x24
rm
Rh=r.fy|1-—
(-7
Rn= (0.0085)(420)(1— (0'0085;(20'59)j =3.26kg/cm?.
Mn = # = Rnb.d?
-3
w =3.26x1xd?
0.9
d=0.132 m.
>Useh=30cm.

If @ 14 bars are used for main reinforcement (vertical), and @ 12 are used for
secondary reinforcement (horizontal).

Then:-

d = h- cover - db(secondary) - (db(main) / 2).

d=30-5-12-(1.4/2)=23.1cm.

_ Mn _ 5.15x10°

Rn=——= 5
bd 0.9x100x 23.1

=10.72(Kg/cm?)




F_ 1 1_\/1_2><20.59><10.72 _ 0.00062
20 .59 4200
Asrequired = 0.00262 x 100 x 23.1 = 6.05 cm?.

A, min = %(bw)(d) > 12 ) oo (ACI-10.5.1)

N Y 1.4
A min = 2420) (100)(23.0) >~ -(100)(23.1) >6.74> 7.69.

A min=7.69cm’.......... Control.
- Use minimum steel reinforcement for vertical bars
Use5® 14 mm foralmstrip = @ 14 mm@ 20cm.

Asprovided = 7.70 cm”.

= Secondary Reinforcement
Apply secondary reinforcement that is perpendicular to the main reinforcement

for crack requirements ,and equals fifth the main reinforcement , so as poisons ratio
for concrete equals 0.02, and the area of the secondary steel must not be less than the

shrinkage requirements.
As-L=0.2 As(reg) = 0.2 x 7.70 = 1.54 cm?m.

As-L > p(shrinkage) x b x h = 0.0018 x 100 x 30 = 5.4 cm?/m..... Controls.
Use5® 12 mm for alm strip = @ 12 mm@ 20cm.

As provided = 5.65 cm”.
6. 11 .1.2 Design for the Soil L oad:-

= Main Reinforcement



By applying static soil pressure ( triangular vertical distributed load) and the
live load out of the pool (uniform horizontal distributed load).
For a 1m stripe of thewall length
sv=k,d.h
sh=k,.w
From Table ( 1) see Appendix (A) , obtain ke (for static earth pressure)
— for ® =25° - ko =0.58 .
Take live load around the swimming pool to be 5.00 KN/m2,
sv=0.58x16x3.00=27.84KN/m.

sh=0.58x5.00=2.90KN/m.
Mu= (EJSV.H.(EHJ + sh.H.(Ej )
1\2 3 2

Mu = _(%)27.84>< 3x @(3))} + [2.90>< 3@)} =54.81KN.m.

Factored live moment = 1.6 x 54.81 = 87.70 KN.m.

=]

-~

BT

*Deter mine thickness of wall

~_(0.35)(085) fb1( 600
) fy 600+ fy



(- (0.35)(0.85)(24)(0.85)( 600

=0.0085.
420 600+ 420

oty 4
0.85fc’  0.85x 24

rm
Rn: r fy(1—7j

= 20.59

=3.26kg/ cn’.

R = (0.0085)( 420)(1_ (0.0085;(20.59)j

Mn = # = Rnb.d?

87.70x10°°
0.9

d=0.173 m.
>Useh=30cm.

If @ 14 bars are used for main reinforcement (vertical), and @ 12 are used for

=3.26x1xd?

secondary reinforcement (horizontal).
Then:-
d = h- cover - db (secondary) - (db (main) / 2).
d=30-5-12-(1.4/2)=23.1cm.

_ Mn _ 877x10°
bd®> 0.9x100x23.1%

r :1(1_ [ 2mRnJ
m fy

1 {1—\/1— 2x 20.59 x 18.26

Rn =18.26(Kg/cm?)

r = = 0.00457 .
20 .59 4200
Asrequired = 0.00456 x 100 x 23.1 = 10.54 cm2 > A min.

A, min=7.69 cm’
Use 7 ® 14 mm for alm strip = @ 14 mm@ 14cm.



As provided = 10.77 cm®.

= Secondary Reinforcement

As-L=0.2 As(req) = 0.2 x 10.77 = 2.16 cm?/m.
As-L > p(shrinkage) x b x h = 0.0018 x 100 x 30 = 5.4 cm?/m..... Controls.

Use5® 12 mm for alm strip = @ 12 mm@ 20cm.

As provided = 5.65 cm”.

6.11.2 Design of Cornersof the Pool:-

Joints of the pool are very critical parts, so that separation of two adjacent walls
may occur, so water cans seepage through cracks.

2 2
_ dh _ 9.81x2.70 _1695KN.
4.4 4.4

Tc

3 3
_ dh _ 9.81x2.70 _ 21.94KN.m.
8.8 8.8

Mu

MU req =1.6MU o =1.6% 21.94 = 35 10KN.m

*Deter mine thickness of wall
r =0.0085
m = 20.59
Rn = 3.26kg / cn?’.
Mn = # = Rnb.d?

-3
M =3.26x1xd?
0.9

d=0.120 m.
Useh=30cm — d=23.1cm.



_ Mn _ 351x10°
bd? 0.9x100x 23.1°

=7.309(Kg/cm?)

c_ 1 1_\/1_2><20.59><7.309
20 .59 4200

J = 0.00177 .

Asrequired = 0.00177 x 100 x 23.1 = 4.09 cm?.
A, min=7.69 cm S, Control.

use minimum steel reinforcement for vertical bars
Use5® 14 mm for alm strip = @® 14 mm@ 20cm.

Asprovided = 7.70 cm”.
= Secondary Reinforcement

As-L =02 As(reg) = 0.2 x 7.69 = 1.54 cm?/m.
As-L > p(shrinkage) x b x h = 0.0018 x 100 x 30 = 5.4 cm*m..... Controls.
Use5® 12 mmforalmstrip — @® 12 mm@ 20cm.

As provided = 5.65 cm®.
6.11.3 Design of the Pool's base: -

The moment at edges of the swimming pool base and for a distance of about
0.7h (thickness of the basement) will the same as the maximum moment that is from
the pool walls due to the soil load. So we will design the basement (for the bottom
reinforcement) for the maximum moment as from the walls that equals to 87.70
KN.m. And we will use minimum reinforcement at the top reinforcement). Take
thickness of 30cm for the basement.



Two layers of reinforcement are used in at the pool base .
*Design of the reinforcement at the bottom

=1n the short direction (6m).
H = 30cm.

r =0.0085.

m = 20.59
Rn = 3.26kg / cn?’.
Mn = # = Rnb.d?

87.70x10°°
0.9

d=0.173 m.
>Useh=30cm.

If @ 14 bars are used for main reinforcement (vertical), and @ 12 are used for

=3.26x1xd?

secondary reinforcement (horizontal).

Then:-
d = h- cover - db (secondary) - (db (main) / 2).
d=30-5-12-(1.4/2)=23.1cm.

_Mn_ 877x10°
bd?> 0.9x100x 23.12

r :l[l— N 2mRnJ
m fy

=18.26(Kg/cm?)

1 (1_\/1_ 2 x 20 .59 x 18 .26

ro= = 0.00457 .
20 .59 4200 j

Asrequired = 0.00456 x 100 x 23.1 = 10.54 cm2 > A min.

A, min=7.69 cm’



Use7 ® 14 mm foralmstrip — @ 14 mm@ 14cm.

As provided = 10.77 cm®.

=1n the long direction (12m).

Apply minimum steel at this direction, because the load in transferred in the
short direction.

p (min) =0.0018

As(req) = p(min) x b x h =0.0018 x 100 x 30 = 5.4 cm?/m..... Controls.

Use5® 12 mm for alm strip = @ 12 mm@ 20cm.

As provided = 5.65 cm®.
* Design of thereinforcement at the bottom

No requirement for reinforcement at the top so we will apply minimum steel there.
Apply minimum steel in both directions.
p(min) = 0.0018
As (req) = p(min) x b x h =0.0018 x 100 x 30 = 5.4 cm?*/m..... Controls.
Use5® 12 mm for alm strip = @ 12 mm@ 20cm.

- Asprovided = 5.65 cm?.



6.12 Design of Retaining Wall:-

ST T

Lt

Figure (6.15): Retaining wall

P: liveload (KN/m).
fc': 24 MPa

fy : 400 MPa.

D : 25°.

y soil : 16 KN/mg.

= Estimation of the depth of the footing:
hp=(0.1-0.12) H.

H=319+10=419m.
hp=0.1x4.19=0.419 m.

-
g
E:
&

5
#H
H
E;
ks



Takehp=0.5m=50cm.
= Estimation of the thickness of the wall:

— Unloading pressure (passive earth pressure will be neglected).
eap = ka.p.

Where ka (from Table (1), In Appendix (A) for ® = 25° = 0.41.
eap=0.41x5=2.05KN/m?.

ea=kay.h.=0.41x 16 x 3.69 = 24.21 KN/mz2,
For alm strip

Eap = eap. h=2.05x 3.69 = 7.56 KN.
Ea=0.5.ea.h=0.5x 24.21 x 3.69 = 44.67 KN.

*|nternal forces:

e o]

Mu = 7.56(3'—269j + 44.67(3'—§9j = 68.89KN.m.

Factored Mu = 1.6 (68.89) = 110.23 KN.m.
Assume p=0.35 pb = 0.0085.
Then - m=20.59

— Rn = 3.26 Kg/cm?

Mn = Mu _ Rn.b.d?
-3
1102340° _ o0y o
0.9
d=0.194m.

herqg=d (erq) + cover + db/2
=194+5+20/2=254cm.



Takeh=30cm.

= Estimation of the thickness of the wall:

=>Design against overturning affects the length of foundation

=
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Figure (6.16): ideal shape of retaining wall foundation

=>Design against overturning affects the length of foundation
Eap = eap. H=0.41x 5x 4.19 = 8 59 KN.

Ea=ea(H/2) =0.41x 16 x 4.19x 4.19/2 =57.58 KN.

Ww =0.3x 3.69 x 1 x 24 =26.57 KN.
Wf=05xLx24=12L.

Wel=v.h(23L-03)=16x3.69x (23L-0.3)=39.36L — 17.71.

Wwe2=vy.h* (L/3)=16x05x (L/3)=267L.
Ep = kp. y.H* (H*/2)

— kp for (©0=25°) — 2.46 (see Table (1) in Appendix (A)).
Ep=246x16x 1x (1/2) = 19.68 KN.




—QOver turning moment Mo about point (a) :

o2 ol

Mu = 8.59(4'—;9) + 57.58(4'—;9j =98.42KN.m.

