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Factored Loads:

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

project members، is determined as follows:

qu = 1.2DL + 1.6L ACI – 318 - 02 (9.2.1)

Determination 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:

Fig. (4-1): R1 in The First Floor

According to: ACI-318-02   (9.5a)

6.35
0.343 34.3

18.5 18.5

L
m cm  

1.9
0.1027 10.27

18.5 18.5

L
m cm  

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

Load Calculation:

One - way ribbed slab.

For the one-way ribbed slabs، the total dead load to be used in the analysis and

design is calculated as follows:



Fig. (4-2): One Way Rib Slab

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

table:

UnitResultCalculationParts of RibNo.

KN/m  Linear0.81(25) (0.12) (0.27)Rib1

KN/m  Linear1.04(25) (0.08) (0.52)Top Slab2

KN/m  Linear0.23(22) (0.02) (0.52)Plaster3

KN/m  Linear0.97(9) (0.27) (0.40)Block4

KN/m Linear1.04(2) (0.52)Sand & Tile5

KN/m  Linear4.09

Nominal Total Dead Load :

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

Live load = 5.0 * 0.52 = 2.6 KN/m

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

Factored live Load = 1.6 * 2.6 = 4.16 KN/m

Design of Topping:

Design of Topping for One-Way Rib Slab:

Dead load = total dead load – dead load of one rib

26.87 /DL KN m

Wu =  (1.2 * 6.87 ) + (1.6 * 5)

Table ( 4 – 1) : Calculation of The Dead Load For Slab.



= 16.25 KN/m2

 For a one meter strip Wu = 16.25 KN/m

Assume slab fixed at supported points (ribs):

Mu =
12

* 2lWu

Mu= (16.25)(0.4)2/(12)

= 0.217 KN.m

2.
. (0.55)(0.42) .

6

b h
Mn fc 

2(1000)(80)
. (0.55)(0.42) 25.

6
Mn 

Mn = 1.232 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:

 =0.0018 ACI-318-02   (7.12.2)

As =  * b * h = 0.0018 * 100 * 8 = 1.44 cm2 /1m

Use 1 8 / 25 with Asprovided = 2.00 cm2/m both directions.

Shear Design of Topping:

2
sd h c


  

Fig (4-3) Topping of Slab



0.8
8 2 5.6

2
d cm   

max

*

2

Wu l
Vu 

max

16.25*0.4
3.25

2
Vu KN 

 Vc ≥ Vu

1
(0.75)* * 25 *( )*( )

6
b d Vu

1
(0.75)* * 25 *(1000)*(56)

6
Vu

35 KN > 3.25 ……(No shear reinforcement is required)

Design of rib (1):

Fig.(4-4) Rib Location

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



Fig. ( 4 - 5 ) Spans Length of Rib (1).

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

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 (bE) ACI-318-02   (8.10.2)

bE For T- section is the smallest of the following:

bE = L / 4 = 7.0/ 4 = 175 cm

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



bE = bw+(LC1/2)+(LC2/2) = 52 cm……………….. Control

» Mu max positive = 29.6 kN.m

Mn = 29.6/0.9 = 32.9 kN.m

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

For   a = t = 8 cm

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

d = h -C - st -s/2 = 35 – 2 –1- (2.0/2)  = 31.0 cm

Mn = T or C (d – 0.5 a) = 884 (31 – 0.5 (8)) / 100   = 238.68 KN.m

Mn available = 238.68 KN.m > Mn required = 32.9 Kn.m

Design as a rectangular with bE = 52 cm

A s min = ))((
4.1

))((
)(4

db
f

dbw
fy

cf
w

y




ACI-318  (10.5.1)

A s min =
25 1.4

(12)(31) (12)(31)
4(420) 420



A s min = 1.1 cm2  1.24 cm2

A s min = 1.24 cm
2

'85.0 fc

fy
m  420

19.76
0.85(25)
 

6

2 2

32.9 * (10)
0 .65

(520)(310)

M n
R n

bd
  

1 2 1 2 * 1 9 .7 6 * 0 .6 5
1 1 1 1 0 .0 0 1 5

1 9 .7 6 4 2 0

m R n

m f y


   
            

   



A s = (0.0015)(52)(31) = 2.42 cm
2

> A s min = 1.24 cm
2

Select bottom bars 2Φ14 mm

Total As (provide) =3.08 cm2>ASreq

* Check for yielding:

Tension = Compression

abffyA cs  '85.0

(308) 420 0.85 25 520

11.71

a

a mm

    


11.71
13.77

0.85 0.85

a
X mm  

310 13.77
0.003 0.064

13.77
0.064 0.005.......

s

s OK






  

 

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 = 29.45 kN.m

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

A s min = ))((
4.1

))((
)(4

db
f

dbw
fy

cf
w

y




ACI-318  (10.5.1)

A s min =
25 1.4

(120)(310) (120)(310)
4(420) 420



A s min = 1.1 cm2  1.24 cm2

A s min = 1.24 cm
2

m = 19.76



Rn = Mn / bw. d² =
6

2

29.45 10
2.55

120 310






1 2 1 2 * 1 9 .7 6 * 2 .5 5
1 1 1 1 0 .0 0 6 5

1 9 .7 6 4 2 0

m R n

m f y


   
            

   

A s = 0.0065 (12) (31) = 2.418cm 2

2.418 cm2 > As (min) = 1.24 cm2

Select bar 2 Φ 14 mm

Total As (provide) =3.08 cm2>ASreq

* Check for yielding:

Tension = Compression

abffyA cs  '85.0

308 420 0.85 25 120

50.73

a

a mm

    


59.68
0.85

a
X  

310 59.68
0.003

59.68
0.0125 0.005

s

s






 

 

Ok…….

