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Structural Design for A +Building in Palestine
polytechnic university

Prepared by
ALI ABU SWAY AYMAN SOLAYMEA LOAT AL-ARAMEEN

Palestine Polytechnic University

Abstract

Palestine polytechnic university faces studying stress, due to lack in studying halls
caused by increasing in student’s number.
For these reasons the university always tries to develop its curricula and its building .
it opens new building to satisfy the student number .the university administration
start to collect all faculties in one place , in order to put its student in good
atmosphere.
The graduators of applied science college enhance developing science in this time ,
so the administration of the university start to establish a new building near the old
one of this college to increase its ability .
The previous studies are a wealth by its ideas, so the researcher may benefit of its
results.
This study concern of the following:

e Studies are made in previous subjects "reinforcing concert

e Graduation studies which talk about designing

e Inthis study , we follow the architectural designing studies which
suggest for this study , then we follow the establishing work which
begin in columns and beams , then we define load and the best design
system in order to choose the best with its elements , then , we go to
design all of structural element completely with its details ,and finally
we make the applied and structural plane completely with its details.
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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.

LL = live loads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

XV



Pu = factored axial load

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

Vn = nominal shear stress .

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wc = weight of concrete .Kg/m?.

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

€: = compression strain of concrete =0.003mm/mm.
&; = strain of tension steel.

€& =strain of compression steel.

p = ratio of steel area .

XVi
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Chapter Four

Structural Analysisan

Structural Analysis and Design

(4-1) Introduction.
(4-2) Deter mination of thic
slabs (T section).
(4-3) Load Calculations.
(4-4) Design of topping.
(4-5) Design of Rib (R20) at ground fl
(4-6) Design of Beam (B23).
(4-7) Design of One-way solid slab.
(4-8) Design of Stairs.

9) Design of column.

ign of Mat Foundation.
of Shear wall.




(4-1) Introduction:

The structural design for the A+ collages PPU University:

In this chapter we will analysis and design several structural elements that will be
designed according to the ACI code, and by using the finite element method using
many computer software such as "ATIR" and "Prokon™ to find the internal forces,
deflections and moments for all the structural element in order to design the elements.
There are two types of slabs: one-way ribbed and solid slabs, several type of beam
such drop beam and hidden beam, different type of columns rectangular and circler
and many elements that would be analyzed and designed and then hand calculation
would be made to find the required steel for example for some structural elements in

this project such beam and rib.

(4-2) Deter mination of thickness of ribbed slabs (T section):

According to ACI-Code-318-Rm, the minimum thickness of non pre stressed beams
or one way slabs unless deflections are computed, given in table (9.5.a), as follows:
For Rib (R22) in the Ground Floor, as shown in fig (4-1) and hig. (4-2).

N =" \ a7

€
|
|
-
!_
|
|

Fig. (4-1) Rib (24) Elevation|




Halaw Block [ Zdem) —

Fig. (4-2) Section of one way Rib

hmin for simply support = % ........................ ACI-318-02 (9.5a)
=510 31 8em (for rib 18)
16
. L
hmin for one-end continuous = ——
18.5
= 530 _o86cm (for rib 21)
18.5
. L
hmin for both-end continuous = 21
- 39 =26.4 cm (for rib 24)
21
. L
hmin for cantilever = §
= % =23.75cm (for rib 16)

We selected h =32cm...... For Rib (18) in the ground floor 32 cm controls



(4-3) Load Calculations:-

Dead load:
Tiles

Mortar

Coarse Sand Fill
Topping

Block

Concrete Rib
Plaster

Nominal Total Dead Load =

0.03x0.52x22
0.03x0.52x22
0.1x0.52x17
0.08x0.52x24
0.24x0.40x10
0.24x0.12x 24
0.02x0.52x22

= 0.34 kN/m /rib
=0.34 KN/m / rib
= 0.88 KN/m / rib
=1.04 kN/m./rib

=0.96 kN/m /rib
=0.72 KN/m / rib
=0.23 kN/m /rib

0.34+0.34+0.88+1.04+0.96+0.72+0.23 =4.51 kN/m / rib
Nominal Total live load =5x0.52x1 =2.6 kN/m/ rib

451

Total dead load = ——= = 8.67 kN/m?
0.52

Total live load =5 kN/m?



(4-4) Design of topping:

qu=12DL+16LL
Dead load = total dead load — dead load of one rib

_ 451 072 _ 7.29 KN/m?.

OPPINGT 5 55 " 0.52

% = (1.2x7.29) + (1.6x5) =16.75 KN/ m?
For a one meter strip g, =16.75/1.0

% =16.75 KN/ m
Assume slab fixed at supported points (ribs):

v =% x1? 16.75x (0.4)?
12 12

bx h?

= 0.223kN.m

Mn =0.42+fc’ x

* 2
=042 24 xw — 2.2kN.m.
f xMn=055%2.2 =1.21kN.m
£ Mn=1.21KN.m> Mu = 0.223kN.m

No structural reinforcement is required.
Therefore, shrinkage and temperature reinforcement must be provided
r =0.0018 ACI-318-02 (7.12.2)

As =1 xbxh=0.0018x100x8 =1.44cm’/1Im
Use 18/25 cm (4$8/1m), with As =200 mm?/1m in both directions.

As =2.0cm’*/m> As_ . =1.44cm’ Ok



(4-5) Design of Rib (R24) at ground floor:

Fig. (4-4) Spans Length of Rib (R2




Using "Atir" software for the following values of the envelope moment and shear

diagram:

Fig. (4-6) Envelope Shear Diagram of Rib (R24)




(4.5.1) Design of negative moment for rib (R24):

Effective Flange width (b.) ... ACI-318-02 (8.10.2)
be For T- section is the smallest of the following:

be =L/4=55/4=138cm

b, =12 +16t=12 + 16 (8) = 140 cm

b < center to center betweenrib =52 cm

Control .......... 52cm

Maximum negative moment is Mu= -23.1 KN.m

Mn = E—2567kNm
0.9

d=h- cover—CDS—fE—SZ 2—08—%—2850m

_ fy _ 410
0.85x fc  0.85x24

=201

Mn _ 25.67x107°

Kn = > = > =2.63Mpa
bxd® 0.12x(0.285)
1 2mkn
p=—(- - )
m fy

2x20.1x2.63
—(1- (1-(————)) =0.0069
e l( (\/ ( 210 ))

Asreq. = 0.0069 *120*285 = 236 mm’

!’

fc 1.4
As .. =0.25"——bwxd >—Dbwxd.........ccocvrrnn. (ACI -105.1)
(fy) fy

J24 1.4

As,, =0.25-—_120x285=102.16 > ——120x 285=116.8
(410) 410

As . =102.16mn7 <116.8mn7 ............. the larger is control



As,,, =116.8mn7
As., =236mm’>As; =116.8mm’ ... controls
No. of bars = As/ AS par = 236/154 = 1.53 bars

Select 2 ® 14 mm

e Check for yielding:
Tension = compression
Asxfy=085xf xbxa

2x154x 410 = 0.85x 24x120x a
a=>51.6mm
c= &350 60 68mm
b, 085
o _ 224.3x0003
; 60.68
e. = 0.011> 0.005

= Ok

, Note Agp14 = 1.54 cm?2



(4.5.2) Design of positive moment for rib (R24):

e Spanlé& 2
Use Mu max. Positive = 25.4 KN.m
Mn =25.4/0.9 = 28.22 KN.m

Determine whether the rib will act as rectangular or T-section:
®Mn= & x0.85x fcx bfxhf (d-hf/2)
=0.9x0.85x24x0.52x0.08 (0.285-0.08/2)
=187.12 Kn.m
dMn>Mu

