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The Structural Design of Red Crescent Specialist Hospital in Hebron City

working team:

"Mohmmad Ali" Dweik Hareth Dabbas Rami Al-Rajabi

Palestine Polytechnic University - 2013
Supervisor:

Eng. Sufian Turk.

Project Abstract

Obijective of the project can be summarized in the structural design of all structural
elements contained in the project, slabs, beams, columns and foundations, walls and other

structural elements.

The idea of this project is in the structural design of the Red Crescent Hospital in the city
of Hebron, The project includes the design of all the details and the necessary structural elements
used in this building. This building consists of 4 floors in addition of basement floor and ground
floor it serves and contains unlimited activities. This building is reinforced concrete structure,

and it will be designed according to ACI code.

Vil



It is worth mentioning the code has been used to determine the Jordanian live loads,
seismic loads and to determine the use of (UBC-97), As for the structural analysis and design of
sections has been the use of the U.S. Code

(ACI1_318-08), It must be pointed out that he was relying on some computer programs such as:
Autocad2010, Office2010, Atirl2, Safe , Etabs , Staad Pro.

We hope after the completion of the project to be able to provide structural design for all

structural elements of the building is complete.

After designing this project and the work of what has been said is expected to conclude a
number of results and projections is to link the information that has been studied in the courses
different, and the analysis and design of all structural elements and the statement of the impact of
each of the elements on the other, and then the work of structural plans of the Executive are Full

and detailed for each.

God grants success.
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List of Abbreviations

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.

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.

C; = 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.

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.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Xl



Pu = factored axial load

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

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.
Vu = factored shear force at section.

Wc = weight of concrete.

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003.

€ = strain of tension steel.

€= strain of compression steel.

p = ratio of steel area .
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ealiall U lgle 35al) Jlaat) o Gl (ol Ji s ) AELEY) ealiall e 3)le il

g ) lgayes (o5 8301y aally el o isall 8 Alalal &Ly

Cilaiall g1l Aot e 43 dylenall llliall slelpes sl g Adliaall el (e paall 3 s
te g pall 8 Al
-(One way ribbed slab) il slai¥) il Cuasll Glaie .1
.(Two way ribbed slab) cualat¥) iy cuasll ilaic .2
.(one way solid slab )aalgl olam¥) ) Liaadl) cilaiall .3

.(Two way solid slab) cpalai¥) cild diecadll cilsiall .4

(One way ribbed slab) gl slai¥) &fd cuasl) citie 1-1-6-3
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Rib (1)

Hollow Block ( 17 cm )
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Alay)
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-AutoCAD (2007) for Drawings Structural and Architectural .1
-Microsoft Office (2007) For Text Edition .2
.Atir Software for Structural Calculations .3

. Other programs e.g.sap, staad pro, etaps, safe .4
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Structural Analysis & Design
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4-2 Factored Loads

4-3 Slab thickness Calculation
4-4 Load Calculation

4-5 Design of Topping

4-6 Design of Rib (3A)

4-7 Design of beam (13 A)

4-8 Design of beam (13 A) for shear
4-9 One way solid slab

4-10 Design of Two way solid slab (S1C)
4-11 Design of Two way ribbed slab (R2B)
4-12 Design of Column (C18A)

4-13 Design of Stairs (ST1A)

4-14 Design of footing (F 14)

4-15 Design of shear wall (SWC4)

4-16 Design of strip (SWC4)

4-17 Design of Basement wall
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4 -1 Introduction:-

Concrete is the only major building material that can be delivered to the job site in a plastic
state. This unique quality makes concrete desirable as a building material because it can be
molded to virtually any form or shape.

Concrete used in most construction work is reinforced with steel. When concrete structure
members must resist extreme tensile stresses, steel supplies the necessary strength. Steel is
embedded in the concrete in the form of a mesh, or roughened or twisted bars. A bond forms
between the steel and the concrete, and stresses can be transferred between both components.

In this project, all of design calculation for all structural members would be made upon the
structural system which was chosen in the previous chapter.

So, in this project, there are four types of slabs: one way ribbed slab, two way ribbed slab,
and one way solid slab, two way solid slab. They would be analyzed and designed by using
finite element method of design, with aid of a computer program called "ATIR- Soft ware " to
find the internal forces, deflections and moments for ribbed slabs and by using the previous
program and "STAAD PRO 2006", Etabs, and Safe programs to find the internal forces,
deflections and moments for One way solid slab, and then handle calculation would be made to
find the required steel for all members.

The design strength provided by a member, it is connections to other members, and its
cross — sections in terms of flexure, and load, shear, and torsion is taken as the nominal
strength calculated in accordance with the requirements and assumptions of ACI- code.

NOTE:
° *B300.. .. fc'=30N /mm?(MPa) For circular section

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

° The specified yield strength of the reinforcement {fy = 420 N/mm?2 (MPa)}
J Live Load (LL) =5 KN/m?

Live load(KN/m?2) fc' fy

LL =5 KN/m?2 fc'= 24 Mpa fy = 420 Mpa

4 -2 Factored Loads :-
Ju=1.2DL + 1.6L ACI —318-08 (9.2.1)
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4 -3 Slabs Thickness calculation:-
The overall depth must satisfy ACI Table (9.5.a):

For rib (R 3A), as shown in fig.

r3a 2 3 4 5 6
1 2 3 4 5
E A A A A A
05 2.8 0.6 2.92 0.6 4.28 06 3.5 0.6, 3.7 0.6
‘ | ‘ 3.35 ’ | ‘ 3.52 ’ | ‘ 4.88 ’ | ‘ 4.1 ’ | ‘ 4.3 ’ | ‘
[ I I I I 1
6 7 8 9
6 7 8
. A . A . A :l
——{ LI L1
A A A
056, 3.75 056, 4.1 06 2.6 05
“‘ 4.35 [“ 4.7 "‘ 3.15 "‘
[ I I 1
Fig.(4-1): Spans Length of Rib (R3A).
= from  ACI-318-08 table (9.5a)
Minimum h >:

- The span length for one-end continuous in the right (for rib):

N T

185 185

- The span length for one-end continuous in the left (for rib):
L 315 0.170 m

18,5 185

- The maximum span length for both-end continuous (for rib):
L _488_ 0.232m

21 21

For Rib 10 :

- The maximum span length for simply support (for rib):
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L 47 _g204m
1 16

For Rib 3A,will use thickness of slab 32cm>h min =29.4 cm.

h=32cm 24 cm 8cm

4 -4 Load Calculation:-

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

** Determination of Dead Load :

Hollow block (24 ci

ing Load Calculations

1 KN/m2
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il |E]

X =5 A

"Tiles3 cm

_Plaster 3 cm

S - - .y

~Mottar 3 cm

 Coarse Sand fill 7 cm

' R Concrete Topping 8 cm
Concrete block

R Concrete block

[ 11111 R Ve ”” = 'ff S
- - C———

y S CC T QON LN TRV = Vo A

o Lo\ BF

Rib Load Calculations

1 KN/m2

0.52
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4-5 Design of Topping:-

Wu=1.2%*547 +1.6 *5=1457KN/m?. (Total Factored Load)
w, *1?  14.57*0.4

12 12
=0.194KN.m.

2
> Mn = 0.42./fc' *%

* 2
=0.42 \/2_*%: 2.2KN.m.

$*Mn=0.55*2.2 =1.21KN.m.

¢*Mn=1.21> Mu = 0.194KN.m.
No structural reinforcement is needed. Therefore, shrinkage and temperature reinforcement
must be provided.
For the shrinkage and temperature reinforcement :-

s p=0.0018

—A.=p =bh=h=0.0018= 1000 = 80 = 144 mm®.

#0f ©8 = =2 = 22 _ 5 87, Spacing(S) = —— = 0.347m = 347 mm.

Apgr 5027 2.87
<380 ( iff )~ 2.5*C,
<380 * (ii" )~ 2.5%20 =380 * (z——) - 2.5 * 20 = 330mm
< 380 (=) =300 * (=) = 300 * (=) = 300 mm
f= oy S+ 420

<3*h=3*80=240mm........... controlled.
<450 mm.
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4 -6 Design of Rib (3A):-

% Materials :-
Concrete B300,  Fc'=0.8*30 = 24 N/mm?=24Mpa
Reinforcement Steel , fy = 420 N/mm? =420 Mpa
bw = 120mm , h = 320mm, t = hf = 80mm

+ Design constant :-
_ b For T- section is the smallest of the following:

be =Ln/4= 2600 /4 =650mm
b =bw+ 16 tf = 120 + 16 (80) = 1400mm

b, = clc spacing between beams =400 + 120 = 520mm ....... control
b: For T- section is control b =52cm
- Requirements For Slab Floor Accordingto  ACI- (318-08) .
bW > 10CM. ... ACI(8.13.2)
Select bw=12cm
h<3.5%bW o ACI(8.13.2)
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Select h=35cm<3.5*12=42cm

> Ln/12250Mm .o,

Select tf=8cm

s System :-

One -way ribbed slab :-

« Loading :-

ACI(8.13.6.1)

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

r3a 3 4 6
1 2 3 4 5
E Al A A A A
A A ' A ‘ A ‘ A ‘
‘0.5‘ 2.8 08 2.92 0 6‘ 4.28 \0 6‘ 35 \0.6‘ 3.7 \0.6‘
‘ | ‘ 3.35 C 3.52 ’ | ‘ 4.88 ’ | ‘ 4.1 C 4.3 ’ | ‘
I I I |
6 7 8 9
6 7 8
— A 1 A 1 A :l
' A ' A ' A
‘0.6‘ 3.75 \0.6‘ 4.1 \0.6‘ 2.6 l0.5
C 4.35 T 4.7 T 315 [
I 52 I I |
32.
12.
A-A
load group no. 1
Dead load - Service Units:kN,meter
477 477 4.77 4.77 4.77
3.35 3.52 4.88 4.1 4.3
4.77 4.77 4.7
4.35 4.7 3.15

51




Structural Analysis & Design

Chapter 4

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

2.60 2.60 2.60 2.60 2.60
3.35 3.52 4.88 4.1 4.3
2.60 2.60 2.60
4.35 4.7 3.15
Moments: spans 1to 8
-19.7 -17.6 19.2 -17.2
111A-11.3  127)-123 104 )\-11.3
| %l. | %l. 3} %1. 7
t /4izi ! /I7i9i ! /bi7idl |
UWH‘M?S 073 8
: 10.3 o
145 12.8
|151 184 |1.76 ' 1.76 | 244 | 244 | 205 205 | 215 | 215 | 217 | 218 | 235 | 235 | 1.89 1.26|
[ [ I [ I [ I I I [ I [ I [ 1
Reactions
Factored
H [ [ 1 [ 1 1 1 |
IT L L 1T L 1T 1T 1T T
DeadR 7.77 20.55 24.73 26.57 23.16 24.71 26.39 25.21 6.07
LiveR 6.55 17.47 20.47 21.65 20.52 21.11 21.41 19.78 6.24
MaxR 14.32 38.03 45.2 48.22 43.68 45.82 47.8 45, 12.32
MinR 6.88 26.12 30.44 33.72 29.55 31.79 34.14 31.5 4.24
Service
DeadR 6.48 17.13 20.61 22.14 19.3 20.59 21.99 21.01 5.06
LiveR 4.09 10.92 12.8 13.53 12.83 13.2 13.38 12.37 3.9
MaxR 10.57 28.05 334 35.67 32.13 33.78 35.38 33.38 8.96
MinR 5.92 20.61 24.18 26.61 23.3 25.02 26.84 24.94 3.92
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Shear
-25.4 _
ot 204 g 212 -23.1 -23.3 o 24,
-14.3 -14.6 -15.4 -17.3 -17.5 -18. 123
-7.
H Hr Hr Hr H Hr Hr Hr H
9.
121
12 17.9 10. 1. 167 16.9 18.6 12
248 22.8 225 22.7 245 21.
(4-2) Rib 3A envelope
Flexural Design : -
« Design for positive Moment for Rib (R3A):-
Use Mu max. Positive for span = Mu=14.5 KN.m..
Determine whether the rib will act as rectangular or T-section:
For a=t=8cm , d, =12mm ,ds =10 mm
d = h — cover—dia. of stirrups — db/2 = 320 — 20-10 — 12/2 = 284 mm.
®.Mnf=0.9*0.85 f_ *t:* b, *(d- t/2)
=0.9* 0.85 (24) (0.08) (0.52)(0.284-0.08/2)*10°
= ®.Mnf =186.40 KN.m
®Mnf=186.40 KN.m > Mu =14.5 KN.m
tf (cm) dp (mm) ds (mm) d(mm) OMnf(KN.m)
8 12 10 284 186.40

= Rectanglular section

Design as a rectangular with b, = 52cm

As=p.be .d

oW

420

© 085*fc  0.85*24
_ Mu/¢ _145*107°/0.9

Rn

" p*d?

