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ABSTARCT

The idea of this project revolves around the Structural design of Musuem in the city of
Bethlehem , specifically in the town of Za'atara, and this building will be designed , which is part
of a group of buildings combined with each other to form a museum "Memory of Palestinian

land."

The building consists of five floors with a total estimated area of 13,552 square meters.

The project contains the structural analysis for vertical and horizontal loads, the structural design,
and details for each element. ACI 318-14, Jordanian loads code 2006, and some engineering

programs “Etabs, Atir, Safe and Autocad " were used in the design of the structures.
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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 a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

C. = compression resultant of concrete section.

Cs= compression resultant of compression steel.

DL = dead loads.

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

Ec = modulus of elasticity of concrete.

. = compression strength of concrete .

fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

Ln = length of clear span in long direction of two- way construction,
measured face-to-face of supports in slabs without beams and face to

face of beam or other supports in other cases.

e L =live loads.

o Lw = length of wall.

e M = bending moment.

e Mu = factored moment at section.

¢ Mn = nominal moment.

e Pn = nominal axial load.

e Pu = factored axial load

e S = Spacing of shear in direction parallel to longitudinal reinforcement.

¢ \VVc = nominal shear strength provided by concrete.

¢ \/n = nominal shear stress.

Xiv



¢ /s = nominal shear strength provided by shear reinforcement.
¢ \/u = factored shear force at section.

¢ \Wc = weight of concrete.

oW = width of beam or rib.

¢ \Wu = factored load per unit area.

o ® = strength reduction factor.

e €. = compression strain of concrete = 0.003.
e & = strain of tension steel.

e £,= strain of compression steel.

e p =ratio of steel area .
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Structural Analysis and Design

4.1 Introduction.
4.2 Factored Loads.

4.3 Design for Museum

4.3.1 Determination of thickness.
4.3.2 Load Calculation.

4.3.3 Design of Topping.

4.3.4 Design of one way rib RB-2
4.3.5 Design of Beam BG-8

4.3.6 Design of one way solid slab
4.3.7 Design of column C20

4.3.8 Design of stair

4.3.9 Design of basement wall
4.3.10 Design of shear wall

4.3.11 Design of isolated footing
4.3.12 Design of combined footing

4.3.13 Design of the steel dome
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4.1 Introduction

The project consists of several structural elements that will be designed according to the (ACI_318)
code. In This Project, the following types of slabs are used:
one —way ribbed slab , one —way solid slab .They would be analyzed and designed by using the finite
element method using much computer software such as “ATIR” to find the internal forces, deflections
and moments for the all structural element in order to design it .Then hand calculation would be made to

find the required reinforcement area for selected members.

4 .2 Factored Loads

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

determined as follows:

Qu=12DL +1.6L.L ,ACI -318 - 11

Where:
DL: Dead Load.
LL: Live Load.

4.3 Design for museum

4.3.1 Determination of thickness.
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.
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The overall depth must satisfy ACI Table (9.5.a):

The maximum span for one —end continuous is L= 4.42

L 4.42
— = — = 0.238m AclI-318-11
18.5 185

The maximum span for two - end continuous is L= 4.3 m

L_43_ .o
21 21 0™

Take h =32 cm.
Select 24 cm block + 8 cm topping = 32 cm

4.3.2 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:

One way rib slab — Shrinkage & Temperatuer Bar's

Hollows Block ( 28cm )

Figure (4.1) One way rib slab

Calculation of the total dead load for one way rib slab is shown in the following table:
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1T'YPICAL

SUECT T ON

Tiles 3 cm

Mortar 2 cm

Coarse Sand fill 7 cm

R concrete Topping 8 cm

Concrete block
R Concrete rib

Plaster 2 cm

IN RIBBFED

Table (4.1) Calculation of the total dead load for one way rib slab.

Nominal Total Dead Load:

No. Parts of Rib Calculation Load
1 Rib 0.12*0.24*25 = 0. 72 KN/m
2 Topping =0.08*0.52*25 1.04 KN/m
3 Plaster 0.02*0.52*22 = 0.23 KN/m
4 Block 0.24*0.4*15 = 1.44 KN/m
5 Sand Fill 0.07*0. 52*16= 0.58 KN/m
6 Tile 0.03*0. 52*23 = 0.36KN/m
7 Partitions 2.3*0.52 = 1.2 KN/m
8 Mortar 0.02*0. 52*22 = 0.23KN/m
Sum=5.8KN/m

D.L. tota =0.72 + 1.04 + 0.23 + 1.44 + 0.58+ 0.36 + 1.2+0.23 = 5.8 KN/m of rib
L.L. iota= 5 * 0.52= 2.6KN/m of rib
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4.3.3 Design of Topping.

Table (4.2) Calculation of the total dead load for Topping:

No. | Parts of Topping Calculation
1 Topping =0.08*1*25 2KN/m
2 Sand Fill 0.07*1*16= 1.12 KN/m
3 Tile 0.03*1*23 = 0.69KN/m
4 Mortar 0.02*1*22 = 0.44KN/m
5 Partitions 1*2.3 = 2.3KN/m

Design of Topping for Ribbed Slab as a Plain Concrete Section :-

qu=(1.2*6.55) + (1.6 * 5)

= 15.86KN/m

-> For a one meter strip gy = 15.86 KN/m

Assume slab fixed at supported points (ribs):

_qu*l?
12

Mu

* 2
Mu = 15.86*0.4

Vu =

q, x| 15.86x0.4

=0.21KN.m /m

=3.172kN

2

Design of shear:

Used fy =420 MPa& fc'=24MPa

Toping

Hollow Block ( 27cm)

Sum =6.55KN/m

Figure (4.2) Topping of slab

P* V.= 0.75x+/24 x % %x1000x80 = 49KN >> 3.172kN

No shear reinforcement is required.
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Design of Moment:

* 2
Mn = 0.42x /24 x % x107® = 2.19kN.m

¢>xMn=0.55*2.19=1.207kN.m.
¢xMn =1.207kN.m > Mu = 0.21kN.m.

No structural reinforcement is required.
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-318-11

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

‘ Use ® 8 @15 cm
As =335.1mm*/m> As_, =144mm?/m Ok

4.3.4 Design of rib2 BF

N~ 7
\ /‘/
a
REEE s
S {m.ulmﬂuilﬂm I
lM'llM!llﬂNll. |
ST — <
A M“JMWIMWI g§% - "
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N2 e L ) )]

B2 g0, 40¢

N

Figure (4.3) Rib location in Basement floor slab.

By using ATIR program we get the envelope moment and shear force diagram as the follows:-
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2 3 4 5
1 2 3 4
ll A ll A ll A | A |
A A A A
0.6 3.72 0.8 3.25 0.8 3.5 0.8 3.05 0.6,
L 4.42 L 4.05 b 43 L 3.75 -
I 52. 1 1 1 1
32. I
12.
A-A
Figure (4.4) Geometry of rib R2-BF
Dead load - Service Units:kN.meter

4.42

4.05 43 3.75

Live load - Service

4.42 4.05

43 3.75

_.

Figure (4.5) Loading of rib R2-BF (KN/m).
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Moments: spans 1to 4

Figure (4.6) Moment and Shear Envelop for rib R2-BF

4.3.4.1 Design of shear for rib BF-2:

Categories for shear design:

Vu=22.1 KN

Use @8 with two legs
d=320-20-10-16/2 =282

1. Regionl:

1.1dVe >WVu

1.10 Ve =110 \/;_C xb,, xd

1.1d Ve =1.1x0.75x%

J24
6

x120x 282
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=22.8KN >Vu =22.1 KN

No need shear reinforcement
Use @8, @ 40 cm

(2Legs).

4.3.4.2 Design of Positive Moment:
Effective Flange width ( b.) , ACI-318-11

b For T- section is:

b =520 mm

»Use My max positive for span 1 = 18.8 KN.m

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

~ Assume bar diameter @12 for main positive reinforcement.

d =320 -20 - 10-8= 282 mm

®*Mn =0.9*0.85* fc'*b*hf* (d- hf/2)

= 0.9*0.85*24*0.52*0.08*(0.282-0.08/2)= 184.3 KN.m

®*Mn= 184.3 KN.m>> M, = 18.8 KN.m

The section will be designed as a rectangular section with b, = 520mm

As min = ;/(f) (bw)(d)>=As min:%(bw)(d)m-sls 05
As min=—Y24_(120)(282) —100mm”
4(420)

A's min =%(120)(282) =113mm? ~ control

m fy _ 420
0.85fc'  0.85(24)

* 6
Mu _ 18.8*10 _ 0.5Mpa

Kn =
dbd? (0.9)(520)(282)
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kS kS * *
soLfy fp_2Tm*kn)_ 1 1_\/1_2 20.6*0.5
m fy 20.6 420

As =0.0012 (520) (282) = 176 mm*> A's min = 113 mm?

