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Engineering Association Building In Hebron City
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Palestine Polytechnic University

Supervisor
Dr. Nasser Abushe

The main aim of this project is to prepare all of the structural design and
executive detaills of Suggestion Engineering Association Building in
Hebron city.

This building consists of three floors and it contains many activities that
related to the Engineering Association.

This building is reinforced concrete structure, and it will be designed
according to ACI-code-2005.

The project contains the structural analysis for vertical and horizontal
loads and the structural design and details for each member in the project.
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5.1 Introduction:

Concrete is the only major building material that can be delivered to the job sitein a
plastic state. This unique quality makes concrete desirable as a building material
because it can be molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete
structural members must resist extreme tensile stresses, steel supplies the necessary
strength. Steel is embedded in the concrete in the form of a mesh, or roughened or
twisted bars. A bond forms between the steel and the concrete, and stresses can be

transferred between both components.

In This Project, al of design calculations for al structura members would be made
upon the structural system which was chosen in the previous chapter.

So, In This Project, there are two types of slabs: one-way ribbed and two-way ribbed
dabs . They would be analyzed and designed by using finite element method of
design, with aid of a computer Program called "ATIR- Software" to find the internal
forces, deflections and moments for ribbed slabs and by using the previous program
and "STAADPRO 2004" programs. And then handle calculation would be made to
find the required steel for al members.

The design strength provided by a member, its connections to other members, and its
cross-sections in terms of flexure, and load, shear, and torsion is taken as the nominal
strength calculated in accordance with the requirements and assumptions of ACI-

code.



5.2 Factored L oads:

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

members, is determined as follows:

Qu=1.2DL + 1.6LL ACI - 318- 05 (9.2.1)

5.3 Deter mination of thickness:

5.3.1 Determination of thickness for oneway ribbed slab:-
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 (R6) in the ground floor, as shown in fig (5-1).

1 2 bl 4
1 2 3
A 1 Al 1 A :[
n] LI nj L 'nj
l]I.ZIE 5.2 II].ﬁI 415 0.5 485 l]I.EIﬁ
o 5.58 L 1.65 L 5.03 A
I I I 1
52,
32, ‘
12,
AR

Fig. (5-1) Rib (6) in the ground floor



Spans from |eft to right for one way ribbed slab:

L = 4—9 =0.26m= 26cm
185 185
L = @ =0.22m= 22cm
21 21
L 54 0.295m = 29.5cm ceveereineen.... ACI-318-05 (9.5a)
185 185
H[ We select The Thickness Rib Slab = 32 cm

5.3.2 Determination of thicknessfor two way ribbed slab:

- DAY
Yot
> A
_ -3
v 2x0.2x0.08x0.04+0.12x0.32x0.16 _ 7.424x10 - 10.54em
2x0.2x0.08+0.12x0.32 70.40x10"

_052x(0.1054)> 2x0.2x(0.0254)’ , 0.12x (0.2146)°
3 3 3

| ., =596x10"m’

rib

5.96x107*
0= "0 55

In the other direction:

x7.7=8.82x10"°m*



4
|, =>2010 7 26 _g02x10°m
052

l, = ibh3 = i><1.O>< (0.32)° =2.73x10°m*
12 12

e

i 1

Iihﬂ

EJ_n_H_ SR 1
B s _u_|_ i

o

Fig. (5-2) Twoway rib dab

| : B
a,= b - 273107 _ 4309
I, 8.82x10
-3
I, 8.02x10
am:alzaz _ 0.30942-0.340:0.‘,:,)25

02<a,=0325<2

According to the ACI318M-05 (Sec 9.5.3.3, Eq. 9.12),

1,(0.8+ f, /1400)
™ 36+5b(a,—0.2)

L_7n7
L, 70
- 7.7(0.8+420/1400) _ o012 1om
36+ 5x1.1(0.325-0.2)
H[ We select from one & two way rib slab, The Thickness
Rib Slab =32 cm




5.4 Load Calculation:

5.4.1 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:-

N R R g gt S AT AP R L B gl o BT et

AR

,_
1%

|

Fig. (5-3) section in oneway ribbed dab in the ground floor.

%+ Rib: 0.24x0.12%25 =0.72 KN/m length of rib
s Topping: 0.08%x25%0.52 =1.04 KN/m length of rib
s Plaster: 0.02x22x0.52  =0.229 KN/m length of rib
s Block: 0.40%X10x0.24 =0.96 KN/m length of rib
< Sand Fill: 0.10x16.4%0.52 =0.835KN/m length of rib
« Tile&mortar: 0.03%X24%0.52 = 0.374 KN/m length of rib
s Partitions: 1.25%0.52 = 0.65 KN/m length of rib

Nominal Total Dead Load :

Total dead load = 4.83 KN/m of rib

Liveload =5.00 * 0.52 = 2.6 KN/m

Factored dead load = 1.2* 4.83 = 5.796 KN/m.
Factored liveload =1.6* 2.6 =4.16 KN/m

% =12(4.83)+1.6(26)=9.96 KN /m



5.4.2 Two - way ribbed dlab:
For the two-way ribbed slabs, the total dead load to be used in the analysis and design

is calculated as follows:

Syt Ba'a —

Fig. (5-4) Details of two way ribbed dab .

Nominal Dead Loads and Factored Dead L oads of Two-way Ribbed
Slab

% Rib: 0.24%0.12%2%0.52%25 =0.75 KN/Unit

< Topping: 0.08x25%x0.52 x0.52 =0.54 KN/ Unit
s Plaster: 0.02%22x0.52x0.52 =0.12 KN/ Unit
s Block: 0.40%0.40%10%0.24 =0.38 KN/ Unit

< Sand Fill: 0.10%x16.4x0.52 x0.52 =0.44 KN/ Unit
% Tile&mortar: 0.03%X24%x0.52x0.52 =0.20 KN/ Unit
« Partitions: 1.25%0.52 x0.52 =0.34 KN/ Unit

Nominal Total Dead Load :
Total Dead load = 2.77 KN/Unit.

2.77
0.52x0.52

— Factored Dead load =1.2x10.24 =12.29KN / m?

Total Dead load = =10.24KN / m?



Liveload =5KN/m”’
— Factored liveload =1.6x5=8KN/m?

—= % =1.2(10.24) + 1.6 (5) = 20.3 KN / m?

5.5 Design of Topping for Slabs:
5.5.1 Design of Topping in The Ground Floor:

* Ground Floor:-
(Ribbed dlab — h =32 cm, Rib width = 12 cm).

Liveload =5 KN/m® (For public).
-Tiles& Mortar = 0.03x24 =0.72 KN/ m”’

- Sand Fill = 0.10x16.4 =1.64 KN/m®
- Topping = 0.08x25 =2.00 KN/ m®
- Block = 0.24x10 =240 KN/m’
- Plaster = 002x22 =044 KN/m’
- Partitions = 1.25KN/m’

Total Dead load = 8.45 KN/ m”.
Liveload =5KN/m®  (For Public).

For 1m strip of Topping :
Total Dead load = 8.45x 1 = 8.45 KN/ m.
Liveload=5x1= 5KN/m .

q,=1.2(8.45) +1.6(5) =18.14 KN/ m.

- Assume dlab isfixed at support point (ribs).

2
Mu:(vvuxl_J

12

2
MU — 18.14x0.4
12

j =0.242 KN.m for 1 m strip.

dMn=Mu........... According to (ACI1318-05-Sec.14.8.3,Eq.14-3)



Fc=0.80 X fcu=0.80x 30 =24 MPa
Mn = (f, Xs)
f, =0.42,/f/(MPa) = 0.42\/24 = 2.06(MPa).

2 2
- bg - 1000; 807 _ 1 067x10°mn®

........ ( For a rectangular section)

2 * 2
®.Mn = 0.55* 0.42,/ f/ % — 0.55% 0.42* 24+ % ~1.21KN.m

Note> ® =0.55 for plain concrete.
®.Mn =1.21KN.m> Mu = 0.242KN.m

- No structural reinforcement isrequired. So that, shrinkage and temperature
reinfor cement must be provided.

- Accordingto ACI318M-05(Sec. 7.12.2.1. Eq.b)

The steel used in our region hasayielding stress = 420 M Pa.
p =0.0018.

Asreg=r xbxh

Asreq = (0.0018)(100)(8) = 1.44 cm? /m.

Use 1® 8 @ 20 cm in both directions.
100/20 =5 bars.

2 2
Asfor 1 bar = pd = p(08)

= 0.502cm?

Provided As= 5 x0.502= 2.51 cm” > As reqg.

H[ Use (5 ® 8/ 1) min both directions.




5.5.2 Design of Topping of Two-Way Ribbed Slab :

The topping of the two-way ribbed slab is stronger than the topping for the one-way
ribbed slabs. Therefore, only minimum reinforcement due to shrinkage and

temperature is required as same as the one-way ribbed sl ab.

Use 1® 8 @ 20 cm in both directions
100/20 = 5 bars.

pd® p(0.8)?

Asfor 1 bar = = 0.502cm?

Provided As= 5 x0.502= 2.51 cm”/m> As reg.

H[ Use (5 ® 8/ 1m) in both directions.

5.5.3 Design of Shear for Topping:

The topping must be designed so that no shear reinforcement isrequired.

g, 1814x04
2

dVec>WVu

Vu = 3.63KN.

Ve = 0.75x%\/f_c'.b.d
8
d =80 20— = 56mm

dVC = 0.75x%@x1000x56 — 34.3KN.,

®Vc =34.3KN >>Vu = 3.63KN

= No shear reinforcement isrequired for topping.



5.6 Design of Rib:
% Design of Rib (6):

1 2 3 4
. Y . > A . A .
= _ . . . . ull
}0.5} 4.3 | 0.7 | 3.95 | 0.7 | 4.85 }0.5}
52. 4.9 | 4.65 | 5.45
32.
12.
A-A

Fig. (5- ) Rib (6) in the ground floor

By using Atir program, we found that the envelope of moment for thisrib (R6) is
asfollows:-

Dead load =4.83 KN/m.

Liveload =2.60 KN/m.

Moments: spans 1to 3

-28.9
23.9
| '21\ \1'27 |
\ \ \ \
L I I | Il I | Il
071l0.d7 lo.ds
11
8.3
21.8
26.2
| 2.2 2.7 | 2.33 2.33 | 22.9

Fig. (5- ) Moment diagram for Rib (6)

5.6.1 Design for Positive M oment:
Effective Flange width (b, ) according to ACI 318M-05(Sec.8.10)

(be) For T- section is the smallest of the following:-

b, == =>4 _1 36m
4 4
be =Py 4 16t=012+16(0.08)= 1.4 m




be =b, +1LC +1LC =012+ 04 %—O.SZm.
2 2 2 2

be — 52cm. Control

* Design of Span (1):-
Maximum (Mu) for thisspan = 21.8 KN.m

Mn, :[mj (21 8) 24.22KN.m
* D 0.9

Determine whether the rib will act as rectangular or T — section.
Check a<t:

Assume a=t =8cm.

= C=0.85f_ab,

C =0.85x24x80x 520 = 848.64KN

2

d=h-Cover-%-d) =32-2—§-1=28cm.

Sirrups

Mn = (T)or(C)[d —gJ

Mn = 848.64(0 28— O—SSJ 203.67KN.m

Mn = 203.6/KN.m>> Mn,,, = 24.22KN.m= a <t

= Design as arectangular section with bE = 0.52 m.

_fy 40
0.85fc’  0.85(24)

6
RA — Mn _ 24 .22 x10 _ 0.59 MPa

bd? 520 x 280 %

e

( \/ 2><2059x059j=1_44x103

" 20. 59



As

req

=r xbxd =1.82x10 3®x52x28 =2.1cm?

Check As . :
According to the ACI318M-05(Sec10.5.1,Eq.10.3)

A, min=

0.25,/ fc' xbwxd

fy

A, min = 0.25v24 x120x 280 _ 0.98cn?

420
Not less than
A min = 1.4xbwxd
A, min= 14x120x 280 _ 4 1oeny?

420

Amin=112cm’.......... Control.