— Standing moment Ms about point (a):

MS:V\M{EL + 0.15j+\/\/f (1 LJ+ Ep(ﬂj+Wel(lL+O.3+ 1{2 L —O.SD
3 2 3 3 2(3
111
We,| ==L
' G{ZL D
1 1 1

Ms= 26.57[% L+ O.lSJ +12L£% LJ +19.68(§j + (39.36L —17.71{5 L+0.3+ 3 L- O.lSj

+ 2.67L(1 LJ
6

Ms = 32.69L° + 2.95L + 7.89
, . Ms
—To satisfy over turning — Mo h>2.
o]

Take=> E =2
Mo

32.69L% +2.95L +7.89 = 2x 98.42
By solving the previous equation = L=2.36 m = Take L= 2.4 m>
= Overturning is satisfied.

=>Designs against overturning affect the length of foundation

. Reaction forces
Active forces

215




Fe=F:+E,
Where: F. = (W, + W, + W, )tan®
We =W, +We,

24

W, = 16(3.69)[%(2.4) - o.3j +16(0.5)(?j = 83.15KN.

F. =(83.15+ 26.57 + 0.5x 2.4 x 24)tan 25 = 64.59KN.
Fr =67.11+19.68=84.27KN.
F. =E,, +E, =859+57.58=66.17KN.

—%:1.27<1.5...Sliding Is not Satisfied.

n=
66.17

SotakeL =3m.
2 3
W = 16(3.69)(5 3 - 0.3} + 16(0.5)(5] =108.37KN.

F. =(108.37 + 26.57 + 0.5x 3x 24)tan 25 = 79.71KN.
Fr = 79.71+19.68 = 99.39KN.

:@:1.50221.5...Siding is Satisfied

66.17
= Design against Bearing Capacity:

vertical forces=V =3fy |*
V =W, +W; +W, +W,
Where:

W, =16(3.69)(1.7) = 100.37KN.
W, = 16(0.5)(1) = 8.0KN.



horizontal forces= H = fo;
H=-Ep+Eap+Ea
=-19.68 + 8.59 + 57.58 = 46.49 KN.
Mr =X M @ base mid point:

Mr = Ea[4—219j + Eap( 4'19) - Ep( 1) +Ww(0.35) +We2(1 + 0.5) —Wel(l.S—%j

3 3 2
Mr = 57.58(4'—;9) + 8.59(4'—;9j - 19.58@) +26.57(0.35) + 8(1) 100.37(1.5 — %}
— 43.92KN.m
e=M_ B2 _ommm
V  170.94
e< 9 :§ =05m ..OK.
6 6
N
Sg=——
3.Chy
WhereC = b/2—e=3/2—0.257 = 1.243 m.
_ 2x17094 _ o1 sokN/m?,

Sp=—
3x1.243x1
S . =350KN / m?.

sg<s, ..OK.

= Design of footing:

Resultant of vertical force:

V = 2fy 4= 1.20Ww+WF ) + 1.6(We, +We,)
=1.2(26.57 + 36) + 1.6(100.37 + 8) = 248.5KN.

* Resultant of Horizontal force:
Hu =1.6(46.49) = 74.38KN.

* Resultant factored moment:



Mr =X M @ base mid point:
Mr = 57.58(4'719j(1.6) + 8.59(4'—;9)j(1.6) - 19.58[%}(1.6) + 26.57(0.35)(1.6)

+8(1)(L.6) - 100.37(1.5 - %j(lﬁ) = 66.54KN.m

= Calculation of Bearing Pressure:

ex— M _ 5658 _ 5 268m
Vu 2485

exég:§:0.5m.
6 6

Sy = (1— aﬁj

=?by bx

Sy = 248'5(1— 6 0'268] =33.5KN /7.
3D

s, =U(1,6&
b.by bx

S,,= 248'5(1+ 6 0268} =127.23KN/m?.
3(1)




= Design of section (1-1):

Bearing Pressure coordinates at section (1-1) (By interpolation):
(127.23 - 33.5)(2.0/3.0) + 33.5 = 95.99 KN/m2.
At section (2-2):
(127.23 - 33.5)(1.7/3.0) + 33.5 = 86.61 KN/m2.
Mu at section (1-1):
Mu=95.99 (1) (1/2) + (127.23 - 95.99) (1) (2/3) (1) — 8 (1/2) = 64.82 KN.m.
h=50cm - d=50-5-1=44cm.
m= 20.59

_ Mn _ 6482x10°
bd? 0.9x100x 442

r :1(1_ [ 2mRnJ
m fy

1 (1_ \/1_ 2x20.59 x 3.72

=3.72(Kg/cm?)

r = = 0.000894
20 .59 4200

Asrequired = 0.000894 x 100 x 44 = 3.933 cm?.

A, min = 4\1/(5') (bw)(d) > %(bw)(d) ........... (ACI-10.5.1)
L J24 1.4

A min = 2(420) (100)(44) > @(100)(44) —12.84> 14.66

A min=12.84 cm S, Control.

(1/3)As(reg) =1.3x3.933=5.113< A min

Use minimum steel reinforcement for vertical bars
Use 7 ® 16 mm for alm strip = @® 16 mm@ 14cm.

As provided = 15.27 cm”.



= Secondary Reinforcement

As (shrinkage) = 0.0018 x 100 x 50 = 9 cm?/m.

As (shrinkage) > (1/3) As (req)... ok.

Use5® 12 mmforalmstrip — @® 12 mm@ 20cm.

As provided = 5.65 cm®.

= Design of walls:

Mu=e, h(hj + lea.h.(h}
2) 2 3

—3'69J +: (24.21)(3.69)(—3'69
2 )72 3

Factored Mu = 1.6 (68.89) = 110.23 KN.m.

Mu = 2.05(3.69)[ j = 68.89KN.m

Mn  11.023x10°

- - =18.98(Kqg/cm?
bd? 0.9x100x 25.42 (Kg )

c_ 1 1_\/1_2><20.59><18.98
20 .59 4200

J = 0.00475 .

Asrequired = 0.00475 x 100 x 25.4 = 12.07 cm?2.

A, min = 4\1/(5') (bw)(d) > %(bw)(d) ........... (ACI-10.5.1)
24 1.4

A min = 2(420) (100)(25.4) > @(100)(25.4) >7.41> 847

A, min=8.47 cm S, Control.

As(req) > A, min
Use 6 ® 16 mm for alm strip = @& 16 mm@ 17cm.

As provided = 12.07 cm”.



= Secondary Reinforcement
As=0.2 As(req) = 0.2 x 12.07 = 2.414 cm?/m.
As (shrinkage) = 0.0018 x 100 x 30 = 5.4 cm?/m.
As (shrinkage) > (0.2)As(req)... ok.
Use5® 12 mmforalmstrip — @® 12 mm@ 20cm.

As provided = 5.65 cm”.



6.13 Shear Wall

6.13.1 General definitions:

The horizontal force on shear wall is given by:

V- ZICWM
Rw
Where;
V : Base Shear.

Z : Seismic Zone coefficient, which equal (0.20) for zone 2B.
| Important coefficient depending upon occupancy category, we will take it
Equals (1.25).

Rw: System quality factor, which isanumerical coefficient depends on the
Structural system. Vaues of Rw for concrete structure range from 4 to 12 .
Take Rw=8.

W : Total Weight of building, including partitions of other load according to

(ACI 11.10.9.3)

C :@< 2.75.

T2/3 -

Where:
C : Selsmic response coefficient.
S : Sit response coefficient, and it depends on soil profile type and equals 1.0
For rock like or stiff soil.
T : Fundamental period, and calculated according to :

T =Ctx Hn**
Where: - Ct: equals 0.02 for all reinforced concrete buildings.
Hn: Height of the structure above the base level.



Thetotal design base shear V is distributed over the height of the structure
According to the equation.

V=F+XF

Where: - Ft: The Lateral force concentrated applied at the top of the structure.
Ft =0.07xT xV
The remaining portion of the base is distributed over the height of the structure

Including the top level n, according to the expression.

| (V = Ft)Wixx Hx
D WiHx

x=1

Fx

Where: - Fx : Lateral force at x floor .
Wx : Weight of floor .
Hx : Heigh of onefloor.
The design of shear at any story Vx , equals the sum of the forces Ft and Fx ,
Above that story.

Horizontal shear reinforcement spacing shall not exceed (S2):

_ AvxFyxd
Vs

Where Vs=Vn-Vc

SS(M)
5
S<3h

S<18'=450mm

Note:

S

S minimum value controls.

rh(min) =0.0025  Acj11.109.2



Vertical shear reinforcement spacing shall not exceed (S1):

S< (Mj

3
S<3h
S<18"'=450mm.

Note: S minimum value controls.

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

rn(min) = 0.0025 + 0.5(2.5— :‘—Wj(r h—0.0025)
W

rn(min) = 0.0025. ....AC| 11.10.9.4

6.13.2 L oad calculations:

_zZIcw
Rw

TakeZ=0.2,1=125Hn=13.05m.

W =ZWXx.
Where: Wx : The total dead load for each floor including the weight of the slab, and
the weight of the connected columns, half weight of columns on both sides above
and below the dlab.

Wx = Foor areax dead load of the slab + weight of the connected columns.

Wx ( for the roof floor) =81.2 x 0.9 + 3.258 = 76.3 Ton.

Wx ( for the first floor) = 234.5 x 0.918 + 16.26 = 231.53 Ton.

Wx ( for the Ground floor) = 243 x 0.918 + 12.64 = 235.7 Ton.

Wx ( for the base floor) = 46.1 x 0.816 + 13.33 = 50.95 Ton.

\%




Floor level Hx (m) Wx (t) Wx.Hx (t.m) Fx (t)
4 13.05 76.34 996.24 9.42
3 9.73 231.53 2252.79 21.38
2 6.41 235.7 1510.84 14.46
1 3.125 50.95 159.22 1.55
Total 594.52 4949.09
3/4
T= 0.02( 13.05 j =0.335
0.3048
C =(1'2—5)(B3 =259<275
(0.335)
V- (0.20)(1.25)(2.59)(594.52) _ 48.17ton

Ft = (0.07)(0.335)(48.17) = 1.130

Force acts horizontally at every floor is determine by :

Fx = \% —r!:t)VVXx Hx
D WiHx
x=1
F1[(4817-113)x159.22) | o
4919.09
Fo_[(4817-113)x 1510.84) —14.45Ton.
4919.09
Fa_((4817-113)x 2252.79) _ 21 54Ton.
4919.09
Eae (48.17-1.13) x 996.24) _ 9.53Ton.

4919.09




Our structure contained two shear walls; one of them is a curved shear wall, so
hand calculations can't be done, so we use the stadpro 2004 program to determine the
required reinforcement.

