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Structural Design for Multistores Residential Building

Prepared by

Ayman Abuzahra Mohammad Alshamsti

Abstract

Palestinian housing sector is facing many problems and challenges as a result
of population growth on the one hand, and prevention measures repression
perpetrated by the Israeli occupation on the other hand, which captured the
attention of specialists in this field to find solutions, and that was the trend
towards apartment buildings to achieve the desired goal to provide the necessary
housing.

We will in this study, shed lights upon the ideas of architecture il his study,
which investigated all the requirements of architectural spaces and guidance, with
the previous similar studies of the construction projects prepared by students of
Civil Engineering and Architecture at Palestine Polytechnic University, the work
of the structural design of the apartment building, beginning with an examination
of the proposed architectural plans for the project, then move to the installation
distribution of columns and beams, and to identify structural loads and the best
system that will be selected from what is in all structural elements, move on later
to complete the structural design of each component of the structural elements,
and finally finish the work of construction drawings of the Executive fully and in
detail each of them.

It is worth mentioning that the Jordanian Code will be used to determine the
live loads, and use (UBC-97) to determine the seismic loads, but for analysis,
structural design sections will be using the U.S. Code (ACI 2005), must be
pointed out that he was relying on some programs, such as computerized
Autocad2007 , Atir, Microsoft Office, Staad-Pro2007 and others.

After that the design of this project and making all that has been said is
expected to conclude a number of results and forecasts is to link the information
that has been studied in various courses, analysis and design of all structural
elements and describe the impact of each of the elements on the other, and then

the work of construction drawings of the Executive fully and in detail each of
them.
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Chapter Four

Structural Analysis and Design

4.1 Introduction:

Concrete is the only major building material that can be delivered to the job
site in 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 structure 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, all of design calculation for all structural 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: Two way solid slab, one way
ribbed slab and one way solid slabs. They would be analyzed and designed by using
finite element method of design, with aid of a computer program called "ATIR- Soft
ware " to find the internal forces, deflections and moments for ribbed slabs and by
using the previous program and "STAAD PRO 2007" program to find the internal
forces, deflections and moments for two way solid slab, and then handle calculation
would be made to find the required steel for all members.

The design strength provided by an Item, it is connections to other one, 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
AClI-code.
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4.2 Factored loads:

Factored loads are service loads multiplied by appropriate load factors .the factored

load can be obtained as follows:

qu=12D.L+1.6L.L

4.3 Slabs thickness calculation

4.3.1 Determinations of one way ribbed slab thickness:-

The structure may be exposed to different loads 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):

hi= f—: —> (For simply supported).
Ln ;
P = m————) (For one end Continuous).
Ln .
B = E~—) (For two end Continuous).
Ln :
how = ﬁ—) (For Cantilever).
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280 482 385 483 280
Fig. (4-1) Spans of Rib (R1)
Spans from left to right for one way rib slab:
L/18.5 =2.80/18.5 =15cm
L/21 = 4.83/21 =23 cm. (Control) covoits vt coinunsenves ACI-318-02 (9.5.2)

Select the thickness of the slap 32 cm

4.4 load calculation:

44.1

load Calculations for one -way ribbed slab:

Toping

Hollow Block ( 24cm)

Fig. (4-2) Section in one way ribbed slab
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lF A A A A \
28 482 38 483 280

Fig. (4-1) Spans of Rib (R1)

Spans from left to right for one way rib slab:

L/18.5=2.80/18.5 =15cm
L/21 =4.83/21 =23 cm. (Clriiino)] ) FEEEREEETE T ACI-318-02 (9.5.a)
Select the thickness of the slap 32 cm

4.4 load calculation:

4.4.1 load Calculations for one -way ribbed slab:

Toping

Hollow Block { 2-4cm)

Fig. (4-2) Section in one way ribbed slab
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Table (4.1) calculations of the total dead load for one - way ribbed slab

No Parts of Rib Calculation Result Unit
1 Rib . 0.12%24*25 0.72 KN/m
Z Top Slab 0.08*0.52%25 1.04 KN/m
- Plaster 0.03*0.52%22 0.343 KN/m
4 Hollow Block | 0.4*0.24*10 0.96 KN/m
Sand Fill 0.07*0.52*17 0.62 KN/m
Tile 0.03%0.52%22 0.343 KN/m
Mortar 0.03*0.52*22 0.343 KN/m
Partition 1%0.52 0.52 KN/m
4.889 KN/m

Nominal Total Dead Load:

D.L.ota1=0.81+1.04+0.343+1.08+0.62+0.343-+0.343= 4.6 KN/m of rib.
L.L =5%0.52 =2.6KN/m.

Factored D.L = 1.2%4.6 = 5.52 KN/m.

Factored L.L = 1.6*2.6 = 4.16 KN/m.

4.5 Design of Topping:

Effective Flange width b, (ACI-318-05) (8.10.2)
by For T -section is the smallest of the following;

by =L /4 =2.1/4=52.5cm

b, =12+16t =12 +16 *8 =140 cm

by < center to center between rib = 52 cm

qu=12DL+ 1.6 LL
Dead load =total dead load — dead load of one rib
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DL topping =@ — —(-)12— =802kN/m2
T =(1.2x8.02) + (1.6x4.16)= 16.28kn/m’

16.28

= For a one meter strip 9u =7~ 16.28 kn/m

~.q, =16.28kn/m
= Assume slab fixed at supported points (ribs):

P a. x I? ¢ 16.28 x (0.4)*

=0.217kN.m
y 12 12

2
W= a2t

%k 2
= 0.42 /24 x 1_000?& = DD

¢xMn=0.55%2.2=121kN.m.
¢ xMn =1.21kN.m > Mu = 0.217kN .m.

No structural reinforcement is required.

Therefore, shrinkage and temperature reinforcement must be provided

p =0.0018 (ACI-318-05) (7.12.2)
ASin = pxbxh=0.0018x100x8 =1.44cm” /1m.

Use. 198/ 25¢cm ——> WithAs = 2.01cm?

As =2.0lcm’/ m>4s,, =144cm¥m............ ok
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4.6 Design of Rib (R1):

LU
._.-
[
53
AT

| ;\!}H

Fig. (4.3) Structural key

.80

482 385 [!& 483

Fig.(4.4) spans length of rib (R1)
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By using ATIR software we get the envelope moment diagram with the F ollowing

values :-

-A7.8 17.8 -17.7

Fig. (4.5) Envelope moment diagram of rib (R1)

24.7 -25.
20.4 20.7 21.2 21.

