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Abstract

The Structural Design of “Courthouse ” in Bethlehem City

Team Work:

AbedAlrahmanShami

Mohammed Sheebat Jamal abo omar

Supervisor:

Eng: Muna Al Shaer

Theaim of this project isto design the structural elements of
the building. These buildings consist of concrete and steel
worksthat contains slabs, beams, columns, foundations and
walls.

First, the project consistsof 5 floors, the first floor is
Basement with area of 521.06 square meters, and the second
Is Basement with area of 990.06 square meters ,and the
third floor isground with area of 931.23 square meters , at
thelast the fourth and fifth floors cover an area 897.93
square meters, The buildings contain facilitiesthat is
designed to suit the needs of the courthouse according to the
appropriate modern requirements.

VI



Moreover, the designing of the project consists of many
stages, which isrepresented by examining the ar chitectur al
sketches, choosing different kinds of structural elements
such as columns, beams and slabs that isnot in contraction
with the ar chitectural design. After that comesthe stage of
designing the structural elements by using computer
programs and then displaying the results as executive
sketches,

There are many codes used in this project. Jordanian
Building Codeisused to determine live loads. Uniform
Building Code (UBC-97) isused to deter mine seismic loads.
In Addition, the American Concrete Institute’s code (ACI
318-14) isused for structural analysis and designing
sections.

The computer programsthat has been used in designing the
project are AutoCAD 2014, Atir 12, ETABS 2015, office
2010 and others.

God grants success
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Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A, = area of non-prestressed compression reinforcement.

Ag = gross area of section.

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.
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DL = dead loads.
d = distance from extreme compression fiber to centroid of tension
reinforcement.
Ec = modulus of elasticity of concrete.
f. = compression strength of concrete .
fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.
Ln = length of clear span in long direction of two- way construction
measured face-to-face of supports in slabs without beams and face to
face of beam or other supports in other cases.
LL = live loads.
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S = Spacing of shear in direction parallel to longitudinal reinforcement.
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W = width of beam or rib.
Wu = factored load per unit area.

@ = strength reduction factor.

- €. = compression strain of concrete = 0.003.
- E¢= strain of tension steel.
. €, = strain of compression steel.

- P =ratio of steel area.
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Structural Analysis and Design

4.11Introduction.
4.2Factored Loads.

4.3Design

4.3.1Determination of thickness.
4.3.2Load Calculation.

4.3.3 Design of Topping.

4.3.4 Design of one way rib

4.3.5 Design of Beam B2

4.3.6 Design of column

4.3.7 Design of footing

4.3.8 Design of Tow way solid slab

4.3.9 Design of stairs
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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 and two-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 +16L.L ,ACI -318-11

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

4.3 Design

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.
The overall depth must satisfy ACI Table (9.5.a):

The maximum span for two - end continuous is L= 5.57 m
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¥ _5.57_0265m
21 21

Take h =27 cm.
Select 20 cm block + 7 cm topping = 27 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:

O sumy oth aisls Stuukage & Tesgearwie By

il Mish { PBcm | —

Figure (4.1) One way rib slab

Calculation of the total dead load for one way rib slab is shown in the following
table:
Table (4.1) Calculation of the total dead load for one way rib slab.

No. Parts of Rib Calculation Load
1 Rib 0.15*%0.2*25 = 0.75 KN/m
2 Topping 0.07*0.65*25= 1.137 KN/m
3 Plaster 0.02*%0.65*22 = 0.429 KN/m
4 Block 0.2*0.50*10 = 1 KN/m
5 Sand Fill 0.07*0. 65*17= 0.773 KN/m
6 Tile 0.03*0. 65*23 = 0.448 KN/m
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2.3%0.65 =
0.02*0.65*22 =

1.49 KN/m
0.429 KN/m
Sum=6.46KN/m

7 Partitions

8 Mortar

Nominal Total Dead Load:
D.L. (ot = 6.46 KN/m of rib
L.L. o= 5 * 0.65= 3.25KN/m of rib

4.3.3 Design of Topping.

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

No. | Parts of Topping Calculation
Topping 0.07*1*25= 1.75 KN/m
Sand Fill 0.07*1*17= 1.12 KN/m
Tile 0.03*1*23 = 0.69KN/m
Mortar 0.02*%1*22 = 0.44KN/m
5 Partitions 1*2.3 = 2.3KN/m
Sum =6.3KN/m

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

qQu=(1.2*6.3) + (1.6 * 5*1)
= 15.56KN/m

-> For a one meter strip gy = 15.56 KN/m

Assume slab fixed at supported points (ribs):

*| 2 ; | 2T =
Mu:qu I et 25,
12
* 2
Mu = 22207057 _ 6 sokN.m /m
VU = d, | _ 1556 0.5 — 3.89kN

2
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Figure (4.2) Topping of slab

Design of shear:

Used fy =420 MPa& fc¢=24MPa

F*V,=0.75" V24~ % 1000 " 70 = 42.87KN >> 3.89kN

No shear reinforcement is required.
Design of Moment:

* 2
Mn=0.42" /24" M' 10°® =1.67kN.m

f " Mn=0.55*1.67 =0.918kN.m.

f~ Mn =0.918kN.m> Mu = 0.32kN.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.

r =0.0018 , ACI-318-11
As=r *b*h=0.0018 * 1000 * 70 = 126 mm?/ m

Use F10 @25 cm

As =314.15mm*/m> As_ =126mm’/m Ok

B1 40,/50

Bl 80/50 c% E1 &0,/50 %tz Bl BO/50
I |

B2 BO/27

B2 BO/27 t‘l% B2 BO/27 m% BZ BO/Z27
Figure (4.3) Rib2 And beam 2 location
By using ATIR program we get the envelope moment and shear force diagram as the

follows:-

4.3.4Design of rib R:
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Figure (4.5) Shear and Moment Envelope Diagram of Rib

Design of shear for rib

Categories for shear design:
Vu =38.6 KN

Use ®14 with two legs
d=270-20-8-7=235

1. Regionll :

1.1FVc3 Vu
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11F Ve =1.1F % b, " d

N

1.1F Vc=1.1" 0.75" T 150" 235

= 23.7KN< Vu = 38.6 KN
MinimumShear reinforcement required .

J'l.ll T4
(min 2 = —* by, == L1 %0,15=1.09*10".

16 fyt 16

1 By 1 012

> -+ e S=110%10" Control.
3 fi 3 420

Try ®8 (2 Leqgs):

2501070

=1.19%10% - S=0.84m

s <= - 1175mm. < 600 mm.

2z oz

#Use @8 @ 10 Cm

Design of Positive Moment:

Effective Flange width ( b.) , ACI-318-11

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

be =650 mm.................. control

»Use M, max positive for span 1 = 28.3kN.m

» Determine whether the rib will act as rectangular or T — section:
For hf=0.07m

~ Assume bar diameter ®14 for main positive reinforcement.
d=270-20-8-7=235mm

F *Mn =0.9*%0.85* fc™*b*hf* (d- hf/2)

= 0.9*0.85*24*0.65*0.07*(0.235-0.07/2)=167KN.m
F*Mn=167KN.m>> M, = 28.3KN.m

The section will be designed as a rectangular section with b, = 650mm
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As min = ;/(;) (bw)(d) >=A S min :%(bw)(d)ACI-BB 05

Nen

AS min =
4(420)

(150)(235) =102.79mm?

A'S min :%(150)(235) =117.5mm? ~ control

-V _ 420 o,
0.85fc ~ 0.85(24)

_ Mu_ _ 28.3*10°
Fbd2  (0.9)(650)(235)>

Fs 2) * * o) * * o)
_1® o 2rmrkn 0 \/_2 20.6 087:=0002
m§ fy 206§ 420 p

A's =0.002(650) (235) = 305.5 mm*> As min = 117.5 mm?
# of bars = As / Aspar =305.5/153.9= 1.98  * Note Ap14= 153.9 mm?

= 0.87 Mpa

Select bottom bars 2914

Total AS (provide=307.87mm“>305.5 mm®

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

A~ fy=085 f."b" a

307.87° 420=0.85" 24" 650" a

a=9.75m
=4I 4
I—E—E— mim
e, = 235 - 1147 . 4 503 = 0.058
11.47

e, =0.058 >0.005

»Use M, max positive for span 2 = 31.1kN.m
» Determine whether the rib will act as rectangular or T — section:
For hf=0.07m
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~ Assume bar diameter ®14 for main positive reinforcement.
d=270-20-8-7=235mm

F *Mn =0.9*0.85* fc™*b*hf* (d- hf/2)

= 0.9*0.85*24*0.65*0.07*(0.235-0.07/2)=167KN.m
F*Mn=167KN.m>> M, = 31.1KN.m

The section will be designed as a rectangular section with b = 650mm
ASmin =—— (bw)(d) >=A'S min —W(bw)(d)ACI -318 -05

m

A's min = (150)(235) =102.79mm?
4(420)

A'S min :%(150)(235) =117.5mm? ~ control

_ fy _ 420
0.85fc  0.85(24)

_ Mu_ _ 31.1*10°
Fbd 2  (0.9)(650)(235)>

P> 2) * * [0} -2 * * o)
_1® jo2rmrkn 1 1_\/_2 20.6 0.95:
mé fy P 20.6§ 420 &

A's =0.0023 (650) (235) = 351.3 mm*> As min = 117.5 mm?
# of bars = As / Aspar =351.3/201.06= 1.7 * Note Awp1e= 201.06mm?