To obtain this we draw the structure (only slabs and shear walls), and we
distribute the axial forces on the nodes of each floor. The load distribution was made
on two sides of the structure to get the critical case.




The Results from Stadpro 2004 for reinforcement taken at the surface that has

the maximum value of shear are as follows:

Note : The pages of results that we obtain from Stadpro program, for both the
first and second shear walls are provided in Appendix (A).

- For thefirst shear wall (that has straight walls):
— For horizontal reinforcement

Use #3@ 4.04"

p = 0.00346 > p (min)= 0.0025.

That equalsto ®10@10.3cm.

Use 2010@20cm.

— For vertical reinforcement
Use#3@ 6.73"



p = 0.00207 > p (min)= 0.0015.

That equalsto ®10@17.1cm.

Use 2010@30cm .
-> For the second shear wall (that has a curved wall):
— For horizontal reinforcement

Use #3@ 3.46"

p = 0.00269 > p (min)= 0.0025.

That equalsto ®10@8.79 cm.

Use 2010@20cm

— For vertical reinforcement
Use #3@ 5.77"
p =0.00161 > p (min) = 0.0015.
That equalsto ®10@14.6 cm.
Use 2010@30cm.



6.14 Design the Base of Shear Wall:-

6.14.1 Design of Base of Shear Wall (1):-

- Determination of loads: -

1) Loadsfrom stairs:-

- Total dead load of stairs =1.03 t/m?

- Tota areaof stairs =42.28 m.

- Total dead load =1.03* 42.28 = 43.55t.

- dividing by shear wall length = 43.55t/ 14.93 - 2.92 t/m
- Total live load of stairs =0.35t/m?

- Total live load =0.35* 42.28 =14.8t.

- dividing by shear wall length = 14.8t/ 14.93 - 0.99 t/m

2) Beams reaction on the shear wall:-

- From B24 => Service Dead reaction = 4.42 ton.
Service Live reaction = 0.78 ton.

- From B34 = Service Dead reaction = 7.17 ton.
Service Live reaction = 1.02 ton.

- From B37 = Service Dead reaction = 5.89 ton.
Service Live reaction = .53 ton.

- From B64 = Service Dead reaction = 4.82 ton.

Service Live reaction = 0.74 ton.



- From B60 = Service Dead reaction = 3.0 ton.
Service Live reaction = 0.78 ton

- Total dead load = 25.3/14.93= 1.69 t.

- Total liveload = 3.84/ 14.93= 0.257 t.

3) Loadsfrom shear wall:-
- Total dead load of shear wall = b* h*2.4
=13.05%0.2*2.4 = 6.26 t/m
) self weight :-
- Assume base depth to be 30 cm & width = 60 cm.

-Weight of concrete base = 0.6* 0.3* 2.4=0 .432 ton/m

- Total Servicedead load = 2.92+ 1.69+ 6.26+ 0.432 = 11.31 t/m
- Total Serviceliveload = 1.25t/m = .35 t/m.

- (D+L) service = 12.56 t/m.

- Pu (factored) = 15.57 t/m.

- Footing width = Service Load / (B/C)

_12.56ton/m _
35ton/ m?

- Select 60 cm width of strip footing.
g net factored = Pu/Area
= (15.57 ton/m)/ (0.6m) (1m) = 25.95 ton/m for | m wide strip

0.36 m



* Depth calculation to satisfy shear strength:

Vu=®dVc
(an et)( width — wallthickness

—d]:1x0.8 fc' xbwxd
2 6

(259.5)( 0'6; 0'2] = %x 0.75v/24 x 600x d

d=014m=14cm

.. Takeh =30 cm as assumed
dact=30-8-1.2- .6 =20.2cm

* Reinfor cement for flexure:

width — wallthickness 1 width —wallthickness
Mu = (qnet > X > X 5

Mu = (25.95)(%2_0'? ‘ (% ‘ %Z‘O'Zj = 0519 ton.m.

Mn = w = @ =0.577 ton.m
()} 0.9

q= Mn_ 0.577x10°
bd®>  60x20.2°

: zi[l_ /1_M}o.00057<o.0018
m Fy

Asreg = (0.0018)(100)(20.20) = 3.64cm? /m.
-2 Usedd 12 /m, As= 4.52 cm2/m

=2.36 Kg/cm?



—In theother direction provide shrinkage and temper atur e reinforcement
As=p (b) (H)

=0.0018 (60) (30)

=3.24 cm?
Use4 ®12 = 4.52 cm?

* Check Development length:

Ld for ®12:

Fy
Ld =
2,/fc’

abl db > 30cm

Ld =% mymy@)@.2) = 51.4cm >30em.

224

Available embedment = 60-20

—8cover =12 < 51.4cm

Standard 90° hook should be used.
Inside diameter of bent =6 db = (6) (1.2) =7.2cm
Straight extension = 12 db = (12) (1.2) = 14.4 cm



6.14.2 Design of Base of Shear Wall (2):-

- Determination of loads: -

1) Loadsfrom stairs:-

* From the straight stair:

- Total dead load of stairs =1.05t/m?

- Total areaof stairs = 6.64 m2

- Total dead load =1.05* 6.64=6.97t.

- dividing by shear wall length = 43.55 t/ 12.27 - 0.568 t/m

* From the curved stair:
- Total dead load of stairs =0.41 t/m?
- This stair is cantilever, with step width = 30cm

- Total dead load =0.41/0.3=21.37t/ m.

- Total areaof stairs =2* 3.19=6.38 m.

- Total dead load divided by shear wall strength = (1.37*6.38)/12.27
=0.71t/m



- Total live load of stairs =0.35*%(6.64+2(3.19))/12.27
=0.37 t/m?

2) Beams reaction on the shear wall:-

- From B8 = Service Dead reaction = 7.52 ton.
Service Live reaction = 1.1 ton.

- From B9 = Service Dead reaction = 2.05 ton.

Service Live reaction = 0.29 ton.

- Tota dead load = 0.78 t.

- Tota liveload = 0.113 t.

3) Loadsfrom Columns:-

-Tota dead load from columns = 255.03t/ 12.27 = 20.7t/m
-Total liveload from columns = 40.94t/ 12.27 = 3.3t/m

4) Loadsfrom shear wall:-

- Total dead load of shear wall = b* h*2.4
=3.29%0.3*24=237t/m

5) Self weight:-
- Assume base depth to be 40 cm & width = 90 cm.

-Weight of concrete base = 0.9* 0.4* 2.4=0 .864 ton/m

- Total Servicedead load = 25.6 t/m



- Total Serviceliveload = 3.78 t/m.
- (D+L) service = 29.54 t/m.
- Pu (factored) = 36.76 t/m.

- Footing width = Service Load / (B/C)

_ 29.54ton/ m —0844m

35ton/ m?
- Select 90 cm width of strip footing.
g net factored = Pu/Area
= (36.76 ton/m)/ (0.9m) (1m) = 40.84 ton/m for | m wide strip

* Depth calculation to satisfy shear strength:
Vu=0Vc

(qnet{wIOIth — WaZ”thICkn%S - d} = %x 0.75,/ fc’ x bwx d

(408.4)(0'9;0'3—dJ :%x0.75\/24x900xd

d=0.22m=22cm

.= Take h =40 cm as assumed
dact=40-8-1.2- .6 =30.2cm

* Reinfor cement for flexure:

width — wallthickness 1 width —wallthickness
Mu = (qnet > X > X 5

Mu = (40_%)(%) X (%X%Z_O?’j =1.84 ton.m.



Mn = w = & = 2.04 ton.m
()} 0.9

q= Mn_ 2.04x10°
bd® 90x30.2°

: zi[l_ /1_m}o.0006<o.0018
m Fy

Asreg = (0.0018) (100) (30.20) = 5.44cm?2 /m.
Use 6@ 12 /m, As= 6.78 cm3/m

= 2.49 Kg/cm?

—>In theother direction provide shrinkage and temper atur e r einfor cement
As=p (b) (H)

=0.0018 (90) (40)

=6.48 cm?
Use 6 ®12 = 6.48 cnm?

* Check Development length:

Ld for ®12:

Ld=—"Y abl db > 30cm

2,/fc

Ld =% mymy@)@.2) = 51.4cm >30em.

2424

Available embedment =

90-30 8cover = 22 < 51.4cm

Standard 90° hook should be used.
Inside diameter of bent =6 db = (6) (1.2) =7.2cm
Straight extension = 12 db = (12) (1.2) = 14.4cm



CHAPTER SEVEN

Mechanical Design

7.1 Introductions: -

The design of swimming pools and other water features is actualy quite
simple and the math involved is very basic . It only looks tough because there are so
many factors to consider. Such as number and kind of bathers, the degree of
atmosphere pollution, wind velocity and direction, the location of swimming pool and

the weather changeover .

The selection of the pool equipment size is more art than science, because of
all of the factors that can affect the selection. Such as, the increase of the head as dirt
builds up in filter, the variable resistance of heater to water flow with time, the change

of pump flow rate with the change of head ...€tc.




7.2 Swimming pool design:-

7.2.1 Pool Capacity Calculation:-
Thefirst step in pool design is the calculation of the volume of water in the pool.
Volume of water = Surface area of the pool x average depth.

The average depth = Shallow end depth + deep end depth
2

The formula used above for the calculation of average depth can be used if the
slope of the bottom of the pool is gradual and even. If the slope of the bottom is not
gradua as it is the case in our project, then we have to treat the pool as two or three
parts each with gradual bottom slope, and calculate the volume of each part and then

add these volumes together to determine the total water volume of the pool.

1B A62 300 _—

Figure (7.1) : swimming pools plan.
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Figure (7.2) : swimming pool section (1-1).

Volume of the water in the pool :

=4.8x5.4x% +3.6x5.4x

(cars11479 TR

(1.475+ 2.545) (2.545+ 2.395}

=109.54m*

7.2.2 Calculation of Turnover:

The turnover time represents the number of hours required to recirculate the

total capacity of the pool water (total water volume) through the filter.

Pools become polluted at different rates. Generaly the shallower the water, the
faster it become turbid, ssmply because more people wash off more dirt, occupying

less water.

Turnover times are subject to local regulation, but typical examples are given in
Table (7.1) based on the usage and location of the different types of pools. The

intensively used pools require a far higher turnover than rarely used or decorative

pools.



spas Extra heavy 0.5-1
Wading pools Extra heavy 1-2
School and Olympic, Very heavy 34
institutional and public

Hotel and community Moderate 5-6
Diving and light private Light 6-7
Indoor residential Extra Light 8-10

Table (7.1): Typica examples of Turnover times for different types of pools.

The Palestinian National Community for swimming pools, requiring that the
filter turnover cycle shal be of a capacity to completely filter the entire pool body in
not more than 6 hours.

