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List of Abbreviations(ACI)

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 cancroids 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.
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.
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/m?d).

Wu = factored load per unit area.

@ = strength reduction factor

Abbreviations : ( Eqyptian Code )

Ac  : Cross sectional area of concrete

As : Cross sectional area of steel reinforcement

As” : Cross sectional area of steel reinforcement in Compression in beams or

equivalent area helica Reinforc effective transversal reinforcement In

columns.

Ak  :Cross sectional area of core

Ast  : Cross sectional area of stirrups

Asb : Cross sectional area of bent bars

N.A. : Neutral axis

z : Distance or neutral axis from extreme compression
fibers

d : Theoretical depth reinforced concrete cross section

t : Total depth reinforced concrete cross section

b : Breadth of rectangular section

B : Breadth of flange of L section

B’ Breadth of flange of T section

Br” : Reduced breadth of flange or L section

b : Breadth of web of T or L section

bs : Breadth of Haunches

ts : Thickness of slab

e : Eccentricity from e.g.

es  : Eccentricity from tension steel

es” : Eccentricity from compression steel

Cc : Total compression in concrete

Cs : Total compression in compression steel

C : Total compression in section

T : Total tension in section



Yct

: Total lever arm

d : Depth of compression steel

M : Percentage of tension steel

M “ : Percentage of compression steel area
| : Moment of inertia

v : Virtual moment of inertia

n : Modular ratio

Ec : Modulus of elasticity for concrete in compression
Es  : Modulus of elasticity for steel

Ect : Modulus of elasticity for concrete in tension
¥ :Poisson’s ratio

f - Stress

€ :Strain

fc  :Concrete stress in compression

fs - Steel stress in tension

fs” : Steel stress in compression

fy > Yield stress

fu : Ultimate stress

C28 . Ultimate cube strength after 28 days
fp : Prism strength after 28 days

L : Span effective

LO : Spam clear

P : Concentrated Live load

p : Distributed Live load

G : Concentrated dead load

g : Distributed dead load

W  : Concentrated total load

w  : Distributed total load

M  : Bending moment

Q : Shearing Force

g : Shear stress

gst : Shear stress resisted by stirrups

Mr : Moment of resistance of section

gb :Bondstres

%] : The diameter of bars
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NO. Material

1 Tiles
2 Sand
Reinforced

concrete
Block
Plaster
Mortar

Steel

N o o] B~

Aluminum
Bronze
Copper

zinc
Basalt
Granite

Lime stone

Asphalt

() e
Gravd

Quality Density
(t/m?3)
2.2
1.6

2.5

0.9
14 - 18
18 - 2

7.85

8.5

1.2
2.7
2.7
2.5

2.15
Jdgaad

(From:

Reinforced Concrete Design HandBook)(By : Dr.-Eng. Shaker Behairy
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1 Stairs 300
2 Corridor 350
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Chapter Four

Design and Structural Analysisfor Element

4.1 Introduction:

Steel-reinforced concrete is used in almost at all concrete structures. Since
concrete has poor tensile strength (it breaks easily when pulled apart), steel has to be
added to structural members to accommodate the tensile forces. On the other hand,
while steel is better at carrying tensile force, it has the tendency to buckle when
compressed. Therefore, when the two materials are combined, one makes up for the
deficiency of the other. When steel reinforcement in concrete helps carry loads, the
combination is called reinforced concrete. A reinforced concrete structure takes

many forms. beams, columns, walls, footings, slabs, etc.

In this chapter we will describe the structural analysis and design of all
structural elements such as: slabs, ribs, beams, columns, footing, etc.

The design and construction of reinforced concrete building is controlled by
the building code requirements for structural concrete ~ (ACI 318- ) of the
American Concrete Institute.



NOTE:
Fc =30 MPafor circular section but for rectangular (Fc=0.80*30=24 M Pa)

4.2 Sabsthickness calculation

4.2. Thickness of one-way slab:

Min h for one-end continuous = L/18.5
=450/18.5=24.3cm

Min h for both-end continuous = L/21
=550/21 =26.2 cm

We selected h = 31cm.