-16.4 -17.2
-10.3
/ / 3
— (] 1 l ( 1 1 (] 1 /ﬁ
l7|/ 1 1 I I 1 I 1 1 LI |
7.3
17.2 16.4

21. 21.2 20.7 20.4
25 24.7

Fig. (4.6) Envelope shear diagram of rib (R1)
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4.6.1 Design of Positive Moment for Rib (R1):
This design for 4.82m spans,

Effective flange width (b, ) according to ACI-code 8.10.2:
b, for T-section is the smallest of the following:
by,=L/4=482/4=120.5cm

b;=12+16t=12+ 16 (8) = 140cm
b,=C/Cspacing=52cm ........ccccueuue control

Mu max. Positive for all spans = 14.1 kN.m

Mn = lﬂ =15.67kn.m

0.9

Determine whether the rib will act as rectangular or T-section:
Fora=t=8cm

C=SSEf*t * b,

=0.85 (24) (8) (52) = 848.64 KN

d =h—cover—d)s——§—)

d=32—2—0.8—1—;=28.50m

Mn=T or C (d - 0.52) = 848.6 (29.4 — 0.5 (8))/100 = 215.54 KN.m
Mn avaitapte = 215.54 KN.m > Mn required = 15.67 KN.m

Design as a rectangular with b,= 52 cm

Jy 410

= - = =20
0.85x fc  0.85x24
Mn _ 15.67x10°
= = =1.607 M
bxd® 520x(285) S
1
p=—q- 1_2mRn)
m b
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o= L. [j_200D0807) 4 04
20.1 410

As=0.0041 (52) (28.5) = 1.4cm® > Asyy, =1.16cm’.

AR, )(d)> 4 (bw)d)——(ACI ~10.5.1)

e = 45)
S = 4&)(12)(28 5)> (12)(28 5)

As . =1.02 <1.16—> Thel argest is control .

As,;, =1.16cm*

Asreq 1.4
# Of bars = =—2=1.23 Note Ap12 = 1.13 cm?
As... 2.0

Select bottom bars 2 @ 12 mm. | Total As=2. 26 cm’® ‘

Fig. (4-7) Positive reinforcement of Rib — R1
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e Check for yielding:

Tension = compression
As*fy=085*f *b*a

2x1.13%x10* x410=0.85x24x0.52%xa
a =8.73mm

, o 285-873
' 02y
&, =0.08 > 0.005—> Ok

% 0.003 =0.08

4.6.2 Design of Negative Moment for Rib (R1):

Maximum negative moment is Mu= 11 kn.m
Mn=11/0.9=12.22 kN.m

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

m = fy - = 40 =201
0.85x fc  0.85x24

o Ml S 12.2x10°
bxd® 12x(28.5)

=1.254 Mpa

2mRn

PE S
m

1 2(20.1)(1.254)
e 1 =5 1— — A
P =0 \/ 410 e

Asreq=0.00316 (12) (28.5) = 1.08 cm?

S =;/(;)(b wid)=12 (b Xd)——(ACI -10.5.1)

)(12)(28 5)> (12)(28 5)

(410
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As . =1.02 <1.17—> Thel arg est is control
Ase=1] Tem*

A4s,,, =1.08cm*< 4s,;, = 1.17cm* ——>Thel argest is control

# Of bars = As/ As pyr = 1.17/1.13 = 1.035 bars Mot Ao 8 o
ST i As e —2260m% |
2012
\ & \7.__—_'\_
N o N
| S
o | }
o |
&

20 e 20

Fig. (4-8) Negative reinforcement of Rib — R1
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e Check for yielding

Tension = compression
Aty =085 *.f *b* a

2.26x107* x410=0.85x24x0.12xa
a =37.85mm

x=i=ﬂ=44.53mm

B, 085
, _285-4453
¥ 4453
&, =0.016 > 0.005—> Ok

X0.003

4.6.3 Design of Shear for Rib (R1):

Item 1:

Vu < %@Vc

l(I)Vc=l><(I>—“fcxbW xd
2 7
1 V24
6

=—x0.75x%
2

x120% 8 =10.47

%(DVC < ®Vu——> Not.ok

Item 2:
%(DVC <Vu<®Ve

®Vc=147x2=20.94KN
®Ve <Vu——> Notok
Item 3:

DVe <Vu <OVe +@Vs ..

DOVs o =0.75 (é)xbw xd
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Vs, =0.75 (% )% 0.12 x 0.285 x 10° =8.55kN

OFs =(%)x,/fc'bw xd
Vs, = (—1%)>< V22 % .12 x 285 x 1000 =10 47kN ——> control

®Ve + ®Vs,;, =20.94+10.47 =31.41kN
20.94 <21<31.41—> OK

Av 1 bw 3x2x79%x410
== s === =1.6m

Sy 3 0 i 0.12

Av _ 1 4f > S =16x2x79x410___1.76m

Sreg 16 fy 0.12x+/24

S .. <d/2<600—> Sy <285/2=142.5mm——> control

Then select S=12.5cm
Then use @ 10 @ 12.5 cm.

@10@10

-l

Fig. (4-9) Reinforcement of Rib — R1
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4.7 Design of Beam (B3)

A
T LR DR el

!

! L ke

o Al s A T = = 4 165
0.4 416 0,35 5.75 0,25 3.2 025 5.75 3 F +
B Ll UL 5.45 [ 6. 1 443 |

f 4.49 i 6. } - - T L

Fig. (4.10) spans length of Beam (B3)

-297.9 2919

: ) 262 -262. -260.3  -263.4
263.4 260.3 2264 2345 2345  -226.1

Fig. (4.11) Envelope moment diagram of Beam (B3)

3 -307.
om0 2822 I o .295.
2146 2239 -
4524° "
P 1y 1 i
I i UL LU LU r
i
2279 2146
sor. 2 2032 2812 2822 2702

Fig. (4.12) Envelope shear diagram of Beam (B3)

45




4.7.1 Design of Positive Moment:

d =320-40-10-10 = 260cm

Span 1:
Mu =152.6kn.m

Mu
= 1526 69 550mm
()] 0.9

_ Mn
 b*d?

_ 169.55x10°
800 x (260)>

e 34 3 410 —20.1
0.85x fc  0.85x24

Mn=

=3.135Mpa

2mRn

S
p—m(l 1 5 )
p=L(l_Jl_2(20.1)(3.13$)=O‘008346
20.1 410
Jre 1.4
As . = 4(ﬁ))(b wXd) < (bw)(d) ................... (ACI -10.5.1)
_ 24 4
Al = T (800 )(260 ) < m(soo )(260 )

A5 =621 .33mm 2 < 710/ 25mm 2 —— I The Vare est is control

- 2
Asmin = 710 .25 mm

AS vequireg =1736 .06mm > > As i =710 .25mm 2 ——> ok
As = p *b*d=0.008346 * 800 * 260 = 1736.06 mm>

Use @ 25 >> # of bar =

Then we select (4) bar @ 25

Aspm‘.ded =4%*490 =1960mm?

