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Project Abstract

The main aim of this graduation project isto make the structural design for all
structural members of ahotel in the city of hebron , the hotel isincluded 8 floors and any
architecturally designed from students in the department of civil and architectural
engineering, the architecterd design is special from the aestetic side,it was designed
functional and practical, the architecture design checked and corrected and computed,the
structural system was checked to be stable against vertical and horizontal forces, primary
al of structural members were analyzed and designed,according to the code ACI — 318,
the analysis were carried out by using of several software programs such as Atir....... to

determine the magnitude of |oads were determined according to the Jordanian codes.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
Ag = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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.

C. = compression resultant of concrete section.

Cs = compression resultant of compression stedl.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of easticity of concrete.

fc¢= 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 supportsin slabs without beams and face to face of beam or other

supportsin other cases.
LL =liveloads.
- Lw = length of wall.
M = bending moment.
Mu = factored moment at section.
- Mn = nominal moment.
- Pn =nominal axial load.
- Pu = factored axial load

Xiii



- S= Spacing of shear or in direction parallel to longitudinal reinforcement.
- V¢ =nominal shear strength provided by concrete.
- VVn = nominal shear stress.
- Vs=nomina shear strength provided by shear reinforcement.
Vu = factored shear force at section.
- Wc = weight of concrete. (Kg/ms).
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.
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Chapter 4 Structural Analysis & Design

Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Determination of Slab Thickness.
4.3 Design of Topping.

4.4 Determination of Factored Load.
4.5 Design of Rib 1.

4.6 Design of Beam (1).

4.7 Design of Colum (1).

4.8 Design of Isolated Footing.

4.9 Design of strip Footing.

4.10 Design of Stairs .

4.11 Design of Shear wall.

4.12 Design the Dom.
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Chapter 4 Structural Analysis & Design

4.1 Introduction

The project consists of severa structural members that will be designed according to
the ACI — 318 code and by using the finite element method using different computer
software such as “ATIR” to find the internal forces, moments and deflections for the all

structural membersin order to design it.

4.2 Determination of Slab Thickness

Beam 1

RIB1 i e -

Colum1l Aq R -

."- *—"' mh R T

-3 e (M

Figure (4-1): basement Floor Slab part(2).

According to ACI-Code-318-05, the minimum thickness of non prestressed beams or

one way slabs unless deflections are computed, given in table (9.5-a), as follows:

hmin for one-end continuous= L1/18.5

=485/18.5=26.2 cm.
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Chapter 4 Structural Analysis & Design

hmin for both-end continuous = L2/21

=540/21=25.7cm

Take h=30cm.......

4.3 Design of Topping.

Topping in one way ribbed slab can be considered as a strip of | meter width
and span of hollow block length both end fixed in the ribs it will be design as a plain
concret section.

Dead load from: A*y*1 KN/m
Tiles 0.03*23 0.69
Mortar 0.02* 23 0.46
Coarse sand 0.07*18 1.26
Topping 0.1*25 2.5

> 1491

Liveload calculations: 5*1=5kN/m
Total factored load: wu =1.2¥4.91 + 1.6*5 = 13.9 kN/m

Used fy =420 MPa& fc'=24 MPa

q,x1?  13.9(0.4)°

Mu = = 0.185kN.m
12
Mn = ggvfe’ Dxn®
6
* 2
1000780" _ 5 9kn.m
—oa2 V2%« 6 .

f x Mn =0.55* 2.37 =1.205kN.m.
f x Mn =1.2051kN.m > Mu = 0.185kN.m.

No structural reinforcement is required.
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Chapter 4 Structural Analysis & Design

however, shrinkage and temperature reinforcement must be used to control the cracks:

r =0.0018 ACI-318-02 (7.12.2)
As.. =1 xbxh=0.0018x100x8=1.44cn’ /1Im
Use 1$8/25 cm (49 8/1m), with As =200 mm?/1m in both directions.
As =2.0cm’/m> As_ =1.44cm’ Ok

4.4 Determination of factored Load for Ribs:

4.4.1 Determination of Dead load

Filesn F acevn

Aeforr-frae D ooTER

Clorarse Sarid il T oo

M cocreresresfer Tragepaiongr N ooz
£ rreresiwsdes faleech

R Concereie v

Flasrer 2 om

; PETTON IN diD I LA
Tiles 0.03%0.54% 23 =0.37 kKN/m /rib
Mortar 0.02x0.54%23 =0.25kN/m/rib
Coarse Sand Fill 0.07%x0.54%18 =0.68 kN/m/rib
Topping 0.1%X0.54x 25 =1.35kN/m./rib
Block 0.2X0.40 X9 =0.72KkN/m/rib
Concrete Rib 0.20%0.14%25 =0.7 KN/m/ rib
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Chapter 4 Structural Analysis & Design

Plaster 0.02%0.54%x23 =0.25kN/m/rib

Nominal Total Dead Load = 4.32 kN/m of rib

Nominal Total liveload =5* 0.54 = 2.7 KN/m of rib

4.4.2 Determination of factored dead & live load

Factored dead load = 1.2* Dead load = 1.2¥4.32 = 5.18 KN/m of rib.

Factored Live load = 1.6*liveload = 1.6*2.7 = 4.32 KN/m of rib.