= 0.95 Mpa

0.0023

Select bottom bars 2916

Total AS (provide=402.12mm*>351.3mm*
* Check Strain for the magnitude of under strength factor ®:

Tension = Compression
A~ fy=085 f."b" a
402.12° 420=0.85" 24" 650" a

a=12.7m
a _127 .o
I_ﬁ_@_ T
e, = 235-14.9 4 003 = 0.0443
14.9
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e, =0.0443>0.005

Design of Max Negative Moment for (Rib):

Mu =-46.5

» Determine whether the rib will act as rectangular or T — section:
For hf=0.07m

~ Assume bar diameter ®14

d=270-20-8-7=235mm

F *Mn =0.9*%0.85* fc*b*hf* (d- hf/2)

= 0.9*0.85*24*0.65*0.07*(0.235-0.07/2)=167KN.m

F*Mn= 167KN.m>> M, = 46.5KN.m

The section will be designed as a rectangular section with b, = 150 mm

AS min = \/_ (bW)(d) >=A'S min —ﬁ(bw)(d)ACI -318 -05

m

AS min =
4(420)

A min :%(150)(235) = 117.5mm’ ~ control

(150)(235) =102.79mm’

_fy 40 _
0.85fc ~ 0.85(24)

_ Mu_ _ 46.5%10°
Fbd?2  (0.9)(150 )(235 )?

= 6.2Mpa

Fo <) * * 0 P> <) * *
r:iél- . 2rmrkn 0 1 1_\/1_2 20.6%6.2 9
m fy 5 20.6 420

A's =0.018 (150) (235) = 634mm*> As min = 117.5 mm?
# of bars = As / Aspar =634/314.15= 2 * Note A= 314.15mm?

ﬂ

= 0.018

Select bottom bars 2920

Total AS (provide=638.3mm*>634 mm*

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

Tension = Compression
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A" fy=085 f b a
638.3" 420=0.85" 24" 150 a

a=_87.6m
_da _87.6_10307
1_@_ﬁ_ O /mim
o, = 23510307 o o0 6038
103 .07

e, =0.038>0.005

4.3.5 Design of beam 2

Assume bar diameter 20 for main reinforcement.
Selected hidden beam

b, =70cm,h =27cm

d=270- 20- 8- %:235mm

1 2 3 _ 1 B _ §
1 2 3 L ]
al g &l i 4 i 4 o & i
L p M e i 9
A, ; Z, : K 3 h| : i
I'FI.?Iﬁ YRR ﬂli“'i TRF IJI.?E - Ry b5 Fobch D.?I‘ﬁ BELE ﬂl.?lﬁ
i 0 P R ' 1 : %3 ' 10 o
I i i i i i
I T T T 1
G 7 o -g 10
6 7 o g
- al ™~ #l b 4 -1 4 :[
+ L, 1, o
Ay Ay t Y
ﬁl.#r' . | L'Il'lb b -] DI.'.ib kY D.i.'lln ) til.{b
o ) : 3.0 2 3.2 ! 305, i
I i i i .
ZT
70,
AR

Figure (4.6) Statically System of beam (2)

The distributed Dead and Live loads acting upon the Beam B2can be defined from the

support reactions of the rib.
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By using ATIR program we get the envelope moment and shear diagram as the

follows:-

Design of shear for Beam :

Shésir
SE L B 12, 122 4323 a2y 120.3 1278
i B € W L b= e ELR Lyry 4 ThE Eb 20.4 : N——
;/ * ] : . B A g FET
# i 2 + 7 l,r" ,' e
7 T i ok 2l
. K i
d i - 7 .
= fit - f - = i f —
i A / i z/ i
"_/ r, .rl‘. j/ /
: ; :
A b o K-" ’_/ ).f I‘I/ l)./
Il L o 2 mg_r
- 4373 1133434, 'fE- 22— 1..5:‘.23,3. 11“ 422, ‘H-!-li‘. 1-7"!.”' 1:: Tin
Moments:  span3s 1te ©
-58,3 -400.5
II|'| T 7 B6E 3 =0 i BE8 T:I'T 7
e
Ay | -"IL? E iy. : 1 I.n' -II\'M .FJ .-" i
: y d" B E }:ﬂm}\ ?Jr 4 b lﬂ;ﬂ }l' ks f . f_) :. :-Fh LI ;
W - 0y 0 v Hlﬁ{ szf ,@h@e /
SNl o 1N . Wi P ET /
\ '& ’
ot 454 527 B 813 _—
TE.3 .I'H'H
|s¢m ::H|Hb 1-D5|1-Hb r.gﬁ| Hb 4,35 4ﬂ-E|'th THltJ:lb ;g.t_.|q3a 06 L3 4bE
1 -

Figure (4.7) Shear and Moment Envelope Diagram of Beam (B 2)

ACI - 318 — Categories for shear design:
Vu critical — =135 KN

VC = ; \JIJEEJW d
= r—:\/ﬂ =700 =235

V= 134.3KN.
® V.=0.75*134.3=100.7 KN

Minimum Shear reinforcement required .