46




o Check for yielding in bottom

Tension = Compression:

A, x fy =0.85x% fe'xbxa

6x314 x 410 = 0.85x 24 x 600 x a

a =47.33mm

gt 4733

By 0.85

o d 260 —61.85
< 61.85

g, =0.011 > 0.005 —> ok

= 55.68mm

x 0.003

Span 2:
Mu = 208.5 kn.m
Mu
Mn= = -mis—=231.67kn.m
D 0.9
R Mn
bxd?
6
pt OTX10s Bhesiss
800x (260)
£ f 410

m = - = =20.1
0.85x fc  0.85x24

=1_/_2_mR_"
P m(l 1 fy)

- & a- J1_2(20.1)(4.283)
20.1 410

Asea=p *b * d=0.01186 * 800 * 260 = 2466.87 mm>

)=0.01186
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i (bW)(d)< L4 (pw)d)—s(4CT ~10.5.1)

Smin = (}S’)
As o = V24 (800)(260) <——(800)(260)
4(410)

As iy = 621.33mm? < 710.25mm* ——> The ] arg est is control
As i = 710.25mm*

A4S requirea = 2466 .87mm?* > As iy =710.25mm? S

Then we select (5) bar ® 25 ASP,MM =5x 491 = 2455mm’

e Check for yielding in bottom

Tension = Compression:

A, x fy =0.85x% fe'xbxa
5%491x410=0.85x24%x800xa
a=61.67mm
x=i=6ll—72 S55mm

B, 085
= ] 260—-72.55
{ )55
£, =0.007 > 0.005—— ok

x0.003

4.7.2 Design of Negative Moment:
Support 2:

d =320-40-10-10 = 260mm
Mu =263.4kn.m

=292.67 kn.m
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Mn

L igeoner
+6
=M=5,41Mpa
800x (260)°
By R A0 5,
0.85x fc'  0.85x24
1 2mRn
= l-——)
p m( 7
p———( \/ w)=0.0156
20.1 410
Arteq=p *b * d=0.0156 *800*260 = 3244.8mm?>
Use @ 25 >> # of bar = oild.8 =6.61

Then we select (7) bar @ 25 A provided =T7%491 = 3437cm®

e Check for yielding in topping:

Tension = Compression

A, x fy =0.85x fe'xbxa
7x491x410=0.85%x24x800xa
a = 86.3mm

a 863
x—Fl=0—8§—101 .S3mm
e 260-101.53
: 101.53

£, =0.0053 > 0.005—> ok

x 0.003

— ,‘q

Patpciine 8, v etk nig YR e
o
J 49
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Support 3:
d =320-40-10-10 = 260cm

Mu=234.5 KN.m

Mi
Mn=—2__ 2345 _ 56056 KN.m

()] 0.9
Mn
bxd?

. 260.56x10*¢
800x (260)>

m = bi4 — = 40 =20.1
0.85x fc  0.85*24

Rn=

= 4.82 Mpa

sz(l_\FM)zwm
20.1 410

Areq=p *b *d=0.0136 *800*260 = 2828.8mm?

2828.8

Use @ 25 >> # of bar = = 5.76

A4S proviiea = 6* 491 = 2946cm’

Then we select (6) bar @ 25
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e Check for yielding in topping:

Tension = Compression
A, % fy=0.85% fe'xbxa
6x491x410=0.85x24x300%a
a="T7T4mm
a 74

X=—=——=87.1mm
B, 085

e 260—-87.1
< 87.1
g, =0.006 > 0.005——> 0k

x 0.003

4.7.3 Design of Shear for Beam:
Vu,., =295kn

Item 1:

Vu < %(I)Vc

l<I>Vc=lx<I)—“fcxwad
2 2 6

=%x0.75x—\/§——4x800x260=63.7kN

%@Vc < Vu—— Not ok

Item 2:
%(DVC <Vu<®Vc

®Vc=63.7x2=1274KN
®Ve <Vu——> Notok

Item 3:

®Ve <Vu < ®Vc + Vs,




DVs in =0.75 (i) xbw x d
OVs,;, =0.75 (-;-)x 0.8x 0.260x10* = 52kN
DOVs in =(%)x,/fc'wad

TP, = (%) % /ZA% 0.8 % 0.260 x 1000 = 169.8kN => controle

OVe + ®Vs_, =127.37+169.8 = 297.171kN

127.37 <295 <297.17 ——> OK

-6
Av =_1__12 Sreq=3x4x79x10 X410=0.48m
Sreq 3 fy 0.8
' -6
Av il fe Sreq=16X4X79xw X410=0.53m
Sreq 16 fy 0.8x~/24
Spax <d/2<600——> S 322—0=13Omm
Smax = 130mm < 600mm —— Ok
Then select S=10.0cm
Then use @ 10/ 10.0 cm.
?10@10 210@10
L =160 L =160
7925
10 10
PE-TEEREy 10
& 5 3
5025 | J_sl = 49 49
PERRORVE - || S—

Fig.(4-13) section in Beam (B3)




Check if it is one way:

Ly 52
—=——=2.04>2.0 ...One way
Lx = 255 3

4.8 Design of One-way solid slab:

4.8.1 Determination of Thickness and Load Calculation:

=£=—2§=12.75 cm
20 20

Select h=15cm
Load Calculations

D.L=25%0.15=3.75 kN/m?*
LL=25 kN/m?
qu=12%3.75+1.6%2.5=8.50 kN /m>

o qtl, . 8.5%2.8

vu=2 =12.25 kN
* 72 * 2
Mu = q”SL =8 82'8 =833 kN.m

4.8.2 Design of Positive Moment:
d=15-2-1=12cm.

Mn 9.26x10°
Rn = = 5 =0
bd*>  (1000)x(120)

643Mpa

K . ) I A0k pths
085*fz'  0.85*%24

= 1 o f__ZL”E"_
e ol ﬁ)

20.1

1
p==——(1- \/1——*———2(20',14)1(3'643) )=0.00159

20.1

Asreq=p *b* d=10.00159 *100*12 =1.91 cm?*m



* bk ¥1000*120
s o LA%BE4 1.4%1000

min

Fy 410
Not Less than

AS Shrinkage = 0.0018xbx h = 0.0018%100¥15=2.7 cm® /m

= =41 cm*Im

_0.25%[fe' *b*d _ 0.25%/24*1000*120

ASmin Fy 7 410

1‘3*Asreq =1.3%1.91=2.483 cm? /m.....control

100

3.6 cm?/m

Select 1¢12@25cm=>As=2_5x1.13=4.52 em®Im ...OK

e Check for yielding:
Tension = Compression
A B=085% fc' *b¥q
452*%410=0.85*24*1000 *a

a=9.1 mm

x=i=—?—']—=10.71 cm
B 0.85
o2 16 —1.071 %0.003
1.071

£, =0.042 > 0.005

=8l

1

@12@25cm ¢/c T.B L=630cm

Gllz@ﬁcm ¢/c B.B (L=350cm)

Y 5
12@25cm /e T.B (L=350¢m )

212@25cm ¢/c BB L~630cm

Fig. (4-14) Details of Solid Slab

4.8.3 Shrinkage & Temperature Reinforcement in Top Layer:

As =0.0018*b*h
As =0.0018*100*15=2.7 cm® /' m

Select 1412 @ 25cm = Asp. o500 =3.93 cm® | m—— OK

4.8.4 Development Length of Bars:

= f". XxaXxfBxyxd,
2\ f e
410
L, = xIx1x1x1.2=48.99cm.