4.3 Design of dabs:
L.L =300kg/m2 , b/rib=15cm , cover = 150kg/m?
Block size = 40*20* 24 (hollow sement) , 1m? = 10 block
Wt/block = 16kg
4.3.1 Calculate of dead load and live load for oneway rib slab

top dlab = (2500) (0.07) (0.55) =96 kg/ rib.
block =(160) (0.55) =88 kg/ rib.

rib = (0.15) (0.24) (2500) =90 kg/ rib.
cover = (150) (0.55) =82.5kg/ rib.

Total dead load for one way rib = 356.5 kg/ rib.
life load = (300) (0.55) = 165 kg/rib .

o g~ w D PF

FIG (18)
Section in one-way ribbed slab



Wt =D.L + L.L = 356.5+165 = 522 kg/m/ per Rib

4.4 design of rib:

Rib disnbution
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(21)

1 2 3 4
1 2 3
A 1 A 1 A
A i i A
6.65 1 3.2"] 6.65
| | | }
55.
7.
31.
15.
A-A

load group no. 1

Dead load - Factored Units:kg,meter

365.0 365.0 365.0
6.65 3.2 6.65
Live load - Factored
165.0 165.0 165.0
6.65 3.2 6.65

Moments: spans 1to 3

-1993.9 -1993.9
- Aas, 1.1
I | I |
1 | | |
1.03! 1.03
266 20797 3.99 16 18 3.99 2079.7 266




Shear

-2062.1

-1486.7
-1077.8

1077.7

1486.7
4.4.1 Design of positive moment (for rib 1): 2062.1

In thisrib the max. Space of span = 6.65 m.

Design as T-section (according to Egypt code)

>> use M max. Positive for al spans=2.08t.m

>>b=15cm , ts=7cm , B=55cm , fs=2000 kg/cm? , f=75kg/en , t = 31cm.
B=b+12t=15+12*7 = 99cm .

We take the min. (B=55cm)

* 5
Z= 0.131/M = 0131/M =8cm
B 55

Z=8>ts =7
>>B/b = 55/15=3.7
>>t47 = 7/8=0.875 .

>> from table 3.9 page 172 ((usle Al ciliia) bty aanail ALY Gudigal) Ji2)
r=0.98 .

B =r*B =0.98*55 =54cm .

>>t=31 , d=28cm.

d=k M
Br
* 5
28 = kﬂf% 5>k, =045>> f_ = 47kg/cn? < f, = 75kg/em?  O.K

>> from table 4.11 page 748 ((Aule Al ciliiall Lisi 5 apanail  SLEY) Gorigall Jila)




k,=1820 .
As=M/(k2*d)
A<=2.08*10°/1820* 28 = 4.08cm? so select 2 d 16

4.4.2 Design of negative moment (for rib 1):

Design as rectangular section (according to Egypt cod)
>> Maximum negative moment is M = 2t.m
>>b=15cm , ts=7cm , f=2000 kg/cm? , f;=300/3=100 Kg/em® , t = 31cm.

d=k, [0

* 5
28=k,, /% 5>k, =0.24>> f_=090kg/cm? < f, = 300/3 =100kg / cri?-K

>> from table 4.11 page 748 ( dslu,all ciliia) 365 pesil LY uaigall J)
k,=1737 .

As=M/(k2*d)

As=2*10°/1737+28 =4.09cm”*  soselect2 ® 16

4.4.3 design of shear for rib:
Max. shear Q=2.07t

Q . Q
y.*b 087*b*d

q:

2.07*10° 2 2
g=—————=5.66kg/cm* < 6kg/cm (Concrete shear force)
0.87*15* 28

>>>No shear reinforcement is necessary.



Use stirrup for onerib (1$8/20cm)

4.5 design of beam(9):




load group no. 1
DL+LL (FACTORED)

(

)

Units:kg,meter

6770.0 5770.0 6770.0
4, 4.2 3.9
Moments: spans 1to 3
-11441.1 -10971.5
| '85\1'07 | | \0'8 |
I \ ] I 1.04 ]
| l 1 |
| |
3721.5
8422. 7968.
1.6 | 2.4 2.1 | 2.1 2.34 | 1.56
1 1 1 1 1 |
Shear
-16400.3
-14105.2
-10388.3
l
|
10679.7
14328.8 16014.7




4.5.1 Span (1) positive moment:

M =84tm
design as rectangular section .

d=28cm , fs=2000 kg/cm? , B=90 cm , f.=90kg/cm? , 0=0.6 (ratio of main steel to

secondary)

d=k /%

8.4%10°

28=Kk, >>k, =0.289 >> k, =1785>> f_ = 65kg/cm® < f_ =90kg/cm?

