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The idea of this project is the structural design of a cultural center and mosque in the
cultural village .The cultural village were designed architecturally from the team in
year 2010 , through the provision of laboratories, classrooms, auditoriums and
specialized libraries. In addition to a special section to serve the public interest and to
develop their skills and scientific ideas in funny and entertainment ways.

All of scientific requirement are available in the cultural center that included
laboratories ,classroom , entertainment and specialized libraries . The cultural village
isincluded a mosque with an area 1300 m? .The architectural view of mosqueis very
specia through the selection of several architectural elements.

The cultura center and mosque are the main units of cultural village that included
four unitssuch as,closed sport hall ,resturant ,etc.

The structural analysis and design will be done in this project for the two main units
of architectural village . The design will be based on (ACI_318) ( design of
reinforcement concrete ) ,and on several software programs such as Autocad2007
,Office2007 , Atir ,etc .For the determination of live loads the Jordanian code of loads
was used .

The architectural drawing were first studied and the structural elements were selected

without any conflict with the architectural requirement . Analysis and design of
element were done to make the requirement drawing for construction .
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reinforcement.

List of Abbreviations

Av = area of shear reinforcement within adistance (S).
At = area of oneleg of aclosed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.
DL = dead loads.

d = distance from extreme compression fiber to centroid of tension

Ec = modulus of elasticity of concrete.
fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

X1l




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.

M = bending moment.

Mu = factored moment at section.

Mn = nomina moment.

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

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Wu = factored load per unit area.

® = strength reduction factor.
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Chapter Four

Chapter Four (4)

Structural Analysis and Design
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Chapter Four

4.1: Introduction

In This Project, there are two types of slabs: solid slabs, and one-way ribbed slab. They would be
analyzed and designed by using finite element method of design, with aid of a computer Program called
" ATIR- Software" to find the internal forces, moment ,and deflections for ribbed slabs, and then hand

calculation would be made to find the required reinforcement area for selected members.

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

with the requirements of ( ACI_318) code .

4 .2 : Factored Loads.

The factored loads on which the structural analysis and design is based for structural members, is

determined as follows:

q.=1.2DL+1.6L.L AClI-318-05

DL: Dead Load .

LL: Live Load .

Yy




Chapter Four

4.3 Determination of Thickness of Slabs:

4.3.1 Determination of Thickness for One Way Rib Slab:

The structure may be exposed to different loads such as dead and live loads. The value of the load

depends on the structure type and the intended use.
The overall depth must satisfy ACI Table (9.5.a):

Spans from left to right for one way slab:

L 6.35
—— = — =034m ACI-318-05
18.5 18.5
L 7.5
— — — = 035m
21 21
Take h=35cm.

4.4:Load Calculation:

One - way ribbed slab.

For the one-way ribbed slabs, the total dead load to be used in the analysis and design is calculated

as follows:

ity ik s = Gl g B Ve aTues Hars —,
-,

Feollrer Exdock {28 on 1 —

Fig. (4-1) One way rib slab
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Chapter Four

Calculation of the total dead load for one way rib slab is shown in the following table:

No. | Parts of Rib Calculation
1 Rib 0.14*0.27%25 = 0.945 KN/m
2 Top Slab = 0.08*0.54*25 KN/m 1.08
3 Plaster 0.02*0.54*23 = 0.248 KN/m
4 Block 0.27*0.4*9.0 = 0.972 KN/m
5 Sand Fill 0.1*0.54*17 = 0.918 KN/m
6 Tile +Mortar 0.05*%0. 54*23 = 0.62 KN/m
4.78 KN/m

Table (4 — 1) Calculation of the total dead load for one way rib slab.

Total Dead Load:

D.L. tota = 0.945 + 1.08 + 0.248 + 0.972 + 0.918 + 0.621 = 4.78KN/m of rib

For cultura center theliveload is 5 kN/m?
L.L. tota = 5 * 0.54 = 2.7 KN/m of rib

Tezig

4.5 Design of Topping:

Design of Topping for Ribbed Slab as a Plain Concrete Section :- 4
HJIHEM:'-!.T\'.IIIJ_‘._.
Dead load for topping =
0.03 x 23 x1 (tiles)
+ 0.02 x 23x1 (mortar)
+ 0.10 x 17x1 (sand)
+ 0.08 x 25x1 (slab) = 4.85 KN/m

Fig. (4-2) Toping of slab
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Chapter Four

Live Load = 5x1 = 5 KN/m. (for Stores
Wu=(1.2*4.85)+ (1.6 *5)

=13.82 KN/m
-> For a one meter strip Wu = 13.82 KN/m

Assume slab fixed at supported points (ribs):

Wu * |2
Mu=—"~——
! 12

13.82* 0.4
u=——=0.185 KN.m

fr =0.42x ./ fc'(MPa)  ACI-318-05
fr = 0.42x+/24(MPa) = 2.057 MPa= 2.057* 1000 = 2057.57 KN / m?

Mn=fr*s

S= =1.06x107°nm°

bh? 1.00x(0.08?)
6 6

Mn =2057.57* 1.06x107° =2.181 KN.m

® Mn =0.55*2.181=1.19956 KN.m
® Mn =1.19956 KN.m > Mu = 0.185 KN.m

The strength of plain concrete section > loaded section .

The plain concrete section is safe ,However, minimum reinforcement for shrinkage and temperature to

control the cracks should be used .
p =0.0018 ACI-318-05

As=p*b*h=0.0018 * 1000 * 80 = 144 mm

Use® 8 @ 30 cm

1




Chapter Four

4.6 Design of Rib (2,03):

Fig. (4 - 3) rib (2,03).

By using ATIR program we get the envelope moment and shear force diagram as the follows:-

1 * 1 4

i i 1
v 51 "3 065 LEY T "’ L8 oA
' 6T 1.5 ' T.5 : 5.5 ik

Fig. (4 - 4) Spans length of rib (2,03).
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-5 F

“IT.5 LY |
S s 3 W24 W2 HE o200
g '-.\ o ¥ A
4 L B,
A s x.'f Ig.-i?h ,_’"‘ e
o = P T A e
10414 . 1.
o 1= 115
x.2
20 LUK 31
23 a1 | | 375 | 3.7 .76 | 33 )
T T

Fig. (4 - 5) Moment diagram for rib (2,03)-(KN.m).

Slieedi

302

.

A

Fig. (4 - 6) Shear diagram for rib (2,03)-(KN).

4.6.1 Design of Positive Moment :

Effective Flange width ( b.)

ACI-318-05

bE For T- section is the smallest of the following:

b. =490/4=64cm

b =14+16t=12+16(8) =140 cm

be =54 control

YA




Chapter Four

» Use M, max positive for span = 32.1 kN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m

~ Assume bar diameter ®14 for main positive reinforcement.
d=350-30-10-7=303mm

® Mn =0.9%0.85* fc'*b*hf* (d- hf/2)
=0.9%0.85*24*0.54*0.08*(0.303-0.08/2)=208.599 KN.m

@® Mn =208.599 KN.m > M, = 32.1 KN.m

The section will be designed as a rectangular section with bE =540 mm

A'S min j(f) (bw)(d) >=AS min =%(bw)(d) ACI-318 -05

22
4(412)

AS min = (140)(303) = 123.699mm?