224

Use: L,=50cm.

[




AS hrinkage = 0-0018xbx b =0.0018*100%15=2.7 cm?® /m
_14*b*d  1.4*1000*120
I 410

Not Less than
0.25*[fc *b*d  0.25%+/24 *1000*120
Asmin. — — —
Fy 410
1.3* 4s,,, =1.3%1.91=2.483 cm’ / m......control

Select 1412@25cm = As = %QXI.B =452 en’im ..OK

AS i =4.1 cm® Im

3.6 cm*/m

4.8.3 Check for yielding: Siel

Tension = Compression

A * fy=085*fc' *b*a g g
452%410=0.85*%24%1000* q S §
a=9.1 mm s 3
i
- L R - T —
B, 0.85 SR
16-—1 071 $12@25cm ¢/c BB L~630am
£, =————"%(.003
1.071

, =0.042>0.005 ........ ok

4.8.3 Shrinkage & Temperature Reinforcement in Top Layer:

As =0.0018*b*h
As =0.0018*100*%15=2.7 cm?* I/ m
Select 1412 @ 25¢cm = Asp, gyigeq =393 cm* Im ... OK

4.8.5 Development Length of Bars:

%
L,=—2—xaxfBxyxd,
21
410
L, = x1x1x1x1.2=48.99cm. Use: L,=50cm.

2424

Fig. (4-14) Details of Solid Slab




4.9 Design of Stairs:

@)
®
@
©)
)
()
®
Q)

12

Fig.(4-15) Plan of stair B

The stairs is designed as one way solid slab for 1-m strip and in this project the stairs

is simply supported.

4.9.1 Limitation of deflection (Determination of slab thickness):
L 0.68+2.7+0.62

Thes == 0.2m
20 20

S h=20cm
4.9.2 Loads Calculation:
Dead Load calculation:
DL of slap = 0252 Y 5.773 kn [ m?

cos 30
Plaskitese X 2 XL o s omi m?
cos 30

Sty 0.5x% 0.3:;).17 x 24 2125 kn ) m®

(0.17+0.3)x0.02 x 22
0.3

Morter =

=0.69 kn/ m?




Tiels sl (0.17+0.35)X003XZ2 = 1.144kn/m2
0.3

Total Dead Loads= 10.241kN/m’.
Factored dead load= 1.2 * 10.24=12.3 KN/m

2

e Live loads = 5 KN/m’.
Factored live load=1.6 ¥ 5=38 KN/m>.

e Factor Loads:
qu= Factored dead load + Factored live load

qu=12.3+8=20.3 KN/m

4.9.3 Design of Shear:

By using ateir program the maximum shear:

(For one-meter of the stair slab)

26.8

37.6 35.6

Fig. (4.16) Envelope shear diagram of stair B
Vu,.. =358kn

(I)Vc=0.75x—é—x,/fc'xbxd

®Ve = O.75%x\/ﬂxlx0.l7XI03 =106 kn
®Ve =106kn > Vu = 35.8 kn—s Ok

No shear reinforcement is required.
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4.9.4 Design of Bending Moment:

By using ateir program the maximum positive moment:

0.68 | 1.35 39.6 1.35 0.62 J.

Fig. (4.17) Envelope moment diagram of stair B

Mu . =39.6kn.m

Mn = 26— =44 kn.m
0.9

ﬁz 410

m= — = =20.1
0.85x fe  0.85%x24

6
GRS o R
bxd®  1000x (170)

2mRn

~Lig- e,
m

1 2(20.1)(1.52)
=——(0-/1-—————"2)=0.0038
2 20.1( \/ 410 )

As=pxbxd

As=0.0038x1000x170=655.65mm>
——>Use®14/20cme/ ¢

4 02 Gw@) | 14Gw)d)
- = e

(ACI -10.5.1)
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_ 0.25124(1000)170) , 1.41000A70) 4y _10.5.1)

A 410 410

As,;, =507.8mm* < 580.5——>thelargercontrol

As . = 580.5mm*
A5 > As .

So select ®14/20cm
4.9.5 Design of secondary reinforcement:

As required for shrinkage and temperature:
As = 0.0018*100%20= 360 mm*/m

4.9.6 Design of Landing:

e Joads Calculation:

Load calculation:

DL slab = 0.02x 24 = 4.8kn/m*

DLPlaster =0.03x22 =0.66kn/m?

DL Morter = 0.02x22 = 0.44kn/m?

DL Tiels = 0.03x 22 = 0.66 kn / m*

D> .DL=6.54kn/m’

LL =5kn/m?*

Total DL(For 1m strip) = 6.54 +18.98 = 25.54 kn / m*
Total LL(For 1m strip) =5+13.32kn /m*

qu =1.2DL +1.6LL
qu =1.2x25.54+1.6x18.32=56.05kn/m
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e Design of Shear:

u = JUxL _56.05x2.8 0 47y
2 2

DVe =0.75%x,/fc'xb><d

Ve = 0.75 x%x\/24 1000 x170 = 104 .1 kn
Ve =10.1kn > Vi = 78.4Tkn ——> Ok

No shear reinforcement is required.

e Design of Bending Moment :

2
Mu = M
8
2
iy LR S TS
Wi - 27 61 03K m
09 09
e B U
0.85x fe  0.85x24
Mn  61.03x10°
R, = = =2.112M;
bxd®  1000x (170)° o
I 2mRn
Pl il )
m B
1 2(20.1)(2.112)
=t 1— 1— = (. 5
P=201" \/ e
As=pxbxd

As,, =0.00545x1000x170 =926 4mm’

0.25,/fc"
s B 5@0’ DE 1'4(’;;")(‘1) a0
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AS i 410 410

As,. =507.8 < 580.5——> Thelargercontrol

As,;. =580.5mm’

2
4s,,, =926.4mm”> > As ;, = 580.5mm
Asreq > As .