> As = As , = 2.1cm?

2 2
Select ®12with Asfor 1 bar = % _p& (1-2)

Number of required bars =

2
= Use2 ®12 with As provided = pi

4

A(bar®14) 1.13

_2xp(1.2)?
4

=1.13cm?

Alred) _ 21 ggoar

_2xp(1.2)?

2
Use2 ®12 with As provided = pj

= 2.26cm’ > As,, = 2.1cm’

= 2.26cm°.



= Check of yielding:-

C=T

T = As(provided) x fy
C=0.85fxaxb

= 0.85x f/xaxb= Asx fy
0.85x 24 x ax120 = 226 x 420

o_ 2263420 oo
0.85x 24x120
_a_38_ 4.56cm
b 085
0.003_©s* 9993 _ 0003 _e,+.003
X 28 456 28
es =0.015> 0.005............. OK.

* Design of Span (2):-

Maximum (Mu) for this span = 8.3 KN.m

Mn,, = (wj = (QJ =9.22KN.m
* D 0.9

Determine whether the rib will act as rectangular or T — section.
Check a<t:

Assume a=t =8cm.
= C=0.85f_.ab.

C =0.85x24x80x 520 = 848.64KN

2
Sirrups = 32-2-5 -1=28cm.

d=h- Cover - . )
2
Mn = (r)or(C)(d —gj

Mn = 848.64{0.28— 0_28.) = 203.67/7KN.m

Mn = 203.67KN.m>> Mn,, =9.22KN.m= a <t



= Design as arectangular section with bE =0.52 m.

N %20 559
0.85fc  0.85(24)

Mn 9.22 x10°

= —= = 0.226 MPa
bd 520 x 280
- :i[l— 1 2R ]
m fy
_ 1 l_\/1_2><2o.59><o.226 5 4x10-*
20 .59 420
As o =r xbxd=54x10"*x52x28 =0.79cm ?
Check As ;. :

According to the ACI 318M -05(Sec10.5.1,Eq.10.3)

0.25,/fc’ x bwx d
A, min = ialellial (ACI-10.5.1)

fy

0.25v24 x120x 280
420

A min = = 0.98cm?

Not lessthan
A min = 14xbwxd

1.4x120x 280
420

A, min = =1.12cm?

Amin=112cm’.......... Control.

® As = As,_, =1.12cm?

2 2
Select ®10with Asfor 1 bar = % = @ =0.785cm?



A(req) 112

Number of required bars = = -
A(bar®10) 0.785

1.43bar

_pd® _2xp(L0)®
4

= Use2 ®10 with Asprovided

_pd® _2xp(L0)*

H[ Use2 ®10 with As provided

= Check of yielding:-
C=T

T = As(provided) x fy
C=0.85fxaxb

= 0.85x f/xaxb= Asx fy

0.85x 24x ax120=157x 420

_157x420
0.85x24x120

_2a_28 _517em
b 085

= 2.69cm

0.003_©s* 9993 _ 0003 _e,+.003
X 28 3.17 28

e, = 0.023> 0.005............. OK.

* Design of Span (3):-
Maximum (Mu) for thisspan = 23 KN.m

Mn,, = (mj = (Ej =29.1KN.m
* D 0.9

Determine whether therib will act asrectangular or T — section.
Checka<t:

Assume a=t =8cm.

=157cm?® > As =1.12cm?

=1.57cm?.



= C=0.85f_ab,

C =0.85x24x80x 520 = 848.64KN

2

d:h-Cover-%-CD :32-2-5-1:280m.

Siirrups

Mn = (T)or(C)[d —gJ

Mn = 848.64(0.28— ?j = 203.67KN.m

Mn = 203.67/KN.m>> Mn,,, = 29.1IKN.m= a <t

= Design asarectangular section with bE =0.52 m.

0.85fc  0.85(24)

=20.59

6
Mn _ 29.1x10 _ 0.71MPa

" bd? 520 x 2802

r :i[l— - ZmR”]
eq m fy

_ 1 1_\/1_ 2x20.59 x0.71 ) oo 40
20 .59 420
As... =T xbxd=1.73x10 *x52 x28 = 2.52cm?

req
Check As ., :
According to the ACI318M -05(Sec10.5.1,Eq.10.3)

B 0.25,/ fc' xbwxd
fy

0.25v24 x120x 280
420

A, min

= 0.98cm?

A, min =

Not lessthan

1l4xbwxd

A min = y



A, min= 14x120x 280 _ 4 1oeny?
420

Amin=112cm’.......... Control.

> As = As,, =2.2lcm?

2 2
Select d14with Asfor 1 bar = pi =@=1.54cm2

A(req) 252

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

=1.64bar.

2 2
= Use2 14 with As provided = pi _2x pi1.4) —3.08cm? > As = 2.52cm?
2 2
ﬂ[ Use2 ®14 with As provided = pj _2x pil"‘) — 3.08cm?.

= Check of yielding:-

C=T

T = As(provided) x fy
C=085f/xaxb

= 0.85x f/xaxb= Asx fy
0.85x 24 x ax120 = 308x 420

a= _ 308x420  _ 5.28cm.
0.85x24x120
x_a_528_ ~oom
b 0.85

0003 _€s+0003 0,003 _e;+.003
X 28 622 28

es = 0.0105> 0.005.............. OK.



.6.2 Design for Negative Moment:-

Design of T-section for negative moment as rectangular section with (b= bw).
bw =12 cm

* Design of Support (2):-
Maximum (Mu) for this support = 29.9 KN.m

Mn,, :[m = 239 = 26.55KN.m
() 0.9

oty 4
0.85fc’  0.85(24)

=20.59

~ Mn _ 26.55x10°
bd* 120 x 280°2

. :_5{1_ E_zmm1]
e m fy

1 1_VH_2X2059X232
20 .59

= 2.82 MPa

j: 7.26 x10 3

420
AS, =T xbxd=7.26x10°x12x 28 = 2.44cm?
Check As ., :

According to the ACI318M-05(Sec10.5.1,Eq.10.3)

0.25,/ fc' xbwxd
fy

A, min = 0.25V 244><22(L)20>< 280 _ 0.98cn?

A, min =

Not less than
A min = 14xbwxd

A, min = 14x120x 280 _ ) 1502
420

A min=1.12 cm SR Control.



> As = As,, = 2.44cm?

2 2
Select ®14with Asfor 1 bar = % = pa4)” =1.54cm?

4

Number of required bars = A (req) = 244 =1.59bar.
A(bar®14) 1.54

2 2
= Use2 ®14 with As provided = pi _2x pé(11.4) =3.08cm* > As = 2.44cm’?

2 2
ﬂ[ Use2 ®14 with As provided = p‘i _2x pil"‘) _ 3.08cn7.

= Check of yielding:-
C=T

T = As(provided) x fy
C=0.85fxaxb

= 0.85x f/xaxb= Asx fy
0.85x 24 x ax120 = 308x 420

a= M =5.28cm
0.85x 24x120
_ 2.2 _ 4 m
b 085
0.003_©s* 9993 _ 0003 _e,+.003
X 28 6.22 28
es =0.0105> 0.005............. OK.

* Design of Support (3):-
Maximum (Mu) for thissupport = 28.9 KN.m

Mn,, = (Wj ~(229)_321kNm
@) |09



) | __ %20 5559
0.85fc  0.85(24)

Mn 32.1x10°

- - —=3.4MPa
bd 120 x 280
e :%[1— 1- Zm;” ]

_ 1 1_\/1_2><2o.59><3.41 _8.95 x 107
20 .59 420

As =1 xbxd=8.95x10°x12 x 28 = 3.01cm?

req
Check As ;. :
According to the ACI318M-05(Sec10.5.1,Eq.10.3)
0.25,/ fc' xbwxd

A min=
fy
A min = 0.25V24 x120x 280 _ 0.98c?
420
Not less than
A min = 1l4xbwxd
fy
A, min :M =1.12cm?
420
A min=1.12 cm’ . Control.
> As = As,, =3.0lcm?
2 2
&:M:]ﬂmnﬁ

Select ®14with Asfor 1 bar = A

A(req) _ 301 _ 1.95bar.
A(bar®14) 1.54

Number of required bars =

_pd® _2xp(L4)®
4

= Use2 ®14 with Asprovided

=3.08cm? > As = 3.0lcm?



:pd2 _ 2xp(L4)?
4

= 3.08cm?.

ﬂ[ Use2 ®14 with As provided

= Check of yielding:-
C=T
T = As(provided) x fy
C=085f/xaxb
= 0.85x f/xaxb= Asx fy

0.85x 24x ax120 =308 x 420

- 308x 420
0.85x24x120

= a = 5—28 =6.2cm
b 085

=5.28cm

0003 ©€5+0003 0003 e, +.003

=
X 28 6.2 28

e, =0.0105> 0.005............. OK.

5.6.3 Shear Design of Rib (R6):

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

follows:-
Shear

-29.3

-23.

-19.9

-26.1

-17.6

15.6
20.9

24.3

18.

32.4

26.2

Fig. (5-7) Shear Diagram of Rib (6)




V,max = 32.4KN .... As shownin Fig. (5.6)
(Vu) at distance (%+ d) =26.2KN. (From shear Envelop)

According to the ACI318M-05(Sec11.1,Eq9.11.3)

dVe = 0.75><%>< fc' xbwxd

DVC = 0.75x % % /24 x 120 % 280 = 20.58KN

According to the ACI318M-05(Sec11.5.5.3)

DdVs,,, = 0.75x%>< bwx d

®Vs,. = 0.75x % x120 280 = 8.4KN

dVc<Vu < (dVec+dVs,,,)
20.58KN < 26.2 < (20.58+8.4)

20.58KN < 26.2KN < 29KN

= Minimum shear reinforcement is required.

2pd?  2p(0.8)
4

Select ®8with 2leg Av = =1.00cm?

.. Category(3) Satisfy :

_ ®dxAvx fyxd
DdVs
_ 0.75x100x 420x 280

8.4x10°
S<dl2=28/2=14cm
S<60cm
UseS=15cm<d/2=28/2=14cm

S

=105cm

<60cm



_f*Av*Fy*d

f Vs
DVs 0.75x100x 420x 280 _ 58.8KN
150
ﬂ[ Use ©8 @15cm.

5.7 Design of Beam:
¢ Design of Beam (13):

A

>

9.5

9.75

Fig. (5-8) Section of beam (13)

5.7.1 Load calculations:

e Theweight of the above wall acting on the beam.
The weight of the wall per 1 m of thewall length = vy.b.h.

=25x0.3x 3.06 = 23KN/m
e Reaction from R (5)&R(6) acting on it.




*By using Atir program to find the reaction of Rib (5) on this beam .The
result was as follows:-

= Service dead reaction = 27.75 KN

= Servicelivereaction =16.31KN

By dividing the reaction by the rib width (52 cm), we can get the uniform linear load
on distance (7.27m) on the right span of the beam.

— Dead load = 27.4/0.52 = 52.7 KN/m

— Liveload =16.1/0.52=30.9 KN/m

*By using Atir program to find the reaction of Rib (6) on this beam .The
result was as follows:-

= Service dead reaction = 28.9 KN

> Servicelivereaction =16.2KN

By dividing the reaction by the rib width (52 cm), we can get the uniform linear load
on distance (2.48m) on the left span of the beam.
— Dead load = 28.9/0.52 = 55.6 KN/m
— Liveload =16.2/0.52=31.2 KN/m
*By using Atir program to find the reaction of Rib (13) on this beam .The
result was as follows:-
= Service dead reaction = 13.1KN
= Servicelivereaction =7.1KN

By dividing the reaction by the rib width (52 cm), we can get the uniform linear load
on distance (2.48m) on the left span of the beam.

— Dead load = 13.1/0.52 = 25.2 KN/m

— Liveload =7.1/0.52=13.6 KN/m

e Support reaction from beam (38)divided by the width of support:
— Dead load =449.4/2.48 = 181.2 KN/m
— Liveload = 148.55/2.48=59.9 KN/m



e Concentrated load from the reaction of beam (32) =48.2 KN at the
distance (2.48m) from left.

load group no. 1

Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
48.2/0.0
25.211376
181.2/59.9
;Z?Zfz I U U ¥ U U Velhmd V V ¥ V|

2.48 7.27

Fig. (5-9) Servicedead and live load of B(13) .