Then design as a rectangular with b, =52cm

. fy 410
0.85x fc  0.85x24

20.1

-3
Mn _ 28.22x10 — 0.663MPa

Ky = 2 2
bxd® 0.52x(0.285)

2mkn

fy

r :1(1— 1- )
m

Lol (1_\/1_(2><20.1><0.663)):0.0016
20.1 410

As=r xbxd

As,,, =0.0016 x 520 x 285 = 237.95mm 2

ps.. =0253" pwxd
fy

> %bWx d (ACI —10.5.1)



Nen

As,. =0.25~°"120x 285=102.16 mn?
410

ﬂ120 x 285 =116 mn’
410

As . =102.16mm’ <116mm’.............the larger control
As . =116cm’
AS1eq =237.95mm*>Asin=116mm- ....... ok

So select 214
A =2*154 =308 mm2.

e Check for yielding

T=C
Asxfy=0.85x f xbxa
2x154x410=0.85x24x520x a

a=11.9mm
2 119 =14mm
b, 0.85
o - 271x.003 _ 0543

S

e, =0.058 > 0.005
= 0Ok



e Span3
Use Mu. Positive = 16.1 kKN.m
Mn =16.1/0.9=17.89 kN.m

fy 410

m= = =20.1
0.85x fc  0.85x24

Mn 17.89x107°

ky=—7= >=0423 MPa
bxd?  0.52x(0.285)
m fy

Lo (1_\/1_(2x20.1x0.423))=0_001
20.1 410

As=r xbxd

As,, = 0.001x520x 285 =154.46 mm?

ps. =0253" pwxd
fy

> %wa d (ACI —10.5.1)

As,. = 0.25%120 x 285 =102.16 mn?

ﬂ120 x 285 =116 mn’
410

As . =102.16 mm’ <116 mn’.............the larger control
As =116 mm’
ASreq. =154.46 mm*>Aspin=116mm~ ....... ok

So select 2912
A =2*113 =226 mmzZ.



e Check for yielding
T=C
Asxfy=0.85x f xbxa

2x2.26x10%x410=0.85x24x520x a
a=17.5mm

c=2 115 o055mm
b, 085

o, 20443003 o o0
20.55

e, =0.039 > 0.005
= 0Ok



(4.5.3) Design of shear for Rib (R24):

ACI - 318 — Categories for shear design:
Vu =26.3 kN
Use ®©10 with two legs

Av = 2x 79 =158 mm?

1. Iteml:dVc>Vu

(DVC:d)\/é—bede

=®Vc=0.75x% \/2_4><120><285

= 20.94kN

Since ®Vc<Vu not control

2. ltem 2
1
ECDVC <Vu<dVe

® Vc=20.94 kn

%QDVC = &294 =10.47Kn

Not control

3. ltem3
dVe <Vu < dVe+ dVs,

OVs

min —

>2><bW><d
3

®Vs,, =0.75 (%) x0.12x 0.285x10° = 8.55kN



dVs,,;, Z%X Jic xbwx d

Vs =%>< 24 x0.12x0.285x10% =10.47 KN control

min

®dVc+dVs,,, =10.47 + 20.94 = 31.41kN
Vu=20.94kN < dVc+ dVs,,, =31.47kN control

Minimum shear reinforcement is required

AV 1w
Se 3Ty
Av 1 ,fc
— > x bw
S« 16 fy
Soex 393600
2
-6
ﬂzlb_vvz> Sreq _ 3x2x79%x107° x410 _1.62m
S. 31y 0.12
fc' -6
ﬂzi bW Sreq:2><79><ZI.0 X16X410:1.76m
S 16 fy V24 % .12
s <9<600ms. =20 _1425m
2 2
d
Then Select S =14cm <E ............... ok

Select 1 ® 10/ 14 cm



(4-6) Design of Beam (B23).

Introduction:

The design of beams must be comply with the ACI-Code requirement for both the
strength and the serviceability. Beams must be designed for flexure and shear.

*For continuous beam (spans are not equal) we used analysis for many loading
patterns & Envelope for results was taken by using Atir.

* Main positive and negative reinforcement according to the moment values obtained

from Atir analysis.

Beam 23

Fig.(4-7) Structural Plang




(4-6-1) load calculation

Fig. (4-8) Span Length of Beam (B23)

Using "Atir" software for the following values of moment and shear:

—217.
-168.7 o~ —164.6
N

N

g zaie >
I

P I
f 1.31:11.25 &

Fig. (4-10) Envelope Shear Diagram of Beam (|




(4.6.2) Design of positive moment for beam (B23):
e Spanl
d =320-40-10-10 = 260mm
Mu=111.9kN.m

M
Mn =L:%=124.33kNm
() 0.9
m= fy - = 410 =20.1
0.85 x fc 0.85 x 24
K, = an = 124.33 > = 2.3MPa
bxd 0.8x(0.26)
1 2mkn
-~ (- /1_ lLALE
r m( ( fy )
1 2x20.1x2.3
- - i (B0 006
' 20.1( \/ ( 410 )
As=r xbxd

AS,,, = 0.006 x800 x 260 = 1248mm

4 fc’
As,. >0.25 (bw)(d)
(fy)
1.4
> (bw)(d )i (ACI -10.5.1)
fy
As,. = 025 Y24 800 260 = 621.33
(410)
1.4

=" x800x 260 = 710.25 mm’
410

As . =710.25mm’ > 621.33mm’ .............the larger control
As,;, = 710.25mm’
As,o, =1248mm* > 710.25mm?

# of bars = % =6.2 select 79016
201



e Check for yielding:
For spanl

A =7x201=1407 mm?2.
T=C

Asxfy=0.85x f xbxa

1407 x410=0.85x24x800x a
a=35.34 mm

c= & _353_ em
b, 085

e - 2218.3x.003 _ 1.
416

e, =0.015 > 0.005
= 0Ok



e Span?2

d =320-40-10-10 = 260mm
Mu =159.3kN.m

Mu
Mn:—:%:lﬁkN.m
) 0.9
me_ ¥ 40 5y
0.85x fc  0.85x24
-3
G - M _ 177x10 __327MPa
bxd® 0.8x(0.26)
1 2mkn
r=—@-1-( )
m fy
Lo 1 (1_\/1_(2xzo.1x3.27))20_0088
20.1 410
As=r xbxd

AS,,, = 0.0088 x 800 x 260 = 1820mm 2

As ;. >0.25x “ch xbwxd

y
ZHXbde .................... (ACI —10.5.1)
fy
As. =0.25 Vo4 x 800 x 260 = 621.33mm?
(410)
1.4

=" x800x 260 = 710.25 mm’
410

As . =710.25mm’ > 621.33mm’ .............the larger control
As_ . =710.25mm’

As,., =1820mm?* > 710.258mm’



# Of bars = @ =8 select 8918
254

e Check for yielding:
For span2

A =8x254 =2032 mm2
T=C

Asxfy=0.85x f xbxa

2032x410=0.85x24x800x a
a=51mm

c:i:i: 60 mm
b, 0.85
e, = 200 x.003 _ 001
60

e, =0.01>0.005
= 0Ok



(4.6.3) Design of negative moment for beam (B23):

Mu =168.7kN.m

Mu
Mn=——= % =187.44 kKN.m

@
me_ Y 40 504
0.85x fc 0.85x24
-3
K, = Mn2:187.44><102 _ 346 MPa
bxd 0.8x0.26
; :1(1— 1- 2mkn)
m fy
Lot (1_\/1_2x20.1x3.46):0_009
20.1 410
As=r xbxd

AS,,, =0.009 x 800 x 260 = 1872 mm?’

o> 0.25*/W
(fy)
1.4

'—fyx bwx d (ACI —10.5.1)

As

m

xbwxd

24
(410)

x 800 x 260 = 710.25 mm?