.IIE T4
: %y = - s 220 x0,70= 8.5%10"

> =
()m.n 2 556" B bw=7-* 55 *0. S5*107 Control

> tx =2 L2l o5 44%10"

3 fye 3 420

Try ®8 (2 Legs):
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ZeB0s107"

=8.5*10% - S=0.117m

S sg ﬂ—1175mm < 600 mm.

s~ Use ®8 @ 10

Design of positive moment :

*Take Mu = 78.9kN.m at span (1).
~ Assume bar diameter ®20for main positive reinforcement.
d = 270-40-8-10= 212 mm
m = L __4% =206
0.85*fc  0.85*24
* 6
Kn = an _ 78.9*10 = 2.7Mpa
bd (0.9)(700)(212)
J24

AS min =
4(420)
A'S min :%(700)(212) = 541.33mm? ~ control

(700)(212) = 473.5mm’

ae 0 e * * 0}
co1@= 2 mkn 9. 1 1_\/1_ 2*20.6 2.7:_00058
m fy 5 20.6 420 5
A s =0.0058 (700) (212) =941.92 mm*> A's min = 541.33mm?
# of bars = As | Aspar = 941.92/254.46= 3.7 * Note Agig = 254.46 mm?

' Select bar 4 ® 18

Total AS (providey = 1017.87mm?>941.92 mm?
* Check strain for the magnitude of under strength factor @:
Tension = Compression

A~ fy=085 f b a
1017.87° 420=0.85" 24" 700" a

a=29.9mm
= a —29'9—3517
~085 o085 Cofmm
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_212- 3517,

e, =
35.17
e, =0.015>0.005

0.003=0.015

*Check for bar distance:

S= 700- 2 40'32 8-4 18 =177.3mm> 25mm....ok

Design ofNegative moment :

*Take Mu =100.9 KN.m
~ Assume bar diameter ®20for main positive reinforcement.
d = 270-40-8-10= 212 mm

B fy 420
0.85* fc  0.85*24
* 6
Kn = Mn2 _ 100 .9 *10 _=3.5Mpa
bd (0.9)(700 )(212)

J24
4(420)

A'S min :%(700)(212) = 541.33mm’ ~ control

=20.6

AS min =

(700)(212) = 473.5mm?

x 0 x * * 0
] 2 mkn 9. 1 @ \/1_ 2*20.6 3.5::00092
m§ fy & zo.aé 420 p

A's =0.0092 (700) (212) =1365.28 mm*> A s min = 541.33mm?
# of bars = As / Aspar = 1365.28 /254.46=5.36 * Note Aopig = 254.46 mm?

Select bar 6 ® 18

Total AS (provide) =1526.8mm?>1365.28 mm?

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

A~ fy=085 f."b" a

1526.8" 420=0.85" 24" 700" a

a=44.9mm
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_212- 528,

e, 0.003=0.015
52.8
e, =0.009 > 0.005
Ok.......

*Check for bar distance:
_700- 2" 40- 2" 8-6"18

S c =99.2mm> 25mm....ok
4.3.6 Design of Column
v Material :-
P concrete B300 Fc' = 24 N/mm?

P Reinforcement Steel Fy = 420 N/mm?

v" Load Calculation:-

Service Load:-

Dead Load =117.01 KN
Live Load =58.87 KN

Factored Load:-
Pu=1.2 x117.01 + 1.6x58.87 =234.6 KN

v" Dimensions of Column:-

Assume rg = 0.01

f *Pn=0.65x0.8" Ag{0.85 fc (1- rg)+rg*Fy}
234.6*1000*5 = 0.65*0.8*Ag(24.39)
Ag=92487.46 mm2

Assume regtangulartied Section

Ag =900*250

Ag =225000mm?2
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~select reinforcement

Ay = pyA, =0.01 =900 = 250 = 2250mm*

4

A.B14 = 153.9 mm*

3

Apie 40

Selecting Longitudinal Bars:
Use 16f 14 ,Ast,prov=2463 mm2>Ast=2250mm?2

- q — - T 211] 1213 &1 5cm L=180cm
/ 5 ?{9
16@14 = = I (¥
- ) - Eg %
Seclfon In Gelum G a0 1§10 @18cm L=180cm
Seale 1-20

Fig 4.8:Column section and reinforcement.

v' Design of the tie reinforcement :

*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 = 14 = 224mm
control

3) The lest dimension of column =250 mm

1-Check for clear spacing between longitudinal bars

. G0 =402 s Z=16H+14
Clear spacing =—— 11;' 22 =384 >22.4mm

Use2f 10@150 mm
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4.3.7 Design of Footing: Design of 234.6 KN Factored Load

v Material :

b  concrete B300 F¢' = 24 N/mm?

P Reinforcement Steel Fy = 420 N/mm?

v" Load Calculations :(From Column)

Dead Load = 117.01 KN, Live Load = 58.87 KN

Total services load = (117.01 + 58.87)*5=879.4 KN

Total Factored load = (1.2*117.01 + 1.6*58.87)*5 = 1173KN
Column Dimensions (a*b) = 25*90 cm

Soil density = 18 Kg/cm?®

Allowable Bearing CapacityQajiawabie = 300 KN/m2

Assume h = 65cm

Oher atiow = 300 — 25*0.65 — 18*0.5= 274.75 kn/m?

v" Area of Footing :

Pt 8
Onet—a]low 2T

A=

Assume regtangular Footing

Select
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L=190cm B =260 cm

v' Bearing Pressure :

qu = 1173/(1.90*2.60) = 237.45 KN/m?

v" Design of Footing :