4.5 Design of Rib 1.
e Structural analysis of Rib(1). The envelop moment and shear (for al load

combinations).
e Using the structural analysis and design programs, we obtain the envelope moment

diagram for Rib(1).
Geometry Units:meter,cm
1 2
1 2
| A—‘ 1 A—‘
A ' ' A
‘ 0.4 ‘ 1.55 ‘ 1. ‘ 1.45 ‘ 0.4
‘ | ‘ 2.25 ‘ | ‘ 2.15 ‘
54. ‘
10.
30.
14.
A-A

34




Chapter 4

Structural Analysis & Design

Loading

load group no. 1
Dead/Live load - Service

Load factors: 1.20,1.20/1.60,0.00

4.3/2.7

4.3/2.7

2.25

2.15

Moment/Shear Envelope (Factored)

Units:kN,meter

Moments: spans 1to 2

-5.8
-3.3 -3.4
‘ 0.75,0.81 ‘
I I 1
= t—f f ——
0.42/0.43 v
!
4 35
0.9 ‘ 135 129 ‘ 0.86 |
l I I I |
Shear
-13.3
-11.4

-8.2

-6.3

1 1 1 1

T T T T

6.8
8.7
11.
12.9

Moment/Shear Envelope (Factored)

Units:kN,meter
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Chapter 4 Structural Analysis & Design

e Effective Flange width ( D2) «..ooieiiiiii i, ACI-318-02 (8.10.2)

be For T- section is the smallest of the following:
b. =L/4=332/4=83cm
b =14+ 16t=14+16(8) =142 cm
b < center to center betweenrib=40+14=54cm

Control .......... 54 cm.

= Check rectangular section or T-section
bw =14cm, h = 30cm
d =300-20-8-7 = 265mm

Mu, . =19.4 kN.m
Mn, = 0.85+ fc+ bf +tf+ dug

]

Mn, = 0.85* 24* 054* 0.08* 0265 =" *10°=1983KN.m

® Mn,=0.9*198.3=1785kN.m >> Mu,_,,

rectangular section
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Chapter 4 Structural Analysis & Design

4.5.1 Design of Positive moment of rib 1:

4.5.1.1 Design of Span 1

Mu = 4.00 kN .m
Mu 40
Mn= ——= — =444kN.m
® 09
fc’ 14
As, =—-——(bwjd)>—(bw)d).....cc.covrn... (ACI -10.5.0)
iy K02 o))
24 1.4
As_ . =——-(14)26.5)> —(14)26.5
= 2 1(265)2 5041265
As.. =11<124........ the larger is control
As,,. =1.24cny
Mn
Kn= ——
b* d?
* -3
Kn= 444710 =0.12 Mpa
0.54* (0.265)°
_ fy 420

m = - = = 20.588
0.85* fc 0.85* 24

1
o= (- - 2mKn

_r_n fy)

A 1 - \/1_ 2(20.588)(0.12)

= )=0.287* 10°
20.588 420

Areq=p*b*d=0287*10°* 54* 26.5=0.41 cn®?
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041 cm®< As,,, = 1.24cm?

Use 20 12 with Ag=2.262 cm? > Ageq= 1.24 o’
* Note Agp1x = 1.131 cm?

Then we select (2) bars ® 12 A, provided = 2.262cm?

e Check strain for magnitude of ®:

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

226.2* 420 = 0.85* 24* 540* a
a=_8.62mm
=2 _862 g0

b, 0.878

_ 265-9.82

S

e, =0.08 > 0.005

X0.003

4.5.1.2 Design of Span 2

Mu=35kN.m
Mu 5
Mn= ——=— =389kN.m
()
fc' 14
As. =Y (bw)d)> = (bw)d)...coorrerrr.... (ACI —10.5.1)
)= bwa)
24 1.4
As... =——-(14)26.5)> —(14)26.5
= 2 ag 14(255)> 2 14)269)
As,,=11<124........ the larger is control
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As., = 1.24cm?
Mn

Kn=z ——

b* d?

* -3
n= 38910 > =0.103 Mpa
0.54* (0.265)
= fy 420 = 20.588

T 085 fc  0.85*24

1
0= = (1- 1_2mKn
m fy

)

1 - \/1‘ 2(20.588)(0.103)

= ) = 2.46* 10
20.588 420

p

Areq=p*b*d=246* 10"* 54 * 26.5=0.352 cn?
0.352 cm’< As,;,, =1.24cm?

Use 2 12 with Ag=2.262 cm? > Ageq= 1.24
* Note Agp1x = 1.131 cm?

e Check strain for magnitude of ®:

Tension = compression

As*fy=085* f.*b* a
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226.2* 420 = 0.85* 24* 540* a
a=8.62mm
x=a_882 _4e0m
b, 0.878
o 265-9.82
s 9.82
e, =0.08>0.005

X0.003

4.5.2 Design of Negative moment

4.5.2.1 Design of support (2)

Mu =34 kN.m
Mu
Mn= ——=— =378kN.m
()
fc' 1.4
As,. =~ —(bw)d)> == (bw)d).cccoorrrerrrneee. (ACI —-10.5.1)
4(fy) fy
24 14
As., =—F—=(14)26.5)> —(14)26.5
= 2 1(265)2 5041265
As.. =11<124....... the larger is control
As,,. =1.24cny
Mn
Kn=——
b*d?
* -3
_ 378*10 - 0384 Mpa
0.14* (0.265)

0.85* fc  0.85*24

2mKn
fy

1
p=—(1- [1- )
m
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)=0.923* 10°

) 1 - \/1‘ 2(20.588)(0.384)

20588 420
Areg=p*b*d=0.923* 10%* 14 * 26.5= 0.342 cm?
0.342 cm®< As,;,, =1.24cm?