AS min =%(140)(303) =141.4mm> ~ control

m=— Y __ 412 nce
0.85fc'  0.85(24)
* 6
n = Mn > = 32.1710 > = 0.719 Mpa
®bd ?  (0.9)(540 )(303)
c_ Ay 2mkhn ) 1 1_\/1_ 2% 20.588 *0.719 | _ o 19174
m fy 20 .588 412

A's =0.00174(540) (303) = 285.219 mm*>AS min =141.4 mm’
A




Chapter Four

# of bars = Ag / Aspar = 285.219/153.9 = 1.853 * Note Agis = 153.9 mm?

Select bottom bars 2014

Total AS (provige) 307.8 mm?* > 258.219mm”

* Check Strain for the magnitude of under strength factor @ :
Tension = Compression
A x fy=0.85x f 'xbxa

307.8x412=0.85x 24x540x a

a=11.735mm
_a 1735
“=085 085 ~oeovemm

_ 0.305-0.013806

e
: 0.013806
e, =0.2911>0.005

x0.003=0.2911

4.6.2 Design of Negative Moment for (Rib 2,03):

The maximum negative moment from spans with support is

Mu =-36.2 kN.m

~ Assume bar diameter @16 for main positive reinforcement.
d=350-30-10-8=302mm

m = 20.588

* 6
po M 3820000
®bd 2 (0.9)(140 )(302)
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* *
c_ Ay jj_2mkn ) 1 1_\/1_ 2*20.588 * 0.811 | _ 10197
m fy 20 .588 412
A's =0.00819(140) (302) =346.273 mm’*>AS min = 141.4 mm’
# of bars = A / Aspar = 346.273/201.1=1.72 * Note Agig=201.1 mm’
Select bar2 © 16

Total AS (provige) = 402.2 mm?

* Check strain for the magnitude of under strength factor @ :

Tension = Compression
A x fy=0.85x f 'xbxa

402.2x412=0.85x 24x140x a

a=59.147mm

a5

=085 o085 oooeomm

g, = 0302=006%5 533 501004
0.0695

e, =0.01004 > 0.005

4.6.3 Design of shear for rib (2,03):
ACl — 318 — Categories for shear design:
VU gitical = 33.3 KN
Use ® 8 with two legs
Av = 2x50.0 =100 mm2

€Y




Chapter Four

1- VUS%XCDVC

® Ve =d(1.1)Y éc xb,, x d=28.575kN

33.3 < 28.575/2=14.288

Vu> %CD Vc............not control

2- %@Vc <Vu < dVe

V24
6
14.288 < 33.3> 28.575

fVc=0.75(1.2) % 0.14 x 0.303 x 1000 = 28.575KN

dV. <V, .............not control

3- ®Vc<Vu<sd Ve + P Vsmin
mi

OVs,, 20.75(%)xwadzoi—25ﬁxbWXd

0.75

5 24 % 0.14 % 0.303x10°

®Vs,. >0.75 (%) x 0.14x 0.303x10° >

®Vs, . >10.6>9.7kN

®Vs,,, =10.6kN

dVe+ dVs . =28.575+10.6=39.2KN
28.575 KN <33.3 KN <39.2 KN
®dVc< Vu<dVc+ dVs..... control

OVs,, +PVc=Vu
= OVs,, =Vu-®Vc=33.3-28575=4.725kN

£y




Chapter Four

_ OxAvx fytxd 0.75x100x 412x 303

eq. 3 =19.81cm
dVs 4.725x10

Select 8 @ 15.0cm c/c .

4.7 : Design Of beam for flexure :-

Fig.(4-7) Beam location

L oad calculationsfor Beam 3.03:

The distributed Dead and Live loads acting upon the Beam 3.03 can be defined from the support

reactions of the rib 3.1.

¢y




Chapter Four

Reoctions
Fartnrer
_ f —— —+— H

fﬁrmuﬂ“*:l 11,28 T4 I«’ﬁ.—ﬁ‘) %Ik
Liver .0 1119 261 “79.59. T.59
WiaxH 546 A5 0.7 1K.45
MinR 13.04 43,445 24147 .60
St Ace

Deod R 1.3 2304 16,206 T.d
LiveH (T 178K LV | 44
wax R 1545 474 JEST 12
MinR 11.82 J402 18107 i %l

Fig.(4-8) support reactions of the rib 3.1
Dead Load calculations:

The maximum support reaction (factored) from Dead Loads for rib 3.1 upon beam 3.03 is 19.51 KN .

The distributed Dead Load from the Rib 3.1 on Beam 3.03:

=251 _3613kN/m

DL fromrib3_1 - O 54

Assume the width of the beam = 0.8 m, then the own weight of the beam and the weight of the
floor layers within the beam width can be calculated:
Dead load of beam and top layer :
0.03 x 22 x0.8 (tiles)

+ 0.02 x 22x0.8 (mortar)

+ 0.07 x 17x0.8 (sand)

+ 0.35 x 25x0.8 (RC beam)

+ 0.02 x 23x0.8 (plaster)

=9.2 KN/m

The total factored Dead Load: WpL= 36.13+1.2x9.2 = 47.17 KN/m

123




Chapter Four

*Live Load calculations:

The maximum support reaction (factored) from Live Loads for rib 3.1 upon beam 3.03 is 19.69 KN .

The distributed Dead Load from the Rib 3.1 on Beam 3.03:

_ 1969 =36.463KN /m
0.54

LL fromyip110 -

The Live Load within the beam width (b=0.8 m ) can be calculated:
LL=0.8%x5=4 KN/m
The total factored Live Load: WiL=36.463+1.6 x4 = 42.863 KN/m

By using ATIR program we get the envelope moment and shear diagram as the follows:-

0n
n
o
2

iry Lntocometor om

1 z ] 4
1 2 3
E £l oy Al i £l ::I
LT LT
il il ]|
|:| J-I 555 |.""| 34 Il.-i.I 43 II.'I J-I
i CET] EX) S I'ES
L 1 1 ]
I T T 1
; :’
1
A A

Fig. (4 - 9) Spans length of Beam
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Chapter Four

Loading
toad growp no. 1
Dead load - Factored Uniteximetar
361 3|1 B
118 1 1.8
535 33 47
Liva boa0 - Factored
184 w4 A
£35 35 ]
Fig. (4 — 10) Factored Load of Beam-(KN.m).
MOmPms: Spans 1tn i
L
117 LA
..""\
. - o o
y: . LR
i T, - p§1
..-"’lr e
[ L | bt |
[ 7 AMMET == Thes \\\ L5
k- - . = Lol
e R 0 P
aui:ﬁ_h = 1.0% =2 ______.-'ﬂ.ﬁ
B - ——
R Cilll
B 17
| F51 e THI 7 o | #m 2m |
I 1 1 1 1

Shica

M7

Fig. (4 - 12) Shear diagram for Beam -(KN)
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Chapter Four

Assume bar diameter ® 18 for main reinforcement.
Selected hidden beam

b, =80cm,h =35cm

d= 350—40—10—2—20 =290mm

The width of the Beam 3.03 can be defined from the maximum factored moment.
The maximum factored moment in Beam 3.03 Mu =279.4 KN.m .

Take ® =0.9 for flexure as tension-controlled section

Assume 1= 0.4 B

Take B = 0.85 (fc' = 24)

=085 p 80 | _gg5x 22 o.ss(ﬂj — 0.02495
fy 600+ fy 412 600 + 412

=0.4Bb = 0.4 x 0.02495 = 0.0099811

fy 412

m= = =20.196
0.85fc’ 0.85x24

0.0099811x 20.196
2

kn=r x fy(l— %} — 0.009981116 x 412(1— j —3.697MPa

g2 - Mu_ 291.7x10°
fkn  0.9x3.697
b =1042.4337mm

=bx 2902

Take b=80cm and no need to recalculate the loads acting on the beam.
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Chapter Four

Note that the factored moments of other supports and spans may be satisfied by the section width of
80 cm as a singly reinforced beam sections, but the support section with Mu =-279.4 KN.m may be

designed as doubly reinforced section.

bused =80 cm <b required = 104.24 cm .

* Check whether the section will be act as singly or doubly reinforced section:

Maximum nominal moment strength from strain condition Bls =0.004

x290=124.3 mm.

~N | w

3
C= —d=
7

a=PBxc=0.85%x124.3=105.64 mm.
Mn max = 0.85x fc' x a x b x (d- a/2)
=0.85x 24 x 0.10564 x 0.8 x (0.290 — 0.10564/2) = 408.9 KN .m
® Mn =0.82 x408.9 =335.31 kN ..m
® Mn=335.31KN.m > Mu=279.4 KN.m

* Design of beam as singly reinforcement concrete :

4.7.1 : Design of Beam of negative moment :

Take Mu =-251.1 KN.m ............ at support (2).

