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Factored L oads:

The factored loads on which the structural analysis and design is based for our

project members: is determined as follows:
qu=12DL +1.6L ACl -318-02(9.2.1)
Deter mination of thickness:

The structure may be exposed to different loads such as dead and live loads.
The value of the load depends on the structure type and the intended use.



The overall depth must satisfy ACI Table (9.5.a):

For rib (R 1) in the first floor:

1.9 m .35 m

Fig. (4-1): R1in TheFirst Floor

According to: ACI-318-02 (9.5a)
L =@ =0.343m =34.3 cm
185 185

L 19

—=——=0.1027 m =10.27 cm
185 185

From the previous calculation we select the thickness of slab = 35 cm

L oad Calculation:

One- way ribbed dab.
For the one-way ribbed slabs: the total dead load to be used in the analysis and

design is calculated as follows:

Srrinkzgs B Te wporrzy Ears —,

o
Ho koo Bk { (7 en 3 =




Fig. (4-2): OneWay Rib Slab

Calculation of the total dead load for one way rib slab is shown in the following

table:
Table(4-1): Calculation of The Dead L oad For Slab.

No. Parts of Rib Calculation Result Unit

1 Rib (25) (0.12) (0.27) 0.81 KN/m Linear

2 Top Slab (25) (0.08) (0.52) 1.04 KN/m Linear

3 Plaster (22) (0.02) (0.52) 0.23 KN/m Linear

i} Block (9) (0.27) (0.40) 0.97 KN/m Linear

5 Sand & Tile (2) (0.52) 1.04 KN/m Linear
4.09 KN/m Linear

Nomina Total Dead Load :

D.L.igta = 4.09 KN/m of rib

Liveload =5.0* 0.52 = 2.6 KN/m

Factored dead Load = 1.2* 4.09=4.908 KN/m.

Factored live Load

Design of Topping:

=16* 26 =4.16 KN/m

Design of Topping for One-Way Rib Slab:

Dead load = total dead load — dead load of onerib

DL =6.87KN /m?

Wu= (12* 6.87) + (16 * 5)




=16.25 KN/m2

—> For aone meter strip Wu = 16.25 KN/m

Assume dlab fixed at supported points (ribs):

Wu*1?

12 ke Bor ] 17 il — :

Mu

Mu= (16.25)(0.4)%/(12)
=0.217 KN.m

b.h? -,
6

f .Mn = (0.55)(0.42)+/fc .

Fig (4-3) Topping of Slab

(1000)(80)*

f .Mn = (0.55)(0.42)v25———"
n=(0.55)(0.42) 5

® Mn=1232 KN.m>Mu=0.217 KN.m

No structural reinforcement is needed. Therefore: shrinkage and temperature
reinforcement must be provided.

For the shrinkage and temperature reinforcement:
p =0.0018 ACI-318-02 (7.12.2)

As=p* b* h=0.0018* 100 * 8 = 1.44 cm?/1m

Use 1F 8/ 25 with ASpyrovided = 2.00 cm?m both directions.

Shear Design of Topping:

d :h—c—f—S
2



d :8—2—%:5.&m

_Wu~*l

VU, .,
2

VU _16.25*0.4

max

=3.25KN
®d Vec>Vu

(0.75)*%* 25* (b)* (d) =Vu

(0.75)* %* 25* (1000) * (56) >Vu

3BKN>325...... (No shear reinforcement is required)

Design of rib (1):

m - ] P
ML T
“‘ }'"3‘"“;?}"
] L ll’ 11Tl B . —
O 00T 0

Fig.(4-4) Rib Location

By using ATIR program we get the moment diagram as the following values:-



1.9 m B.3& m

Fig. (4-5) SpansLength of Rib (2).

Fig. (4-6) Moment Diagram For Rib (1)-(KN.m).

-2TE

-4, g

o] -

=="arg
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Fig. (4 - 7) Shear Diagram For Rib (1)-(KN).

Design for positive moment for Rib (1):

This design for 6.35 m spans:
Effective Flange width (bg) ACI-318-02 (8.10.2)
be For T- section isthe smallest of the following:

be =L/4=7.0/4=175cm

be=bw+16t=12+ 16 (8) =140 cm



be = bw+(LC/2)+(LCy/2) =52 cm.................... Control

» My max positive = 29.6 kN.m

Mp =29.6/0.9 = 32.9 kN.m

» Determine whether the rib will act as rectangular or T — section:
For a=t=8cm

C = 0.85*fc*t* be = 0.85 (25) (80) (520) =884 KN

d=h-C- dg-®J2=35-2-1- (2.0/2) =31.0cm
M,=TorC(d-0.5a) =884(31-0.5(8))/100 =238.68 KN.m
Mn available = 238.68 KN.m > M, required = 32.9 Kn.m

Design as arectangular with bg =52 cm

A'smin —%(b w)(d) > —(b )(d) ACI-318 (10.5.1)
25 1.4
s min = 2(420) (12)(3D > 50(12)(31)

ASmin=11cm? 2 1.24 cm?
AS min=1.24cm’

- Y M0 g4
0.85fc’  0.85(25)