Use 20 12 with Ag=2.262 cm?® > Ageq= 0.342 cn?®
* Note Aq>12 =1.131cm?

e Check strain for magnitude of @:

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

226.2* 420 = 0.85* 24* 140* a
a=33.3mm
x=2 =33 _ 37 9mm
b, 0878
o 265-37.9
° 379
e, = 0.018 > 0.005

X0.003

4.5.3 Design of shear for Rib (R1):

ACI - 318 - Categories for shear design:
Vu=11.4 kN

Use ®8 with two legs
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Av = 2x50 =100 mm?
1. Iteml:dVc=>=WVu

4/ fc'
(DVC=1.1*®T>< b, xd

=dVc=1.1*0.75x% x 140 x 265*10°

V24
6

=24.99 kN

Since ® Vc=>Vu

control

2. ltem?2

%(I)Vc <Vu<dVve

®dVc=2499kn

lCIDVC = @ =12.5Kn
2 2

Not control

No minimum shear reinforcement for concrete joist construction is required, according to
ACI - 318. However ®8/20 cm stirrupsis used.

4.6 Design of Beam (1) :

Assume width of thebeam b =1m

Dead load from : d*y*Db KN/m
Tiles 0.03*23*1 0.69
Mortar 0.02¥23*1 0.46
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Coarse sand 0.07%18*1 1.26
Topping 0.3*25%1 75
plaster 0.02*23*1 0.46
Rcrib 0.3*25*0.5 3.75
s [14.12

WoL (service) = 26.41/1.2 + 14.12 = 36.13 KN/m
W|_|_ from ribl = 11.88/0.54 = 22 kN/m

WLL =22/1.6 + 5*1 = 18.75 KN/

Geometry Units:meter,cm

1 2 3
1 2
| N 1 N
— A — A
‘ 0.6 ‘ 8.1 ‘ 0.6 ‘ 21 ‘
[ [ 8.7 [ [ 24 |
1 100, 1 1
0.
60.
50.
A-A
Loading

load group no. 1

Dead/Live load - Service Load factors: 1.20,1.20/1.60,0.00
22.0/18.8 22,0/18.8
8.7 2.4
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Moment/Shear Envelope (Factored)

Units:kN,meter

-427.
-341.2 -361.2
| 1.78‘
I |
| i i | i |
| 171 '
56.5 ! ‘
Shear
343.3 -294.4
3.48 | 5.22 Ea— 2.4
[ [ [ |
! ! |
I I
149.4 144.3
196.8 198.2
245.6
Moment/Shear Envelope (Factored) Units:kN,meter
Reactions
Factored
| ! ! | ! |
[ 11 |
DeadR 91.87 252.78 -51.6
LiveR 104.93 287.25 -92.69
Max R 196.79 540.03 -17.55
Min R 91.33 291.26 -144.3
Service
DeadR 76.55 210.65 -43.
LiveR 65.58 179.53 -57.93
Max R 142.13 390.18 -21.72
Min R 76.22 234.7 -100.94
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= Check rectangular section or T-section

be =100cm, h = 60cm, bw = 50cm
d =600 - 40-10-10=540mm

Mu,, = 361.2kN.m

Mnf=0.85“ff_'thl||rttft 51'---%i

3

Mn, =085* 24* 1.0* 0.30* 0542 *10°=2386.8kN.m

® Mn, =09* 2386.8=2148.12 kN.m >> Mu_, a<t

¢+ rectangular section

4.6.1 Design of Positive Moment
4.6.1.1 Design of Span 1

be =100cm, h = 60cm, bw = 50cm
d =600-40-10-10=540mm

Mu = 343.3 kN.m

Mn = '\%: % = 381.44 kN.m

As,, = %f(;)(bw)(d) > ij(bw)(d) .................... (ACI -10.5.)
B = gy (0142 22 (0}
As.,=79<9......... the larger is control

As . =9cm’
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Mn
Kn=——
b*d?
* -3
n= M =1.31 Mpa
1.0* (0.54)
oy 420

=20.588

m = - =
0.85* fc  0.85*24

1
0= S (1- 1_2mKn
m fy

)

)=3.23* 107

A 1 - \/1_ 2(20.588)(1.31)

~ 20588 420
Areq=p*b*d=323*10°* 100* 54 = 17.42cn?
17.42cm’> As,;, = 9cm’

Use © 28

Then we select (4) bars ® 28 A, provided = 4* 6.158 = 24.63cm?

e Check strain for magnitude of ®:

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

2463* 420=0.85* 24*1000* a
a=50.71mm
x:i:@:57.8mm
b, 0.878
o _ 540-57.8
s 57.8
e, =0.025> 0.005

X0.003

e Check for spacing between the bar
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_1000-2*40-2*10-4*28
3

