pen gl Cpan Il Al ey

s G 45 Anala
L 1 53S0l 5 danigl) A0S
i Jlandl) 5 il eigll 5 i

4 jlarall g Aiaal) duaigl) 34003 L) adia £ g pdiall 138
oS Ay e J guasll

g s el aul

Jard (31

Jssle Do et L= s

ARREEI BB



£ A £ g e gl Balgd

Cpbaadd LIS o3 daala
Obaadd 1A

Janll (3, 8

e G g L= e s

Fig) LIS 3 A lels Adadl Lutigh 508 LU g oapdd) 1w o cdiated)
st A a5l g Al el 0 L 5]l
3 Gt ) @ g s rhall 3 yia ad o



KLY

iy JLl e (gshai i densy gl Gad g aa (e ST Lalis 3 e L Uiy

,,,,,,,,,, GQUST 1aa 380 o U )l e DA 5 i)

G . conlasal Ly 180 ae g alell e
........... g asle ) Lo ) J g
soail AS L) Lia )i 558 3 aldall agiley 555 )

.......... DY) Llags | lasll s b pan g 151 ol

el e da guie gt Jales CSla e ellaall day Y 3 & sl
__________ 3 =l ,__,M\'&J\_q&;m sda ¢ ylati)

Bk BECTIR PRV G (PPN

Zond AUl g Bl 4 Gpees agdl) AT Ll bl cili ) m ) pala m

.......... "lr.‘ﬁj\ Sia) ‘C«B:}” @-'\A‘j ;&jj\ dA\

o Cand) 2 g%i h,,uaeg.gl\



i) g )

LS Zant Lia A% Ll aSi A0S dall Wheala Mo Wl il 3 820 Lja B &b
aginad) Aasigll 5 2 SAL addy dwaigl A8 N aal g SEN S awds A LS Lgide
all sty Jual) m a8 e alall Lt 2818, 45 jlead)

Ul axi g Joad) 138 LY dnns g e J (o3l cppal) el 38U i€l ) Uil asdie 5 S ) S aii g

5 0n 4l Log ALY 5 el

e a3 i lenal) s duinal) Fuarigl 5 3 a5 ) YTy S k5 LS

o Lie Lsen aed) Aueld 5l oY 58 3 3l Alia 1 15 48 e 3 a3 Auasigall 5 oy sl
rel) i e g g 5 piall Ay jlanal) bl e geanll i W agiaclaa Ll oliieYls Sl



S Sl LY avarall

s dead) 3y 58
=y J}AMO...I:IA

Dsdle s (g

a 2008 -plands LKL 53 dasls

B

Cpall pals 386 o

S e e LY A 3 ALY Jalill 4818 5 SLEY) aranadll Jue g g pdiall 5 S8 il
el lalgial anai s ¢ el ) Caagdl ol A O A jlerall cildaladial) slae ) a3 Glla] ¢ LS
dalall il clbabadll 5 3hidS) e o g g pdall 13 S Jhg ¢ Jad) an gl e ddliaall Lealudly
Aaliall Al a0 () jaall s 5aae Y1 2l sa 5 2l Jual 8 agaad (e ey ¢ ALY al 53l (e Sl
cdiil] Aa 301 5 Adbinal) LAY o jualic 5 el o jal aead ALK dpLisy) cllabiall jead s
8aS Aclal AilaYly adaie dpialy ) el 5 Ol Aala L S Jady g (il (e (A S 5l o oS5y
13a 5 ddall (e de ) ga il guall (anad iS5 ddlall () 530 Balend Al iS5 (a2 YY) Baaie
Sy ALY Aloall o &I e el daganal plu S all



Abstract

Structural Design of Cultural Center

Project Team:
Haneen Awad
Nisreen Ashoor

Palestine Polytechnic University-2008

Supervisor
Dr. Nafeth Naser Al-deen

The am of this project is to make the structural analysis and design of
elements for the cultural center. So the architecture drawing had been prepared to
investigate the design by establishing the location of the required expansion joint, the
columns and the structural walls. This building consists of two levels which contain
restaurants, offices, and spaces (halls) distributed in two levels. Finaly the structural
design of the building will be carried out according to the Jordanian and to the ACI

code.
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Chapter four: structural analysis and design.

vy 4-1 Introduction.

vy 4-2 Limitation of deflection.
vo 4-3 Determination of loads.
¥ 4-4 Design Topping.
YA 4-5 Design of Rib (R3) in the ground floor.

€4 4-6 Design of two way Rib (#5) of ground floor.
oo 4-7 Design of Beam (B38)in the ground floor.
1y 4-8 Design of column.

V¢ 4-9 Design of footing

VA 4-10 Design of stairs.

AY 4-11 Design of strip footing.

At 4-12 Design of shear wall
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Rib

ve () -%)
YA moment Diagram for rib 3 (-)
va shear Diagram for rib (Y-%)
EA Shear Diagram for rib3. (-)
€9 two way rib (#5) (-)
ot beam 38 (1-%)
o1 moment diagram of B (38) (V-%)
v shear diagram. (-)
1y column #1 (-)
VA Stair Detail ()
va Stair Detail 0126)
¥
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As = area of nonprestressed tension reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within adistance (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.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.
Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supportsin slabs without beams and face to face of
beam or other supportsin other cases.

LL =liveloads.

Ld = development length.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

S = Spacing of shear or in direction paralel 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.
Wu = factored load per unit area.

@ = strength reduction factor.

@ = steel bar diameter.

@ = distance.
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Chapter Four

Structural Analysis and Design

4-1 Introduction

In this chapter, we will show the procedure for designing the several

structural members of our project, so we will Discuses the steps that we followed to
design the Ribs, beams, slabs, columns, retaining wall, foundations, sheer walls &
the well.

So, this chapter will contain a sample calculation related to one of the
preceding members contained in this project.

All of these members will be designed according to (ACI — code_318M- 05).

(4-2) Limitations of Deflection:

There are two main types of loads acting on the structure:-
Dead loads: - which will be determined by weight calculations based on -\
its density.

Liveload: And its value will be taken from the Jordanian code. -Y



The thickness of the lab will be determined according to (ACI — code 318M- 05),
table 9.5 afor oneway slab & table 9.5 c for two way slab. So, according to this
code, the minimum thickness of the slab of non- pre-stressed beams or one way slabs
is calculated as follows :-

We will take the lengthiest span available in our project, which is Rib number (3), in
thefirst floor

Fig(4-1DRib
(4.2.1) Thickness of one-way slab:
hmn=Ln/21 For Interior span.
h min=Ln/18.5. For Exterior span.
h min=Ln/16. For simply supported beam.
h min=Ln/8. For cantilever.