5.7.2 Determine the Thickness of Beam:-
h=L/16 (Simply Supported).
h=9.75/16 = 0.61 m
Select h =80 cm

Because of control deflection {to meet the deflection |imit3—(';0}.

5.7.3 Design for Positive Moment:-

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

Moments: spans 1to 1

Fig. (5-10) Moment diagram of beam (13)




% Design for positive moment:
bw =60 cm
bf =100 cm
d =80-4-1-1-(2.5/2) = 72.75cm (used Two Layer)
Mu =2302.9KN. m

According to the ACI 318M -05(Sec10.5.1,Eq.10.3)
Check As ., :

0.25/Tc’ x bwx d
A min = C xBwWxd (ACI-10.5.1)

fy

0.25+24 x1000x 727.5
420

A min = =21.2cm?

Not lessthan
A min = 14xbwxd

1.4x1000x 727.5
420

A, min = = 24.25c?

Amin=2425cm’.......... Control.

+ Effectivewidth of | solated T-section :

1—t2%hN:>bEs4xbw
1
2 t< b, =bE=bw

t =32cm> % x 60=30cm=> bE =100cm< 4x 60=240cm

Determine whether the beam will act asrectangular or T — section.
Check a<t:

Assume a=t =32cm.

= C=0.85f_ab.

C =0.85x 24 x 320 x 1000 = 6528.0KN



Mn = (T)or(C)[d —gJ

Mn = 6528(.7275—0'—52] =3704.6KN.m

Mn. . — 2302.9

req

= 2558.8KN.m

Mn = 3704.6KN.m>> Mn,, = 25568.8KN.m= a <t

= Design asarectangular section with bE = 1.0 m.
Check if the section can be designed as a singly reinforced section or must beasa
doubly reinforced section.

= Determineofr , :-

b, = 0.85( fc' = 24MPa < 28MPa)
C=T

= 0.85x f/xaxb=As x fy
= 0.85x f/xb, x X, xb=As x fy
0.85x24x0.85x0.6xd xb = As, x 420

0.85x24x0.85x0.6xd xb
AS, = 420
r= 0.85x24x0.85x 0.6 0025
420

I o = 0.63xr, =0.63x0.025= 0.0157
= Design asa singly reinforced section with  bE = 1.0 m.

m=— __ 420 5559
0.85fc  0.85(24)

6
Mn _ 2558 .8 x 10 _ 4.83MPa

Rn = 5 5
bd 1000 x 627 .5

rreq=i[1— 1_2mRn]
m fy



_ 1 l_\/1_2><20.59><4.83 _ 0.013
20 .59 420

As . =1 xbxd=0.013 x120 x 72.75 = 97 .1cm ?

req

2 2
Select ®28with Asfor 1 bar = pd” = p(28)° = 6.15cn?

A(req) 971

= =15.8bar.
A(bar®32) 6.15

Number of required bars =

_pd® _16xp(2.8)*

= Usel6d28 with As provided =98.4cm’.

2 2
pd” _16xp(28)" _ 98.4cm’.

ﬂ[ Select 1628 with As provided=

5.7.4 Design shear of Beam (13):

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

beam(13) , asfollows:-

Shear

6617 -774.3

1080.7

1536.5

Fig. (5-11) Shear diagram of beam (13)




V,max = 1536.5KN .... As shown in Fig. (5-9)

(Vu) at distance (%+ d) =1080.7 KN. (From shear Envelop)
1 ;
dVc = O.75><E>< fc' xbwxd
dVC = 0.75x % x /24 x 600x 727.5 = 267.3KN
1
®dVs,,, =0.75x é>< bwx d

DVs,,, =0.75x % x 600 727.5 = 109.1KN

dVec<Vu < (dVc+dVs,,)
(dVc+DdVs,,) = 267.3+109.1= 324.68KN <1080.7KN

267.3KN <Vu < 324.68KN
(dVc+dVs

min

) =267.3+109.1=376.4KN <1080.7KN

(dVc+DVs,

)<VUS<I).VC+®><%>< fc' xbwxd

DVC + D x%x Jfc' xbwx d = 276.3+ 0.75><%>< V24 x600x 727.5
= 267.3+534.6 = 801.9KN
3764KN <10807KN < 8019KN

dVC+ D x%x fc' xbwx d = 276.3+ 0.75><§>< 24 x 600x 727.5
= 267.3+1069.2 = 1336.5KN
8019KN <10807KN <13365KN

Category (4) Satisfy.....
OVs,,, =Vu-0Nc

®Vs,, =1080.9-267.5=813.4KN.

2 2
Select ®10with 4 leg Av = 4pj =4p(2'0) = 3.14cm?



_ ®xAvx fyxd
dVs
_ 0.75x314x420x 727.5

813.4x10°
UseS=7.5cm<d/2=72.75/2 = 36.4cm

S

=8.8cm

<60cm

_ ®xAvx fyxd

dVs

_ 0.75x452x314x 727.5
75

= 960.4KN

H[ Use ®10 @7.5cm.

5.8 Design of Two Way Ribbed Slab

5.8.1 Deter mination of coefficients

Ly_77_44
Lx 7.0
Kix = 22.4
i ;I H '.—Il,_,___\_“:—_-_-'_ll:‘l'”_'-.'.; i _u;'_h.lll-
R ==
; ||
i 1. —"'"_'!' e :§ ;

I

1 - RTl .I
ai—
% 1 L ]
L non nn
i LT | 6 LI
i RS R | T

TR o

—

Fig. (5-12) Two way ribbe dap .



5.8.2 Internal Forces and Moments

qu =1.2x10.24+1.6x 5= 20.3Kn/ m?

5.8.3 Determination of bg in X-direction
bE:£=LO:1.75m
4 4
bE = bw+16t = 0.12+16x 0.08 =1.4m
bE = C/C = 0.52m

5.8.4 Deter mination of bg in Y-direction

bE == = L7 _1.93m

4 4
bE =bw+16t =0.12+16x 0.08 =1.4m
bE =C/C =0.52m

3 qu x Ix? ~ 20.3x 7?

Mux =44 4KN.m/m
Kfx 22.4
2 2
Muy = QXX 203X 70 op eoiNm/m
Kfy 27.9
Ax= Ay = qux Ix _ 20.3x7 _ 68KN.M/m
Kix  2.09

Mux = 44 .4x 0.52 = 23.1KN .m/
Muy = 35.65x 0.52 =18.54KN.m

Ax = 68x0.52 = 35.36KN

Increasinig of field moment:
mfx = mfy =1.34

Mux = 23.1x1.34 = 30.9KN.m
Muy =18.54x1.34 = 24.8KN.m

5.8.5 Design in x —direction

MnX ., = (wj = (@j =34.3KN.m
D 0.9

Fig. (5-12) Stairscase dlab

Determine whether the rib will act as rectangular or T — section.

Check a<t:

Assume a=t =8cm.

= C=0.85f,.ab,



C =0.85x24x80x 520 = 848.64KN

2

d:h-Cover-%-GJ :32-2-5-1:28cm.

Sirrups

Mn = (T)or(C)[d —gJ

Mn = 848.64{0.28— 0_28.) = 203.67/7KN.m

Mn = 203.67KN.m >> Mn,,, = 30.56KN.m= a <t

= Design as arectangular section with bE = 0.52 m.

m=— __ 420 5559
0.85fc  0.85(24)

Mn 34.3x10°

bd 520 x 280
r,a,:i[l— 1_2mRn]
m fy
_ 1 1_\/1_2><20.59><o.84 205 x10-3
20 .59 420
AS. =T xbxd=2.05x10°x52x28 =2.98cm?
Check As ;. :

According to the ACI318M-05(Sec10.5.1,Eq.10.3)

B 0.25,/ fc' xbwxd
fy

A, min = 0.25V 244><22(L)20>< 280 _ 0.98cn?

A, min

Not less than

1l4xbwxd

A min = y



_ 1.4x120x 280
420

A, min =1.12cm?

Amin=112cm’.......... Control.

> As = As , = 2.98cm?

2 2
Select d14with Asfor 1 bar = % - @ — 1.54cm?

A(req) 298

Number of required bars = = =
A(bar®14) 1.54

1.93bar

_pd® _2xp(L4)®

= Use2 ®14 with As provided 4

=3.08cm? > As,, = 2.98cm”?

_pd® _2xp(14)®
4

= 3.08cm?.

H[ Use2 14 with As provided

= Check of yielding:-
C=T

T = As(provided) x fy
C=0.85fxaxb

= 0.85x f/xaxb= Asx fy

0.85x 24 x ax120 = 308 x 420

| 308x420
0.85x 24x120

_2_58_ soom
b 085

5.28cm

0003 _€s+0003 0,003 _e;+.003
X 28 622 28

es = 0.0105> 0.005.............. OK.



5.8.6 Designin Y —direction
Mnx ., = (mj = (@j =27.6KN.m
® 0.9

Determine whether the rib will act as rectangular or T — section.
Check a<t:

Assume a=t =8cm.

= C=0.85f_ab,

C =0.85x24x80x 520 = 848.64KN

= 32-2-% -1=28cm.

d=h- Cover - % D girrups
a
Mn = (T)or(C)(d —E]

Mn = 848.64{0.28— O_§8j = 203.67/7KN.m

Mn = 203.67KN.m >> Mn,, = 27.6KN.m= a <t

= Design as arectangular section with bE = 0.52 m.

m=— __ 420 5559
0.85fc  0.85(24)

Mn 27 .6x10°

RN = ——= ~=0.68 MPa
bd 520 x 280
rreq=i[1— 1_2mRn]
m fy
_ 1 1_\/1_2><20.59><0.68 164 %10
20 .59 420
As =1 xbxd=1.64 x103x52 x 28 = 2.39 cm 2

req



Check As ;. :
According to the ACI318M-05(Sec10.5.1,Eq.10.3)

B 0.25,/ fc' xbwxd

A, min
fy
A, min = 0.25v24 x120x 280 _ 0.98crY
420

Not less than
A min = 1.4xbwxd

fy
A, min :M =1.12cm?

420
Amin=112cm’.......... Control.

> As = As , = 2.98cm?

2 2
Select ®14with Asfor 1 bar = % = % =1.54cm?

Alred) 239 g
A(bar®14) 1.54

Number of required bars =

=3.08m” > As,, = 2.39cm?

2 2
= Use2 14 with As provided = pi _2xp(L4)

4

_pd® _2xp(14)®
4

= 3.08cm?.

H[ Use2 14 with As provided




= Check of yielding:-

C=T

T = As(provided) x fy
C=085f/xaxb

= 0.85x f/xaxb= Asx fy
0.85x 24 x ax120 = 308x 420

oo 308x420 o
0.85x 24x120
_ 2> _ 4 m
b 085
0.003_©s* 9993 _ 0003 _e,+.003
X 28 622 28
es =0.0105> 0.005.............. OK.

5.8.7 Design shear of two way ribbed dab:
V,max = 3536 KN .... As shown in Fig. (5-9)

(VU) at distance (%) (at critical section)

VU = Ax—qu x% - 35.36—15.24(%) — 29KN .

According to the ACI318M-05(Sec11.1,Eq9.11.3)

E.CD.VC = 1>< O.75><1>< fc' xbwxd
2 2 6

%.cp.\/c =%x O.75><%>< 24 x120x 280 = 10.3KN

dVe = O.75><%>< fc' xbwxd

dVc = 0.75x% % x 7/24 x120 % 280 = 20.58KN

dVc = 20.58 <Vu = 29KN.
According to the ACI318M-05(Sec11.5.5.3)



DdVs,,, = 0.75><%>< bwxd

®Vs,. = 0.75x % «120 280 = 8.4KN

dVec<Vu< (dVc+dVs,,)
20.58KN < 27.8< (20.58+8.4)

20.58KN < 29KN < 29KN

= Minimum shear reinforcement is required.