Mn  32.9*(10)°

bd? (520)(310)>

* *
r:i 1 ho 2mRn | _ 1 1_\/1_2 19.76* 0.65 _ 0.0015
m fy 19.76 420

Rn =




2 2
As = (0.0015)(52)(31) = 2.42¢cm“ >As min =1.24cm

\ Sdlect bottom bars 2d14 mm

TOta| AS(provide) :308 Cm2>AS'eq

* Check for yielding:
Tension = Compression
A x fy=0.85x f 'xbxa

(308) x 420 = 0.85x 25x520x a

a=11.71mm
2 WA s mm
~ 085 085
e = 3101877, 4 003=0.064
13.77

e, =0.064 > 0.005......0K

Design of Negative Moment for Rib (1):

The maximum negative moment at the face of support is:
Mu = 26.5 kN.m

Mn =26.5/ 0.9 =29.45kN.m

Design of T-section for negative moment as rectangular section with (b =hy,)

A's min = */(;) (bw)(d) > —(b )(d) ACI-318 (10.5.1)
.25 1.4
A's min = 2420 (120)(310) > -~ (120)(310)

Asmin=11cm? = 1.24 cn?

As min=124cm’

m = 19.76



29.45x10°

Rn=Mn/by. d?= =255
B 120x 3107
* *
r:i 1l 2mRn | _ 1 1_\/1_2 19.76* 2.55 _ 0.0065
m fy 19.76 420

A's =0.0065 (12) (31) = 2.418cm?

2.418 cm® > AS(min = 1.24 cm®

Sdect bar 2 ® 14 mm

TOta| AS(provide) :308 Cm2>AS'eq
* Check for yielding:

Tension = Compression

A x fy=0.85x f 'xbxa

308x420=0.85x 25x120x a
a=50.73mm

X =—2 _5068
0.85

o _310-50.68
* 5968
e, =0.0125> 0.005

x0.003

Design shear for Rib (1):

dVe= @* —Véc bw * d

= (0.75* 25+ % *120* 310)/1000

=23.25KN

@ Verin =( D % * pw * d)* =(o.75%*120*310) /1000 = 9.3 KN.



22> ® Vguin=9.3KN.
V,=30.9kN (From Shear Envelop)
@ Ve < Vy < (®PVe+ DVanin)
23.25 < 30.9 < (23.25+9.3)
.. Category (3) Satisfy :
Minimum shear reinforcement required« so;
_dx Av xfy xd
Vs

_ 0.75%(2x50) x 420x 310
9.3x10°

S

=1050mm =105cm

S=d/2=31/2=155cm
S<60cm
UseS=15cm

* * *
¢ Vs:f Av* Fy*d

_ 0.75x(2x50) x 420x 310
150

dVs =65.1KN

Thenusef 8 @ 15cm




Design of Beam(B1):

Fig (4 - 8) Beam L ocation(B1)

.25 m 7.2m 7.9 m

Fig (4-9) Span Length of B1

Fig (4 — 10) Beam Moment Values (KN.m)



= it

Fig (4-11) Beam Shear Values(KN)

Design for positive moment:

B=30cm

H=55cm

Dead load of gab = PEMB) _ 409 _ 2 o /m?
052 052

Liveload of dlab= 5KN /m?

Le_

Live Load of (B1) = 5* > » 635

Dead Load of (B1)= 7.87*L—2C+€ ol = 7.87*%+é(25* 0.3*3)

Dead Load of(B1)= 28.7KN /m
Design of right span (7.55 m):
Design of positive moment:
Mu= 311KN.m

0.9

d=h-C- ®g-®J2=55-2-1- (2.0/2) =51 cm



Xmax= 0.375*d= 191.25 mm
a= 0.85* X=162.56 mm

C = 0.85*fc*a* b = 0.85 (25) (162.56) (300) =1036.32 KN

Mn(singly)=C (d _Ej 1036. 32(510—@) 444.3KN m

MnNsingly) > Mgy . ... (use singly reinforced section)
m=19.76

6
RN=Mn/ by, 2= 22X107_ 4 43
300510

* *
c_A(, J_2mRn)_ 1 1—\/1—2 19.76*4.43 ) _ o .5
m fy 19.76 420

A's =0.012 (30) (51) = 18.36 cm”?

As min = */(;)(b )(d)>—(b )(d) A's min =
J75
M(SO)(SD > —(30)(51)

ASmin=455cm? = 5.1 cm?
ASmin=51cm’
A's =18.36 cm?

18.36 cm* > AS(min) = 5.1cm?