- 4s,,, —> Control

_ 0.254/24(1000)(170) , 1.4(1000)(170) _ SEACT -10.5.0)

e Design of secondary reinforcement:
As required for shrinkage and temperature:
ASreq = 0.0018%1000%170= 306mm>*/m

So select ©10/20 cm o

20
D

190

170

0
S

.0’0' 2

9.
KRR

v,
2

9,

2
9,
9,

Q)
Q

o,
’0

9.
9,

038,
OO
.0’0

P,

v,
3

¥,
XX
Q

9,

'.9
QL

0,
>

q
9
9
&R

&R
2
2 &<

9.,
.00
Q

&R

Q

.’

2

9,
9,
2

9,
O

)

9

)

K '.'

20

';:
il
i
|
|
1"l
i
i
i
i
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Fig. (4.18) Section (A-A) in Stair B




(4.10)Design of column:
4.10.1 Design of Short column (C03 - Ground Floor):
4.10.1.1 Design of Longitudinal Reinforcement:
Select column (C03) in the ground floor for design.

P, =2448KN
b = atis 3766KN
E0:65
Usep = pg =1%

Pn=0.8x g x[0.85f¢'(1- pg) + pefy]

3766 x10™ = 0.8 x Ag x[0.85x 24 +(1—0.01)+ 0.01x 410]
Ag,,, =1863cm”.

Use35cmx 55cm = Ag =1925cm® >1863cm®> —> ok
To find p required for Ag = 1925 cm?

The same equation can be applied as follows:

Pn=0.8x Ag x [0.85fc'(1 - pg)+ pgﬁ)]

3766x10* = 0.8%1925*[0.85 x 24(1 — pg) + pg x410]
p =0.0104

4s,,, =0.0104*1925 = 20.02cm’

Select 8¢18—— Asy,,, =20.32em® > 4s,,, =20.02cm®> —s ok

Check if the column is short or long

kL M
bh’ L <(34-12) —L ) <40....eeeee. ACI.10-12-2
I= % ... for rec tan gular sec tion ( r J ( (MZ ))340
A% L, : Actualun sup ported(unbraced)length

7 TE PR K :effective length factor(K =1for braced frame)
= _=\/“———=‘/—=0.3
1 \/; 12xbxh 12 o R :radius of gyration = ’714.

r=0.3x%x0.35=0.105m?

E=10
Lu =225m I: Moment of inertia.
kL, 1x2.25 A: Cross sectional area of the column.
=T - 4 =34
r S

.. Short Column
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4.10.1.2 Design of the Tie Reinforcement:
Spacing <16 xd, (Longitudinal bar.diameter) =16 x1.8 = 28.8cm.
Spacing < 48 x d, (tie.bar.diameter) = 48x1.0 = 48cm.
Spacing < Least.dimension = 35cm
use ®10@20cm
But the spacing between ties must be reduced by the factor of 0.67 in above and
below the slab by a length which must be grater than the long dimension of the

column as follows:

Long diminution for the column = 55 cm

Spacing between ties = 0.67 * 20 =13.4 cm

So, 50 cm below the slab and 50 cm above the slab must the ties be every 10 cm

e 55 | 10— 47
o —] - 55
v | 27 27 27 I::
¥ AR 2
et _ 47 5
80 18 O 10/35 L=168 O 10/35 L=37

Fig.(4.19): Details Of short Column

4.10.2 Design of long column(C 5):
4.10.2.1 Design of Longitudinal Reinforcement:
Select column (CO5) for design. '
Pu=1893.04 KN
Pn = 1893.04/(0.65) =2912.37 KN
rg=15%
Pn=0.8x Agx[0.85 fc'(1- pg) + pef ]
2912.37x10" = 0.8 x Ag x[0.85x24 +(1-0.012) + 0.012 x 410]
Ag,,, =1366.4cm’.
Use30cmx55cm=> Ag =1650cm” >1366.4cm* ——» ok
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Lu=2.75m

M1&M2 =1 :
K=1, According to ACI 318-2008 (10.10.6.3) the effective length factor, k, shall

be permitted to be taken as 1.0.

@_<34_12M_1__> ACI —(10.12.2)
r M2

b b 555593

0.3x0.3

. Long column in35cm direction .

Check slenderness limit:

Zdl=35.7 <100

r
Slenderness limit not exceeded.

E I
El =0.4—2-——>[ACI 318 — 2005 (Eq.10 —15)]
1+ 8,

E, = 4750 [/ fc'= 4750 x ~/24 = 23270 .15 Mpa
2Dl 1.2(1068 .52)

=0.677
Ba Pu 1893 .04
bxh? 0.55 x0.3°3
o= = =1.23 x10 *m*
s 12 danaic
6 -3
Bl = 0. 4% 23270555510 <1 .23 x.10 — 6.827 MN .m>
1+ 0.677
T 2EI
P =————___— ACI 318 — 200 .10 —13
cr (KLu )2 5 (Eq l )

2
pod 3147 x 6180]

= = 8.9MN .
& ([R0x 20507

M1
Cm =0.6+ 0.4(—]‘4—2\)———) ACT 318 —2008 (Eq.10 —16)

Cm =1.... According  to ACI 318 — 2008 (10.10.6.4)
@
5, = —";T—z 1.0 ——> ACI 318 — 2008 (Eg.10 —12)
Il e
07 P,_.)
1

=1.45>1

ns

" 120893 010.75 X 7.99))

63




e =15+0.03xh=15+0.03x300 =24mm =0.024 m
e=ey, X0, =0.024 x1.4= 0.0336

e 0.0336
L 02
From Interactio n Diagram

¢P, __1.893 145
A,  0.3x0.55 1000

P, =0.015
A, =pxA, =0.015x300 x 550 = 2475 mm*

=0.112

=1.663 Psi

Use 1003 18 LA AS srovided =2540mm”

4.10.2.2 Design of the Tie Reinforcement:

Spacing <16 x d, (Longitudinal bar.diameter) =16 x18 = 28.8cm.
Spacing < 48 x d, (tie.bar.diameter) = 48 x1.0 = 48cm.
Spacing < Least.dim ension = 30cm

- Uselgl 0@ 25cm
fLw 55 -
| | 10 47
T J %5
2 2 2 2
Gl 8 5
47
100 18 O 1030 L=158 O 1030 L=42

Fig.(4.20): Detail Of long Colum




4.11 Design of strip footing (Wall Footing):

Load on strip footing:
DL (from the Wight of the wall) =198.4kn/m
DL (from the reaction of the ribs) =344.8kn/m
Total dead load=198.4+344.8=543.1kn/m
LL (from the reaction of the ribs) =34.827kn/m
Determination of the footing width:

(DL + LL) 543.1+34.827
},aII 8 500

.. Footing width =1.2m

Footing width =

Determination of the depth of footing:
Select h=40cm

=1.16m

Pu =1.2x198.41 +1.6x34.827 + 344 .8 = 638.6kn

638.6
U =
Ix1.2

=532.167kn / m?