2pd®  2p(1)?
4 4

Select ®10with 2leg Av = =1.57cm?

S ®x Avx fyxd
dVs
_ 0.75x157 x 420x 280

8.4x10°
S<dl2=28/2=14cm
S<60cm
UseS=15cm<d/2=28/2=14cm

=164cm

<60cm

Use ®10 @15.

5.9 Oneway solid dab.
5.9.1 Load Calculations

plastering = 0.03x22 = 0.66 KN/m?.
-sand = 0.1x16.4 = 1.64 KN/m2,

- Tilestmortar = 0.03x24 = 0.72 KN/m?,
- Partions = 1.25 kN/n?.

-Tota dead load = 8.02 kN/n?.

Fig. (5-13) Stairscase dlab




-Liveload on the landing = 1.5 kN/n?.

5.9.2 Deter mination of the thickness of one way solid dab:

LX _225_ 439 05

Ly 575

= One way solid dlab.

Select h=15cm=> h,, = 9.4cm

fy = 400MPa
= h,,, = Modificationfactor x h

Modification factor=M= [0.4 + lj

700
M:(0.4+ @j =10
700

= hreq =15x1=15cm

5.9.3 Internal Forces and Moments

For 1m strip

qu=12xD.L+1.6xL.L

qu=12x8.02+1.6x1.5=12.02KN/m



5.9.4 Design of shear of oneway solid slab:

Shear
-16.2
-13.7
-10.9
8.4 -7.9
-5.1
8.2 9.3
10.8
11.1 134 11.8
Fig. (5-14) Shear diagram for one way solid slap.
V,max =13.7 KN
According to the ACI318M-05(Sec11.1,E9.11.3)
dVc = O.75><%>< fc' xbwxd
dVC = 0.75><%>< 24 x1000x 120 = 73.5KN
®Vc =73.5KN >Vu =13.7KN. = No shear reinforcement is required.
5.9.5 Design of Bending Moment:
Moments: spans 1to 3
-6.1
-3.5
/048079 | . oa_
I I I I | I 1 I 048‘ I 1 I I
' ~0.41l055 ‘ " lo2s \/
\/ | o5
1.6
2.6
5.1
1 0.9 } 1.35 ! 1.07 } 0.88 ! 0.96 . 064 1

Fig. (5-15) Moment diagram for one way solid slab.



5.9.6 Design for Positive M oment:

Maximum (Mu) for span = 5.1KN.m.

Mn = Mu = >1 =5.67KN.m
) 0.9

fy 420

m= - = _2059
0.85fc’  0.85(24)
6
_ I\/In2 _ 5.67x10 _ = 0.39MPa
bd 1000 x 120
r,a,:i[l— 1_2mRn]
m fy
_ 1 (1—\/1—2X20'59X0'39j:9.38><10‘4
20 .59 420
AS, =T xbxd=9.38x10*x100 x12 =1.13cm?/m
Check As ;. :

According to the ACI318M-05(Sec10.5.1,Eq.10.3)

B 0.25,/ fc' xbwxd
fy

A min = 0.25V24 :210000><120 _35em?/m
Not less than

1l4xbwxd
fy

A, min

A, min =

A min = 14x1000x120 _ , 0o o
420

A, min=4.0cm % e, Control.

Min Asfor shrinkage & temperature:
= As ., = 0.0018 xbxh



As = 0.0018 x100 x15 = 2.7cm?/m

min

& As = As_ = 4.0cm?/m
2 2
Select ®10with Asfor 1 bar = % :@ = 0.785cm?

_ A(bar®10) 0.785

S x100 = ———x100=19.6cm
4.0

req
€q

Select S=15cm < 3x h = 3x15 = 45cm

<45cm
= Use ®10/15cm with As provided :@ =5.2cm*/m> As,, =4cm’/m
ﬂ[ Use ©10/15cm

5.9.7 Design Secondary Reinfor cement
= As ., = As for shrinkage & temperature

= As_, = 0.0018 xbxh

As = 0.0018 x100 x15 = 2.7cm?/m

min

Not lessthan :
> As _ 1. 40-08m?/m
5

As =2.7cm?/m

min

2 2
Select ®8with Asfor 1 bar = pd = P08 =0.5cm?

_ A(barag) 05

S x100 = ——x100 =18.5cm
4.0

req
eq

Salect S=15cm < 3x h=3x15=45cm

<45cm



= Use ®8/15cm with As provided = 0.5x100

=3.3cm?/m> As,, = 2.7cm*/m

ﬂ[ Use ®©8/15cm

5.9.8 Design for Negative M oment:
Maximum (Mu) for span = 6.1KN.m.
Mn = (mj = (ﬂj = 6.8KN.m
) 0.9
_fy 4
0.85fc'  0.85(24)

m =20.59

Mn 6.8x10°

=—= -~ = 0.47 MPa
bd 1000 x 120
e :%[1— 1- Zm;” ]
_ 1 (1_\/1_2><20.59xo.47j=1_14x103
20.59 420

As. =1 xbxd=1.13x10"°x100 x12 =1.36cm?*/m

Check As . :
According to the ACI318M-05(Sec10.5.1,Eq.10.3)

0.25,/ fc' xbwxd

A min= y

025,24 x1000x120

min
A 420

=35cm?/m




Not less than

A min = 1.4xbwxd
fy

A min = 1.4x1000x120 _ 4.0em2/m
420

A min=4.0cm SR Control.

Min Asfor shrinkage & temperature:

= As_, = 0.0018 xbxh
As . =0.0018 x100 x15 = 2.7cm?/m

min

= As = As_. =4.0cm?/m

2 2
Select ®10with Asfor 1 bar = % = @ = 0.785cm?

s, = AbAI0) 16y 0785 100-19.60m
eq . 4.0
Select S=15cm < 3x h = 3x 15 = 45cm
<45cm

0.785x100

= Use ®10/15cm with As provided = =5.2cm*/m> As,, =4cm’/m

ﬂ[ Use ©10/15cm




5.9.9 Design Secondary Reinfor cement

= As = As for shrinkage & temperature

min

= As_, = 0.0018 xbxh

As = 0.0018 x100 x15 = 2.7cm?/m

min

Not lessthan :

> As _ 1. 40-08m?/m
5

As =2.7cm?/m

min

2 2
Select ®8with Asfor 1 bar = pd = P08 =0.5cm?

S, = 208 100- 92, 100 18.50m
. 40
Select S=15cm < 3x h =3x15=45cm
<45cm

= Use ®8/15cm with As provided :%5100 =3.3cm?*/m> AS,, = 2.7cm?/m

ﬂ[ Use ®©8/15cm




5.10 Design of Stair(2) :

load group no. 1
Dead load - Service

Units:kN,meter

9.65
0.4 ‘ 1.8 ‘
I I
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00
0.4 1.8

5.10.1 Deter mination of Slab Thickness

-L =04+1.8+0.4=2.6 m.

JL_26_,

> — =22 _13m
=20 20

Fig. (5-16) Stairsload.

=  Select h = 15cm ( and the Limitation of Deflection will be considered ).

fy = 400MPa

= h,,, = Modificationfactor x h

M odification factor=M= (0.4 +

M=[04+229)_10
700

= h,, =15x1=15cm

-6 = tan-1(16 / 30) = 28.07o0.
-Cos 6 = 0.882

fy

700

J




5.10.2 Load Calculations

-Dead Load

% Horizontal Tiles:  0.04x 24><% =1.1KN/m?.

% Vertical Tiles; 0.03x 24 x % =0.4KN / m?.

% Horizontal Mortar : 0.03x 25 = 0.75KN / m?.

% Vertical Mortar: 0.03x 25x% =0.4KN /m?.

(0.03x 22)
Cos28.07

Steps. 25x O'—216 = 2.0KN/m?.

% Plaster: =0.75KN /m?.

X/
L X4

(0.15x 25)
Co0s28.07

Nominal Total Dead Load :
Total Dead load = 9.65 KN/ m?

Liveload =5KN/m?

For 1m strip:
qu=1.2xD.L +1.6xL.L

% Sab =4.25KN /m?.

=% =1.2(9.65)+1.6(5=19.6 KN/m
5.10.3 Design of Shear

Shear

17.6

Fig. (5-1 ) Shear diagram for stairs1.




V,max =17.6 KN .... As shown in Fig. (5-9)

dVc = O.75><%>< fc' xbwxd

®dVc=0.75x % x ~/24 x1000x 120 = 73.48KN

d=15-2-1=12cm
®Vc =73.48KN >Vu =17.6KN.

= No shear reinforcement is required.

5.10.4 Design of Bending M oment

The Following figure shows the Moment Envelope acting on the stairl.

Moments: spans 1to 1

1.3 15.

Fig. (5-18) Moment diagram for stairs1.

Mu =15 KN. m

Mn = (mj = (Ej =16.7KN.m

)] 0.9
m= fy ' :4—2022()59
0.85fc'’  0.85(24)
6
RN Mn _ 16.7 x 10 _1.2MPa

" bd? 1000 x120°2



:i[1 A 2mRn]
m
(1 \/1 2x 20 . 59x12]=2_9X103

As . =1 xbxd=29x10"°x100 x12 = 3.54cm?/m

req

~20. 59

Check As ;.
According to the ACI318M-05(Sec10.5.1,Eq.10.3)

0.25,/ fc' xbwxd

A, min =

fy
A min 02&/ 4X1OOOX120—3.5cm2/m
420

Not less than
A min = l.4xbwxd

fy
A min = 1.4x1000x120 — 40em?/m

420
A, min=4.0 cm’/m.......... Control.

Min Asfor shrinkage & temperature:
= As,, = 0.0018 xbxh

As . =0.0018 x100 x15 = 2.7cm?/m

min

= As = As , = 4.0cm’m

2 2
Select ®10with Asfor 1 bar = pd” = @ =0.785cm?
D1
,,, = SO0 1500785 100 19.60m
- 40
Select S=15cm < 3x h=3x15=45cm < 45cm

= Use ®10/15cm with As provided :%;100 =5.2cm*/m> As,,, =4.0cm*/m



ﬂ[ Use ©10/15cm

= Check of yielding:-
C=T

T = As(provided) x fy
C=085f/xaxb

= 0.85x f/xaxb= Asx fy

0.85x 24 x ax1000 = 502 x 420

520420
0.85x 24x1000

2 11 iam
b 085

1.1cm

0003_©s+0003 0003 _e;+.003
X 12 11 12

e, =0.025> 0.005............. OK.

5.10.5 Development Length of the Bars

Ld = fy
2,/ fc'

xa xbxgxdb

Ld =

420 x1x1x1x1=42.7cm
2J/24

Ld available> Ld, ., = 42.7cm........... ok.



5.10.6 Design of Secondary Reinfor cement

= As ., = As for shrinkage & temperature

= As,., = 0.0018 xbxh

As = 0.0018 x100 x15 = 2.7cm?/m

min

Not less than:

> As -1 40-08m?/m
5

As =2.7cm?/m

min

2 2
Select ®8with Asfor 1 bar = pi = p(OA.fS) =0.5cm?

S =Mxlooz¥x100=18.scm

req
eq

Salect S=15cm < 3x h=3x15=45cm < 45cm

= Use ®8/15cm with As provided = 2> 1%

=3.3cm’/m> As,, =2.7cm?/m

ﬂ[ Use ®8/15cm

5.11 Design of Stair(2)

5.11.1 Determination of Slab Thickness
-L=04+1.8+1.65=3.85m.

eg zizﬁzmcm
20 20

=  Select h = 20cm ( and the Limitation of Deflection will be considered ).



fy = 400MPa
= h,, = Moadificationfactor x h

Modification factor=M= (0.4+ lj
700
M=[04+2291 10
700
= N =20x1=20cm

-6 = tan-1(16 / 30) = 28.070.
-Cos 6 =0.882

5.11.2 Load Calculations

-Dead Load

% Horizontal Tiles:  0.04x 24><% =1.1KN/m?.

% Vertical Tiles; 0.03x 24 x % =0.4KN / m?.