® Mn=335.31KN.m > Mu=251.1 KN.m

Mn _ 251.1/0.9x10°°

Kn = =
bxd?  0.8x(0.290)2

=4.147 Mpa

¢A




Chapter Four

fy 412

m= = =20.196
0.85fc’ 0.85x24

I ety > 2 (o) —s(aCI -
As,, _4(fy)(b Xd)> fy(b Xd) (ACI —10.5.1)

_ 2 a0200)> =4 (300(290

As .
" 4(412)

As ., =689.66 < 788.35—— Thel argestiscontrol. = 788.35

As,. =78835mn?

=0.01137

1 2(20.196)(4.147
A (1_\/1_ ( )( ))

" 20.19 412

As = p* b* d=0.01137(800) (290) = 2638.015mm? >As min =788.35 mm?

A 2 1
Sreq = 6380 5:10.36 Note Agys = 254.5 mm?

# Of bars =

ar

Select Top bars 11018

Total AS provige) =2799.159 mm?

* Check strain for @:

Tension = Compression
A x fy=0.85x f 'xbxa

2799.159x 412 = 0.85x 24x800x a
a=70.665mm

1)




Chapter Four

a
C f—
bl
c= 70.665 =83.135mm
5
e, = M x 0.003 = 0.00746
83.135
e, =0.00746 > 0.005.............. ok

*Check for bar distance :

o - 800-2x40-2%x10-11x18

s =50.2mm> 25mm....ok
10

*Take Mu=121.2 kN.m ........... at support (3).

® Mn=335.31KN.m > Mu=121.2KN.m

Mn 121.2/09x10°
= =2.0 Mpa

Kn =
bxd?  0.8x(0.290)2

oy a2
0.85fc’  0.85x 24

=20.196

ASy = %(bw)(d)z L4

a(ty (bw)(d)——(ACI —10.5.1)

J24 1.4

As .. =———(800)290)>——(800)290
s (800)290)> 1 (800)(290)

"N 4(412)

As, ., =689.66 < 788.35—— Thel argestiscontrol.  =788.35

As . =788.35mnY




Chapter Four

) =0.0051189

. 1 ‘0 \/1_ 2(20.196)(2.0)

©20.196 412
As = 0.0051189 (800) (290) = 1187.60 mm?>As min =788.35 mm? mm?Z.

ASe 1187.60
2545

# Of bars =

=4.66 Note Agis = 254.5 mm?

Select top bars 5018

Total AS provige) =1272.34 mm?

The bars 2P18yyill be extended to cover the negative moment in span (2) (see moment envelop).
*Check strain for O:

Tension = Compression
A x fy=0.85x f 'xbxa

1272.34x 412 = 0.85x 24x 800x a
a=32.120mm

a
c=—
b,
32.120
Cc=
0.85

=37.788mm

o _ 290-37.788

s 37.788
e, =0.02>0.005.............. ok

x0.003=0.02

o)




Chapter Four

*Check for bar distance :

3 800-2x40-2x10-5x18

o= 2 =152.5mm> 25mm....ok

4.7.2 : Design of positive moment :
*Take Mu =279.4 KN.m ............ at span (1).

® Mn=335.31 KN.m > Mu=279.4 2KN.m

Mn  279.4/09x10°
Kn = 5= 5= 4.614 Mpa
bxd 0.8x (0.290)

fy 412

= = =20.196
0.85fc’ 0.85x24
fc' 14
As ., =——(bw)d)>—(bw)d )——(ACI -10.5.1)
A(ty) PNd)= = (owkd)
J24
As . = 800)290 800)290
= aarz) B00N290)> . (800)290
As, ., =689.66 < 788.35—— Thel argestiscontrol.  =788.35

As,. =78835mn?

1 ‘0 \/1_ 2(20.196)(4.6)

) =0.01287
20.196 412

p:

As = 0.01287(800) (290) = 2986.35 mm? >As min =788.35 mm?.

2986.35
# Of bars = Asreq = =117 Note Agig = 254.5 mm?
As,, 2545

Select bottom bars 12 ® 18 mm.
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Total As= 3053.63 MM* 52986 35........... ok
*Check strain for O:

Tension = Compression

A x fy=0.85x f 'xbxa

3053.63x 412 =0.85x 24x800x a
a="77.089mm

B=0.85-0.007(fc'-28)<=0.85

=0.85-0.007(24-28)=0.822......... take B=0.85

a
C=—

b,
c= 77.089 =90.69mm

0.85
e, = 20-9089 _, 153-0.00650
90.69

e, = 0.00659 > 0.005............. ok

*Check for bar distance :

o — 800-2x40-2x10-12x18
s 11

*Take Mu=14.4 KN.m ........... from Atir program

® Mn=335.31KN.m > Mu=14.4 KN.m

-3
Mn =14.4/O.9><10 - 0.2378 Mpa

Kn =
bxd?  0.8x(0.290)2

oy

=44mm> 25mm...

ok




Chapter Four

p=£(1— 1_2mKn)
m fy
fy = 412

=20.196

T 085fc’  0.85x 24

1 ‘0 \/1_ 2(20.196)(0.2378))=0'0058

412

As,, =i’)(bw)(d) E(bw)( d)——(ACI -10.5.1)

Aty fy
V24
As . = 800)290 800)290
= aarz) B00N290)> . (800)290
As, ., =689.66 < 788.35—— Thel argestiscontrol.  =788.35

As . =788.35mnY
As = 0.0058(800) (290) = 134.696 mmZ <As min =788.35 mm?.

Take As=788.35 mm?

ASe 78835
2545

# Of bars =

Select bottom bars 4018

Total AS provige) =1017.876 mm?

*Check strain for ®:

Tension = Compression

A x fy=0.85x f_ 'xbxa

o¢

=3.0498 Note Agis = 254.5 mm?
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1017.87x 412 =0.85x24x800x a
a=25.696mm

a
c=—

bl
c= 25'626 =30.23mm

_290-30.23

e
° 3023
e, =0.025779> 0.005.............. ok

x0.003=0.025779

*Check for bar distance :

e 800-2x40-2x10-4x18

s 3 = 209.33mm> 25mm.....ok

*Take Mu=173 KN.m ........... at span (3).

® Mn=335.31KN.m > Mu=173 KN.m

Mn  173/0.9x10°°

Kn = 5= > = 2.857Mpa
bxd 0.8x (0.290)
1 2mKn
=—(1- _|1-
p m( ,/ fy )
fy 412 =20.196

m= =
0.85fc’ 0.85x24

I ()2 4 o) —s(ACI -
As,, _4(fy)(b Xd)=> fy(b Xd) (ACI —10.5.1)

J24 1.4
As . =——-(800)290)>——(800)290

oo
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As,, =689.66 < 788.35—— Thel argestiscontrol.  =788.35

As . =78835mnY

=0.007503

1 2(20.196)(2.857
A (1_\/1_ ( )( ))

" 20.19 412

As =0.007503 (800) (290) = 1740.677 mm? > As min =788.35 mm?.

ASe 1740677

# Of bars = =6.840 Note Agis = 254.5 mm?

ar

Select bottom bars 7018

Total AS provige) =1781.28 mm?