So many variables make calculations of turnover time complex and unreal.
Hence turnover time is best taken from Engineers having a practical experience in the
field of swimming pools in our country. According to our supervision (Eng. Jamal
Shweiki) The turn over time for outdoor residential pools as it is the case in our

project should be taken 4-hours for the following reasons:-

1. The bathing load (number of bathers) is more than the recommended
which is one bather per four meter square of pool surface area according
to the Palestinian National Community..

2. Theenvironmental air in our Country is highly polluted.

3. More dirt is carried by each bather. Since we don’t use pre-cleanse
facilities.

4. Most of the bathers do not use swimming pools Clothes.

5. The hardness of the water in our country is very high (Amount of
dissolved minerals such as calcium and magnesium). Poor Chemical
treatment disinfection rates and pool owners do not wish to operate the

pump for long time.




Basic turn over with filter at clean running pressure & full working head.

Turnover Time (hr):( Pool_capagity () J

Filter Rate  (n?/hr)

B Volume of water in pool (1)
rate of water flow throgh recirculén system (nt/hr)

4:( 109.54

- . =27.39m°/ hr.
filtration rate

= Filtration Rate=27.39m*/hr.

7.2.3 Filter Sizing and Selection:-

The filter removes insoluble, suspended solids from the recirculated water in
order to retain water clarity. It doesn’t remove dissolved salts nor does it deal with

micro-organisms. Filtration combined with disinfection produces effective water

purification treatment that keeps water:
++ Clean and non-toxic.
% Odorless and tasteless.
¢ Free of bacteriaand algae.

++ balanced to prevent corrosion or scale formation.

A clean filter usually create 3psi head loss (difference between the input and
output pressure) as water is circulated downward through silica sand. As the dirt
accumulates within the filter, the resistance to flow aso increases, the filter pump
cannot maintain the required rate of flow against the increased resistance (head) .
Consequently the filter requires regular cleaning, or Backwash to maintain it's
efficiency. Most filter manufactures recommends that this backwashing should be

done when the pressure gauge indicates an increase of 0.5kg/cm?, that equals (7.1psi)



with respect to the initial pressure of the filter (clean filter). Therefore the maximum
head resistance of filter is:-

3psi + 7.1 psi = 10.1 psi (6.7m head l0ss).

which should be used as the design pressure loss through filter.

We selected to use high rate sand filter which contains a deep bed of very fine
silica sand supported on a mechanical under drain, as shown in Figure (7.3). The filter
pump forces water down through the filter bed a a high rate (12m3hr/m2 -
50m3/hr/m?), where the dirt penetrates the sand to a considerable depth .This gives the
high-rate sand filter greater dirt-holding capacity than other filter types of equa size.
These popular filters save space, maintenance, installation and running costs, and are
very versatile and easy to operate .They offer short working runs, and (2 - 3)
minutes backwashing cycle at normal flow rate reducing waste water to a minimum.
The Back washing is carried out about the same rate as filtering, which makes pump

selection much easier than for arapid sand filter.

The Palestinian code recommends a filtration velocity of 8md/hr/m?2 as a
minimum, and a maximum of 40m3/hr/mz2. By referring to Manufactures Catal ogues,
we find that the filter efficiency is nearly 100% at a velocity of 20 m3/hr/m?, and 70%
at avelocity of 30 m¥/hr/m2. Therefore in our project we decided to choose filtration
velocity of 25mé/hr/m? to have crystal clean water, with a filter that is acceptable in

size & price.



Air relief valve
Adapter
Pressure gauge
Cring

M
Lict

Oring

8 Strainer

9 Air reliel tube

L& Dffuser assembly

L1 Upper pipe assembly

12 Air relief tube connector
13 Lower pipe assembly
14 Tank and foot assembly
15 Laterals

& Lateral hub

|7 Drain spagod

15 Dreain plug

19 Lid wrench

20 Lock nut

21 Spacer

22 Oging

23 Spacer

24 Gasket

25 Bulkhead

26 Oging

27 Washer

28 Base

29 Oging

A 2" thresded adapter kit
41 15" threaded adapter kit
32 iSee A0 A1

33 Closare kit

34 TFitting package

35 Spacer

36 Bulkhead kit

2ol il e bl e

-1

Figure (7.3) : High rate sand filter.
Reference : The Ultimate Pool Maintenance Manual, Terry Tamminen.



Filter sizing and selection:-

0 Pool capacity is: 109.54m3

0 Turnoverrateis: 4 hours

o0 From pool capacity and turnover rate ,we find how many mé/hr the filter must
be able to handle.

Filter flow rate= Total water Circulation rate (m*/hr)

B Pool water volume (m?) B (109.54
Pool turnover period (hr) 4

j =27.39m°/ hr.

0 Thedesign filtration velocity is 25m3/hr/m? of filter surface area.

. , .
Filter surface area (mg)z( Filteration flow rate (m/hr)J

Filtration velocity (m*/hr/m?)

B ( 27.39
25

j =1.089n7’.
o From Astral company catalogue, we fined that the filter of code No 28458,
with the following specifications match our design requirements:-
+ Filter Name: Volcano Industria filter.
% Filtration surface area: 1.13 m2.
% Filter diameter : 1200 mm.
+«» Filter flow rate = Velocity of filtration x filter surface area
=25x 1.13 = 28.25 m3hr.
s Gravel sand ( 1-2 mm) : 275 Kg.
s Sand (0.4-0.8mm) : 1350 Kg.



7.2.4 Skimmers & Main Drains Selection:-

The skimmer and main drain selection which form the suction equipment from
the pool should be based on the following:-

The main drain is aways situated at the lowest point in the pool , main
drain aperture should be at least 4-times outlet pipe working area with
a recommended maximum grill flow velocity of 0.5m/sec, but
0.2m/sec or lower is better.

In practice main drain grill must be designed never to allow excess
suction or to be removable by swimmers.

Usualy try to install more than one man drain, so that if one is
blocked the other takes the full flow.

Drain & skimmers must be tough and durable. They must not trap
fingers nor toes, nor catch skin nor in any way corrodible.

Skimmers must face the main drift from inlets and the prevailing wind
out doors.

For private pools, it is recommended to install one skimmer for every
25m? of pool surface area. Taking into account that the total capacity
of al skimmers should be approximately 50% of the required filter

flow rate.

Selection of Skimmers:-

The calculated total water circulation rate is 27.4m3hr, therefore the suction
flow rate through skimmers which should be 50% of the total flow rate is about:

(100

50

]of filteration flow Rate =(%)x27.4=13.7m3/hr.

By referring to Astral catalogue we selected three concrete pool skimmers of

code No 00249 each of the following specifications:

«» Skimmer Name : Concrete Pools-15 L Skimmers with standard throat.



+ Recommended flow rate : 5000 I/hr which equals 5 m3/hr.
+«+ Suction threaded connections : ®50 mm.

To check that rule No.6 is satisfied, calculate the pool surface area, whichis
5.4x 11.4=61.56 m2,

Pool surface area 61.56

> =2.46
25m 25

Then, number of required skimmer =

So it is Ok to select 3 skimmers.

Sdlection of main drains:-

From Astral catalogue we selected two concrete pool main drains of code No
00258 each of the following specifications:
+ Main Drain Name : Concrete Pools-Main Drains ,Square main drain
with grille, outlet of 2".
% Recommended flow rate : 13 m¥hr.

+* Side connection : 2".

v" We select two main drains rather one main drain:-
0 To keep the main drain grill velocity lower than 0.5m/sec.
0 Toavoid extrasuction through main drain if oneis blocked.
0 To reduce suction head to a minimum which enhances pump

efficiency.

7.2.5 Return Inlets Selection:-

The return inlet in the pool wall below water level control the flow rate and
direction of the filtered water entering the pool. So that there arrangement on small
outdoor pool is usually provided in sufficient quantity and shall be properly spaced to
provide a maximum circulation of the main body and water surface in conjunction
with the skimmers and the prevailing winds.



The selection of the return inletsis based on the following :-

1. They must have large enough apertures to prevent back pressure into
filters.

2. Adjustable or eyeball are used for directiona currents in free form
pools. So that they spread returned water to the side, up & down to mix
with all shallow end levels.

3. High leve inlets help push surface debris skimming system. Whilst
low level inlets improve heat circulation. Best arrangement is a
mixture of floor wall level and wall downward flow returns.

4. Set wall grillsof return inlets 0.4m below water surface.

5. To ensure good water circulation through the pool a common practice
requiring one return inlet per 5m of pool perimeter.

6. Flow velocity through residential pool floor inlets should be in the
range of (0.3-1.25)m/sec.

Selection of Return Inlet

The calculated total circulation rate is 27.4 md/sec, and by referring to Astral
cataloger we choose Concrete Pools return inlet of code No 00295 each of the
following specifications:

« Return Inlet Name : Concrete Pools-ABS Inlets .Return inlet
"Multiflow" for threading.

% Fow rate :®20 mm = 4.5 md/hr.

s 2" externa thread, ®50 mm.

+ Recommended max flow velocity : 4 m/sec.

Flow rate for each inlet

_(27.39
45

I ,
No of required return inlets:[':”trat'on flow rate (m/hr)j

|18

Select 7 return inlets of thistype.
To check that rule No.5 is applied, calculate the pool perimeter, whichis



Pool perimeter = 11.4(2) +5.4(2) = 33.6m

33.6

Number of required return inlets=(?j=6.72.

So its Ok to select 7 return inlets.

7.2.6 Pool Pipe Sizing

Pool piping shal be sized to permit the rated flows for filtering & cleaning

without exceeding the maximum head at which the pump will provide such flows.

Today the most common type of piping used in pool and spa plumping is PVC

plastic pipe (polyvinyl chloride). Which is simple of installation, resistance to

corrosion and economy for labour and materials.

Pipe Sizing considerations:-

1
2.
3.

Required flow rate of water, measured in gpm or m3/hr.

Length of plumping runs and equivalent length of fittings.

The main suction line plays a critical part in the wear and efficiency of
the pump. This pipe line should be short, straight and full-pored,
allowing a water flow of between ( 0.5 — 1 m/sec ), which equals
(1.6 — 3.3 ft/sec), with maximum friction | osses 6ft/100ft.

All piping on the discharge side of the pump for filtration shall have
pipe sizes determined so that the velocity in any pipe should be
between (1.0 — 3.0 m/sec), which equals (3.3 — 10.0 ft/sec), with
maximum friction losses 12ft/100ft.

Pump is weakest at suction side, therefore ensure shortest possible
suction runs.

In the determination of pipe sizes required ,the criteriawhich could call
for the largest pipe size shal govern. The larger the pipe the better,
there is less restriction and therefore less strain on al equipment and
plumbing. Use the largest diameter pipe and fitting for the job.