% Horizontal Mortar : 0.03x 25= 0.75KN / m?.
< Vertical Mortar: 0.03x 25x ;—g =0.4KN /m?.

(0.03x 22)

< Plaster: =0.75KN / m?.
Co0s28.07

% Steps. 25x 016 _ 5 okN /.

% Sab m:5.67|<N/m2.
Cos28.07

Nominal Total Dead Load :
Total Dead load = 11.1 KN/ m*

Liveload =5KN/m?

For 1m strip:
qu=1.2xD.L + 1.6xL.L

% =12(111)+16(5=21.32KN/m



- Load of landing:

-Dead Load
% Tiles: 0.04x24=0.96KN/m?.
< Mortar :0.03x 25=0.75KN / m?.

< Plaster:  0.03x22=0.66KN/m?.
< Slab: 0.2x 25=5.0KN /m®.
Nominal Total Dead Load :
Total Dead load = 7.37 KN/ m*?

Liveload =5KN/m’
For 1m strip:
qu=12xD.L +1.6xL.L

——

=1.2(7.37) + 1.6 (5) = 16.84 KN /m

-Reaction of the stair(1) on the landing :

= Service dead reaction = 8.69KN
= Servicelivereaction =45KN

By dividing the reaction by the landing width (1.65 m), we can get the uniform

distributed load on the span of the landing:

load group no. 1
Dead load - Service

— Dead load = 8.69/1.65= 5.3 KN/m
— Liveload =45/1.65=2.7KN/m

Units:kN,meter

5.80

111
7.87
0.4 ‘ 1.8 ‘ 1.65

I I
Live load - Service Load factors: 1.20,1.20/1.60,0.00

270
5.00 5.00

0.4 1.8

Fig. (5-1 ) Serviceloud for stairs?2.




5.11.3 Design of Shear

Shear

-40.8

35.1

Fig. (5-20) Shear diagram for stares 2.

V,max =40.8 KN .... As shown in Fig. (5-9)

oNC = O.75><%>< fc' xbwxd

®Vc=0.75x % x ~/24 x1000x 170 = 104.1KN

d=20-2-1=17cm
®Vc =104.1KN >Vu = 40.1KN.

= No shear reinforcement is required.

5.11.4 Design of Bending M oment

The Following figure shows the Moment Envelope acting on the stairl.
Moments: spans 1to 1

2.12 43.

Fig. (5-21) Moment diagram for stairs 2.



Mu =43 KN. m

Mn = Mu = el =47.78KN.m
) 0.9

__b __ 420 5559
0.85fc  0.85(24)

Mn  47.78 x10°

- - _=1.65MPa
bd 2~ 1000 x 170

Rn

- _ iy [ 2mRn
eq m fy

_ 1 1_\/1_2><20.59><1.65 C 411x10-3
20 .59 420

As . =1 xbxd=4.11x10"°>x100 x17 = 7.0cm?/ m

req

Check As ;. :
According to the ACI 318M-05(Sec10.5.1,Eq.10.3)

0.25,/ fc' xbwxd

A, min=
fy
A min = 0.25V24 x1000x170 _ 4.96em2 /m
420
Not less than
A min = 1.4xbwxd
A min = 1.4x1000x170 _ 5.67cm? /m
420
A, min=5.67 cm’im.......... Control.

Min Asfor shrinkage & temperature:
= As,, = 0.0018 xbxh

As . =0.0018 x100 x 20 = 3.6cm?/m

min



= As = 7.0cm?/m

2 2
Select ®10with Asfor 1 bar = pd :le.mcm2

A (bar®12) 1.13

S x100 = ——x100 =16.15cm
7.0

req
€q

Select S=15cm < 3x h=3x20=60cm

<45cm

= Use ®12/15cm with As provided 11310 _ 2 s /m > As,o, = 7.0cm’ /m

15

ﬂ[ Use ©12/15cm

= Check of yielding:-
C=T
T = As(provided) x fy
C=0.85fxaxb
= 0.85x f/xaxb= Asx fy

0.85x 24 x ax1000 = 753x 420

Q- 753x 420
0.85x 24 x1000

a_ E =1.82cm

b 085

=1.55cm

0003_©s+0003 0003 _e;+.003
X  d 182 34

es =0.053> 0.005.............. OK.



5.11.4.1 Development Length of the Bars
fy
2,/fc’
420
Ld =
224

Ld available> Ld , =51.4cm.......... ok.

Ld =

xa xbxgxdb

x1Ix1x1x1.2=51.4cm

5.11.4.2 Design of Secondary Reinfor cement

= Asmin

As for shrinkage & temperature

= As,., = 0.0018 xbxh

As = 0.0018 x100 x 20 = 3.6cm?/m

min

Not lessthan :

> As 1 70=1.4m?/m
5

As =3.6cm?/m

min

. _ pd?
Select ®10with Asfor 1 bar =

2
= @ = 0.785cm?

_ A(bar®10) 0.785

S x100=———x100=21.8cm
3.6

req
€q

Sealect S=20cm < 3x h=3x20=60cm
< 45cm

= Used®10/20cm with As provided _ 0785100 _ 5 goeme /m > As,, =3.6cm’/m

20

ﬂ[ Use ©10/20cm




5.12 Design of Short Column:
5.12.1 Design of Column (C3) in the Basement Flour :

The Column is an internal one.
Total load (Pu) =1.2DL + 1.6 LL.
= (1.2 x 1345.3) + (1.6 x 511.2)

= 2432.3 KN.
Pu 2432.3
Pn(r =—= = 3742KN.
(req) ()] 0.65

Pn = 0.8x Ag(0.85fc'+r g(fy —0.85fc")).

Take pg = 1.5%.

3742x10° = 0.8x A, (0.85x 24 + 0.015(420 — 0.85x 24) ).
Ag,o =1772.2cm?.

Ag,o, =bxh.

Select->50x 50= Ag,, = 50x 50 = 2500cm’ > 1772cm’.
Pn = 0.8x Ag(0.85fc'+r g(fy —0.85fc")).

3742x10° = 0.8x 2500x10°(0.85x 24 + r g(420 — 0.85x 24))
= rg=-0.004

No reinforcement is required, but Concrete must be reinforced on min.

S

MPia

42
af

Fig. (5-22) Section in C3.
Select>rg=r , =001

As, =T xAg

As,, = 0.01x 2500 = 25cm?,



2
Sdect> 14016 with As,, = @xm = 28.12cm? > 2507,

ﬂ[ Use 1490 16.

5.12.2 Check Slender ness Effect

(K_'“] < (34— 12(£) A e ACI 10-12-2
X M 2

Lu: Actua unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).
r: radius of gyration=0.3h= \/_I—A

k=1

lu=332cm

r=03xh=0.3x50=15

ML_,
M2

(K09) < s M)
r M2

[b( 294] < (34-12(1)) < 40

19.6<22.0<40
- Short column.

.. Slenderness effect must not be considered



5.12.3 Lateral Ties Selection

For ® 10 mmties:

S <16 db (longitudonal bar diameter)....................... ACl -7.105.2
S <48dt (tie bar diameter).
S < Least dimension.

S<16x2.0=32cm.
S<48x1.0=48cm

S <50cm

- S<32cm

Use ®10ties @ 25cm spacing.

ﬂ[ Use @©10/25cm

5.13 Design of Long Column (C6 in the Ground floor)
5.13.1 Design Of Longitudinal Reinfor cement

The Column is an internal one.
Total load (Pu)=1.2DL + 1.6 LL.
= (1.2 x 1131.3) + (1.6 x 420.7)

=2030.7 KN.
Pn(req) = % = 28325'7 = 3125KN.

Pn = 0.8x Ag(0.85fc'+r g( fy — 0.85fc")).
Take pg = 1.5%.

3125x10° = 0.8x AQ,,(0.85x 24+ 0.015(420 — 0.85x 24) .

Ag,, =1480cm’.



Ag,o, =bxh.
Select>60x 25= Ag,,, = 60x 25 =1500cm’ > 1480cm?”.

5.13.2 Check Slender ness Effect .

(K_'“] < (34— 12(£) A ACI 10-12-2
X M 2

Lu: Actua unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

r: radius of gyration=0.3h = \/_I_A

k=1
lu = 332cm
r(x—x)=0.3xh=0.3x60=18

r(y-y)=03xh=03x25=7.5
Mi_,
M2

[K_Iuj < (34—12(ﬂj <40
r M?2

[1>< 332
7.5

44.3>22.0<40

—>Long column.
.. Slenderness effect must be considered

j <(34-12(1) <40

B—oa e ACI -318-02(10.12.2)

1+b,
E, = 4750,/ fc' = 4750% /24 = 23270.2MPa
12xD.L  12x11313

Pu 2030.7
3 3
I = bh® 0.6x0.25° _ 78x10“m"*
12 12
4
El —04 23270.2x 7.8x10™ _ 4.35MN. M2
1+0.67
2 2
_p°xEl  p“x435 _ 39MN

P = =
el T (kx L2)  (1.0x3.32)2



Cm=0.6+ 0.4><m =10
M2

T cm S 10 e, ACI -318-02(10.12.3)
1_ ( 075X Pcritical )
dns = ];O =327>10
1-(2030.7x10 / )
0.75x 3.9x10°
e =154003xh e, ACI -318-02(10-12.3.2)
e - 15+ 0.03x 250 — 0.023m
1000 (22
e=e_ xd_ =0.023x3.27 = 0.074m
ql'
e 0.074
hoozs 0% a ‘ e 4
From Interaction Diagram o - .
4 5 4
®.Pn  2030.7 145

_ x —> —=10963Ksi
Ag  0.6x0.25 1000

Fig. (5-23) Section in long column C6.

r, =00137

req

As, =T 4 xAg

As, = 0.0137x1500 = 20.55¢cn’.

2
Select-> 12016 with As,, = @ x12 = 24.1cm* > 20.55cm’.

H[ Use 12 16.




5.13.3 Lateral Ties Salection

For @ 10 mm ties:

S <16 db (longitudonal bar diameter)....................... ACl -7.105.2
S < 48dt (tie bar diameter).
S < Least dimension.

S<16x1.6 = 25.6cm.
S<48x1.0=48cm
S<25cm

- Select S=20cm

Use ®10ties@ 20cm spacing.

ﬂ[ Use ©10/20cm

5.14 Design of | solated Footing (F1)
5.14.1 Load Calculation

++ Total Nominal load = 1856.5KN .

«» Total factored load = 2432.3 KN.

% Soil density = 18 Kg/cm®.

% Allowable soil Pressure = 400 KN/m?,

% Footing weight = 1.2x 25x 0.4 = 12 KN/m?.

% soil weight above the footing = 1.6x (1.5-0.4) x 18 = 31.68 KN/m?.
% Pra = (12+31.68) = 43.68 KN/m?.

¢ The action of column forces at the centroid of footing (No Excentricity e=0).



5.14.2 Determination of Footing Dimension :

S, :i+P <14X%S iow

u net —
€q

24323

bu

+43.68 <1.4x 400

eq
= Ay = 47m’,

Sdecta=2.2m with A=2.2x2.2=4.84m> > 4.7m°.

5.14.3 Deter mination of thickness of Footing :

Sy, :i+ Po <14XS iow

u net —
€q

2432.3

Sy = +43.68 = 546.2KN / m* < 560KN / m®.
2.2x2.2

Select h=60cm.

d= h—c—%:60—7—1=52cm

5.14.4 Design of Footing against Punching (Two way Shear)

-The smallest value of :

l-VC:1>< 1+£ x ./ fc' xhb, xd
6 b

c

2-VC:i><( as +2jx fc' xb, xd

b./d

3- VC:%X fc'xh, xd

Where:
b.=a/b=60/60=1.
b, = Perimeter of critical section taken at (d/2) from the loaded area

b

(o]

= 2x (atd) + 2x (b+d) =2x (50+52) + 2x (50+52)=408 cm.

b,=a/b=50/50=1.0



a. =40 ...l For interior column.