0.52*(0.284)>

=20.59

=0.384 Mpa
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* *
p:i 1- - 2mRn _ 1 1_\/1_2 20.59*0.384 _ 0.0009231
fy 20.59 420

As = p.be .d = (0.0009231)* (520)* (284) = 136.32mm?*> As min =113.6 mm?.

Mu(KN.m) As(mmz2) Rn(Mpa) m P
14.5 136.32 0.384 20.59 0.0009231

=» Check Minimum Reinforcement As min...(ACI- 318M-08 - (10.5.1) )

~_fc _ 24 ~ 2
Asmin= Bu)(A) =5y 120)(284) = 90.38mm

=14 _14 _ 2
As mln—(fy) (bw)(d) 420(120)(284) 113.6mm~ ...... (control)

For 210,As=157 mm? >136.32 mm? , OK

=>» Check for Compression steel yielding:-

Tension = compression
As*fy=085*f *b*a
157*420 = 0.85*24*520*a

a=6.22mm
= ﬂil = % =7.31mm
B=0.85..... f,<28MPa ....... ACI-318M-08(10.2.7.3)
284 -7.31

&, =(d ~)/0x0.003= """ 0.003=0.1136 > 0.005
£, =0.1136 > 0.005

Tension Controlled Section............ OK
As provided(mm2) Asmin(mmz2) a(mm) c(mm) &,
157 113.6 6.22 7.31 0.1136

% Design for Negative Moment for Rib (R3A):

Use Mu max. negative for support = Mu= - 13.3 KN.m
Design as a rectangular with b =12 cm

ms=__fy = 420 =2059
0.85* fc' 0.85*24
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Mu/ ¢
Rn = b*d2 — 13.3*10_3/0.9:
0.12*(0.284)?

* *
p—1(q  jp_2mRn)_ 1 1—\/1—2 20.59*1.53 | _ 4 503791
m fy 20.59 420

As = 0.003791 (120) (284) = 129.2mm?> As min = 113.6 mm’

1.53 Mpa

Mu(KN.m) As(mm2) Rn(Mpa) m P
-13.3 129.2 1.53 20.59 0.003791
= Check Minimum Reinforcement As min...(ACI- 318M-08 - (10.5.1) )
f !
Asmin=""_ (bw)(d) = V24 100y 284) = 00 38mny
4(fy) 4(420)
14 1.4 2
As min=——(bw)(d) =-—-(120)(284) =113.6mm* - (control)
(fy) 420
For 2012, As=262.2 mm®>129.2 mm* , OK
=> Check for Tension steel yielding:-
Tension = compression
As*fy=085*f *b*a
262.2*420 = 0.85*24*120*a
a=44.98mm
c=2 2498 _ 5 9omm
B 0.85
p=0.85..... ACI (10.2.7.3)
e =(d—c)lcx0.003= 224292 00300131
52.92
&,=0.0131>0.005=¢=0.9
Tension Controlled Section............ OK
As provided(mm2) Asmin(mmz2) a(mm) c(mm) &,
262.2 113.6 44.98 52.92 0.0131
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s+ Design shear for Rib (R3A):-

Factored shear forces at d=0.284 m from support
VUmax_=19.6KN (From Shear Envelop)
Determine shear strength provided by concrete (® Vc).

®VC/2 <V, <DV,
1.1® Ve = 1.1*®@ * V' pw*d

6

= 1.1% 0.75* Y24 012 * 0.284*10°% = 22.96kN
6

®Vc =22.96 kN > Vu = 19.6 kN
- No shear reinforced require for all Rib 3A
Use 2-leg @8 @150mmc/c

Vumax (KN) ® V¢ (KN)
19.6 22.96

4-7 Design of Beam (B13A):-

=] == L=
& Fied

=y == = L=

s Materials :-
Concrete B300, Fc' = 0.8*30 = 24 N/mm? =24Mpa
Reinforcement Steel , fy = 420 N/mm? =420 Mpa
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bw(mm) h(mm) hf(mm)
600 900 320
We used T —section to provide a flange for additional compression area
«  Design constant :-
_ b For Isolated T- section is the smallest of the following :  ............ ACI(8.12.4)
We will used Pe = 120cm for Isolated T-section .
b: For T- section is control b =120 cm
- Requirements For Slab Floor Accordingto  ACI- (318-08) ACI(8.12.4)
° bE < 4* bw
Select ( bz =120cm) < 4*60cm =240 cm ok
e hf > 0.5*bw
Select ( hf =32cm) > 0.5* 60cm =30 cm ok
Loading :-
= load on beam
Beam Load Calculations
material gama h b KN/m
R C Flange 25 0.32 (0.30 +0.30) 4.8
R C Web 25 0.90 0.60 13.5
plaster 22 0.03 (2*0.58) 0.77

Tiles .Mortar .Sand .And Live Load on 1.2m beam width are included by Rib
Total load (Factored)

W, DL=19.1*1.2=22.92 KN/m
W, LL=1.6*0=0 KN/m
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=>» Dead and Live Reactions from Ribs on beam (B13A)- Factored:

Rib 1A:
WpL = @ =44.23KN/m W= % = 39.27KN/m
0.52 0.52
Rib2A:
WpL = 23.36 =44.92KN/m WL = 20.73 =39.87KN/m
0.52 0.52
Rib3A:
WhpL = 23.16 =44 54KN/m WL = 20.52 =39 46KN/m
0.52 0.52
Rib4A:
Wp = 2319 =44 6KN/m W, = 2053 =39.48KN/m
0.52 0.52
Load Ribl1A Rib1A Rib3A Rib4A
WpL 44.23 44,92 44.54 44.6
WL 39.27 39.87 39.46 39.48

Using "Atir" software for the following values of moment and shear:-

1 2 3 4
1 2 3
]: A o A . A j
LI LI
A A A
(‘)4‘1 14.3 9“1 7.65 \0.7‘ 6 Qfl
“‘ 14.7 "‘ 8.2 ’ | ‘ 6.55 [“
I 120 I I |
2.
90.
60.
A-A
load group no. 1
Dead load - Factored Units:kN,meter
44.6 44.5 4419 44.9 4419 44,2
Lol ) e ) ! 249 E
6.12 . 8.32 0,4 8.2 38 6.17
T T T
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Live load - Factored
39.4 39.4 39|18 39.8 398 39.2
6.12 | 8.32 0,4 8.2 38 6.17
T T T
Moments: spans 1to 3
-2167.7
-1983.1 -2030.1
-359.3
| -257. 1-294.6
|
[ éié i Ll
2.6313.79 =l
12 | % | 1476 1.8 67.6
571.7
1949.9
5.88 | 8.82 5.33 | 287 3.28 | 3.28
[ [ 1 [ 1 [ |
Shear
-933.6
-822.2
- -348.8
ag2e oot -238.1
[ [N 1 1 1
I TTT I I T
276.7
534.9 586.5 403.9
646.2 698.6 '
Reactions
rFactored
DeadR 403.86 1019.64 360.35 204.67
LiveR 242.34 612.55 354.56 144.15
MaxR 646.19 1632.19 714.91 348.82
MinR 397.65 1165.44 375.56 180.1

(4-3) Beam 13A envelope
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Flexural Design of beam :

1- Design of Negative Moment for Beam:
Mu = -2030.1 KN .m

dt =h—cover—ds — % =837.5 mm

dt=900-40-10- % =837.5 mm

d =cover +ds + %

25

d=40+10+ > =62.5mm

Be Bw Tf dt d
1200 mm 600 mm 320 mm 837.5 mm 62.5 mm
- Check for doubly reinforcement :
Maximum nominal moment strength from strain condition &,= 0.004 :
Cr == dlt
7
Co = 348375
7
c =358.9mm
a=/pf xc
A, =0.85%x358.9 =305.1mm
@=0.65+ 250 * (0.004-0.002) = 0.82
3
Mn,max =0.85 f_" * b ™* amax *(d- (amax /2))
= 0.85 (24) (600) (305.1){( 837.5-(305.1/2)}*10°°
=2557.9 KN.m
= OMnc =0.82%2557.9 =2097.5KN.m >Mu=2030.1 KN.m
Design as Singly Reinforcement
C(mm) a(mm) ® Mu(KN.m) ®Mnc(KN.m)
358.9 305.1 0.82 -2030.1 2097.5

=>» The section will be design as singly :

m=__ ¥ - 420 _,4gg
0.85*fc  0.85%24

Rz Mu/¢
b*d?2

-3
RN = 2030.1*10°°/0.9

0.6~ (0.8375)2 536 Nimm (Mp2)
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P :i(l_ /1_ 2m* Rn )
m fy

b= 1 _(1- \/1— 2(20.59)5-36) y _ 015113
20.59 420

As=p*b*d=0.015113 * 600 * 837.5= 7594.3 mm?

Mu(KN.m) | As(mm?2) m Rn(Mpa) p

2030.1 7594.3 20.59 5.36 0.015113

=» Check Minimum Reinforcement As min...(ACI- 318M-08 - (10.5.1) )

4 fc 24 ~ ,
Asmin= 2 SO)A) = (600)(E37.5) =1466mm

ol _14 _1675mme?
As mln—(fy) (b)(d) 220 (600)(837.5) =1675mm (control)

AS > ASmin

= Select 16®25 As=7854 mm>>7594.3 mm? .OK

Spacing _1200-2 40152 10-16%25 _ 46 7>db=25mm>25mm.....OK

=» Check for strain
As*fy=085* fc*b*a
7854*420 =0.85*24*600*a

a=269.5mm

_ @ _ 2695 _ .17 06mm

B 0385

p=0.85..... ACI (10.2.7.3)

e, = (d—c)lcx0.003= 52731100 4 503 0,005
317.06
&,=0.005=¢=0.9
Tension Controlled Section............ OK
As provided (mm2) a(mm) c(mm) £, Asmin (Mm2)
7854 269.5 317.06 0.005 1675
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2- Design of Negative Moment for Beam:

Mu = -257 KN .m

dt =h—cover —ds — d—2b =837.5 mm

dt=900-40-10- % =837.5mm

d =cover +ds + d_2b

d=40+10+ %262.5mm

Be Bw Tf

dt d'

1200 mm 600 mm 320 mm

837.5 mm 62.5 mm

- Check for doubly reinforcement :

Maximum nominal moment strength from strain condition &,= 0.004 :

Co = — it

max

w ~N

Coox = —*837.5
7

c =358.9mm

a= /) xc
a__ —0.85x358.9 = 305.1mm

®=0.65+ 250 *(0.004-0.002) = 0.82
3

MnC = 085 fC\ * b * amax *(d' (amax /2))

= 0.85 (24) (0.6) (0.3051){(0.8375-(0.3051/2)}*10°

= 2557.9 KN.m
= ®Mnc =0.82*2557.9 =2097.5KN.m >Mu=257 KN.m
C (mm) a (mm) ® Mu(KN.m) ®Mnc(KN.m)
358.9 305.1 0.82 -257 2097.5

=>» The section must be design as singly:

m=_Y = 420 _55g
0.85* fc  0.85%24
Rn = MU—/¢
b*d?
> -3
Rn= 257710 /0.9 _ g8 N/mm? (Mpa)

0.6* (0.8375)°
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P :i(l_ /1_ 2m* Rn )
m fy

b= 1 _(1- \/1——2(20'59)(0'68) ) = 0.001647
20.59 420

As=p*b*d=0.001647 * 600 * 837.5= 827.6 mm?