As=M/(kz*d)
A<=8.4*10°/1785* 28 = 16.8 cm? so select 7 @ 18

A= 0*A,=16.80.6=10.1cm’* sosdect6® 16

4.5.2 Span (1) negative moment:
M =11.44tm

d=k, /g

* 5
28=k, % o>k, = 0.248>> k, =1765>> f, = 78kg/cn? < f. = 90kg/ crri

As=MI/(k,*d)

OK

OK



As=11.44*10°/1765* 28 = 23.1 cm? so select 9 ® 18

45.3 Design of shear (for beam):

Max. shear Q=16.4t

g=—2 -9
y,*b  0.87*b*d
* 3
q = 16.4710 = 7.48kg / cm?® > 6kg / cm°Un safe
0.87*90* 28

check of stirrup
_n* A * . 4*0.785* 2000

=3.5kg/ cm?
" erb 20790 ’ It’s safe
=0, +0dy =6+35=9.5kg/cm* > 7.48kg / cm® Ok
Use stirrup (210/20cm)..........

(4.6)Design of solid slab
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4.6.1 Design of oneway solid slab :

max. live load = 350 kg/m?
D.L =0O.W + cover

= 150+(31*2.5%1) = 925 kg/m?
W= 350+925 = 1275 kg/m?

load group no. 1
Total loads Units:kg,meter

1275.0
960.0

7.15 3.2

Moments: spans 1to 2

-6008.5
| 1.32
1 l ]
’\—/ | |
5418.3
1 2.86 } 4.29 | 3.2 |
Shear
-5398.5

-5041.5

41.7

3717.33608 34137 31449




4.6.2For positive moment :
M=5.413 mt

F. = 90kg/cm? , t=31cm , Fs= 2000 kg/em? , a=0.2 , ky=0.239 , ko=1738

d=k, [o-

* 5
28— Kk 5.413*10
100
k1-0.380

>> from table 4.11 page 748 ((dule Al ciliiall Lifi 5 apanail  SUEY) Gorigall Jilo)
k,=1809 & ,f.=50

As=M/(k2*d)

As=5.413*10°/1809*28 = 10.68 cm¥1m  so select 1d 12/10 cm.
A¢ =10 8/10 cm

4.6.3For negative moment :

M=6.02tm >>
>> A,=6.02*10°/1809*28 = 11.88 cm?/1m  select 1 12/10 cm

4.5.4 Check of shear :

Max. shear Q=5.4t

Q _ Q
y,*b 087*b*d
o - 5.4*10°
' 0.87*100* 28

q:

=2.21kg/cm? < 6kg/cm? It’s safe



(4.7)Design of column:

4.7.1 Design of rectangular column (C1):

max. load for onefloor = 30729 kg =30.75 t
p = 30.75*5=153.75t (5 floor)
B300 = 300kg/cm? (fc=75kg/cm?) , f=2000kg/cm? , h=3.35m .
Assume b =30cm

*
h/b = % =11.17<15 >>>itisshort column.

Mmin = 0.25+0.05* h/b = 0.25+0.05* 335/30 = 0.81 > 0.8 % OK
take p=15%

p=f* Ac(1+15)

153.75* 10°=75* A(1+15* 1.5/100)

>> A = 1673.5 cm®

Ac=ab

16735=a"30 >>a=56cm take a=60cm .

choose diminution 3060 cm

Ao = P*A.
= (1.5/100) * 30*60 = 27cm? Use (12018)

Design the ties of the column:

- (15) longitudinal — bar diameter = 15 *(1.8) = 27 cm.

least column dimension =30 cm.
0 sosdect 290 8@20cm.



1c

P P |. . ﬂ

E B | B
i a0 &
10
i)

10

=2

Celumn Type C-

Scale 110

Use stirrup (298/20cm)

4.7.2 Design of circular column (C6):

max. load for onefloor = 36681 kg =36.68 t
p =36.68*6 =220t (6 floor)
B300 = 300kg/cm? (fc=75kg/cm?) , f=2000kg/cm? , h=3.35m .
Assume D =50cm

*
h/D = %z 6.7<12.5 >>>itisshort column.

p = fo (A+15* Ac+37.5A) f
A=PO '
4 e
Assumep =1% .
>> p = f, (At15* Ac+37.5A¢) .
220* 10°=75(A+15* (1/100)+37.5* (1/100) ) A ,,_;._,_;?.’/

>> A =29325 .