1- Ve = %x (1+ 9 x /24 % 4080 x 520 = 5196.8KN

2- VC:ix L-ﬁ- 2 |x /24 x 4080x 520 = 6147.9KN
12 | 4080/520

3-\Vc= %x 24 x 4080 x 520 = 3464.6KN.

The smallest value of Vc= 3464.6 KN.

dVc = 0.75% 3464.6 = 2598.45KN.

Vuc (Factored shear force at critical area.)

Vuc = Pu-FRB

FRB=s,, x AC

Ac = (0.5+0.52) x (0.5+0.52) =1.02x1.02 =1.04m?
FRB = 546.2x1.04 = 568.3KN

Vuc = 2432.3-568.3 = 1864KN.

dVc = 2598.45KN > Vuc = 1864KN

punching shear design is satisfied.

5.14.5 Design of shear:

Shear force Vu at section 1-1;

> Fy=0T
Vu = (546.2 — 43.68) x 0.33x 2.2 = 364.83KN
dVc>Vuc

dVe = O.75><%>< fc' xbxd

®Ve = 0.75x % « 724 x 2200% 520 = 700.5KN
®Vc = 700.5KN >>Vu = 364.83KN = No Shear reinforcement isrequired.



5.14.6 Design of Bending M oment

Bending moment (Mu) at critical section

Mu = (546.2 — 43.68) x 0.85x % x0.85x 2.2 = 399.4KN.m

Design of footing in plain concrete :

bx h?

d.Mn=0.55x0.42x ./ fc' x

2
®.Mn = 0.55x 0.42 x /24 x M —149.4KN.m

®.Mn =30.2KN.m > Mu =19.7KN.m

Design footing in plain concrete is not satisfied.

Design of Reinforcement:

Mu =400 KN. m

» ) (09
Mn 444 4x10°

Mn = (mj = (@j =444 AKN.m

Rn=— = ~=0.75MPa

bd 1000 x 520

- :i(l— | _ 2mRn ]

m fy
_ 1 1_\/1_ 2x20.59x0.75 | _ | or 193
20 .59 420

AS . =T xbxd=1.82x10°x220 x52 = 20.82cm?’

Check As . :

Min Asfor shrinkage & temperature:
= As ., = 0.0018 xbxh

As = 0.0018 x 220 x 60 = 23.76cm?* As = 27.1cm?/m

min



2 2
Select ®18with Asfor 1 bar = % = P8 = 2.54cm?

A (req)

4

_23.76 = 9.4bar.

Number of required bars =

_pd”® _10xp(L8)*

A(bar®18)  2.54

= 25.4cm?.

= Usel0d18 with As provided

= Check of yielding:-
C=T
T = As(provided) x fy
C=0.85fxaxb

= 0.85x f/xaxb= Asx fy
0.85x 24 x ax 2200 = 2540x 420

2540x 420

a=
0.85x 24 x 2200
a 24

=—=——=28cm
b 0.85

= 2.4cm

Select 10018 with As provided= g

pd*> 10xp(1.8)°

0003 ©€5+0003 0003 e, +.003

=
X d 2.8

e, =0.05> 0.005............ OK.

= 25.4cm?.



5.14.7 Development L ength of main Reinfor cement
fy
2)/fc’

Ld =

xa xbxgxdb

Ld = x1x1x1x1.8=77.2cm

420
2424
Ld available> Ld,, = 77.2cm........... ok.

= Using Hook > 100
= Required length of hook>10x1.8 =18cm
= Selected length of hook=30cm>18cm

5.14.8 Design of Dowels:

®.Pnc=®x0.85x fc'x Agc

@.Pnc = 0.65x 0.85x 24 x 500 x 500 = 3315KN

Pu = 2432.3KN
®.Pnc = 3315KN > Pu = 2432.3KN

= Dowels are not required for load transfer.

F = 00005 L. (ACI -Code-15.8.2.1)
As_;, = 0.005x Agc

As_ = 0.005x50x 50 =12.5cm’

Use dowels with the same number of column.

Usel14 ® 12
AS provided = 15.8cm?, >12.5 cm?,

5.14.8.1 Development Length of Dowels

Ld, =Y do= 220 ,18-386cm
4./ fc /24

AvailableLd = 60-7-1.8-1.8 = 49.4cm
AvailableLd = 49.4cm> Ld,,, = 38.6cm.....ok



5.15 Design of Strip Footing:

5.15.1 Load Calculation
«» Nominal Dead Load= 101 kN/m.
«» Nominal Live Load = 40.3 kN/m.

% Tota (D.L) of theWall = 0.3x 25 x 11 .4 x 1 = 78 .3KN

qu =12xD.L+1.6xL.L
qu =1.2x (101 + 78.3) + 1.6 x 40.3 = 280 .5KN

5.15.2 Design of Bearing Pressure:
P

S = =S paiow

Ac

Fig. (5-24) Section in strip footing.
P=D+L=180+40.3=220.3KN/m.

For 1m strip:

P =220.3x1=220.3KN

S, = 2203 _ A00KN /m? = b, = 55cm
X reg

Sdect b =80cm > 55cm.




5.15.3 Determination of depth of footing:

Sdect h=40cm

Factored Bearing Pressure:

Pu 280.5

Sp=—"=

" A, 10x08

5.15.4 Design of

shear:

Shear Force Vu at section 1-1

> Fy=0.

—-350.63x0.275x1+Vu =0

Vu=96.4 KN

d =40-5-1=34cm

dVc= O.75><%><

DOVC = 0.75><%>< J24 x 800 340 = 166.57KN

fc' xbxd

=350.63KN / m? < 400KN / .

R e H

i W O % T T
w

AT
F

Fig. (5-25) Vu at section 1-1.

®dVc =166.57KN >>Vu = 96.4KN = No Shear reinforcement isrequired.

5.15.5 Design of Bending M oment

Bending moment Mu at section 1-1

MRo=0

—350.63x0.275%x 0.275x % x1+Mu=0

Mu =13.3 KN.m

Design of footing in plain concrete:

®.Mn = 0.55x0.42x

®.Mn = 0.55x0.42x

®.Mn = 24.14KN.m > Mu =13.3KN.m

bx h?

fc' x

800 x 4002
(27 800 400°
6

Design of plain concrete is satisfied

Fig. (5-26) Mu at section 1-1.

= 24.14KN.m




Design of Reinforcement if used :

Mu =13.3 KN. m

Mn = Mu = 133 =14.8KN.m
) 0.9

6
Mn _ 14 .8x10 _ 0.16 MPa

" bd? 800 x 3402

- =i(1— 1 2mRn ]
m fy

_ 1 1_\/1_2><20.59x0.16 _38x10-*
20 .59 420

Rn

As . =T xbxd=3.8x10""x80x34 =1.04cm?

req
Min Asfor shrinkage & temperature:
= As,, = 0.0018 xbxh

As = 0.0018 x 80 x 40 = 5.76 cm ?

min

= As = 5.76cm ?

2 2
Select ®14with Asfor 1 bar = % = pa4)” =1.54cm?

4
Number of required bars= A (red) = >.76 = 3.7bar.
A(bar®32) 1.54
2 2
= Use 4014 with As provided = pd” _4xp(4)” _ 6.15cm>.

4

2 2
ﬂ[ Select 4014 with As provided= pj _ 4x pil"‘)

= 6.15cm?.




5.16 Design of Mat Foundation

BH&
T s 7 _\_n' ey
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Fig. (5-27) Geometry of Mat Foundation.

5.16.1 Load Calculation
Allowable soil pressure = 400 KN/m?
+» weight of each Shear wall = 25x0.2x 20x1.2=120KN /m
¢ Load on each Shear wall from Elevator Solid Slab:

SH.4 =9.0 KN/m.
SH.5=9.0 KN/m.

+»» Load on each Shear wall from Stairs Solid Slab:

SH.6 = 5.2 KN/m.
SH.7 = 6.4 KN/m.



+ Load on Shear wall SH.7 from Beams :

Factored Load from Beam(B4) = 1.2x19.9+1.6x9.0=38.3KN/m
Factored Load from Beam(B14)= 1.2x30+1.6x16.95=63.1KN/m
Factored Load from Beam(B39)= 1.2x19.2+1.6x10.03=39.1KN/m

Factored Load from Beam(B59)= 1.2x18.5+1.6x8.5=35.6KN/m

Tota Factored Load on Shear wall SH.7 from Beams =176.1KN/m

Total Load on Shear wall :

SH.4 = 9.0+120=129 KN/m.

SH.5 = 9.0+120=129 KN/m.

SH.6 = 5.2 +120=125.2KN/m.

SH.7 = 6.4 +120+176.1=302.5KN/m.

¢ Proig for shear wall:
= 129%x1.9+129x1.9+125.2x 1.8+ 302.5x1.8 =1260.1KN .
Assume the thickness of footing (65cm).
« Weight of Soil above the footing:
=1.6x (1.5-0.65) x (2.7 - 2.1) x (2.6 — 2.0) x 18 = 8.81KN
% Base Slab weight = 1.2x0.2x 25x (2.6 - 2.0) x (2.7 - 2.1) = 2.16KN
s weight of Footing = 1.2x0.65x 25x 2.6x 2.7 = 139.9KN

% = Proa = 1260.1+ 8.81 + 2.2 + 139.9 = 1411 KN.



5.16.2 Deter mination of Mat Foundation Dimension :
S :ﬂ <14X%S iow
eq
S b :%S].Ax 400
eq

= AS,, = 2.52cm’.

Select 2.6x2.7m with A= 2.6x2.7 =7.02m? > 2.52cm?.

5.16.3 Eccentricity Calculations

D> Mx=0 @

Mx =129x0.9+129x0.9=0.

o _My_ 0 _
“ Pu 1411

D> My=0 @

My =1125.2x 0.95+ 302.5x 0.95 = 168.4KN.m

_My 1684 _,1om
YT Pu 1411

€ =€, =0.12m< b—g = 2_66 =0.43m

5.16.4 Deter mination of Bearing Pressure

_bxh® 27x26°

I =3.95m"
Y 12
g ZPU Mxy My

A IX ly

o _Pu My, 1411 1684

A ly  26x27 395

Pu_ My, 1411 1684
A ly  26x27 395

x1.3= 256.4KN / m?

x1.3=145.6KN / m?




S o = 256.4KN /m* <1.4x1.3x 400 = 728KN / m”.

5.16.5 Design of Shear
d=65-7-1-1=56cm

S e = 256.4KN / m?
Vu=s , xA-P

P=12x25x0.65x0.3x2.7+1.2x25x0.2x0.3x 2.7 +1.6x18x (1.5—-0.65) x 0.3x 2.7 = 40.5KN
VWu=s , xA-P

Vu = (201x 2.7 x 2.6) — 40.5 = 1300KN
1 ;
CD.VC:O.75><E>< fc' xbxd

dVc = 0.75x% % /24 % 2700% 560 = 1112KN
®Ve =1112KN > Vu = 1300KN.



5.16.6 Design of Bending M oment
By using the STAAD-pro Program analysis the result of moment is:

In x-dir ection
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Fig. (5-28) Moment in x-direction.
In y-direction
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Fig. (5-29) Moment in y-direction.



5.16.7 Design of Bottom Reinfor cement in both Dir ection:
Mu=24.3KN.m

Mn = (WJ = (Ej =27KN.m
(0)) 0.9

Mn 27 x10°

RN = ——= ~=0.086 MPa
bd 1000 x 560
- :i(l— | _ 2mRn ]
m fy
_ 1 1_\/1_2><20.59><0.086 205 x10-*
20 .59 420
As. =T xbxd=205x10"*x100 x56 =1.15cm?/m

req

Min Asfor shrinkage & temperature:
= As_, = 0.0018 xbxh

As = 0.0018 x100 x 56 =10.1cm?/m

min

= As =10.1cm?/m

2 2
Select ®16with Asfor 1 bar = % = @ =2.0cm?

_ A, (bar ®16) 2.0

S x100 = ——x100=19.8cm
10.1

req
€q

2
=Use6d16/m with As provided =6x w =12.06cm’ /m> As,,, =10.1cm?/m



ﬂ[ Use6d16/m in Both Directions.