1- Design of One Way Shear Strength :

Critical Section at Distance (d) From The Face of Column

Assume h = 65 cm, bar diameter g 14 for main reinforcement
and 7.5 cm Cover

d=650-75-14 =561 mm
Vu = g+ §—~§—~d [,

1.90 .25

Vu = 237.45« y oy 0561 =2.60=162.98 KN

f.\/c=f%* fo*b, *d

1

fVc= 0.75*8* 24 *1900*561 = 652.7Kn

f Vc =652.7KN >Vu =162.98

2- Design of Two Way Shear Strength :

Vu=Pu- FR,

FR, =q, *area of critical section

VU =1173- 237.45%[(0.25 +0.561) * (0.90 + 0.561)] = 891.65Kn

=

-

Inclimed crack

l

Critical section lor
ont-way shear

——

N
)

a
Column

g
1

\.\\
LY

i
BN

Cne-way shaar

The punching shear strength is the smallest value of the following equations:
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fv, =f —§ 0\/7%(1

tv, =t L83 %1 % g

12&b, /d 5

fV, =f —\/7%d

Where:

b = Column Length () 90 _ 36
" ColumWidth (b) 25

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

b, = 2*(561+ 250) + 2* (561 +900) = 4544mm

as = 40 for interior column
fV, =f —§+——w/f¢bd 01,5 3260 24 * 4544* 561 = 2428.3Kn
bg

% * P
fve =f. 282 o4 ¢bd-075 gHOTSOL | 50« /24 * 4544561 = 5415.5Kn
'12&b,/d & 4504 g

. =f —\l ¢b d —E 24 *4544*561 = 3122.1Kn

®dVc =2428.3 KNVU=891.65 KN<

3- Design of Bending Moment :

Critical Section at the Face of Column

1.90=0.25

FR=(qu+ =% =] =23745* 22023 ) 60 =509.33 KN
2 2

190 0.

M, =509.33% == +T‘ = 420.19KN.m

My _ 42019x10°
fhd?  D9x2600x561%

Rn=

=0.57 Mpa
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m= fy 420 =206

T ossf] T 085x24

1 ZmR 1 2= 20.6%0.57
p== 1-— 12" _ 1 4 _ 4 _Z0O0H
m

G210 20.8 G20

= 0.00137

Asreq = p.b.d = 0.00137x2600x561 = 2008 mm?

As min = 0.0018*2600*1900 = 8892mm?

Asreq = 8892 mm? ......... is control

Check for Spacing:
S=45cm
S =3h =3*65 =195cm

280y _2.5%75=192.5 cm
=420

S = 380*(3
3

S=45cm ......... is control

Use 58914 in Both Direction, As provided= 8928.4 MM*>As required= 8892 mm?>....

Ok

Check for strain:

Ay BO28.4x420
a=—2=>, = — =707 mm
DESH f .65 %2600 =24
i TO.7
c=—=——=83.17mm
Ty 085

46
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Fig 4.9:Foot Reinforcement Details.
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4.3.8 Design of tow way solid slab

soil|d sldap=20 ©m

600
R ]

A
=

404
A e R S

Figure (4.10) Two way Solid slab location

v" Calculate the minimum thickness slab :
hmin =20 cm

_ay?
Y = S5

(Bagy = 207 (60 +40) = (20\2 +40) +60 =40 = (40N2) _ . -
Y= 60 = 40 + (60 + 40) = 20 = S365cm

Ib=YI+YAy*
100 =20 60 = 40?
Ib(B40) = 1 + 100 =20 +16.81% + 1 4+ 60=40= 13.63%
=1397683.427cm*
_zAy?
Y = F

() — 207140 +(20\2+40) +60<40+(40\D) _ .
yie) = 140 = 20 + 40 = 60 = 90000
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Ib=YI+YAy*

be =202 | 140.20-1385% + 20240
12 | 12

= 1576410.333cm*

494\2 +60 =20"3

— — 4

Is1 1 204666.67cm

600\2 + 60 =203
Is2 = = 240000cm*

12

247 + 250 4+ 60 =20"3

1S3 = = 371333.33cm*
12

300 +60 =20"3

Is4 = = 240000cm*

12

e Ib01  1397683.427 _
T Is1 ~ 204666.67

_1b01 1397683427 _

o —] =
f2 I1s2 240000
Ib 1576410.333
1s3 371333.33
Ib 1397683.427
Is4 240000
S « 42+68+58+58
ol fm = 2 = 2 =56>=2
foro fm =2
In= 0.8 +% 6000 = 0.8 +%
hmin = T QB‘ = 3659- 12’ = 106.4cm = 90mm

h=10.64 <hmin=20 ok

takehslab=20cm

v" Dead load calculations:

49
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Table(4.3) calculation of the two way solid Dead load

Dead load from: oxy KN/m
Tiles 0.03x23x1 0.69
Mortar 0.02x22x1 0.44
Coarse sand 0.07x17x1 1.19
Slab 0.20x25x1 5
Plaster 0.02x22x1 0.44
Partitions 2.3*1 2.3
10.06

Dead load =10.06 KN/m2.