*Check strain for ®:

Tension = Compression
A x fy=0.85x f_ 'xbxa

1781.283x 412=0.85x 24x 800x a
a=44.968mm

a
C=—
b,

44,968

c= =52.90mm
0.85

_ 290-52.90

e
° 52.90
e, =0.01344 >>> 0.005.............. ok

x 0.003=0.01344

o1
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*Check for bar distance :

_ 800-2x 40—62><10— 718 _ 95 67mm> 25mm...ok

4.7.3 : Design of shear for Beam :
ACl — 318 — Categories for shear design:
Vu critical = 258.9 KN

Use ®10 with four legs

VuSlx dVe
1- 2
fﬁ: 0.75x lx V24 x 800 x 290 x 102 = 71.035KN
2 2 6
1
Vu>ECD Vc............not control

2- %cDVc <Vu < dVe

V24
6

fVc=0.75 x 800 x 303 x 10~% =142.070KN

Vu > ®Vc.....not control

3- dVc<Vu<odVe+ D Vsmin

dVs . > 0.75(%)x bdeZOi—zSS fc'xbwxd

oy
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®Vsy, =075 (2 1y 08x0200x10° > 0175\/_ 0.8x 0.290 x 10°

dVs,,, 258> 53 276kN

mln -

DVs,,, =58kN

Ve + DVs,, =142.070 + 58 = 200.07KN

Vu > ® Vc + ® Vs.....not control

4- dVc+DdVs,;, VU< q)VC+d)><:—]3' fc xbwxd

4/ fc'
() Tx bwxd = 0.75x \/§_4 x 0.8x0.290x1000 = 284.141KN

OVe+ O x(_]g-” fc' xbwxd =142.070+ 284.141 = 426.211KN >Vu = 2258.9KN

All Vud Are within item 4 ............

oVs,, +®Ve=Vu
= ®Vs,,, =Vu—-®Vc=258.9-142.070=116.83kN

= d x Avx fytxd _ 0.75x 314.159 x 41.2>< 290 _ 25.048cm
dVs 116.83x10

reg.

w

<S<600
2

9

— =14.5cm
2

v v e

Select @10 @ 10cm c/c (4leg)

oA




Chapter Four

4.8- Design of long column.
4.8.1 (P1.C01) : Column in first floor .

« Loading:-

Try 30*50 cm with Ag = 1500 cm?
Pu=(1.2*312.26+1.6%161.02)*4=2529.40KN.
Pu=1.2*¥4*0.4*0.5*25*3.65=87.60KN

Pn =2529.40+87.60=2617.0 KN.

*Check slenderness limit:

Ku 34 1o M—; ............... ACl - (10.12.2)
r

M1&M2 =1.0 - (braced fram with Mmin).

K=1.0 - (for columns in nonsway frames).
klu
—<34-12*1.0=22< 40
r
Lu=3.3m.

rx=0.3 h=0.3*0.3=0.09.

ry=0.3*b=0.3*0.5=0.15.

klu
—— =36.7)22.0 Slender coloumn for bending about x_axis.
X
klu ) )
~ = 22.0 = 22.0 Short coloumn for bending about y_axis.
y

o9
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E.l,
1+ b,
E, = 4700,/ fc' = 4700* /24 = 23025.20Mpa
_1.2DL  1.2(385.26)

El =04

b, =0.177.
Pu 2617.0
* |3 * 3
l _bThT_ 0504, 67v 105
12 2
* *
El = 0.4* 23025.20* 2.67 — 20893.0MN M’
1+0.177
2
Pcr = p EI
(KLu)?
2 %
314 2089f 0 _ 18935 .30KN ..
(1.0* 3.3)
Cm=06+ 0.4(mj
M 2
Cm=1
d, = cm >1.0
1-(Pu/0.75P,)
1

=1.23>1

d =

™ 1-(2617 .0/0.75* 18935 .3)
€., =15+ 0.03* h=15+ 0.03* 400 = 27.0mm = 0.027 m
e=e,, xd,=27.0%1.23 = 33.21mm = .03321 m.
e_32_ 083
h 400
From Interactio n Diagram
fP, 2617.0%10°, 145
A 400 *500 1000

g
g = 400 -2*30-2*10- 20
400

=1.90ks

=0.75

r, =001
A, =r * A, =0.01*500 * 400 = 2000 mm 2
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Select 10f 16 = ASgigeq = 2010.6mm? > As, ., = 2000mm?
*Design of the Tie Reinforcement:-

Spacing <16x d, (Longitudinal .bar.diameter) =16 x16 = 256mm
Spacing < 48x d, (tiebar.diameter) = 48x10 = 480mm

Soacing < Least.dimension = 400mm

. Usef10@250mm

4.9- Design of Short Column :-

4.9.1 (P1.€02) : Column in first floor .

Try 60*60 cm with Ag = 3600 cm?.

+ Loading :-

Pu=1.2*%654.33+1.6*277.76=1229.62KN
Pu=1229.62*4=4918.40 KN
Pu=1.2*4*0.6%0.6*25*3.65=157.68 KN
Pn=4918.40+157.68=5076.16.

Pu=5076.16 /(0.65)=7809.50 KN.

Pn = 0.8* Ag {0.85 * fc'+rg(fy —0.85 fc')}
7809 .50 *10 * = 0.8* 0.36[0.85 * 24 (1—rg) + rg * 400 |
rg = 0.0177

* Check slenderness limit:

............... ACl - (10.12.2)

M1&M2 =1.0 - (braced fram with Mmin).

AR
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K=1.0 - (for columns in nonsway frames)
klu
—<34-12*1.0=22<40
r
Lu=3.3m.

rx=0.3 h=0.3*0.6=0.18.

ry=0.3*b=0.3*0.6=018.

klu

—— =18.33(22.0 Short coloumn for bending about x_axis.
X

klu . :
—— = 22.0=22.0 Short coloumn for bending about y_axis.
ry

.. short Coloumn

A =r* A, =0.0177*3600 = 63.72cm?

Select 14f 25 = As, 4 = 68.72cm* > As = 63.72cm’

4.10 Design of Isolated Footing

1r. | & '.|l
=1l

(4-13) footing sections

1y

S 2]

[ 157

|

I.d,




Chapter Four

4.10.1 Load Calculation :
Total factored load = 1770 KN.

Total services load = 1300 KN.

Column Dimensions = 60*30 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m?2.
Assume footing to be about (40 cm) thick.

live load =5 KN/m2.
Q1o =400 - 5 - 1*18 - 0.4*25 = 364.5 kN/m’

4.12.2 Determination of Footing Area :

_ 1300 3
A= SEas = 3.56%1

= L=1.85="2m
4.10.3 Determine the Depth of Footing Based on Shear Strength:
Assume h=50cm ......... d =500-75-20 = 405 mm

e Check For One Way Action:-

For X- direction

1y
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V, :(M—d)xquxw

! 2
V, = (M —0.405) x 496.35x 2.00
V, = 292.84kN
V. = % fc'xLxd

c

OV, = % V24 x 2.00x 0.405x 10°

DV, = 496.00kN
DV, >V, .....0K

For Y- direction
(L-a)

2
(2.00 - 0.3)

V, =( —d)xqg, xW

V, =( — 0.405) x 496.35x 2.00

V, = 441.75kN
DV, = 496.00kN
DV, >V, ......0K

e Check for Two Way Action :-

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

1 4
V.=—|2+— |/ f.b,d
Cc 12( +bJ [ (o]

C

l(a.d g
v, 1@ o)t b d
Cc 12( bo + j C (0}

v =§\/ t b d

Where:

¢




Chapter Four

Column Length (a) 60
€~ Column Width (b) 30

b0 = Perimeter of critical section taken at (d/2) from the loaded area
= 2x{(a+d) + (b+d)} = 2% {(0.60+0.405) + (0.30+0.405)} = 3.42 m.

ag =40 for interior column

v, :%(2 ‘ g]\/f_ b,d=0333F, b, .d
40><0405
v 2|1, b,.d=056yf. hb,d
c 12( 3.42 J
- %\/ f b,.d=0333f, b d...Control

Vu = 496.35* ( ( 2.0*2.0)-( 1.005*1.005) ) = 987.736 kN

- %«/ f.' b, .d = 0.333y24 x 3.42x 0.405x 10°

\Vc = 2259.596kN....... f =0.75
fVc=0.75x 2259.596 = 1694.697kN
fvVe>Vu........ OK.

4.10.4 Design for Bending Moment:

At X- Direction

Mu= 49635><200><07><0—27_2432]kNm (2.00-0.6)/2=0.7

Using Reinforced Concrete.