As (mm?2) m Rn(Mpa) p Asmin (mm2)

827.6 20.59 0.68 0.001647 1675

= Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )

fc’ _ 24
4(fy) (b)(d) ~ 4(420)

ASmin=

(600)(837.5) = 1465.3mm?

ol _14 _ 1675mm?
As mln—(fy) (b)(d) 220 (600)(837.5) =1675mm (control)

AsS < Asmin

Select 620 As=1885.2 mm? >1675 mm?® .OK
=» Check for strain

As*fy=085*f *h*a

1885.2*420 =0.85*24*1200* a

a=32.34mm
_ 2 _38234 45 1mm
5, 085
=0.85..... ACI (10.2.7.3)

& =(d—-c)/cx0.003= 837357_]:381 % 0.003 = 0.06294

g, =0.06294 > 0.005= ¢ =0.9

Tension Controlled Section............ OK
Asreq (mm2) m a(mm) c(mm) &,
1885 20.59 32.34 38.1 0.06294

1- Design of Positive Moment for Beam:
Mu = 1949.9KN .m

My =0.85fc™*be*he(d-(he/2))
=0.85*24*1200*320(837.5-(320/2))* 10° =5307.3 KN.m
Mn=1949.9/0.9=2166.56 KN.m < My¢ = 5307.3 KN.m
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=» The section must be design as rectangular section:

m=__ ¥ - 420 _,459
0.85*fc  0.85%24

RN = Mu / &
b>d?2

Rn = 1949.9%10°/0.9
1.2*(0.8375)°

P =l(1_ /1_ 2m*Rn)
m fy

b= (1- \/1— 220-59)237) y _ ¢ gos62
20.59 420

= 2.57 N/mm? (Mpa)

As=p *b*d=0.006562 * 1200 * 837.5= 6595.2 mm?

Mu(KN.m) As (mm2) m Rn(Mpa) p

1949.9 6595.2 20.59 2.57 0.006562

=» Check Minimum Reinforcement As min...(ACI- 318M-08 - (10.5.1) )

fc' _ V24 _ 2
Aty OO =g, (6008375 =1466mm

ASmin=

A'S min :%(b)(d) :%(600)(837.5) =1675mm?’ (control)

AS > ASmin

=  Select 14®25 As=6872.6 mm?>>6595.2 mm? .OK

Spacing = 600-2 40_92 10-10%25 _ 57 7mms>do=25mm>25mm......OK

=>» Check for strain
As*fy=085*f . *b*a
6872.6*420 = 0.85*24*1200*a
a=117.91mm

a 117.91

c=2 _ —138.72mm
B. 0.85

B=0.85..... ACI (10.2.7.3)
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& =(d—-c)/cx0.003= 837.5-138.72 x0.003=0.01511
138.72
&, =0.01511>0.005= ¢ =0.9
Tension Controlled Section............ OK
As provided (mmz2) a(mm) c(mm) &, Asmin (mm2)
6872.6 117.91 138.72 0.01511 1675
2-  Design of Positive Moment for Beam:
Mu = 147.6 KN .m
Mpns =0.85fc*be*h¢(d-(h¢/2))
=0.85*24*1200*320(837.5-(320/2))* 10~° =5307.3 KN.m
Mn=147.6/0.9=164 KN.m < Mps = 5307.3 KN.m
=»  The section must be design as rectangular section:
m=_ =40 _5y5g
0.85* fc 0.85*24
Rn = MU—/¢
b*d?
* -3
Rn= 147.6*10 "/0.9 _ 4 195 N/mm? (Mpa)
1.2*(0.8375)?
p = i(l_ ,1— 2m=* Rn )
m fy
o= 1 L- \/1_ 2(20.59)(0.195) ) = 0.000466
20.59 420
As=p *b *d=0.000466 * 1200 * 837.5 = 468.5 mm?
Mu(KN.m) As (mm2) m Rn(Mpa) p
147.6 468.9 20.59 0.195 0.000467
=  Check Minimum Reinforcement Ag min...(ACI- 318M-08 — (10.5.1) )
f ’
Asmin=YC_(b)(d) :ﬂ(eooxssm) — 1466mm?
4( fy) 4(420)

in=t -14 _ 2
AS min = ) (b)d) = 420 (600)(837.5) =1675mm (control)

ASmin> AS
= Select 6®20 As=1885.2 mm’> >1675 mm?> .OK .
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600-2*40-2*10-6*20

Spacing = =76 mm>db=20mm>25mm.....OK

5

=» Check for strain
As*fy=085*f_*b*a
1885.2*420 = 0.85*24*1200* a
a=32.34mm
c= 2 _3234 25 05mm
B, 0.85

B=0.85..... ACI (10.2.7.3)

&= (d—-c)/cx0.003= % x0.003=0.06303

&, =0.06303>0.005=¢=0.9
Tension Controlled Section............ OK

As provided (mm2) a(mm) c(mm) £

Asmin (mm2)

1885.2 32.34 38.05 0.06303

1675

3- Design of Positive Moment for Beam:
Mu =571.7 KN.m

My =0.85fc™*be*he(d-(he/2))
=0.85*24*1200*320*(837.5-(320/2))* 10° =5307.3 KN.m
Mn=571.7/0.9=635.2 KN.m < My = 5307.3 KN.m

=»  The section must be design as rectangular section:

m=__ ¥ - 420 _54gg
0.85*fc  0.85%24

Rn= Mu/¢
b*d?2

Rn= 571.7*10°/0.9
1.2*(0.8375)

p :l(l_ Il_Zm*Rn)
m fy

oo L (1_\/1_2(20.5;32)80.755))=0_001831

=0.755 N/mm? (Mpa)

20.59
As=p*b*d=0.001831* 1200 * 837.5 = 1841.34 mm?
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Mu(KN.m) As (mm2) m Rn(Mpa) p
571.7 1841.34 20.59 0.755 0.001831

= Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )

__fc _ 24 ~ )
A min= ) (b)(d) = 120 (600)(837.5) = 1466mm

1.4
in=——(b)(d
As min (fy)()()

AS > ASmin
Select 6®20 As=1885 mm? >1841.34 mm? .OK .
600 —2*40—2*10—6*20

Spacing = c

=>» Check for strain
As*fy=085*f *b*a
1885*420 =0.85*24*1200* a
a=32.34mm
= ﬂil = % =38.1mm
B=0.85..... ACI (10.2.7.3)

837.5-38.1

&, =(d—c)/cx0.003= x 0,003 = 0.06294

&, =0.06294>0.005=¢=0.9

. % (600)(837.5) =1675mm?  (control)

= 76mm>db=20mm>25mm.....OK

Tension Controlled Section............ OK
Asreq (mm2) a(mm) c(mm) &, Asmin (mm2)
1885 32.34 38.1 0.06294 1675

4-8 Design for shear:

DVe= %*CD*J fc' *bw*d

- %*0_75@ *600*837.5%10"° =307.72KN
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Check if the dimensions are big enough:
Vc =410.3 KN
vs= WU ve= 8222 4103-686 KN
) 0.75
@Vsmangcb,/ fo' *b*d
:5*0.75*\@ *600*837.5*10°° =1230.9KN
VSmax= 1641.2 KN
VSmax > VS
=1641.2KN > 686 KN ,the section is large enough. OK
DVc(KN) ® Vsmax(KN) VUu(KN) Vc(KN) Vs(KN) VSmax(KN)
307.72 1230.9 822.2 410.3 686 1641.2

(Vu take at distance (d) from the face of support)

1- For Vu=822.2 KN
Case 1:
Vu< _@Vc

2

dVc/2=307.72/2=153.86 KN Not case 1.
Case 2:

CDTVC <Vu < ®Vc Not case 2.
Case 3:

dVe <Vu < Ve + DVs,,

S i = ,/ fo *bw*d = & 75\/_4*0 6*0.8375*1000 =115.4KN

‘DVs,_ > %bw*d 0;5 *0.6*0.8375*1000 =125.63KN (control) Mot case 3

- ®VC +DVs,, =307.72+125.63 = 433.35KN

Case 4:-
dVs ' = %*0.75* Jfc” *bw*d

- %*0_75* V24 *0.6%0.8375*1000 = 615.43 KN

Dyvs'+ PV =615.43+307.72=923.15KN
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®Ve +DVs, ;1 =433.35 < VU =822 2 KN < P Vs'+DPV¢c=923.15 KN

DVspy (KN) DVC+DVs,,, (kN) DVS (KN) D Vs'+ P Vc(KN)
125.63 433.35 615.43 923.15
-.Case#4_OK

Vs=(Vu/ ®)-Vc=(822.2/0.75)-410.3=685.96 KN

Use 2-leg ¢p12 As=226.2mm?

s=(Av*fyt*d)/Vs

$=((226.2*420*837.5)/(685.96*1000)) =115mm ...... control

Check for max. spacing
Smax=0/2=837.5/4=418.75mm
Smax=600mm

Use 2-leg © 12@100mm

Vs(KN) Vc(KN) S(mm)

685.96 410.3 115

2- For Vu=276.7 KN
dVce= %*CD*,/ fc' *bw*d = %*0.75@*600*837.5/1000 =307.72KN

Case 1:

Vu< (DTVC , OVc/2=307.72/2=153.86 KN Not case 1.

Case 2:

cI)TVC<VU <dVc,

CDTVC =153.86 <Vu =276.7 < ®Vc =307.72

..Casett2

DVc(KN) Vu(KN)
307.72 276.7
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Minimum shear reinforcement , Av min
Use 2-leg @ 12 As=226.2 mm?

* *
s,:?’Ab+fyt =(3 * 420 * 226.2)/ 600 =475 mm
W

Check for max. spacing
Smax=0d/2=837.5/2=418.75mm ...... control
Smax=600mm

Use 2-leg $p12@250mm

Vc(KN) S(mm)
410.3 418.75

3- For Vu=238.1 KN
d)Vc:%*CD*J fc' *bw*d = %*0.75@*600*837.5/1000 =307.72KN

Case 1:

dVe

Vu< — OVc/2=307.72/2=153.86 KN Not case 1.

Case 2:

(DTVC<VU <®dVc,

CDTVC =153.86 <Vu =238.1< ®Vc =307.72

~.Case#2 OK

DVc(KN) Vu(KN)
307.72 238.1

Minimum shear reinforcement , Av min
Use 2-leg @ 12 As=226.2 mm?

* *
s:sjAb#fyt =(3* 420 * 226.2)/ 600 =475 mm
W
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Check for max. spacing
Smax=0d/2=837.5/2=418.75mm...... control
Smax=600mm

Use 2-leg p12@250mm

Vc(KN) S(mm)
410.3 418.75

4-  For Vu=534.9 KN

Case 1:
Vu< (D_VC
2
dVc/2=307.72/2=153.86 KN , Not case 1.
Case 2:
CDTVC <Vu < dVce
dVe
TN =153.86 <Vu =534.1< ®Vc =307.72 Not case 2.
Case 3:
dVe <Vu < Ve + DVs,
®Vs, > %,/ fc’ *bw*d = ol'—fﬂ*o.e*o.8375*1ooo =115.4KN
‘DVs,,, > %bw*d = 0'—;5*0.6*0.8375*1000 =125.63KN (control) Not case 3
S ®VCe +dVs,, =307.72+125.63 = 433.35KN
Case 4:-

Vs = %*0.75* ST *bw * d

- %*0_75* V24 *0.6%0.8375*1000 = 615.43 KN

Dys'+ Py =615.43+307.72=923.15KN
®VC +DVs, ;1 =433.35 < VU =534 9 KN < PVs'+PVc=923.15 KN

dVs,.. (KN) dVC +DVs ., (KN) DVs *(KN) D Vs'+ O Vc(KN)
125.63 433.35 615.43 923.15
~.Case#d_OK

Vs=(Vu/ @ )-Vc=(534.9/0.75)-410.3=302.9 KN
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Use 2-leg ¢p12 As=226.2mm?
s=(Av*fyt*d)/Vs
$=((226.2*420*837.5)/(302.9*1000)) =262.68 mm ...... control

Check for max. spacing
Smax=0/2=837.5/2=418.75mm
Smax=600mm

302.9 410.3 262.28

4.9 One Way Solid Slab (S1B):-

e For continuous

s

solid 1B
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NOTE:
* *B300.. . fc'=30N /mm?*(MPa) For circular section

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

® The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}

e Live Load (LL) =5 KN/m?

Live load(KN/m?2) fc' fy
LL = 5 KN/m2 fc'= 24 Mpa fy = 420 Mpa
* Factored Loads :-
(u=12DL + 1.6L ACI —-318-08 (9.2.1)
* Slabs Thickness calculation:-
The overall depth must satisfy ACI Table (9.5.a):
For One way solid slab , as shown in fig.
1 2 3
1 2
.06 4.45 08 4.45 05
[ | I 505 | I 5 I | 1
25,
100.
A-A
Dead load - Service Units:kN,meter
9.38 0.38
5.05 5.
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00 5.00
5.05 5.