Live load = 5 KN/m2.

WuD = 1.2*Dead load = 1.2*10.06= 12.072 KN/m2.
WuL = 1.6*live load = 1.6*5 = 8 KN/m2.

Wu =12.072+8 = 20.072 KN/m2

v Shear Design :
1,/1,=0.82

Wa= 0.69

Wb =0.31

The total load on the panel being ( 4.94*6.00*%20.072) = 594.9 KN\m
The load at face of the long beam is (0.69x594.9/(2*6.0))=34.2 KN\m

The load at face of the short beam is (0.31x594.9/(2*%4.94))=18.6 KN\m

Assume the ¢ 14
d=200-20-14\2=173mm

Ve=(\24 *1000*173*107-3)\6 =141.25 KN
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gVc =0.75*%141.25 = 105.94 KN
Vu<gVec.

The thickness of the slab is adequate enough

v Flexural Design:

(1/1,=0.82)
Positive moments :
Dead load :
Ca=0.0378
Cbh=0.0172

Live load :
Ca=0.046

Cb=0.0212

Ma+ve,DI=Ca*W* La2 =0.0378*12.072*4.94 2= 11.135 KN.m\m
Ma+ve,LI=Ca*W* La2 =0.046*8*4.942= 8.98 KN.m\m

Ma+ve = Ma+ve,L + Ma+ve,D = 20.115 KN.m\m

Mb+ve,D=Cb*W* Lb2 =0.0172*12.072*6.0"2= 7.4 KN.m\m
Mb+ve,L=Cb*W* Lb2*b =0.0212*8*6.0"2= 6.1 KN.m\m

Mb+ve = Mb+ve,L + Mb+ve,D = 13.5 KN.m/m

v' Positive Moment:

Mua= 20.115KN.m/m

Assume the dBar =14 mm

d =h- cover - (dBar\2) =200-20-14\2=173mm

My _ 20115 x10%
ghdZ 0.9 1000=173%

Rn=

= 0.74Mpa.
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by 420
m: 3 —
0.E5E- 0.85=24

=20.6

1 ZmRE 1 2= 20.6x0.74
p=2 1- 120K 1 4 _ 4 260N

m 420 20.6 420

=0.00179

As = p.b.d =0.00179%1000%173= 309.67 mm2.

ASyin =0.0018 * b * h = 0.0018*1000*173=311.4
As=309.67 mm2 <As,min = 311.4mm2

Use3 g 14 ,As,provided= 461.8 mm2>As,required= 311.4 mm2. Ok

Mub= 13.5KN.m/m

Assume the dBar =14 mm

d =h- cover - (dBar\2) =200-20-14\2=173mm

My 13Ex10f
Rn ghd?  n9x1000=173% O.5Mpa.
L} 420
— :f. — —
m 0856 085x24 206
1 ZmRE 1 2x 20,605
p=— 1- 1-——— =— 1- 1-—"—"— =0.0012
m G20 2.6 G210

As = p.b.d = 0.0012x1000%173= 207.6 mm2.

ASyin =0.0018 * b * h = 0.0018*1000*173=311.4
As=207.6 mm2 <As,min = 347.4mm?2

Use3 g 14 ,As,provided= 461.8 mm2>As,required= 347.4 mm2. Ok

Negative Moment:

Ca=0.069

Ch =0.031

Ma=Ca*W * la2 = 0.069*20.072*4.942=33.79 KN.m\m

Mb=Cb*W * Ib2 = 0.031*20.072*6.0 2=22.4 KN.m\m
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Mua= 33.79N.m/m

Assume the dBar =14 mm

d =h- cover - (dBar\2) =200-20-14\2=172mm

My 33Taxi0®
Rn phdZ 0.9x1000=173% 1.2Mpa.
L} 420
— :f. — —
m 0856 085x24 206
1 ZmE 1 Zx 20,612
p=— 1-— 1-""20 —— 1 1 -2 —0,0029
m 420 2.6 F20

As = p.b.d = 0.0029%1000%173= 501.7 mmz2.

ASnin =0,0018 * b * h = 0.0018*1000*173= 311.4 mm2.
As=501.7 mm2 >As,min = 311.4 mm2

Use 4 g 14 ,As,provided= 615.7 mm2>As,required= 501.7 mm2. Ok

Mub= 22.4N.m/m

Assume the dBar =14 mm

d =h- cover - (dBar\2) =200-20-14\2=173 mm

My _ 2Z4x10%
Rn ghd?  09x1000x173% 0.83Mpa.
i 420
— :f. — —
m 0856 085x24 206
1 ZmR 1 2%20.6X0.83
p=— 1- 1-—— =— 1—- 1———" =0.002
m G210 206 G210

As = p.b.d = 0.002x1000x173= 346 mm?2.

ASnin =0,0018 * b * h = 0.0018*1000*173 =311.4 mm2.
As= 346 mm2 >As,min = 311.4 mm2

Use3 g 14 ,As,provided= 461.8 mm2>As,required= 346 mm2. Ok

4.3.9 Design of Stair
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p Material:-

«» Concrete:-B300
fc'= 30N /mm?(MPa) For circular section

but for rectangular section ( fc'=30*0.8 = 24MPa).