Where: Ln isthe clear span length from the face of support to the face of support.
- So for this exterior span: -
h min =600/ 18.5 = 32 cm.
Aswe calculated the minimum thicknessis 32 cm, we will take it as 32 cm.
With block size (24 cm*40cm* 20cm), and the concrete cover above the block

will be equal 8cm



(4.2.2) Thickness of two-way slab:

Ing?).8+l9
Minh= ¢ 15002
36+5b(a, - 0.2)

;0.2<a,,<2

And h must not less than 12cm. (ACI- 9.5.3.3)

In%%.8+l;g09
Minh=—¢ g .2<a

36+9b ’ "
And h must not less than 9cm. (ACI- 9.5.3.3)

(4-3) Determination of Loads

(4.3.1) Calculation of dead load and live load for one way rib slab:

Dead |oad:

Dead load of ribbed dlab: -
Topping = (0.08) * (0.52) * (25) = 1.04 KN/ m.
Rib =(0.12) * (0.24) * (25)=0.72KN/m
Block = (0.24) * (0.40) * (9) =0.864 KN/ m
Sand = (0.10) * (0.52) * (17) = 0.884 KN / m
Tiles = (0.03) * (0.52) * (23) = 0.3588 KN/ m
Plaster = (0.03) * (0.52) * (22) = 0.343KN / m
Partitions = (1.25) * (0.52) = 0.65 KN /m



Total Dead Load = 4.78KN /m

Tota liveload for oneway rib =5* 0.52 = 2.6 kKN/m.
Total live load for one way rib =5 kN/m2.

Total dead load for one way rib = 4.8/ 0.52= 9kN/m?.

(4.3.2) Calculation of dead load and live load for two way ribbed

slab:
Topping = (0.08) * (0.52) *(0.52)* (25) = 0.5408 KN .
Rib = (0.12) * (0.24) * (25)*(0.92) = 0.6624 KN .
Block = (0.27) * (0.40) *(0.4)* (9) = 0.3456KN .
Sand = (0.10) * (0.52) *(0.52)* (17) = 0.46 KN .
Tiles = (0.03) * (0.52) *(0.52)* (23) = 0.1866 KN .
Plaster = (0.03) * (0.52) *(0.52)* (22) = 0.1785 KN .

Total dead load for two way rib = 2.38 KN.
Total live load for two way rib =5 KN/m2.
Dead load for beam = 2.38/(0.52*0.52) = 8.8 KN/m?.

(4-4) Design of Topping:

Dead load of rib=b* h* D
=.12*.24*25
=.72KN/m
DL = (Total dead load of rib) — (dead load of onerib)
= (4.78/.52 -.72/.52) = 7.81 KN/m?
LL =5 KkN/m?
W,=1.2(DL) + 1.6 (LL)
W,=1.2(7.81) + 1.6 (5)
W, = 17.4 KN/m?



=>» For aone meter strip g, = 17.4 KN/ m
Assume slab isfixed at support point (ribs):

.y = AW L2 0
§ 25

40470 : :
:Mi =0.232 KN.m, for 1 m wide strip.

(%]

Mu

= Accordingto ACI_05 (22.5.1)
f, =400 MPa
f¢=30 MPa ® f¢=0.8"30=24 MPa
f, =042,/f¢=04224 =2.IMPa=0.21 KN/cm?
bh? _ 100° g8
6 6
M,=f ~S=021 1066.7 =2240 KN.cm =224 KN.m

n

S = =1066.7 cm’

f*M, =055 224=1232 KN.m
f =0.55 for plain concret

f*M,>M,
1.232 >0.232
No structural reinforcement is necessary
\ Provide Shrinkage & Temperature Reinforcement:

» Referingto (ACI-7.12.2.1.b).
The steel used in our region has ayielding stress = 400 MPa.

p = 0.0018.
= A =r b d=00018" 100" 8=1.44 cm? /1m
Use bars & 8



® #of bars= % =2.88
0.5

\ use f8@25 cm

A proide = %* 05=2 cm?*/Im

As=2.0cm?’/m >Asmin = 1.44 cm?/m.

(4-5) Design of Rib (R3) in The Ground Floor :

=7 T e T N =k
T Rl 5 Tl " | T A 1
nAE . sm AR inE LIy £ nE, S n
I 2 | | i | I 7 I| i |
52,

Fig. (4-2): moment Diagram for rib (3)

Moment (KN.m)
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Fig. (4-3): shear Diagram for rib( 3)

(4-5-1)Design for Positive Moment:

= Effective Flange width ( b ) according to ACI_05 code 8.10.2:

be For T- section is the smallest of the following:
b.=L/4=570/ 4=142.5cm.
b: = b, +16t=12+16(8) =140cm
b =C/Cspacing=52cm.................... Control
P bg=52cm.
= Determine whether the rib will act as rectangular or T — section:
For a=t=8cm
C=085" f& t" b.=0.85(24) (8) (52) = 848.6 KN
= Mn=TorC(d-05a) =848.6(29-05(8))/100 =212.15KN.m
= O*Mn=0.9(212.15) = 190.935 KN.m



= Check:
f*M, >M,
1190.935 > 27.5KN.m

\ Design asarectangular with bg =52 cm

The First Span (L = 2.5 m):

s arb

- Rn= Mr; 1210 _503 MPa

bd 0.9” 520" 290°
. iae 2mRn 9

mé& :

_ g 2*19.6* 003 — 0.00004
400 :
= A, =r b d=000004" 52" 29=0.058cm’
- A VI ydy s 24 ow)(d)
S min 4( fy) fy
- A =2 (12)(20)3 22 (12)(20)
~ 4(400) 400

= A, =1.065 cm?31.218 cm?.. .. .. 1.218 cn? controls

S min

= A =0058 cm?®£1.218 cm?

= 1.3* A, =0075 cm?£1.218 cm?

=\ select A, =0.075 cm?
= Use2 ®12
= A poid = 2.26 cm?

= Check yidding:



T=A f =226"40=90.4 KN

C=085" f& b." a

o= C _ 90.4
085" f¢& b, 085 24712

From table b =0.85

=3.7 cm

.003 = 0.0167

® 0.0167 > 0.005 ok

The Second Span (L= 5.4m):

N
. mn=Mn_ L1005 Mpa

bd?> 09 520" 29C7

& 0
. :iél_ ,1- 2mRn :
m fy &

2 * * 0
1 @ \/1_ 2*19.6%0.45 0 _ () 10114
19.6§ 400 p

= A, =r b d=000114" 52’ 29 =1.72cm’?

fc¢ 1.4
n A = b d 3 b d
s min 4(fy)(W)( ) fy(W)( )
_ 4 , 14
s mn = 20200) (12)(29) * 755 (12)(29)
= A, ., =1.065 cm?31.218 cm?.... 1.218 cn controls

= A, =172 cm®31.218 cm’

\ sdect A =1.72 cm?

s req

1.72

#of baas= 743 - 1922 bar Use 212



A =271.13=2.26 cm?

s provid

= Check yielding:
T=A"f, =226 40=90.4 KN
C=085 f& b,  a
C 90.4

a= - = - - =3.7 cm
085" f& b, 0.85 2.4 12
From table b =0.85
=2 i =44 cm
b 085
e, =d - X (0.008)= 2224 003 = 0.0167

® 0.0167 > 0.005 ok

The Third Span (L = 2.5 m):
Minimum reinforcement in bottom = 2012

The Forth Span (L=5.7 m):

_Mn_ 275 10°
bd®> 09" 520" 290°

& 0
. _1 7 - ,1- 2mRn :
m fy 2

2 * * 0
_ 1 1_\/1_ 2%19.6*0.45 0
19.6§ 400 p

=0.698 MPa

= 0.00178

= A, =r b d=000178" 52’ 29 = 2.68cm’



e AL = Y2 o) 29) 2 1A
4(400) 400

(12)(29)

. A =1.065 cm?31.218 cm?.. ... 1.218 cn? controls

S min

A =2.68 cm?31.218 cm?