F19.(4-4): Spans Length of One way solid slab (1B) .
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= from  ACI-318-08 table (9.5a)
Min h ( deflection requirement ) > :

- One end continous :

L _505 =0.2104m

24 24
- Simply Support :

L _ @ =0.248 - control

24 20

For One way solid slab ,will use thickness of slab 25 cm>h min = 24.8 cm.

h=25cm

24.8cm

* Load Calculation:-

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

calculated as follows:

** Determination of Dead Load :

Solid Slab Load Calculations/ strip 1m wide
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* Moment and Shear Diagrams:-

The Development Moment diagrams for beam has width =1m , and the thickness is 25 cm as

following :

Moments: spans 1to 2

-60.8
-38.1 -38.2
| 1.691.72 |
f [ 1
' f f ' f +—
| 099!1 |
f [ 1
14.1 9.
39.6 38.6
| 2.02 | 3.03 3. | 2. \
[ [ 1 [ |
Shear
-60.7
-48.6
-38.5
-29.4
1 1 1 1
I I I I
27.
39. 48.3
60.3
Reactions
Factored
| 1 1 | 1 1 |
[ I I | I T |
DeadR 21.39 70.7 21.03
LiveR 17.66 50.25 17.51
MaxR 39.05 120.95 38.55
MinR 18.92 95.65 18.47
Service
DeadR 17.82 58.92 17.53
LiveR 11.04 31.41 10.95
MaxR 28.86 90.33 28.47
MinR 16.28 74.51 15.93

(4-5): Solid (1B) envelope
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* Design of slab:-

e For shear:

check whether thickness is adequate for shear:

Vmx = 48.6 KN/ 1Im strip

dVe= %*CD*J fc’ *bw*d

= %*0.75*\@*1000*0.225 =137.8 KN /1 m strip

V, mx = 48.6 KN/ 1m strip <% dVe = @ =68.9 KN/1m strip

The thickness of the slab is adequate enough.

V dVe

u,max

48.6 KN 137.8 KN

e For negative Moment:

Assume bar diameter @10 for main reinforcement
d=h-20-do=250-20-(10/2) =225 mm

h db

250 mm 10 mm

225 mm

Mu=-38.2 KN.m

= - 420 _,55
0.85* fc  0.85%24
Mu / ¢
b>d2
> -3
an = 38:2%107°/0.9
1.0*(0.225)2

p :i(l_ /1_ 2m* Rn )
m fy

Rn =

= 0.838 N/mm? (Mpa)
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i \/1— 2(2059)(0838) y _ ;002038 > . =0.0018 ok
20.59 420
As=p *b * d=0.002038* 1000 * 225= 458.55 mm2

As (mm2) m Rn(Mpa) p Mu

458.55 20.59 0.838 0.002038 -38.2 KN.m

= Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )

As min=p,, *b*h  =0.0018*1000*250 = 450mm’  (control)

AS> ASmin

= Asmin =450 mm? < Asreq =458.55 mm? .OK .

= Use ®10
#0f D10 = freg — (458.55/78.54) =5.84

Anar

— Spacing(S) =(1/5.84) =0.172 m =171 mm
= take 6 ®10/m or ®10@150 mm

step ( s) is the smallest of :-
280

<380 (—)-25*Cq
<380 * (ff )~ 2.5%20 =380 * (£——) - 2.5 * 20 = 330mm
= ¥ 58 r
< 300 ( Ef: ) =300 * (i‘jf’ )= 300 * () =300 mm (control)
= v 58 a4
<3 *h=3*%250="750 mm
<450 mm.
AS min S (mm)
450 mm2 171 mm

( Temperature and Shrinkage ) :

— p=0.0018
As min=p.. *b*h =0.0018*1000*250 = 450mm’  (control)
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Use @10
#0f ©10 = =22 = (450 / 78.54 ) =5.73— Spacing(S) = (1/ 5.73) = 0.175 m = 175 mm

Ahur
take 6 ®10/m or ®10@150 mm

step (' s) is the smallest of :-

<5*h=5*250=1250 mm
<450 mm. . (control)

e For Positive Moment :
Assume bar diameter @10 for main reinforcement
d=h-20-db=250-20-(10/2) =225 mm

h db d

250 mm 10 mm 225 mm

Mu = +39.6 KN.m

m=__ ¥ - 420 _54gg
0.85*fc  0.85%24

RN = Mu/ ¢
b>d?

* -3
1.0*(0.225)>

P :l(l_ /1_ 2m*Rn)
m fy

. 1 L- \/1_ 2(20.59)(0.87) ) = 0.002118
20.59 420
As=p *b*d=0.002118 * 1000 * 225= 476.5 mm?

As (mm2) m Rn(Mpa) p Mu

476.5 20.59 0.87 0.002118 39.6 KN.m

= Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )

As min=p,,, *b*h  =0.0018*1000*250 = 450mm>  (control)
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AS > ASmin

= Asmin =450 mm? < Asreq =476.5mm? .OK .

Use ®10
# 0f ®10= freg — (476.5/78.5) =6.1— Spacing(S) = (1/6.1) = 0.165 m = 165mm

Anar

take 610/m or ®10@150 mm

step ( s) is the smallest of :-

280

<380 ()-25*Cq
<380 * (_i’ )—2.5%20 =380 * (_j"ﬂ )~ 2.5* 20 = 330mm
< 300 ( f ) =300 * (gf; )= 300 * (£=-=) =300 mm (control)
<450 mm. E E
A min S (mm)
450 mm2 165 mm

Positive Moment :

Mu = +38.6 KN.m

m=__ M __ 420 _,59
0.85* fc  0.85%24

Rn = MU—/¢
b>d?

Rn= 38.6%10°/0.9
1.0*(0.225)°

:1(1_\/1_2W)
m fy

b= 1 (1-\/1——2(20'22)(0'85)):0.002060

As=p *b*d=0.002060 * 1000 * 225= 463.69 mm?

= 0.85 N/mm? (Mpa)

As (mm2) m Rn(Mpa) p Mu

463.69 20.59 0.85 0.002060 38.6 KN.m
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= Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )

As min=p._ *b*h  =0.0018*1000*250 = 450mm®  (control)
As > Asmin

=  Asmin =450 mm? < Asreq =463.69 mm? .OK .

Use ®10
#0f D10= freq — (463.69/ 78.5) =5.9— Spacing(S) = (1/5.9) = 0.169 m = 169mm

Apar

take 610/m or ®10@150 mm

step ( s) is the smallest of :-

280

<380 ()-25*Cq
<380 * (_ii’ )~ 2.5% 20 =380 * (_j"ﬂ ) — 2.5 * 20 = 330mm
< 300 ( iff ) =300 * (f; )= 300 * () =300 mm (control)
<450 mm. 5 E
A'S min S (mm)
450 mm2 169 mm

( Temperature and Shrinkage ) :

— p=0.0018
As min=p_ *b*h =0.0018*1000*250 = 450mm>  (control)

Use ®10
#0f®10 = reg - (450/78.54 ) =5.73— Spacing(S) = (1/5.73) = 0.175 m = 175 mm

bhar

take 6 @10/m or ®10@150 mm
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step (' s) is the smallest of :-

<5*h=5*250=1250 mm
<450 mm. . (control)

450 mm2 175 mm

o For simply supported (S2B):-

NOTE:
® *B300.. . fc'=30N /mm?(MPa) For circular section

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

® The specified yield strength of the reinforcement {fy = 420 N/mm? (MPa)}
e Live Load (LL) =5 KN/m?

LL =5 KN/m2 fc'= 24 Mpa fy = 420 Mpa

* Factored Loads :-
Ju=12DL +1.6L ACI —318-08 (9.2.1)
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* Slabs Thickness calculation:-

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

For One way solid slab , as shown in fig.

solids 2plysu
1
A
—_— ——
| 0.6 | 4.38 \ 0.55 ‘
‘ | ‘ 4.95 ’ | ‘
I |
25,
100.
A-A
load group no. 1
Dead load - Service Units:kN,meter
9.38
4.95
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00
4.95

Fig.(4-6): Spans Length of One way solid slab (2B) .

= from  ACI-318-08 table (9.5a)
Min h ( deflection requirement ) > :
- Simply supported :

L —ﬁ=0.248m

20 20
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For One way solid slab ,will use thickness of slab 25 cm>h min = 24.8 Cm.

h=25cm 24.8 cm

4 -4 Load Calculation:-
For the one-way solid slabs, the total dead load to be used in the analysis and design is
calculated as follows:

** Determination of Dead Load :

Solid Slab Load Calculations/ strip 1m wide

5

Moment and Shear Diagrams:-

The Development Moment diagrams for beam has width =1m , and the thickness is 25 cm as
following :

Moments: spans 1to 1

2.47 59. 2.48
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Shear
-47.7
-38.
f f
35.6
47.7

Reactions
Factored

| ! ! |

[ T T 1
DeadR 27.86 27.86
LiveR 19.8 19.8
MaxR 47.66 47.66
MinR 47.66 47.66
Service
DeadR 23.22 23.22
LiveR 12.38 12.37
MaxR 35.59 35.59
MinR 35.59 35.59

(4-7): Solid (2B) envelope

* Design of slab:-

For shear:

check whether thickness is adequate for shear:

Assume bar diameter @12 for main reinforcement
d=h-20-db=250-20-(12/2) =224 mm

Vymx =38 KN/ 1m strip

DVe= %*CD*J fc' *bw*d

- %*0.75*\@*1000*0.224 =137.2 KN/ 1 m strip

1 1372

Vi mx = 38 KN/ 1m strip <§ dVce = — =68.6 KN/1m strip

The thickness of the slab is adequate enough.

84




Structural Analysis & Design Chapter 4

V dVe

u,max

38 KN 137.2 KN

e For Positive Moment :
Assume bar diameter @12 for main reinforcement
d=h-20-do=250-20-(12/2) =224 mm

h do d
250 mm 12 mm 224 mm
Mu=+59 KN.m
m=__Y - _ 420 _yy59
0.85* fc 0.85*24
RN = Mu/ ¢
b*d?

> -3
Rn= 29710 7°/0.9 _ 31 \ymm? (Mpa)
1.0*(0.224)

P :l(l_ /1_ 2m*Rn)
m fy

)= 1 L- \/1_ 2(20.59)(1.31) ) = 0,003217
20.59 420
As=p*b*d=0.003217 * 1000 * 224= 720.7 mm?

As (mm2) m Rn(Mpa) p Mu

720.7 20.59 1.3 0.003217 59 KN.m

= Check Minimum Reinforcement As min...(ACI- 318M-08 — (10.5.1) )
As min=p_ *b*h  =0.0018*1000*250 = 450mm’ (control)

AS > ASmin

ASmin =450 mm2 < Asreq =720.7 mm2 .OK .

Use @12
#0f ®12 =22 = (720.2/113.1) =6.37

Apgr
Spacing(S) = (1/ 6.37) = 0.157 m= 157 mm
take 6 ®12/m or ®12@150 mm
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step (' s) is the smallest of :-

280

<380 ()-25*Cq
<380 * (_i’ )—2.5%20 =380 * (_j"ﬂ ) — 2.5* 20 = 330mm
< 300 ( iff ) =300 * (232’_ )= 300 * (z——)=300mm (control)
<450 mm. 5 5
AS min S (mm)
450 mm2 157 mm

Use @12 @ 15 cm C/C in main directions.