S

S=262.67mm = gM.A.S

>25mm

>db =28mm

4.6.2 Design of Negative moment

4.6.2.1 Design of support (2)

be =100cm, h = 60cm, bw = 50cm
d =600-40-10-10=540mm

Mu=361.2kN .m

Mu 3612

Mn = ——— =401.33 kN.m
0.9

4(ty)
V24 14
As, =————(50)(54)> ——(50)54
o = 2 (5015)2 1 (60454
As,,=79<9........... the larger is control
As,,, =9cm’
Mn
Kn= ——
b*d?
* 1A-3
Kn= 401.33710 = 2.753 Mpa

~ 0.5*(0.54)2

47
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fy 420

m = _ = = 20.588
0.85* fc 0.85* 24

1
0= = (1- 1_2mKn
m fy

)

o= 1 - \/1_ 2(20.588)(2.753)):7.1*10_3
20.588 420

Aregq=p*b*d=7.1*10%* 50* 54 =19.1 cm?
19.1 cm*> As,;, =9cm’
Use ® 28

Then we select (4) bars ® 28 A_provided = 4* 6.158 = 24.63cm?

e Check strain for magnitude of ®:

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

2463.2* 420 =0.85* 24* 500* a
a=101.43mm
x= 2 10143 _11ecomm
b, 0878
. _540-11552
*~ 11552
e. =0.011> 0.005

X0.003

e Check for spacing between the bar

_ 500-2*40-2*10-4*28
3

S

S=96 mm = gM.A.S
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>25mm

>db =28mm

4.6.3 Design of shear

4.6.3.1 Design of Span 1

Vc= @ bw* d

Nen

ry *0.5* 0.54*1000

220.45 kN

® Vc= 0.75* 220.45 = 165.3 kN

1 1
® vsmin = 0.75 (5) * pw * d =0 .75*(5)*500*540*10'3 =67.5kN. control

>0.75 (%) * bw* d=0.75 (%) * 500 * 540*10° = 62.00 kN .

® vsmin = 67.5 kN.

Vu =247 kN (From shear Envelope)
Iltem 1 & 2&3isnot suitable .

Item 4

./ fc'
CDVc+CDVSminsVusCDVc+CD*T bw* d

(165.3 + 67.5) < 247 < (165.3+330.68)

So Item (4) satify.
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Vs= vu Vc= ﬂ - 220.45 = 108.9 kN
0.75

()
S <600 mm

< d/2=540/2 =270 mm control

'fl
Av,min = AL bw*S/fy > 1. bw * S/fy
16 3

= % * 500 *270% /420 = 98.42 mm < 1/3*500% 270/420 = 107.14 mm
Try 2leg ® 10 ® 10 = 78.5 mm?
Av_ Vs
S fy*d

2*785*10° 108.9*10°

S 420* 0.54
S=327 mm
< 600 mm

> d/2 =540/2 =270 mm control

UseS=125cm

Use2leg ® 10 at 12.5cmc/c

4.6.3.2 Design of Span 2

Vc= @ bw * d

*0.5* 0.54*1000

_
6
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= 220.45kN

® Vc= 0.75* 220.45 = 165.3 kN

1 1
®vamin > 0.75(3)* bw* d=0 .75*(5)*500*540*10'3 =67.5kN. control

>0.75 (%) *bw* d=0.75 (%) * 500 * 540*10° = 62.00 kN .

® vsmin = 67.5 kN.

Vu=198.2 kN (From shear Envelope)
Iltem 1 & 2 isnot suitable .

Item 3

®VcsVu< (P Ve + D Vsmin)

165.3 < 198.2 < (165.3 +67.5)

So Item (3) satisfy.

_wu . _1982
®

Vs - 220.45=43.82 kN

S< 600 mm

S<d/2=540/2 =270 mm control
) J fc' 1
Avimin=—— *bw*S/fy > = * bw*S/fy
16 3
_ 24

BEETY * 500 *270* /420 = 98.42 mm < 1/3*500* 270/420 = 107.14 mm

Try 2leg ® 10 @ 10=78.5 mm?
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Av Vs

S fy*d

2*785*10° 43.82*10°
S 420* 0.54

S=812 mm
=600 mm

> d/2 =540/2 = 270 mm control

UseS=125cm

4.7 Design of Long Column (C1) :

4.7.1 Design of Longitudinal Reinforcement :

Select column (C1) for design

Pu = 2706.43KN

Pn = 2706.43/(0.75) = 3608.57 KN

rg=15%

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

3608.57* 10 = 0.8* Ag[0.85* 24 + 0.015* (420 — 0.85* 24)]
Ag =0.171m?

X = 4*/0.171/3.14=0.53m

4.7.2 Check Slenderness Effect :

@<34—12ﬂ
M2

............... ACI —(10.12.2)
r

Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).
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I
R: radius of gyration = 0.25D = \/;

Lu=3.7m
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.