Design of one way shear:
d=40-7.5-2=30.5cm
Vu = 532.167 x (1—,’.23_(0.2&4- 0.305))
Vu =90.5kn
CI)Vc=(I)%x\/Fxwad

0.75

dVe = V24 x1x 0.305 x10° = 186.77 kn

® Ve >Vu = Depth is ok

No shear reinforcement is required.
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4.11.1 Design of Bending Moment:

0.475
Mu =532.167 x 0.475 x1x 5
Mu = 60.03 kn.m
Mn = 60,035 =66.7Kn.m
6
anM” x10
bxd?
6
n=M=O.717Mpa
1x0.3052
s )% 410 o

= oy =20.1
0.85x% fc 0.85x24

oy g _2mRn
P—m(l ,/1 7 )

Pl ) \/1 ~ 2(20.1)(0.717)
20.1 410

Areg=p *b *d=0.00178 * 1000* 305 = 543.08 mm?
Asmin =0.0018xbx d?

Asmin =0.0018 x1000 x 400 = 720mm>
Ase, >AS,

)=0.00178

A4s .. —> control
- Use®12/15¢m
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4.11.2 Development length of main reinfo

rcement:

1254025

Ld 0.075=0.425m

available —

Jy

L =
s
Forgl 2bars

0 ixix12 = 5020

224

Ld,, =50cm> Ld,,;,,,=425cm

av

apPyd,

Ld

req

8012
@ 12/15

TERTT

NN

Ld,,, =50cm—>control

4.11.3 Design of dowels bars:

}/////////

8| @ 12/15L=145 cm ‘ Q

105
120.0

ASmin = 0.0015 * 100 * 40 = 600mm?>
Use @ 12/20 cm

Ld, . =40-3D—7.5
Ld . =40-3x1.2-7.5 = 28.9cm

Jy

fe

Ld,, =024x—2_db>0.04xdbx fy

\l

For @12 bars

Ld,,, =0.24x i x122>0.04x12x 410
24

Ld,, =241mm >196.8mm
Ld i > Ld,,, —> Ok

Fig.(4.21) Section in Strip footing

4.11.4 Design of secondary reinforcement:

As ., =0.0018 x1000 x 400 = 720mm>
.. Use®12/15¢cm
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4.12 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 (F3) :

4.12.1 Load Calculation:
From Column:
Service dead load (D.L) = 1877.4 KN
Service live load (L.L) = 476 KN.
Total service load = 1877.4 + 476 = 2353.4 KN
Factored load=1.2*D.L+1.6 * L.L
=1.2*%1877.4 + 1.6* 476
=3014.48 KN
Soil weight = 18 KN/m®
Soil depth=1.0 m
Column geometry 40*60 cm
Allowable soil pressure = 500 KN/m?>
Pu =2884.4Kn
Cw=3.75%x0.4%x0.6x24 =21.6Kn
Sw=18x3x1=54Kn
Pu; =Pu+12xCw+1.2xSw
Pu, =3014.48+1.2x21.6+1.2x54 =3105.2Kn
Total service load = 1877.4+ 21.6 + 54 =1953 KN
Where:
Cw: Column weight
Sw: Soil weight
Pu: Factored load from the column
Pur: Total load on foundation

4.12.2 Design of Footing Area:

To determine the required footing area, the total service load will be used

Allowable soil pressure = 500 KN/m?
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Area (A) = Total service load / Soil Pressure
= 2429 KN / 500 KN/m?
= 4.858m’

Try 2.25m * 2.25m Area = 5.06m’ > Required Area = 4.858 m?

For the design of the renforce concerte membre, factored load must be used :

Pu=3015.2 KN

O-Actual T A
Provided

4.12.3 Determination of Footing Depth:
Selecth=50cm ....d =40.5 cm

e Check for one way shear strength

Critical section

SRR @ 0/405=0.6057
D 2

Vu:61367><(-2%5—(%i1 10.409)x2.25=T18N

gVe= ¢.(é X4/ fe xb,, xd)

¢.Vc=0.75*%x@x2.25x0.405=558Kn

Vu="73036Kn>@Ve=54562Kn
..NotSafe

The Foundation Depth must be increased

Selecth=65cm ....d=55.5cm
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2,a=9%0555-0755m
2 2

Vu=61367x (2222 1+.0559)x2.25=51088KN
2

)
¢,Vc=¢,(%xJ}E xb, xd)
¢.Vc=0.75x%xmx2.25x0.555= 7647Kn

Ve=T647Kn>Vuc=51088Kn
.. Safe

e Check for two way shear action (punching)
The punching shear strength is the smallest value of the following equations:

.. 4007
oV, = ¢'§(2+FCJ f.bd

aS
b,/d

o ¢%\/f' b.d

Where:

47, =¢.l[

+2WF bd
TRev

7= Column Length (a) _ 60 B
€ Column Width (b) 40

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

b, =4d +2a+2b=4x0.555+2%0.6+2x0.4=4.22m

a, =40 for interior column

1 4 ' 0.75 4
Ve =gz 2+ 2 W bd=——x 20 —||*0Aa0 1000 = 3346.
e ¢12( ,BCJ e b, 12 x( 1.5) 24 x4.22x0.555%x1000 = 3346.5Kn
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Ve =¢ (

] \/’ 0 B (402(;'2555)x J24 x 4.22x0.555x1000 = 3772.5Kn

bV = ¢1\/de=0—7£x 24 % 4.22x0.555x 1000 = 2868.5Kn

@V, = 2868.5Kn——> Control
Vu =((2.25x2.25)-1.1)x613.67 = 2431.7

¢V =2868Kn>Vu =2431.7.1Kn—> satisfied

4.12.4 Design of Bending Moment:

0.925

Mu =613.67%x2.25%x0.925% =590.7Kn.m
Mn = w =656.33KN.m
0.9
Mn 656.33x10°
Rn = = =0.947 M,
bd>  2.25x 555 o
= i - = A2 =208
0.85*fc 0.85%24
1 f
e 1_2xmen
m f’v
1 2x%x20.1x0.947
=——o-I»I1-_[1— =
¢ o ( \/ 410 ] 00

Asge, = pxbxd=0.00236x225x55.5 =29.47cm*

A4S i, =0.0018xbx k= 0.0018x225% 65 = 26.325¢cm>
Asreq > As min

.. Select ——>15®@16
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15016 1=260m