10
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Mn= %L: 27023 kN.m

Mn  270.23

Kn=—— = _=0.8237Mpa
bd?  2.00x (0.405)

M fy 420
0.85x fc' 0.85x24

. :i 1- 1_2><m><Kn
m fy

L1 1_\/ _ 2x20.588x0.8237
20.588 420
ASgeq =TI xbxd =0.002x2000x 405 =1620 mm?
= 0.0018xbx h = 0.0018x 2000x500 =1800 mm?

=20.588

] =0.002

AsS1rink«51ge(min )
Asmin =1800mm>.................. control
select 12f 14 withAs=1848 mm?® > Asreq.=1800 mm?

At Y- Direction

Mu = 496.35x 2.00x O.85><0'785 =35861kN.m  //(2.00-0.3)/2=0.85

Using Reinforced Concrete.

Mn:%‘: 39846 kN.m

_ Mn 39846

Kn=—— = - =1.2146Mpa
bd? 2.0 (0.405)

fy 420

m= = =20.588
0.85x fc  0.85x24

"
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, :i 1- 1_2><m><Kn
m fy

1 ( B \/1_ 2x 20.588x1.2146

r =
20.588 420

ASge, = xbxd = 0.003x 2000x 405 = 2430 mm?
ASgyinegemny = 0-0018x bx h = 0.0018x 2000x 405 = 1458 mm’

] =0.003

Asreq = 2430mm-.................. control
select 16f 14 withAs = 2464 mm?® > Asreq. = 2429.96 mm®

4.10.5 Check for Strain:
At Y- Direction

Tension = Compression

Asx fy=0.85x fc'xbx a
2464 x 420 = 0.85x 24 x 2000 x a

a=25.364 mm
X = a_ 25.364 =29.84 mm
bl 0.85
e, - 0.405 - 0.02984 « 0.003
0.02984
e, =0.0377>0.005 ... OK

At X- Direction

Tension = Compression

1y
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Asx fy =0.85x fc'xbxa
1848x 420 = 0.85% 24x 2000 x a

a=19.023 mm
x=2 95 _ 538 mm
bl 085
o, . 0405002238 0o
0.02238
e,=0051>0005 ... OK

4.10.6 Check transfer of load at base of column:
®Pn = ®(0.85fc'Ag)
®Pn = 0.65(0.85)(24)(0.3* 0.6) * 10° = 2386.8kN > 1770KN.

Since ®Pn>Pu.

.. Dowels are not required for load transfer

4.10.7 Development Length (Lg):-

Ldb=_ Y 4
4./ fc' °
Ldb= 420 x16 = 385.8mm control

424

But not less than:

Ldb = 0.04(fy) d,=0.04(420)*16 =268.8 mm

Available Ld =h-cover-db=500-75-16=409mm> 385.8 OK

L,=0.071*%fy *db=0.071 *420 * 16 =0.477 m ......... use lap splices length 50 cm

4. 11 Design of strip Footing:
4.11.1 Determination of load:

TA
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From slab and Wight wall

Total factored load =219.87 KN/m.

Soil density = 18 Kg/cm3.

Assume footing to be about (30 cm) thick.
live load =5 kN/m?

Oanet =350 - 1.2%18 — 0.3*25 = 320.90 kN/m”?

= For one meter strip

219.87
A=

2 z
3209 0.7 m

B=0.7m,h=30cm

d=200-75-20/2 =115 mm
Pu=1.2%185.85 + 1.6*34.02 = 277.46 KN/m
Ou = 277.46/ 0.7 *1 = 396.37 kN/m’.

4.11.2 Check of One Way Shear:

Vu = 1%(0.35-0.15-d)*396.37
OVe="S Foedub

075 —
BVe = T\/24 #1000+ 1 = 1255 kN

1*(0.35-0.15-d)*396.37 = 0.125v24 + 1000 * 1

= d=0.079 mm
L=79.31+75+20/2 =164.31 mm
Take L =200 mm = 20cm

4.11.3 Design of Bending Moment:

In longitudinal direction

Mu =396.37%0.2+0.2/2 = 7.93 kN.m

Mn = E’ =8.81KN.m
0.9
Mn 881*10°

Kn=——= > =0.667Mpa
bd= 1000*115

14
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. fy 412
0.85* fc  0.85* 24

; =l 1- 1_2><m><Kn
m fy

Lo 1 1_\/1_ 2x 20.196 x 0.667
20.196 412

ASs., =T *b*d =0.00164*115* 1000 = 189.04 mm?
ASqyiage = 0-0018* b* h = 0.0018* 115* 1000 = 360mm>
ASge, =189.04 < ASgy e = 360mmM?

= 20.196

J =0.00164

Req.

Req.

Usef 14
No.=360/154=2.33 , Use 3 bars

f 14 at40cmc/c

Check of strain:

As*fy=0.85*f *b*a

360* 412 = 0.85* 24*1000* a

a=7.27mm
x=2 _ 72T _gegmm
b, 085
e, = 115-855, 0.003
8.55

e, =0.037 > 0.005

In transverse direction:
Anin=0.0018 *B * h
Asmin = 0.0018 * 800* 300 = 432 mm?

Usef 12
No.=432/113=3.82 , Use 4 bars
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Use 4f 12

4.11.4 Development Length of main Reinforcement

9 By e
TR i
A fe db

9 420 1+1+08
— — %
10 1+v24 25

Ida'a'.:,l ==

+ 14 = 346 mm

lilai =
Ld available = 400 - (250/2) - 75= 200mm

Ld available= 200 mm < [d.p, = 346mm

Use Using hook >16*f

Required length of hook>16*f >16*1.4 = 22.4 cm

Use Hooksel. = 25 cm > Hookreq = 22.4cm

4.12 Design of Stairs :

4.12.1 Determination of Slab Thickness:

L=<¢+4+YYe A =0 m.
Al
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hreq = L/ 20

hreq =450 /20 =22.5cm ............take h= 25 cm.
= Use h=25cm.

0.4 tan™(1/3.3) =28.1°

Cos6=0.88

Figure (4-14) Stairs plan

4.12.2 Load Calculations at section (A-A):

4.12.2.1 Load on Stringer:
Dead Load:

\Al
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Tiles = 0.03*22*((0.33+0.16)/0.30) = 1.078 KN/m.
mortar = 0.02*23 *((0.16+0.33)/0.3) = 0.751 KN/ m.

Plaster =(0.03*23)/ (Cos 28.1) =0.782 KN/ m.
Steps =((0.16*0.3)/2) * 25/0.3 =2KN/m.
Slab = 0.25 *25/ Cos 28.1 =7.085 KN/ m.
Total dead load =11.7 KN/ m.
Live load:

Live load for stairs =5 KN/ m?.
Factored load
qu =1.2*11.696 + 1.6*5 = 22 KN/ m*.

For one meter Strip, qu =22 KN/ m.

4.12.2.2 Load on landing :

Dead Load:

Tiles =0.03*22 =0.66 kN/m’
Mortar =0.02*23 = 0.46 kN/m’
Slab = 0.25*%25 =6.25 KN/m2.
Plaster = 0.03*23 = 0.66 KN/m?2.
Total dead load =8.03 KN/m?.

Live load:

Live load for stairs = 5 KN/ m>.

Factored load
qu =1.2*8.03+ 1.6 *5 = 17.64KN/ m’.

For one meter Strip, qu = 17.64 KN/ m.

VY




Chapter Four

Dead load

3.55 ' ' 0.8 1

Figure (4-15) : Loads on stairs

4.12.3 Design of Shear :
= Assume @ 12 for main reinforcement:-

So,d =250-20-12=218 mm =21.8cm

Figure (4-16) : Shear Envelope

Vu=42.9 KN.
f/f. *b, *d
fVe=————
* * *
tye 075 \J24*1000 218 _an ek

6
Vu=429 KN < fVc=133.5 KN.

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

\&4
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4.12.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair

Figure (4-17) : Moment Envelope

Mu =51.4 kN.m
Mn =Mu/0.9=51.4/0.9=57.1 KN.m.
d=21.8cm.
_ Mn
" b-d?