= Check of yielding:-
C=T

T = As(provided) x fy
C=085f/xaxb

= 0.85x f/xaxb= Asx fy

0.85x 24 x ax 1000 =1333x 420

o 1205x420
0.85x 24x1000

_a_28_ ;5 9m
b 085

= 2.48cm.

0.003_©s* 9993 _ 0003 _e,+.003
X d 292 56

e. =0.054 > 0.005............. OK.

5.16.8 Design of Top Reinforcement in both Direction:

Mu =17.5KN. m

Mn = Mu :(E =19.4KN.m
) 0.9

6
_ I\/In2 _ 19.4 x 10 _ - 0.062 MPa
bd 1000 x 560

- :i(l— 1 2mRn j
m fy

1 (1_ \/1_ 2 x 20 .59 x 0.062

Rn

_ =1.48 x10 *
20 .59 420

As . =T xbxd =1.48 x10 * x100 x 56 = 0.83cm?/m



Min Asfor shrinkage & temperature:
= As,., = 0.0018 xbxh

As . = 0.0018 x100 x 56 =10.1cm?/ m
= As =10.1cm?/m

2 2
Select ®16with Asfor 1 bar = % = @ =2.0cm?

2
=2>Use6®16/m with As provided =6 x @

=12.06cm*/m> As,, =10.1cm?/m

ﬂ[ Use6d16/m in Both Direction.

= Check of yielding:-
C=T

T = As(provided) x fy
C=085fxaxb

= 0.85x f/xaxb= Asx fy

0.85x 24 x ax 1000 =1333x 420

_ 1205x420
0.85x 24x1000

_a_28_ ;5 9m
b 085

2.48cm.

0.003_©s* 9993 _ 0003 _e,+.003
X d 292 56

e. =0.054 > 0.005............. OK.



5.17 Design of Basement wall

SKN/m
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Fig. (5-30) load of Basement Wall.

5.17.1 Load Calculation
Jg =18KN/m®,
f =30
=k, =0.5.

e =k.g.H

e =0.5x18x3.5=31.5KN/m’.

e,=k.P

e, =0.5x5=25KN/m’.
Factored :

E. =1.6x31.5=50.4KN/m’.
E., =1.6x25=4.0KN/m’,




5.17.2 Estimation the thickness of wall:

R1=0.5x50.4x3.5=88.2KN/m
R2=4x35=14KN/m.

MRA=0
88.2x1.17+14x1.75-Bx3.5=0
B = 36.5KN.

MRB=0
88.2x2.33+14x1.75—- Ax35=0

A=65.7KN.

i:ﬁ:>qx:14.4x

35 504

36.5- 4x—%.qx.x =0
36.5-4x-7.2x*=0

7.2x* +4x-36.5=0

£R.7

—A++/4% + 4% 365x7.2
2x71.2

= X=

= X=2m

Fig. (5-31) Shear of Basement Wall.

Mmax at X=36.5x2-4x2x1-0.5x28.8x 2><%><2= 45.8KN.m

Assumed:

Rn=r (fy(l—%x r xm)

Rn = 0.01(420(1— % x 0.01x 20.6)) = 3.76MPa.

Mn = (mj = (@] = 50.9KN.m

D 0.9
6
RN = an - 50'9“02 _ 3.76 MPa
bd 2 1000 xd
d =11.6cm.

Select h of wall =25cm.
= d=25-3-1=21cm.

Fig. (5-32)Moment at X.



5.17.3 Design of Bending M oment

Mu =45.8 KN. m

6
Mn 50.9x10 _1.15MPa

Rn = 2~ 2
bd 1000 x 210

1 (1_ | _ 2mRn ]

Mg = —
req m fy
_ 1 _\/1_2><20.59><1.15 C28x10-3
20 .59 420
Asreq:rxbxd=2.8><10’3><100 x 21l =5.94cm?/m
Check As ;. :

According to the ACI318M-05(Sec10.5.1,Eq.10.3)

= As,,, =0.0025 xbxh
0.0025 x100 x 25 = 6.25¢cm 2/ m

ASmin =
= As = 6.25cm?/m
2 2
Select ®12with Asfor 1 bar = %:@:11&;#

S =Mxloo:17'_15’><100=16.20m

req
eq

Salect S=15cm < 3x h=3x25=75cm
<45cm

= Used®12/15cm with As provided :Ll?’lﬂ =7.53cm?*/m> As,, =6.25cm’ /m

Use ©12/15cm




= Check of yielding:-

C=T

T = As(provided) x fy
C=0.85fxaxb

= 0.85x f/xaxb= Asx fy
0.85x 24 x ax1000 = 753x 420

oo 753420 .
0.85x 24 x1000
_a 1) gm
b 085
0.003_©s* 9993 _ 0003 _e,+.003
X d 18 21
es =0.03> 0.005............. OK.

5.17.4 Design Secondary Reinfor cement

= As ., = As for shrinkage & temperature

= As,., = 0.0018 xbxh

As .. = 0.0018 x100 x 25 = 4.5cm?/ m

Not lessthan :

> As 1 70=1.4em?/m
5

As . =45cm?/m

min

2 2
Select ®10with Asfor 1 bar = % = @ = 0.785cm?

S, = 2O 15 078 400 17.40m
A 45
Select S=15cm < 3xh=3x25=75cm < 45cm

0.785x100

= Used10/15cm with As provided = =5.2cm*/m> As,, =4.5cm?/m



ﬂ[ Use ©10/15cm

5.17.5 Design of Reinforcement of Outer Face of the Basement Wall

= As ., = As for shrinkage & temperature

= As,., = 0.0018 xbxh

As .. = 0.0018 x100 x 25 = 4.5cm?/ m
= Used®10/15cm with As provided :w =5.2cm*/m> As,, =4.5cm?/m

ﬂ[ Use ©10/15cm




5.18 Design of Strip Footing (Under Basement Wall).
5.18.1 Load Calculations

«» Nominal Dead Load=2617/10.6 = 245.7 kN/m.
«» Nominal Live Load =900/10.6= 84.5 kN/m.

% Totd (D.L) of theWall = 0.3x 25 x 13.76 x 1 = 103 KN
W,)=qu =1.2xD.L +1.6x L.L
(W,)=qu =1.2x (245 .7 +103 ) + 1.6 x 84 .5 = 556 .6 KN

% Weight of concrete footing (W) = 0.4 x 25 x1x bx =10 x bxKN

bx
« Weight of soil abovefootin(WE 1) = 4.0>18 x1x (7_ 0.1)

=36bx — 7.2KN

bx
% Weight of soil above footin (WE 2) = 0.2 18 x 1x (==~ 0.1)

=1.8bx — 0.36 KN

5.18.2 Deter mination the length of footing :

SKN/m
ki i

Fig. (5-3 ) Geometry and load of Basement Wall and strip footing.



Determination the length of footing :
*Design against overturning:

MSZZ.O
M

o]

M,=2xM,

Overturning Moment:
Oy =18KN/m’.

f =30

=k, =05.

e =k.g.H

e =0.5x18x 4.4 =39.6KN / m’.
e,=k.P

e, =05x5=25KN/m?

Factored :

E. =1.6x39.6 = 63.36KN / m*.
E., =1.6x25=4.0KN/ m?,

Rl=0.5x63.36x4.4=139.4KN/m.
R2=4x44=176KN/m

M, = 139.4><%>< 4.4+17.6><%x 4.4 = 2432KN.m

Standing Moment:
M, =2x243 .2 = 486 .4KN .m

M, =W, x X w, « 2 WE,(0.75bx - 0.05) + WE , (0.25bx — 0.05)
2 2

M . = 556 .6 x b7x+ 1.2 x 10 bx x b7x+ 1.6x (36bx — 7.2bx)(0.75bx — 0.05) + 1.6

x (1.8bx — 0.36)(0.25bx — 0.05)
M, = 278 .3bx + 6bx? + 43 .2bx * — 2.88bx — 8.64bx + 0.6 + 0.72bx * — 0.144 bx
— 0.144 bx + 0.03

50bx 2 + 266 .5bx + 0.63 = 486 .4

50 bx ? + 266 .5bx — 486 .4 = 0



| —266.5+/266.52 + 4x 50x 486.4
2x50

= bx

= bx=14m
Sdlect bx=1.5m.

5.18.3 Design of Bearing Pressure:

X/
L X4

X/
L X4

L X4

X/
L X4

Factored load:

X4

(W,,) = 556 .6KN

L)

X/
L X4

(W.) =1.2x15 = 18 KN

L X4

% (WE,)=1.6x2.34 = 4.9KN

Vertical Forces;
V=W, +W. +WE, +WE,
V=556.6 + 18 + 74.9 + 4.9 = 654.4KN.

\
Sy :ZS]-AXS ballow

u

_ 654.4

M 1x15

= 436.3KN /m* < 560KN / m?

(W,)=D.L+L.L=2348.7+84.5=1433 2KN
(W.) =10 x bx =10 x1.5 = 15 KN
(WE ,) =36bx — 7.2 =36 x1.5— 7.2 = 46 .8KN

(WE ,) =1.8bx — 0.36 =1.8x1.5- 0.36 = 2.34 KN

(WE ,) =1.6x 46.8 = 74 .9KN



Design of Bending Moment at Section 1-1:

G
| A3 TN T

Fig. (5-34) Bending Moment at Section 1-1.

74.9x?+ 6.5x?—436.3x 0'265 x0.65+ Mu=0

Mu = 65.71KN.m

Assumed:

r :lrmax =0.01
2

Rn=r (fy(l—%x r xm)

Rn = 0.01(420(1 - % x 0.01x 20.6)) = 3.76MPa.

Mn = (WJ = (@j =73.0KN.m
(0)) 0.9

6
Mn _ 73x10" _ 3 76 MPa

Rn = > >
bd 1000 x d

d =13.9cm.

Select h of Footing =40cm.
= d=40-5-1=34cm.



5.18.4 Design of Bending M oment

Mu =73.0 KN. m

Mn 73.0x10°

RN = —= > = 0.63MPa
bd 1000 x 340
- =i(1— 1 2mRn ]
m fy
_ 1 1_\/1_2x20.59><o.63 15102
20 .59 420
As. =T xbxd=15x10"°x100 x 34 =5.2cm?/m

req

13x A, =1.3x5.2= 6.76cm*/m

Min Asfor shrinkage & temperature:
= As,, = 0.0018 xbxh

As = 0.0018 x100 x40 = 7.2cm?/m

min

=2 As = 7.2cm?/m

2 2
Select ®14with Asfor 1 bar = % = % =1.54cm?

_ A, (bar®14) 1.54

S x100=—=—x100= 21.4cm
1.2

req
€q

Salect S=20cm < 3x h=3x20=60cm
<45cm

= Used®14/20cm with As provided =% =7.7cm*/m> As,, =7.2cm*/m

ﬂ[ Used14/20cm.




= Check of yielding:-
C=T

T = As(provided) x fy
C=085f/xaxb

= 0.85x f/xaxb= Asx fy

0.85x24xax1000=770x420 a = 770420 =l.6cm

0.85x 24 x1000

= 16 =1.88cm

X = 1
0.85

a
b

0003_€s+0003 0003 _e;+.003
X  d 188 34

es =0.051> 0.005.............. OK.

5.19 Design of Shear Wall (7)

5.19.1 Calculation of L oads
W moor = Tota dead loads of the floor.

¢ W gasement Floor = Weight of slab+ Weight of stairs + 0.5( Weight
of upper columns & walls) + 0.5( Weight of lower columns &
walls) = 3051 KN.

L)

% W Ground Fioor = Weight of slab + Weight of stairs + 0.5( Weight
of upper columns & walls) + 0.5(Weight of lower columns &
walls) = 5379 KN.

)

@ W rrg moor = Weight of slab + Weight of stairs + 0.5( Weight of
upper columns & walls) + 0.5(Weight of lower columns &
walls) = 4080 KN.

L)

% W second Fioor = Weight of dlab+ Weight of stairs + 0.5( Weight of
upper columns & walls)+ 0.5(Weight of lower columns &
walls) =2285.1KN.