Select bar 6 ® 20 mm (bottom reinfor cement)

ASprovided)= 18.84 cm® > A's = 18.36 cm”



* Check for yielding:
Tension = Compression

A x fy=0.85x f_ 'xbxa
1884 x 420 =0.85x 25x 300x a

a=124.1mm

X =—2 —146mm
0.85

o - 210-146 103

S

e, =0.0075> 0.005

Design for Negative moment:

Design of negative moment over theright support:
Mu= 311.5KN.m

Mn= m =346.1KN.m
0.9

d=h-C- ®g-®J2=55-2-1- (2.0/2) =51cm

X ma= 0.375%d= 191.25 mm

a= 0.85* X=162.56 mm

C = 0.85*fc*a* b = 0.85 (25) (162.56) (300) =1036.32 KN

MNsingy=C (d —%) - 1036.32(510—@] — 444.3KN m

MnN(singly) > M. ... (use singly reinforced section)
m=19.76

6
Rn=Mn/by. ¢ = 0107,

300x510%



r:il— 1_2mRn _ 1
m fy 19.76

A's =0.012 (30) (51) = 18.36 cm”

_Jfc
bw; d_—b d
A's min = (fy)( w)(d) > ——(b,)(d)

NeS
2420) (50BN =— (50) (31)

ASmin =455cm? = 5.1 cm?
ASmin=51cm’
As =18.36 cm?

18.36 cm* > AS(min) = 5.1 cm?

E

2*19.76* 4.43

420

Jz 0.012

Asmin=

Select 6 ® 20 mm (Top Reinforcement)

ASgprovidesy= 18.84 cm? > A's = 18.36 cm”

* Check for yielding:
Tension = Compression
A x fy=0.85x f xbxa

1884 x 420 = 0.85x 25x 300x a
a=124.1mm

X =—2 —146mm
0.85
| 510-146
s~ 146
e, =0.0075> 0.005

x0.003



Design shear of Beam:

dVe= O * —Véc*bw*d

)

=(0.75* T* 300* 510)/1000 = 95.625 KN

D Vanin=( % * bw * d) :(0.75%*30* 510)/1000 = 38.25 KN.

Vy=2755KN (From Shear Envelope)

dVc+dVsmin =133.8KN £V, =2755KN £ 3dVc =286.8KN
.. Category (4) Satisfy :

Req. fVs =Vu-fVc
Req. fVs = 275.5-95.625
Reqg. fVs =179.8KN

; VS:f x Avx Fyxd

_ (0.75)(2)(79)(420)(510)
S

179.8*10°

S=14.1cm

(S) s%:%l: 25 5cm

(S)<60cm
UseS = 10cm.

Thenusef 10 @ 10cm




Design of Column:

Design Of longitudinal Reinfor cement:

Note: this design was made for only (4 floors) which mean that two

additional floors may be constructed in the future.
Select column (C1):

Pu =831.16 KN

Pn req = 831.16 /(0.65) = 1278.7 KN.

User =rg=15%

Pn=0.8Ag{0.85 fc' + I' g (fy — 0.85( fc'))}
1278.7%10° = 0.8 Ag [0.85* 25(1-0.015)+0.015* 420]
Ag =586.96 cm?

Use30cm x20cm  => Ag =600 cm?

1278.7 *10° = 0.8(0.06) [(0.85)*25(1-r g)+ r g*420]
r g=0.014>r min=0.01

Ag req = (0.014)(600) = 8.4 cnm?

T Bars .

Fig(4-12): Column

Use 4918 with A s provide =10 cm?

Design Of The Tie Reinfor cement:
Spacing < 16*d, (Longitudinal bar diameter)=16*1.8=28.8 cm
< 48*d; (tie bar diameter) = 48* 1.0=48cm.

< Least dimension=20cm

Use @ 10 ties @ 20 cm spacing.

= Cokdmin



The designed column is shown in Fig.(4-13)

Fig (4-13): Column (1) Details

Design of Stairs:

Dead load:
h=15 cm.

15
—tan ! (=2)=26.6°
q (30)

(0.02)(22)
€0s(26.6)

DL (plastering) = = 0.49KN /m?

)= (0.15m)(25KN /m?)
C0s26.6

DL (Concret plat =4.19KN /m?

DL (steps)= 0‘—215* 25=1.875KN /m?

DL (horizontal mortar) = (0.02)(22) = 0.44KN /m?



15

DL (vertical mortar) = (0.02)(22) (%

j: 0.22KN /m?
. : 33 »
DL (horizonta tiles)= (0.03)(23) [5) =0.759KN /m

DL (vertical tiles)= (0.02)(23) (%) - 0.23KN /m?

Total Dead Load= 8.204KN /m?

Total Live Load= 5.0KN /m?

For (1m) strip:

g, =12*D +1.6*L

g, = (1.2)(8.204) + (1.6)(5) =17.85KN /m

q,*L _(17.85)(3.0)
2

Vu = =26.8KN

Vu_ = %* c0s(26.6) = WLZ)(?"O)* c0s(26.6) = 24KN

max

Mu, ., =(26.8)(0.4+1.5)—(17.85)(1.5)(0.75) = 30.84KN .m
d=h-C —%:15—2—1:120m

Design for shear:

f *Vc>Vu

.75 (%j (i) b)(@) 2Vu,,,

(0.75) (%j (\/25) (1000)(120) >Vu, .,

75KN>24KN.......... (No shear reinforcement is required)



Design of main reinfor cement:
Mu = 30.84 KN.m

Mn = 30.84/0.9 = 34.27 kN.m

~ Mn 34.27*10°

Rn = = =
bd® (1000)(120)?