= \  sdlest A, =268 cm?
2.68
= #of bars= 754 - 174 bar Use2d14
A, pia =2 1.54 =3.08 cm?

= Check yielding :
T=A"f =3.08" 40=123.2 KN
C=08" f& b." a
Q= C _ 123.2
085" f& b, 085 24712
From table b =0.85

=5.03 cm

_E__503 =6
b 0.85
d- x, 29- 6,

(0.003) = = 003=00115
® 0.0115 > 0.005 0.k

(4-5-2) Design for Negative Moment:



The moment between span one & two :

Mu = 22KN.m
d=h-Cover—(d/2) =32—-2-(1.0) =29 cm.
Mn 22" 10°
Rn_ = = =242 MPa,
Ve bd> 0.9 120" 290
f
=— Y = 490 =196
0.85f¢ 0.85 24
-1g hoEmn
m§' :
co 1 & \/_2*196*2420 0. 0065
19. 6% 400 5

A =T b d=00065 12" 29 = 2.262cm’

fce 1.4
A, = bw)(d) 3 — (bw)(d
s min 4(fy)(W)() fy(w)()
24 , 1.4
A min = 2(400) (12)(29) 200 (12)(29)
A, . =1.065 cm?31.218 cm?..... 1.218 cn? controls

S min

A =2.262 cm?>1.218 cm’

\  sdlect A, =2.262 cm?

2.262
#of bars= 75q - L./ bar Use 2914
A =2"7154 =3.08 cm?

s provid

Check yidlding



T=A f =3.08" 40=123.2 KN

C=08" f& b." a

a= C _ 123.2
08" f& b, 085 24712

From table b =0.85

=5.03 cm

(0.003) = %' .003 = 0.0116

® 0.0116 > 0.005 0.k

The moment between span two & three:

Mu = 16KN.m
d=h- Cover — (d/2) =32-2-(1.0) =29 cm.
Mn 16" 10°
Rn_ = = =176 MPa,
heq bd*> 09" 120" 290°
fy 400

m= =Y =196
0.85f¢ 0.85 24

e
r :igl_ [[. 2mRn
m fy

S * * 0
1 @ \/1_ 2719.6"1.76 O _ () 1og
19.6§ 400 p

Q-0

ﬁ
1

A =1 b d=0.0046" 12" 29 =1.6cm?

fc¢ 1.4
A = b d)3 — (b d
s min 4(fy)(W)( ) 1;y(W)( )
24 , 1.4
Asmn = 20200y 12)(29) 7 35 (12)(29)

A =1.065 cm?31.218 cm?.. ... 1.218 cn? controls

s min



A o =16 cm®>1.218 cm’

\  sdlect A, =16 cm?
1.
#ofbas= T3 - 142 bar . Use 212
A, ga =27 1.13=2.26 cm?
Check yielding

T=A" f, =226 40=90.4 KN
C=085" f& b.~ a
_ C 904
085 f& b, 085 24 12
From table b =0.85

=3.7 cm

—i—£—4.34 cm
b 0.8
d- 29- 4.34,

X~ (0.003)= 222 003 =0.17
4.34
® 0.17 > 0.005 0.k

The moment between span three & four:
Mu =27.8KN.m
d=h- Cover — (d/2) =32-2-(1.0) =29 cm.

Mn 278" 10°
Rn,, = = =3.06 MPa,
"heq bd> 0.9 120" 290°

2Rn©
mh S

e ol *
1 1_\/1_ 2719.6"3.06 0_ 4 ;a5
19.6§ 400 p

A =T b d=00083 12" 29=3cm’

_‘
II




fc¢
. = 1 iy s L4 ow)(a)

As min
4(fy) fy
S OA = (12)(209) 0 2 (12)(29)
4(400) 400
= A, ., =1.065 cm?31.218 cm?.... 1.218 cn controls
= A, =3 cm®>1218 cm’
=\ sdest A, =3 cm?
3
= #ofbars= 7514 - 1B ba Use2 ® 14
A, poia =2 1.54=3.8 cm?

= Check yielding
T=A"1f, =38 40=152 KN
C=085" f& b. " a
C 152

a= - = - - =6.2 cm
085" f& b, 0.85 2.4 12
From table b =0.85
=4 E =7.3 cm
b 085
e, =9 X (0.003)= 22434 03 = 0.009
4.34

® 0.009 > 0.005 ok

(4-5-3) Design of Shear:

Shear (KN)



8.1 2l 231 -1919
-18. -17.4
//i X
o ~ /
- /_,J P
H - Ht— H
.
2 12.4 f,f
2?“; 24.9 - 0
-

Fig. (4-4): Shear Diagram for rib3.
Check for one value:
Vu=3.6 KN

05FVc =05 0.75 % fc bw d
=05 0.75 %@’ 120" 290 =10.7KN

0.5F Vc =10.7 <Vu = 32.8......shear.reinforcement isrequuired
UselF 8/20cm

(4-6)Design of two way rib (#5) at Ground Floor:
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Lx=5.1m

qu =18.56KN / m?

For Im stripin X & Y directions from tables of solid slabs:

Kfx=25.8

Kfy=75.8
Ksx=12.2
KAx=1.91
kAy=2.96



q,” Ix? _1856" 5.1°

M, = =18.7KN.m/m
K, 2538
“Ix* _1856" 5.1°
M, =% X 1896 ST _ g sagicnmim
Ky 758
.12
M_ =% X 155 39560kN/m
oG X _1856°51 _ o
KAX 1.91
py B X _1B56°51
KAy 2.96

For two way rib we take Mu/2 in both directions
Mux = 18.7/2=9.73KN.m/m

Myy = 6.368/2=3.3KN.m/m

Mg = 39.569/2=20.6KN.m/m

(4.6.1)Design of moment:

¢ In X-direction:

Positive moment:

Mux = 9.73KN.m/m
Mn=9.73/0.9=10.8 KN.m



d=h-c-®/2
=32-2-2/2
=29cm

m= fy - = 400 =19.6
0.85* fc  0.85*24

* 6
R =M 108710° _ 4 285N /mm?
b*d?  1000* (290)
. :1(1- 1. 2mRn)
m fy
r= (- \/1- 209.6)(0.1289), _ ; 600322
19.6 400

As = 0.000322 (100) (29) =0.935¢m”

As. = O.ZS%(bw)(dﬁ ST —

Y1 , 14
As . = 0.25W(100)(29) m(looo)(zg)

As_ =888<10.15cm* ...thelarger control

As_. =10.15cm’

1.3* As=1.2 cm?
Asreg=12cm?2.......... ok

So select 2012 for rib in x direction
As =2.26 cm?.

provided

negative moment:

(ACI - 10.5.1)



Mg = 20.6KN.m/m
Mn = 20.6/ 0.9 = 22.86 KN.m

Mn 22.86* 10°

= = =0.2718N / mm?
R b*d? 1000* (290)2
" :l(l- 1. 2mRn)

m fy

r= (- \/1- 219.6)(02718), _ 5 y0684
19.6 400

As = 0.000684(100) (29) =1.98¢m”

ns. =025 lone)s 24 (ow)d) o

(%) fy
V24 1.4

_ 24 , 14
As . = 0.25W(100)(29) 200 (1000)(29)

As_ =888<10.15cm* ...thelarger control
As,. =10.15cm>
1.3* As=2.6 cm?