( Temperature and Shrinkage ) :

— p=0.0018
As min=p,. *b*h  =0.0018*1000*250 = 450mm?  (control)

Use ®10
#0f D10 = ereq — (450/78.54) =5.73— Spacing(S) = (1/5.73) =0.175 m = 175 mm

A;ﬂ."
take 6 ®10/m or ®10@150 mm

step (' s) is the smallest of :-

<5*h=5*250=1250 mm

<450 mm. . (control)
AS min S (mm)
450 mm2 175 mm

take 6 ®10/m or ®10@150 mm
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4-10: Design of Two way solid slab (S1C) :-

e Check Thickness of the slab:-

C1C 20

T3 1

121
e, A
4 D
4 NG

Ja X
P D
, 0
] 1
T T
)] O
\ A
) 0
<
r~
Y
cse  B3C(T100x60)
(4-1): Two way solid slab
Short direction (m) Long direction (m)
6.50 7.05

e Minimum thickness (deflection requirement):

- For slabs of this type the first trial thickness of often taken equal to:
hmin = panel perimeter/180
hmin = 2(7.05+6.5)/180 = 0.151m , take h=16 cm
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- check for minimum thickness of the slab:

R- beam:
20
=
[ |
* hAN * N\
|b=b "3 _ 20720073 _ 13333333 cm*
12 12
Ip (cm")
13333333
T- beam:
100
w
(a8
o
\O
60
- 40*35*17.5+60*60*30 6.5 cm
40*35+60*60
* N\ * VAN * N\
|b:100 26.5"3 N 40*8.5"3 +60 33.5"3 _ 1380417 cm’®
3 3
y. (cm) I, (cm?)
26.5 1380417

Slab section For Exterior beam:

- Short direction:

L=6.5m=650cm

|- (650/2+50)*16"3
.=

12

= 128000 cm*
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- Long direction:

L=7.05m=705cm

* N
| = (705/2 +50)*16"3 _ 137387cm’”
12
l, (cm?) short direction l, (cm®) long direction
128000 137387
afl
& 2
= =
af3
- I(beam)
I(slab)
_ 13333333 _ o o, = 13333333 _ 10,5
™~ 137387 27 7128000 '
o . = 1380417 _ o, = 13333333 _ 10,
8~ 137387 ™~ "128000 '
fm = 97+104'2;:10+104'2 =78.9 > 2, the minimum slab thickness will be:
In (o.8+ﬂ) 7050 (O.8+ﬁ)
h= 1400° - 1400" —169 mm < 200 mm..... OK

36+98 36 +9*1.085

Take slab thickness h slab =200 mm

L3 0 03 04 Ofm

h (mm)

97 104.2 10 104.2 78.9

200
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e Load Calculation :-

- Determination of Dead load:-

material :}SNaTmm%: KN/m2
tiles 23 23*0.03 =0.69
morter 22 22*0.03 =0.66
sand 16 16*0.07 =1.12
R C solid 25 25*0.2 =5
plaster 22 22*0.03 =0.66

Total dead Load

DL = 8.13 KN/m?
Wp = 1.2*8.13 = 9.76 KN/m?
WT=9.76 + 8 = 17.76 KN/m?

LL = 5 KN/m?
w, = 1.6*5 = 8 KN/m?

Factored dead load

Factored Live load

Total Factored Load

9.76 KN/m®. 8 KN/m®. 17.76 KN/m*
e Moment Calculation:
L./L,=6.5/7.05=0.92......... Case 1
Capos/d|=0.043 Cbpos/d|=0.0306
Lo/Ly Capos/di CDbposa Caposl Cbyosni
0.92 0.043 0.0306 0.043 0.0306
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e Positive moment:

Ma+ve = (Cag*Wg*La®)+(Cay *W *La’%)
= (0.043*9.76*6.5%)+(0.043*8*6.5%)=32.3KN.m
Mb+ve = (Cbg*Wg*Lb?)+(Cby *W *Lb?)
= (0.0306*9.76*7.05%)+(0.0306*8*7.05%)=27.01KN.m

Ma+ve Mb+ve

+32.3KN.m +27.01 KN.m

e Negative moment @ discontinuous edge :

- Short direction:
Ma,neg =1/3* positive moment =1/3*32.3 =- 10.8 KN.m
Take ® 10@ 200 mm or SP10/m

- Long direction:
Mb,neg =1/3* positive moment =1/3*27.01 =-9.0 KN.m
Take ® 10@ 200 mm or SP 10/m

Ma,neg For short direction | Mb,neg For long direction

-10.8 KN.m -9 KN.m
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-OKN.m

+27.01KN.m

-10.8KN.m
+32.3KN.m

-OKN.m

-10.8KN.m

Moment diagram Of Tow Way Solid Slab

e Design of two way solid slab:

e Design for Positive moment :

- Short direction
Mu = +32.3 KN.m

d:ZOO—ZO—% =175 mm

m=_1 - 40 _s5g
0.85* fc 0.85*24

*1N-3
M _ (323109)*10° _ ) 10 1o

Rn = 5= >
b*d?  1000*(0.175)
_ 1. _2mRn
p= (1- 1 y )
p=_L (1- \/1-—2(1'172)(20'6) ) = 0.0028754
20.6 420

As,req = 0.0028754*1000*175 = 504 mm?> As,, = 360 mm?
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As,min = 0.0018*b*h = 0.0018*1000*200 = 360 mm?
As,req = 504 mm?

Use ® 10 , As = 78.54 mm’

n= As,provide _ 504 _ 6.4
As 78.54
The step of main reinforcement s = 1= 6i4 =0.156
n

Take ® 10@150mm or 7 ® 10/m
S =160 mm < 2*h = 2*200 = 400 mm < 450 mm

d (mm) m Rn (Mpa) p As(mm2) | As min(mm?2)
175 20.6 1.172 0.0028754 504 360

e Design for Positive moment :

- Long direction:
Mu = +27.01 KN.m

d=200—2o—% =175 mm

m=_ ¥ - 40 _o95

© 085*fc  0.85%24

Mn _ (27.01/0.9)*10°°

Rn=_Mn - ) = 0.980Mpa
b*d 1000*(0.175)
_ 1. | 2mRn
p=—(- 11 )
o= L - \/1_ 2(0.980)(206) y — 5 0023923
20.6 420

As,req = 0.0023923*1000*175 = 419 mm?> As,, = 360 mm?
As,min = 0.0018*b*h = 0.0018*1000*200 = 360 mm’
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As,req =419 mm?

Use ® 10, As = 78.54 mm’
n= As,provide _ 419 _

AS

=5.33
78.54

Take ® 10@ 150 mm or 6 ® 10/m
S =150 mm < 2*h = 2*200 = 400 mm < 450 mm

d (mm) m Rn (Mpa) p As(mm2) | As min(mm?2)
175 20.6 0.980 0.0023923 419 360
echeck for shear:
Vud = (%—d)qu
6.5
Vud = (7 ~0.175) % (17.76) = 53.41KN
ANe = %\/ﬂ x1000x175*10°—3 =107.2KN
1/2Vec = 53.6KN
% Ne > Vu . 536KN >53.41KN
For solid slab, the thickness of the slab will be enough
d (mm) gvc 172 pVc Vud
175 107.2 KN 53.6 kKN 53.41 KN
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4-11: Design of Two way ribbed slab (R2B) :-

e Check Thickness of the slab:-

|lI B | Deam

(=]
o

Q uwreaq J |

[CEE

(8] 2] T beam :

(4-2) : Two way ribbed slab

Short direction (m)

Long direction (m)

9.5

9.95

e Check the thickness for slab :-

- Slab section for Exterior beam:

54

14

95
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54*8*4+35*14*17.5

Ye = =12.2cm
40*8+14*35
* N\ * N * N\
Irib:54 12.2"3  40*4.2"3 +14 22.8"3 _ 87008.4 cm®
3 3
12.2 87008.4
T Beam
100
60
_ 40*35*17.5+60*50*25 _
Ye = =22.6 cm
40*35+60*50
* VAN * N * N
|b:100 22.6"3 N 40*12.4"3 +60 27.4"3 — 821611 cm®
3 3
22.6 821611
L Beam:
* * * *
ye= 50*50*25+30*35*17.5 —22.8em
50*50+35*30
* /\ * VAN * N
Ib=80 22.8"3 + 30*12.2"3 +50 27.2"3 = 669615 Cm4
3 3
22.8 669615
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e For Interior Beam:
- Short direction L = 9.5m = 950cm
ls = lin *( L/2 + by, )/ by =87008.4 *( 950/2 + 50)/54 = 845915 cm”
- Long direction L = 9.95m = 995cm
ls = lip *( L/2 + by, )/ by =87008.4 *(995/2 + 60)/54 = 898281 cm’
Is short (cm”) Is long (cm”?)
845915 898281
I o ,4’4.
Y alals .:-.@’f. =
N r'/ !I
Vil 2t i3
) =
_ I(beam)
I(slab)
o= 669615 _ 0.75 o= 821611 _ 0.97
898281 845915
o = 821611 _ . o= 669615 _ 0.79
898281 845915
o = 0.75+0.97Zo.91+ 079 _ 0.86< 2
9950 (o.8+ﬁ)
= 1400° =300 mm <350 mm OK
36 +5*1.047(0.74—-0.2)
So select h =35 cm with 8 cm topping and 27 cm rib.
a1 (0 73 a3 ay Ofm h (mm)
0.75 0.97 0.91 0.79 0.86 350
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e [ oad Calculation :-
- Determination of Dead load:-
Load Calculations for Two way rib
slab
material gama h b b KN/Rib
tiles 23 0.03 0.54 0.54 0.2012
morter 22 0.03 0.54 0.54 0.1925
sand 16 0.07 0.54 0.54 0.3266
block 9 0.27 0.4 0.4 0.3888
R CRib 25 0.27*0.14*(0.54+0.4) 0.8883
topping 25 0.08 0.54 0.54 0.5832
plaster 22 0.03 0.54 0.54 0.1925
partions 1.0 1.0*0.54*0.54 0.2916

Nominal Total Dead Load = 3.065 KN/Rib
DL = 3.065/(0.54%) = 10.51 KN/m?

Nominal Total live load = 5 KN/m?

-Determination of factored dead & live load:

Factored dead load = 1.2*Dead load = 1.2*10.51 = 12.61 KN/mZ.
Factored Live load = 1.6*live load = 1.6*5 = 8 KN/m®.

Total Factored Load = 12.61 + 8 = 20.61 KN/m?
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Factored dead load Factored Live load) | Total Factored Load

12.61 KN/m®. 8 KN/m”. 20.61 KN/m*
L/L,=9.5/995=0095........... Case 1
Capos/d|=0.04 Cbpos/d|:0.033
I—a/ I—b Capos/dl Cbpos/dl Capos/ll Cbpos/ll
0.95 0.040 0.033 0.040. 0.033

e Positive moment:

-Short direction
Ma+ve=(Cag*Wqy*La’*0.54)+(Ca; *W ,*La**0.54)
=(0.040*12.61*9.5%*0.54)+(0.040*8*9.5%*0.54)=40.2KN.m/Rib

-Long direction
Mb-+ve=(Chgy*Wqy*Lb?*0.54)+(Chy, *W ,*Lb**0.54)
=(0.033*12.61*9.95%*0.54)+(0.033*8*9.952*0.54)=36.4KN.m/Rib

Ma+ve Mb+ve
40.2KN.m/Rib 36.4KN.m/Rib

¢ Negative moment @ discontinuous edge :

- Short direction:
Ma,neg =1/3* positive moment = 1/3*40.2 = -13.4 KN.m/rib
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- Long direction:
Mb,neg =1/3* positive moment =1/3*36.4 = -12.13 KN.m/rib

Ma,neg For short direction | Mb,neg For long direction

-13.4 KN.m/rib -12.13 KN.m/rib

-13.4KN/m

+40.2KN/m

-12.13KN/m -12.13KN/m
+36.4KN/m

-13.4KN/m

Moment diagram Of Two Way Ribbed Slab

e Design of two way ribbed slab:

echeck for shear:

Vud = (% —d)xWux0.54

vud = (g —0.312) x (12.61+8)x 0.54 = 46.61KN /rib

AVC = %\/ﬂ x 140 x 312*10"-3 = 26.75KN
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1.14Vc = 29.42KN

Wsmin:ngxd z%xﬁxb\wd

#Vsmin = O';S x0.14x 312 =10.92KN,,, control

> 01'25 /24 % 0.14x 312 =10.03KN

0.75

@Vs' 3 x~/24 x0.14%x 312 =53.5KN

1.1¢Vc + gVsmin <Vu <1.14VC + gVs'
29.42+10.92 < 46.61<29.42+53.5
40.34 < 46.61<82.92

A _ V.

S Fy*
Take Av=2 ®10=157.1 mm?2

Vs=(Vu/®) — V¢ = (46.61/0.75)-39.42=22.72 KN

g = Av*Fyt*d - 157.1*420*312 — 907mm
Vs 22.72*10"3

S =380 mm

S < d/2=312/2 =156 mm
<600 mm.

Use stirrups U-shape (2-legs) ® 10@ 15¢m C/C.