(K_Iuj < (M—lz(ﬁj SO ACI 10-12-2
r M 2
1787 24.67 > 22
0.25* 0.6
. long Coloumn
El,
El=04—— ... [ACI 318-2002 (Eg. 10-15)]
1+ b,
E. = 4750,/ fc' = 4750* /24 = 23270.15Mpa
b, = 12DL 1524 0.563
Pu  2706.43
= 314*D4 314*0.64 _ 6.36* 10 m*
64
* * * -3
£l - 0.4* 23270.15* 6.36* 10" _ 37 88MN 2
1+0.563
p °El
Py = 5 s ACI 318 — 2002(Eg. 10-13)
(KLu)
2 %
P.= —3'14 37.88 = 27.28MN.
(1.0* 3.7)?
M1
Cm=0.6+ O{mj ............ ACI 318 - 2002(Eq.10-16)
Cm=1..... According to ACI 318 - 2002(10.10.6.4)
Cm
d.= >1.0 .. ACI 318 - 2002(Eqg. 10-12)
1-(Pu/0.75PR,)

1

d_ = _=1152>1
1- (2706.43/0.75* 27.28* 10°)
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e, =15+0.03* D =15+ 0.03* 600 = 33mm = 0.033m
e=e, xd_=0.033*1.152 = 0.038m

e_00%8 _ .

h 06

From Interaction Diagram
fB, 270643, 145
A, 0.283 1000

r, =0.0125
A<= p* Ag=0.0125%0.283 = 35.38 ¢’

35.38

Use ® 18 =>> #of bar =—— =13.87

255

=1386.69 Ps

Use 15 ® 18 with As = 38.25 cm? >As ¢ = 35.38 cnv?

e Check for spacing between the bar

_ 600—2*40—2*10-18
1

S

S=482 mm

3.14* 482-15*18
Clear space = )

Clear space =88.82 mm

4.7.3 Detail of column 1:
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Debailing Of Colums

252

4.8 Design of Isolated Footing (F6) :
4.8.1 Load Calculation :

Total factored |oad = 2706.43 KN.

Total servicesload = 1957 KN.

Column Dimensions = 60cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 450 KN/m2.
Assume footing to be about (75 cm) thick.

liveload =5 KN/m2.
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Oaion=450-5-0.6*18 - 0.75*25 = 415.45 KN/m?

4.8.2 Determination of Footing Area :

Lo desT
21545 M

= L=28m

Try 2.8* 2.8 mwith area = 5.6m* > A (oq = 4.71m’

Determinate g, = 2706.43/5.6 = 483.3 KN/m?

4.8.3 Determine the depth of footing based on shear strength:
Assumeh=75cm ..... d = 750-75-20 = 655 mm

e Check for one way shear strength

Critical Section at %+d

%+ d= 0;26 +0.655 = 0.955m

Vu = 483.3* (? —0.955)* 2.8 = 602.2KN

f.\/c:f.(%*\/f_c'*bw*d)

f Vc=0.75* %* 24* 2800* 0.655 = 1123.1KN

f Vc =1123.1KN > Vu = 602.2KN
. Sofe

e Check for two way shear action (punching)

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

fvV, =f .é(u bij\/ t'b.d
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fV—f—[b/d erd
fV—f—rbd

Where:

Column Length (a) 60
¢~ Column Width (b) 60

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

b, = 4(d + a) = 4(60 + 65.5) = 502cm

as =40 for interior column

fV, =f %(ubij\/ £, b,d = %* (1+%j* /24 *5020* 0.655 = 6040.63KN

f Ve =f. [b - j\/ bol_075 (405%';555+2)*@*5020*0.655:7268KN

fV, =f —\/ bd—O:ZS* 24* 5020* 0.655=4027.1KN

f V. =4027.1KN ..... Control
VU, =Pu-FR,

FR, =s,, *area of critical section
VU, = 2706.43 - [483.3* (0.6 + 0.655) * (0.6 + 0.655)|=1945.22KN

f Vc=1945.22KN >Vu. =4027.1KN........ satisfied
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4.8.4 Design for Bending Moment:

Figure (4-21): Isolated Footing

1.1°

Mu =483.3* 2.8* =818.71KN.m

Mu =818.71 KN.m for both side

Using Reinforced Concrete.

Mn= &'71: 909.7KN.m
0.9
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. Mn  909.7x10°°
bd? 2.8x0.655°

=0.757Mpa

o fy 40
0.85* fc  0.85* 24

= 20.588

o1 (1_\/1_ 2 20.588x 0.757

) =1.84*107°

" 20,588 420
S, =T *b*d=184%10"* 280* 655=33.69 cm’
ASqrimege = 0.0018* b* h = 0.0018* 280* 75 = 37.8cm?’
ASpeq =33.69 < ASgyiyage = 37.8CM°

Sdlect 15f 20....AS,, ,4q = 43.98cm” > 37.8cm”.....0k
Select 15F 20....AS;, o5 = 43.98cm” > 37.8cn’.....0K

Check of strain:
As*fy=085* f_.*b* a

4398* 420=0.85* 24* 2800* a
a=32.34mm
X= a_ —32'34 =38mMm
b, 085
_ 655-38

S

e, =0.0487 > 0.005

X0.003

= OK

4.8.5 Development Length of main Reinforcement for Mul :

9 ‘L_Iu !:I-Ijr.-'!:b.ﬁ'!:bt
ldyeq = 10 AT “ktr +cb as
dh
Ktr =0 Nostripes ch =754 20 = 95cm
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ketr + ch = 0495

b~ 20 "7 =25

ketr + ch

dh 2:5

9 420 1+1+08

I " 16728 * 25 + 20 = 493.78 mimn

[ reg =

Ld avaitable = 1100-75= 1025mm

Ld aiae= 1025 mm > ld, ., = 493.78mm

e not required hook

4.8.6 Design of dowels :

Pu=2706.43 KN

f.Pn=f .(0.85fc’'Ag)
f.Pn=0.65*[0.85* 24* 3.14* (300* 300)] /1000 = 3747.276KN
But Pu=2706.43<f .Pn=3747.276KN

Dowels are not required for load transfer.
But use the minimum reinforcement of dowels;
As .. =0.005* Ag =0.005*30* 30* 3.14 = 14.13cm?