Design  shear for Rib (1):

Ф Vc =   Ф *
6

'fc
bw * d

= (0.75 *
1

25 *
6

*120* 310)/1000

= 23.25 KN

Ф Vsmin =( Ф
3

1
* bw * d)* =(0.75

3

1
*120*310) /1000 = 9.3 KN.



 Ф Vsmin =9.3 KN .

Vu = 30.9 kN (From Shear Envelop)

Ф Vc < Vu ≤ (ФVc + ФVsmin)

23.25 < 30.9 ≤ (23.25+9.3)

:)3( SatisfyCategory

Minimum shear reinforcement required، so;

3

0.75 (2 50) 420 310
1050 105

9.3 10

Av fy d
S

Vs

mm cm

  



   

  


S = d/2 = 31/2 = 15.5 cm

S ≤ 60 cm

Use S = 15 cm

S

dFyAv
Vs

***
 

0.75 (2 50) 420 310
65.1

150
Vs KN

   
  

Then use  8 @ 15cm



Design of Beam(B1):

Fig (4 – 8 ) Beam Location(B1)

Fig (4 – 9 ) Span Length of B1

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



Fig (4 – 11 ) Beam Shear Values(KN)

Design for positive moment:

B= 30 cm

H= 55 cm

Dead load of slab = 2( ) 4.09
7.87 /

0.52 0.52

DL rib
KN m 

Live load of slab= 25 /KN m

Live Load of (B1) =
6.35

5* 5* 15.88 /
2 2

Lc
KN m 

Dead Load of (B1)=
1 6.35 1

7.87* 7.87* (25*0.3*3)
2 6 2 6wall

Lc
W  

Dead Load of(B1)= 28.7 /KN m

Design of right span (7.55 m):

Design of positive moment:

Mu= 311 .KN m

Mnreq= 345.5 .
0.9

Mu
KN m

d = h -C - st -s/2 = 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)=
162.56

1036.32 510 444.3 .
2 2

a
C d KN m
         
   

Mn(singly) > Mnreq……(use singly reinforced section)

m = 19.76

Rn = Mn / bw. d² =
6

2

345.5 10
4.43

300 510






1 2 1 2 * 1 9 .7 6 * 4 .4 3
1 1 1 1 0 .0 1 2

1 9 .7 6 4 2 0

m R n

m f y


   
            

   

A s = 0.012 (30) (51) = 18.36 cm 2

A s min = ))((
4.1

))((
)(4

db
f

dbw
fy

cf
w

y




A s min =

25 1.4
(30)(51) (30)(51)

4(420) 420


A s min = 4.55 cm2  5.1 cm2

A s min = 5.1 cm
2

A s = 18.36 cm 2

18.36 cm2 > As (min) = 5.1cm2

Select bar 6 Φ 20 mm (bottom reinforcement)

As(provided)= 18.84 cm2 > A s = 18.36 cm 2



* Check for yielding:

Tension = Compression

abffyA cs  '85.0

1884 420 0.85 25 300

124.1

a

a mm

    


146
0.85

a
X mm 

510 146
0.003

146
0.0075 0.005

s

s






 

 

Ok…….

Design for Negative moment:

Design of negative moment over the right support:

Mu= 311.5 .KN m

Mn= 346.1 .
0.9

Mu
KN m

d = h -C - st -s/2 = 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)=
162.56

1036.32 510 444.3 .
2 2

a
C d KN m
         
   

Mn(singly) > Mnreq……(use singly reinforced section)

m = 19.76

Rn = Mn / bw. d² =
6

2

346.1 10
4.43

300 510








1 2 1 2 * 1 9 .7 6 * 4 .4 3
1 1 1 1 0 .0 1 2

1 9 .7 6 4 2 0

m R n

m f y


   
            

   

A s = 0.012 (30) (51) = 18.36 cm 2

A s min = ))((
4.1

))((
)(4

db
f

dbw
fy

cf
w

y




A s min =

25 1.4
(50)(31) (50)(31)

4(420) 420


A s min = 4.55 cm2  5.1 cm2

A s min = 5.1 cm
2

A s = 18.36 cm 2

18.36 cm2 > As (min) = 5.1 cm2

Select 6 Φ 20 mm (Top Reinforcement)

As(provided)= 18.84 cm2 ≥ A s = 18.36 cm 2

* Check for yielding:

Tension = Compression

abffyA cs  '85.0

1884 420 0.85 25 300

124.1

a

a mm

    


146
0.85

a
X mm 

510 146
0.003

146
0.0075 0.005

s

s






 

 

Ok…….



Design shear of Beam:

Ф Vc =   Ф *
6

'fc
* bw * d

= (0.75 *
25

6
* 300* 510)/1000 = 95.625 KN

Ф Vsmin =( Ф
3

1
* bw * d) =(0.75

3

1
*30*510)/1000 = 38.25 KN.

Vu = 275.5 KN (From Shear Envelope)

min 133.8 £ 275.5 £ 3 286.8uVc Vs KN V KN Vc KN     

:)4( SatisfyCategory

Re .

Re . 275.5 95.625

Re . 179.8

q Vs Vu Vc

q Vs

q Vs KN

 



 
 


S

dFyAv
Vs







3 (0.75)(2)(79)(420)(510)
179.8*10

S


S=14.1 cm

51
( ) 25.5

2 2
( ) 60

Use S 10 cm.

d
S cm

S cm

  




Then use  10 @ 10cm



Design of Column:

Design Of longitudinal Reinforcement:

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.