#of bars = Aq/ Agper = 176/113=1.6  * Note A= 113mm?

jz 0.0012

Select bottom bars 2®12

Total AS (providey =226 mm?* > 176mm?

* Check Strain for the magnitude of under strength factor ®:

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

226x420=0.85x24x520xa

a=38.95mm
_a _8.95_1053
X085 o085 ~oomm

»Use M, max positive for span 2 =8.6 kN.m

» Determine whether the rib will act as rectangular or T — section:

For hf=0.08 m

~ Assume bar diameter ®10 for main positive reinforcement.
d=320-20-10-8=282mm

dMn =0.9*0.85* fc'*b*hf* (d- hf/2)

= 0.9*0.85*24*0.52*0.08*(0.282-0.08/2)=184.83 KN.m
®Mn = 184.83 KN.m >> M, = 8.6 KN.m

The section will be designed as a rectangular section with b, = 520mm

AS min= ;/(E) (bw)(d)>= A's min =%(bw)(d)ACl-318 -05
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Nex

1420 (120)(282) = 100mm

AS min=

As min= 14 (120)(282) =113mm? ~ control
420
- 420
0.85fc'  0.85(24)

S 6
Mu _  8.6%10 _ 0.23Mpa

"= Dbd? ~ (0.9)(520)(282)°

x x
p:i[1— L 2mknj 1 [1_\/1_2 20.6 023}:0.00055

m fy | 20.6 420
A's =0.00055 (520) (282) = 80 mm*< As min =113 mm?
AS =113 mm?
# of bars = As/ Aspar = 113 /78,5 =1.43 * Note Ao = 78.5 mm?

Select bottom bars 2®10

* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
A x fy=0.85x f xbxa

157x420=0.85x24x520x a

a=6.26mm
_a _626__,
*=085 o085 /™M

»Use M, max positive for span 3 =11.8 KN.m
» Determine whether the rib will act as rectangular or T — section:
For hf=0.08 m

~ Assume bar diameter @10 for main positive reinforcement.
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d=320-20-10-8=282mm

®Mn =0.9*%0.85* fc'*b*hf* (d- hf/2)

= 0.9*0.85*24*0.52*0.08*(0.247-0.08/2)=184.83 KN.m
dMn =184.83 KN.m >> M, = 11.8 KN.m

The section will be designed as a rectangular section with b, = 520mm

AS min= ;/(E) (bw)(d)>= A's min =%(bw)(d)ACl-318 -05

Nex

@20 (120)(282) =100mm

AS min=
4

As min= % (120)(282) =113mm? ~ control

0.85fc’  0.85(24)

S 6
n— |\/|lJ2 _ 11.8*10 _—0.32Mpa
dbd? _ (0.9)(520)(282)

x x
p:i[l— L 2mknj 1 [1_\/1_2 20.6 0'32J20.000768

m fy | 20.6 420
A =0.000768 (520) (282) = 113 mm?=As min =113 mm?
AS =113 mm?
# of bars = As/ Agpar = 113 /78,5 =1.43 * Note Ao = 78.5 mm?

Select bottom bars 2®10

* Check Strain for the magnitude of under strength factor ®:

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

157x420=0.85x24x520x a

a=6.26mm
_a _626__,
*=085 o085 /™M
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g, =0.11>0.005

»Use My max positive for span 4 =12.9 kKN.m

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

~ Assume bar diameter @10 for main positive reinforcement.
d=320-20-10-8=282mm

®dMn =0.9*%0.85* fc'*b*hf* (d- hf/2)

= 0.9*0.85*24*0.52*0.08*(0.247-0.08/2)=184.83 KN.m

®Mn = 184.83 KN.m >> M, =12.9 KN.m

The section will be designed as a rectangular section with b. = 520mm

As min= ;/(E) (bw)(d)>= As min :%(bw)(d)Acms 05

V24
4(420)

As min= (120)(282) =100mm?>

As min=<2 (120)(282) =113mm? ~ control
220
m 40
0.85fc’ _ 0.85(24)

> 6
po MU 1207100 oo
dbd? _ (0.9)(520)(282)

x* >x*
p:l[1— 1_2mknj 1 [1_\/1_2 20.6 0.35]:0_00084

m fy ) 206 420
A's =0.00084 (520) (282) = 123 mm?®> A's min = 113 mm?
AS =123 mm?
# of bars = As / Agpy = 123 /785 = 1.37 * Note Agio=78.5 mm?

Select bottom bars 2®10

Total AS (providey=157 mm?> 123 mm*

* Check Strain for the magnitude of under strength factor ®:
51



Tension = Compression
A x fy=0.85x f xbxa

157x420=0.85x24x520x a

a=6.26mm
_a _6.26_74
*=085 085 M

4.3.4.3 Design of Max Negative Moment for (Rib):

Mu = - 13.2 kN.m

The maximum negative moment from spans with support (2) is
Mn =13.2/0.9 =14.67 KN.m

~ Assume bar diameter @12 for main negative reinforcement.
d=32.-20-10-8=282 mm

The section will be designed as a rectangular section with bw= 120 mm

As min= ;/(fl) (bw)(d)>=A's min :%(bw)(d)ACI-318 -05

Nex

220 (120)(282) =100mm

AS min=

A's min =%(120)(282) =113mm? ~ control

m= fy _ 420 _
0.85fc’  0.85(24)

I 6
JMu 182010
®bd? ~ (0.9)(120)(282)

kS kS * *
o=lfg  p_2*m*kn)_ 1 1_\/1_2 20.6*1.54 | _ o 59382
m fy 20.6 420

As =0.00382(120) (282) = 130 mm®> A S min = 113 mm?
52
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# of bars = Ag / Agpyr = 130/113=1.15 * Note Agip= 113mm?

Select bottom bars 2®12

Total AS (rovide) =226 mm*>130 mm*

* Check Strain for the magnitude of under strength factor ®:

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

226x420=0.85x24x120x a

a=23877mm
_a 3877 _
X085 085 oM

g, =0.0155>0.005

Mu =-8.3 kN.m

The maximum negative moment from spans with support (3) is
Mn =8.2/0.9=9.2kN.m

~ Assume bar diameter @12 for main negative reinforcement.
d=320-20-10-8 =282 mm

The section will be designed as a rectangular section with b,= 120mm

As min= ;/(E) (bw)(d) >=A s min :%(bw)(d)ACI-318 -05

Nex
4(420)

AS min=

(120)(282) = 100mm?>

A's min :%(120)(282) =113mm? ~ control

m fy _ 420
0.85fc'  0.85(24)

* 6
Mu _ 8.3*10 — 0.97Mpa

Kn =
dbd?® (0.9)(120)(282)°
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* * kS *
SoLfy fp_2Fm*kn)_ 1 1_\/1_2 20.6*0.97 | _ ;5024
m fy 20.6 420

As =0.0024(120) (282) = 82 mm?< As min = 113 mm?

# of bars = As / Agpy = 113/113=1 * Note Agpp= 113 mm?

Select bottom bars 2®12

Total AS (providey =226 mm?> 113mm?

* Check Strain for the magnitude of under strength factor ®:

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

226x420=0.85x24x120xa

a=238.77/mm
_a 38.77 _ 4551
X=085 o085 oormm

&, =0.0155> 0.005

Mu = -10.5 kN.m

The maximum negative moment from spans with support (4) is
Mn =10.5/0.9 = 11.67 kN.m

~ Assume bar diameter ®10 for main negative reinforcement.
d=320-20-10-8=282 mm

The section will be designed as a rectangular section with b,,= 120mm

As min= ;/(E) (bw)(d)>=A s min :1f'—j)(bw)(d)ACI-318 05

(
As min= V24 (120)(282) =100mm?
(420)

As min =%(120)(282) —113mm? ~ control
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m fy _ 420
0.85fc'  0.85(24)

S 6
. |\/|u2 __105*10 __1.22Mpa
®bd?  (0.9)(120)(282)
SoLfy fp_2rm*kn)_ 1 1_\/1_2 20.6*1.22 | _ J 55299
m fy 20.6 420

As =0.00299(120) (282) = 102 mm? < As min = 113 mm?