¢ W roof Fioor = Weight of dab + 0.5xWeight of lower columns &
walls = 400K N.

5.19.2 Calculation of Shear Forceon " Shear Walls"

W Totd — W Basement Floor + W Ground Floor + W First Floor + W Second Floor + W Roof Floor

= 3051 + 5379 + 4080 + 2285.1 + 400 = 15195.1 KN.

According to the UBC, the total design base shear in a given

direction,

T = Ct(hn) ™

T —0.0488(17) ™ = 0.41

< Cal W
R

>0.11Cal W

~0.24x1.0
5.5x0.41

V = 0.11 XW 1.
V =0.11x15195.1 = 1671.5 KN.
Ft=011xTxV .....(UBC1997-Eq. 30-14 )
Ft = 0.11 x 0.41 x 1671.5= 75.4kN.
_(V-Ft)W,xh,

S wn
i=1

=011 W

Fx

... (UBC1997, Eq. 30-15).



Table (5-1)load on shear wall

Floor W V H Ft V-Ft W xh Fx FX
(KN) | (KN) | (m) | (KN) (KN)
Roof 400 1671.5 17 75.4 | 1596.1 6800 82.3 157.6
Second 2285.1 1671.5 14 75.4 | 1596.1 | 31991.4 387.4 545
First 4080 16715 | 106 | 754 | 1596.1 43248 523.7 1068.7
Ground 5379 16715 | 7.22 | 754 | 1596.1 | 38836.4 470.3 1539
Basement 3051 16715 | 358 | 754 | 1596.1 | 10922.6 132.3 1671.3
S 15195.1 131798
4 1T

Fig. (5-35) Fx- diagram.
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Fig. (5- ) (Fx-Vu- M) diagram.

Wall that carries the largest part of these horizontal forces was determined with the
aid of acomputer program called (MB-SOFTWARE) , by comparing stiffness and
moment of inertiaof all walls in each floor , then wall that had the largest part of load
and the smallest length was chosen .

The design Shear wall (SH.7) would be explained in this section as follows :-

5.19.3 Design of Shear Wall (SH.7):

fc' = 24Mpa
fy = 420Mpa
h=20cm. (Thickness of shear wall)

Lw = 2.1m (Length of shear wall)
hw=17m (Hight of shear wall)

5.19.4 Design of Horizontal Reinforcement

VU, = 351KN
vn=Yu_ 35t seekN
® 075

d=08xLw=0.8x21=1.68




VClzéx fc'xhxd

Ve, = % x +/24 x 200x 1680 = 274.3KN

Vs=Vn-Vc 468 - 274.3=193.7KN

Avh Vs 193.7x10°

= = =0.27mm
S, fyd 420x1680

AR _ 6,0025x h = 0.5mm
2
s, =W _29_ 1r0mm
5 5

S, = 3xh=23x200=600mm

Select 2012 with As = 2.26cm?

AN _ 3 5mm > 0.27mm.

2

226 =05Mm= S, =452mm

2

Select S=400mm=40cm < S, =45.2cm
Use 2012@40cm (Intwo layer.)

5.19.5 Design of Vertical Reinforcement

LwA S, xh

Avn = {0.0025+ 0.5(2.5— Mj( Avh _ o.oozsﬂsl xh = 0.5mm

hw_17 _gq

Lw 21

= Avn=0.0025x S, xh

S :%x Lw:%x 2100 = 700mm

S, =3xh=3x200 = 600mm

Select 2012 with As = 2.26cm?
226 = 0.0025x S, x 200 = S, = 452mm

Select S =400mm=40cm < S, = 45.2cm
S =40cm< § =60cm < S =160cm
Use 2012@40cm (Intwo layer.)



5.19.6 Design of Moment :

Mu = 2397KN.m

Co Y e ACl — Eq.(21-8).

C> 21 =0.47m

4.5
The boundary element length:
Cw=C-0.1xLw=0.47-0.1x2.1=0.26m
Cw= % =0.24m

Select Cw = 0.6m> 0.24m
= The boundary element length =60cm

A= W asv= 219, 5 06— 11.9cm2.
S 40
Z _ 1
Lw ou .085x b, x fc'x Lwx h
Asx fy
Z 1 - 005
Lw ~,_ 085x0.85x 24x 2100 200
1200 420

Mu = O.9|:0.5>< Ast x fy x L\A{l—iﬂ
Lw

Mu = 0.9[0.5x 1200 x 420 x 2100(1— 0.05)| = 452.5KN.m
MUp, = 2397 — 452.5 = 1944.5KN.m

Design

Mo 19885 100 gnm

o

o My 2160.6

= = = 34.29cm?.
fy(Lw—Cw) _ 420(2100— 600)

Ast’ = 0.08x hx Cw = 0.08x 20 x 60 = 96cm?.
Sedlect 8025 with As=39.3cm? > 34.29cm?
< Ast, . =96cm’

8025 Use =
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- We select 18 Double florescent lamp with power = 58* 2 watt

Solution:

-Total power for L1= 18*58*2 = 2088waitt

To determine currant, use the following equation:
P=V*I* cosl]

Where:

P: power =2088w

V: voltage= 220
cosl : power factor =1
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By sub. In the previous equation
2088 = 220*1*1—1 =9.5 Amber

—> Using the following table, we found that:

ETPECT—
() (V)
- - kil
L S g SAAS Gyl Py WS e
.._,,_,:,._.Ii L,.-LH-I _-,__'-‘.ﬁ _.-LH.
1. : \F Y o2
\ ¥ ¥

Table (3)4: g samall a®¥) il (- )
Ref->( bl B Al st cilaaill)
(Use cable isolated with plastic)

| =9.5 < 10 Amber so we take area of cable section = 1.5 mm?
Ao iS5 il 1 8 e s ) ST el ) S5 a5 gy ala().0) adaie dalise (3 @l jlgial a3

(Ul Jgaad) din LeS @Bl 3 Ukl cilalial)

Table (6-1) Determination of section area of lighting wiring in ground floor

Symbol of Load of Currents of
circuit circuit circuit

t AU J sl o LS 438 53 s sall SN Ol 258 4 gl (33l Ll
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Table (6- ) Determination of section area of lighting wiring in basement floor:

Number Symbol of Load of Currents of Cut Thickness of cable
circuit circuit circuit Currents (A) (mm?2)

B [t | 2100 |

IE:I:@:E

“t s LS Gl 13 A 1 da sl (e (g ) st 51 L aladl) il

*After we found the load of each line:

- Total power of thisfloor= 2.5 Kw.
- Diversity factor =0.9
- Total power =0.9* 25=225Kw

- 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 = 2250
V: voltage =380v

cosl | : power factor =1
2250=380*I* (3)%2* 1 —1=5.9 Amber
So we take area of cable section = 2.5mmz.

- But we will use (4mm?) as a standard in feeding wiring.
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Table (6-3) Determination of section area of lighting wiring in first floor:

Symbol of Load of Currents of Cut Thickness of cable
circuit circuit circuit Currents (mm2)

2ty LaS Baldall 13 Apus 31 An slll (e (gl 1) UL adaiall ol Ay
*After we found the load of each line:
- Total power of thisfloor=5.334 Kw.

- Diversity factor =09
- Tota power =0.9* 5.334 =4.8 Kw

- 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 = 4800
V: voltage =380v

cosl : power factor =1
4800= 380*1* (3)¥2* 1 —1=12.6 Amber
So we take area of cable section = 2.5mmz.

- But we will use (4mm?) as a standard in feeding wiring.
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Table (6-4) Determination of section area of lighting wiring in second floor

Symbol of Load of Currents of Cut Thickness of cable
circuit circuit circuit Currents (mm2)
(W) (A) (W)

_‘SJLJLASUJM“AQJM‘)}“\AJM\ ‘_53}45\ ‘)l\dhﬂclas‘d\u\.m;e.uj
*After we found the load of each line:

- Total power of thisfloor=2.978 Kw.
- Diversity factor =0.9
- Total power =0.9* 2.978 = 2.680 Kw

- To select the section area of the wire feeding this floor, we use the following

equation:
Power= (3)¥2* V*1* cos_
Where:
P: power = 2680
V: voltage =380v

cosl : power factor =1
2680 = 380*I* (3)¥2* 1 —I=7.05 Amber
So we take area of cable section = 2.5mmz.

- But we will use (4mm?) as a standard in feeding wiring.
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Let ustake () in the basement floor:
%e=0.074*L*P/A
%e =0.074*2.25*13.7/ 1.5

%e =1.5%
If %e < 2.5% - so the cross section area is suitable.

The following tables present the voltage drop in each floor:

Table (6 5) voltage drop in each floor

FLOOR Length of | Areaof E%
power cable (m) section
(W) (mm2)

@@@E@
ond F. | 2978 | | 15 | 1. |
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Table (6-6) Equipment on the building

[ Appliance! Kind of device | Power (W) I

| Dryer | Superstrio | 1000

T N TS
T ———
T E—— T ——

Microwave | Bike | 1500 |
| Dishwasher | | 1400 _|
I@::
|| Electrical sweeper | | |
T VT T NV N—
cere | | 150 |
_:I:I
:::I

CE— ———
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* Lets now take an Example:

—> Take the Lucxure room( P1) in Ground floor as shown in figure below:

::::'::E'. T E— & '_:. '. .-_: e [ — :\f:_‘.l;-:
i A LF
] < H=r s - i
b f l=0 P
H ""l,'_ "? J_',f'
[ _ i
i 1 - J N
I-{." Il--’.{
v ke
F:;
; £ ;
A £
i A
£ r
ol i
i #
o
2K |
S =020
g ,,: e i
\
W @l (-)
Kind of device maybe used:
device:- Power (w)
TV 240
Stereo 127
Computer 500

Max power from turn on of these devices = 867 w.

Currant can be calculated by use:

P=V.lcos®
867 =220.1. 1=11.4 Ampere.

| =3.9< 16 Amber so we take area of cable section = 2.5 mm?2

—> 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
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Table (6-7) Power line diameter for ground floor

r— T

Kind of || Kind of device || Power of Currant of || Area of Cut
room circuit circuit section Currant
(A)

1 TV

stereo
Computer

BE
M
-
B

YComputer Ou kY
i AL 300
Printer 55
DryerY 2*1000

shae Voo \ 300 12 ‘ 2.5 ‘ 16 \
[2000 |[2000 |.'

P.

=
P2
P3

4
P5

-
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Table (6-8) Power line diameter for fairest floor

Kind of [ Kind of device [ Power of [ [ Currant of || Area of Cut
room circuit circuit section Currant
Td

data
Computer

Refrigerator/
Freezer
Microwave
Coffee Maker
sl ddle
Drear

Ii|
Ei
[|
YComputer
P4 2l AL
Printer
E|
IZ|

tel

YComputer
iy A8l
Printer
tel

YComputer
Printer
tel
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Table (6-9) Power line diameter for basement floor

Kind of || Kind of device || Power of Currant of || Area of Cut
room circuit circuit section Currant
P2 Td

Computer

Computer2

Table (6-10) Power line diameter for basement second floor

r— T

Kind of || Kind of device || Power of
room circuit

\ \ (W)

P1 \ data \ 300 \ \ ‘ ‘ 16 \
Computer 500 800
2.1 25
| = ! — — !
‘ \ YComputer \ \ \ 4.y \ \ \
i i i i 2l5 i
' £o. s 16

S S e I P
. . . . 25 .

Currant of
circuit section Currant
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- To select the section area of the wire feeding G. floor, we use the following
equation:

Power= (3)¥2* V*I* cosl]

Where:
P: power = 6889 W
V: voltage =380v

cosL! : power factor =1

6889 = 380*I* (3)¥2* 1 —I=10.5 Amber
So we take area of cable section = 2.5mmz.

- But we will use (4mm?) as a standard in feeding wiring.
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Structural and Analysis Design

5. 1 Introduction.
5.2 Factored Loads.
5.3 Determination of thickness.
5.3.1 Determination of thickness for one way ribbed slab.
5.3.2 Determination of thickness for tow way ribbed slab.
5.4 Load Calculation.
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