Use the column barsasa dowels
Select 16016

ASy g = 32.2cm7 > As,., =14.13cm?

Req.

0.24fy db= 0.24* 420

Ldiyreq=
(1)req \/f_C \/ﬂ

Ldzyeq = 0.043 xfy xdb = 0.043 x420 x 2.0 = 36.1cm

2.0=41.1cm.

Ldyreq = 36.1cm < Ld(1yreq=41.1cm =>» control
Ls=0.071xfy xdb =0.071x420 x1.6 = 47.7 cm >41.1cm
Ls=47.7cm
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AvailableLd=75-7.5-2* 2.0=63.5cm.
AvalableLd =63.5cm > Ls=47.7cm
Using hook >16*f

Required length of hook > 16*f >16*1.6 = 25.6cm

Use Hooks= 30cm > 25.6cm

4.8.7 lsolated Footing Detail:

Figure (4-22): Isolated Footing Detail
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3.9 Design of strip Footing:
PART (4) :

AR "'."’?”i‘!‘"’?’"" "1""’."9’00" ""'ﬁ " A R A, S s = ]
+, A S e e L
R

i S S ST

4.9.1 Determination of load:
From slab and Wight wall

Total factored load = 165 KN/m.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 450 KN/m2.
Assume footing to be about (30 cm) thick.
liveload =5 kN/m?
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Qaitow =450 - 5 2.6*18 — 0.3¥25 = 390.7 kN/m?

= For one meter strip

A= _ a2 m?
“3907 ™

B=0.8m,h=30cm

d=300-75-20=205mm

Quit = 165/ 0.8 * 1 = 206.25 kN/m®.
4.9.2 Check of One Way Shear:

Vu = 1%(0.275-0.205)* 206.25 = 14.44 kN
OVe=2 fexd=b

075 —
@Ve = T\/24 *0.205 %1 = 1255 kN

@Ve = Vu
4.9.3 Design of Bending Moment:

In longitudinal direction

Mu = 206.25*0.275%/2 = 7.799 KN.m
Mn:ng =8.67KN.m
0.9

* -3

. Mr21 _ 867 102 _ 0.21Mpa
bd? 1*0.205

e fy 420

0.85* fc  0.85* 24

, :1 1- 1_2xmen
m fy

1 (1_\/1_2><20.588x0.21

=20.588

r= =0.503*10"°
20.588 420

ASg., =TI *b*d =0.000503* 205* 1000 =103.12 mm®
ASgqinage = 0-0018* b* h=0.0018* 300* 1000 = 540mm?®
As. =103.12< As = 540mm?

Req. Shrinkage
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Use f 14
No.=540/154=351 ,Use4bars

f 14a20cmc/c

Check of strain:

As*fy=085* f_.*b* a

616* 420 = 0.85* 24* 1000* a
a=12.68mm
x= & _1268 1) 9omm
b, 085
o _205-1492
ST 1492
e, =0.0382 > 0.005

X0.003

= OK

In transversedirection :
Asmin = 00018 * B * h
Aqnrin = 0.0018 * 800* 300 = 432 mm?

Usef 12
No.=432/113=3.82 ,Use4bars

Use4f 12

4.9.4 Development Length of main Reinforcement

_ 9 B ea
ld,eq =107 T * kt;ﬁch *db

. -9, 420 1+1-08
T T10 0 1 =24 25

=14 = 346 mm

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

Ld availanie= 200 mm < l'd,.e.q, = 346mm

Use Using hook >16*f

64



Chapter 4 Structural Analysis & Design

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

Use Hooksel. = 25 cm > Hookreq = 22.4cm

4.10 Design of Stairs :
4.10.1 Determination of Slab Thickness:

L =04+3.3+0.8=4.5m.

hreg =L/ 20

heq=450/20=225cm ............. take h= 25 cm.
= Use h =25cm.

6 =tan’(1.76/3.3) = 28.1°

Cos6 =0.88

Figure (4-32) : Stairsplan part (4)
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4.10.2 Load Calculations at section (A-A):

4.10.2.1 Load on Stringer:

Dead Load:
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/ n’.
For one meter Strip, qu =22 KN/ m.

4.10.2.2 Load on landing :

Dead Load:
Tiles = 0.03*22 =0.66 kKN/m*
Mortar =0.02* 23 = 0.46 kKN/m*
Slab =0.25*25 =6.25 KN/m2.
Plaster = 0.03*23 = 0.66 KN/m2.
Total dead load = 8.03 KN/m2.