* Note A= 113 mm?

Select bottom bars 2®12

Total AS (rovide) =226 mm?®> 113mm?

* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
A x fy=0.85x f xbxa

226x420=0.85x24x120x a

a=23877mm
_a _3877_
*=085 085 oormm

&, =0.0155>0.005
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4.3.5 Design of Beam BG-8
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Figure(4.7) reinforcement of rib R2-BF
e
a4 I = 3
AN\ = g 2
o
- 5’_‘_,_4& _'_@
_,_,,..-r-*"’zé/ﬁl = ,-—f’»”;
T 2\
-E-E,’,-'-ﬁ”f’ i
- S -
. N
A P
,r’/ :

56




|
B7>30.-42¢<
T

S T

| e
e i e S U O [ ) ]
% f. = B8 80 420 g BG-8
b ¢ e 1 e

allili] G =
il W
g IJ'/ J'. / |
!
Figure(4.8) Beam location in ground floor slab
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Load calculations for Beam:

— For span 2+3 for the beam :

The distributed Dead and Live loads acting upon the Beam BG-8 can be defined from the support

reactions of the rib RG-5.

_Reactions
Factored
H —+— +—— —— +

DeadR 11.67 31.51 25.58 28.58 8.08
LiveR 8.18 21.58 19.67 19.55 6.52
Max R 19.85 53.09 45,25 48,12 146
Min R 10.93 38.93 31.69 36.01 6.72
Service

DeadR 9.73 26.26 22.64 23.81 6.74
LiveR 5.1 13.49 12.39 12.22 4,07
Max R 14.84 39.75 33.61 36.03 10.81
Min R 9.26 309 2513 28.486 5.88

Figure(4.9)suppot reactions of the rib RG-5 (KN)

» The support reaction (service) from Dead loads of Rib (RB-5) upon beam (BG-8) is (22.64). The
distributed Dead load from Rib ( RB-2) on Beam(BG-8):
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DL fyom rip=—ss = 43.54 KN/m

» The support reaction (service) from Live loads of Rib (RG-5) upon beam (BG-8) is (12.39 KN). The
distributed Live load from Rib ( RB-5) on Beam ( BG-8):
12.39

LLfroleb —— =23.83 KN/m

— For span 1 for the beam :

The distributed Dead and Live loads acting upon the Beam BG-8 can be defined from the support
reactions of the rib RG-6.

_Reactions
Factored
= T i : T i t T :

DeadR 11.82 30.49 29.49 11.43
LiveR 8.24 21.35 209 8.04
Max R 20.06 51.84 50.39 19.47
Min R 11.11 37.59 36.48 10.67
Service

DeadR 9.85 25.41 2712 9.52
LiveR 515 13.34 13,34 5.02
Max R 15. 38.75 37.64 14.55
Min R 9.4 29.85 28.94 9.05

Figure(4.10)suppot reactions of the rib RG-6 (KN)

» The support reaction (service) from Dead loads of Rib (RG-6) upon beam (BG-8) is (27.12). The
distributed Dead load from Rib ( RG-6 ) on Beam(BG-8):
27 12

DLfT'oleb =52.15 KN/m

» The support reaction (service) from Live loads of Rib (RB-2) upon beam (BG-8) is (13.34 KN). The

distributed Live load from Rib (RG-6 ) on Beam ( BG-8):

13.34
LLfTomRib= E = 25.65 KN/m

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

1 2 3 4
1 2 3
A A A
A A ‘ A
0.3 3.75 0.3 433 0.3 5.9 0.3
1 4.05 7 4.63 L 6.2 L
I T T 1
42,
80.
A-A
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Figure (4.11) Geometry of Beam BG-8

Dead load - Service Units:kN,meter

Live load - Service

2.73 . 132 4.63 6.2

Figure (4.12) Loading of Beam-(KN/m).
Moments: spans 1to 3

-367.4
-325.4  -313.

182 2.23 |  2.08 , 2.55 3.72 , 2.48

260.7 e -281.7 259,

370.7

Figure (4.13) Moment and Shear envelop for Beam BG-8
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Assume bar diameter ®16 for main reinforcement.
Selected drop beam
b =80cm,h =42cm

d= 420—40—10—% =362mm

4.3.5.1 Design of shear for Beam :

ACI — 318 — Categories for shear design:
VU gritical = 322.9 KN

Ve==./fc'b, d
V, = %Jﬁ* 800 * 362

V= 236.45 KN.
® V=0.75*154.3 =177.34 KN
177.34 KN < Vu max = 322.9 KN

(‘shear reinforcement required )
1
VUsmin = E\/fc,bw d

1
Vomin = 7 V24 * 800 * 362

Vs min = 88.67
1
Usmin = §bw d

1
=800 * 362

Us,min = 3
Vg min = 96.53 KN
Case IV minimum Shear reinforcement required .

Do + Vsmin) <Vy <30 *7,

0.75(236.45 + 96.53) =249.735 < 322.9 <3* 0.75*236.45 = 532.01 KN

So, shear reinforcement is required.

Use 4 leg @ 10.

Av =314.16 mm®,

Ve=V,—Vec= % — 236.45 = 194.08 KN
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Apfyed  314.16 * 420 = 362

S = = = 246.1
Ve 194.08 = 1000 mm
d
Smax < > o7 Spax < 600 mm
d 362
Smax=E=T= 181 mm

Select 2 leg @10, @ 100 mm (2 Legs)
Select S=15cm .

X=399/100.36 =4 cm

28 ®10/15¢cm

4.3.5.2 Design of Beam of negative moment :

» Mu =-325.4 KN.m at support (3).
Mn= Mu/0.9
=325.4/0.9 =361.5 KN.m
~ Assume bar diameter ®20 for main negative reinforcement.

d = 420-40-10-10=360 mm

o fy 42
 085*fc  0.85*24
~ Mn 325.4*10°

= S = > = 3.48Mpa
bd (0.9)(800)(360)

=20.6

Kn

J24
4(420)

AS min=

(800)(360) = 839.82mm”

As min= % (800)(360) = 960mm>~ control

p:i 1. |p_2mkn)_ 1 1_\/1_2 20.6*3.48 | _ 5 15914
m fy 20.6 420

A's =0.00914 (800) (360) =2632.32 mm?>> A's min = 960 mm?
# of bars = A / Aqpar = 2632.32/314 = 8.38 * Note Ago = 314 mm?

| Select bar 9 @ 20

Total AS (rovide) = 2826 mm?> 2632.32 mm®
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* Check strain for the magnitude of under strength factor ®:
Tension = Compression

A x fy=0.85xf 'xbxa
2632.32x420=0.85x24x800x a

a=67.7mm
¥ = a _67.7_797
085 o085 ~mm
g, =300=797 4003=001
79.7

&, =0.01> 0.005

*Check for bar distance:

~ 800-2x40-2x10-9*20
8

S = 65mm > 25mm.....0k

» Mu =-150.9 KN.m at support (2).

Mn= Mu/0.9
=150.9/0.9 =167.67 KN.m

~ Assume bar diameter ®20 for main negative reinforcement.
d = 420-40-10-10 = 360 mm
= fy _ 420 _
0.85*fc  0.85*24
_ Mn 150.9*10°

bd?  (0.9)(800)(360)

20.6

Kn

J24
4(420)

AS min=

(800)(360) = 839.8mm’

As min= % (800)(360) = 960mm?>~ control

x> *
oL fp_2mkn)_ 1 1_\/1_2 20.6*1.61 | _ 504
fy 20.6 420
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A =0.004 (800) (360) =1152 mm? > A s min = 960 mm?
# of bars = As/ Aspar = 1152 /314 = 3.67 * Note Agzo =314 mm?