R
0.85* f,  0.85*25

r =1{1— /1—2mR“}
m f,

1 \/ 2%19.76* 2.37
r=———|1- -2 =" =27
19.76 420

r =0.006

m 19.76

A =r bd

As = 0.006* (100)* (12) = 7.2 cm?

Use®14 @ 20cm.  Asprovided. = 7.7 CM?

Check Agnin:

As.. - (0.25)(Wfc')(b)(d) _ (0.25)(+/25)(1000)(120) _ —_
fy 420

ns. - LAY A4A000020) _, .

fy 420

AS - AS_((OK))




Design of secondary reinfor cement:
Ase= (0.0018)* (b)* (h)

Ase= (0.0018)* (100)* (15) = 2.7 cm?

Use®10 @ 20cm.  Asprovided, = 3.95 cm?

Check yielding of main reinforcement:

Tension = Compression

A, xfy =0.85xf_ 'xbxa

(770)x 420 = 0.85x 25x1000x a

a=15.2mm
2 —15'2 =17.9mm
0.85 0.85
e, =207, 4003
17.9

e, =0.017>0.005.......! OK

Design of dab:
Design of thefirst (1m) of dab that carry the stairs.
h=20 cm.

Dead Load:

DL (plaster) = (22)(0.02) = 0.44KN / m?
DL(slab) = (25)(0.2) =5KN /m?
DL(tiles) = 2KN /m?

Total DL = 7.44KN /m?

Total LL= 5.0KN /m?

q, =1.2*DL +1.6*LL ~17KN /m?=17KN /m

from the landing: g, =26.8KN /m




Total factored load acting on the slab= 17+26.8 = 43.8 KN/m.

q,*L® _ (438)(3.2)°

M, = = 56KN .m
8
M, = M, =62.2KN.m
0.9
Mn 62.2*10°
Rn = > = > =
bd? ~ (1000)(170)
fy 420
m =19.76

T 0.85*f, 085725

r :1{1— /1—2mRﬂ}
m f,

1 2*19.76* 2.15
r=—|1- 1- 2 =2 =22
19.76 420

r =0.0054

A =r bd

As = 0.0054* (100)* (17) = 9.18 cm?

Use®14 @ 15cm.  Asprovided, = 10.25 cm?

Shear design of dlab:

V, =%=7OKN

f *Vc>Vu

.75 (%j (i) b)(@) 2Vu,,,

(0.75) (%j (\/25) (1000)(170) >Vu, .,




106.25 KN > 70KN.......... (No shear reinforcement is required)

The details of the designed stairs is shown in Fig.(4-14)

—— 30m  ——  PMEE0 gugn
s
- gy
j,-j.-' i
Z14@20
@ 14@15
R
|I" P+ ¥ sy omow r,-_:-,.- g 5314@1DL=2?U
i e
i 21320 | =270
214620 e
."f f__.-'fl-
g
Ly %
_,-"'frl h@‘l?_}}"f
@140 L=2T0 e e
L o _#_..r”;
C_@uU&0L=7y T T
[ o

Fig. (4.-14):Detail of Stairs




Design of | solated Footing:

Once the ultimate column or load is determined: the proper footing can be
designed. The following subsections describe the analysis and design of footing
(F17). i
Load Calculation:

Factored load =2000 KN | e on
Column geometry 60, 25 cm

Pu = 2000 KN

S b alowanie) = 400KN / m?

Fig(4-15): Foundation
*
A 214 Sb(dloweble)

2000 >1.4* 400 >> A = 3.57m?

Select Foot Geometry 2m 2 m

~ 2000

Bu

=500KN /m?

assume that h= 55 cm.
d=55-7-1=47cm

Check this depth for two way shear action (punching)« using critical section withd =
47 cm.

b, = 2(60+47) + 2(25+ 47) = 358cm.

_long _60_,,
shor 25

for interior column...a =40




The Punching shear strength is the smallest of:

V, = [b/d }/ b,d =5083.8KN

Vi =%w/ f.'b,d =2804.3 KN

Where:
b.=a/b=60/25=24
b, = Perimeter of critical section taken at (d/2) from the loaded area

a, =40 for interior column

DV, = (0.75)(2570.6) =1928KN

VU = 2000— (500)(0.25+ 0.47) = 1740.8KN
DV, 2V, .......1928KN >1740KN 550K

(NO punching occurs)

shear design:

fVc =0.75x

\/fﬁ? xbxd =0.75x% \/275 x 2000x 470
Vu = (P, )(one.way ..shear ..area)

Vu =500x 2x(0.875-.47) = 405KN

oV, 2V,

587.5KN >405KN ............0OK



Design for Bending Moment:

Design of reinforcement in (X-direction):
Mu = (500)(0.7)(0—'27)(2) = 245KN .m

mn =4 _ 25 _ 575 kN .m
0.9

)

_ Mn _ 2722x10°
bd*  2000x 470

r =1{1— /1—2mR“]
m f,

* *
1 {1_ \/1_2 19.76* 0.616

Rn =0.616

r=—— = 0.00149
19.76 420 }
A, 1) = (0.00149)(200)(47) = 14cm?

(0.25)(fc )b)(d) _ (0.25)(+v25)(2000)(470)
fy - 420

= 27.9cm?