As,, =0.25 x 800 x 260 = 621.33 mm?

1.4

As . =710.25mm’ > 621.33 mm’ the larger control
As,;, = 710.25 mm’
As,,, =1872 mm’ >710.25 mm’

# of bars = @ =7.37 select 818
254



A =8x 254 = 2032 mm2,

e Check for yielding
T=C

Asxfy=0.85x f xbxa
2032x410=0.85x24x800x a

a=51mm
c:i:i:w mm
b, 0.85
e, 200x0.003 001
60

e, =0.01>0.005

= ok



(4.6.4) Design of shear for beam (B23):
ACI - 318 — Categories for shear design:
Vu =168.1 kN
Use @10 with 4 legs

Av = 4x79 =316 mm?

Item 1:
dVe >Vu

d)VC:@\/é—bede

=(I)VC:O.75><\/§_4><800><260

=127.37 kN

Since ® Vc<Vu not control

Item 2:
1
ECDVC <Vu<®dVce

®Vc=127.37 kn

%CDVC = @ =63.7 Kn not contol

Item 3:
dVe <Vu < dVe+ dVs,

DdVs

min =

>9><bW><d
3

®Vs,, =0.75 (%) x 0.8 0.26 x10% = 52kN



dVs,,;, Z%X\/WX bwxd

min

Vs =%x 24 x0.8x0.26x10° =169.8 kN........

®dVc+dVs,,, =127.37 +169.8 = 349.20kN
dVc<Vu < dVe+ dVs,

127.37 <£168.7 < 349.20

b_W _3><4><79><10_6><410
fy red 0.8

B 4x79%x10°° x16x 410

e \/ﬂx 0.8

S <9S600
2

=0.53m

max —

=S :26:13cm

max 7
d
Then Select S=12.5cm < E ............... ok

Select 1 & 10/12.5 cm.

=0.48 m

control
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Fig (4-11) Steel of Beam (B23)

Fig (4-12) Section (A-A) of Beam (B23)




(4-7) Design of One-way solid slab

Fig (4-13) One-Way Solid Slab Plan€

(4.7.1) Check if it'sone way

ﬂ = E =2.8>2.0 ...0ne way
Lx 5

(4.7.2) Deter mination of thickness:

=£=ﬁ=24cm
20 20

SHect h=25cm



(4.7.3) Load Calculation

D.L =10KN /m?

L.L =5KN/m?

From Ater Por.we get
V, =63.9KN

M, =85KN.xM

(4.7.4) Design for positive moment:

d=250-20-12=218mm

nzm:§:94.4 KN.m
09 0.9
Mn 94.4

n= 5 = 2 = Mpa
bd® ~ (1)(0.218)

_ fy 410 0.1

m = - = =
0.85* fc 0.85*24

; =l(1_ 1- 2mKn)
m~ fy

r :i 1— /1_L’<2M =0.0051
20.1 410

As, =1 xbxd
=0.0051x1000x 218 = 1090mm?
ASe 1090 _
Ad16 201
use6f 16/ m

Usef 16 @ 20cmc/c

#of bars=



As,. =0.0018xbx h=0.0018x1000 x 250 = 450 mn?’

As,;, =450mm’ < As,,, =1090

# of bars:@ =4
113

Usef 12@ 25cmc/c

(4.7.5) Check for Strain :
Tension =Compression

A x fy=0.85x fc' xbxa
1206 x 410 = 0.85*24*1000* a
a=2.42cm
c:i:£:2.84cm
b, 0.85
~21.8-284

eS
2.84
e, =0.02>0.005 ... ok

*0.003

(4.7.6) Shrinkage & Temperature Reinforcement in top layer:

As ;. =0.0018xbxh

As.. =0.0018x1000 x 250 = 450

# of bars=@:6
79

Usef 10@15cmc/c



(4.7.7) Development length of the bars:

f
Ly, =——2~—=xaxbxgxd
d 2\/TC b
_ 410
2+/24

L, x1x1x1x1.2 =48.99cm

Usel, =50cm

B39 (3

Fig (4-14) Steel of One-Way Solid Slab|




(4-8) Design of Stairs:

IFig.(4-15) Top view of the Stair|




Fig (4-16) Moment Dig. Of stair

Fig (4-17) Shear Dig. Of gtair




(4.8.1) Deter mination of Slab thickness:

_ shan
min 20
h - 0.975+ 225 +0.975 _021m

Use h,, =25cm

(4.8.2) Load calculation:

Dead L oad:
Tiles — (0.17 +0.35) x 0.03x 27 069 KN/m
0.3
Morter — (0.17+0.3)x0.02x 22 076 KN/m
0.3
Stair - 0.5x0.3x0.17x24 204 KN/m
0.3

Concret = M =6.93KN/m

cos 30
Plaster = M =051KN/m

cos 30



Total Load:

D.L,, =10.93KN/m
LL,, =5KN/m

Factored load
q, =12D.L+1.6L.L=12x10.393+1.6x5=21.116 KN/m

For one meter Strip, qu =21.116 KN/m.
From ater pro.We get

Mu =38.4 KN/M

Vu =31.3 KN/M

h =25cm

Assuming @ 12 for main reinforcement-:
So, d =250-20-6 =224 mm..
Take d =22.4 cm

(4.8.3) Design of shear:

Vu =31.3 KN.

fyf.

_0.75x+/24 x1x0.224x10°
6

Vu =31.3 KN< @.Vc =137.2 KN.

fVc =137.2KN

No shear Reinforcement is required OK .



(4.8.4) Design of Bending M oment:

= Mu =38.4 KN.m.
Mn,, = U _ 384 _ ) 67 KN.m
09 09
d =22.4cm.
n Kn :M_nz
b-d
-3
( _2OTA0°
1x0.224
A
0.85x fc
MO o0
0.85x0.24

:i 1- 1_2mKn
m f,

_i(l_\/l_2><20.1><O.85]ZO.0021

=

"~ 201 410

As req =0.0021x1000x223 =472
e
As . > bw)(d
] min 4(fy)( w)(d)
2'—fy(bW)(d)

/i

min 4(410)
696.12 < 764.9
0 As,,, = 764.9 mm’



Asmin =764.9>Asreq =47

ASmMin =764.9mm’.......... Control.

# Of Bars = w =496
154

Usef 14 @ 20cm............... With As=1000/ 200%153 = 765mm?2,
(4.8.5) Check for yielding:

= Tension =Compression
A * fy=0.85*fc'*b*a
765x 410 =0.85*24*1000 *a
a =15.38mm
2. @ =18.1mm
b, 0.85
224 -18.1
e, =————
18.1
e, =.033 > 0.005—— ok

*0.003



(4.8.6) Development length of the bars:

fy
Ly = —xa xbxgxd,
2y f e

L, = el x1x1x1x1.2=585.83 mm

d_ZXM

L, =60cm

(4.8.7) Secondary reinforcement:

As:%xAsreq :%x765:153mm2

ASqinage = 0-0018x bx h = 0.0018x 1000 x 250 = 450mm*

Usef10@15cm................. With As = (1000 /150) *78.5 = 524mm?.