. ——
_pD% Columin Tyoe Co

A, =
T4

Zecle 1:10



2
2932.5=PP«

>>Dy=61cm .
D=61+4=65cm.
As= p*Ag
= (1/100)*2932.5 = 29.3
So select 12 ¢ 18

Check of pitch :-

29.3 _Pp 765705 >>e=35cm<8m >>>itisOK
e

Choose spiral @ 8/5cm

4.7 Footing Design :

4.7.1 Design of squar e footing (F5)

Qai = 2.7 kg/em?=27t/m? |, P=220 , P,=1.08*220=237t.

area of footing :
A= Pt/qa“ =237127
A= 87m?

Choose B2=88 >> B=295m
>>B*B =2.952.95m

Fra =P/ A =220/ (2.95*2.95) (areacircular = P D
4

=253t/ m?
area effective for square

* 2
= /% — 0.58m

take b=0.65m



B-b 295-0.65
2 2

=1.15m

2
25.3* 2.95* (2'95_ 0'65j

= 2 =49.4t.m
2

Mi=M, (sguarefooting)
fs= 2000 kg/em? , f.=75kg/cm? , k;=0.289 , ko, = 1761

fM
d = kl E
* 5
d =0.289, /M =37cm
2.95

choose d=55cm , t=60cm
As=M/(k2*d)
A<=49.4*10°/1761*55 = 51 cm? so select 20 @ 18

Check of punishing:

Qp = P- (Fnet *Areaof punishing)
=220 (25.3* (D+2/3d)** M)
=137.8t

* 3
q :&— 137.8*10 =7.8<8kg/cm O.K

=
Ay 55*p(D -+ )




Check of Bond :

Q Fnet * =
g, = b _ 2 =5.4kg/cm’ <11 It’s safe
0.87*eQd 0.87*d*nA*p*d

8, 18

o = —

‘I | Z¢ £ 18 L=385 CM | ’I
o] om
— 5
— r
[/
=
g
Ok B
(=]
: 1iZ F18
g

Typleal Fooding FS

O.K



()
4.9 Design of strip footing (R 1) :

Weight of wall=height * thickness of wall * 1m wide *yconcrete

=3.35*0.30*2.5*1

=2.5t/m
weight from roof shelter = 3.9 t/m seedap (Ss)
O.W weight of strip =0.9* 0.5* 25*1=1.1t/m
weight from ground grid =L.L + D.L+ cover

= {0.35+(0.2¥2.5*1)+0.15} *6.79 = 6.79 t/m

P=25+3.9+1.1+6.79 = 14.29 t/m

P 14.29
P =2 _161t/m
L 9.*Df | 2715
Qa 27

B=P;/qai=0.6m
Take B=13m

Fre = P/(B*1) = 14.29/ 0.9 = 16 t/m’
~B-b 130-30

S 50cm
2 2
2 2
M=F, %:16* 05" _ot/m
Ki=0289 , K,=1761 , Fc=75kg/cm® , Fs=2000kg/cm?

d=k M
B
* 5
d=0289. 92" 10" _130m
\" 100

choose d=45cm , t=50cm (d notlessthan 25cm)
As=M/(kz*d)



As=2*10°/1761*0.35 = 2.5 cm’

Minimum steel = (20/ 100) * Ac=0.2*0.9*0.4 = 7.2 cm?

so select Minimum =6 ® 14 long duodenal detection ( the space between bares not
more 20 cm)

and select @ 14/10cm in short direction

-

-- "'
4!
w - - b e Y
G, FEERACILS M
R 2 s EREE 3 ‘
FA1L 1S cm i :F}
MLD? FTEEL -a"ld-f'ln'ﬂu
m ™~ = L] = -
| 130 q1 .l.- ‘_‘[
Detail in R
Scale | 120
Fig22

Strip footing section



(4-10) Design of stairs:

(4.10.1) Deter mination of Slab thickness:

L=6.4m

= Use h=18 cm and limitation of deflection will considered.
= 0 =tan-1(17/ 30) = 29.50°.
= Cos 0 =0.87

L oad calculation:

*

*® & & 6 o o o

Vertica Tiles = 0.03*25*(0.33/0.30) = 82. kg/m2.