* 6
K, =210 ovpa .

" 1000* 2182

by
0.85x fc'

420
m=———
0.85x 24

2mK * *
r =1 1- 1- L 1 1—\/1—2 20.58871.2 =2.947*10°
m fy 20.588 420

As, = 2.947*10°*100*21.8 = 6.4 cm”

K

= 20.588

As.. =0.0018* b* h = 0.0018* 100* 25 = 4.5¢cm?

As,=4.5cm’ < AS, = 6.4cm’
Use @ 12 >>>640/113 =5.66

Use 10 12 @ 17.5 cm c/c .............. with As =(100 / 17.5)*1.13 = 6.46 cm?.
vo




Chapter Four

As provided =6.46 > AST€Q..c..ccceriveerrreeenens OK.
Check for strain:

Tension = Compression

A * fy=085* fc' *b* a
646* 420 = 0.85* 24* 1000* a

a=13.3mm
x:izﬁzlsﬁmm
b, 085
e, = 2187156, 5,003
15.6

e, = 0.0389 > 0.005—— ok

4.12.5 Secondary reinforcement:

ASgyinage = 0.0018x bx h = 0.0018x 100x 25 = 4.5cm’

Use @10 @ 15 cm ...ccuueneee With As = (100 / 15)*0.79 = 5.27 cm?

\a
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4.16.6 Stairs at section (A-A) Details:

‘:\.': _.-

£ -'""._l.-

3.8 7.8 L
b M e

1.82
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- "'.gnl.n.lM_o'w_'.l -
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Figure (4-18) : Stair Section
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4-13 Design of Dome :
The Analysis & Design was done by Using Software (Sap2000),The Results as the following :-

Figure (4-19) Dome Analysis

Under full dead load, the centerline of a circular arch deviates from the parabolic pressure line causing
bending moment.

The geometric equation of the circular arch can be represented as:
y=R(1-Cos9,)

Where

R = radius of curvature of the arch geometry

B, = Angle represented in Figure 1.

Before location of maximum moment is determine, some general geometrical relationships are derived
where the origin of the coordinates is located at the crown.

Cosq :%h

h=R(1- cosq)

X . L L .
Sngy=— o Xx=RSin d Sng = — or —=RSin
dx R dx an q SR 5 q

YA
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2
h h . Wh

The maximum moment at cos =1-— ,forcosq =1-—,isM =——
Ax oR q R max 3

The maximum shearacts at the reactions (node A) since it is zero at the crown due to symmetry of
loading is:

Vmax =VAcosq — H sing
The maximum axial force also appear at the reactions and are equal to:

Nmax = NA =NB =Vasing + H cosq

Loads on the dome :

Loads = Dead + Wind + Snow

e _,-.f.-—*"_’_'*_-]_"F]_--?

. Cefed : 2.
Sraw loosl - LESA W % L

T - SR = S ; }

Foe - 1 L RRChT 0T qnss oM |

wolzaT ol pealoofooSa
F e
oac® e,
L X : T,
g .
.-'f "‘m
f-"" &
F4 L
e i e
- LS
L ARk )
A _*

Figure (4-20) Loads on The Dome

After Design We get the profile as Horizontal is HSS 40X40 X6
as Vertical HSS30X30X6

v4
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4.14 Design of Basement Wall :

P
l l l f l l l =
—J{:::- w .-.- 5 ._-. 5 : A ¥
= 4 - b S . ; —
i -
o -
i .-_._Iu R
; Y ol
3.8 mf 417 m —_—— —
£ B R Lt
1 ——— -
Py ' el sl
. ] | — -
¥ x h = Klil PK.K“

Figure (4-21) : Load on Basement Wall

4.14.1: Losd on Basment Wall :-

e Self weight of earth :
g, =gxhxK,

Assume that :

Jy, =18 Kn/m’

g =30

K=05

¢, =18x4.17x 0.5=37.53KN/m?
Qiffactoreq) =1.6x37.53= 60.05 KN/m

e Load from live load:
g, =PxK,
g, =5x05=25 KN/m?
QqU2(factored) = 1.6x2.5= 4N/m

e Normalload:
Is very small, it will be neglected ( safe side ) .

A
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Lhwe boad - Frebied
i 1N
Y Iy
B 417 P
Figure (4-22): Load diagram
L T I T NI |
* =

om i 1.0

Figure (4-23): Shear & moment envelope diagram

4.14.2: Design of the Vertical reinforcement:

Assume h =300 mm

Mn = 709 =78.8KN.m
09

d =300—20-14/2=273mm
Mn  78.8x10°°

Kn= = =1.06Mpa
b*d® 1x0.273 P

, =£(1— 1- 2mKn)
m fy

Lo 1 (1_\/1_2><20.588><1.06)=0.0026
20.588 412

As,, = 0.0026 x1000 x 273 = 709 .8mm ?I'm

As, . =0.0012* 1000* 300 = 360mnv /m

AN
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As,;, =360mm’/m< As,, = 709.8mn7’ /m

709.8

#of bar in on meter = 5

Select ®14@20cm c/c

IN OTHER SIDE

As= % «709.8 = 355m/m

#of bar inonmeter=37—5;=5

Select ®10@20cm c/c

4.14.3: Design of the Horizontal reinforcement:

AS,, oy = 0.002* 1000% 300 = 600mnT / m

#of bar inon meter:@—lz

50.24
Select ®8@15cm c/c,Intow layer

Check for Shear :
Vug= 61.2 KN
o —
Ve = 5 fexd+ b

075
Ve = T\/24 +0.273 + 1000 = 870.79 kN

@V ¢ %3 Vu ... No Shear Reinforcement is Required.

AY
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4.14.4: Design of Basement Footing:-

Total factored load in basement =1.2x (25%.3.8x0.3)=34.2 KN/m
Soil density = 18 Kg/cm3.

Allowable soil Pressure = 350 KN/m?2.

Assume footing to be about (30 cm) thick.

Footing weight = 1.2%(25%0.3) =9 KN/m2.

Soil weight above the footing = 1.6X(3.44) X 18 = 99.072 KN/m2.
live load =5 KN/m?

Oaliow = 350-5-9-99.072=236.93 KN/m?

Assumeb=1m,h=30cm

d=300-75-14 = 211 mm, qu: = 34.2/1 *0.8= 42.75 KN/m>

au

Figure( 4-24): Footing geometry

4.14.5: Check of One Way Shear:-
Vu = 1%(0.25 - 0.211)x 42.75 = 1.67 KN
'EI —
BVe= - \[fexdxb

075 —
BVec= T\/24 %0211 x1 %1000 = 129.2 KN

@Ve = Vu....Noshear R.F isrequired

AY
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4.14.6: Design of Bending Moment:-

Mu = 42.75x0.25%/2 = 1.34 KN/m

Mn= 134 =1.49KN.m
09

3
=N L4910 n34mpa
bd?  1%0.211
fy 420

m= . = 20.588
0.85* fc  0.85* 24

. =i(1— l_2><m><kn}

m fy

co 1 1_\/1_2><20.588><0.034
20.588 412

ASge, =T *b*d =0.000081 * 211* 1000 =17.1mm?
ASgyiryage = 0.0018 * b* h =0.0018 * 300 * 1000 = 540mm?
ASgeq = 1162 < ASgyiae = 540Mm?

j = 0.000081

Req.

Use Asmin

Usef 14
No.=540/154=3.51 , Use 4 bars

Use hook >16*f
Required length of hook>16xf >16x1.4 = 22.4 cm

Use Hooksel. = 25 cm > Hookreq = 22.4cm

Use@ 14 @ 25 cm ¢/c

A¢
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In the other Direction:-
Agmin = 0.0018 * b * h
Aqmin = 0.0018 * 1000* 30 = 540 mm?