Fig (4-18) Detail of reinforcement for Stair Al




(4-9) Design of column

(4.9.1) Design of Short column  (col .07)

(4.9.1.1) Load Calculation:

p, = 5000KN
5000
Prreg =g g5 = 1092.30KN

User =rg=1.6%

(4.9.1.2) Design of Main Reinfor cement:

Pu=0.8x Ag(0.85x Fc" + r g(Fy-0.85Fc")

7692.30x10"° = 0.8Ag(0.85x 24 + 0.016(410 — 0.85 x 24)
Ag = 3410.5cm?’.

Use 60cmx 60cm=> Ag = 3600cm’

7692.30x10" = 0.8x 3600 x 102 x{0.85* 24 + r g(410 — 0.85 x 24)
rg=00162>r . =001
Ayeq = 0.0162 x 360000 = 5832mm?

Usef 12@25  As provide = 5880 mm?®



(k'rL” j <(34 —12(%}) <40, ACl.10-12-2

2
L, : Actual unsup orted (unbraced)length
K : effective lengthfactor (K =1 forbracedframe)

R: radiusofgyration = 0.3h = \/%

Kby _ KL 1916<34-12M1_
r  0.3(h) M2

- Short........ Column

(4.9.1.3) Design of Tie Reinforcement:

Spacing <16 x d, (Longitudinal bar.diameter) =16 x 2.5 = 40cm
Facing < 48 x d, (tiebar.diameter) = 48 x1.0 = 48cm

Sacing < Least.dim ension = 60cm

Use f 10 @ 25cm c/c spacing.

Fig. (4-19) Detail of Column. (Col - 07)




(4.9.2) Design of long column

Select column (C02) for design

(4.9.2.1) Load Calculation:

Pu = 1500 KN
Pn 1500/ (0.65) = 2307.7 KN

(4.9.2.2) Determination of Ag req

rg=16 %

Pn=0.8* Ag{0.85* fc'+r g(fy —0.85fc')}

2307.7 = 0.8* Ag[0.85* 24 +0.016 * (410 — 0.85* 24)
Ag =1083cm?

Use 30x50 cm with Ag =1500 cm? > Agreq =1083 cm?
(4.9.2.3) Check Slender ness Effect:

e In 50cm-Dirction

@ < 34—12m ............... ACI —(10.12.2)
r M2

Lu: Actual unsupported (un braced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration =0.3 h = \/;

Lu=3.45m
M1/M2 =1



K=1, According to ACI 318-2002 (10.10.6.3) the effective length factor, k, shall
be permitted to be taken as 1.0.

MU (g oML ACl - (10.12.2)
r M 2

1*3.45
0.3%0.3

. long Coloumn

=38 > 22

(=
El =04—-% .. [ACI 3182002 (Eq. 10-15)]
1+by

E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
_1.2DL _ (870)
~ Pu 1500
_b*h® _0.3*0.5°
9 12
0.4*23270.15*10° *0.003125

El = =18.4MN.m?
1+0.58

=0.58

by

I =0.003125 m*

2
p=PE . ACI 318 — 2002(Eq, 10 —13)
(KLu)
2 %
LT VR
(1.0*3.45)

cm =O.6+0.4[%j ............ ACI 318 — 2002 (Eq.10 —16)

Cm=1.... According to ACI 318 — 2002 (10.10.6.4)

d_ = cm >1.0
1-(Pu/0.75P,
i 1

™~ 1_ (1500 /0.75*15.24 *10°)

............... ACI 318 — 2002 (Eqg. 10 —12)

=1.15>1



e =15+0.03*h=15+0.03*500 = 30mm = 0.030 m
e=e, xd. =0.030*1.15 = 0.0345

_0.0345 _ 0.069
0.5

€
h
From Interactio n Diagram

fP, 1500 145 _
A, 05x0.3 1000

My =0.01

1.45 Ps

A =r1 x A, =0.01x500x 300 =1500 mm?*
.. UseBf 16



e |n 30cm-Dirction

MU _gp oML ACI —(10.12.2)

r M2
Lu: Actual unsupported (un braced) length.

K: effective length factor (K= 1 for braced frame).

R: radius of gyration =0.3 h = \/;

Lu=3.45m

M1/M2 =1

K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall
be permitted to be taken as 1.0.

KU gy_ppML ACl — (10.12.2)
r M 2

1%3.45
0.3%0.3

~.long Coloumn in 30:dirction

=38.3> 22

(=
El =04—% [ACI 318 — 2002 (Eq. 10-15)]
1+b,
E, = 4750,/ fc' = 4750* /24 = 23270.15Mpa
b, = 1.2DL _ (870) _ 058
Pu 1500
* 3 * 3
=20 05703 001125 m
12
* *1N6 *
El - 0.4*23270.15*10° *0.001125 _ 6.63MN.m2
1+0.58
p °El
Py = ACI 318 — 2002(Eq. 10 —13)
(KLu)
2 %
~ 3.14*6.63 _ 5 49MN.

" (1.0%3.45)?



Cm:O.6+O.4(%j ............ ACI 318 — 2002 (Eqg.10 —-16)

Cm=1.... According to ACI 318 — 2002 (10.10.6.4)

d =— M 510 ACI 318 — 2002 (Eq. 10 —12)
. _Pu
0.75P,
d_= L ~1573>1
s = 1500 -

 0.75%5.49*10°

e, =15+0.03*h=15+0.03*300 = 24mm = 0.024 m
e=e, xd =0.024*1573 =0.0377

_0.0377 _ 0.126
0.3

€
h
From Interactio n Diagram

fP, 1500 145 _
A, 0.5x0.3 1000

g

My =0.01

1.45 Ps

A =1 x A, =0.01x500x300 =1500 mm?®*
. usesf 16



(4.9.2.4) Design of the Reinfor cement:

S <16 db (longitudonal bar diameter).............c......... ACI-7.10.5.2
S < 48dt (tie bar diameter).
S < Least dimension.

spacing <16 xd, =16 x1.6 = 25.6 cm
spacing <48 xd, =48x1.0=48 cm
spacing < least.dim .= 30 cm

Usef 10@ 25 cm

Fig. (4-20)Detail of Column (col - 02)




(4.10) Design of Basement wall.

Fig. (4-21) Basement wall - Diagram

(4.10.1) Load Calculation :
0, =g xhxK,

Oe =18 Kn/m?

g =30°

K=05

0, =18x4.45x0.5=40 Kn/m2
g, = PxK,

g, =5x0.5=2.5 Kn/m?