Vud gvc Vs min gVs' Vs S
46.61KN/rib | 29.42KN | 10.92KN | 535KN [ 22.72KN 15cm

e Design for Positive moment :
- Short direction:
Mu = +40.2 KN.m/rib

101



Structural Analysis & Design

Chapter 4

d=350—20—10—%=312mm

m=_—Y = %9 _s4
0.85* fc'  0.85*24

RN = _ (40.2/0. 9)*103—085Mpa

b*d2 0.54*(0.312)° '
1 2mRn
= 1 - l_

p=—( Y )

p= i(l - \/1 w) 0.002068
20.6 420

As,req = 0.002068*540*312 = 348.4mm?> As,, = 145.6mm?

(r)<b 19> o)

i

i 140)(312) =127.4 mm?
Smln 4(420)( )( )

14(

As >0 140)(312) =145.6mm* > 127.4 mm?

min

select (2) bars @ 16, As = 402 MM*> 348.4mm°  OK

d (mm) m Rn (Mpa) p As(mm?2)

As min(mm?2)

312 20.6 0.85 0.002068 | 348.4

145.6

- Check strain
Tension = Compression
A x fy=0.85x f_'xbxa

402x420=0.85x24x540x a
a =15.33mm

_15 33—18 03

0.85
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312-18.03

& =
18.03

- Long direction:
Mu = +36.4 KN.m/rib

d=350—20—10—%=312mm

% 0.003 = 0.0489 > 0.005...0k

m=_0 = 40 _54
0.85* fc'  0.85*24
Rn= Mn - (64/0907_ 769y
b*dz 0.54*(0.312)° '
1 2mRn
= 1 - J—
p=—(1-.1L Y )
_ 1. \/ 2(0.769)(20.6) ) = 0.0018669
20 6 420

As,req = 0.0018669*540*312 = 314.5mm?> As,.

I fua) =

4(ty)

As N 24

14(

As 1

min

select (2) bars @ 16 , As,provided = 402 MM* As req> 314.5 MM’

mn = 4(420)

(bW)(d )

(140)(312) =127.4 mm?

120 40)312) = 145.6mm*> 127.4 mm?

= 145.6 mm?

OK

d (mm)

Rn (Mpa)

p

As(mm?2)

As min(mm?2)

312

20.6

0.769

0.0018669

314.5

145.6
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- Check strain

Tension = Compression

A, x fy=0.85x f,/'xbxa
402x 420 =0.85x 24 x540x a
a =15.33mm

c=22 1503
0.85

~312-18.03

&, % 0.003 = 0.0489 > 0.005...0k
18.03
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4-12: Design of Column (C18A):

IE
=
| ] & ] ] I;
oAl Bl e 1 13 %
] SILE
=t
AT
S— =
T \Y R2A ;
L B = = At
Zhg NI SEEN
2B fie SWAT |—T |
SWAR '/ 4 )
oo 52 i s ai aad] —_—
16} 1™ { K 7 1 204
\ 2 7 7
Nl
M R3A ——
_r._m_m Ta
T 22
LT [ a—
C26A €274 Cata €204

(4-3) :Place Of Column (C18 A)

e Design of Column (C18A):
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column Beam (13 ) Load On Footing |DL LL DL(S) LL(S) |Fatored =DL + LL Factored=DL+LL+Weighi Total Service

B it Floor DL 1019.64 1019.64| 455215 222284 379346 1389.28] 6774.99 6984.15 5357.0333
LL 61255 612.55
Beam (30 ) Load On Footing
Floor DL 101881 1018.81
LL  614.02 614.02
Beam (53 ) Beam (65 ) Load On Footin
First Floor DL 15815 59.11 1ﬁ 25137 996.27 3509.97 3622.11
LL  664.94 0 664.94
Beam (78 ) Beam (93 ) Load On Footing
columni8 S dFloor DL 34986 523.23 873.09 873.09 331.33 1204.42
LL 106.58 22475 331.33
Load On Footing
Third Floor DL 0 0
LL 0
Load On Footing
Forth Floor DL 0 0
LL 0
Load On Footing
Roof DL 0
LL 0

Load Calculation for Column

Col.18A 70cm*60cm 24 Mpa 420Mpa

e Load Calculation:

Pu = 6984.2KN
Usep = pg = 2%

Pu = 0.65*0.8*{0.85* fc' (Ag — Ast) + Ast( fy)}

6984.2*10° = 0.65*0.8*[0.85* 24* (Ag —0.02Ag) + 0.02 Ag * 420]
Ag = 473060mm?

Ag =700*a

473060 = 700*a

a=675.8mm

Use 700 x 600mm with Ag = 420000mn??

6984.2 0.02 473060 mm? 675.8 420000 mm?
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e Selecting longitudinal bars:

Pu =0.65*0.8*{0.85* fc'(Ag — Ast) + Ast(fy)}
6984.2*10° = 0.65*0.8*[0.85* 24 * (420000 — Ast) + Ast * 420
Ast =12169mm?

Take 20 28, As,provided = 12319 mm® > As,req = 12169 mm?

Ast
- %=0.029331
A - AJ — 420000
()] Ast, required 9
0.65 12169 mm? 0.029331

e Design of Ties:
- Use ties @10 with spacing of ties shall not exceed the smallest of
1. 48 * ds =48 * 10 = 480mm
2.16 * db =16 * 28 = 448 mm - control

3. the least dimension of the column = 600 mm

Use ties @10 @ 300mm
ds(mm) db(mm) S(mm)
®10 ®28 300

e Check for code requirements:

_ *x9 *9 _ _E*
1. Clear Spacing = 600 - 40*2 410 2-5728 = 90mm > 40mm>1.5db - OK

2.0.01< pg =0.029331<0.08 -OK

3. Number of bars 20 > 4 for rectangular section — OK
4. Minimum tie diameter ds = ®10 for db = ®28 bars — OK
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5. Arrangement of ties 90mm < 150mm — OK

90 mm 20 0.029331 ®10 D28

e Check Slenderness Effect:

TE34-1200 ACI —(10.12.2)

Lu: Actual unsupported (un braced) length.
K: effective length factor (K= 1 for braced frame).

|
R: radius of gyration=0.3 h = \/;
Lu=3.64-(-0.78) -1.2=3.22m

M1/M2 =1 (Braced frame with M,min)
K=1, According to ACI 318-02 The effective length factor, k, shall be permitted to be taken

as 1.0.
Klu g oMY s ACI — (10.12.2)
r M2
*x
Klu _1%3.22 1,9 25 - 40....0k
rx 0.3*0.6
*
Klu _1%3.22 153 _ 55 40,0k
ry 0.3*0.7

Short column in both direction

3.22 1.0 1.0 17.9 15.3
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Col(18A)

10
10
. o 9. 0 0 o o i
b / 10
® .
° °
) [}
e o ®» o 0 o o 62
10
- 62
1-
62

(4-4-1): Section of Column (C18A)

A-Coll8

1248
famiananas

lied @10G25 %
~LeCf NES 3

|58

_— [ Tied @ 10625

miE ===

== = [ 18618 @
& —8— 2
S| [

¥
Tied @10:@10

1ied 8 10G30 0
20828

lied 2106210

(4-4-2): Section of Column (C18A)
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4-13: Design of Stairs (ST1A)

c) B
" 'B41A
& 3
STIA
s ([L2A L1A
ST2A
(c - B
) STAIR (14)
1:25

(4-5) : Stair (ST1A)

e Determination of Thickness:
height = 3.64 m
Rise = 3.64/22 =16.5cm

height rise run LL

fc'

fy

3.64m 16.5cm 30 cm

3 KN/m2 |24 Mpa

420 Mpa

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

h,min =L/ 20

hmin=5/20=251cm ............. take h=25 cm.
= Use h =25cm.

0 = tan(16.5 / 30) = 28.8°

h,min (cm) 0

25 28.8°

110



Structural Analysis & Design Chapter 4
e Load Calculations
Dead Load calculations of Flight
material gama run rise t(m) KN/m
tiles 27 0.165 0.35 0.03 1.3905
mortar 22 0.165 0.3 0.03 1.023
str.stp 25 0.165 0.3 0.3 2.0625
RC 25 0.25 0=28.8 7.1322
Plaster 22 0.03 0=28.8 0.03 0.75316
Total load(DL) KN/m
Live load (LL) = 3 KN/m2
Dead Load calculations of Landing
material gama h(m) b(m) KN/m
tiles 23 0.03 1 0.69
mortar 22 0.03 1 0.66
RC 25 0.25 1 6.25
plaster 22 0.03 1 0.66

Total load (DL)

—

Live load (LL) =3 KN/m2

Total Factored load,,,, (W =1.2DL + 1.6LL)
For Wy, » W=1.2*12.36+ 1.6*3 = 19.63 KN/m

For w W =1.2*%8.26+ 1.6*3 = 14.71 KN/m

landing !

Wflight (KN/m)

Wlanding (KN/m)

19.63

14.71
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- Structural System Of Flight :

19.63 KN/m

30.8 KN

28.1 KN

0.9 3.0 1.125

Check for shear strength For Flight:

Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20-14/2 =223 mm
Vu =30.8KN

~0.75*/24*1000* 223
6

Vu=30.8 KN < 0.5* ¢vc=68.28 KN .

Yo =136.56KN /m

Thickness is adequate enough

db (mm) h(mm) d (mm) Vu (KN)

#Vc (KN)

D14 250 223 29.5

136.56
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e Design of Flexure:

Moments: spans 1to 1

251 51.8 251

Shear

-28.1

30.8

(4-8): Envelope diagram Flight (ST1A)

- Design for Flight:

Mu =51.8 KN.m

Mn =Mu /0.9 =51.8/0.9=57.6 KN.m/m
d=h-20-db/2 =250 -20—-14/2 =223 mm

"
b-d
* 6
R, = 210" ) 16mPa |

" 1000*223?
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m = fy
0.85x fc'

m = 420 =20.6
0.85x24

1 2mR *20.6%
p=1o 1M 1 1—\/ _ 272067116 1 _ ) ho0ga1
m i ] 206 420

As,,=0.002841*1000*223 = 633.52 mm?%/m > As . = 450mm*/m.... OK
As_. =0.0018*b*h = 0.0018*1000* 250 = 450mm? /m
Use ® 14 then,

N=63352/154=411 , S=1=_1 =-0243
n 411
Mu(KN.m) m Rn p ASreq(mm?) | ASmin(mm?) | S(mm)
54 20.6 | 1.16Mpa |0.002841 | 63352 450 200

Take 5 ®14/m with As =770 mm2/m strip OR
Use 1® 14 @ 20 cm c/c
- Step ('s) is the smallest of :-

1. 3*h =3*250=750 mm
2. 450 mm
S380(%’)—2.5*CC

5380*($)—2.5*20 =380 * () —25*20=330mm
5}- 58 s
< 300 (

el
=

) =300*(-)= 300 * (z—_;) =300 mm ... (control)

;f} ¥ 42

114



Structural Analysis & Design

Chapter 4

- Check for strain:

Tension = Compression

A *fy=0.85*fc'*b*a
770*420=0.85*24*1000*a
a=15.85mm
c= a_ 1585 =18.65mm
p 0.85

. - 223-18.65

) 18.65
g, =0.03287 > 0.005—— ok

*0.003

770

e Temperature & Shrinkage reinforcement:

ASShrinkage

Take 3 ®14/m with As =416.7 mm2/m strip

Use 1® 14 @ 30 cm c/c

- Step ('s) is the smallest of :-
1. 5*h =5* 250 = 1250 mm

2. 450 mm — control

450

=0.0018x bx h = 0.0018 x1000 x 250 = 450mm*/m

n=450/154=292 , S=
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WRA = 30.8 KN/m , WRB = 28.1 KN/m

- Design for landing (L2A):
30.8 KN/m 30.8 KN/m

14.71 KN/m

1.425 _ 0.2 1.425
3005

Structural System Of Landing (L2A)

Moments: spans 1to 1

\ 1.52 48.3 1.52

-50.6

-66.3

50.6

66.3

(4-9): Envelope diagram Of Landing (L2A)

Vu =50.6 KN/m
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- Check for shear strength (L2A):

Assume @ 14 for main reinforcement:-
d=h-20—-db/2=250—-20-14/2 =223 mm

_ 0.75*/24*1000* 223
6

Yo =136.56KN /m

vu=50.6 KN/m< 0.5* ¢vc=68.28 KN/m .