Use  =  g = 1.5 %

Pn = 0.8 Ag {0.85 cf  +  g (fy – 0.85( cf  ))}

1278.7*103 = 0.8 Ag [0.85*25(1-0.015)+0.015*420]

Ag = 586.96 cm²

Use 30cm x20 cm => Ag = 600 cm²

1278.7 *10-3 = 0.8(0.06) [(0.85)*25(1-  g)+  g *420]

 g = 0.014 > 01.0min 

Ast req = (0.014)(600) = 8.4 cm²

Use 4Φ18  with A s provide = 10 cm²

Design Of The Tie Reinforcement:

Spacing ≤ 16*db (Longitudinal bar diameter)=16*1.8=28.8 cm

≤ 48*dt (tie bar diameter) = 48*1.0=48cm.

≤ Least dimension=20cm

Use Ø 10 ties @ 20 cm spacing.

Fig(4-12): Column



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

Design of Stairs:

Dead load:

h= 15 cm.

1 15
tan ( ) 26.6

30
   

DL(plastering) = 2(0.02)(22)
0.49 /

cos(26.6)
KN m

DL  (Concret plat)
3

2(0.15 )(25 / )
4.19 /

cos 26.6

m KN m
KN m 

DL (steps)= 20.15
*25 1.875 /

2
KN m

DL (horizontal mortar) = 2(0.02)(22) 0.44 /KN m

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



DL (vertical mortar) = 215
(0.02)(22) 0.22 /

30
KN m

   
 

DL (horizontal tiles)= 233
(0.03)(23) 0.759 /

30
KN m

   
 

DL (vertical tiles)= 215
(0.02)(23) 0.23 /

30
KN m

   
 

Total Dead Load= 28.204 /KN m

Total Live Load= 25.0 /KN m

For (1m) strip:

1.2* 1.6*uq D L 

(1.2)(8.204) (1.6)(5) 17.85 /uq KN m  

* (17.85)(3.0)
26.8

2 2
uq L

Vu KN  

max

* (17.85)(3.0)
*cos(26.6) *cos(26.6) 24

2 2
uq L

Vu KN  

max (26.8)(0.4 1.5) (17.85)(1.5)(0.75) 30.84 .Mu KN m   

15 2 1 12
2

d h C cm


      

Design for shear:

*Vc Vu 

\
max

1
(0.75) ( )( )( )

6
fc b d Vu

   
 

max

1
(0.75) ( 25)(1000)(120)

6
Vu

   
 

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



Design of main reinforcement:

Mu = 30.84 KN.m

Mn = 30.84/0.9 = 34.27 kN.m

6

2 2

M n 34.27*10
R n 2 .37

bd (1000)(120)
  

m =
c

y

f

f

*85.0
=

420
19.76

0.85*25















y

n

f

Rm

m

2
11

1


1 2*19.76*2.37
1 1

19.76 420


 
   

 

0.006 

dbAs ..

As = 0.006*(100)*(12) = 7.2 cm 2

Use Φ14 @ 20 cm. AS provided. = 7.7 cm2

Check Asmin:

/
2

min

(0.25)( )( )( ) (0.25)( 25)(1000)(120)
3.57

420

fc b d
As cm

fy
  

2
min

(1.4)( )( ) (1.4)(1000)(120)
4.0

420

b d
As cm

fy
  

min
(( ))AS AS OK



Design of secondary reinforcement:

Asreq= (0.0018)*(b)*(h)

Asreq= (0.0018)*(100)*(15) = 2.7 cm2

Use Φ10 @ 20 cm. AS provided. = 3.95 cm2

Check yielding of main reinforcement:

Tension = Compression

0.85 's cA fy f b a    

(770) 420 0.85 25 1000

15.2

a

a mm

    


15.2
17.9

0.85 0.85

a
X mm  

120 17.9
0.003

17.9
0.017 0.005........

s

s OK






 

 

Design of slab:

Design of the first (1m) of slab that carry the stairs.

h=20 cm.

Dead Load:

DL(plaster) = 2(22)(0.02) 0.44 /KN m

DL(slab) = 2(25)(0.2) 5 /KN m

DL(tiles) = 22 /KN m

Total DL = 27.44 /KN m

Total LL= 25.0 /KN m

21.2* 1.6* 17 / 17 /uq DL LL KN m KN m   

from the landing: 26.8 /uq KN m



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

2 2* (43.8)(3.2)
56 .

8 8
u

u

q L
M KN m  

62.2 .
0.9

u
n

M
M KN m 

6

2 2

M n 62.2*10
R n 2 .15

bd (1000)(170)
  

m =
c

y

f

f

*85.0
=

420
19.76

0.85*25















y

n

f

Rm

m

2
11

1


1 2*19.76*2.15
1 1

19.76 420


 
   

 

0.0054 

dbAs ..

As = 0.0054*(100)*(17) = 9.18 cm 2

Use Φ14 @ 15 cm. AS provided. = 10.25 cm2

Shear design of slab:

(43.8)(3.2)
70

2uV KN 

*Vc Vu 

\
max

1
(0.75) ( )( )( )

6
fc b d Vu

   
 

max

1
(0.75) ( 25)(1000)(170)

6
Vu

   
 



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

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

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



Design of Isolated 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).

Load Calculation:

Factored load =2000 KN

Column geometry 60  25 cm

Pu = 2000 KN

2
( ) 400 /b allowable KN m 

( )1.4* b allowable

Pu

A


Select Foot Geometry 2 m 2 m

22000
500 /

4Bu KN m  

assume that h= 55 cm.

d= 55-7-1 = 47cm

Check this depth for two way shear action (punching)، using critical section with d =

47 cm.