Select bar 5 @ 20

Total AS (rovidey = 1570 mm?>1152 mm?
* Check strain for the magnitude of under strength factor ®:
Tension = Compression

A x fy=0.85x f_ xbxa
1570x420=0.85x24x800x a

a=40.4mm
x=-2 =% 4753
~085 o085 UMM
g, = 30024753 4 503=0.019
4753

&, =0.019 > 0.005

*Check for bar distance:

~ 800-2x40-2x10-5x20
4

S =150mm > 25mm.....ok

4.3.5.3 Design of positive moment :

*Take Mu =333.5 kN.m forspan3.

~ Assume bar diameter ®20 for main positive reinforcement.
d = 420-40-10-10=360 mm

Check design case :

®*Mn =0.9*0.85* fc'*b*hf* (d- hf/2)

= 0.9*0.85*24*800*420*(360-420/2)= 925.34 KN.m
O*Mn=925.34 KN.m>> M, = 333.5 KN.m

The section will be designed as a rectangular section :

= fy _ 420
"~ 0.85*fc  0.85*24

=20.6
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~ Mn 333.5*10°

Kn=——= > =3.57Mpa
bd (0.9)(800)(360)
As min= V24 (800)(360) = 839.82mm?
4(420)

As min= % (800)(360) = 960mm*~ control

ooty Jp_2mkn)_ 1 1_\/1_2 20.6*3.57 ) _ ;5004
m fy 20.6 420

As =0.0094 (800) (360) =2714.2 mm?> As min =960 mm?
#of bars = As/ Aspar = 2714.2 /314 =8.6 * Note Agzo = 314 mm?

Select bar 10 ® 20

Total AS (rovide) = 3140 mm?®> 2714.2 mm?
* Check strain for the magnitude of under strength factor ®:
Tension = Compression

A x fy=0.85x f_xbxa
3140x420=0.85x24x800x a

a=280.8mm
L_. @ _808_
085 o085 >/ mm
g, = 30029507 5 503_0.008
95.07

g, =0.008> 0.005

*Check for bar distance:

~ 800—-2x40-2x10-10x 20
B 9

S =55.55mm > 25mm.....ok

*Take Mu = 177.2 kN.m at span (1).
Check design case :

O*Mn =0.9%0.85% fc*b*hf* (d- hf/2)
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= 0.9*0.85*24*800*420*(360-420/2)= 925.34 KN.m
®*Mn=925.34 KN.m>> M, = 70.5 KN.m

The section will be designed as a rectangular section :

~ Assume bar diameter @16 for main positive reinforcement.
d = 420-40-10-8 = 362 mm
= fy _ 420
0.85* fc  0.85*24
~ Mn 177.2*10°

=—— = > =1.87Mpa
bd (0.9)(800)(362)

=20.6

Kn

J24
4(420)

As min= (800)(362) = 844.49mm”

As min= % (800)(362) = 965.3mm?~ control

ooty Jp_2mkn)_ 1 1_\/1_2 20.6*1.87 | _ 1 1947
m fy 20.6 420

As =0.0047 (800) (362) =1361.12 mm?> A's min = 965.3 mm?
# of bars = A/ Aspar = 1361.12/201 = 6.77 * Note Agis = 201 mm?

Select bar 8@ 16

Total AS (rovide) = 1608 mm?> 1361.12 mm®
* Check strain for the magnitude of under strength factor @:

Tension = Compression
A x fy=0.85x f_ xbxa
1608x420=0.85x24x800x a

a=41.4mm
oo _ 44
085 o085 o/mm
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. _362-487
*T 487
&, =0.019>0.005

x0.003=0.019

*Check for bar distance:

~ 800-2x40-2x10-8x16
7

S =81.7mm > 25mm.....ok

*Take Mu =73.2 kN.m at span (2).

Take ®=16
d=420-40-10-8 =362

Check design case :

®*Mn =0.9*0.85* fc'*b*hf* (d- hf/2)

= 0.9*0.85*24*800*420*(362-420/2)= 1439.4 KN.m
®*Mn=937.68 KN.m>> M, = 73.2 KN.m

The section will be designed as a rectangular section with b. = 1000 mm

S 6
_ |\/|I’; _ 73.2*10 _—0.77Mpa
bd? _ (0.9)(800)(362)

Kn

by 420
0.85fc’  0.85x24

V24
4(420)

20.6

As min= (800)(362) = 844.49mm”

As min= % (800)(362) = 965.3mm?2~ control

1 [ 2(208)077)
0 (1 \/1 Sy )= 0018

20.6
As =p* b*d=0.0018 (800) (362) = 541.35mm? <As min =965.3 mm?
As 965.3
# Of bars= ——=——-=3.07 Note Ags = 201 mm2
As 314

bar

| Select bars 4016
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TOta| AS (provide) =804 mm2

* Check strain for @:

Tension = Compression
A x fy=0.85x f 'xbxa
804x420=0.85x24x800xa

a=20.69mm
a
X=—
By
X = ﬂ = 24.34mm
0.85
& = M x 0.003=0.04
24.34

&, =0.04 >=0.005.......... OK

*Check for bar distance:

S

_ 800-2x40-2x10-4x16

=212mm > 25mm.....ok
3
@107T10-10 41 &P0710-10.4 &10TI0-10.4 ©20710-10,41 E)19T10-10.41 G0TI0-10 4 @ 29T10-10.41 0

i > 3 4

| | | |
[ 4Ti2 % 6T1|6 4T1|2

secl : sece

1] . g 1

I IIIIIIIIIllIIIIllmmﬁm T - D O O L L ]
8 DT p I w Y

| Secﬂ Secﬂ
Ti8 I Ti4 | uT20 |
| = o |
. 181 a N 134 4 ! 196 3
60/32 60/32 80/32

60 400 50 394 60 4390 60

@42 L=320 T.B. ©47l6 TLE. @eTlle T.B. @4T12_1L =370 T.B.
300 500 80 350 1

500 500 550
&4T18 B.B &4T14 B.3B. 47120 B.B.
B 8
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Ti0Ee10 T10E10 T10810 T10@10

& L=145 & L=145 L=145 @& _ L=185
A N A
<t
b3
32 32
60
secl-secl sece—secc
T:20 1:20

Figure (4.14) reinforcement for beam BG-8

4.3.6 Design of one way solid slab

Qm_

B210.0C 522

SOUD SLAB

B22500.0C 2635 =

/ SuUC S8
{
RO T 22 s
SOUD SLAS
{

B2 0.0C == B

\\> 5 e $+3,60
5@ P > S -y R

Figure (4.15) Location of Solid slab in ground floor
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Material :-
concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

4.3.6.1 Minimum thickness (deflection requirements):

For two end continuous slab :

L=3.47m

1 3.47
hmin:Z = Z:Ol44m
Select h=20 cm

db 12
d=h—cover—7=200—20—7=174mm

4.3.6.2 Load calculation:

for Im

D=11.2 KN\m
L=5 KN\m

Factored loads:
qu=12D+16L=12%*11.2+1.6*5=21.44 KN\m2

4.3.6.3 Analysis:

Now insert the load on Atir:
Envelope moment/shear diagram for solid slab :
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Moments: spans 1to 3

337 1.

1.39 2.08 | 1.65 , 1.65 | 1.98

Figure (4.16) Envelope moment/shear diagram for solid slab
Critical section at distance d =174 mm from the face of support.

Au=Bu = 21.44* 4,54 | 2 =48.68 KN

Max Vu= 48.68 cos18.5=46.1 KN

Vymax = 46.1 KN

1 1
d)*VC:g\/f_{:*bw*d:0.75*6*\/ﬁ*1000*174=106.55KN

® * V, = 106.55 KN > V,, 1n0r = 46.1 KN

The thickness of the slab is adequate enough

No shear reinforcement is required.

4.3.6.4 Design of max positive moment

M, = 28.4 KN.m

l\/I“—28'4—31 55 KN
nTp 09 OO -
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f, 420
m=—X-= =20.6
0.85f. 0.85%24

M, _ 31.55%10°

kn = bedZ ~ 1000-(174)2 =1.042 MPa.
__(1 — 1= Z*kn*m
( 2*1 042%20. 6> 000254
20 6

—ASpeq = p X b xd = 0.00254x1000x174 = 441.96 mm’.
—ASpmin = p X b xh = 0.0018x1000%x200 = 360 mm?,
— Asreq = 441.96 mm? > Asyip = 360 mm?

~ As = 441.96 mm?.

®12with As = 113.1 mm?