(4.10.2) Thickness Calculation :
Assume p =0.01
Mu =69.8 kN.m

Mn =69.8/0.9 =77.56kN.m

m=_ Y _ 40 o9y
0.85fcC  0.85x 24

< fy 410

n=r x———=0.01

1-05mr 1-05x%20.1x0.01

Mn \/ 91.11x10°

= > p— d =

bd 0.9 %1000 x 3.69
h =165+ 30 +10 = 205 mm

=3.69Mpa

Kn =165 mm

select h=250mm

(4.10.3) Wall Design :

d =250-30-12 =208 mm

6
Kn = Mnx  77.56x10 _1.8Mpa

" p*d?  1000x 2082

2mKn
fy

Lot (1_\/1_2x20.1x1.8):0_0045
20.1 410

r :i(l— 1- )
m

=0.0045x1000x 208 = 952mm’* /m
ASeq

B 0.25,/ fc'

Ao TX bxd = 0.25+/24 %1000 x 208

410

=621.3mm?/m

But not less than



_L14xbwxd® 1.4*1000*208

- =710mm*/m
fy 410

As

As,;, =710mm’ /m< As,, =952mm’ /m

#of bar in on meter = E =6.18
154

Select ®14@15cm c/c

AS min = 0.0012xb xh

= 0.0012 x1000x 250
= 300 mm?* m

AS. . > AS e oK

req

(4.10.4) Design of Secondary Reinforcement:
Select the greater of:

AS,, oorig = 0.002*1000* 250 = 500mm? / m

#of bar in on meter = @ =4.65
113

Select f 12@20cm with As =565mm?3/m



(4.10.5) Check for Shear :

f xVc>Vn

075

f x\Vc fc’xbxd=%\/ﬂx1000x208

fVc=127.4>>Vu=70 kN
S No Shear Reiforcement Re quired

A48
I #

Fig. (4-22) Basement wall - Detail




(4.11) Design Footing:

(4.11.1) Design of Strip Footing for (S.F.1)

(4.11.1.1) Load Calculation:

Weight of wall (D.L) = heightxThickness x 1m wide x Y,

=14.25 x0.25%x24 =85.5 KN/m

From one way rib D =9 .65%6.65%3 =192.5 KN/m
L =6.56x6.65 x 3= 130.87 KN/m

D.L ot = 85.5+192.5 = 278 KN/m

Total W =278 + 130.87 =408.87 KN/m

(4.11.1.2) Deter mine the Footing Width :

Allowable soil pressure =500 KN/m?2

W total _408.87
allowablesoil pressure 500

Footing width = =0.82cm

Select 1.0 m
The main reinforcement needs an enough

Distance to anchorage development length due

to the following Equation :

x1.2 =23.51cm

_0.24x fy , _ 0.24x400
=

-= Jfc’ V24



L=23.51 from each side, we have L =43 cm
So select 100 cm width of strip footing.

(4.11.1.3) Deter mined of footing depth:

Assume h footing =40 €M

(4.11.1.4) Design of shear:

q, =1.2x D +1.6x]|
q, =1.2x278+1.6x130.87 = 543 Kn

h =40cm

footing
d=40-7-1=32cm
(4.11.1.5) Bearing pressure:

pnet:ﬂ:£3:543Kn\m2
Area 1*1

V, =V, =%\/f7hNd

DV, =V,

6117, 1-0.25

3

d)

0.75*%\/ﬂ*1000*d =

= d =19 cm.
= Total thickness =19+7+2 =28 cm .
= Selecth =30 cm.



(4.11.1.6) Deter mine of Reinforcement for Moment Strength:
footing width—wall width ) x footing width—wall width
2 4
= 543x1x 0.375 x 0.1875
= Mu =30.54 KN.m
d =30-7-2 =21 cm
_ 3054

Mu :Pnet(

Mn 5 =34KN.m
6

Kn = Mr21 = 3410 >=1.08Mpa = 0.77 Mpa.
bd“ 1000x 210
fy 410

20.1

m= - = =
0.85*fc  0.85*24

, :l 1- 1_2xm><Kn
m fy

R [1—\/1—M] —0.0028

" 201 400
ASg, =T *b*d =0.002*1000* 210 = 402mm?
Check As,,,
0.25*.[fc' *b* * /24 *1000*
. c*b*d _ 0.25%+/24*1000 ZA T
Fy 410
Not less than
* * * *
As. - L4*b*d _14*1000%210 ..
Fy 410
Asreq < ASmin

As_. =0.0018*b*h = 0.0018*1000* 300 = 5540mm?
o As=717Tmm?

Select f 14@20....AS,, o i5q = 770mMM? > 717mm......0K



(4.11.1.7) Check of strain

Tension =Compression
As* fy =0.85* fc*b*a
770*410 = 0.85*24*1000 *a

a=155mm
= a = E =18.2mm
bl 0.85
¢ = M*o.oos =0.032
e, =0.032>0.005 ... OK

(4.11.1.8) Development length of main reinfor cement:

For @14 bars db=1.4 cm:

fy
2./ fc’

Ld :ﬂl*l*l*lA
224

Ld =58.6 > 30cm
AvailableLd =35-7 =28cm <58.6cm

0.24* fy*l.4*0.7*L =19.2cm

NS

So a standard hook of 25 cm must be used to provide Ld.

Ld = ab.g.d,



(4.11.1.9) Design of Secondary Bottom Reinfor cement
Asnin for shrinkage & temperature

ASmin=0.0018 xb xh

ASmin =0.0018 x1000x300

As=540 mm?

Select 5f 12 with AS prov.=5.65cm2,

(4.11.1.10) Design of dowelsbars:
A, =0.0012x1000x 210 = 2520mm’
Use longitudinal shear wall bars

use f 12@30 cm

Ld = fy
24/ fc’

For f14 bars

abgd,

Ld = 4—101*1"‘1*1.2

2424
Ld =50.2 > 30cm

AvailableLd =30-7 =23cm <48cm
0.24* fy*1.4*0.7* ! =19.2cm

Jic

So a standard hook of 20 cm must be used to provide Ld.




(4.11.1.11) Strip Footing Detail:

{Sem Concrate
Fnhraihﬁenu Sheats 500 mleron Thiek
Sorm Compocted Bese coarse

Compactad Selectad Fll

1.20

Fig . (4-24) Strip Footing Detailg




(4.11.2) Design of Isolated footing (F 03).

Once the ultimate column or load is determined, the proper footing can be designed .

The following subsections describe the analysis and design of footing F 03

(4.11.2.1) Load Calculation:

From Column:

DI =1114Kn

LI =402 Kn

Factored load =2000 Kn

Soil weight =18 KN/m? p——
Soil depth =0.60 m N
Column geometry 30x60 cm

Allowable soil pressure =500 KN/m?

Pu = 2000 Kn

Cw=24x0.3x0.6x1.5 = 6.48Kn
Sv=18*3.2*0.60 = 34.56Kn

Pu; = Pu+(1.2xCw)+ (1.2 x Sw)

Pu, = 2000+ (1.2x 6.48)+ (1.2 x 34.56) -
Serviceload =1114 + 402 + 6.48 + 34.56

Eparee e




Where:
Cw :Column leg weight
Sw :Soil weight
Pu :Factored load from the column

Put :Total load on foundation
(4.11.2.2) Design of Footing Area:

To determinetherequired footing ar ea, thetotal serviceload will be used
Allowable soil pressure =500 KN/m?
Area = Total service load / Soil Pressure
= KN /500 KN/m?
= 3.1m?
Try 1.70m *2.0m Area =3.4 m*> Required Area =3.1 m?
For the design of the reinforced concréte membre, factored load must be used :
Pu =2000 KN
Pu 2000

S actua =
APr ovided

=588.23KN /m? <1.4*500 = 700KN /m”......OK



(4.11.2.3) Deter mine the depth of footing based on shear strength:
Assumeh = 50cm ... .. d =50-7-1 =42 cm

(4.11.2.4) Check for oneway shear strength

Critical Section at g+d

2,4-98,042-072m
2 2

L oundation a
Vu=s *(% - (E + d)j* BFoundation
VU = 588.23 x (%- 0.72) x1.7 = 280KN
1 1
fVc=f (gx fc'xb,, xd)
f Vc=0.75x % x /24 %1700 x 420 = 437.23Kn

f Vc = 437.23KN >Vu = 280KN

(4.11.2.5) Check for two way shear action punching

The punching shear strength is the smallest value of the following equations:

v =f 142 |t bd
6l " b,
1( a ,
fv. =t 1[ 2s o |/t bd
: 12£b0/d+j ¢ Do
fv, =f %\/ £ b.d