0 2(60 47) 2(25 47) 358 .b cm    

60
2.4

25c

long

shor
   

for interior column… 40s 

22000
1.4*400 3.57A m

A
 

Fig(4-15): Foundation



The Punching shear strength is the smallest of:

dbfV oc
c

c













2

1
6

1
= 2570.6 KN…….(control)

dbf
db

V oc
o

s
c










 2

/12

1 
= 5083.8 KN

dbfV occ


3

1
=2804.3 KN

Where:

c = a / b =60 / 25 = 2.4

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

s = 40             for interior column

(0.75)(2570.6) 1928cV KN  

22000 (500)(0.25 0.47) 1740.8Vu KN   

........1928 1740c uV V KN KN OK   

(NO punching occurs)

shear design:

' 25
0.75 0.75 2000 470

6 6
( )( .. .. .. )

500 2 (0.875 .47) 405

587.5 405 .............

net

c u

fc
Vc b d

Vu P one way shear area

Vu KN

V V

KN KN OK

        



    
 





Design for Bending Moment:

Design of reinforcement in (X-direction):

Mu =
(0.7)

(500)(0.7) (2) 245 .
2

KN m

Mn =
245

272.2 .
0.9

Mu
KN m 



Rn =
6

2 2

272.2 10
0.616

2000 470

Mn

bd


 
















y

n

f

Rm

m

2
11

1


1 2*19.76*0.616
1 1 0.00149

19.76 420


 
    

 

2
( ) (0.00149)(200)(47) 14s reqA cm 

/
2

(min)

(0.25)( )( )( ) (0.25)( 25)(2000)(470)
27.9

420s

fc b d
A cm

fy
  

2
(min)

(1.4)( )( ) (1.4)(2000)(470)
31.3

420s

b d
A cm

fy
  

2
( )1.3* (1.3)(14) 18.2s reqA cm 

AS (for shrinkage and temperature)= (0.0018)(200)(55)= 19.8cm2

so...... 2
( ) 19.8s reqA cm

Use 7 Φ 20 sA = 21.9  cm 2 (In  X-direction)



Design of reinforcement in (Y-direction):

Mu =
(0.875)

(500)(0.875) (2) 382.8 .
2

KN m

Mn =
382.8

425.3 .
0.9

Mu
KN m 



Rn =
6

2 2

425.3 10
0.963

2000 470

Mn

bd


 
















y

n

f

Rm

m

2
11

1


1 2*19.76*0.963
1 1 0.0023

19.76 420


 
    

 

2
( ) (0.0023)(200)(47) 21.62s reqA cm 

/
2

(min)

(0.25)( )( )( ) (0.25)( 25)(2000)(470)
27.9

420s

fc b d
A cm

fy
  

2
(min)

(1.4)( )( ) (1.4)(2000)(470)
31.3

420s

b d
A cm

fy
  

2
( )1.3* (1.3)(21.62) 28.1s reqA cm 

AS (for shrinkage and temperature)= (0.0018)(200)(55)= 19.8 cm2

so...... 2
( ) 28.1s reqA cm

Use 9 Φ 20 sA = 28.26  cm 2 (In  Y-direction)

Check transfer of load at base of column:

)85.0( AgcfPn 

0.65(0.85)(25)(600 250) 2071.8 2000Pn KN KN    

Dowels are not required for load transfer.



But use the minimum reinforcement of dowels:

As = 0.005 *(60 x 25) = 7.5 cm2

Use 6 Φ 14     dowels with sA = 9.2 cm 2

Fig (4-16): Footing (17) Details



Design of Strip Footing:

load Calculation:

Weight of wall (D.L.) =(height) *(thickness)  1m wide  γc

= 14.0 0.2  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)=
(70 70)*1.5

11* 271.77 /
8.5

KN m
   

 

Determine the footing width :

Allowable soil pressure = 400 KN/m²

Assume footing thickness is 0.3 m.

( ) 331.2 271.77 602.97 /uq total KN m  

for (1m) strip:  (Pu = 602.97 KN)

( )1.4 * allowable

Pu

A rea


602.97
1.4 * 400

(1)( )b


b = 1 m

So select 100 cm width of strip footing.

Determined of the contact pressure:

Area

P
P u

net  = 2602.97
603 /

1 1
kN m





shear design:

' 25
0.75 0.75 1000 (220)

6 6
( )( .. .. .. )

603 1 (0.4 0.22) 108.5

137.5 108.5 .............

net

c u

fc
Vc b d

Vu P one way shear area

Vu KN

V V

KN KN OK

        



    
 



Determine reinforcement for moment strength :

Mu = (Pnet) (
2

widthwallwidthfooting 
)* (

4

widthwallwidthfooting 
)

= 603 * 0.4 * 0.2

48.24 KN.m.Mu 

2

6

**

10*
RnRequired

db

M u




6

2

48.2 10
Required Rn 1.1

0.9 1000 220


 

 

m =
'*85.0 fc

fy
=

420
19.76

0.85*25


ρ  =
m

1
(1 -

fy

mRn2
1 )

ρ  = 1

19.76
(1 -

2(19.76)(1.1)
1

420
 ) = 0.0027

Areq = ρ * b * d = 0.0027 * 100 * 22 = 5.94 cm²

Use Φ14 @ 25 cm Aprov.= 6.15 cm2

design of Secondary  Reinforcement:



As minreq = 0.0018  100  30 = 5.4 cm 2.

Use 4 Φ 14   Aprov.= 6.15 cm2

design of dowels bars:

As minreq = 0.005  100  20 = 10 cm 2.

Use Φ 16 @ 20 cm….….. Aprov. = 10 cm2
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)dt = (٢٠.

٢-:

٧/

٣-:

١-)Heat Conduction Coefficient(

.معامل انتقال الحرارة بالنقل للمواد الإنشائیة المختلفة(2-4)

K (w/m.c) المـادة

١.٧٥
١

٠.٠٤
٠.٧٨
١.٢
٠.٠٢
٢.٢
٤٠

٠.٩٥
٠.١٨
١.٣
٠.٧

)Heat Convection Coefficient(معامل انتقال الحرارة بالحمل ٢

.معامل انتقال الحرارة بالحمل للأسطح المختلفة(3-4)

معامل انتقال الحرارة بالنقل للمواد الإنشائیة المختلفة: (4-2)جدول 

معامل انتقال الحرارة بالحمل للأسطح المختلفة: (4-3)جدول 



hf (w/m2.c)

٨

١٠

٦

٣٤ ٧/

٢٦ ٥/

:

hf = 6 + 4v

)v (ه.