As(min) =

_ (14 (b)) _ (1.4)(2000)(470)

s(min) = =31.km’
fy 420

1.3* A, o = (1.3)(14) =18.2cm?

As (for shrinkage and temperature)= (0.0018)(200)(55)= 19.8cm?

Use7®20 A =219 cm? (In X-direction)




Design of reinforcement in (Y-direction):
Mu = (500)(0.875)@(2) =382.8KN.m

Mn = mzﬁz 425.3KN .m
() 09

N= Mn  425.3x10°
bd? 2000x470°

r =1{1— /1—2mR“]
m f,

1 2*19.76* 0.963
r=——|1- [1-
19.76 420

=0.963

} =0.0023

A\ req) = (0.0023)(200)(47) = 21.62cm’

(0.25)(Wfe")(b)(d) _ (0.25)(v/25)(2000)(470)
fy - 420

=27.9cm?

As(min) =

_(14)(b)(d) _ (1.4)(2000)(470)

s(min) = =31.km’
fy 420

1.3* A, ) = (1.3)(21.62) = 28.1cm?

As (for shrinkage and temperature)= (0.0018)(200)(55)= 19.8 cm?

Use9® 20 A =2826 cm? (In Y-direction)

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

®Pn = 0.65(0.85)(25)(600x 250) = 2071.8KN > 2000KN

.. Dowels are not required for load transfer.




But use the minimum reinforcement of dowels;

As=0.005 *(60 x 25) = 7.5 cm?

Use6® 14 dowelswith A =9.2cm?
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Fig (4-16): Footing (17) Details



Design of Strip Footing:

load Calculation:
Weight of wall (D.L.) =(height) *(thickness), 1m wide vy
=14.00.2 25 =70 KN/m
From beam D = (4)(31.5) = 126 KN/m
L = (4)(15) = 60 KN/m

Wu=1.2(70+126)+1.6(60)=331.2 KN/m

*
From stairs Wu(stairs)= 11* (%j =271.77KN /m

Determine the footing width :
Allowable soil pressure = 400 KN/m?
Assume footing thicknessis 0.3 m.

q, (total ) =331.2+271.77=602.97KN /m
for (1m) strip: (Pu =602.97 KN)

Pu
Area

2 14* S (allowable)

602.97
(1)(b)

>1.4* 400

b=1m
So select 100 cm width of strip footing.

Determined of the contact pressure:

P, 60297
Area 1x1

Ps = ~603 kN /m?

net



shear design:

Jic 25

fVc =0.75x 5 xbxd =0.75x 5 x1000x (220)

Vu = (P, )(one.way ..shear ..area)
Vu =603x1x(0.4—0.22) =108.5KN
DV, 2V,

137.5KN >108.5KN ............! OK

Determine reinfor cement for moment strength :

footing width —wall width W ( footing width —wall width

Mu = (Pnet) ( : 2

)

=603*04* 0.2

Mu= 4824 KN.m.

_ M *10°
Required Rn=—Y —
. d*b*d?

48.2x10°
0.9x1000x 220>

Required Rn =

fy 420

m = = =19.76
0.85* fc  0.85*25

_ 1., [ 2mRn
p—m(l 1 fy)

. 1 - \/1_2(19.76)(1.1)): 0.0027
19.76 420

Areq=p* b* d=0.0027 * 100 * 22 = 5.94 cnm?

Use ®14 @ 25 cm Apro= 6.15 cm?

design of Secondary Reinforcement:




As minyg = 0.0018, 100, 30 = 5.4 cm z

Use4 ® 14 Apron= 6.15cm?

design of dowels bars:

As min, = 0.005. 100, 20=10cm *

Use®d 16 @ 20cm......... Aprov. =10 cm2
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Q=UA.dt
Where:

Q = the heat energy loss through the walls (watt)
A = the area at which the heat |oss through (m?)
dt = the difference temperature between out and in door
U =the overall heat transfer coefficient for plan
wall (w/m?.c)
U=1/(Uhfin) + (X /K) + (Uhfow)
Q=g A.
Where (q) isthe heat flux (watt / m?)
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U =1/{(U8) + (0.03/1.2) + (0.02/0.04) + (0.2/1.75) + (0.1/2.2) + (1/30)}

U=2.52 w/m?.c
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U =1/{(18) + (0.003/0.78) + (0.003/0.78) + (0.004/0.02) + (1/30)}

=5.30 w/m’.c
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U = 1/ {(1/8) + (0.05/0.16) + (1/30)}

=2.11w/m?.c
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U =1/{(1/10) + 0.03/1.2) + (0.15/0.95) + (0.06/1.75) + (0.01/0.18) + (1/30)}

= 2.35w/m?.c
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infiltration heat loss calculation:

for example take room number two (teachers room):

From table (4-4)« which shows the rate of air change per hour in buildings: we get:



Number of air changes = 2/hr.