- Thickness is adequate enough

- Calculate the maximum bending moment:

Mu = 48.3 kN.m/m

Mn =Mu/0.9=48.3/0.9 =53.7 KN.m/m

d=h-20-db/2 =250 -20—-14/2 =223 mm

Mn

R ="
" p-d?

n _ 537*10°
" 1000*223?

__ W
0.85x fc'

=1.08MPa .

m = 420 =20.6
0.85x24

1 2mR *20.6*
p=—|1- 1-=—> _ L 1-\/1-M =0.002643
m f, 20.6 420

As,., = 0.002643*1000%223 = 589.38 mm?/m> As,,, = 450mm2/m..
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As .. =0.0018*b*h = 0.0018*1000* 250 = 450mm?/m

Use @ 14 then,

n=589.38/154=383 , S==-=_—"—"=0.261m

Take 4 ®14/m with As,provided = 615.6 mm2/mstrip OR
Use 1® 14@ 25 cm c/c

Mu(KN.m)| m Rn p ASreq(mm?) | ASmin(mm?) | S(mm)
48.3 20.6 |1.08 Mpa |0.002643 | 589.38 450 | 250

- Step ('s) is the smallest of :-

1. 3*h = 3* 250 = 750 mm

2. 450 mm

<380 (2)-25*Cq

5380*(§)—2.5*20 =380 * (=) — 2.5 * 20 = 330mm
g F

—x 220
< 300 (%) =300 * (ii;) = 300 * (£=2-) =300 mm (control)

—= 420
=

- Check for strain:
Tension = Compression

A *fy=0.85*fc'*b*a
615.6*420 =0.85*24*1000* a
a=12.67mm
C =i:@:14.9mm
S 0.85

223-14.9

& =————
14.9

g, =0.04189 > 0.005—— ok

*0.003

As (mm?) a (mm) ¢ (mm) &,
615.6 12.67 14.9 0.04189
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e Temperature & Shrinkage reinforcement:

ASpriniage = 0-0018 x b x h = 0.0018 x 1000 x 250 = 450mm?
_ _ _1_ 1 _
n=450/154=292 , S=-=_—"— =0.34m
n 292

Take 3 ®14/m with As =416.7 mm2/m strip OR
Use 1® 14 @ 30 cm c/c

Step ('s) is the smallest of :-

1.5%h =5* 250 = 1250 mm
2. 450 mm — control

As (mm*) | S(mm) n db (mm)

Shrinkage

450 300 3 D 14

e Design for landing (L1A):

28.1 KN/m 28.1 KN/m
L Ll Ll
14.71 KN/m
-
1.425 . 0.2 1.425
3.05

Structural System Of Landing (L1A)

Moments: spans 1to 1

1.52 45.7 1.52 \
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Shear

-62.5
-47.7

471.7
62.5

(4-10): Envelope diagram Of Landing (L1A)

Vu =47.7 KN/m
- Check for shear strength(L1A):

Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20-14/2 =223 mm

~ 0.75*+/24*1000* 223
6

vu=47.7 KN/m < ¢vc=68.28 KN/m.

Ve =136.56KN /m

- Thickness is adequate enough

- Calculate the maximum bending moment:

Mu = 45.7 KN.m/m

Mn =Mu /0.9 =45.7/0.9 =50.8 KN.m/m

d=h-20-db/2 =250 - 20— 14/2 =223 mm
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Q- M
b-d
* 6
R, = 080" _; 135Mmpa .
1000*223
o
0.85x fc'
420

m = =20.6
0.85x24

p:il— 1_2mRn _ 1
m f, 20.6

o

2*20.6*1.135
420

j =0.002781

As,,, = 0.002781*1000%223 = 620.2 mm* /m > As,, = 450mm?/p.... OK

As_. =0.0018*b*h =0.0018*1000* 250 = 450mm?* /m

Use @ 14 then,

n=620.2/154=403 , S===-—--=0.248
4.03
Take 4 ®14/m with As,provided = 615.5 mm2/mstrip OR
Use 1® 14@ 25 cm c/c
Mu(KN.m)| m Rn p ASeq(mm?) ASpin(mm?) | S(mm)
45.7 20.6 | 1.135Mpa | 0.002781 620.2 450 250

- Step ('s) is the smallest of :-

1.3*h =3* 250 = 750 mm
2. 450 mm
§380(2fi;:’)—2.5*cC

5380*(§)—2.5*20 =380 * (=) —2.5* 20 = 330mm
¥

== 420
B

< 300 (%) =300 * (%) = 300 * (=) =300 mm (control)
kS ; ¥ Z

—&
B
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Check for strain:
Tension = Compression

A * fy =0.85* fc' *b*a
615.5*420 =0.85*24*1000* a
a=12.67mm

c=2 125714 9mm

B, 085
. 223-14.9
° 14.9
&, =0.04189 > 0.005—— 0k

*0.003

As,provided a (mm) ¢ (mm) &,
(mm?)
615.5 12.67 14.9 0.04189

e Temperature & Shrinkage reinforcement:

As

Shrinkage

n=450/154=292 , S=>-=—-=0.34m

Take 3 ®14/m with As = 416.7 mm2/m strip

Use 1® 14 @ 30 cm c/c

- Step ('s) is the smallest of :-

1. 5*h =5* 250 = 1250 mm
2. 450 mm — control
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450 300 3 D 14

1.97 3.00 2.4

(©) U-Shape
070830 1=141 /
; +5.4

80

R I AR T

- 21 ] H#:.‘.—l E

|

CIJQEEZ

S

o

1

0.

() U-Shape
910930 L=141

60
21
60

®

@ L=150 o
8145
o 15 Lo
dm
@ L=110

15
@ L=260 @

@ 15 & L=190 \_#14@30 L=375
@ ‘. Q..
414830 1=305 oy,
@ L=100 s @

914230 1=200

#14@20 L=800

® L=240 ps @

SECTION (A-A)

STI1A
1:25

(4-6-1): Section Of Flight

123



Structural Analysis & Design Chapter 4

SECTION (B-B)
L1A

152
25
214829 214625 914830
+3.64 /
Se—soe L S o 1
- — F
Lhaad 1
80 S 3
)-Shape
030 L=8
K
ose
DL=3 -
15 1,3 814830 L=345
) L=315 4
14925 L=345

SECTION (C-C)

L2A
1:25
(4-6-2): Detail Of Landing (L1A)& (L2A)
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4-14:Design of footing (F 14):

e Design of Isolated footing (Under Col. 18A):

Once the ultimate column or load is determined, the proper footing can be
designed. The following subsections describe the analysis and design of footing.

60

A A 20828
/ ’\ 70

Surcharge = 5 KN/m2 / Section A-A

£/ fy

24 Mpa 420 Mpa

e Load Calculation:-

- From column (18A): (DL &LL)
* Service dead load ( DL) = 3967.3 KN

* Service live load (LL) = 1389.3 KN
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* Service Surcharge = 5 KN/m?

* Column dimensions =70 cm*60 cm

* Allowable soil pressure = 400 KN/ m?2

* Soil density = 20 KN/m3

* Soil weight = 0.5*20= 10 KN/ m?2

DL(KN) | LL(KN) | Service Column all. soil pressure Soil density | Soil weight
Surcharge | dimensions
3967.3 1389.3 | 5 KN/m? (70*60) cm | 400 KN/ m? | 20 KN/m3 | 10KN/ m?

e Calculating the weight of footing, soil, and Surcharge :

- Weight of footing ( assume

=1.0*25 = 25 KN/m?

Wfooting

h

- Total Surcharge load foundation:
WT =10 + 25 + 5 = 40 KN/m?

- Net soil pressure %
0, = 400 — 40 = 360 KN/m?

- Required sizes of footing:

A required = Py -

3976.3+1389.3 _ 14.88m?

360

net

Try 3.9* 3.9 Area=15.21 m2
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e Depth of footing and shear design:

Pu =1.2DL +1.6LL =1.2*%3967.3 + 1.6*1389.3 = 6984.2 KN

Chapter 4
hfooting Wfooting Wsoil WT qnet ArreqUIred
100 cm 25 KN/m? | 10 KN/m2 | 40 KN/m2 | 360 KN/m2 | 14.88m?

Tributary area for
one-way shear

= 09842 _ 4592 KN/m?
15.21
Try area Pu qu
3.9m*3.9m 6984.2 KN 459.2 KN/m?
e Determine the Depth of Footing Based on Shear H )
Strength:- — N _
Inclined crack ] ‘
e Check for One Way Shear Strength Critical sabtion for f,
one-way shear ™ Pl
Vu=(I——§—dj*qu*b=(£—%—dJ*459.2*3.9 V/
2 2 2 2
d
gVe =%\/ﬂ*3.9*d*103 cmm\ﬂ' /
Let, Ve =Vu /
d =0.71m
h=710+75+20 =805mm
One-way shear. I
Try h=850 mm .....d =850 — 75 — 20= 805 mm
L)) d (mm) h (mm) Try h(mm) Try d (mm)
0.75 710 805 850 805
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e Check for Two Way shear Action (Punching).

- The punching shear strength is the smallest

value of the following equations:

1 2 !
¢.\/C = ¢E(1+ Zj\/?bod

Critical section
for two-way shear ™

1 o '
V. =¢—| —+2||/f. bd
¢ [+ ¢12(b0/d + j C o)
v =¢.§w/ f.'b.d
Where:

_ Column Length (a) 700
¢ ColumnWidth (b) 600

=1.167

]

~

Inclined crack

Tributary area for
two-way shear

Two-wav shear.

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

=2(0.7+0.755)+2(0.6+0.755)= 5.62 m.

for interior column

1, 2\ [.7 0.75 2
Ve =¢.=|1+— |/ f. bd = * 1+
Pe ¢6[ ,6;) °e 6 [ 1.167

)* 24*5.62*0.755*10° = 7051.4kN

! *
PN = ¢.112(b0‘;d + 2}/1T b,d = 01';5 *(40 0.7%5 2}* 24*5.62*0.755%10° = 9579.71kN

5.62

oV, = ¢%\/T b,d = %* 24*5,62*0.755*10° = 5196.7kN

ﬂC bo (m) “lg

Ve (KN)

1.167 5.62 40

5196.7
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Try h=900 mm. d=900-75-20 = 805 mm

b, = 2(0.7+0.805) + 2(0.6+0.805) = 5.82 m
VU = ((3.9%*3.9) — (0.7 + 0.805) * (0.6 + 0.805)) * 459.2 = 6013.4kN

oV, = ¢%ﬁ b,d = %* 24*5.82*0.805*10° =5738.1kN ..... Control

Vu=6013.4KN > ®Vc =5738.1KN......ccccuue..... OK
h (mm) d (mm) b, (M) Vu (KN) | ¢V. (KN)
900 805 5.82 6013.4 5738.1
Try h=950 mm. d=950-75-20 = 855 mm

b, = 2(0.7+0.855) + 2(0.6+0.855) = 6.02 m
VU = ((3.9%3.9) — (0.7 + 0.855) * (0.6 + 0.855)) * 459.2 = 5945.5kN

oV, = ¢%JT b,d = %* 24*6.02*0.805*10° = 8405.2kN ... Control

Vu=5945.5KN < ®Vc =8405.2KN......cccccu...... OK
h (mm) d (mm) b, (M) Vu (KN) #V. (KN)
950 855 6.02 5945.5 8405.2

Design for Bending Moment of long direction.

h (mm)

d (mm)

b(m)

950

855

d = 950-75-20 = 855 mm

Mu =459.2*3.9*%1.65*1.65/2 = 2437.8 KN.m

e

420

"~ 085*fc  0.85*24

=20.6
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_ Mu/g _ 2437.8*10°/0.9

Rn : >—=0.95 Mpa
b*d 3.9*(0.855)
1 2mRn
==-(1- 1-
p=— 1 y )
p=_1 (1- \/1_—2(20'6)(0'95) ) = 0.0023174
20.6 420

ASreq = 0.0023174 (3900) (855) = 7727.3mm?> ASmin = 6669mm?..... OK

ASmin =0.0018*b*h == 0.0018 (3900) (950) = 6669 mm?

Take 39® 16 , As,provided =78.5cm? > As,required = 77.27 cm?