Usefull flow valves and large inlets.



8. Pool pipe work isalow pressure, low temperature recirculation system
(O°c - 28°¢). If we need specialy in spas higher temperatures we should
use CPVC pipe (chlorinated polyvinyl chloride).

9. All discharge and suction lines shall have a uniform slope in one

direction of not less than 3in/100ft.

10. Water flow velocity (m/sec) :( Pump flow  (n7/sec) ]

Pipe cross sedional area (nT)

7.2.6.1 DischargeLinePipe Sizing

R0m) {21 (20 o inf ) (L6 m) (L o] R0 m) M
Gullpn  Geflgn feGon  Felion  GeNan  Oelom  Oeilsn )

V=Uillpm | V=M4ppm | V=i6gm | V=30.8pm| V=08igo | F=I¥gn V=g
vw=iitmee | w3Ttiee | =48t | rhbitmee | eh0ftieer | wd4llBe | =R e
=2 £t A0 I=".-Ht,"'10I:ItL fed 2RO 2RER 008 ] f=108/A00M | 1=22479000) =3 31004

i @ 6] & 3 @ )
Baturn Imlet ERatwra Izlet  deturn mlst  Betorn flat Beturo Inlel  Betwm loal  Betuen et
F=1'fipm F=17Pkpr T=Fpn VeINRpm V-1RIhpm V-IYEm F-lT0Rpm

The discharge line from the pump to the various return inlets is shown in the
schematic diagram above. In this diagram the required flow rate for each part of the
discharge line is shown. Also the selected pipe size, pipe velocity and pipe friction
loss are shown.

Sample of selection:

For the pipe section from the pump outlet to the first return inlet.

¢ The total flow rate required is 27.4m3hr, which equals 120.54 gpm,

each return inlet  flow rate= (Total flow rate (rrf’/sec)]

Numbeiof return inlets

:(2;'4} — 4047 /hr =1722gpm

= Note:- 1 m¥hr =4.4 gpm.



s Fromchart (1) in Appendix (B) at aflow rate of 125 gpm.
- 75 mm pipe diameter have ... velocity of 8.6 ft/sec.
... friction loss of 9.6 ft/100ft.
While :-
- 90 mm pipe diameter have ... velocity of 5.5 ft/sec.
... friction loss of 3.3 ft/100ft.
We select 90 mm pipe diameter to have lower friction loss, which
satisfy Pipe Sizing Considerations.

To calculate the total pressure drop in the discharge line, we have to calculate
the total equivalent length of the pipes which is the pipe length and the equivalent
length of fittings.

Total equivaent length = pipe length x 2
Thetotal friction head from discharge lineis
=X( Total equivaent length of each pipe (ft) x friction head for each (ft/100ft)

=21x2x3.28x 33 +1.5% 2% 3.28x 22 +1.5x2x3.28x 18 + 7% 2x3.28x 33
100 100 100 100

+2x 2% 3.28x 4—2 +2x2x3.28x ﬁ +2x2x3.28x E =832ft= 8—32 =254m
100 100 100 3.28

= Notes :-
- 1 mpipelength = 3.28 ft.
- The pipe diameter from the discharge line to each return inlet is 50mm,

because the selected return inlets connections equal ®50 mm.

7.2.6.2 Suction Line:

The suction line from skimmers and main drains to the pump is shown in the
schematic diagram below. In this diagram the required flow rate for each part of the
suction line are shown. Also the selected pipe size and pipe friction loss are shown.
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Sample of selection:

For the main suction line.

% Thetotal flow rate required is 27.4m3/hr, which equals 120.54 gpm.
¢+ From chart (1) in Appendix (B) at aflow rate of 125 gpm.

- 110 mm pipe diameter have ... velocity of 3.2 ft/sec.

... friction loss of 0.9 ft/100ft.
We select @110 mm pipe diameter so as to satisfy rule No 3 of the
Pipe Sizing Considerations.

The total friction head from suction line equals

=X( Total equivaent length of each pipe (ft) x friction head for each (ft/100ft)

=6.5x2x3.28x ﬁ +4.5x2x3.28x E +2.5x2%x3.28x E +3.0x2x3.28x 1—6
100 100 100 100

+5.0x2x3.28x 1—6 +6.5x2x3.28x % :3.53ft:£)’:1.075m
100 100 8

= Notes :-

The collector size is the same as the main suction line, which equals
®110 mm .

The pipe diameter from each skimmer to the suction collector is
®50mm according to the selected skimmer, also the pipe diameter



from each main drain to the suction collector is ® 63mm according to
the selected main drain threaded diameter.

7.2.7 Selection of Pump

The pump is the heart of swimming pool .It must operate economically and
reliably, reasonably quietly and be compact . The pool filter pumps are centrifugal
type, powered by a close-coupled eectric motor; they usualy include an integra
strainer basket before the impeller and volute . Most pool pumps are self-priming,
they still best suited just below water level with a direct flooded suction line rising
evenly and slowly to the pump. Most self priming pumps can extract air from the
circulation system even with suction line full of air, providing there is some water in

the pump chamber to lubricate the pump seal.

The recirculating pump shall be selected to meet the conditions of flow rate
required for filtering and cleaning the filters with the total dynamic head developed by
the recirculation system (The recirculation system includes al the pipes, fittings and
equipment concerned with filtering , heating and disinfecting the pool water ). Head is
the resistance of water flow through plumping and equipment created by friction

Jresistance, distance or lift expressed in meters.

Figure (7.4) shows typical performance curves for pool pump. Therefore to
select the suitable pump ,we should calculate the amount of head (resistance) in our

pool and desired flow rate.
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Figure (7.4) : Typica performance curves for pool pump.
Reference : The Ultimate Pool Maintenance Manual, Terry Tamminen.

7.2.7.1 Pump Head Calculations:-

Thetotal pump head = static head + dynamic head
Where:
o0 Static Head equals zero, because the pump suction and delivery below water
surface , and according to Bernoulli's equation the static head will be zero.

0 Dynamic Head:

Is the friction resistance of water flowing through suction lines, discharge

lines, valves and equipment, but mainly from within the filter.

The friction head (dynamic head) calculations include:

a. Friction head losses in piping (both suction and discharge piping), fittings and
valves.

b. Friction head losses within filter.

c. Friction head losses through main drains, skimmers and return inlets.



Where:

- Friction head in pipes = friction head loss in suction line + friction head
lossin discharge line

=254+1.075=3.615m.

- Friction head in filter = 6.7m.

- Friction head through main drains, skimmers and return inlets, should be
taken from manufacture specifications for each one. However genera rule
of thumb isto add 1.5 m of head to aalow for the total of such component
of the system.

Tota head = friction head in suction line + friction head in discharge line
+ friction head in filter + friction head in main drains, skimmer,
and return inlets.
= 2.54+1.075+6.7+1.5= 11.89m.

7.2.7.2 Pump Selection:

Required specifications of the pump are:-
- Total head =11.89 m.
- How rate = 27.4 m3/hr.

By referring to Astral catalogue, we select maximum pump of code No 08003,
which have the following specifications:-
% Pump Name : Maxim pump 2,860 rpm.
% Power : (3.5HP), 230/400 V III.
¢ Inlet and outlet diameter : ®90 mm.
% Atahead of 12 m, have aflow rate of 42 m3/hr.



7.3 SpaDesign:

Many people ssimply regard a spa as a small swimming pool and though, the
two tanks of water have much in common, they are in practice very different .The spa
is used mainly for relaxation and has series of water and air jets provide a therapeutic
massage effect, where as the swimming pool is mainly used for exercise and has on

such features.

Table (7.2) shows the differences between spas and swimming pools.

05-5m? 10-10,000 m3
10 — 15 minutes 1 -8 hours
3 mg/L 1.5 mg/L
32-40°C 23-32°C
Daily Weekly
Every second day Only for repairs
2.5 person/m? 1 person/m?

Table (7.2): Differences between Spa and Swimming pool.

Spadesign is divided into two parts. One system to power the turbo charge jets.
The second system to filter and heat the spa water.

7.3.1 Turbo charge Jet System:

a. Turbo charge jets:
It is required to decide on the number and location of the jets. Our
residential spa have 4 jets located at the middle of the seats. According
to Hydro Air Catalogue, we selected Gunite jets of code No 10-4320,
which have the following specifications:-
+« Jet Name: Gunite Jet.
s Flow rate: 5 m¥/hr.

% Ataheadof 9mH.,O .



Therefor the total water flow rate for the four Gunite Jets equals
4 x5 =20 m¥hr.

= Note that Gunite jets are turbo charge jets (i.e. need air flow mixed

with water flow).

b. Air blowers:

Air blower is an electric powered mechanical device that forces air into
gpa. Theair blower is plumbed into the air line of spa jetsto turbo charge
the jet massage.

Air blower sizing is calculated on the depth of water through which the air
must be forced. The resistance created by horizontal plumping of angled
fitting is expressed as depth, so you can determine the total depth that the

blower must overcome.

The calculation procedure is as follows:-

1. Measure the actual depth of the water above the air outlet. Remember that
water displacement by bathers will raise the water level between (15-20 cm).
In our spa the depth of the turbo charge jetsis 30 cm below the skimmer level,
we add another 15 cm for the rise of the water level due to the bathes,
therefore the maximum depth is 45 cm.

2. Blowers are plumbed with 50 mm PV C. Measure the total length of al pipes
between the blower and the spa, For every 300 cm of pipe length add 2.5 cm
to the total water depth, and add 1.25 cm to the total water depth for every 90°
fitting. In our spa the total length of air pipes ( from the blower outlet to the
farthest turbo jet) is 2234 cm, and the number of 90° fittings are 9.

3. Thenthetotal depthisequals

= Actual depth of turbo charge jets (cm) + Length of pipe (cm) x 2.5
300(cm)

+ Number of 90° fittings x 1.25

(2234x 2.5] 74.87

=45+ +9x1.25=74.87cm=| —— |=29.48".
2.54



Note : Pipe length was taken according to the swimming pool piping drawing
(Appendix D).

The selection of air blower is according to the following table:

Less than 36" 1-hp
36" - 48" 1.5-hp
48" - 55" 2 -hp

Table (7.3) : Air blower selection,( According to manufacture recommendation).

For atotal water depth of 29.48" , the required blower sizeis 1 hp. According to
Astral catalogue , we selected air blower of code No 04089, which have the following
specifications:-

s Power : 0.74 kW.
% Fow rate : 65 m3hr.
% 1 mwater head .

4. From Astral catalogue we selected floor drain with code No 22359 with the

following specifications:-

>

+ Main Drain Name : Concrete Pools-Main Drains ,In polyester and

fiberglass.