Asreq=26cCma.......... ok
So salect 2912 for rib in x direction

AS; s = 2-26CMA

% In y-direction:

Mty = 3.3KN.m/m
Mn=23.3/0.9=3.7KN.m

(ACI - 10.5.1)



* 6
R =0 _ 370" _ g osaN/mm
b*d? ~ 1000* (290)

2mRn
fy

r :i(l_ \/1_ w) = 0.00011
19.6 400

As = 0.00011 (100) (29) =0.3176cm?

r :l(l- 1- )
m

As, ;. =10.15cm?
1.3* As=0.413 cm?

Asreq=0.413cm>2.......... ok
So select 2912 for rib in x direction

As =2.26cm2.

provided

(4.6.2)Design of shear:

% In X-direction:

V, = 49.56KN
0.5FVc=0.5" 0.75" % fc “ bw’ d

=0.5" 0.75° %\/ﬂ 100" 290 = 88.8KN

0.5F Vc =88.8 >Vu = 49.56KN...... No shear reinforcement isrequired

....UselF 8/20cm



% In y-direction:

V, = 32KN

0.5FVc =05 0.75 % fc " bw d
=05 0.75 %@ 100" 290 = 88.8KN

0.5FVc=88.8>Vu=32KN...... No shear reinforcement isrequired....UselF 8/20cm

(4-6) Design of Beam (B 38) in Ground Floor

k s > g I . k
i A Tyl A J & b
I L] I1 PT 1hF Ik A HH n¥
i 45 i ) dd i
[ | 1

|
o
o
40.
A-A

Fig (4-6): beam 38

1. Check of b for beam when we assumeit at first as 40 cm:



Mn=Mu/0.9=28210.9=91.2KN.m

d=32-2- %zZQcm

_.‘
1

075" rb

NP NP

r

r b = 0.85%24*0.85 (600/600+400) = 0.026

400
r= % 0.75 " 0.026 = 0.00975
-LE \/w 0
0.00975 = —~_&1- \/1_ 2°19.6  Rn
196§ 400
Rn=3.53
¢ 6

353= 0 2 19 _ 5307 m

bd? b 290°

Width of beam is satisfied.

2. Design of Moment

Q-0



-82.1

A
-49.1
f/ \\ B
1.1971.23 | I1.9~\
Ly /f 1l \"\ !}{?:?I 1 \-x‘x" |
i /108111 A .68 i
% S . : =
L " Ty v 75 10.9
— —
48.1 42.7
1.8 | 2.7 | 2.81 . 229 | 3.08 . 1.32

Fig (4-7) moment diagram of B (38)

- Design of positive Moment:

1% Span (L=4.5m) :

= Mu=48KN.m
= d=h- Cover - (d/2) - db (stirrups) = 32 - 2 - (2.0/2) =29 cm.
Mn 48" 10°
] R = = :158 MPa
heq bd®> 0.9° 400" 29(¢F
400
085 f¢ 085 24
. i =S 2mRn 9
mE ;
_ %8 2*19.6*1.58 0 — 0.0041
400 p
= A “b” d=0.0041" 40" 29 =4.8cm?.




4/ fc¢ 1.4

A = b d)? — (b d

s min 4(fy)(W)() fy(W)()
24 1.4

As min = 4(400) (40)(29) 3 400

(40)(29)

A, ., =355 cm?3 4.06 cm?.. ... 4.06 cn” controls

A o =48 cm?3 4.06 cm?

\ sdect A =4.8 cm?

s req

#of bars=4.8/1.54=3.11 bar............. Use 4914,
A =6.16 cm?

s provid

Check yidlding :

T=A~ fy =6.16" 40=246.4 KN

C=085 f¢ b."a

o= C _ 246.4
085" f& b. 0.85 24" 40

From table b =0.85

=3.02 cm

): 29- 355,

. =——" (0.003 0.003 = 0.022
X

® 0.022 > 0.005 0.k

29 Span (L=5.1m):

Mu =427 KN.m

_Mn_ 427 10°
bd?> 09 400" 290°

Rn =14 MPa



2 mRn

Q- I-1-0:

188
TmE

2*19 6*140

= gae \/ = = 0.00366

Q-

A =1 b d=0.00366" 40 29 = 4.24cm?

4/ fc¢ 1.4
As min = (bw)(d) 3 ——(bw)(d)
4( fy) fy
Ar o = 220 (40)(29) =2 (40)(29)
4(400) 400
A, .., =355 cm?3 4.06 cm? ... 4.06 cn” controls
A o =424 cm®3 4.06 cm?
\  select A, =424 cm?
# of bars=4.24/1.13=3.75bar............. Use 4 12
As poia = 4.52 cm?

Check yidlding



T=A" f,=452" 40=180.8 KN
C=085 f& b,  a
_ C _ 1808
085 f& b, 0.85 24 40
From table b =0.85

=222 cm

29- 26,

" (0.003) = 0.003 = 0.03

® 0.03>0.005 0.k

3% Span (L=4.4m):

Mu =10.9 KN.m

e
ra=Mn_ 109 10° _; a5 \mipa

bd> 0.9 400" 2907

1%
Hé

2mRn 0

Q-

2*19.6%0.36 0
400 p

= 0.00091

=
@ ‘

A =T b d=000091" 40" 29 =1.05cm’

e
A, i bw)(d) 3 124 (bw)(d
e LGN GIC)



e AL = Y22 (oy2e)e LA
4(400) 400

(40)(29)

= A .. =355 cm?34.06 cm?..... 4.06 e controls

= 1.3* Aseq=1.4cm2
=\ select A =4.06 cm?

s req

= #of bars=4.06/1.13=3.59bar............. Use 4 12
= A =452 cm?.

s provid

Check yielding

T=A"f, =452" 40=180.8 KN

C=085 f¢ b."a

Q= C _ 180.8
085" f& b, 0.85" 24" 40

From table b =0.85

=222 cm

0.003 =0.03

® 0.03>0.005 0.k

- Design of negative Moment:

Moment between 1% Span & 2%

= Mu=821KN.m

_Mn_ 821 10°

= Rn =
bd®> 0.9 400 290

=244 MPa




2 mRn

Q- I-1-0:

188
Hé

& * * (0]
= \/ 2719.612.44 9 _ 4 o650
400

Q-

A =1 b d=0.00652" 40 29 = 7.56cm’

4/ fc¢ 1.4
As min = (bw)(d) 2 —(bw)(d)
4(fy) fy
A, = 20 (40)(29) @ = (40)(29)
4(400) 400
A, .., =355 cm?3 4.06 cm? ... 4.06 cn” controls
\  sdect A, =7.56 cm?
# of bars=4.06/1.54=49bar............. Use 5 P14
As provid = 77 cm ?
Check yielding
T=A" fy =7.7 40=308 KN
C=085" f¢ b, a
¢ = 308 =3.77 cm

085 f& b, 0.85 24 40
From table b =0.85

=2 37 _ 444 om
b 085
d- x. 29- 4.44.,

e, = (0.003)= === 0,003 = 0.0166
X 4.44
® 0.0166 >0.005 ok



Moment between 29 Span & 3%

Mu=49.1 KN.m
_Mn_ 491 10°

Rn T == . =162 MPa
bd*> 0.9 400" 2907

" :igel_ 1. 2mRn g
m fy &

- \/1_ 219.61.62 0_ 4
19.6 400 p

A =1 b d=0.00652" 40 29 = 4.9cm?

fc¢
= 1 iy s L4 ow)(a)

As min
4(fy) fy
A e = 22 (40)(29) * 2 (40)(29)
4(400) 400
A, .., =355 cm?3 4.06 cm? ... . 4.06 cn” controls
#of bars=4.9/1.54=3.18 bar............. Use 4914
A, yoig =6.16 cm?