ASreq _ 441.96

= 3.9 — no. bars = 5 bars
Apar 1131

Number of ®12 =

Take 5®12/m or ®12@200mm

The step (s) is the smallest of

1-S=3*h =3*200=600mm

2- S=450 mm
3-5=380(%) — 2.5+ Cc = 380 * (25) — 2.5 20 = 330 mm

But S<300%:-) =300 — control

S=200<S,,,4x = 300 mmok

Temperature and shrinkage :

Ag(temp) = 0.0018 = b * h = 441.96 mm2
Take 5®12/m or ®12@200 mm

1-S=5%*h =5*200=1000mm

2- S=450 mm -control
S=200<S,,0x = 450 mm ok
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Figure (4.17) Ceiling cover for ramp

4.3.7 Design of column C20
f! =28 MPa

E, = 420 MPa

The Column is an interior one.

DL = 826.4KN
LL = 355.59KN
Pu=1.2DL+1.6LL

Pu = 1.2(826.4)+1.6(355.59)
Pu = 1560.624KN

1- Check for slenderness:-

kln<34 12 M, < 40
r (Mz)_

*% = 1braced frame with M,,,;,,

2

K=1 for column in non-sway frames.
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kln
TS34—12=22S40

kin 1+3.88

= = 18.476 < 22 Column is short about x-axis
Ty 0.3x0.7

kin _ 1%3.88

ry  0.3x0.4

=32.33 > 22 Column is long about y-axis

Nominal axial strenght of column Pn = Pnx

2- Calculate the minimum eccentricity e,,;,and the minimum moment M,,;,,
eXmin= (15+0.03h) = 15+0.03*700 = 36 mm

Pusactorea = 1560.624KN.

M= Pu*ex,,;,= 1560.624* —— =56.18KN.

1000
3- Compute EI
| bh3® 400 % 7003 1143 + 1010 A
= = = . k
97 12 12 mm

_ 1.2 D (sustaind)
Bans = 1.2D + 1.6L

= 1560.624 = 0.635

_0.7%4750y/fc' Ig _ 0.7%4750vV287%1.143%10710
1+Bdns o 1+0.635

El

= 123MN /m?

4- Determine the Euler buckling load, P.:

m2El w2 * 123

p = - = 80.638MN
¢~ (klLD?  (1+3.88)?

5- Calculate the moment magnifier factor §,, :

M
Cm=0.6+0.4ﬁ1=0.6+0.4*1=1>0.4
2

Cm 1

Ons= Pu_ Tse0ezr — 1.067
0.75P¢ 0.75%80.638
14> 1.026>1.......... ok

The magnified eccentricity and moment:
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€ =epmin * Ons = 36 x 1.026 = 36.936 mm

My, = 8, x My, = 1.026 * 56.18 = 57.64 KN.m

6- Select column reinforcement

We will use the tide column interaction diagrams

ey 36.936

Y= 700 = 0.0527

Compute ratio y

d—d'_700—2*40—2*10—20

= =0.82
V=" 700 0828
®P, P, 1560.624 1073
A, A, 0.7 % 0.4 >-57Mn/m
pg = 0.02

~select reinforcement
Age = pgAy = 0.02 % 700 = 400 = 2800mm?

As020 = 314.16 mm?

As

=89
A;020

Use 18020withA; = 5654.88mm? > 2800mm? ok

Select 20020

74



Figure (4.18): cross section in column C20

*Design of ties
Use ties @10 with spacing of ties shall not exceed

1) 48 times the tie diameter , 48d, = 48 * 10 = 480mm

2) 16 times the longitudinal bar diameter 16d;, = 16 * 20 = 320mm ........... control
3) The lest dimension of column =40 mm

Use ties 10@ 200 mm

1-Check for clear spacing between longitudinal bars

. 700—40%2—10%2—10%20
Clear spacing = 5 = 44.44 > 40 mm

44.44> 1.5 x 20 = 30

4.3.8 Design of stair

‘r ’’’’’ | | _ — =
3 ] I'J
ra——— -
| == “ ; :
E— » :

Figure 4.19 : Stair plan
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4.3.8.1 Determination of Thickness:

Height =4.5m

Rise =4.5/23 =0.195m

Run =27 cm

Live Load on Stair (Landing & Flight) =5 KN /m? (Horizontal projection)
According Jordanian code.

Minimum slab thickness for deflection is (for simply supported one way solid slab)

b B | 46 0.23
min. — 20 — 20 - Y. cm
Use h=30cm
) (Rise) I (19.5) _ 35.g0
O=tan g,/ = B \%7)=°>

4.3.8.2 Design of Flight 2 :

Load Calculations:

Dead load:

25cm flight : 25*0.25*1/cos 35.8 = 7.7KN/m
3cm plaster: 22*0.03*1/cos 35.8=0.813 KN/m
Horizontal mortar: 22*0.03*1=0.7KN/m
Horizontal tiles: 23*0.04*1*(33/27) =1.124KN/m
Vertical tiles: 23*.03*1*(19.5/27)=0.49KN/m
Vertical mortar: 22*0.03*1*(19.5/27) = 0.216KN/m
Triangle: 25*0.195*1/2=2.43KN/m

Y D=13.79KN/m

L=5*1=5KN/m

Factored load:

qu=1.2*D +1.6*L
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qu=1.2*13.79 + 1.6*5 =24.55 KN/m

Figure (4.20) : structural system of flight 2

Au=Bu = 24.55* 2.1/2 =25.77 KN

Max Vu= 25.77 cos 35.8 =20.9 KN
2.1 21 2.1
Max Mu= 25.4 (0.4+—) — 24.55*— *—— =40 KN.m
2 2  2%2

design of shear :

Assume @14 for main reinforcement:
14

d=300—20—7=273mm

V, = 40.37KN

1
@V, = 0.75 * r V24 %1000 * 273 = 167.17 KN > V, = 20.9 KN

The thickness is adequate enough.
No shear reinforcement is required.
design of moment :

M, = 40 KN.m
40
Mn = ﬁ = 4444 KNm/m

M,  44.44 %106
= = 0.596MPa

K. =
" b.d2 1000 x 2732

f, 420

= = =206
0.85f,  0.85 x 24

m
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= 0.001441

_Af, [, _2Kam)_ 1 [ 2 % 0.596 * 20.6
P= R = 206 420

= pbd = 0.001441 = 1000 * 273 = 3.934 mm?

A
Agmin. = 0.0018bh = 0.0018 1000 * 30 = 54 mm?
Aq

2% 398 s=2o L o251
Asor, 113 777 ~h 398 4™

Take 5¢12/m with Ag = 565.48 mm? or $12@20 cm
Step (S) is the Smallest of:

1. 3h=3%300 =900 mm.
2. 450 mm

£)*420

3. s =380 (zfgso) —2.5C, = 380 < 280 ) — 2.5 %20 = 330 mm — Control
s =251mm < sy;x = 330 mm — OK

Temperature & Shrinkage reinforcement:

As = Agmin, = 450 mm?

A, 450 1 1

n= = —=3.98, S=H 3.98=0.251m

Take 5¢12/m with Ag = 565 mm? or $12@20 cm
Step (S) is the Smallest of:

1. 5Sh=5%250=1250 mm.
2. 450 mm — control
s = 250mm < s, = 450 mm — OK
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4.3.8.3 Design of flight 1:

Loads on landing:

Dead load:

25cm concrete  25*0.25*1=6.25 KN/m
7cm sand 16*0.07*1= 1.1 KN/m
2cm mortar 22*0.02*1 = 0.4 KN/m
3cmtiles  23*0.03*1 =0.7 KN/m
2cm plaster 22*0.02*1 = 0.4 KN/m
YD =8.85 KN/m

L = 5KN/m

qu = 1.2*D +1.6*L +(Au or Bu from flight2) /1.0

qu = 1.2*D +1.6*L +(Au or Bu from flight2) /1.0

24.55

[ 91.32

Figure (4.21) : structural system of flight 1

Support reaction:
>MA=0
1.3 1.89
40*1.3 *7 + 2455*24*(1.3+ — ) —Bu *4.28 =0
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Bu=49.12 KN

YMB=0

1.89 1.3
2455 1.89 * (0.4 +—— ) +40* 1L.3* (29 + —) ~Au *4.28 =0

Au=57.7 KN

24.55KN/M

19.15KN/m U
N A

4u.3,/

40.37KN

Figure 4.22:shear diagram of flight 2

Design of shear:

Max Vu = 57.7 KN

1
@V, = 0.75 * 3 * V24 % 1000 * 273 = 167.17 KN > Vu = 57.7 KN

The thickness is adequate enough.
No shear reinforcement is required.
design of moment :

Max M, at zero shear force at distance X :

X =0.86m
242
M, =46.7 *2.64 — 20.84 * =71 KN.m
M, = 71 KN.m
M, = 1 = 78.9 KN
n=gg="8 .m/m
M, 78.9 % 106
K, = 1.57MPa

T b.dZ_ 1000 = 2242
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£, 420

= = = 20.6
M= 0.85f ~ 0.85 24

_Af,_ [, _2Kam)_ 1 201574206\ _
P~ m f, |~ 206 420 -

A = pbd = 0.004 * 1000 * 224 = 896 mm?
Agmin. = 0.0018bh = 0.0018 * 1000 * 250 = 450 mm?
Ag =896 mm? > Ag i, = 450 mm?