)hf ()٣٠ (w/m2.c

:

:

:



Q = U.A. dt
Where:

Q = the heat energy loss through the walls (watt)

A = the area at which the heat loss through (m2)

dt = the difference temperature between out and in door

U = the overall heat transfer coefficient for plan

Wall (w/m2.c)

U = 1 / (1/hfin) + (Σ X / k) + (1/hfout)

Q = q. A.

Where (q) is the heat flux (watt / m2)

:

)U(:

U = 1 / {(1/8) + (0.03/1.2) + (0.02/0.04) + (0.2/1.75) + (0.1/2.2) + (1/30)}

U=2.52  w/m2.c

)q ()Q (
.

:

٣(U):

U = 1 / {(1/8) + (0.003/0.78) + (0.003/0.78) + (0.004/0.02) + (1/30)}

= 5.30  w/m2.c

)q (.

:

٥.

U = 1/ {(1/8) + (0.05/0.16) + (1/30)}

= 2.11w/m2.c



.

:

)k (:

U = 1 / {(1/10) + 0.03/1.2) + (0.15/0.95) + (0.06/1.75) + (0.01/0.18) + (1/30)}

= 2.35w/m2.c

.

:

U

U = 1 / {(1/6) + (0.02/1.3) + (0.05/1.75) + (0.1/0.7) + (0.1/1.75) + (0.15/2.2)}

= 1.67  w/m2c

)q ( في مساحة كل.

:

فانه ) q(: مثال

)Q) ( (:

)٢× ٢() ٣× ٤ (

A = (3 x 4) – ( 2 x 2)

= 8 m2

Q = 8 x q wall

= 8 x 23.6 = 188.8 watt

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.

Kind of room of building Air change Per hour

Rooms with no widows or exterior doors 0.5

Rooms with windows or exterior doors on one side only 1.0

Rooms with windows or exterior doors on two sides 1.5

Rooms with windows or exterior doors on three sides 2.0

Entrance hall 2.0

Homes. Apartments and offices 1.0-2.0

Classrooms، dining rooms، hospital rooms and bathrooms 2.0

Stores and public building 2.0-3.0

Toilets 3.0

Volume this Room = 7*6.4*3 = 134.4 m3

Ů "Volume flow rate of air " = 2*134.4

Ů = 268.8 m3/hr

Ů  = 268.8/3600 = 0.075 m3/s

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.

Bank ٨ Restaurant ٣
Table (4-4): Air Change Per Hour in Buildings

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



Previous studies show that (2.35 m3 ) of air is obtained by every passage of room.

for number of passage/hr =242.35  m3/passage

So 24*2.35 = 56.4m3/hr

 Ů = 56.4/3600 = 0.016 m3/s

Ů = 0.075+0.016 = 0.091 m3/s

ṁ = ρ* Ů = 1*0.091

ṁ = 0.091 kg/s

q Total = q is + qil =ṁ( hi – ho)

Ti=25 °C & фi=35% hi = 43 kJ/kg

To=5 °C & фo=55% ho = 12.5 kJ/kg

q Total = q is + qil =ṁ( hi – ho)

 q Total = 0.091(43-12.5) = 2.776 KW = 2776 W

And the following tables listed the calculations for all  rooms:

Barber shop ٤ Public building ٣
Candy store ٨ Shoes store ٤
Dress shop ٣ Professional offices ٤

Hospital rooms ٤ Lunchrooms ٦
Office building ٢ furrier ٣

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



No. Usage Element Area U Ti - To QLoss

m2 (W/m2.°C) (°C) (W)

1.00 management Wall A 14.30 2.52 20.00 720.72

Wall B 15.45 2.52 20.00 778.68

Wall C 14.00 2.52 20.00 705.60

Window A 2.50 5.30 20.00 265.00

Window B 3.75 5.30 20.00 397.50

Door 2.80 2.11 20.00 118.16

Ceiling 35.84 2.35 20.00 1684.48

Floor 35.84 1.67 18.00 1077.35

Infiltration 720.00

Q Room 6467.49

No. Usage Element Area U Ti - To QLoss

m2 (W/m2.°C) (°C) (W)

2.00 Teacher's
room

Wall A 15.45 2.52 20.00 778.68

Wall B 16.00 2.52 20.00 806.40

Wall C 21.00 2.52 11.00 582.12

Wall D 4.00 2.52 20.00 201.60

Window A 3.75 5.30 20.00 397.50

Window B 2.50 5.30 20.00 265.00

Ceiling 44.80 2.35 20.00 2105.60

Floor 44.80 1.67 18.00 1346.69

Infiltration 2776.00

Q Room 9259.59

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

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



No. Usage Element Area U Ti - To QLoss

m2 (W/m2.°C) (°C) (W)

3.00 Classroom
(3)

Wall A 16.00 2.52 20.00 806.40

Wall B 16.50 2.52 11.00 457.38

Window A 5.00 5.30 20.00 530.00

Window B 2.50 5.30 20.00 265.00

Door 2.00 2.11 20.00 84.40

Ceiling 49.00 2.35 20.00 2303.00

Floor 49.00 1.67 18.00 1472.94

Infiltration 4590.00

Q Room 10509.12

No. Usage Element Area U Ti - To QLoss

m2 (W/m2.°C) (°C) (W)