R/
L X4

Recommended flow rate : 18 m3/hr.
«» Qutlet connection : @75 mm.

7
L X4

Main drain dimensions : 355 x 355 mm.

5. Pipesdection

Pipe selection procedure is the same that we followed in pool pipe
selection.

The discharge line from the pump to the various Turbo charge jets is
shown in the next schematic diagram. In this diagram the required flow rate
for each part of the discharge line are shown. Also the selected pipe size, pipe

velocity and pipe friction loss are shown.
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Total friction head of discharge line =
=X( Total equivaent length of each pipe (ft) x friction head for each (ft/100ft)
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The suction line from the main drain to the pump is shown in the schematic
diagram below. In this diagram the required flow rate of the suction line is shown.

Also the selected pipe size and pipe friction loss are shown.

mdin
cirein

v= 5.5 fhizac
150 m F—42 6/1000
V=20 nﬁ’hr E= T4 1mm
=&5gpm |
l To pump

Total friction head of the suction line =



~1.5x2x3.28x ﬂj —0.413ft = 2413 _ 0 126m
100 328

Total head = friction head in suction line + friction head in discharge line
+ friction head in air blower + friction head in Gunite jets
=0.126+0.277+1.0+9= 10.40m.

6. Pump Selection

Required specifications of the pump are:-
- Total head =10.40 m.
- Flow rate = 20 m¥/hr.
By referring to Astral catalogue, we selected Victoria pump of code No 20605,
which have the following specifications:-

R/
L X4

Pump Name: Victoria

Power : (2 HP), 230V II.

Inlet and outlet diameter : ®63 mm.

At ahead of 10 m, have aflow rate of 26 m3/hr.

L X4

L X4

R/
L X4

7.3.2 Filtering System:

1. The spacapacity is:
(The volume of the water in the spa) = 4m?.

2. Turnover:
The spa is the most likely place where sanitizers level can be quickly lost,
because of unintentional contamination by users. Higher water temperature
encourage bacteria multiplication and the close proximities of fellow bathers
make cross contamination more likely. Therefore we select a turnover of
15minutes.

3. Flow rate:

Spa Capacity 4 _16mP / hr

Flow rate= =
Turn over rate (15/60)

4. Filter:



Cartridge filters are the preferred choice for spas, from Astral catalogue we

choose cartridge filter, code No 18220 with the following specifications match

our design requirements:-

Filter Name : Cartridge filters, Terra series.
Filtration surface area: 14 m2.

Filter diameter : 400 mm.

Filter flow rate = 25 m3/hr.

Head : 2m.

. Circulating pump :

The circulating pump flow rate = filter flow rate = 16 m3/hr.

The circulating pump head equals
= suction line head + discharge line head + filter head + heater head + static

head + friction through main drain, skimmer, and return inlets.

a)

Main drain and Skimmer selection.

Use one skimmer for every 25m? of water surface.
Spawater surface area = 2x2 = 4m? — use one skimmer.
Skimmer capacity = 50% of filter flow rate = 50% x 16 = 8 m3/hr.
From Astral catalogue we selected a Skimmer of code No 05589, each
of the following specifications:
% Skimmer Name : Concrete Pools-17.5 L Skimmers with
standard throat.
% Recommended flow rate : 7.5 m3/hr.
++ Suction threaded connections : ®50 mm.
And we selected Main drain of code No 00258 with the following
specifications:
+«+ Main Drain Name : Concrete Pools-Main Drains, Square main
drain with grille, outlet of 2".
% Recommended flow rate : 13 m3/hr.

++ Side connection : ®63 mm.

Total flow rate through Skimmer and main drain = 7.5 + 13 = 20.5

m3/hr.



b) Return inlets selection
- Use return inlets of code No 15863, each of the following
specifications:
% Return Inlet Name : Concrete Pools-ABS Inlets. Return inlet.
% Max Flow rate : 13.5 m3hr.
¢+ Connection thread : ®50 mm.

A ,
No of required return in|etS:[F'|tfaU0n flow rate (m/hr)j

Flow rate fore each inlet

()12
135

- Use2 Returninlets of thistype.
- Cdculate the Spa perimeter, which is
Spa perimeter =2 x 4 =8m.

Number of required return inlets:(gjzlﬁ.

So its Ok to select 2 return inlets.

c) Pipesizing
o Dischargeline
The discharge line from the pump to the inlets is shown in the next
schematic diagram. In this diagram the required flow rate for each part
of the discharge line are shown. Also the selected pipe size, pipe

velocity and pipe friction loss are shown.
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o Suctionline
The suction line from the skimmer and the main drain to the pump is
shown in the schematic diagram below. In this diagram the required
flow rate of the suction line is shown. Also the selected pipe size,
velocity and pipe friction loss are shown.
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The total friction head for the circulating pump equals

= suction line head + discharge line head + filter head + heater head + static
head + friction through main drain, skimmer, and return inlets
=0.63+097+2+4+0+15=91m.

d) Pump selection

Required specifications of the pump are:-

- Total head =9.1m.

- How rate = 16 md/hr.

By referring to Astral catalogue, we selected Victoria pump of code
No 20601, which have the following specifications:-

+« Pump Name: Victoria

< Power : (LHP), 230V II.

% Inlet and outlet diameter : ®50 mm.

« Atahead of 10 m, have aflow rate of 16 m¥/hr.

€) Heater Sizing

Estimating heater size is more art than science, because of the many
factors affect the selection process (i.e) :
- Thewind velocity which causes rapid cooling of the water .
- Surface area of the spa (the greater the surface exposure , the faster heat
l0ss).
- What average temperature will you start at, and how much temperature
riseis needed.
- How fast do you want to heat the spa.
All these factors and changes over the years in them will determine

how large a heater you need.

However, the following guidelines will help to give a rough estimation

of heater size;



One Btu : is the amount of heat needed to raise the temperature of 1
pound of water 1 °F.
- The spawater volumeis 4m? = 1059.3 gallon.
- Theweight of water = 1059.3 x 8 = 8474.4 1b.
- If we need to raise the spa temperature from 70°F up to 100°F, then the heater
size = weight of water x AT = 8474.4 x 30 = 254232 Btu.

Usually heaters are rated in Btu capacity per one hour. Therefore if we
want to heat the spain one hour, then the selected heater should have at least
a capacity of 254232 Btu/hr, and if we want to heat the spain 2 hours, then
the heater should have a capacity of ( 254232/ 2 = 127116) Btu/hr.

7.4 Water Features

Fountains and water falls are grouped together under the collective term
(Water Features) .

Manufactures of each fountain head or water fall weir provide data sheets
explaining flow requirements, resistance, plumping size requirements and spray
characteristics. Of course, flow and head change as the height, volume, and diameter

of discharge changes.

Pump sizing is then a matter of following the calculations of total dynamic
head of the system, and using a pump that can overcome that resistance and still
deliver the desired flow rates.



7.4.1 Design of curtain waterfall

According to PEM manufacture, for a waterfall with free fall height of 3m, as
it is the case in our project, requires a weir of 40mm, with a flow rate of 1100L/min,
which equals 66 m3/hr = 290 gpm, at a head of 6m.

1. Pipesizing
For flow rate of 290 gpm , and according to the pipe chart ( 1 ) in
Appendix (B) , we need pipe diameter of 110 with velocity at flow rate
200 gpm equals 7.7 ft/sec.
2. Maindrains selection
According to Astral catalogue we selected two Main drains of code No 22361
with the following specifications:
% Main Drain Name : Concrete Pools-Main Drains , In polyester
and fiber glass.
+ Recommended flow rate : 42 m3/hr.
% Side connection : ®110 mm.

« Main drain dimensions : 355 x 355 mm.

3. Pump selection
- Cdlculation of total head.
Total head = waterfall head + dynamic head + static head
- Dynamic head:

The pipe length from the pump up to the weir level is20 m.
According to PEM manufacture, each 30m long of pipe requires3m
head ( pressure drop).

For a30 m (pipe length) = 3 m (head)

For a20 m (pipe length) =2 m (head)

Then the dynamic loss equals 2m.

- Static head:

The static head in this case equal's the distance between the outlets of

the water fall and the pool water surface , which equals 3m.



Total head = waterfall head + dynamic head + static head
=6+2+3=11m.

By referring to Astral catalogue, we selected Maxim pump of code
No 08005, which have the following specifications:-

+« Pump Name : Maxim pump 2,860 rpm.

% Power : (5.5 HP), 230/400V IIl.

% Inlet and outlet diameter : ©110 mm.

« Atahead of 12 m, have aflow rate of 67 m¥/hr.

7.4.2 Design of Cascade jets ( Beside the pool)

According to PEM catalogue, we selected 6 Cast Bronze Cascade jets of code
No PEM 53A, with the following specifications for each:-
% Flow rate = 93 L/min, that equals 5.58 m3/hr .
+ Nozzle pressure: 2.2 m.
¢ Outlet diameter : ®50 mm.

Thetotal flow rate = Number of nozzles x flow rate for each
=6 x 5.58 = 33.5 m¥/hr.
1. Pipesizing
For flow rate of 33.5 m3hr , which equals 147.4 gpm , and according to
the pipe Chart ( 1) in appendix (B) we need pipe diameter of ®110 with
velocity at flow rate 150 gpm equals 3.8 ft/sec.
2. Maindrain selection
According to Astral catalogue we selected Main drain of code No 22361
with the following specifications:
% Main Drain Name : Concrete Pools-Main Drains , In polyester
and fiber glass.
% Recommended flow rate : 42 m3/hr.
% Side connection : ®110 mm.

« Main drain dimensions : 355 x 355 mm.



3. Pump selection
- Tota head = nozzle head + dynamic head+ static head
- Dynamic head
Total length of pipes = 26.
Dynamic head = (26/ 30)x 3 =2.6 m head
- Static head = 0.62 m (The difference between the outlet of the
nozzle and the pool surface area).

Total head = nozzle head + dynamic head + static head
=22+26+0.62=5.42m.

By referring to Astral catalogue, we selected Victoria pump of code
No 23045, which have the following specifications:-

R

% Pump Name: Victoria pump.

>

< Power : (3HP), 230V II.
Inlet and outlet diameter : 110 mm.
At ahead of 10 m, have aflow rate of 34 m3/hr.

L)

R/
L X4

L X4



7.4.3 Design of outer waterfall with itsfeatures

Talerhell

il

Figure (7.5) : Outer waterfall.

7.4.3.1 Design of Hemispherical Nozzle

According to PEM, we selected Dandelion Hemispheres of code No 1233

which have with the following specifications:-
+ Fow rate = 330 L/min, that equals 19.8 mé/hr .