As 896

1
Ag 514 154

1
5.8, S=—= =0.17
n 5.8 m

n=

Take §14@15 cm with As = 1027 mm?
Step (S) is the Smallest of:

1. 3h =3 %250 =750 mm.
2. 450 mm

280

3. s =380 (T) —2.5C, = 380<

280
G)*420

N

> — 2.5% 20 =330 mm — Control
s = 150mm < S, = 330 mm — OK

Temperature & Shrinkage reinforcement:

As = Agmin, = 450 mm?

As —450—398 s—l— ! =0.251
Ay g, 113 70 ~h 398 oMW

n=

Take 4012/m with Ag = 452 mm? or §12@25 cm
Step (S) is the Smallest of:

1. 5Sh=5%250=1250 mm.
2. 450 mm — control
s = 250mm < s, = 450 mm — OK

NOTE :Design of flight 3 is the same as flight 1.
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4.3.9 Design of basement wall

4.3.9.1 Load calculation:

24 MPa 420 MPa 18 KN/m 200 KN/m 30

Ko =1 —sing =1 —5sin30 = 0.5
e, = Kop*h*y=05%346*18 = 31.05 KN/m

Ep =0.5*31.05* 3.46 = 53.7165 KN

service Looads(KN/m>

A EE

8=30" /
=18 KN/ m"3 /

™
3.46m

S.P=31.05 DL=25 L.L=25 @

44,46

Figure (4.23): Loads on Basement wall (BW1).
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4.3.9.2 Support reaction:

MR B =0

N
26.56KN § ‘

Sheor Envelope

3 Mmox=31.19 KN.m

AN

Moment Envelope

3.46mMm

Figure (4.24): Envelope diagram of Basement Wall.

53.7165* 3.46 /13- B*3.46 =0

A=26.56 KN

MRA=0

53.7165 * 3.46*2 /3 - A*3.46 =0

B=44.46 KN

Max V = 44 9KN

Max M at V=0

V=0atY="?

31.05/3.46 = P(Y) IY

P(Y) = 8.9739

V=0
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8.9739*Y*(Y/2)+5Y -8.9739*Y*(Y/2 ) =0

Equation second degree ( general equation)

Y=1.938 m P(Y) = 17.39

Max M =26.55 * 1.938 — 0.5 * 5%1.938 * 1.938 — 17.39 * 1.938 * 1.938/6 = 31.1883 KN.m
Pu= s relative low

Design as a slab with b=1m

Vu =1.6*44.46=71.136 KN

Mu=1.6*31.188=49.9 KN.m

4.3.9.3 Design of Shear:
Let h=30cm
d=300-20-14 =266 mm
Vu max =71.136 KN
J24
6

® Ve =0.75x% x1000x 266=162.89KN>Vu max = 71.136 KN

NOTE : Vu is not measured at the critical section.

4.3.9.4 Design of Bending Moment:
*Tension face:

M, = 49.9 KN.m/m

Mn
k =
" b-d?
* 6
k = 499710 =0.7836MPa .

" 0.9*1000* 266°

o fy 420 206
©0.85%f, 085%24

m
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1 2mk, * *
o= _{1— 1——} = 20.6(1—\/1— 27206 0'7836J =0.001903
m \/ f, 420

AS req = 0.001903*100*26.6 = 5.06cm*/m

A's min =0.0012 *100*30=3.6 cm?*/m

Use ®12@20cm, with Ag providea =5.65 cm?/m

*Vertical reinforcement of compression face :

A's min = AS eq/3 =9.96/3= 3.32 cm?/m

Use ®12 @20 cm, with Ag provided = 5.65cm?/m

* horizontal reinforcement:

for two layers ...AS min — 0.002bh = 0.002 = 300 = 1000 = 600 mm?/m.

for one layer...As req — 600/2 = 300 mm?/m.

Use @10 @20cm, with Ag providea = 322.5mm?/m ... in both sides.

0.00

ST~

iy e [ 2

20|
B

D ] IKK
(__\____A_,»‘ [ ] /\B\?Q

328
1
[
T
N
&

-3.3

SZ //
9100200t In Both Direction T
NN | I,
KKK

#10020cm Tn Balh Dirsction PNVONYS

VNSNS

Figure (4.25) reinforcement for basement wall
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NOTE: the structural system for this basement wall assumes as pin and roller supports, so must be
connected with slab before put a backfill.

4.3.10 Design of shear wall

436 KN N

861 KN \

Hw=14 m

6054.5 KN.m 1279KN \

11810 KN.m

Lw=8.6 m

Moment Diogrom Shear Diagram

N
~

Figure (4-26) : Shear force and moment on the shear wall

hw=14m,L,=86m
d<0.8*L,=0.8*8.6=6.88m ... control
d<0.8*h, =08*14=112m
Lw/2=86/2=43m...... control
hw/2 =14/12=7m
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e Design horizontal reinforcement :
Vumax = 1279 KN

V01: éc xbxd

V, = \/623_4 x 200x 6880=1123.499KN (control)

Vv :wlfc'xbxd N N, xd

°2 4 Ax L,
N, = 0.0KN
V., = V24> ZZOX 0880 | 1.0 -1685.24KN

i . 2xN
l,| +/ fC"+ 2
NI I, xh hxd

V =
=772 " <Mu<1)_lw> 10

i v, 2
-
v o| 32, 8600(/24+0.0) | 200x6880 o0 o o
2 ]63103*1000 8600 10
1279 2

So thickness of wall is safe

e Design for horizontal reinforcement :

V.= 1123.499 KN is control

C

Vs = (\ﬂ —VC] = %}—1123.499 =581.834 KN

¢
*
Avh: Vs j(Avhj: 581.834 1OOO=0.20135
sh  fy*d sh 420*6880
(Avhj
—_— =0.002*200=0.4
Sh min

(Avhj [Avhj (Avh} ,
—_— > | —— so | — is control
Sh min Sh req Sh min

Select @10 (two layers)
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Avh =1.57 cm?
1.57*100
sh

=0.4 = sh=39.25cm

S =392.5 mm
Smax < L,/5=8600/5=1720 mm

<450 mm control
< 3 *h=3*200= 600 mm

Take s =300 mm < s max

Design for Vertical reinforcement:-

A = {0.0025+ 0.5(2.5—&]*[%—0.0025]}*sv*h

IW 2

Aw =2 ® 10 = 157 mm?

Avv

*
Av — = {0.0025+ O.S(Z.S—EJ*(ﬂ - 0.0025)}*200 =0.51017

sv 8.6) (300*200

Select @10 (two layers)

(?] ~051017= (tﬂj — 051017 = sv = 30.77cm
V \V

Aw =2 ® 10 = 157 mm?

S=307.7 mm

Smax < L,/3 =8600 /3 =2866.67 mm
<450mm control
< 3 *h=3*200= 600 mm

Take s = 300 mm < s max
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¢+ Design of bending moment:
Mu max = 11810 KN.m
Design of vertical reinforcement in boundary element to resist the moment .