15016 L=2.60m —Ip16@  sam
~I016@15cm
o
=1
25 210 s
s d
—
o T P 4 3
| s -
™~ ™~ la ol 4
10518
25
225.0
e 225.0 10.0

Fig.(4.22) isolated footing details

/ -
15216 1=260m I ]—Ij T I sl Iﬁ_r_r—l

Fig.(4.23) Section (A-A) in isolated footing
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4.12.5 Design of Dowels:
¢.Pn=¢.(0.85 fc'Ag)
¢.Pn = 0.65x[0.85x 24 x (400x 600)]/1000 = 3182.4Kn
Pu=1.2x1953+1.6x476 =3105.2kn
Pu=31052<®Pn=3182.4
.. Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As;. =0.005x Ag = 0.005x400x 600 =1200mm>
Use®14 —— Select 8D14
e Check for yielding:

Tension = Compression
Asx fy =0.85x fe'xbxa

15x201x410 =0.85x24x2250%a

a=26.93mm
x=i=@=3l.68mm
IS ().8S
o 555—-31.68 % 0.003
31.68

g, =0.049 > 0.005—— OK




4.13 Design of the well (water tank):
Select the thickness of the walls =30cm.

e Design of bending moment:
Mu oy =20 kn.m

Mn = & =222knm
0.9

s, A0
0.85fc 0.85x24
Mn _ 22.2x10°

Rn

=== = 0.49Mpa
bd®  1x0:2132

w1 - 1_2x20.1x0.49 =0.121
410

ASgeq. =pxbxd =0.00121x1000x 213 = 257.7mm?
As i (Veirtical ) = 0.0012 x b x h = 0.0012 x 1000 x 300 = 360mm?
AS i > AS g

AS iy —> Control
S Use®12/25¢cm

As i (Horizantal ) = 0.002 x b x h = 0.002 x 1000 x 300 = 600mm >
= Use®12/20cm

3

(local)
m/m
<=-15.5
-13.3
-11.1
-8.89
-6.68
-4.47

000000000000EE0E
Ippal0AaNap
NAN Sﬂﬁqﬁm

>=18.9

Fig (4.24) Moment dig. of well
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4.13 Design of the well (water tank):
Select the thickness of the walls =30cm.

e Design of bending moment:

Mu . =20kn.m
Am=33=zzzmM
0.9
m= b4 = etild =20.1
0.85fc 0.85x24
3
Rn Mn 22.2x10 — 0.49Mpa

" bd? 1x0.2132

m \’ fy

. 1L [1_\/1_:7.><20.1><0.49J=0_121

20.1 410

Asge,. = pxbxd=0.00121x1000 x 213 = 257.7Tmm*

AS i (Veirtical ) = 0.0012 x b x i = 0.0012 x 1000 x 300 = 360mm>
As,m-n > As,eq

As iy —> Control

> Use ®12/25cm

As i (Horizantal ) = 0.002 x b x h = 0.002 x 1000 x 300 = 600mm >
- Use®12/20cm

(local)

<=-15.5
-13.3
-11.1

000000000000EEOE g
SapiBOANA MGG
NAN Bwﬁugyzgg

>=19.9

Fig.(4.24) Moment dig. of well
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Fig.(4.25) Details of well




4.14 Design of Shear Wall:
4.14.1 Weight of the Building:

= DI* Area+ L1* Area* 0.25
=(0.35%8.84*3000+(4.7*8.7)*0.3*25*%2+131*75 = 19656.9KN

w

Jor one floor

Jorbasementfloor (-2)

Wforbasemengﬂoor(—l) = 196569

W trgomions = 0.35%8.84%3000 +549.9+136 * 5% 25 = 25284.9KN
Wforﬁrsdlaor = 25284 9KN

4 =21884.9KN

for sec ondfloor

W trsicaionr = 25284.9KN

(4

W toros = 366.6KN

4.14.2 Calculation of shear force on shear walls:
From Uniform Building Code 1997 (UBC):
7=0.3 zone "3"
R=5.5
I=1
Ca=0.24
Cv=0.24
hn=20m
Ct=10.02
Where:
Z=Seismic zone factor as given in table 16-1.
R= numerical coefficient representative of the inherent over strength and global
ductility capacity of lateral force resisting systems, as set in Table 16-N or 16-P.
I= importance factor given in table 16-K.
Ca = seismic coefficient, as set forth in Table 16-Q.
Ct = numerical coefficient gjven in section 1630.2.2.
Cv = seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height above the base to level i , 7 or X, respectively.
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m=@lp

T =0.0488(20)"“ =0.46

V1=Cv.I

0.24*1

RT

5.5%0.46

V =0.095*W =0.095* 55474.73 = 5270.1KN ——> Control
F,=0.07*T*V =0.07*0.46 *5270.1=169.7KN

Eq.... 30-8 (UBC)

*W = 0.095W —— Control

Table(4.2) Calculation of the total Fx.

Floor W(EKN) | V(KN) [ HM) |Ft(KN) | (V-Ft) | (W*H) Fx
Roof 770 5270.1 |20 169.7 5100.4 | 15400 126.9
fourth 11330 | 5270.1 |17 169.7 5100.4 | 192610 1587.1
thired 11330 | 5270.1 |14 169.7 5100.4 | 158620 1307.03
second 11380 15270.1 |11 169.7 5100.4 | 124630 1026.95
first 11215 5270.1 169.7 5100.4 | 89720 739.2
ground 9499.23 | 5270.1 |4 169.7 5100.4 | 37997 312.6

Vu = Fx *18%

Table (4.3) Moment and Shear Values
Floor YFX Vu Mu

Roof 296.6 53139 160.17

fourth 1883.7 339.06 1837 .52

thired 3190.73 574.33 4237.86

second 4217.68 759.18 7692.75

first 4956.88 892.2 19888.38

ground 5269.48 948.5 34755.02
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269.6 ;

18837

3.00

319073

2.00

4217.68

210

4956.83

400

8922

19838.38

5269.48

4900

9435

34755.02

Shear Wall Shear Dig Momert Dig,

Fig.(4.26) Moment and Shear Diagrams

4.14.3 Design of shear wall:
Fc =24 MPa

Fy =410 MPa

t=25 cm .shear wall thickness
Lw = 5.70 m .shear wall width
bw=20.00 m story height

e Design of the Horizontal reinforcement:

Internal forces & moments:

> Fx="Vu="5269.48KN

Design it by using Reinforced concrete:

Vu = 948 .5KN
Vn =Vu /0.75 = 1264 .67 KN
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Design of shear

d=0.8%Lw=08%5.7=4.56m

Ve=Lx [Zoen+d = %«/25.5 %250 * 4560 = 930.8KN
6

Vs =Vn —Vel

~.=1264.67 —930.8 = 333.86 KN

(ﬂ)_ Vs  333.86*10*
S2) Fy*d  410*4560
Avh

€
S2 = £S’K= 57001140 /5 = 960 mm

=0.178m

) =0.0025 * = 0.0025 *250 = 0.625 mm

§2=3*h=3%250 =750mm
select —> 2910 —> As =158cm2

iv_ =0.625mm > 0.178
S2

158 _ 0625 - 52 =252 .8mm
S2

Select ——> S2 =25cm < Sreq =25.2cm
S2selected =25cm <75cm <114cm

use — 2910 @ 25c¢m (¢ / ¢)in 2layer

Select 2@ 10/ 25cm In tow layer

. ¥ /"/______\
A i /I//.
, ,’/
25025 / 210@25 ?10@25,L=560 212@201~100 25025
!’ ( -
\-%‘__, >
; B 430 g

Fig.(4.27): Section in shear wall
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Design of the Vertical reinforcement:

hw., Avh

= — = )E=-0.0025))S,
Pin = (0.0025 + 05(2.5 lw)( Sk ))Sihy
L CUBEROR
i 5

w

Avn =0.0025x S, x i,

S, =11, =1xs57-1900mm
S

S, =3xh=3%x250=750mm
Select 2410 With area As =158mm’
158 = 0.0025x S, x 250

o8] =252.8mm

Select S| = 25cm < 25.2cm

S =25cm < 75c¢m <190cm

—> Select2¢10/25cmc/ ¢
Select 2@ 10/ 25cm. In tow layer

4.14.4 Design of bending moment:

Mn = 10780.4 KN.m

S (ﬂj .
45) 45

@ c0.1
C=1.267-0.1x5.7=0.697m

Select The boundary element = 70cm > 69.7cm

L 3
Asv=4s, =~11Vx As, —> =—56—Zx158 =2251.5mm’
s :
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Ly 1 =0.06
Lw 2+0.85** fc* Lw*h*(A4s* Fy)

Liggd 1 : —~0.0403
Iw  240.85%0.85%24x5.7%0.25%(2251.5x10° x 410)

Z
Mu =O.9xFny.5xAstWX(l—(E/ZD =

0.0403
2

M, = 23990.04 — 2320 = 21671.04 kn.m

0.9%410%0.5%2251.5x107° x5.7*(1- )=2320kn.m

Aipe s Ml =21671.04x106/0.9
fx(Lw—Cw) 410x(5700—700)

As =11745.8 +(6x113) =12423 .8mm*

. Used25——> Select 25¢25

=11745.8mm?*

:3 J
2 |
3

Fig.(4.28): Details of shear wall
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4.15 Design of Matt Foundation:
4.15.1 Load calculations:
D.Ly.=0.25%25%25*%1.0 =156.25 KN/m

Elevator = 40 KN
Pu=2000 KN

4.15.2 Calculation of the required area of footing ( Approximate Solution ):

Pu
Areq
2000
Areq
select ...Area =2.60 *2.60 = 6.76 m> >4 m*> —— ok

<1.4*500

<1.4*500 —— Areq >4 m?>

4.15.3 Design of shear
d=65-75-1-1=555cm

$Ve =0.75 *%* fe'*bw*d

$Ve =0.75 *%*424 *1000 *555 = 340 KN

Vit o =560 KN / m?
¢.Vc =340 KN > Vu =310 KN ——> OK
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4.15.4 Design of bending moment
By using the StaadPro.2007 software to analyze the foundation, the moment result

is as in the following chart:

§§

=-71.3

O = m
g2

~495
-423

[Sf=T=T=T=)
B R 8&
0N

-13.2

=)
I,
-

15.8

oooooE
588 ;
0 W =

N=

=448

Fig.(4.29) Moment in X-direction

u}
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132
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oooooono
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SEd

@S
g
o

>=448

Fig.(4.30) Moment in Y-direction
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e Design In X-directions:
h =65 cm
d=65-7.5-1-1=555cm.
Fy =410 Mpa.
fc' =24 Mpa
Design of negative moment:

—ve Muy, = 71.3KN .m

Mn =2 T3 g9 2 kN m
g 09
* 6
it T2 100 L
b.d® 1000 *555
= -ﬁ) =
0.85 fc'
* *
=Ly [j_2mRn)_ 1 1_\/1_2 20.1*0.25 | _ 1 000613
m Vi 20.1 410

As,, = p*b*d =0.000613 *1000 *555 = 340 .5mm >
AS 1y = 0.0018 *b* k= 0.0018 *1000 * 650 = 1170 mm >

AS i =1170 mm* —— Control
Select ¢16 @ 20cm

e Design In Y-directions:

Design of negative moment

—ve Muy =71.3KN .m 'Q,}
Mn = M T3 o okl
4 09

Mn 79.2*10°

bon = e 2 = 0.25M
bd® 1000 *5552 %
= olV & 4S5y
0.85 f¢'

1 2.m.Rn 1 2E00011% 025
p—— -t e 1-\/1_—\-_ 0
m ( 5 ] 20.1 ( 410 .

As ., = p*b*d =0.000613 *1000 * 555 = 340 .5mm 2
As oy, =0.0018 *5* h = 0.0018 *1000 * 650 = 1170 mm >

As i =1170 mm > —— Control
Select $16 @ 20cm
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¢ Design the secondry reinforcemnt:

As i =0.0018 xbw x d
As . = 0.0018 x1000 x 555 = 1170 mm 2
. Use ¢16 / 20cm in two direction .

2@16/20 cn 1.=295 cm

| q 245 g|
=) =
S S
e =
25 ]
| | =
o
wy
&
ol e @ ‘@
=) o
g (o8] 4 = =
- o~
S
‘\2!
S
=
]
(=]
K
=] o
=] =)
el 200 10.0

10.0

Fig.(4.31) Mat foundation details

8-

o

Fig.(4.32) Section in Mat foundation
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As =area of non-prestressed tension reinforcement.

A= area of non-prestressed compression 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.

C.= compression resultant of concrete section.

Cs= compression resultant of compression steel .

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension
reinforcement.

Ec = modulus of elasticity of concrete.

F:= compression strength of concrete

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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.

e LL = live loads.

e Lw = length of wall.

e M = bending moment.

® Mu = factored moment at section.

e Mn = nominal moment.
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e Pn = nominal axial load.

e Pu = factored axial load

e S = Spacing of shear in direction parallel to longitudinal reinforcement.
e Vc = nominal shear strength provided by concrete.

e Vn = nominal shear stress .

e Vs = nominal shear strength provided by shear reinforcement.
e Vu = factored shear force at section.

e We = weight of concrete .Kg/m?>.

e W = width of beam or rib.

e Wu = factored load per unit area.

o @ = strength reduction factor.

e €. = compression strain of concrete =0.003mm/mm.

e & = strain of tension steel. °

e & =strain of compression steel.

e p= ratio of steel area .
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