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.
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Dead load

1.7
.03

Live Buignd

Figure (4-33) : Loads on stairs

4.10.3 Design of Shear :
=  Assume @ 12 for main rei nforcement:-
So, d =250-20-12 =218 mm =21.8cm

Shoor

Figure (4-34) : Shear Envelope

Vu=429 KN.
fJf. *b,*d
fYe=-Y o w —

_ 0.75* +/24*1000* 218
6

Vu=429 KN < fVc=1335 KN.

fVc

=133.5KN

>>>>No shear Reinforcement is required. So the depth of the stair is OK.
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4.10.4 Design of Bending Moment :
The Following figure shows the Moment Envelope acting on the stair

Momenie

Figure (4-35) : Moment Envelope

Mu=51.4 kN.m
Mn =Mu/09=51.4/09=57.1 KN.m.
d=21.8cm.
Mn
K =g

* 6
K, =100 ) omPa

" 1000* 2182

__
0.85x fc'

420
m=———
0.85x 24

1 2mK * *
r=—|1- [1- L= 1 1—\/1—2 20.58871.2 =2.947*10°
m f, 20.588 420

A, = 2.947*10°*100%21.8 = 6.4 cm”

= 20.588

As,.. =0.0018* b* h = 0.0018* 100* 25 = 4.5cm?
As,,=45cm’ < As,, = 6.4cm’
Use ® 12 >>> 640/113 = 5.66
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Useld 12 @ 17.5cmclc .............. with As=(100/ 17.5)*1.13 = 6.46 cm?.
Asprovided =6.46 > ASIeQ........cccevvenvennnnn OK.
Check for strain:

Tension = Compression

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

a=13.3mm
= a = E =15.6mm
b, 0.85
e, - 218-15.6, 0.003
15.6

e, = 0.0389 > 0.005—— ok

4.10.5 Secondary reinforcement:

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

Use®10 @ 15¢cM ...eveennnn. With As=(100/ 15)*0.79 = 5.27 cm?.

4.10.6 Stairs at section (A-A) Details:
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P 1.8
PIABLTS

L=175 |15

S ae RS Legag

L=145
SPIERITS Le248

1
—
=
A

L=120

l75

SI2MITS L=B50

SECTION (A—A)

Figure (4-36) : Stair Section
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4.11 Design of Shear wall NO (8) part (3)

Calculation of loads :
W =9.3(3.14*2*20.5* 20.5+ 3.14* 2* 18.2* 18.2+3.14* 2* 16.2* 16.2) =59247.76 KN

Calculation of shear force on shear walls:

From Uniform Building Code 1997 (UBC):
Z=03 zone"3"

R=55
1=1
Ca=024
Cv=0.24
h,=19.5

Ct =0.0488
Where:
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Z=Seismic zone factor as given in table 16-1.

R= numerical coefficient representative of the inherent over strength and globa ductility
capacity of lateral force resisting systems, as set 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 baseto level i , nor x, respectively.

T-c.(hF* E9-..308(UBC)

T =0.0488(19.5)*'* =0.453

*
V, = cvl W= 0.2471 , w = 0.096w = 5687.78KN

RT 5.5*0.33

V <0.11*WKN....
V = 0.03* WKN
F, =0.07*T*V = 0.07* 0.453* 5687.78 = 180.4KN

Table (4 - 1) Cadculation of the total Fx.

w (KN) [TV (KN) Ft (KN) If (w*h) Fx
(m)

FX

1521.54
2639.14

7667.7 §§ 5687.78 B 19.5 180.4 i 149520.15 8 1521.54
7667.7 Ff 5687.78 16 25 180.4 [1124600.13 0§ 1117.6

fifth

fourth ‘ 9677.78 |} 5687.78 180.4 125811.14 8 1128.5 §f 3767.64

third 9677.78 J|§ 5687.78 180.4 94358.4 846.4 4614.04

second

75
12278.4 Jj 5687.78 180.4 79809.6 715.86 5329.9
25

9
first [l 12278.4 |} 5687.78 3 180.4 39904.8 357.93 [ 5687.83

s 59247.76 | 614004.27 | | |
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Figure (4-38) : Moment & Shear-Diagram for Shear Wall.
Shear Wall Design Parameters:
fc' =24 MPa
fy =420 M Pa.

h=40 cm. Shear wall thickness.
L,,= 4.0m. shear wall width
Hw=26.0 m. Story height.

Design of shear
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d=0.8*Lw=0.8*4=3.2m

Ve, =%* Jfe'*h*d =%\/24 * 0.4* 3.2 =1045.12KN (Control )

0.75Vc /2 <Vu < 0.75Vc
(%) =0.0025* h=0.0025 * 0.4

2*113.1/S2=0.0025 * 0.4
S2=226.2mm

sz:L?W: 4000 /5 = 800 mm

S2=3* h=3* 400 = 1200 mm

select 2f 12 As = 2.262cm?2
use....2f 12 @ 20cm(c/ c)in 2layer
0.75vc /2 >Vu

AVhmn | _ 0,002 * h = 0.002 * 0.4
S2

2*113.1/S2=0.0025 * 0.4
S2=282.75mm

52=L?W: 4000 /5 = 800 mm

S2=3* h=3* 400 =1200 mm
select 2f 12 > As = 2.262cm?2
use....2f 12 @ 250cm(c/ c)in 2layer

(A"Shlmin_j =0.0012 * h=0.0012 * 0.4

2*113.1/S1=0.0012 * 0.4
S1=471.25mm

_Lw

S1 3 = 4000 / 3=1333.33mm

S1=3* h=3* 400 = 1200 mm
select > 2f 12 As =2.262cm?2
use....2f 12 @ 450cm(c/ c)in 2layer
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Design of bending moment:

1- Mu=13173.22 KN.m
Rn = 13173.22 *10° / (0.9* 400* 3200%) = 3.57
p=1/20.59 * (1 — (1 — 2* 20.59*3.57/420)"?) = 9.41* 10
As=9.41*10 * 400*3200 = 12047.34mm
.Usef 36— 12f 36

2- Mu=10851.56 KN.m
Rn = 10851.56 *10° / (0.9* 400* 3200%) = 2.94
p=1/20.59 * (1 — (1 — 2* 20.59* 2.94/420)"? ) = 7.59* 10
As=7.59*10° * 400*3200 = 9719.87mm
. Usef 36— 10f 36

3- Mu=8549.9 KN.m
Rn = 8549.9 *10° / (0.9* 400* 3200%) = 2.32
p=1/20.59 * (1 - (1 - 2*20.59* 2.32/420)"? ) = 5.88*10°°
As=5.88*10" * 400*3200 = 7523.64mm

~.Usef 36— & 36

4- Mu=6308.25 KN.m
Rn = 6308.25 *10° / (0.9* 400* 3200°%) = 1.7
p=1/20.59 *(1 - (1 - 2*20.59* 1.7/420)¥? ) = 4.26* 107
As=4.26*10° * 400* 3200 = 5454.44mm

. Usef 36— 6f 36

5 Mu = 4273.62 KN.m
Rn = 4273.62 *10° / (0.9* 400* 3200°%) = 1.2
p=1/20.59 * (1 - (1 - 2*20.59*1.2/420)¥? ) = 2.843*10°°
As=2.843+10* 400* 3200 = 3639.63mm

. Usef 36— 4f 36
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6- Mu=2652.78 KN.m
Rn = 2652.78 * 10° / (0.9* 400* 32007) = 0.72
p=1/20.59 * (1 - (1 - 2*20.59*0.72/420)"? ) = 1.745* 107
As=1.745* 10" * 400* 3200 = 2233.22mm

. Usef 28— 4f 28

7- Mu=1351.74 KN.m
Rn = 1351.74 *10° / (0.9% 400* 3200°) = 0.367
p=1/20.59 *(1 — (1 - 2*20.59* 0.367/420)"? ) = 0.881*10°
As=0.881*10° * 400*3200 = 1127.74mm

-.Usef 18— 55 18

8- Mu=477.1KN.m
Rn = 477.1 *10° / (0.9* 400* 3200%) = 0.129
p=1/20.59 * (1 — (1 — 2* 20.59*0.129/420)? ) = 0.31* 107
As=0.31*10° * 400*3200 = 394.4mm

~.Usef 10— 6f 10
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Design of Dome :

The Analysis & Design was done by Using Software (Sap2000), The Results as the

following :-

Figure 1

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:
Where
R>=(R-2.64)"+6°

R=8.14m
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a=sin"'(6/8.14) = 47.5
R = radius of curvature of the arch geometry
a = 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.

Loads on the dome :
Loads = Dead + Wind + Snow

Secw aed LESdhn® % L

weghT 2 mevcersIosy

&’“H "}%
x:é:;\l a\k:s.
y: 5
s'e/ e:i{-"}z
£ f 3
Figure 2
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Chapter 4 Structural Analysis & Design

Design the Horizontal :

VYV VVVVVY

v o

SMA=0

60.25 * 1.5?/2 — 1.5 *A =0

A =452 KN

Snow load = 1.5 KN/m

Weight of member /cos(a) = 0.25/cos(47.5) =0.37 KN/m

Weight of glass* La=45.2* 1.5=67.8 KN/m

After Design We get the profileas Vertical HSS 80X 40 X 3.25
asHorizontal HSS 40 X 40 X 2.5
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Design of Dome:

The Analysis & Design was done by Using Software (Sap2000), The Results as the

following :-

Figure 1

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:
Where

R®=(R-2.64)"+6°

R=8.14m

a=sin’}(6/8.14) = 47.5

R = radius of curvature of the arch geometry

a = 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.

L oadson thedome:
Loads = Dead + Wind + Snow
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Design the Horizontal :

VvV VvV VvV VY

a

v v T v v " ? ? N WPt o= | P T |

S

SMA=0

60.25 * 1.5%/2 — 1.5 *A =0

A=45.2 KN

Snow load = 1.5 KN/m

Weight of member /cos(a) = 0.25/cos(47.5) =0.37 KN/m

Weight of glass* La=45.2* 1.5 =67.8 KN/m

After Design We get the profileas Vertical HSS 80X 40 X 3.25
as Horizontal HSS 40 X 40 X 2.5
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3. Building Code Requirements for Structural Concrete )AC|I 318M-

05 (and Commentary, USA, 2005.

4. Uniform Building Code ( UBC).



APPENDIX (A)

ARCHITECTURAL DRAWINGS

This appendix is an attachment with this project




APPENDIX (S)

STRUCTURAL DRAWINGS

This appendix is an attachment with this project




APPENDIX (C)




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

Notes:
Values given shall be used directly for members with normalweight concrete

(density w, = 2320 kg/m°) and Grade 420 reinforcement. For other condi-

tions, the values shall be modified as follows:
a) For structural lightweight concrete having unit density, w_, in the range

1440-1920 kg/m*, the values shall be multiplied by (1.65 - 0.003w, ) but not
less than 1.09.

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

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