Where:

Column Length (a) 60
© " Column Width (b) 30




b, = Perimeter of critical section taken at d/2from the loaded area
b, = 4d +2a+2b=(4x0.42)+(2x0.6)+(2x0.3) = 3.48m

a.=40 for interior column

fV, =f %(1+—]\/ bd—og5 (1+2j x +/24 x 3480 x 420 =1790Kn

f Ve =f 2 W f, b d= O 75 4070421, 24 *3480* 420 = 4320Kn
b /d 3.48

fV, =t —\/ 'b,d = 0;5XJ_X3480X420 1790Kn
f V. =1790Kn ..... Control

VU, = Pu-FR,

FR, =s,, xarea of critical section

VU, = [(z.o x1.7)-((0.6+0.42)x (0.3+0.42))

% 588.23 =1568Kn

f Vc=1790Kn >Vu, =1568Kn........ satisfied

(4.11.2.6) Check transfer of load at base of column:

f.Pn=f.(0.85fc'Ag)
0.65x[0.85x% 24 x (300 x 600)]

1000
But Pu=2000 <f.Pn=2387

f.Pn= = 2387Kn

. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:
As . =0.005x Ag = 0.005x 300 x 600 = 900m’
Select 812 <10f 16 c.use---10f 16



(4.11.2.7) Design of Bending M oment:

e At 60 cm Direction.

Mu =588.23x (0.7 x 2.0) xo;;= 288.23Knm

Try to design it by Plain concrete

¢ mp_ Mu _288.23
0.9 09

Using Reinforced Concrete .

= 320.25Kn

G oMn_ 320.25x10°
bd?  1700x 420?

M fy 410
0.85x fc  0.85x24

, :i 1- 1_2xmen
m 1‘y

r 1 {1_\/1_M]=0,0027

=1.07Mpa = 0.59 Mpa.

=20.1

T 201 410
Asg., =1 xbxd =0.0027x1700x 420 =1928 mm?
Check As,,,
ASqyinage = 0:0018 x bx h = 0.0018 x 1700 x 500 = 1530 mm”
. As=1928mm’
Select f 18@15cm:---c/c



At 30 cm Direction:-

Mu = 588.23x (0.7 x1.7) x 0.35 = 245Knm

Mn = 2% _ 279kNm
0.9
6
n= Mr21 __272x10 _=0.77Mpa
bd?  2000x 420
fy 40 01

m= _ = -
0.85*fc  0.85*24

, :i 1- 1_2xmen
m fy

o1 [1_\/1_2x20.1><0.77}:0.0019

T 201 410
AS,, =T xbxd =0.0019 x 2000 x 420 = 1612 mm?
Check As,;,
ASgyiniage = 0-0018 x bx h = 0.0018 x 2000 x 500 = 1800 mm?
As =1800mm’
Select f 18@15cmc/c



(4.11.2.8) Check for Strain :

Tension =Compression
Asx fy =0.85x fc'xbx a
1800 x 410 =0.85x24x1700*a

a=21.3mm

c= 2213 ¢
bl 085
e =M*0003

S

e, =0.047>0.005 .. OK
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Fig. (4-27) | solated Footing Section|




(4.11.3) Design of combined footing:
Footing for the column C1 & C2:
(4.11.3.1) Load Calculation

C1:40%30 ...... Pu =1000 Kn,

C2:50%30 ...... Pu =1500Kn.

Footing weight =1.2%x24x0.6 = 14.4 KN/m2.

Soil weight above the footing =1.6%0.5 X18 =14.4 KN/m2 .
Base Slab weight =1.2x0.10%24 =2.9 KN/m2.

P net =14.4+14.4+2.9 = 31.7 KN/m2.

P =31.7x3.4x2.2-[0.4x0.3+0.5x0.3] = 236.85KN
(4.11.3.2) Deter mination of the footing dimension:

Allowable soil pressure =500 KN/m2
Pu=1000-+1500 = 2500Kn

PU,.., =2500+ 236.85=2736.85Kn
Distance between the two columns is 1.4 cm center to center
FR Position at the center between the two coulumn
= X, =0.84m from COZlcenter
= X, =0.56m from CO3center

P.., 2736.85
A ==

q 500

- select Ag=3.4x2.2=7.48m" >5.47m?

=5.47m’

_ 213085 _ 365 ggkn/ m? <1.4x500 = 700KN /... OK




(4.11.3.3) Deter mination of the foundation depth :
Selecth =50cm ....d =42 cm
(4.11.3.4) Check for oneway shear strength

e For Col.1

V, =1000 —[(0.85 + 0.3+ 0.42) x 365.88 x 2.2]
V, = —263.75 Kn

f.Vc=f.(%*\/f_c’*bW*d)

fVc= 0.75*%* 24 *2200* 420 = 565.83Kn

f Vc =565.83Kn >Vu = -263.75Kn
. Safe

e For Col.2

V, =1500 —[(0.85 + 0.3+ 0.42) x 365.88 x 2.2]
V, = 236.25 Kn

f Ve =f .(%* fo *b, *d)
f Vo= o.75*%*\/ﬂ %2200 * 420 = 565.83Kn

f Vc =565.83Kn > Vu = 236.25Kn
. Safe



(4.11.3.5) Check for two way shear action punching
e For Col. 1

The punching shear strength is the smallest value of the following equations:

FV, =f %(u bijﬁbd
fV, =f. (b/d ]rbd
fV, =f —\/7bd

~ Column Length (a) 40
€ Column Width (b) 30

=133

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

b, =2 x (400+@)+2 (300+@) 2240mm

a,=40 for interior column

fV, =f %(ubi}/ f. b,d =

*
fVe =f. (b 4 }/ b,d = 075 (40 042)* 24 *2240* 420 = 2160.45Kn

0.75 (112 |24 %2240 420 = 1442.46Kn
6 133

2.24
fV, =f —\/ b d _%* 24 *2240* 420 =1152.24Kn
f V., =1442.45Kn ..... Control

Vu. = Pu-FR,

FR, =q, *area of critical section
Vu. =1000-[0.5904*365.88] = 784.13KN



f Vc=1442.45Kn >Vu, =784.13Kn........ satisfied

e For Cal.2

The punching shear strength is the smallest value of the following equations:

FV, =f %(u bijﬁbd
fv f—(b > erd
fv, =f —\/7bd

Where:

Column Length (a) 50
be = =2 =167
Column Width (b) 30

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

b, =2x (500+—)+2 (300+@) 2440m

a,=40 for interior column

fV, =f %[u bi}/ f, b,d= 0'g5 x [1+ %j* 24 % 2440* 420 =1379.1Kn

c

fVe=f. (b q ]\/ bd—075 [40 042]* 24 *2440* 420 = 2160Kn

2.44
fV, =f —\/ b d _%* 24 *2440* 420 =1255.1Kn
f V. =1260.1Kn ..... Control

Vu, = Pu-FR,

FR, =q, *area of critical section
Vu, =1500-[0.6624 *365.88] =1257.64KN



f Vc=1260Kn >Vu, =1257.64Kn........ satisfied

(4.11.3.6) Design for Bending M oment:

¢ Bottom réinforcement

Fig. (4-28) Moment Diagram For Footing

e At section A-A

Mu = 322.1Kn..m
d =500-80 =420 mm

3221

Mn 5 =357.89KN.m

_Mn _ 35789x10°
bd? ~ 2200x (420)°

m= fy - = 410 =20.1
0.85*fc  0.85*24

=0.922Mpa




; :l 1- l_2><m><Kn
m fy

Lot l_\/l_2><20.1><0.922 0.0023
20.1 410

ASReq. =r *b*d =0.0023*2200*420 = 2127 mm?
As .. =0.0018*b*h=0.0018*2200*500 = 1980mm?
s As=2127mm?........ control

Select9 f 18/m....Asprovided = 2286mm? > 2127mm? ....ok

Tension =Compression

As* fy=0.85* fc*b*a
2286*410=0.85*24*2200* a
a=20.88mm

2088

(o = 24.56
5

o _ 4202456
* 2456

e, =0.048>0.005  ....... OK

*0.003=0.048



e At section B-B
As . =0.0018*b*h = 0.0018*3400*500 = 3060mm

Selectf 13@18cm....As provided = 3302mmz2 > 3060mm2....