% Reinforcement steel:-
The specified yield strength of the reinforcement {fy = 420 N/mm?(MPa)}.

SW
“r
T =
L
I 1| g
v
%
L e
SW
B2 LS50 —
Figure (4-11) : Stair Plan
Design of Flight :-
- Determination of Thickness:-
hmin = L/20 = 4.21/28 = 21 cm
Take h=25cm
1 B
. I F
Y en I
gy B, T
E':l. KR Coacrst
Em Tel ,_r}’ R % "
i =T |
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o e b
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Figure (4-12) :Stair Section
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The Stair Slope by :-

6 = tan*(15/ 30)= 26.

- Load Calculation:-

No. Parts of Flight Calculation

1 Tiles 23*0.03*1*((0.35+0.150)/0.3 ) =
1.15Kn/m
2 Mortar 22*0.03*1*((0.3+0.15)/0.3 ) = 0.99Kn/m
3 Stair 25*0.5%0.15*1 = 1.88Kn/m
4 R.C 25*0.25*1 / c0s26.56° = 5.59Kn/m
5 Plaster 22*0.02*1 / c0s26.56° = 0.49Kn/m
Sum 10.1Kn/m

Table (4-4) : Dead Load Calculation of Flight.

Live Load For Landing For 1m Strip =5*1 =5 Kn/m

Factored Load For Flight :-
Wy = 1.2 x10.10 + 1.6x5 =20.12Kn/m

Servwce Live L

TN e R

[(TIT Tl

DL=21.05
LL=10.4205

B e

DL=:2=21.05
LL=10.425

Figure (4-13) : Statically System and Loads Distribution of Flight
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Figure (4-14) : Shear and Moment Envelope Diagram of Flight

Design of Shear for Flight :-
Vu=41.95 Kn

Assume bar diameter g 14 for main reinforcement

d =h- cover —‘—’zi' =250 — 20 —g =223 mm
Ve=: fc'b,d== -v24+1000 =223 = 182.1Kn

® V.-0.75*182.1 = 136.6 KN>Vu =41.95Kn

No shear reinforcement are required

Design of Bending Moment for Flight

Mu=100.3Kn.m
My lon3xio®
Re= Bhd? T 09x1000%2232 2.24 Mpa
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m= fy 420 =206

T ossg T 085x24

1 Z2mR 1 2206224
p=2 1-— 120 1 4 _ 4 262N
m

G20 20.6 G210

= 0.00567

A req = p.b.d = 0.00567 x1000x223 = 1264.41 mm*/m

As min= 0.0018*1000*250 = 450mm?/m
ASreq = 1264.41 mm*>A; in=450mm?/m

* Check for Spacing :-

S =3h =3*250 =750 mm
280

S =380*(z——) — 2.5*20 = 330
3+ 420

S =450 mm

S=330mm ......... is control

> USG g16 @ 150 mm ,Asvprovided: 134041 mm2>A5’required: 126441mm2

*Check for strain:-

A L T
a= s fv = 1340.41=420 — 2759 mm
N.e5hH _|IL D852 100024
il 27.549
cC=—=——=3246mm
By 065
£, =0.003 £ =0003 % = 0.018 > 0.0050Kv

r

Lateral or Secondary Reinforcement For Flight :-

As req= As min =0.0018*1000*250 = 450mm?

> Use #10@ 150mm A provided= 523 MM*>A required= 450mm?

Design of Middle Landing :-

- Determination of Thickness:-
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hmin = L/20
hmin=2.8/20 = 14 cm

Take h=25cm

-Load Calculation:-

Dead Load For Solid Landing For 1m Strip:-

1 | Tiles 23*0.03*1= 0.69Kn/m
2 Mortar 22*0.03*1=0.66Kn/m
4 R.C 25*0.25*%1=6.25Kn/m
5 Plaster 22*0.02*1= 0.44Kn/m

Table (4-5): Dead Load Calculation of Middle Landing.

Sum 8.04Kn/m

Live Load For Landing =5*1 =5 Kn/m

Reaction From Flight:-

DL =21.05Kn/m
LL =10.425Kn/m

Total Dead Load = 8.04 + 21.05 = 29.09Kn/m
Total Live Load =5 + 10.425 = 15.425 Kn/m

Factored Load For Landing :-

Wy = 1.2 x29.09 + 1.6x15.425=59.59Kn/m
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fiarvuace [bEva Lomd = 10.4385

|

Servuss Dead Losd = Od 6
Serviioe Live [Loacd = 5O

Y RN P R R P A MR

Servuace Dead Load = 8,04
1,30 e 1.30 ——

Figure (4-15) :Statically System and Loads Distribution Of Middle Landing.
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Figure (4-17) : Shear Envelope Diagram of Middle Landing.