Check yielding



T=A" f,=77 40=308 KN
C=085 f& b.  a
C 308

a= - = - - =3.77 cm
0.85 f& b, 0.85 2.4 40
From table b =0.85
=2 37 _ 444 om
b 0.85
e, = 9% (0.003) = 2= 4% (003 = 0.0166
X .
® 0.0166 > 0.005 0.k
3. Check for Shear:
-87.4 1 -77.4
] -67.6
~ s
- A -145° 18-
H s HH i =" ¢
\/ a P i
4 / 335
| 37.
5E. E1.9 -/z
o ¢ BT

Fig(4-8):shear diagram.

ACI — 318 — Design categories:




F *Vc = 0.75%1/6* [ fc * bw* d = 0.75* 1/ 6* /24 * 400* 290
F *Vc = 71.03KN

%F *Vc = 35.5KN

F *Vsmin = 0.75*1/3* bw* d = 0.75* 1/ 3* 400* 290
F *Vsmin = 29KN
%F * Jfc*bw* d = 0.75* 1/ 3* \/24 * 400* 290

éF*\/f_c*bW*d:142KN

%F * [fc* bw* d = 284KN

F *Vsreq = (0.75*1/3* Av* bw* d)/ Seq

i VuE%FVc

ii. VUE FVc
ii. FVcEVu £ FVc+minFVs

iv. FVc+minFVsE£VU£FVc+1/3*F *,[fc* bw* d

V. FVc+1/3*F* [fc*bw*d £VU£FVc+2/3*F * [fc* bw* d

When:

Vuc=52 KN

Vuc£ FVc

52<71

So minimum shear reinforcement is required
MinAv=bw* S/ 3Fy — S =471 mm
S<dl2—S<145cm

Select 10/ 10 cm



When:
Vuc =85.7KN
FVCEVUEFVc+minF Vs
71£85.7 £100
F *Vsmin =F *Vsreq
29 = (0.75* 157 * 400 * 290)/ 29 *10"3 = 471 mm
S<d/2—S<145cm
Select 10/ 15cm
When:
Vuc = 87.4KN
FVCEVUEFVc+minF Vs
71£87.4£100
F*Vsmin =F *Vsreq
29 = (0.75* 157 * 400 * 290)/ 29 *10"3 = 471 mm
S<d/2—S<145cm
Select 10/ 15cm
When:
Vuc=67.6 KN

VUu£ FVc

67.6<71
S<dl2—S<145cm
Select 10/ 10 cm

When:
Vuc=33.5KN

VUEEFVC
2

335<355

No shear reinforcement is required
S<d/2—S<145cm

Select ¢ 10/ 10 cm



When:
Vuc=145KN

VuEEFVc
2

145<355

No shear reinforcement is required
S<dl2—S<145cm

Select ¢ 10/ 10cm



(4-8)Design of Column:

Column (C1) in the ground floor:

@

Fig (4-9): column #1
» Tied column.

By using Atir software we found that the reaction on this column from beams
supported on it beside the reaction of al columns aboveit are:

Thetotal factored axia load (Pu) = 44.7 KN.

Pu=44.7KN

1. Design of the longitudinal reinforcement:

» Pu=44.7KN.
It is axially loaded.

Type of column: "'tied column®.



» Assume! 9.= 0.02.

Pn=—
. F

Pn = oL 68.8KN
0.65

. Pn,. = 0.80Ag[0.85* fct+rg(Fy- 0.85* fcq]
68.8 = 0.80Ag[0.85* 0.24 + 0.02(4.0- 0.85* 0.24)]

Ag req = 307.23 cm®.
Use 25cm * 60 cm.
Ag = 80*60 = 1500 cm?.

2. Determination of required "9 :
" Pn... =0.80Ag[0.85* fct+ rg(Fy- 0.85* fcd)]
68.8 = 0.80* 1500* [0.85* 0.24 + r g(4.0- 0.85* 0.24)]
rd="_0.04.
M9« (" min=001 ............... ACI-Cod-10.16.8.6)
Use " min=0.01

» Required As =pg * Ag=0.01* 1500= 15 cm2.
Use @16............ with As =2.01 cm?.
Use 10 @14 with As = 16.08 cm=.

Asmax = 0.08*1500 = 120 cm?.
Asmin = 0.01*1500 = 15 cn.

Asmax>As>Asmin.....ccooeveeeeeen.... OK.



3- Check slenderness effect:
. (KLu/r) £ (34- 1M1/ M2))
EA40 ... ACI 10-12-2
Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame)
r: radius of gyration =0.3* h = JITA .
M1/M2 = 1 for the interior column.
= Lu=4m.
= (KLu/r) £ (34- 1M1/ M2))
(1* 4/(0.3* 0.25m)) £ (34- 12[1])
53.33 > 22
> 40

Slenderness effect must be considered.

= d= C”I“D 300 i A.C.I (10.12.3) eq(10.9).
0.75* P,
= C,, =1.0(for single curvature — braced frame) ............... A.C.I (10.12.3.1).

= P, =(12*DL) + (L6*LL).

............................................... A.C.] (10.12.3) eq (10.10).

» El =largeof:
0.2E|  +E.
EI - ( c'g S se)
1+bd

Or



_ 04E,l,
" 1+bd

E, =15000,/ fc¢

E = 15000+/240

. =232.38 Ton/cn?.
1000

I, =moment of inertia of gross concrete section about centroidal axis, neglecting

reinforcement, cm?.

_b*h® _ 60* 25°
D 12

I = 78125cm’”.

| . =Moment of inertia of reinforcement about centroidal axis of member cross
section,cm?®.
| = 2(A* x?) = 2(4* 2.01* 7.7%) = 953.4cm”.
Es = 200000 M Pa = 2000 ton/cm?.
factored axial dead load

bd = =0.8
factored axial total load

From equation 1 and 2 we select the large value:

* * *
£l = ((0.2* 232.38* 78125) + (2000* 953.4)) — 3076520.833 toncm?

1+0.8
* *
El = 0.4% 232.38% 18125 = 4034375 ton.cm? (control =large).
1+0.8
_ p2*4034375 _
c —m =248.86 ton .
1.0 5
= =1. O K .
d. T 106 310 0
0.75* 248.86

e =15+ (0.03* h) =15+ (0.03* 250) = 225 mm



" €y =1.06F 225=33.16 mm=24cm.