(4.11.3.7) Check for Strain :
Tension =Compression

As* fy=0.85* fc*b*a
3302*410=0.85*24*2200*a
a=30.17mm

3017

0.85

420355

g, =————
35.5

e, =0.032>0.005 ... OK

c =35.5

*0.003=0.032

ok?

(4.11.3.8) Check transfer of load at base of column:

f.Pn=f.(0.85fc’AQ)
f.Pn=0.65*[0.85*24*(300*400)]/1000 =1591KN
But Pu=1000<f.Pn=1591KN

.. Dowels are not required for load transfer.

But use the minimum reinforcement of dowels:

As . =0.005* Ag = 0.005*30* 40 = 6cm’
Use the column bars as a dowels

for col.1

As=6x154=924> As .

~Use 6f14 for dowels

for co.2

As=8x201=1608 > As, .,

~.Use8f 16 for dowels



(4.11.3.9) Combined Footing Detail

y” < J}- A \"\, /'\
)\ >,
/\)\ O ‘\)f:’v

o k. /“' E

.S

’
5
N,

— 1 L ‘ _i
A
3.40
J.60

0,10 0,50

Fig. (4-30) Section (A-A) of Combined Footing




(4-12) Design of Mat Foundation:

Mat Foundation (1)
(7.8X7.8X0.50)

Fig (4-31) Mat Foundation (1)




(4.12.1) Load Calculation

shear wall (W1)

P, =260 kn/m

shear wall (W 2)

P, =135 kn/m

shear wall (W 3)

P, =135 kn/m

shear wall (W4)

P, =135 kn/m

concentrat ed Force from col .1
P, =1000 kn

concentrat ed Force from col.3
P, = 2000 kn

concentrat ed Force from col. 4
F.L =3000 kn

Soil weight above the footing = 547 Kn
Base dab weight =585 Kn
PU, . = 7797 Kn

(4.12.2) Calculation of required area:
P

—<1.4XS youanle
req

= ﬂ -11.14
" 1.4 x500 '

select A =7.2><7.2>Areq
Assume h =50 cm



(4.12.3) Design of shear:

d=50-7-1=42cm

fVC = o.75*%* fo * bw * d

f Vc =0.75 *%* 24 *1000 *420 = 275.19KN

Pu_, =206.25KN /m = 206.25x1 = 206 .25 KN
f Ve = 287 .82KN > Pu = 206 .25KN .......... OK



(4.12.4) Design of bending moment

By using the StaadPro.2007 software to analyze the foundation, the moment result is

as in the following chart:

Fig (4-32) Moment in X -direction




Chapter Four Structural Analysis and Design

MY (local)
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Fig (4-33) Moment in Y -direction

h=50cm

d =42cm

Area =7.2x 7.2
fy = 410 Mpa
fc' = 24 Mpa



(4.12.5) Design in X-directions:

(4.12.5.1) Design of positive moment

+ve Muy, =68KN.m
_Mu_ 68

Mn =——=61.2KN.m
f 0.9
-3
Kn = an _ 61.2x10 2 _ 0.34Mpa
b.d 1x0.420
fy 410 20.1

m= = =
0.85fc’ 0.85x24

r:i(1— 1_2.m.KnJ_ 1 (l_\/1_2x20.1x0.34]:.0008

m fy | 20.1 410
As ., =TI xbxd=0.0008 x1000 x 420 = 351 mm?
Shrinkage & temperatur e
As =0.0018 x bx h=0.0018 x 1000 x 500 = 900 mm?*

As =900 mm?2.......... Control
Salect f 16 @ 20cm

As =1005mm? > As . =900 mm?



(4.12.5.2) Design of negative moment

—ve Mu=-177KN.m

Mn =&=£=169.7KN .m
f 0.9
-3
Kn — an _ 169.7 xlO2 _1.11Mpa
b.d 1x0.42
m= fy =
0.85 fc’

Cof l_z.m.Kn _ 1 1_\/1_2><20.l><1.11
m fy 20.1 410

As ., =TI xbxd=0.0028 x1000 x 420 =1176 mm?

Shrinkage & temperatur e

As =0.0018 x b x h=0.0018 *1000 * 500 = 900 mm?

As =1176 mm?Z......... Control
Sect f 16 @ 15cm
As =1206 mm? > As , =1176 mm?

]= 0.0028



(4.12.6) Designin Y -directions:

(4.12.6.1) Design of positive moment

+ve Mu =-81.2KN.m
Mu 81.2

Mn = —— = ="==90.22KN.m
f 09
-3
kn_ Mn_90.22x107 g
b.d 1x0.42
m = fy —20 1
0.85
_1( 2mKn 1 1_\/_2><20.1><0.51 _ 0.0013
m T 201 410

As . =1 xbxd=0.0012 x1000 x 420 =530 mm *
Shrinkage & temperatur e
As = 0.0018 x b x h=0.0018 x 1000 x 500 = 900 mm *

As =900 mm?=.......... Control
Select f 16 @ 20cm

As =1005 mm? > As . =900 mm°’



(4.12.6.2) Design of negative moment

—ve Mu =-99.4KN .m
~Mu 99.4

Mn =110 .44 KN .m
f 09
* -3

Kn — an _ 110 .44 1(3 _ 0.63Mpa

b.d 1x0.42
m=— __0.1

0.85 fc’
c_Af(, J_2mKkn) 1 1_\/l_2><2o.1><o.63 _ 0.0016

m fy 20.1 410
As. =t xbxd=0.0016 x1000 x 420 =672 mm *

Srinkage & temperatur e

As =0.0018 x bx h=0.0018 x1000 x 500 = 900 mm *
As =900 mm°.......... Control

Select f 16 @ 15cm = As =18.09cm?® > As , =9.9cm?



(4-13) Design of Shear wall:

(4.13.1) Load Calculation :

W gementrioor = Waiao + Wais +0.5 (Wupper cotumns &watis T W iower conmsewans ) = 4915 KN
W Ground Foor = Waiay + W s +0.5 (Wupper colurmns &walls T W iower conmnsgwanis ) = 19875KN
WFirst Floor = Wslab + Wstairs + 05 (Wuppercolumns &walls + Wlower columns & walls ) = 26388 KN
W Second Floor = Wslab + Wstairs + 05 (Wupper columns &walls + Wlower columns & walls ) = 24508KN
WTotaI =W Basement +W Ground +W First + WSecond

W = 75686 KN

Total

(4.13.2) Calculation of shear force on *'shear walls” :

, the total design base shear in a given (UBC)From Uniform Building Code 1997
direction shall be determined from the following formula:

Cv.l
V="-W.......... Eq.30-4
RT (Eq )

The total design base shear need not exceed the following :

Wi (Eq.30-5)

:The total design base shear shall not be less than the following



V =0.11CalW...ccooo...... (Eq.30-5)

H Building =13.8m
Z=30

R=55

1=1.0

Ca=0.24

Ct =0.0488
Cv=0.24

‘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 forth in Table 16-N or
16-p.

| = importance factor given in Table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in Section 1630.2.2.