Usef 14
No. =540/154=3.51 , Use 4 bars

Use® 14 @ 25 cm c/c

4 " F.I_ " '1'-'1-"1'-'.'.'1'-'[ *r.'”:l

10 A TL fn'rl::ll.'.'.l

ldpog =

9 412 1+1+0.8
— % — &
10 14++/24 25

Id.l'u.:,l ==

Ld available =250-75=175mm

Ld avaitabie= 475 mm > ld ., = 296.3mm

+ 14 = 345.7 mm

Ao
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.15 Design of Shear wall:

B EERS | B

Figure (4-25) : shear wall sample

Calculation of loads:
W Ground Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &walls ) = 2000KN
W tirst Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &walls + Weight of
lower columns & walls ) =3399.79 KN
W econd Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &walls + Weight of
lower columns & walls ) =3400 KN
W 1hird Floor = Weight of slab + Weight of stairs + 0.5* (Weight of upper columns &walls + Weight of
lower columns & walls ) =3400 KN
Wrotat =W Ground + W First + W secondt W third

Wio = 12199.79 KN

Calculation of shear force on shear walls:
From Uniform Building Code 1997 (UBC):
Z=0.3 zone"3"

R=5.5
=1
Ca=0.24
Cv=0.24
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h,=16

Ct =0.0488

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 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, n or x, respectively

T :C (h )3/4 Eqg.... 30-8 (UBC
t\I'l

T =0.0488(12.2)** =0.39

*
v, Gl _ 0241,

= w=0.11188w
RT 5.5*0.33

V <£0.11*WKN.....control
V >0.0264* WKN
F, =0.07*T*V =0.07* 0.39* 1341.97 = 36.636KN

Table (4 — 2) Calculation of the total Fx.

AV
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I XM Digrani)
J‘JJ—Q" wHT THER KM
. 20515 BN
S8 1ae: B KN
ey 194 07 KM
oo
|

Figure (4-26) : Fx-Diagram

By using the software (ATEER.) to Analysis the shear wall it was get result as the following:
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Figure (4-27) : Moment & Shear-Diagram for Shear Wall.

Shear Wall Design Parameters:
fc' =24 MPa
fy =412 MPa.

h=25 cm. Shear wall thickness.
L,= 14.10m. shear wall width
Hw=16 m. Story height.

Design of the Horizontal reinforcement:

Internal forces & moments:

> Fx=Vu=1835.311KN

Critical Section

tw_1410 _7 o5m
2 2

hw = 16 =8m
2 2

storyheigh = 4m(control)
Mu = 9179.86KN

Design it by using Reinforced concrete:

Vu = 1835 .311KN
Vn =Vu /0.75 = 2447 .08 KN

AQ
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Design of shear
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d =0.8* Lw=0.8*14.10 =11.28m
Ve, = %* fc*h*d = %Jﬂ *0.25*11.28 = 2302.52KN(Control )
_Jfc*h*d N,*d_24*025*11.28 1*11.28

Ve, +
4 41, 4 4*14.10

= 3730.28KN

Vs=Vn-Vcl
Vs = 2447.08 — 2302.52 = 144.56KN

* -3
AV |__ Vs 1447107 _ 3319410 m
S2 )T Fy*d  412*11.28

(_A\g;in j = 0.0025* h = 0.0025* 0.25 = 0.625* 10 *m(Control )

S2= L_;V —14100/5 = 2820mm

S2 =3* h=3* 250 = 750mm
S2 = 450mm(control )
select >2f 10 > As =1.58cm2

ﬂ = 0.625mm
S2

185—2 = 0.625 — S2 = 252.8mm(Control )

Slect.....S2 = 25cm < Seq. = 25.28cm
S2selected = 25cm < 45cm < 40cm
use....2f 10@ 25cm(c/ c)in 2layer

Design of the Vertical reinforcement:

1)
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hw, , Avh
I in = (0.0025+ 05(2.5— m)(g —-0.0025))S h,

h_ 16 1135005
L, 1410

Avn =0.0025x S, x h

S = % L, = %x14.10 = 4700mm

S, =3x h=3x250=750mm

S1 = 450mm(control)

Select f 10Witharea As = 158mm?
158 = 0.0025x S, x 250

- S, = 252.8mm(Control )

Select S, = 25cm < 25.28cm
S=25cm

——> Select 2f 10/ 25cmce/c

Design of bending moment:

Mu =16521.108 KN.m
i
- . S
600 * (S, hy
Assume Sn/hw = 0.007

i 14.10
~ 600 + 0.007

C,=C-01xL,
C,, = 0.65—0.1x14.10 =1.95m

[

= 3.357m

c, == 3571 678m
20 20

Select Theboundary element = 200cm > 195cm

ay
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Lw 14.10
= xAS —>="""x158=8911.2mn"
AS sl AS, 0.25
Z _ 1
Lw 2+ (0.85* b * fc* Lw* h)/(As, * Fy)
Z 1 — 0.058

Lw 2+ (0.85x 0.85x 24x14.10x 0.25) /(8911.2x 10°° x 420)

fMn=0.9xFyx0.5x As, x LWx(l—(Li/ZD =
W

0.9* 412* 0.5* 8911.2x107° x14.10* (1 &258) = 22619.56kKN.m > Mu =16521.108kN.m

The vertical uniformly distributed bar's at the end within the boundary Zones are enough, so no need

for additional steel area.

Y
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Design OF Truss : 4.16
4.16.1:Load calculation :
Dead load: 1.
dead load of corrugate sheet =0.15 kN/m?2.
dead load of purline =0.25 kN/m?2.
dead load of instulation =0.25 kN/m
dead load of truss =1.5KN/m.
dead load of gypsum plates double layer =1.25 KN/m.
2. Wind load =-0.4 kN/m?.

3. Snow load =1 kN/m?.

Design of purline (at the top): 4.16.2:

load calculation :

dead load of corrugate sheet =0.15 *1.33 =0.2 KN/m.-dead load of purline =0.25 KN/m.
=0.45 KN/m.Y

Snow load =1*1.33=1.33 KN/m.

Wind load = 0.8*-0.5*1.33=-0.532KN/m.

load combination:
qu=1.2D.L+1.6S.L.
=1.2(0.45)+1.6(1.33)=2.7 KN/m........control.
qu=0.9D.L+1.6W.L.
=0.9(0.45)+1.6(-0.532)=-0.45 KN/m.

qu=2.7*0.06852=185.0 Ib/ft

¢
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185.0 Ib/ft
JIIITII1],
19.685
1820.863 Ib -\
_ 1820.363 1b
8.96 kip.i
Figure (4-28) purline (at the top)
py = 285:0719:68 _ 1055 ge3kn
MU max — 1820.863 * (19.685 / 2) _ 8.96Kips. ft

2

Design of bending moment:

Assum compact section.
¢ *Mn>Mu
0.9 * Fy* ZX;eq > Mu

8.96 + 12

7 2 P
=09736 3.32in

¥
xr'e‘u

Select tube 4-1/2x4-1/2x1/2

Zx = 10.2in* > Zreq =3.32 > Ix=18.1in"

q0
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Check of local plat bukling :-

bf
Aj = 2f < A,y =108

6.68
Aj=—5- =334 <108

h
Ay = < Apu = 107

Ay = 6.68 < 107

The assumption is correct (compact section).

Design of shear:

by * Ve = Wy
0.9*0.6*36*4.37*0.52 I,
38.0>18.2 .......0.K.

Ay =668 <A = 686.....0.K.

Limitation of deflection :

. L 1968512
'P::H::lw = 360 = 160 = 0.66

133+ (1).206852 \ (1968 « 12)*

384" 20000 + 18.1

=0.58

F=0.58 < Fyjipy= 0.66 ........0.K

AN
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Design of purline at bottom :
Load calculations :
dead load of purline = 0.25
dead load of gyosum = 2*1.33*1.25 =3.325
dead load of instulation = 0.25*1.33=0.3325
> 4KN/m
load combination :
Qui =1.4D.L

Qur =1.4*4=5.6 KN/m.
Qu1 =5.6*.06852=383.7 IB/ft.