Because M negligible we use the equation above.

= eused=24cm.

We calculate be (balance) to check e used if small or greater than eb .
= Pnreg. =68.8 ton.

= Mn=68.8*2.4=165.12ton.m

= Let Pb=Pn=68.8ton

- e, =20 g0
200000
DXl 0008 % 0003 o500

d 0003+0.002 20.2 0.003+0.002
» a,=0.85*x,P a,=0.85*12.12 =10.3cm
= C,=0.85* fct*b*a, b C_=0.85* 0.24* 60*10.3p C_=126.11ton

Compression stedl —yield?

es _%od el _1212-5
0003 x, 0003 1212

pe /=0000176€,.....s0 comprissio steel does not yield

0.00176

C.=A,(f ;0.85fc§ b C = (4*2.01
AT 9P C=( =500z

*4.0- (0.85*0.24)} b C_= 26.7ton

= T=A>f P T=4%201*40P T =32.16ton

a fy=0-*
C+C.-T-P,=00
126.1+26.7 - 32.16- P,= 0.0 b P, =120.64ton.



Take moment about center axis of column:

am at CA =00 +Clock wise.

e _1rd-MNoed @y oMoy *o ) =
TH(d-2)-Co5- 2)-C.(5- ) +(P,7e,) =00

(- 32.16* (20.2- 12.5) - 126.1(12.5- 5.15) - 26.7(12.5- 5) +(120.64*¢,) = 0.0

* ¢g,=114cm
» eused<eb 24<114 \ compression control.
= Mb=Pb* be

=120.64*11.4

=1375.3ton.m
= Mg =Cc(d-a2) + Cs(d-d')
T =C_+C|

X-5,
X

32.16 = | (0.85* 0.24* 60* 0.85* x) +[( (0.003* 2000) - (0.85* 0.24)] * (4* 2.01)%
|

10.404X % +14.34X - 241.2=0.0
X=7.15cm.
= a=0.85* 4.34 =6.08cm.
= C.=0.85* fc®*b*a, b C.=0.85*0.24* 25* 6.08 p C_= 31ton

7;515 >+ (0.003* 2000) - (85* 24)]* (4* 201)% =0.164

-+ Cs=I(

» Cc+Cs=31+0.164=31.164 ton

= T=3216>31164.......... calculation is OK.

= Mp=31(29- 6.08/2) + 0.164 ( 29-6)
=808.5t.m



4- Design of the tie reinforcement:

Use @ 10 ties.
1) Spacing (S) < 16*db (Longitudinal bar diameter) = 16 * 1.6=25.6 cm
control..
2) 48*dt (ties bar diameter) = 48* 1 =48 cm.
3) Least dimension = 30 cm.

Use 40 cm*30 cm with 6 @ 16 bars with:
1- "@10" ties@ 10 cm spacing at first (1m) of bottom face support.
2- "@10" ties@ 20 cm spacing at (2m) of middle support.
3- "@ 10" ties @ 10 cm spacing at last (1m) of top face support.



(4-9) Design of footing:

Footing (F17) Design

1- Load:

From Column (C17) (40*80):

Pu =2438.74 KN = 243.874 ton.

Serviceload =D + L = 1870.36 KN = 187.036 ton .
the footing will carry 1.5 m of overburden soil
weighting about 17 ton /m3

Allowable soil pressure = 4.5 kg/cm?

- Design:

Estimate footing to be about 100 cm thick, in addition to about 10 cm of blinding
concrete Service Load = DL+LL = 1870.36 KN

Footing Weight = (0.10+0.75)(25)= 21.25 KN/m?
g.” d=(17)(1.50) = 25.5 KN/m?
P net = 450 — 21.25 — 25.5 = 403.25 KN/m?
Area (A) = Service Load / Pnet

= 1870.36 / 403.25 KN/m2 = 4.64 m?
Use L=25m,W=25m, A=6.25m?



Pnet (factor) = Pu/area = 1870.36/6.25 = 299.26 KN/m?

3- Détermine depth based on shear strength:

Vu = (Pnet)(one way shear area) = (299.26)(250)(85 -d) = 74815(85-d)
Vu = 6359275 — 74815d

FV.=F %\/?:qwd

= 0.85° %\@ “ (250) (d)” 10 =1770.8d

FV. =V,
1770.8 d = 6359275 — 74815d
d=83.03cm

\ Selectd =110cm

Total depth of footing = 110 + 8 + 2= 120cm

4- Check this depth for two way shear action (punching):

V,=Pe (W) (L)- (a+d)b+d) )
= 29.926 [(250)(250) — (40+110)(80+110)]/1000 = 1017.5 ton

The punching shear strength is the smallest of:

v, :lghi%/ t%d  =o05/f%d
6 bc (%]
v, =183 50058 4 = 0551 %
(%]

© 128&b, /d

V, = %\/E(tbod =0.33y fc¢b0d .............. Control




Where:

b,=a/b=80/40 =2

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

= 2{(40+110) + (80+110)} =680cm

a, =40 For interior column ....... that controlls

a,=30 For exterior column

V., = 0.33y/25(6800)(1100) /10000 = 1234.2ton

FV.= (0.85)(1234.2) = 1049.07ton

FV, >V, 1049.07ton >1017.5ton ......... ok

F Pn = F (0.85fctAg)

F Pn =0.7(0.85)(25)(40" 80) = 47600KN > 2438.74 KN = Pu

\  Dowelsarenot required for load transfer.
But use the minimum reinforcement of dowels:
As = 0.005* (40*80) = 16 cm2.

Use 12 ¢ 14 dowelswith As= 18.48 cm?.

5- Design for Bending Moment:

a250 2250 800

=822026" 250" - 80/2% 0.5 - - +/100000) = 20705 KN.m

20 29

Mn = % 2070.5/0.9 = 2300.56 KN.m



Mn 2300*10"6

* Rn=—=2300—————— =0.76N/mm?
bd 2500° 1100

= =1F. po2mm o 1 &/ \/1- 2719.61° 076 9 4 00193 < 0.002
m fy & 19.61§ 400 &

r =0.0016< r . =0.002
Reg. A, =0.002 (250) (110) =55cm?

Usel6 P22 .ooooeeennnnnn, A, =60.8cm? (Ineach



(4-10)Design of stairs:

(4-10): Stair Detail

1- Dead Load:
Material Dead Load
Plate cover
©OI9@5) _ 4 g1/
cos31
H — plate 0.04 * 22*33/30= 1 kN/m?°.
V — plate 0.03 * 22*18/30 = 0.4kN/m?”.
Plaster
= M =0.80kN / m?
cos31
Stars (%)* 25 = 2.25KkN /m?
H — mortar 0.03* 22 = 0.66 KN/m?
V — mortar 0.03* (18/33) * 22 = 0.4 KN/m®




Total dead load = 9.9 KN/m?
live Load=5 KN/m?
2- Factored load = 1.2*D+1.6*L
=1.2*9.9+1.6*5
gu =19.88 KN/mz2,

3- Design for positive moment:

qu: 1953 KN/m?

|

N v ¥

.-’( 5, .r{ I"‘-

» 1,40 3.30 s 040~

Fig(4-11) Stair Detail

Ay=qu* L—ZS =19.88 * 3.3/2= 32.80 KN.