4.00 Classroom
(4)

Wall A 14.75 2.52 20.00 743.40

Wall B 16.50 2.52 20.00 831.60

Window A 6.25 5.30 20.00 662.50

Window B 2.50 5.30 20.00 265.00

Door 2.00 2.11 20.00 84.40

Ceiling 49.00 2.35 20.00 2303.00

Floor 49.00 1.67 18.00 1472.94

Infiltration 4590.00

Q Room 10952.84

Table(4-9): Load Calculation For Classroom (2)

(2)

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



No. Usage Element Area U Ti - To QLoss

m2 (W/m2.°C) (°C) (W)

5.00 Classroom Wall A 15.45 2.52 20.00 778.68

Wall B 17.87 2.52 20.00 900.65

Wall C 1.60 2.52 20.00 80.64

Window A 3.13 5.30 20.00 331.25

Window B 3.75 5.30 20.00 397.50

Door 2.00 2.11 20.00 84.40

Ceiling 44.80 2.35 20.00 2105.60

Floor 44.80 1.67 18.00 1346.69

Infiltration 5185.00

Q Room 11210.41

No. Usage Element Area U Ti - To QLoss

m2 (W/m2.°C) (°C) (W)

6.00 Advisor Wall A 6.60 2.52 20.00 332.64

Wall B 12.20 2.52 20.00 614.88

Window A 1.88 5.30 20.00 198.75

Door 2.00 2.11 20.00 84.40

Ceiling 10.34 2.35 20.00 485.98

Floor 10.34 1.67 18.00 310.82

Infiltration 915.00

Q Room 2942.47

No. Usage Element Area U Ti - To QLoss

m2 (W/m2.°C) (°C) (W)

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

Table(4-12): Load Calculation For Stairs



7.00 Stairs Wall A 7.75 2.52 9.00 175.77

Wall C 21.00 2.52 11.00 582.12

Wall D 21.00 2.52 11.00 582.12

Window A 1.25 5.30 9.00 59.63

Ceiling 21.00 2.35 9.00 444.15

Floor 21.00 1.67 6.50 227.96

Infiltration 2188.00

Q Room 3918.10

Q(total) for each story = 55.26 KW.

Q(total) for both stories = 110.52 KW.

Boiler selection:

From Catalog:

Use Boiler model   MP 1285 [ZAEGAL-HELD CO.]

Output 177 KW

Burner selection:

 8.0)(.

860





denvc

Q
m

m:  flow rate of fuel [L/h]

Q:   boiler (k.w)

860: factor to change to 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



from Catalog:

Use burner models MAIOR   P35 AB [ Ecoflam Co. ]

Output ( Min = 20، Max = 35 ) Kg/h.

Capacity (Min = 23، Max = 415 ) KW

Radiators:

 it should be placed under the windows of the room

 it should be distributed in the room in an organized way so as to give a

homogeneous heating in the place .

Fig(4-17): Placing The Radiator

Table(4-13): Radiators Distribution



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

No. ROOM

٣٣٩164.19٦٤٦٧.٤٩management

٤٥٧164.19٩٢٥٩.٥٩T.Room

٣٦٤164.19١٠٥٠٩.١٢Class (1)

٣٦٧164.19١٠٩٥٢.٨٤Class (2)

٣٣٢164.19٥١٨٥.٠٠Class (3)

1١٨164.19٢٩٤٢.٤٧advisor

٢٢٤164.19٣٩١٨.١٠stairs

Pipes Design :

The major pipe (from the boiler)

Q total= m * cp * Δt

Q total =١١٠.٥٢ KW

Cp = 4.18 KJ/Kg.K

Δt = 80 – 60 = 20 C.

ρ (for water) = 981Kg/m3

V = 2 m/s

A = area of across section of the pipe .

D = diameter of the pipe

m = Qt/(cp* Δt) =١١٠.٠٢/(4.18*(80-60)) = ١.٣٢ Kg/s

Area = m/(ρ*v) =1.18/(981 *2) = 0.000٦٧ m2

ρ = √(4*0.00107/π) = 0.03m

Select D = 1.5 inch [D = 38.1mm]



The pipes from the major to collector in each floor :

First The ground floor

Qt = Q (from all class in this floor)

Qt(collector)=55.26 KW

m = 0.٦٦m3

A = .00003٣ m2

D = 0.0١٩m

=19mm

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

Second : The First floor

Qt = Q (from all class in this floor)

Qt(collector)=55.26 KW

m = 0.٦٦m3

A = .00003٣ m2

D = 0.0١٩m

=19mm

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

We can calculate Pipe diameter according the following formula:

Q = m *cp * Δt

Table(4-14): Pipe Diameter Calculation



ROOM Q(W) m(Kg/s) A(m2) D(mm) SELECT

Manage. ٦٤٦٧.٤٩ ٠.٠٧٧ ٠.٠٠٠٠٤ ٨ D = ٠.٥inch

T.room ٩٢٥٩.٥٩ ٠.١١ ٠.٠٠٠٠٥٦ ٨.٥ D = ٠.٥ inch

Class(1) ١٠٥٠٩.١٢ ٠.١٢٦ ٠.٠٠٠٠٦٤ ٩ D = 0.٥ inch

Class(2) ١٠٩٥٢.٨٤ ٠.١٣١ ٠.٠٠٠٠٦٧ ٩ D = 0.٥ inch

Class(3) ١١٢١٠.٤١ ٠.١٣٤ ٠.٠٠٠٠٦٨ ٩ D = ٠.٥ inch

Advisor ٢٩٤٢.٤٧ ٠.٠٣٥ ٠.٠٠٠٠١٨ ٥ D = ٠.٥ inch

stairs ٣٩١٨.١٠ ٠.٠٤٧ ٠.٠٠٠٠٢٤ ٦ D = ٠.٥inch

Take Class #1 as Example:

m =٠.١٢٦ Kg/s

A=٠.٠٠٠٠٦٤ m2

D=٩mm

Select D = 0.٥ inch (D=12.7 mm)

Expansion Tank:

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 a volume = 0.08 of the total water volume in the system.