Design of Shear:-

Vu=65.5Kn
Assume bar diameter g 14 for main reinforcement

d =h- cover —* = 250 — 20 — = = 223 mm
V. :ﬁ fc'b,d== ﬁ\/ﬂ = 1000 =223 =182.1Kn
®* V-0.75* 182.1 = 136.6Kn> Vu = 65.5K
No shear reinforcement are required

Design of Bending Moment :-

Mu=58.39Kn.m

Assume bar diameter g 14 for main reinforcement

i 14
d =h- cover *E‘;“' =250 —20 —— =223 mm
_ My __ s83gx10®
Rn= phdE T D9x1000%223% 1.31Mpa
_ f _ az0 _
M= nasy’ ~ oesxz4 20.6
1 2mR 1 2x20.6%1.31
p=— 1— 1" = 11— 1-Z""7 =0,00323
m 420 20.6 420

Aqreq = p-b.d = 0.00323x1000x223 = 720.29 mm?
As min =0.0018*1000*250 = 450mm?
Asreqg=T72029 mm?......... is control

Check for Spacing :- *

S = 3h = 3*250 =750 mm

280

S =380 (§~ 42“) - 2.5%*20=330
S =450 mm
S=330mm ......... is control

> Use g14@ 150mm ,As,provided= 1026 mm2>As,required= 720.29 mm2

Check for strain:-*
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Asfy _ 1026x420

= i = =21.14 mm
085h [ 0.85=1000=24
c=2 =22 — 2487 mm
Hy 085S
£, =0003 =* =0003 =—% =0.024 >0.005 okv’

lateral or Secondary Reinforcement For Landing :-

As req= As min =0.0018*1000*250 = 450 mm?
» Use g10 @ 150 mm ,As,provided= 523 mm2>As,required= 450 mmz2

Design of Main Landing :-

- Determination of Thickness:-
hmin = L/20=2.8 /20 =14 cm

Take h =25 cm

- Dead Load For middle Landing For 1m Strip:-

No. | Parts of Landing Calculation

1 Tiles 23*0.03*1= 0.69Kn/m
2 Mortar 22*0.03*1= 0.66Kn/m
4 R.C 25*0.25*%1=6.25 Kn/m
5 Plaster 22*0.02*1= 0.44Kn/m

Sum 8.04 Kn/m

Table (4-6 ): Dead Load Calculation of Main Landing.

-Load Calculation:-
Dead Load For Landing For 1m Strip =8.04 KN/m

LiveLoadFor Landing For 1m Strip =5*1 =5 KN/m
Factored Load For Landing :-

Wy =1.2 x8.04 + 1.6x5 =17.65KN/m
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Serviuce Live Load = 5

PR PR P "R P R S

Serviice Dead Load = 8.044

P P " P

s = '!_:l

Figure (4-18) : Statically System and Loads Distribution of Main Landing.

1

Figure (4-19): Shear and Moment Envelope Diagram of Main Landing.
Design of Shear:-

Vu=19.39 Kn
Assume bar diameter g 14 for main reinforcement

d =h- cover =2 = 250 — 20 — = = 223 mm

Ve==yfc'b, d == -v24 +1000 = 223 = 182.1Kn
=] =]

[
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0* V¢=0.75* 182.2 = 136.6Kn> Vu = 19.39Kn

No shear reinforcement are required

Design of Bending Moment :-

Mu=17.21Kn.m
Assume bar diameter g 14 for main reinforcement

d =h- cover — 2 = 250 — 20 *‘—2“ =223 mm

z
R.— My _ 17.21x10° — 0.39 Mpa
"™ ppd? ~ powxiopoxizad ' p
v 420
m= ;= = 20.6
085, (0.85x24
1 ZmR 1 Zx20.6x0.74
p=— 1-— 1" - - 1 -2 —00011
m 420 20.6 420

Asreq = p.b.d = 0.0011x1000x223 = 245.3 mm?
As min =0.0018*1000*250 = 450mm?

As req=245.3Mm*<Ag miaso mm°........... is control

*Check for Spacing :-
S =3h =3*250 =750 mm

280

S= 380*(5‘ 42“) —2.5*%20 =330
S =450 mm
S=330mm ......... is control

> USG ﬂlZ@ 15 mm ,As’pro\/idedz 753 mm2>As’required= 450mm2

Check for strain:-*

_ Asfy  7E3x420
Tossh ] 0BSH1000%24

=155mm
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e _ 2114
T m, 08s

=18.23 mm

£, = 0.003 (=) = 0,003 (*--"=) = 0.05 > 0.0050KY’

lateral or Secondary Reinforcement For Landing :-

As req= As,min =0.0018*1000*350 = 630 mm?
> Usegl2 @ 150 mm ,As,provided= 785 mm2>As,required= 630 mm?2

R =D
v
| N
e |_i
i T
S I
.H'"-. _
|
T | I Y
& — [ ECHA ST
. _-.s'-.ﬁ 'f.lE‘E
LT T =l
= e depuersl ||
T Eeizeinaeaan ||
Emize1s L-100 ]
s (Pezewleit L L s
.;ﬁ_.f‘:"«ﬂ#
(Delreir L=1n LI
i L ST

Figure (4-20) : Stair Reinforcement Details
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