% Nozzle pressure: 2.8 m.
% Thread pipe size : ®63 mm.

7.4.3.2 Design of Cascade jets

According to PEM catalogue, we selected 3 Cast Bronze Cascade jets of code

No PEM 53A, with the following specifications for each:-
+ Fow rate = 93 L/min, that equals 5.58 m3/hr .
+ Nozzle pressure: 2.2 m.
% Outlet diameter : @50 mm.



7.4.3.3 Calculations of therequired well for the fountains

The designed well must be enough to obtain al the water volumes in the

basins of Hemispherical and cascade Nozzles when required to empty them.

The water volume in these basins equals the summation of each basin surface
area multiplying by the water depth in each, that equals 20.04m3.

The well must be designed to obtain additional 30% of water volume as a
safety factor. Then the required well volume = 1.3 x 20.04 = 26.05 mé.

Select well dimensions = 4x4x3 , then the total well capacity equals 48m3.

The next Figure showing the well, the required volumes classifications are

shown in thisfigure.
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Figure (7.6) : Required well for the outer waterfall.



=  Pump selection

Thetotal flow rate for the hemispherical nozzle and the cascade jets

= No. of each nozzles x flow rate for each = 1x19.8 + 3x5.58 = 36.5 m3/hr.

Total head = head of the highest nozzle (hemispherical) + dynamic head
+ static head

Total length of pipes=20m.
- dynamic head = (20/ 30)x 3 = 2.0 m head.

- dtatic head = height of water in the well + height between the well surface and
the highest fountain = 2.4 + 7.34=9.8 m.

Total head = static head + dynamic head + head of the highest fountain
=90.8+20+2.8 =14.6m.

Select Submersable pump, which have the following specifications:-
+«» Pump Name : Hung pump.
< Power : (7.5 HP), 230/400V III.
% Inlet and outlet diameter : ®110 mm.
% Atahead of 18 m, have aflow rate of 36 m3/hr.



Pipe selection as the following figure
The discharge line from the pump to the nozzles is shown in the below
schematic diagram. In this diagram the required flow rate for each part
of the discharge line are shown. Also the selected pipe size, velocity

and pipe friction loss are shown.
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CHAPTER EIGHT

Lighting& Electrical Wiring Design

8.1 Introductions: -

In this chapter, we will present the design procedure for the lighting & €electrical
wiring of our project, so we will discuses the steps using samples of calculations.




8.2 Lighting Design:-

Let's take the storage room in the basement floor, its dimensions are as follows:-

Length = 6.48 m.
Wide=4.76 m.
Height = 3.03 m).

The celling made from concrete with coefficient of reflection = 50%, color of ceiling
and wall iswhite.

Required:
The number of lamp and distribute with suitable and regular shape and avoid glare

and shadows.

Solution:

* Area of Store:
Areaof store=long*wide
Area=4.76*6.48 = 30.78m?
* Effective Height:
Height of utilization surface on the ground = 80cm
Effective height (He) = 3.02-0.8 = 2.22m
* Calculation of Room Factor:
Room factor
K=0.8W+0.2 L

he

K =0.8*4.76+0.2*6.48 > 2.29
2.22

* Calculation of effectiveness of Lighting

-We will choose single florescent lamp, With Luminous flux= 5000 lumen
-Kind of lighting: direct lighting



From table (1) in appendix

—>Found effectiveness of lighting

Using florescent table, direct lighting, color of wall ceiling iswhite
Also the coefficient of reflection (ceiling) = 70% , wall = 50%

Table (1) effectiveness of lighting
RefD (aea Cnd o3 ¢ laadl 3 4l 5eSI) iyl

Use interpolation between 0.47& 0.43 when K=2.30

—->We found n = 0.45

* Determination of Illumination (E):

Using the following table, we found that:
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Table (2) Table of Illumination

The Illumination for storage room (from table) = 60-110 lux
—> Choose luminous flux (E) = 80 lux

For assume maintenance factor (p) = 0.8

*Calculation of Luminous flux:

We can calculate required luminous flux by use

O=EA/np
=(80) (30.78) / (0.45) (0.8)
= 6840.0 lumen.
* Calculation of Number of Lamps:
# of lamps = required lumen/ lumen per unit lamp

# of lamps =6840.0/5000 = 1.4lamp

- Select #of lamp = 2



*Calculatetotal power of lamp

Total power of lamp = # of lamp* power of one lamp
=2* 58= 116 watt

*Calculation of effectiveness of lamp:
Effective of lamps [Lumen/watt]

= total luminous flux
Consumption power

= 5000*2 = 93 lum/w
108

*Calculation of lighting load:

Load lighting (watt) = (power of each lamp * # of lamp)/area of room
= (58* 2) / 30.78 = 3.87watt/n?

*Distribution of lighting units:

We distribute lighting units in two rows as figure below




*Calculation of shadow ratio:

Shadow ratio values must be between (0.5 -2)

Shadow ratio = distance between lamp / effective height

Shadow radio in horizontal line=3.24/222=15

Shadow ratio in vertical line=2.38/222=1.1

Connect unit lighting

After distribute lamp on the plan we connect lamp to gather in each room and

connect with keys after that we explain by drawing how to connect lamp with
distribution board in each floor as in figure below




*Design of pooal lighting:-

Pool lighting can be divided into two kind of illumination:

1- Submerged light:

-Power of lamps chosen should not be less than 0.5 watt per foot square of the
Pool.

2- Parameterized light :

-use Power of lamps chosen should not be less than 2 watt per foot square of the
Pool when not used submerged light or

-use Power of lamps chosen should not be less than 0.6 watt per foot square of the
Pool when used submerged light.

1- Submerged light:

-We choose lamps protected against humidity (1P=68)—> (Using Astral catalogue)
-Power of lamps chosen should not be less than 0.5 watt per foot square of the
Pool.

To determine number of lamp use in the pool:-

Areaof pool = 61.56 m? = 662.3ft2.

To determine number of watt required for 662.3 ft2-

0.5 watt > 1ft2

# of watt 2> 662.3

# of watt required = 331

From Astral Cataloged we select lamp with power = 300 watt

Number of lamp required = 331/300 = 1.10

So take 2 lamps

According to Astral cataloged:-

Use one lamp for each 20 m? of pool surface

Number of lamp required = 61.56/20 = 3

So we select 3 lamps put the under water in the pool



2- Parameterized light :

-Power of lamps chosen should not be less than 0.6 watt per foot square of the
Pool.

To determine number of lamp use around parameter of pool:-

Parameter of pool = 226.4 m? = 2435.7ft2.

To determine number of watt required for 2435.7 ft2:-

0.6 watt > 1ft2

# of watt > 2435.7

# of watt required = 1461.4

From Gewissl Cataloged of code number GW88793we select lamp with power = 120
watt

Number of lamp required = 1461.4/120 = 12

So we select 12 lamps put on parameterized of the pool

8. Design of Lighting Circuits:-

Let's take the storage room in the basement floor (L 3), as shown in the following
figure:

From the lighting design, we present previously, we can notes that:

- We select 2 Single florescent lamp with power = 58 watt



Solution:
-Total power for L3= 2*58 = 116watt

To determine currant, use the following equation:

P=V*I* cosl|
Where:
P: power =116w
V: voltage =220

cosl : power factor =1
By sub. In the previous equation

116 = 220* I* 1—1 = 0.57Amber

—> Using the following table, we found that:
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(Use cable isolated with plastic)

| =0.57 < 10 Amber so we take area of cable section = 1.5 mm?




- Wedo the same calculations for al the lines we have in each floor; finally we can
draw the lighting circuit of thisfloor. As shown below

* Determination of section area of lighting wiring in basement floor:

Symbol of L oad of Currentsof Cut
circuit circuit circuit Currents(A)

*After we found the load of each line:
- Total power of thisfloor= 0.55 Kw.

- Diversity factor =09
- Tota power =0.9* 0.55=0.5Kw

- To select the section area of the wire feeding this floor, we use the following

equation:
Power= (3)¥2* V*I* cosl]
Where:
P: power =554 W
V: voltage =380v

cosl : power factor =1

554=380*I* (3)¥2* 1 —I = 0.84Amber
So we take area of cable section = 2.5mmz.

- But we will use (4mm?) as a standard in feeding wiring.
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Lighting circuit of basement floor

* Deter mination of section area of lighting wiring in ground floor:

Symbol of L oad of Currentsof
circuit circuit circuit




* Deter mination of section area of lighting wiring in first floor:

Symbol of L oad of Currentsof
circuit circuit circuit

Symbol of L oad of Currentsof
circuit circuit circuit
(W)

Symbol of L oad of Currentsof
circuit circuit circuit
(W)




* Calculation of Voltage Drop:

A-Voltage drop between far appliance and distribution board:
Let ustake (L3) in the basement floor:

%e=0.074*L*P/A

%e=0.074* 5.87* 0.116/ 1.5
%e = 0.05%

If %e<25% - sothecrosssection areaissuitable.

The following tables present the voltage drop in each floor:

Basement floor:-

Kind of M ax Length of E%
room power | cable (m)
, (W)

| Bollert1 |__ 126 | 587 | 15 | o005 |
R E
Store L3 | 116 | 9.7 | 1.5 | 0.06 |

Ground floor:-

Kind of M ax
room power
\ (W)

Bed room 406 8.1 15 0.16
L1 | | | | |

Kitchen L4 | 274 | 13.36 15 |“
Dinning L5| 304 I 11.55 | 15 I 0.17 |
Saloon L6 I 404 I 16.58 | 15 I 033 |
I~ 178 | 15 |
404 I 15 I

Path L7 | 13.13 m
Saloon L8| 12.28 | 0.24 |




First floor:-

Kind of M ax
room power
(W)
Bed room 226 15 )
Ll n n n
Living L3 | 336 | 1.5 I“
Bed room 274 13.1 1.5 0.18
L4 n n n
Bathroom 252 11.73 15 0.15
L5
254 15 0.23
6
252 | 15 .
254 | 15
5

ﬂ
0.10 |

8.1

8.06

1
Bed room 18.64 2
L
Path L7 | 9.01 Im

Bed room 14.38 0.18
L8
Bath L9 | 84 | 3.11 1 0.01

Roof floor:-

EGEEELE
L

Kind of M ax
room power

‘ \ (W)
Living L1 |

|
i Living L3

Bed room
L4

E%

274 | T4 |15 | 010 |
472 I 15.47 | 15 I 0.36 |
374 I“ 15 |




Swimming pool:-

B- Between M.D.Bto D.B
Let'stake D.B.1 in the Basement floor:

Max power from turn on these devices (D.B.1) =554 w
Length of cable 1m

Voltage drop can be calculated by use:

%e=0.024*L*P/A

%e=0.024* 1*0.554/4

% e = 0.003%

If %e<25% - sothe cross section area is suitable.