Bank A D At A irAnd

Table (4-4): Air Change Per Hour in Buildings

Kind of room of building
Rooms with no widows or exterior doors
Rooms with windows or exterior doors on one side only
Rooms with windows or exterior doors on two sides
Rooms with windows or exterior doors on three sides
Entrance hall
Homes. Apartments and offices
Classrooms: dining rooms: hospital rooms and bathrooms
Stores and public building
Toilets

Volumethis Room = 7%6.4*3 = 134.4 m°
=U "Volumeflow rateof air " =2*134.4
U =268.8 m/hr

U = 268.8/3600 = 0.075 m°/s

Air change Per hour

0.5

1.0

15

2.0

2.0
1.0-2.0

2.0
2.0-3.0

3.0

From table (4-5)« which shows the entrance passage per occupant per hour« we get:

Entrance passage per occupant per hour = 3
Assuming 8 persons’ occupants’

So:  3*8=24 Entrance passage hour.

Table (4-5): Entrance Passage Per Occupant Per Hour.



Barber shop ¢
Candy store A
Dress shop ¥
Hospital rooms ¢
Office building Y

Public building
Shoes store
Professiona offices
Lunchrooms
furrier

Previous studies show that (2.35 m®) of air is obtained by every passage of room.

for number of passagelhr =24 =>2.35 m*/passage
So 24*2.35 = 56.4m°/hr

= U = 56.4/3600 = 0.016 m%/s

= = 0.075+0.016 = 0.091 m%/s

m = p* U = 1*0.091

rh = 0.091 kg/s

0 Tota = 9 is+ Qi = M( h — ho)

Ti=25°C & §=35% =h; =43 kJkg

To=5°C & }o=55% =>h,=12.5kJkg

q Tota = G is* Gt = M( hi — hy)

@ Q1o = 0.091(43-12.5) = 2.776 KW = 2776 W

And the following tables listed the calculations for al rooms:

Table(4-6): Load Calculation For Management Room



No. Usage Element Area
m?
1.00 | management wall A 14.30
wall B 15.45
wall C 14.00
Window A 2.50
Window B 3.75
Door 2.80
Ceiling 35.84
Floor 35.84
Infiltration
Q Room

U
(W/mP.C)
2.52
2.52
2.52
5.30
5.30
2.11
2.35
1.67

Ti-To
(°C)
20.00
20.00
20.00
20.00
20.00
20.00
20.00
18.00

Table(4-7): Load Calculation For Teachers Room

No. Usage Element Area
e
2.00 Teacher's wall A 15.45
wall B 16.00
wall C 21.00
wall D 4.00
Window A 3.75
Window B 2.50
Ceiling 44.80
Floor 44.80
Infiltration
Q Room

Table(4-8): Load Calculation For Classroom (1)

U

(W/m?.°C)

2.52
2.52
2.52
2.52
5.30
5.30
2.35
1.67

Ti-To
(°C)
20.00
20.00
11.00
20.00
20.00
20.00
20.00
18.00

QLoss
(W)
720.72
778.68
705.60
265.00
397.50
118.16
1684.48
1077.35
720.00
6467.49

QLoss
(W)
778.68
806.40
582.12
201.60
397.50
265.00
2105.60
1346.69
2776.00
9259.59



No. Usage Element Area U
m? (W/m?.°C)
3.00 Classroom wall A 16.00 2.52
wall B 16.50 2.52
Window A 5.00 5.30
Window B 2.50 5.30
Door 2.00 211
Ceiling 49.00 2.35
Floor 49.00 1.67
Infiltration
Q Room
Table(4-9): Load Calculation For Classroom (2)
No. Usage Element Area U

m? (W/m2.°C)

4.00 | Classroom wall A 14.75 2.52

wall B 16.50 2.52

Window A 6.25 5.30

Window B 2.50 5.30

Door 2.00 211

Ceiling 49.00 2.35

Floor 49.00 1.67

Infiltration
Q Room

Table(4-10): Load Calculation For Classroom (3)

Ti-To
(°C)
20.00
11.00
20.00
20.00
20.00
20.00
18.00

Ti-To
(°C)
20.00
20.00
20.00
20.00
20.00
20.00
18.00

QLoss
(W)
806.40
457.38
530.00
265.00
84.40
2303.00
1472.94
4590.00
10509.12

QLoss
(W)
743.40
831.60
662.50
265.00
84.40
2303.00
1472.94
4590.00

10952.84



No. Usage Element

5.00 wall A
Wall B
wall C

Window A

Window B

Door

Classroom

Ceiling
Floor
Infiltration

Q Room

Area
2

15.45
17.87
1.60
3.13
3.75
2.00
44.80
44.80

U
(W/m?.°C)
2.52
2.52
2.52
5.30
5.30
211
2.35
1.67

Ti-To
(°C)
20.00
20.00
20.00
20.00
20.00
20.00
20.00
18.00

Table(4-11): Load Calculation For Advisor Room

Table(4-12): Load Calculation For Stairs

No. Usage Element Area
m2

6.00 Advisor Wall A 6.60
wall B 12.20

Window A 1.88

Door 2.00

Ceiling 10.34

Floor 10.34

Infiltration
Q Room

No. Usage Element Area

m2

u
(W/m?.°C)
2.52
2.52
5.30
2.11
2.35
1.67

U
(W/m?.°C)

Ti-To
(°C)
20.00
20.00
20.00
20.00
20.00
18.00

Ti-To
(°C)

QLoss
(W)
778.68
900.65
80.64
331.25
397.50
84.40
2105.60
1346.69
5185.00
11210.41

QLoss
(W)
332.64
614.88
198.75
84.40
485.98
310.82
915.00
2942.47

QLO$
(W)



7.00 Stairs Wall A 71.75 2.52 9.00

wall C 21.00 2.52 11.00
wall D 21.00 2.52 11.00
Window A 1.25 5.30 9.00
Ceiling 21.00 2.35 9.00
Floor 21.00 1.67 6.50
Infiltration
Q Room

Q(total) for each story = 55.26 KW.