Cv =seismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet )m (above the base to Level i, nor X, respectively .
3

T=C,(h)* (UBS)
T =0.0488*(13.8)"'* =0.35

v, = (CVX | jxw _ (Mj x 75686 = 9460.75KN
RxT 5.5%x0.35

Not Exceed
v, - (%) W = (%j x 75686 = 8256.65kN

And Not Less than
V, =0.11xCax | xW =0.11x0.24 x1x 75686 = 1998.1kN

V =9460.75 kN ----Control



Ft=0.07x T xV =0.07 x 0.35x 9460 = 231.79 kN

F - (ijxwi ‘h = (9460.75— 231'79ij\4 < h = 0.01205W xh
(WxH),, 765420.45
o~ W Vv H Ft (W.H) Fxi FX
(Kn) | (Kn) (Kn) | (Kn)
Floor) 4( | 24508 | 9460.75 | 13.8 | 231.79 | 3382104 | 4075.43 | 4307.22
Floor) 3( | 26388 | 9460.75 | 10.35 | 231.79 | 2731158 | 3291.05 | 7598.27
Floor) 2( | 19875 | 9460.75 | 6.90 | 231.79 | 1371375 | 165251 | 9250.78
Floor) 1( | 4915 | 9460.75 | 3.45 | 231.79 | 16956.75 | 204.33 | 9460.75
5y 75686 765420.45

Table (4.1) Calculation of thetotal FX

For shear wall in theater
Wall take percentage force from total horizontal = 19.73%

for sec ond floor F, :13()&

0 x 4307 .22 =831 .4 Kn

for first floor F, = %x 7598 .27 = 1466 .6 Kn
for ground floor F, = %x 9250 .78 = 1985 .6 Kn
for basement 19.73

floor F, = HTX 9460 .75 = 1826 .1 Kn

0.00 Krm
831 4 En
E31.4 Kn \, 2088.33 Knm
14588 Kn : LY
2298 Kn ‘-,\ 10758 4 Kn.m
1965.5 Kn J S 11 - —— —+—,
4283 6 ¥n '\, PSSTAB2 Knm
18264 Kn . \
| | GI087 Kn . d6563.3 Kn.m
| —
Shear Wal Bhaar Dig (V) Momant D‘.; i)
Shear Wall section (A-A)

Fig. (4-34) Shear & Moment Diagram for Shear Wall




(4.13.3) Shear Wall Design Parameters:

fc' =24 Mpa

fy =410 Mpa

h = 25cm shear wall thickness
Iw = 27m shear wall width
hw =13.8mbuilding height

(4.13.4) Design of Horizontal Reinforcement:

Critical Section

M:2—7:13.5m

=—"=69m ...... control
d=0.8xlw=0.8x27 =21.6m

V, =2298 Kn
M, =10796.4 Kn.m



!

fc

Ve = xbxd
V, = gx 250x 21600 = 4409.0 Kn ... control
Jfc'xbxd N, xd
c2 = +
4 4xL,

Assume N, =0.0
chzﬂx250x21600+Nuxd:6614_0Kn
4 4xL,
|| S+ 2N
fc' I, xh hx d

V, = + X
2 M, |, 10
vV, 2
M, |,
—-2)=-ve
vV, 2
-V =Will not apply
A/h: Vs
s, F,xd
V, =\]f—“—vc =%—440.9= 21124 Kn

A, 21124x10°

= =0.24 mm
S, 410x 21600

M =0.0025x b =0.0025% 250 = 0.625 mm

S
S, sl—W:M:%ZOmm
5 5

S, <3xb=3%250="750 mm

-6
2x A, =2><79><1O _0.253m
0.000625  0.000625

~.Usef 10@ 25cm  c/c  For the reinforcement in two layers (horezental )

S, =



(4.13.5) Design of Vertical reinfor cement:

A, =|0.0025+05 25- M| An_ 0005 ||x5 xh
N I, \'S,xh

13.8) 2x79

=10.0025+0.5/ 2.5 —0.0025 h
Ax { ( 27 j[25><250 ﬂxslx
A, =0.00253x S xh

-6

S = _2x79x10 " _ 0.24 m=240mm ... control

0.00253x 0.25

l, 2700

=X =—— =900 mm

> 3 3

S, =3xh=3x250=750 mm

o Usef 10@ 20cm c/c  For the reinforcement in two layers (Vertical)



(4.13.6) Shear Wall Detail:
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Fig. (4-35) Shear Wall Detall
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APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project




APPENDIX (B)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, b

Simply Oneend | Bothends
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs £120 £/124 £/28 £M0

Beams or

ribbed one-
way slabs £/16 t18.5 £/21 L8

MNotas:

Values given shall be usgcl directly for membaers with normalweight concrete
{densrrg: w, = 2320 kg/m”) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural Iﬂtwaighi concrete having unit density, w,, in the range
14401920 ka/m3, the values shall be multiplied by (1.65 - 0.603w,) but not

55 than 1.08.

b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + f,,/700).

Table)4-1 (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED

TABLE 9.5{b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Typa al member Dleflaction o be considered Deflaciion limkalmn

Flat raotd nol supporting or ailached o noo. v ciste dellecton due i e ond L 7
airuciurl lements Buely 1o b damaged by [l 1]
larpe deflections
Flears nol supporting or atiached o nonsine- | iImmedats deflsction dus i v load L
tural elemanis likaly to b domaged by largs 60
deflections SUNE——
Roal ar fleor conslruction supparting or That part of e total dediection coousring afier
sftached o nonstructural alements kel 10 e | afochmsan of nonabruchasl elements (sum of [ AR0°
damaged by lange dellectons Ee;ﬁmmcﬁﬁm de-ﬂ:-.;gnn dmﬂ:ﬂ;&‘! :mal’.ad il

N |l and the immodiale defiection dus 16 any
Aol ar Near conslriction supporling o {m ol T
eflached b nonsiruchiral elsmeants nat lkaly 1 | 200Honal v )y t-2400
b darnaged by larps defisctions

* Lamii not injonded {0 satepuand nganms ponding. Tondeg shoukl pe ek E,T.nﬁ&l;u_"_ alorn of defecion, nciudng aidad deflacains due bo porded

waler, ond coneadenng kagerm atiacts of all austarsd Date. chenbss. conttruchion keamncss, and miabiity of provaing o drarage

! Long-term dafiscion shad be gelanmimad in accodancs with 5.5.2.8 o 0.5.0.9, bet vy be reduced by sroan of delection cabulated b sczur bafors atiach-
mant of rosatruciunl semsats. This amount sl be dalmmined o0 Basis ol sccepled sr@nesnng dabi relaling i me-deledion chareclemibo of rembars dm-
it i Hhduiss Bssinng oo Gidred

|- Linil ey b fad i1 ackesginle e laken to prevent damage o suppored or afached o emeniz

¥ it ahall mt h&lﬂm B el et v bor nonstnuciual sismants. Lint may be eecseded i comibar is provided so that total dallecion minus camber

tesrw el xtond im

Table )4-2 :(MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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