2150 |
D.B.3 1740

E




C- Calculation of voltage drop between electric cooumn & M.D.B
Max power from all distribution boards = 7.264 Kw

Length of cable 14.3m

Voltage drop can be calculated by use:

%e=0.024*L*P/A
%e=0.024* 14.3* 7.264/ 4
%e=0.48%

If % e<25% - sothe cross section area is suitable.

Currant can be calculated by use:

Power= (3)¥2* V*I* cosl]

7264 = (3)¥#* 380. I. 1=19.1 Ampere.

so we take cut currant = 25Amper



8.4 Design of Power Circuits:-

Table (4) - Average power ratings of electrical appliances

[ Appliance | Kind of device | Power (W) I
| Hair Dryer | Superstrio | 1000 |
fon | i | w0

Newow | | |
Wirpoo | de0 |

Bovs | ewod | a0
T S TS [
Dishwasher | | 1400 |
|| Radio | Sharp | 5 |
ID::
| Electrical sweeper | | I

[T VT T SV N—
T TS I T
T — N R
S 1= I
T ! ! 40 _|
|[Stereo ! ! 127 _|
|[Shaver ! Philips ! |

|| Color Television | Gold star | |

_:I:I

::
ot ::
o — ::



* Working Conditions for each floor:-

Table (5) - Devises may beused in each room

Basement floor : -

r— T

Kind of Kind of Power of M ax Currant of Cut
room device circuit (W) | power circuit Currant
\ \ (W) (A) (A)
Boiler P1 | Boiler | 2500 2500
I P2 | pump | 2500 | 2500

Ground floor:-

Kind of Kind of device| Power of Currant of
room circuit

Saloon P1 eectrica
sweeper
Night owl

stereo

[PEEEES hia
Saloon P2 eectrica
sweeper
Night owl

stereo

I [PEEEES hia
dining P3 electrical
sweeper

stereo

LS b

Kitction P4 || Refrigerator
Blender
Microwave
Dishwasher
Radio
Oven

toster

sl ddle
fan) Al
BIEERAERS



Living P5 Night owl
TV
TEL
Satellite
iron
58
Bed room Hair dry
P6 Night owl 2515 114 2.5 16
Shaver
. Iron . . . .

First floor:-

Kind of Kind of device| Power of Currant of Cut
room circuit circuit Currant
(W) (A) (A)
Bed room Night owl
P1 Heater
Computer
Printer
Stereo
Al e gilday
Bed room Night owl
main P2 Heater
Shaver
lron
Hair dry
400 yeS Ay
Bed room Night owl 40
P3 Heater 1800 127
stereo 15
shaver 200
480 yeS dylay

Living P4 Night owl
TV
TEL
Satellite
iron
le idle
3548 adlia
58




Bed room Hair dry
P5 Night owl
Heater
Computer
Printer
4 S Al

Roof floor:-

Kind of device| Power of Currant of Cut
circuit circuit ' Currant
W) 1 I (A) |
Shaver
Washing
machine

Hair dry
Night owl
Heater
4 S Al

Living P3 TV
TEL

Satellite
iron

Night owl

e

kitction el 43le
P4 568 gllaa
Microwave
toster



Kind of Kind of device| Power of Currant of Area of
room circuit power circuit section Currant
(W) (W) (A) (mm2) (A)

Pump 4103 4103

| Air device | 746 | | | | |

D

* Lets now take an Example:

- Take the Bed room( P6) in Ground floor as shown in figure below:

Kind of device maybe used:

device:- Power (w)
Night owl 40
shaver 15
hair dry 1000

iron 1500



Max power from turn on of these devices = 2515 w.
Currant can be calculated by use:

P=V.l cos ®
2515=220.1.1=11.4 Ampere.

| =11.4 < 16 Amber so we take area of cable section = 2.5 mm?

—> We do the same calculations for all the lines we have in each floor; finally we can
draw the lighting circuit of thisfloor. As shown below

p] pa] e pi]_ pa
I
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ﬂE‘ w ¥4F +A30 - FRLF
Ea = 247|085 - 3573

Power circuit of Ground floor

- To select the section area of the wire feeding this floor, we use the following
equation:

Power= (3)¥2* V*I* cos_

Where:
P: power =8.70 KW
V: voltage =380V

cosL! : power factor =1

8700= 380* I* (3)¥2* 1 —1=13.2Amber
So we take area of cable section = 2.5mmz.



- But we will use (4mm?) as a standard in feeding wiring.

* Calculation of Voltage Drop:
A-Voltage drop between far appliance and distribution board:

Let us take (P6) in the Ground floor:

Voltage drop between far appliance and distribution board can be calculated

by use:
%e=0.074*L*P/A

%e=0074*7.7*2515/25
%e=0.57%

If %e<25% - Sothecross section area is suitable.

The following tables present the voltage drop in each floor:

Basement floor : -

Klnd of M ax
room power
(W)

BOIIer P1 2500 6.6 2.5 0.48
2500 2.6 2.5 0.2
Store P3 I 1900 I 10.4 | 2.5 I 0.58

Ground floor:-

Kind of M ax
room power
(W)

Saloon P1 | 487

Kitction 3085 2.5 1.4
P4
Living P5 I 1830 I 6 | 25 I 0.24 |




First floor:-

Kind of [ M ax [ Length of | Areaof [
room power | cable (m) section
I W) 1 (mm2)
Bed room 2000 9.2 25 0.54
P1
Bed room 2040 15.4 25 0.93
main P2
Bed room 2127 11 25 0.69
P3 . . .
Living P4 | 2050 | 25 |
Bed room | 2440 | 25 |
P5

Roof floor:-

Kind of [ M ax [ Length of | Areaof [ E%
room power | cable (m) section
I W) 1 (mm2) |
Bath room 2095 53 25 0.32
Pl . . .
Bed room | 2090 | 25 | 0.24
P2

LivingP3| 1830| 9.2 | 25 I 0.50 |
iKitchenP4 I 3000 I 15 | 25 I 13 |

r— T

Kind of M ax Length of Area of E%
room power | cable (m) section
(W) (mm2)

e || 25




P4 746 2.8 2.5 0.06

B- Between M.D.BtoD.B

Let'stake D.B.1 in the Basement floor

Max power from turn on these devices (D.B.1) = 5520w
Length of cable 1m

Voltage drop can be calculated by use:

%e=0024*L*P/A
%e=0.024* 1*5.52/4
%e=0.03%

If %e<25% - sothecrosssection area is suitable.

Kind of M ax
D.B power
(W)

C- Calculation of voltage drop between eectric column & M.D.B
Max power from al distribution boards = 33.812 Kw
Length of cable 14.3m

Voltage drop can be calculated by use:



%e=0.024*L*P/A
%e=0.024* 14.3* 33.812/6
%e=19%

If %e<25% - sothecrosssection area is suitable.

Currant can be calculated by use:

Power= (3)¥2* V*I* cos_

33812 = (3)%%* 380. I. 1 = 51.4 Ampere.

so we take cut currant = 80Amper
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A divein the pool with Mapie Catalogue, MAPEI S.p.A.

ASTRAL POOL, (2001), catal ogues, Spain.

GEWISS, Trade catalogue, 2005.

Hydro Air. ITT Hydro Air International, The cataogue, 2003-
2004.

PEM FOUNTAIN COMPANY, (2005),speciaized equipment for
fountains and water features, Canada, USA.

The Ultimate Pool Maintenance Manual, pools, spas, hot tubes, and

other water features, second edition, Terry Tamminin, McGraw-
Hill,2001.
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Shear wall number (1) Stadpro results page.
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Table (1): Active Passive and Static pressure

T e b by o L T R =- n e Y

S undingescanatl ) ShoneUieli g el g enoimman werden th ek an gen u.,_im_:':_.t_
Wendiigangen sichz DIN 4757, Zifler 5,15 Eagepen mud die Annehime ebeler Gletflzcaen
— i dic Drmislung cer passiven Erddruckbeiwerte weiter eingeschrankl werden, Den Tabe len-
werten fur A, und Kpy hegen cesoalb gekdlmmte Clenfldchen zueiunde, col awar fur
{t > 6, = - 63') nach der Theoric von StreshiWeiBenbach [11.2], Hir 6, = - ¢ nac Caguod Kérisel
[11.10], Das sind nach einer vergleichenden Urtersuchuag [11.47 die jeweils kleincren Wearte
Dic Beiwerte K, , werden fiir die Ennittlung des Erddrucks aus Streifen- und Einzelasten ge-
braucht (sichc Seite 10,131 und ergaber sich fir e =0 =10 aus dem Ansata
Koo =8in (8, - ¢} cos de0s (1, — - 5) 1 1.2

Zur Ermittlung des Rubecruckberwertes Ky siche Ahschnitt 4.4, Weiters Erddruckbeiwerte sizhs
[11 2], [11.3], [11 9}, [12.10].

Erdidrackheiwerte K und Gleitflachenwinkel i, fur o = 0,7 =0 Zvaschanwerte zersdfl emsehalten ]/

T
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Ky 0 | L70| 186|204 | 224 | 245|272 300 | 332 | 369 | 4,11 | 460
Y | 194 | 218 | 248 | 281 | 322 | 308 | 427 | 495 | 5,00 | €,85 | .15
e | By =8N 211 238 2717|323 | 381|451 ) 546 | 615|712 | 827 | 9.5
K| @ | 203 | 245 | 285 | 530 | 3,93 | 58 | 563 | 6,8b | 8,98 (10,67 [13,67 | o
e 0 |07|0,70 066|082 | 053] 054|050V 045|045 | ca9 | 036
i 0 |525|538 5053|588 | 600 13 hj.f-!f:_'ls 65,1
* + Mg |43 | 508 522|536 | 550|562 | 5T | 92| 60,6 | 62,0 | 63,3 P
% e | 470 [ 485 | 500 | 515 | 550 | 4.5 | 56,0 | §7.5 | 589 | €04 | 6LY |

Ersatzlasten Fiir Eisenbahnlasten neben Stitzbzuwerken nach DS 804

LI:lU echie Ersatzlast als unbegrenstz | schmala Streifenlast” mit p = 52 kNm’ und b = 300 m
(siche vereifachter Lastbild UIC 7L, §. 2.31);

Fliebkraft p nuf cer Grundiage cirer Streckenizst von 80 kN/m;
Seitenstof 8 = (WA 0 + 4) kKN/m mit @ = Licater Abstend in m zwischen Schwelenks pf und

Wand (siene Abb, schmale Stretfenlzst™ au Seite 11.13).

) iy =@ = 1%, ater hichsters 27,5,
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