Q(total) for both stories = 110.52 KW.

Boiler sdection:

From Catalog:
Use Boiler model MP 1285[ZAEGAL-HELD CO.]
Output 177 KW

Burner selection:

3 Q x 860
~ [c.v(den ) x 0.8]

m: flow rate of fuel [L/h]
Q: boiler (k.w)
860: factor to changeto k cal/h.
c.v: choleric value of fuel = 11250k cal/kg.
Den: density of fuel =0.84 kg/L.
0.8 efficiency of burner.
M =[177*860]/(11250*0.84*0.8)=14.1L/h
=20.15kg/h

175.77
582.12
582.12
59.63
444.15
227.96
2188.00
3918.10



from Catalog:

Use burner modelsMAIOR P35 AB [ Ecoflam Co. |

Output (Min =20 Max =35) Kg/h.

Capacity (Min =23 Max =415) KW

Radiators:

e it should be placed under the windows of the room
e it should be distributed in the room in an organized way so asto give a

homogeneous heating in the place .

Fig(4-17): Placing The Radiator

Table(4-13): Radiator s Distribution



No. ROOM

management
T.Room
Class (1)
Class (2)
Class (3)
advisor

stairs

Q Total (W) CAPACITY (W)
No. of Element

FATAT 164.19 ¥4
iYod o9 164.19 ov
Y.0.3)Y 164.19 ¢
EEERY 164.19 Ty
SYAG 164.19 Yy
YAy £v 164.19 YA
YAVALY . 164.19 T

Pipes Design :

The major pipe (from the boiler)

Qtotal= m* cp * At

Qtotal =))+.oY KW

Cp=4.18 KIKg.K

At=80-60=20C.

p (for water) = 981K g/m3

V =2m/s

A = area of across section of the pipe.

D = diameter of the pipe

m = Qt/(cp* At) =) +.+ Y/(4.18*(80-60)) = ).Y¥Y Kg/s

Area= m/(p*v) =1.18/(981 *2) = 0.0001Y m2

p =(4*0.00107/r) = 0.03m

Select D = 1.5inch [D = 38.1mm]

No. RADIATERS



The pipes from the major to collector in each floor :
First The ground floor

Qt=Q (fromall classin thisfloor)

Qt(collector)=55.26 KW
m=0.17m3
A =.00003" m2
D=0.0'"m
=19mm
Select D =3/4inch [D = 19mm)]

Second : The First floor

Qt = Q (from al classin this floor)

Qt(collector)=55.26 KW
m=0."1m3
A = .00003" m2
D=0.0'4m
=19mm

Select D = 3/4inch [D = 19mm]

We can calculate Pipe diameter according the following formula:

Q=m *cp * At

Table(4-14): Pipe Diameter Calculation



ROOM Q(W)
Manage. eV €9
T.room AYeq o1
Class(1) Yeoudny
Class(2) Yoq0Y A¢
Class(3) YIYY . £
Advisor Yagy gy
stairs FAVYA N

Take Class #1 as Example:

m:~_\\‘-k Kg/s
A:h.hhhh.Ii m2

D=9mm

Select D =0. inch (D=12.7 mm)

Expansion Tank:

m(K g/s)
%Y
R
REEE
Y)Y

VY

.

.

A(m?)
vt
RN
Y
ety
A
A

'~~~~Y2

SELECT
D = +.einch
D= -.2inch
D =0.2inch
D =0.2inch
D= -.2inch
D= -.2inch
D = +.einch

Using of the expantion tank is to avoide the volume change of the water during the

heating cucil due to the change of temperature in ahigher value and this will raise the

pressure in the pipes or in part of the heating unit and may explode it so that use this

tank with avolume = 0.08 of the total water volume in the system.

Total volme of the water in the system=Q, . * 0.012
0.012 : Reduction Factor.

pipeinsulation:

*.012=

V =0.08*2124 =
Select ARM 1000H [ARMSTRONG CO\]

L



R=K/hf

R = radius of insulation materias

K =thermal of conductivity of the insulation materials
hf = convection heat transfer coefficient for the bounded space of the pipe.

e If theinsulation which used is fiber glass
K=0.04

Hf =5W/m.K

R=0.04/5 = 0.008m = 8 mm

Chimney design:

Qt=A*50*h
Where:
Qt : boiler(k.w) = YV, « Ykw.

A : section area.

H : hight of chemny =4m
50: constant (table)

A = 123.8/(50*4) = 0.A°° m2.
A=n*(d¥4) < d=).-om

Which is greater aslength is small

Solar Tank:



Total load of the building =110.52 KW
Amount of heat gained by 1 Kg oil = 42700J/Kg.