M aximum moment stair:

gL’ _19.88*3.3°
8
Design of shear:

Mu = =25.5KN.m

fc¢0

FV, =O.75§T1bd
a

h=15 cm.

d=h-c-d/2

=15-2-1

=12 cm



FV, :0.75?%2(1000)(120) =75KN
Vy=32KN<75KN ......... OK

No shear reinforcement required

Design of Bending moment:-

Design of main reinforcement:-

Mu = 25.5 kN.m

Mn=25.5/0.9 = 28.3 kN.m

Rn = |v|n2 _ 28.3 _-1.06
bd (1000)(120 )

m= Fy/.85 fc¢

=400/25* .85

=19.6

[ req =1/m*(1-(4/1- (2* MR/ Fy)).
[ req= 0.0052

ASieq= I reg*b*d

= 0.0052* 12* 100

=6.24cm?/m

AS 1in=(0.25+/25 * 1000* 120)/400

=3.75cm?

Not less thane

AS min=(1.4* 1000* 120)/400

= 4.20cm?

AS (eq= 6.2cm? /m> AS pin= 4.20cm?

AS (o> AS min for shrinkage and temperature=0.0018* 15* 100=2.7 cm® /m

Use @12 @15cm , AS =7.5cm?/m



As=10.1cm’/m

4- Design of secondary reinforcement:-
As=0.0018*15*100=2.7cm*/m > 0.2* 7.5=1.5cm’/m
AS g =2.7Ccm*/m
Select @8 @15cm , AS = 3.35cm’ /m



(4-11)Design of Strip Footing:

Strip (1) :

Span load of slab =5.65m
Dead load of slab = (thickness of dlab) * (yc) =0.32* 24

Dead load of slab = 7.68 KN/m?2

Dead load of Tiles=2 KN/m?2

Dead load of plaster = 0.5 KN/m?

10.18 KN/m2a D =

Total Dead load from slab = 10.18 * 2 *(5.65/2) = 57.517 KN/m
Total Dead load of wall =24 * 0.3*(2(4.32 + 1)) = 69.5 KN/m
Liveload = 5 KN/m?2

Tota dead load of wall =57.517 + 69.5 = 127 KN/m
Total liveload of wall =5* 2* (5.65/ 2) = 28.25 KN/m

Design of bearing pressure:
db=P/A

450 KN/m2db = (P / A) £
155.25/(1*B) = 450

B=0.345m®

SelectB=50cm. ®

Determination depth of footing

Select h=40cm

Note: in strip footing no punching shear



Design of one way shear
Qu=12D+161=197.6 KN/m
450 KN/m2db = (197 .6 /(0.5*1) = 395 .2 £

H=40-5-1=34cm
Vu=0.035* 395.2* 1=13.83 KN/m

FV, >V,

104.1>13.83 ® no shear reinforcement is required

Design of bending moment:
Mu=395.2* 0.125* (0.125/2) = 3.08 KN.m

Design of plain concrete

F*Mn >Mu

0.5 *0.42+/24 *500 *4002 /6

15.08 KN.m>3.08 KN.m ..... OK



(4-12) Design of shear wall :

By analysis and cal culation the magnitude of earthquake force is greater than wind

force, so that the design used isto be resist earthquake force



ws

FRy=1

FRx=

ws

Determination of location of shear centroid(So) :

]
— X*1
u X:ao X
alx
[o]
— Y*I
a Y:ao Y
aly

*1= (b*h*)/12

No of | Ix X Ix*X | Iy Y | Iy*Y
wall

1 ) vene ) 430 |V 108.7

2 26| 38.10|99.06 | 0.0 10.10 | 0.0

3 7.05| 42.10| 296.8 | 0.0 18.11 | 0.0




4 7.05| 46.46 | 327.54 | 0.0 18.11 | 0.0
° 0.0 | 44.10 YY.vE
S RRY YYY¥ ¢ | Yoo Y¥o ¢
"
Y:@:Q_g]m
16.7
v = 135.46 —87m
15.56
ey = -5.06m
e =-13.7m
Part of trandlation to FRx & Fry :
_ FRx*1,
Xi— o ,
aly
FRy* 1
R I
Part of rotation:
due to Mxm=> Ox
Mx 1,7 Y,
4 Qq=-——m 1y v
IW
Mx "1, X,
+ Qyi= X “x 2w
IW
Dueto MYm = gy
My “ 1,7 Y,
Oxi= - Ym v Tu
IW
My "1, " X,
Qvi= Ym Ix M
IW

lw= ZI\(*Y*ZM + Z I * X*ZM .




wall | Ix X'm | Ix*X'm | Ix*X"m

1 © 920 00 0.0
2 | 26 520 -1352| 70.30
3 705 120 -846 10.15
4 1705 4280 1074 553
5 00 408 00 0.0

R

™M

135.75

lw =215.43+ 135.75=351.18 m°.
Torques due to gy -
MXm=FRx * &

=1*-506 = -5.06KN.m
MY m=FRy * ex

=1%*-13.7 = -13.7 KN.m

@ Part of load of each shear wall :

Loads in X- direction :
FRx=1KN, Mx,= -5.06 KN.m

FRy* |
Part of trandlation = %

y

wall | Iy FR: * Iy | (FRx*Iy)/XIy

1 430 4.30

2 0.0 0.0 0.0

3 0.0 0.0 0.0
4 0.0 0.0 0.0

5 0.081

I | Y'm | I*Y'm | *Y2m
430 110 1573  17.30
00 | 140 00 0.0
00 ' 941 00 = 0.0
00 | 941 00 | 0.0
1254 -158  198.13

Ye.en 215.43



s [he.en 1.0

Part of rotation : Qx due to Mxt:

Wall | Iy Y'm | -(Mx/ Iw)*Iy* Y'm
1 430 1.10 0.226
2 00 -1.40 0.0
3 00 -9.41 0.0
4 00 -9.41 0.0
5 -12.54 -0.226
T | Ve.en 0.0

Part of rotation Qy dueto Mx; :

Wall | Ix X'm | (Mx/ Iw)*Ix* X*m

1 . -9.20 0.0
2 2.6 | .5.20 -0.18
3 705 _120 -0.11
4 705 4280 0.28
5 0.0 +0.80 0.0
> |y 0.0

@ Part at each wall dueto gy :
Qx; = part of tranglation + part of rotation
» Qxy(for wall # 1) = 0.91+0.226+0.0=1.136
=0.14
B Qxy(for wal # 2) = 0.0+0.0+-0.18=-0.18



B Qxs(for wall #3) =0.0 + 0.0+-0.11=-0.11
B Qxu(for wall # 4) =0.0+0.0 +0.28=0.28
B Qxs(for wall #5) = 0.081+-0.226+0.0=-0.145

loads in Y-direction :
gy = FRy =1KN

Wall Ix FRy * Ix (FRY *lx)/le

1 0.0
2 26 2.6 0.156
3 705 705 0.422
4 705 705 0.422
5 00 0.0 0.0
sy R 10

“Part of rotation : Qx dueto Myt:

Wwall | Iy Y'm | -(My/ Iw)*Iy* Y'm
1 430 1.10 0.610
2 |00 -1.40 0.0
3 00 -9.41 0.0
4 00 -9.41 0.0
5 -12.54 -0.610
y Vet 0.0

@ Part of rotation Qy dueto My :



wall | Ik | X'm | (My/ Iw)*L*X'n

1 . -9.20 0.0
2 26 | .520 0.50
3 705 _120 0.30
4 7.05| +280 -0.80
5 0.0  +080 0.0
> |y 0.0

Qy: = part of translation + part of rotation
# Qy:(for wall #1) = 0.0+0.610+0.0=0.610
B Qy,(for wall # 2) =0.156+0.0+0.50=0.656
B Qys(for wall # 3) = 0.422+0.0+0.30=0.722
B Qya(for wall # 4) =0.422+0.0+-0.80=-0.378
» Qys(for wall #5) = 0.0+-0.610+0.0=-0.610

4-10-4-Calculation of Floors Weight:-

® For the first Floor:-

Total weight of first Floor = 14750.7 KN.
®» For second Floor:-
Total weight of second Floor =13790.5 KN .
W (totary fOr all Floors = 14750.7+13790.5= 28541.2 KN .



4.10.5 Calculation of shear force on *'shear walls" :

From Uniform Building Code 1997(UBC):

Z=0.3 zone'"'3"
R=5.5

1=1

Ca=0.24
Cv=0.24
hn=8.64m
Ct=0.0488
Where:

Z = seismic zone factor as givenin Table 16-I.

R = numerical coefficient representative of the inherent overstrength and global
ductility capacity of lateralforce 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 = saismic coefficient, as set forth in Table 16-R.

hi, hn, hx = height in feet (m) above the baseto Level i, n or X, respectively.

Eq...308 (UBOT=C,(h)"

T =0.0488(8.64)** =0.246
_Oulyy o 02471
RT 55 0.246

v, = 2.5Ca.l W = 250241

V, 28541.2 =2279.6

28541.2=3113.6......... control

V; =0.11CalW =0.11" 0.24" 1" 28541.2 = 753.48

>>

Ft=007" TV =0.07" 0.246" 3113.6 =53.6



W V(KN) H(@m) Ft (KN) (V-F) (W*h) Fx
floor (KN)
Second Floor(8) 13790.5 3113.6 8.64 53.6 3060 119150 1993.7
First Floor(9) 14750.7 3113.6 4.32 53.6 3060 63723 1066.3
> 28541.2 182873

F.=v- FJwh/&.wh

& Load Calculation of Wall (SW1).

Part of load for wall (W1), due to(qy) = 0.610

Load of Wall (W1):-

floor Fx Vu Mu
Second Floor(8) 1993.7 1216.2 105071
First Floor(9) 1066.3 650.44 2810
*Vu=Fx*0.61

Mu =VVu*h



10972.8KN.m 1270KN 2082.2KN

S596.5KN
25769KN.m 977.8KN

Fig(4-12) shear and moment diagram of wall #1

4-10-5-Design of Reinforcement:-

-Internal Forces:-
Mu = 2810KN.m.

Vu = 650.44KN.
1- Design of shear:-
Vu = 650.44KN.

d = 0.8*Lw = 0.8*432 = 345.6cm = 3456 mm.

fVc=0.75* %\/ﬂ* 300* 3456 = 634.9KN.



l*

Vsmin= 2 * (Mpa)*b* d :%*300* 3456 = 345.6KN.

(f Ve = 634.9KN)< (Vu = 650.44 KN)< (f Vc+f Vsmin=9805KN).

@ Complies with Category (4).

fV, +fV, 3V,
634.9+ fVs3 65044
fVs = 1554KN

Vs= 20.72KN
A 2072

s "7 200 4356

A AV
Vg3 (?V Min=0.0025* h) ..o (ACI - 318- 11.8.4)

S

=0.00118cm

% min = 0.0025* 30 = 0.075cm
A A

—~“reg< —Lmin
™ S

min= 0.075 cm is controlled

»n|> o

Lw _ 432
= —=—=86.4cm
max 5 5

n

Smax=3*h=3*25=90cm

Swx=45cm ..... control

Select 2010 /20cm:

A 270785 0.078cm > ireq: 0.075cm
S 20 S

@ Assume @ 10 for shear Reinforcement.



_f* Av* fy*d _ 0.75* 2* 78.5* 400* 3456
f Vsreq 15.54*10°
Select, S =20cm.
@ So, use ®10@20cm.

Sy =6544 mm = 654.4cm.

SSused SLWIS. (ACI-318-11.10.9.3).

20 <(432/5=86.4CM).....iiniiiii i OK

S used S B N (ACI-318-11.10.9.3).

20 < (35 = Q00 oo OK.

=S Used SABCIM. . (ACI-318-11.10.9.3).

8 So, Use Horizontal Reinforcement = d10@20cm.

2- Design of Vertical Reinforcement.
-Minimum Vertical Reinforcement:-

r . =00025+05(25- E—:'I"V)(r h- 00025 ...........occeo.... (ACI-318-11.10.9.4).

r h =Horizontal reinforcement ratio.

(2* (0.785)* 299
rh= 20" _ 5616%10°2.
100* 30

[ = 0.0025+0.5(25- %)(2.616* 10°° - 0.0025) =0.0026

AS 1= = 0.0026* 345.6* 30 = 27 cm? (For Both Faces).
AS 1= = 0.01*345.6* 30 = 10.4 cm?(For Both Faces).
AS 1= 12=30/2=15 cm’

Ao (Y min=0.0025* R (ACI - 318- 11.8.4).
S S



2*201
30

3.0.0025*30P 0.134cm3 0.075CM......cuevivirirmrinnena OK.

@ Design of Moment:-

Mu = 2810KN.m.

Design as light loaded shear wall.

(uniform distribution vertical reinforcement will neglected)
My =2810KN.m. KN.m

* 6
Rn= M, = 2810" 10 =0.87MPa
fbd2  0.9* 300* 3456°
= 1 (1 - 1_ 2m_ )
m fy
1. \/ 2%19,6* 0.87 )
19 6 400

= 0.0022
AS 1eq = 0.0022* 30* 345.6 = 20.7 cm’
Ag boundary = Cw*h=25*30=750 cm?

Y (ACI - 318)
Oboundry
—y =0.2807 =.0276<0.08 ............ ok
750

= A, =r b d=00022" 30" 345.6= 22.81cm?

] A . v
s min 4(fy)

(b)(d)3 —(b)(d)



A 24
s ™t 4(400)

A

S min

(30)(345 .6) 3

1.4
400

(30)(345 .6)

=31.7 cm?<36.3 cm? ... 36.3 cn’ controls

A, o =1.3*22.81=24.11cm? < 36.3 cm’

\ sdect A

S

24 .11

req

#of bars= 314 ~

A

s provid

= 24 .11cm ? — take bars ®=25mm As= 3.14 cm?

7.67 bar Use 820

=87 3.14 =25.13 cm?’> A, — 24 .11cm?
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