Total volme of the water in the system = Q
boiler

* 0.012

0.012 : Reduction Factor.

=١٧٧*.012=٢١٢٤ L

V = 0.08*2124 =١٦٩.٩٢ L

Select ARM1000H [ARMSTRONG CO.]

pipe insulation:



R=K/hf

R = radius of insulation materials

K = thermal of conductivity of the insulation materials

hf = convection heat transfer coefficient for the bounded space of the pipe.

 If the insulation which used is fiber glass

K = 0.04

Hf = 5 W/m.K

R = 0.04/5  = 0.008m = 8 mm

Chimney design:

Qt=A*50*h

Where:

Qt : boiler(k.w)  = ١٧١.٠٢kw.

A : section area.

H : hight of chemny = 4m

50: constant (table)

A = 123.8/(50*4) = 0.٨٥٥ m2.

A = *(d2/4)  d = ١.٠٥m

Which is greater as length 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)

Voil = 110.52 / 42700

= 0.0026 Kg per hour *3600

= 9.3 Kg/s

= ٨.٣ / 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 =٨ m3

With Dimentin  = ٢m X ٢m X ٢m

The tank is to be filled every year for this school

 :
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.

    *:

:

o.

o.

o.

o-.

o.

o.

:R

:A



:T

:K

:

=K =(0.8 W+0.2 L)/he

w :

L :

he :80(س(

:η

.)η=٠.٣٥(

:

 . .:

)١ ( .:

 =٦.٤.

 =٥.٦.

 =٣.٠.

(he) =٢.٢= ٠.٨-٣.٠.



 =٣٥.٨٤٢

.٢٥٠= ش

Φ= E .A.p /η

=(250)(35.84)(1.2)/(0.35)

= 30720 lumens

Φlamp= 2400 lumens (for florescent lamp)

#of lamps = 30720/2400 = 12 lamps.

Shadow ratio:

SHR(X) = distance between lamps in (X-direction)/he

= 2.13/2.2 = 0.96< 2 ……OK

SHR(Y) = distance between lamps in (Y-direction) / he

= 2.8/2.2 = 1.27 < 2 ……OK

)١٥-٤ (.

SHR(X)SHR(Y)

)١٥-٤( :



Fluorescent2400

Lumen

١٢٠.٩٧١.٢٧

Fluorescent2400

Lumen

١٦١.٤٥٠.٨

Fluorescent2400

Lumen

٢٤١.٠٦٠.٨

Fluorescent2400

Lumen

٢٤١.٠٦٠.٨

Fluorescent2400صفية

Lumen

٢٤٠.٩٦٠.٨

Fluorescent2400

Lumen

٤١.٠٧٠.٥

PL-Lamp800 Lumen٢٠٠.٥٠.٥

Fluorescent2400

Lumen

٢٤٠.٩٧٠.٨٥

Fluorescent2400

Lumen

٢٤٠.٩٧٠.٨٥

Fluorescent2400

Lumen

٢٤١.٠٦٠.٨

Fluorescent2400

Lumen

٢٤١.٠٦٠.٨

Fluorescent2400

Lumen

٣٠٠.٩٧٠.٨٥

PL-Lamp800 Lumen١٦٠.٥٠.٥

PL-Lamp800 Lumen٩٠.٤٥٠.٦٨

Candescent1200

Lumen

١٠.٣٩٠.٢٤

:

كل 

 .

)٤٠٠ ( .

 .)٣

 ( .(E3-1) إلى(E3-3)      ي ة ف دمات الكھربائی میم للخ ة التص عملی

.المبنى الإضافي التابع لمدرسة رابود الأساسیة المختلطة

٣-٤-٤



،

،

 .

،

 .

 .

:

١ -

٢ -

٣ -.

٤ -.

٥-.

وفر    در ی مص

كل  . معاییر تصمیمیة في ھذا المجال ذه     (National Standard Plumping Code)ویش ل ھ ا لمث درا غنی مص

والمأخوذ من المصدر السابق عدد القطع الصحیة اللازمة حسب عدد الطلاب ) ١٦-٤(دول ویبین الج. المعلومات

.في المدرسة

)()(

طالبة٣٠قطعة واحدة لكل طالب٤٠قطعة واحدة لكل المراحیض

طالبة٤٠قطعة واحدة لكل طالب٤٠واحدة لكل قطعة المغاسل

-طالب٣٥قطعة واحدة لكل المباول

:

)١٦-٤ :(
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 .

(160) .

.

)١٧-٤ (

.

)١٨-٤ :(



 .

 .)١٨-٤(.

)١٩- ٤(

.

)١٩-٤ :(

)٢٠-٤ :(



)٢٠- ٤(

.

:

:

)99 (

)96 (

:

)١٦-٤(،

)40 (،:

99 / 40 = 2.5 ≈ 3 W.C.

)٢١-٤ :(



)٣ (،.

:

،)٣٥ (

 .:

99 / 35 = 2.8 ≈ 3

.) ٣(ل

:

 .

)٤٠ (،:

99 / 40 = 2.5 ≈ 3

)٣ ( .

.

:

،)30 (

،:

96 / 30 = 3.2 ≈ 3

.) ٣(ل 

:



 .

)٤٠ (،:

96/ 40 = 2.4 ≈ 3

)٣ ( .

.اصة

:

.

9996

3+13+1

3-

3+13+1

(A3-9) و(A3-10)تصمیم الوحدات الصحیة في مدرسة رابود الأساسیة المختلطة.

٤-٤-٤

. مبنى

 .

 .

،

 .

)١٧-٤ :(



،

 .

 .(Percolation

Test) .:

١ -(24-18) .