Amount of oil needed =(Total load / heat gained by 1 Kg oil)
Vil = 110.52 / 42700

= 0.0026 Kg per hour *3600

=0.3Kgls

=AY /0.84=11L/h

If we consider that the boiler work 7 hr/day« 24 day/ month< 4 month in the season.
4 month 24day/month * 7hr/day = 672 hr
Oil tank capacity = 11*672 = 7454.2 L
=7.4m3

Use Oil tank capacity = m?®

With Dimentin = mX mX m

Thetank isto befilled every year for this school

Al aall Al g€l Slasdd) ¢ 5 Y asasal :lad



sl aie Lgdlel ja cany A dagall Ll e 5L ales ey b gl Apelicall seliall el

G Sl Slalialy iy dadlate g funlie Belaal i e ALl e Jews g o Jamae S

Y SN ) el apdall ¢ guall Belial) e Aalaint) Ll sh e (e Cuay ¢ o geall
e e g Ll

5 i e S Agmnkall 5ol (e L ol S Skl Aelicall Selual) padins a

Ay dielicall sl 8 ) (Sass . 4gd o aiy 53 Jaall Wy e guial syl Cilalial 5e Ll

pasfiaall o guall alsy Dl sdil) 3ok e Gl 80l By e

MJ}E}WE@&EA&E'EM&' I_IJ-I-‘JUjlt}J":HJr‘“m'“ J‘..I!i..nl“_,'_il:-a.._.lH‘!
¢ paial (ypy Ao i g LSl akh e | corglladt aally S by Apsdiall o) Cdsa s
A s Al Slagagal S0 Al R Las) y Claa ol maaall a5l Lad 5 canliadl

-_-Lw'ﬂ-iic-l-—h!_j;\—u J;IE,:IJ.EJ:I.'LAIII L"r_dl.ll..un.-ﬂ __.",‘Ju';;_-..;...:_,].l:;..ﬂ '5.1_?& ._J"-‘}‘Jj )jé,f S
e Ly Rt PR P Tm'-.-iu‘;'l L __'J-I o<
el Gl el 5 ghae B i) cus s S acaa g VT B

Rl A puall joliaall aaisi 6 e e Aadl s dgay Se SEY1 a8 Slaif]

BN Sl (A5 el Jal

aal ey sebial) lua e lieY) 4 il caay selial) Sllua A5 i5e Jul go 320 llia
Dl gall ks

alaaial 5 Ulall “llaae 0

byl 43k O

Sl Sl O



da) Jdas 0

A gal 48l o

M Adluall Jalas o

gl g il Y L jas eliiadll die mulad

. UFLMH d.l'.;l.u °

_T:-c.l...i;}w \Lllh’&ﬂ.:ﬂ.l__l—'.ajlIJMJMJHJF‘QJJ&FHJ‘MIL&@;FEJLL g

el Ak *
A5kl Lgie JasSy 46 ke 8 canld Belaal ilaa g Led a2aiud Adalall seliadl 5k Bae da g

© Gohal) o3 ey el cupllaall Sl Al

5l selal O

5dlall il 3elaal O
_F.UE.I:L; byl 3eleal O
Bodlae e -5 uluselial O
odadl il sl 0

_‘u‘).ﬂ__i.n _J:II':_DC-IL.-a! O

R: u.ﬂs:.?f'l J-l'..‘l.u °

e Ll gl agilh I adadl e piSaiall S puall el (g Al g

A: pabaidt Jase o



T Hi Jelaa o

e Ll gl i) I dadl o S gl il Gl 5

K: Al Jalas o

Dy B A 5 geall ga el Jabee s seliall) dglee o 48 adl dlad g
K=(0.8 W+0.2 L)/he= 4i_all Lalna ‘) oS4
Al page W Cus

4 all Jgda iL

() b (e pus 80) danll (5 flecay S peall jteamall G dileall 55l gy Jadll £ 15 Y1 che

n: a._n.-:_ydll aelichl o

(. =n).oSall selall Slasy e Soiall ¢ geall ) Saadl 5 gies

A Sl
.Fj“ﬁl L_|“I:I..¢..I|'| e n.."_lL'llL-uLlll ‘55.: LJ"I:I.AE’ :55_)'“ LJ-,.:‘-L “fill.g__aJ.l;-J :1_5.&15 EJI..'J‘;:Hl -:.lln.'ll.ul:h ﬁl-{'..'l.] _I.-:l

A Cldeal gall 50 di e Ay a1 il () Ab Al

=44 jall ek

“u

o =l e e

“u

:E-_h_'. By L

“u

= . = (he) Judll gl )



Sy

Od=E.Ap/m
=(250)(35.84)(1.2)/(0.35)
= 30720 lumens
Djamp= 2400 lumens (for florescent lamp)
#of lamps = 30720/2400 = 12 lamps.
Shadow ratio:
SHR(X) = distance between lamps in (X-direction)/he
=213/22=096<2...... OK
SHR(Y) = distance between lampsin (Y-direction) / he

=28/22=127<2...... OK
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