Horizonta Tiles = 0.03*22* (0.135/0.30) = 29 kg/m?.

Vertical mortar = 0.02*22* (0.135/0.30) = 19 kg/m2.

Horizontal mortar = 0.02* 22*(0.3/0.30) = 44 kg/m?2.

Plaster = (0.02* 22)/ (Cos 29) = 50 kg/m2.

Steps= (100/30)* (0.5* b* h)* 2.5=(100/30)* 0.5* 0.3* 0.18* 25= 56 kg/m?.
Slab=0.18 *25/ Cos 29 = 42.8 kg/m? .

Total dead load = 82.5+29+19+44+50+56+42.8=700 kg/m?.

Liveload:
Live load for stairs = 400kg/m?



(4.10.2)Design of Bending:
The Following figure shows the moment envelope on the stair.

Moments: spans 1to 1

3.20 5.6 3.20

moment diagram of stair

W*L® 11%642
8 8
F. = 90kg/cm? , t=31cm , Fs= 2000 kg/em? , a=0.2 , ky=0.239 , ko=1738

d=k /g

5.6*10°

M = =5.6t.m

d =0.239 =178

As=M/(k2*d)
A.=5.6*10°/1738*28 =11.5cm%1m  soselect 1d 12/10cm.
AJd=1d 8/20cm.

(4.10.4) Design of shear :-
Max. shear Q=7.2t




It’s safe

___,V."\.__

02 100m e

[ o R

DETAIL OF STAIR

Q _ Q
y,.*b 087*b*d
g - 7.2%10°
' 0.87*100* 28

q:

= 2.95kg/ cm?® < 6kg / cm?®

Fig (23)



= No shear Reinforcement is required. So the depth of the stair is OK.

(5) retaining wall Design:

(5.1) load calculation :

, =30, Blc=27kg/cm2 , H=576mg, = 2kg/cm
E=0.5e*H.
e=g, * H*ka
ka= (1-sin@) / (1+ sind) =0.5/1.5=0.33.
e=2*5.76*0.33=3.8t/m.
E=0.53.8*5.76 = 10.9t.

Thickness of retaining wall :

p =0.5* p max (p=the ratio between A and the dimension of section)
p =0.5%0.0244 = 0.0122

f
Y ( m= theratio between concrete strength steel )

m=——7~"—
0.85* f

c

400
m=—————
0.85* 30

Mu=248tm (Mu= ultimate moment)



Mn=248/0.9=28tm (Mn= nominal moment)

Rn=r*f (1-0.5r.m)=44.13kg/cm”*  (Rn=nominal resistant)

Mn [ 2.8%10°
_ = =8cm
drequired = V Rn*b | 44.13*100

use (h=30cm) (h=thickness of wall )
Cheek thedepth :
Vu = ®Vce ( Vu = max shear strength  VVc= concrete shear strength)
466 = M* 100* d
6
>>d=6cm >>h=30cm isO.K —

e e e

| GMFL BOEFIL
AL T

deter minations of steel area:

avertical 11 :
Asmin= 0.0015*100*30= 4.5 cm? |
so select 1P 12 /20 cm — .

b for positive moment
if use® 12 : b

A nlbiH: walo HA
d=t-5-1.2/2=24.4cm E—
Mu = 1.588 tom.m '
Mn = 1.588/.9= 1.764 ton.m
Rn = Mn/(b*d?) =1.764* 10°/(0.9% 100* 24.4%) =3.3 kg/cm? ()



* *
p oLl jg_2mRny 1 1_\/1_M —0.0089
m fy | 157 400

I min=0.0035* Ac
choose area sted = 8.910° 100%*24.4 = 21.7 cm ?
so select 14 16/10cm

C for negative moment

Mu = 2.48 tom.m

Mn = 2.48/0.9 =2.76 ton.m

Rn = Mn/(b* d?) =2.76* 10%/(0.9* 100* 24.4°=5.15 kg/cm?

* *
c_Af fp 2mRn)_ 1 1_\/1_2 15.7*5.15 ) _ 1 014
m fy ] 157 400

As=0.014*100*24.4
As=8.910°100*24.4
so select 1 18/10 cm
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL
CONCRETE (ACl 318M-02) AND COMMENTARY CODE
(ACI 318M-02).

2. Training course on principles of Energy Efficient Buildings
(2004), Engineers Association — Jerusalem Center.
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