٢ -(12).

٣ -(1)

.

١٨-٤(- ٤( .

،(100)

.

)١ (

132

240

345

556

1075

1596

20108

25139

30167

)١٠٠): ١٨-٤



٦٠٣٣٠

 .

 .

 . .

(5) .

:

:

 .(195)

(17) .(212).

5 *212( ) 1060
*

Liter Liter
Capita

Capita day day

   
   

   

:

(Percolation Test)، .)٣٠ (

 .

(167) .(100)،

(378.5).

1060 378.5 2.8
Liter Liter

day day

   
    

   



2.8*167( . ) 467.6( . )sq ft sq ft

467.6=.43.5.

:

 .(3) .:

D*Ω*3.0 = 43.5

D = 43.5/3*Ω = 4.6 m

=3.0                       . =4.6.



)٥- ٤ (

 .:

١ -

٢ -

٣ -

٤ -

)١- ٥- ٤ (

(A4-1).

)٢- ٥- ٤ (

:

)412 (

)0 (

:

،)40 (

،:

412 / 40 = 10.3 ≈ 10 W.C.



)١٠ (،.

:

،)٣٥ (

 .:

412 / 35 = 11.8 ≈ 12

)12 (.

:

 .

)40 (،:

412 / 40 = 10.3 ≈ 10

)10 ( .

.

:

.

412-

10+1-

12-

10+1-

)١٩-٤ :(



(A4-2) و(A4-3)تصمیم الوحدات الصحیة في مدرسة ذكور الشھید أبو جھاد الثانویة.

)٣- ٥- ٤ (

 .

(35%) .(1.75).

:

 .

(412)(32) .(444).

1.75 *444( ) 777
*

Liter Liter
Capita

Capita day day

   
   

   

:

(Percolation Test)، .30) (

 .

)١٦٧( .(100)،

(378.5).

777 378.5 2.05
Liter Liter

day day

   
    

   

  =342.35=٣١.٨.

2.05*167( . ) 342.35( . )sq ft sq ft



:

 .(3) .:

D*Ω*3.0 = 31.8

D = 31.8/3*Ω = 3.38

D = 3.5 m

 =3.0 =3.5.

)٤- ٥- ٤ (

،

 .
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،

 . .

.)٢١-٤ (.

،،

.



  :

١-:

)40*40*40 ( .)1 (2  .

 .

.)٢٢-٤ (.

)٢٢-٤ :(

)٢٣-٤ :(



٢-:

:

(Septic Tank)،

 .

.

 :

23 .

 .

.

:

0.51 .

،

 .

.

:

 .

.

٣-:



 .

.

٤- :

 .

، .

(3/4) .

٥-:

 . .

، :

20،20،20 .

 .

0.51

.

٦-:

 .

 .

 .0.51.

٧-:

 ) .(



)٢٣-٤ (.

:

١-:
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 .

)٢٤-٤ (



 .)٢٤-٤ (

.

٢-:

.

٣-:

)٢٥-٤( :
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٤-:

 .

.

٥-:

 .

، .

2.5،

 .،

،.

٦-:

 :(2) :

(2) .

 .

.

:(2): ثانيا

،) . (

(2)(1.0-0.8)5 .



 .

،

.

٧-:

،

 . )

 (.

٨-:

 .

. . صلبة

:

:تعبئ: 

) ((2.5)

 .

 ..

:: ثانيا

(0.7)

 ..

٩-:



 .

. بالإضا. 

١٠-) (:

 )50 .(

 ) .(

.

١١-:

 .

(1)2 .

 ..

١٢-:

(0.8) .

(3/4) .

١٣-:

 ::(1) .

. (20): : ثانيا

، .

.



. . (10-15): : ثالثا 

.

 : :(20) .

.

. : : خامسا 

١٤-:

(1) .،

 ..

١٥-:

.

١٦-:

،.

 ..

)٢٥-٤(،.



:

 .

،ة. 

 .

)٢٦-٤ :(



 .

 .(65%)

 .،

 .

(5) .

:

:

 .

.شخصا(444). (32)،(412)

:

 ..

444( )*5 2220 /
.

liters
person liter day

person day

 
 

 

32220 *65% 1443 1.5 /
liter liter

m day
day day

   
    

   

:

 .)٢٠-٤(.



444

1.5 m3/day

1.3 m

1.5 m

5.0 m

 )٢٦-٤( .

)٢٧-٤( .

(M4-1)

.

)٢٠-٤ : (



)٢٧-٤ :(

)٢٨-٤ :(



)٦- ٤ (

 .:

١ -.

٢ -.

٣ -.

)١- ٦- ٤ (

(A5-1).

)٢- ٦- ٤ (

:

)76 (

)0 (

:

،)40 (

،:

76 / 40 = 1.9 ≈ 2 W.C.

،.

:



،)٣٥ (

 .:

76 / 35 = 2.2 ≈ 3

)3 (.

:

 .

)40 (،:

76 / 40 = 1.9 ≈ 2

 .

.

:

.بقة

76-
2+1-

3-
2+1-

(A5-2) و(A5-3)تصمیم الوحدات الصحیة في مدرسة أبو العرقان الأساسیة.

)٣-٦-٤ (

)٢١-٤ :(



:

 .(76)

(11) .(87).

5 *87( ) 435
*

Liter Liter
Capita

Capita day day

   
   

   

:

(Percolation Test)، .)30(

 .

(167) .(100)،

(378.5).

435 378.5 1.15
Liter Liter

day day

   
    

   

1.15*167( . ) 192.05( . )sq ft sq ft

 =١٧.٨٤= ١٩٢.٠٥.

:

 .(2) .:

D*Ω*2 = 17.84

D = 17.84/2Ω = 2.84



D = 3.0 m

 =٣.٠= ٢.٠.