Asv= Awvx Y 157« %) — 4500.667mm>

S

Z 1
Lw  2+0.85% B* fc* Lw*h/(As * Fy)
z L 0.056

Lw  2+0.85x0.85x 24x8600x 200/(4500.667x 420)

Muv = 0.9x Fy x0.5x As x LWx(l—[AD
Lw

Muv = 0.9%*420*0.5* 4500.667x8600* (L (0.056/ 2)) = 7109.63KN.m

Muv =7109.63 KN.m < Mu = 11810 KN.m
MuB = Mu - Muv

=11810 — 7109.63 = 4700.37 KN.m
X: for nutral axis

> tw
600* (Ah/hw)

8600
600*0.0072

=1990.74 mm

C or LB : length of Bouundary element

=99.5cm

LBZé
2

LB>X -0.1*8.6=1.1307m
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Where x =1.9907 m

Select LB=1.2m

s~ MuB/0.9
fy(lw - LB)
_ 4700.37x10°/0.9

~ 420(8600—1200)

=1680.38mm?
=16.8038m?

9 @ 16 with As = 18.09 cm? > As req =16.8038 cm?

4.3.11 Design of isolated footing (F15)

PD =850 KN PL =150 KN LL =5 KN/m?
B 300 so 24 MPa

Grade 420 MPa

Soil density = 18 KN/m3

Allowable soil Pressure = 500 KN/m2

assume h =0.40 m
service load = 850 + 150 = 1000 KN
Factored load = 1.2PD + 1.6 PL = 1.2 * 850 + 1.6 * 150 = 1260 KN
Footing weight =(25*0.40) =10 KN/m?
Allowable soil Pressure net = 500 — (25%0.4 + 18*0.3 + 25*0.2 + 5 ) = 474. 6 KN/m?
G =< G allow. net

<1.4*cnet =1.4*474.6 = 664.44 KN/m?
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P.D=850KN
P.L=130KN

LRRIA

20

30

10
>

10 B 10

Figure (4.27): Loads on isolated footing .

Area of Footing :

1000 —5 107 m?

474.6

Let a=1.35m=b= M =1.56m
1.35

Selectb=1.65m

1260

2 =565.656 m*
1.35%1.65

Bearing of soil pressure =

4.3.11.1 Design against sliding :-

Hori. Force = 0.0 ( not required to check)

4.3.11.2 Design of reinforcement concrete :-
% Check for one way shear :-

Cover =75 mm, ® =12 mm , thickness =400 mm
d=400-75-12 =313 mm

Vu = 565,6(M

- 0.313} x1.35=161.88KN
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fc'
dV, =0.75 \/6_ xbwxd =0.75x % x /24 x1350x 313=258.75KN
oV, >V, OK
V, from the other side :

Vu = 565,6(M

- 0.313j x1.65=197.86KN

fc'
dV, =0.75 \/6— xbwxd =0.75x % x /24 x1650x 313=316.25KN

dV >V, (safe )

% Check for two way shear action (punching) :-
d=313 mm
Vu=Pu-Ru
Ru = qu * ctitical area of punching .

=565.65* (0.3 +0.313) * (0.6 * 0.313) = 316.516 KN
Vu = 1260 — 316.576 = 943.424 KN

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

1 2 '
¢.\/C :¢g(l+FCJ\/fbod
¢.vc=¢.é( % +2JJTJ b,d

b, /d

V. = ¢.%\/f7bod

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

Where: 8. =

b, - Perimeter of critical section taken at (d/2) from the loaded area
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b, =2(d +al) + 2(d + a2) = 2(313+ 600) + 2(313+ 300) = 3052mm

% =40 for interior column

BV =¢%(1+ ﬂij‘/ £, b,d =%*(1+§)* 24*3052*313=1169.96KN

c

1(a,*d 7 0.75,(40*313
Ve=¢—| ——+2 | f, byd="""+* +2 |*+/24*3052*313=1784.85KN
Pe ¢12( b j 12 (3052 j

AV, =¢.%\/ f'b,d =%* 24*3052*313=1169.96KN

¢V =1169.96KN .... Control
Vu =943.424KN
#VCc =1356.9KN >Vu =943424KN........ satisfied

¢+ Design of Bending Moment:-
1-face of coloumn :

Mu =105.23 KN.m

d =400-75-12=313mm
Mn  (105.23/0.9)x10°

Kn = ~ = —— =0.884Mpa
b*d 1350x 313
me_Y 420 546
0.85fc'’ 0.85x24
1 2mKn
p=—@- |1- )
m fy
. La—\/l— 2 x 20.6 x 0.884) _ 0.002153
20.6 420

Let @ =10 mm — As,,=9095 mm?

As,_. =0.0018%1350*4000=9720mm?> control
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As,, =9095mm? < As ;. =9720mm*

Use 12

s=3nh=3x40=120cm

= 380{@} —2x75=230cm
S

230 cm is control
S=450 mm
Select 9d12 with As =1017.87 mm?

2-in the other direction :

2
Mu = % —128.62KN.m

Mn  (105.23/0.9)x10°

Kn = - = ,— =0.884Mpa
b*d 1350%x 313
M Fy _ 420 206
0.85fc' 0.85x24
1 2mKn
p=—@1-[1- )
m fy
P (1_\/1_ 2x206x0.884y _ ;105153
20.6 420

As,,, =11.1174cm’
As . =11.88cm?
ASpin> AS,, S0 As;, is control

Select 11® 12
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+* Check for strain :-

As*fy:O.85*fC*b*a

1111.74*420=0.85*24*1350*a

a=16.95 mm.

_ 313-19.94
g - @
S 19.94

&g = 0.044>0.005

x0.003

~0=09.... OK.

1- Design of Dowels :-

Load Transfer In Footing :-
No moment just compression force
Dowels must be designed -load transfer

We have fc' (column)=28Mpa greater than fc' (footing)=24Mpa

®Pnb = d(0.85FC'A x %

A;=60*30=0.18 m
A, =135*135=1.82 m?

A 182 gg o A _5

A Vo018 A
DPNb = 0.65x (0.85x 24 x180x 2) = 4773.6KN
®PNn = 47736 > Pu =1260......... ok

No Need For Dowels

As,min =0.005 * Ac = 0.005 * 600 * 300 = 900 mm2

USE 18”12, As providedz 2034 mm2>AS required= 900 mmz... Ok
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2- Development Length In Footing :-

Tension Development Length In Footing :-

LdTreq = i F_y Il;;lrpfcll;t * db> 300mm

10 AJ—
_ 12 136.5

Ktr = 0 (No stripes) cb = 75 + -5 = 81lmm Orcb = — = 68.25 mm
ktr+ch _0+6825 __ .

db 12 7 '
ktr +cb

db
Lidr req = = 2« 2222 12 = 296.3 mm less than 300mm

select Ldr oq = 30 cm

165—7.5%x2—60
LdT available = -5 - =450 mm

LdT available — 450 mm >ldreq = 300 MMeaeeones OK

In other direction:

Ldrreq = 15 5 ﬁi}”jﬁ’;t « db> 300mm

12 136.8
Ktr = 0 (No stripes) cb = 75 + - = 81mm Or cb = — = 68.84 mm
ktr+cb 0+ 68.25
db 12
ktr + cb
db

=5.69 > 2.5

Ld _ 9 " 420 " 1x1%0.8
Treq = 10 " 1«22 2.5

select Ldr ¢q = 30 cm

*x 12 = 296.3 mm less than 300mm

165—7.5%¥2—60

I—dT available = f =450 mm

LdT available — 450 mm >ldreq = 300 mm........ OK
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Compression Development Length In Footing :-

Ldeeq= ““222> 0.043*Fy*dB >200mm
Ldcreg= 22222012 = 246.9 > 0.043*420*12 = 216.72 >200mm

V24

LdCava||ab|e = 450 - 75 - 12 - 12 = 301 mm >LdCreq: 2469 mm........ Ok

Lap Splice of Dowels In Column :-

Lsc = 0.071xfyxdb = 0.071x420 x 12 = 357.84 mm > 300 mm

Select Lsc =500 mm

(= =
O KO
: Z0
(@)
o
ln
| A 5 g A
— el s < N It
alo w1 ik - o }
n on { Toboldo oo §
‘% E‘ 18925 i =
|- 9912 L=190 i
‘(_ﬂ 150
b— 20
Croy: B )

10525 . 60 52.5 10

10 165 10

183
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Mesh 610@20cm } : Mesh ¢10@20cm
\ /
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9012 1=190 | o m—
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~ |l e ] -09m
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10525 . 60 52510
10 165 10
185

Figure (4.28): Reinforcement Detailing of The isolated Footing

4.3.12 Design of combined footing

PD =360 KN PL =140 KN
B 300 so 24 MPa
Grade 420 MPa
Soil density = 18 KN/m3
Allowable soil Pressure = 500 KN/m2
assume h =0.40 m
service load = 360 + 140 = 500 KN

Factored load =1.2PD + 1.6 PL=1.2* 360 + 1.6 * 140 =656 KN

Allowable soil Pressure net = 500 — (25*0.4 + 18*0.3 + 25*0.2 + 5 ) =474. 6 KN/m?
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PD=360KN PD=360KN

FPL=140KN PL=140KN
f
*—'/ T / .
f I;'

: I
= <
S
o |
v :
o R e

10 45 30 100 40 45 10
260
Figure (4.29): Loads on combined footing .
Design of soil :
MR=0.00
_ 2
Pr _P; +P, =1000KN /m

Uniform Pressure

= =349.65KN /m?