383.7 Ibift
TTETESIEE
19.685 ft
3776.6 Ib\
18.6 kip.1i
3776.6 Ib

Figure (4-29) purline (at the bottom)

~383.7*19.685

Ay =3776.6KN

3776.6* (19.685/2)
2

Mu.max = =18.6Kips. ft

v
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Design of bending moment:

Assum compact section.
$ * Mn>Mu

0.9 * Fy* ZX;eq > Mu

, 186+ 12 i
xf.\:”.u = m = 6.9 in

Select tube 8x3x1/2

Zx =20.0in* > Zreq =6.9in> > Ix =20.0 in*
Check of local plat bukling :

bf

A= — <
Y2t T

3.45

h
Ay = 7= < Ay = 107

Ay =99 <107

The assumption is correct (compact section).
Design of shear:

by * Ve = Wy

0.9*0.6*36*5.5*0.52 I,

48.6 >37.8.......0.K.

Ay =142 <\, =686 .......0.K
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Limitation of deflection :

L 19685412

j:‘ll.l:”I:i'i'r" = 360 e 360 0'66
g 42006852 | 1968412
g O 4 12 =058
384 29000 + 58.6

=0.66 .......0.K. F=0.54<

Design of truss:-

b

Figure (4-30) Truss section

Space between truss and anther = 6.0m

L=18.6m

B=1.33m

H=3.0m

Load calculation :-

Dead load of truss =1.5 KN/m

Dead load of purlines = 0.25*6/1.33 = 1.127 KN/m
Dead load of corrugate sheet = 0.15*6=0.9 KN/m

5 3.5 KN/m
Wind load =-0.4*6=-2.4 KN/m
Snow load = 1*6=6 KN/m

Load combination:-
qu1 =1.2D.L+1.6S.
Qu1 =1.2 x3.5+1.6 x 6= 13.8 KN/m.........Control

19
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Quz =0.9D.L+1.6W.L
Qw2 =0.9 x 3.5+1.6 x -2.4= - .69KN/m.

Analysis:-
D, =142.5 KN

V, =-128.4 KN
Ts = -244.65 KN
Bs = 243.9 KN

Design of diagonal member :-
D; =142.5 KN =32.04 Kip

Yielding limit state :

$Tn=Tu

b* Fy* Ag=Tu

0.9 *36* Ag =32.04

Ag =988 in’

Stiffnes limit state:-

L

— = 300 [, =2.08n =6.85 ft

=
6.85# 12
——— = 300

=
0.274inr 2

Select tube 2-1/2x1x3/16

r=0.796in >0.274 in Ag =1.02in?>0.988 in

Design of vertical member:-
V;=-128.4 KN =28.87 Kip
Effeective length :-

For buckling about x-x and y-y
Ky=Ky=1

Lx=Ly=1*5.25*12=63 in
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Critical stress F,

Bt - 100

£

Assume of middle value of

From curve of Asssteel F,=22Ksi
-required area:-
O Py = B,
Be+ForrAg = Ry
0.85*22*A, > 28.87
Ag reg=1.54in’
Select tube 2x2x1/4
A=1.51in’ r=0.704in
Effective length ratio
Kyor, - Kyer, 63

e Ty 0704

89.5

from curve of A;¢ steel F, =24Ksi
Design strength :-

Re* Py = By

B *Fervdpg 2 By

........ O.K 0.85%24*1.51=30.8 > 28.87

Design of top member
T,=-244.65 KN =55. Kip
Effective length :-

For buckling about x-x and y-y

Kx= Ky=1
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L.=Ly=1%5.25%12=63 in
Critical stress F,

Assume of middle value of@ =100

£

From curve of Az steel F,=22Ksi
-required area:-
Re* Py = By
Bc *Fer v A = By
0.85*22*A, > 55.0
Ay req=2.94 in’
Select tube 3X3X5/16
A;=2.94 in’ r=1.08 in
Effective length ratio

K, Kyor, 524
e  r, 108

48.5

From curve of A steel F., =32 Ksi.
Design strength :-

@+ Py = B,

@+ Fer*Ag 2 Ry

........ O.K 0.85*32%2.94=80.0 2 55.0

Design of bottom member:-
B, =243.9KN =54.8Kip

Yielding limit state :

éTn>Tu
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d* Fy* Ag>Tu

0.9 *36* Ag > 54.8

A,-1.69in’
Stiffnes limit state:-

L
= = 300 L =133m =436 ft

43612
—F = 300

r=0.1744

select tube 2-1/4x2-1/4x1/4 Ag=1.74in2 r=0.806 in
design of filled welled to connect diagonal member :-

use (SAW) ....coeveenenn. Ty=60 Ksi
Ty=142.5 KN=32.04 Kip
Fromtable 5.11.1 an =%
A max ---- TjOINt...... Nno max size
4
select —
16
4 3
sot.=a=— < =
16 g 16
shear fracture of base metal
I:II'F"J[I'.-'I.' :: IQL‘I

0.75*t*0.6*F, > IT'-

0.6*60=6.75 Kip/in* 0.75*%
2.shear yielding of base metal :-
EI'F|6|III'."I.' :j RI.'I

0.75**0.6*F, 2 ;-

VoY
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0.6*36=5.4Kip/in* 1*—
3.shear fracture of weld metal:-
mlHIII'."IE :j RI.JI

%
0.75*t.*0.6*F 2 .'_i

0.6*60=6.75Kip/in* 0.75*
Tu 3204

oR

nw

Lw req =

4
I—wmin=4'*a = 4*(E) =1

Use L=4*2=8 in>5.93 in

=5.93in
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3. Building Code Requirements for Structural Concrete )ACI 318M-

05 (and Commentary, USA, 2005.

4. Uniform Building Code ( UBC).
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end | Both ends
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 £M10

Beams or

ribbed one-
way slabs £M16 £M18.5 £r21 ]

Notes:

Values given shall ba usgd directly for members 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 lightweight concrate having unit density, w_, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.503
less than 1.09. o

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

w,) but not

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

TABLE 2.5{b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Type ol member Dieflaction 1o be consickered Dsfesclion lirmitalinn
Flat ot sl Supsorting o alachad 1 fiod- irmadhate dellecton due & lwe bad L 7
struciurs elements Buly 1o ba damaged by £/ 180
larpe defecions
Floom ol supporting or atisched o nonstrc- | iImmedads deflecion dus & live load L
tural plemants likaly o ba damaged by largs £/360
aefleciions e :
Roal ar floar construction BUpparting of Triat part of B folsl defiechon cocusTing ke
attached o nonsiruciural alements likely 10 be | aBachimant of tonalruchinl eherments (sum of AR
damaged by lamge dellections E&Pﬂg—le&_lmpeﬂenﬁanumnzgﬂ :néat,uiu'ed
Foal af fieor conatruction sepporting o b AT SN ) [T e On e 0. e
adlached b nonsiruebural sismanes nat lhaly 1 | 20tonal ive ey 22400
s clnrnmged by larps defiscticng

* Lami1 not imfendad 1o sadsquand agaenst ponding. Ponding shoukl e checked By sulabk calcamors of defechon, nciuding scded deiechons dua i ponded
walar, ond conedanng bngterm atiacls of all mishamed oot cambes. conuruction keéamnces, and rbabiity of provssions S dreirags

! Long-tarm dafiacion shadl be delermimed in accotancs with 8528 o B.5.0.2, De may bi reduced by arount of delection calculited 1o sscur bafore atiach-
mant of nossinaciunl sements This amoint shall b delmmined on banis ol scoepied srgnseing dat relnling o time-delecion charsclemitcs of rreembers sim-
B 10 thiss Bsing consimsed

 Lanin vy e seseded [ amlsgiate msasures we lnken o provent damage to suppored or atachod o omantz

¥ Lt shall pot l‘-&?-mr W feldgnmnos peovided o nonsinoctuml oomants. Lintt may be seceoded € comibar is provided s0 that Yotal datlecion minus caimber
woym el exoesd bmi

Table (4-2): MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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