349.65 KN/m2 < g net allow = 474.6 KN/ m2
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Bearing of soil pressure :

_ 656x2
2.6x1.1

=349.65KN /m* = 2x 229.37KN /m

>| T

¢ Design of Bending Moment:-
1- Face of column :

Mu = 462.92*1.8*0.65" / 2=176.03kN.m

Mu =176.03 KN.m

d =450-75-12=363mm

6
Mn _ (176.03/0.9)x10° _ 0.83Mpa

Kn = > >
b*d 1800x 363

M Fy 420 206

© 0.85fc' 0.85x24

p:il— 1_2mKn)
m \f fy

P (1_\/1_2><20.6><0.83
20.6 420

) =2.02x107

AS oy = 2.02x10° x1800x363=1319.87mm?

As, . =0.0018*1800% 450 =1458mm’

As,, =1319.87mm® < As_;, =1458mm°

#ofbar = ﬁ =13bars
113.04

Design of reinforcement concrete :-

% Check for one way shear :-

Cover =75 mm, ® =12 mm , thickness =400 mm

100



d=400-75-12=313mm

Vu at distance d ( critical section )

Vu max at critical section =Vu— (BPre*b*d)
=353.2 — (458.74 * 1.1* 313)

=195.25 KN

f 1
oV, =0.75 \/6_0 xbwxd =0.75x % x/24x1100x313=210.83KN

dV >V, atctitical OK

%+ Check for two way shear action (punching) :-
d=313 mm
Vu=Pu-Ru

Vu =656 — 458.74 * (0.813* 0.613 ) = 427.37 KN

=472.83KN /m?

2
For circular : Vu = 656—458.74* 1.4 +40'313)

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

1(, 2\ [.7
¢'Vc _¢€£1+FC]\/fbod
oV, =¢.1i( % +2]\/Tc'b0d

2\ b, /d

V. = ¢.%\/f7bod

Column Length (a) 50
Column Width (b) 30

=1.667

Where: . =

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

b, = 2(d +al) + 2(d +a2) = 2(313+500) + 2(313+300) = 2852mm

%s =40 for interior column
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Ve =g 1+ 2 |5, b,d = 0'75*(1+ 2 j* 24*2852*313=120265KN
6" A 6 1.667

* ] *
AV =¢i o " +2 |y f, bd= 0.7, 40 313+2 *24*2852*313=1746.52KN
12 b 12 2852

0

AV, :¢%\/f>¢' b,d =%* 24*2852*313=1093,3KN

¢V, =10933KN .... Control
Vu = 472.83KN
#Vc =10933KN >Vu =472.83KN........ satisfied

%+ Design of Bending Moment:-

DV =001+

=656 — 504.61* y=0.0 — y=1.3 at middle

Assume with clock direction positive and negative movement :
M —ve = -656*0.7 + 504.61* 1.3*1.3 /2 =32.2 KN.m

M +ve = 504.61* 0.45 =227.07 KN.m

Design as a rectangular section :

* for negative moment :

d =400-75-12=313mm

6
Kn - an _ (32.2/0.9)x120 _ 0.338Mpa
b*d 1100x313

M Fy _ 420 206
0.85fc' 0.85x24

1 2mKn
p=—@- 1- )
m fy

1 \/1_ 2x20.6x0.338

- (-
P=%06" 420

) =0.000812
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As,., =0.000812x1100x 313=279.57mm?>

As,. =0.0018*1100* 400 = 792mm?
AS,, =279.57mm’ < As . =792mm’

As;, =720 mm’ is controlled

#of bar = ﬂ = 7.006bars
113.04

Select 8 ¢12/1m

+» Check for strain :-

As*fy:0.85*f0*b*a

1244.07*420=0.85*24*1100*a
a=23.28 mm.

x= & -2328_ 57 39mm.

B, 085

~ 313-27.39
g - @ @ @
S 27.39

&g = 0.047>0.005

x0.003

~9=09.... OK.

*for positive moment :

d =400-75-12=313mm
_ Mn _ (227.07/0.9)x10°
b*d? 1100x 3132

__Fy _ 420 _
0.85fc’  0.85x24

Kn =2.341Mpa

20.6

103



1 2mKn
p=—(1- |1~ )
m fy

P (1_\/1_2><20.6><2.341
20.6 420

) =0.005937

AS,, =0.005937x1100x313= 2044.1mm?

As,. =0.0018*1100*400= 792mm’

As... =792 mm’ is controlled

#ofbar = % =8.03bars

254.47

Select9 ¢18/1m

+* Check for strain :-

As*fy:O.85*fC*b*a

2044.1*420=0.85*24*1100%*a
a=38.25 mm.

_ & _3825_ 4o o1mm.

B 085

_313-45.01
g e —
S 45.01

&g = 0.017>0.005

x0.003

~0=09.... OK.

Lateral Reinforcement :

#NC >VU

Mu =95.4179 KN.m
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d =400-75-12=313mm

6
Mn _ (95.4179/0.9)x10° _ 0.4162Mpa

n=
b*d? 2600x 3132

M Fy _ 420 206
0.85fc' 0.85x24

1 2mKn
p=—(1- - )
m fy

1 2x20.6x0.4162
p=r(l-o[1-
20.6 420

)=0.001001

AS,., = 0.001001x 2600x 313 =814.614mm?>

As_. =0.0018*2600*400=1872mm’

As,, =814.87mm? is controlled

#ofbar = w = 2.59bars
314.16

Select 10 ¢20/1m

+» Check for strain :-

As*fy:O.85*fC*b*a

814.87*420=0.85*24*1100%*a
a=15.25 mm.

x= & 1525 47 943mm.

B 0.85

313-17.943
E, ="
S 17.943

&5 =0.049>0.005

x0.003

~@0=09.... OK.
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4.3.13 Design of the steel dome

Snow load neglected because the slope greater than 60% so
S, =S, xC,

Where :

S, = Basic value of snow load

C, = Reduction factor based on slope

C.=0.00 so S, =0.00 for slope > 60%

Design wind pressure :
For roof R=10m
P=gxC,xCqgxl

q=16.4 * 0.0474 = 0.68556 KN / m2

414+(1423+4.14) | oo
C, at: 2
C.-076 _11.255-9.14 C. ~0815

0.84-0.76 12.19-9.14

. Rise 14.23*12 17.076 12
C, pressurglinward) = = = i
12 10*12 12 12

C, = 0.7 (inward)
C,=0.7 (outward)

Pressure P1 =-0.44816
Suction P2 =0.44816
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By using SAP 2000 soft ware

The resulting section of the analysis and design of the SAP 2000 is :
For frame HSS 6*6*(5/8)  (tube)

For struts HSS (5/4)* (5/4)* (1/8) (tube)

And we use weld connection type fillet weld

a = 6/16 inch between strut and frame

the substrate is curve beam

The dome was connected by composite connection and using bolts
slab with dimensions 8*8*(7/8) and fillet weld (a=9/16)

as shown :

Figure (4.30): Dome Elevation
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tube 6 X6 X+

| Plate8 X8 XZ Fillet welda=2"
L3 /

e o

/ | tube 6 X6 X%
tube 6 X6 XF

Fillet weld a = 2

‘
e o
4.

Fillet weld a = =y

5
Fillet welda= & jtube 6 <6 Xy

==

tubel.25:1.25¢ 1

Figure (4.31): The resulting section of the analysis and design
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