_ *9 _ *
g= 3900 75382 39 16:82.3 mm

- Step(S) is smallest of:

1. 3h = 3*950 = 2850 mm
2. 450 mm - control
S =82.3mm < S,max =450 mm - OK

Mu(KN.m)| m Rn p ASreq(mm?)| ASmin(mm?*)| S(mm)
2437.8 20.6 | 0.95Mpa | 0.0023174 | 7727.3 6669 82.3

- Check strain

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

7850x 420 =0.85x24x3900x a
a=41.5mm
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c= a5 _ 48.8
0.85

& = 855488 1.003 = 0.04956 > 0.005...0k

48.8

As (mm?) a (mm) ¢ (mm) &,

7850 415 48.8 0.04956
¢ Design for Bending Moment of short direction:
h (mm) d (mm) b(m)
950 855 3.9

d =950-75-20=855 mm

Mu =459.2%3.9%1.6%1.6/2 = 2292.3 KN.m
m=_¥ - 40 _5p

0.85* fc 0.85*24
_ Mul/g _ 2292.3*107%/0.9

Rn = s = —=0.893 Mpa
b*d 3.9*(0.855)
_ 1. |, 2mRn
=y -yt
o= L - Jl—w) = 0.0021758
20.6 420

As,req = 0.0021758 (3900) (855) = 7255.2 mm?> As,min = 6669mm?..... OK

As,min =0.0018*b*h == 0.0018 (3900) (950) = 6669 mm®

Take 37® 16 , As,provided = 74.4cm? > As,required = 72.55 cm?

g= 3900—75362—37 16 _ 877m
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- Step(S) is smallest of:

1. 3h = 3*950 = 2850mm
2. 450 mm - control
S =87.7 mm < S,;max = 450mm — OK

Mu(KN.m)| m Rn p ASreqcmm?)| ASpin(mm?| S(mm)
2292.3 |20.6 |0.893Mpa | 0.0021758 | 7255.2 6669 87.7

- Check strain:

Tension = Compression
A x fy=0.85x f.'xbxa
7440x 420 =0.85x24x 3900 % a

a=239.3mm
c=393_ 462
0.85
g, = 855-46.2 . 0.003=0.05252 > 0.005...0k
46.2
As (mm?) a (mm) ¢ (mm) &,
7440 39.3 46.2 0.05252

e Development length of flexural reinforcement:

Ld for @ 20:

L - 9 fy axfBxyxAi b 9 420 1x1x0.8x1
§= = _

10 Jic | (kt,+cj TV 25
db

x 20 =493mm
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Available length = ((3900-700)\2) - 75=1525
1525mm > 493mm ............... ok

e Load transfer at the column-foundation interface (Dowels design ):

- In footing :

®Pnb = ®(0.85fc'A, x \/%)

A;=0.6*0.7=0.42m°
Az— 9*39=1521m’

15.21 A,
/042 ................ A

CDPn.b 0.65x (0.85x 24 x0.42 x 2) x1000 = 11138.4KN
®Pn =11148.4 > Pu =6984.2........... ok
The Dowels are not needed for footing

As,min =0.005 * Ac = 0.005 * 700 * 600 = 2100 mm2

Use 20 25 , As,provided = 9818 mm? > As, required = 2100 mm?
- In column:

®Pn,b = ®(0.85 fc'Al)
®Pn,b =0.65(0.85x 24 x 0.6 x 0.7 x1000) = 5569.2KN

®Pnb =5569.2KN < P, =6984.2KN

The Dowels are needed for column

P, ®Pn 69842 5569.2

A -® @ _ 065 065
req
fy 420
Anmin = 0.005* A, = 0.005*600*700 = 2100 mm?

= 5200 mm? > Anin = 2100 mm?

Use 20® 25 , As,provided =9818 mm? > As, required = 5200 mm?
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e Development length for compression reinforcement

- Development of dowels in footing:

_ 025fy, , _025%420

Ld = *25=536 mm
Wrea = 2 e 1%/24

i_d(2)req =0.043 xfy xdb =0.043 x420 x25 =451.5 mm
Ld(2)req =451.5mm < Ld(1)regq =536 mm ............. Control

Available Ld =700—-75-2*25= 575 mm.

Available Ld =575 mm > Ld required= 536 mm................. OK.

- Lap splice of dowels in column :

Ls=0.071fy.db
= 0.071 * 420 * 25 = 745.5 mm.

Use 1000 mm
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Footing (14)

g
> TRE |
[z
7
s
i g
= E== '/ 2 g %
3 S 9 - -
H EE
— 2
20928 n
0
i
G
& S7eif =425 8
ars
25|
LY
jis) 160 70 160 10
JEV 390 1)
410
g
87l L=420
S e
38910 L=436 i oooooooooooo S
[
JA 160 i)l
L) 390 10
4140

(4-7): Details of footing (F 14)
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4-15:Design of shear wall (SWC4):-

(4-8): Place Of (SWC4) form Etabs Program

2870.8

(4-11): Moment and shear diagram (SWC4)
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14.59311
" 10.9%im
" 7.2§ﬁ+m
" 3.6fvlim
—0.$§m
- -4.Y}§m
4.30
(4-9): Section Of Shear Wall (SWC4)
fc' = 24MPa
fy =420 MPa
t=20 cm , shear wall thickness
Lw = 4.3 m, shear wall width
hw for one story wall = 3.4 m story height
fc' (MPa) fy (MPa) t (cm) Lw(m) hw(m)
24 420 20 4.3 3.4
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Design of shear:

- Design of the Horizontal reinforcement:

- The critical Section is the smaller of:

| 3

? =——=2.15m...... control
h;/v _ 3.4+ 4.42+ 3.6x3 _93m

storyheight = 3.4m
d=0.8xlw=0.8x4.3=3.44m

Vu (KN)

Story height(m)

d (m)

246.8

3.4

3.44

5
EIV?!?J’IE::‘ = @EJ’E}I’QT’

= 0.65%0.83% +/24 x200%3.44 = 2098.1KN

* *
Vcl= V24 220 344 _ 561.75KN

DL (service) = 2365 KN
LL (service) =1203.67KN

Nu=DL + LL =2365+1203.67 = 3568.7 KN

Nu*d

V2 =0.27x~/24 xh*d +
4w

VC2 = 0.27 x /24 x 200*3.44 +

3568.7*3440

4*4.3
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- Moment at critical section:

2870.8%2031.6 _ Mu*2031.6
3.4 3.4-2.15

308.53 = Mu —2031.6
Mu = 208.52 + 2031.6 = 2340.1 KN.m

Mu Lw _ 23401 43 _. ., (+ve valug)

Vu 2 246.8 2

4.3%(0.1%+/24 4 0273087
4.3*0.2
Vc3 = (0.05%V24 + 7.33 ) = 487.4 KN...... Control
dVn,max(KN) Vc (KN) Mu (KN.m)
2098.1 487.4 2340.1

- Determine required horizontal shear reinforcement:

Vu =246.8 KN >%*0.75*487.4 =182.78 KN

- Minimum shear reinforcement is required:

Take p = 0.0025

- Maximum spacing is the least of :

== 222 = g6omm
3*h =3*200 = 600mm
450 mm ....... Control
Try ¢10 (As = 78.5 mm2) for two layers
, Avh _ 2*785 _ oo

" h*S2  200*S2
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S2=314mm , ¢10@300 mm
- Determine vertical shear reinforcement:

w186 — 4 3256

I 3

pvmin

> 0.0025+ 0.5 (2.5 — h“) (p, — 0.0025) > 0.0025

T
MW 43256 >2.5 , pmin =0.0025

For this wall with
Iw

Select ® 10 @250mm. In two layer

- Maximum spacing is the least of :

Lw ~ 4300 _ 1433.3mm
3 3

3*h =3*200 = 600mm

450 mm ....... Control

Try ¢10@300mm (As =78.5 mm?2) for two layers

e Design of bending moment:

Mu = 2870.3 KN.m

Ast = %*2*78.5 = 2250.3 mm2

_ At Lty _ 22503 420 _ o o4570q

Lw*h fc' 4300200 24
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G__ Pu_ 3687 _ 09

© Lw*h*fc' 4300%0.2%24

(wra) _  (00458+0173

= ) = 0.26876
2w+0.85* 3 2*0.0458+0.85*0.85

L
Lw

E, c
-

oM, = 0|0.54_f,1, (1+
Y ( Astﬂ' W

= 0.9%(0.5%2250.3*420%4300%(1+ (22007 1000
2250.3*420

® Mn = 6386.8 KN.m > Mu = 2870.3 KN.m

))*(1 - 0.26876)* 10

Try $10@300 mm

—use ¢p10@300 mm for vertical reinforcement
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4-16: Design of Strip Footing Under Shear Wall (SWC4):

: Critical

. section

I; wor shear
| B

] ni
strip

| Tributary area
| for shear
|

1.8m

(a) Plan view of footing showing
tributary area for shear.

Loads of Shear Wall (SWC4):
- DL =1970.8 Service Dead Load.
- LL =752.3 Service Live Load.
- DL (Factored/m) = DL/Lw = 2365/4.3 = 550 KN/m
- LL (Factored/m) = LL/Lw = 1203.6/4.3 = 279.92KN/m
- DL (Service/m) = DL/Lw =1970.8/4.3 = 458.3 KN/m

- LL (Service/m) = LL/Lw = 752.3/4.3 = 174.95 KN/m

Total Factored / m =550 KN/m + 279.92 KN/m = 829.92 KN/m
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- Service Surcharge =5 KN/m?

- Allowable soil pressure = 400 KN/ m2

- Soil density =20 KN/m3 , and HI =15

ga,net =400 — 0.7*25 — 1.5*%20 -5 = 347.5KN/m2 , and where:

A= _Pu__ 4583+174.95
ga, net 3475

= 1.7965 m2/m ,,,, length of the wall

A=b*1Im....... b=179m takeb=1.8m
Take it (1.8 m x 1 m)

e Design of footing and shear design (SWC4):

Pu=1.27*458.3 +1.6* 174.95 = 830KN/m

e Check for One Way Shear Strength:

Vu :(I——E—dj*qu *1m :(@—%—djmel.l*l
2 2 2 2

AVC = %Jﬂ *1000*d *10°

Let,gVc =Vu

d =0.34363m

assume
h=343.63+75+20/2=428.6mm
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h =450 mm, d =450 - 75 - 20/2 = 365 mm

Design for Bending Moment of long direction:

h (mm) d (mm) b(mm)
450 365 1000

Mu =461.1*1*0.8*0.8/2 = 147.55 KN.m/m

m=_¥ = 40 _5p

© 085*fc  0.85%24
_ Mu/g _ 147.55*10°/0.9 _

R 1.23 M
T b T 1%(0.365) 3 Mpa
_ 1. |, 2mRn
=y -yt
o= L - Jl—w) = 0.0030226
20.6 420

ASreq = 0.0030226 (1000) (365) = 1103.3mm?/m > ASpin = 810mm2/m..... OK
ASmin =0.0018*b*h == 0.0018 (1000) (450) = 810 mm?/m

n=1103.3/201 =548 , S==-=—"=0.182m

Take 6 16 @ As=1206 cm? > As=1103.3 cm?

Use® 16 @ 15cm

Chapter 4

Mu(KN.m) m Rn p ASreqmm?®) | ASmin(mm?) | S(mm)

147.55 20.6 | 1.23Mpa | 0.0030226 | 1103.3 810 150
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- Step ('s) is the smallest of :-

1. 3*h = 3* 450 = 1350 mm
2.450 mm .... control
S =150 mm < S,max =450 mm .... OK

- Select the minimum temperature reinforcement.

ASmin =0.0018*b*h == 0.0018 (1000) (450) = 810mm*/m
- The maximum spacing (s) is :-

1. 5%h = 5% 450 = 2250 mm
2.450 mm.... control
n=810/201=403 . S= -1 =0248m
4.03
Use ® 16 @ 20 cm
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Foundation - SW(C4

e
=
11 e
VLY
i E
] ~
°y
Nl
_lf », oo,
[i 1l & | = 2
=
N}
)
-
~)
~
| 816 L=525 B.B — |
495 —
sl =
10. 40 430 Al a0 10
10 510 10
530

Sections

#10 925cm #8B25em
#10 83Dcm — ]

B#16 L=525
“H

14 775 25 77.5 10

¢+ 7 <

10) 130 1.0

SEC A1-A1

(4-10): Details Of Strip F.(SWC4)
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4-17: Design of Basement wall:

e load calculation:

fc =24 MPa , fy=420 Mpa , Y's=20KN/m?, qall=250KN/m?, ¢=30, surcharge =5KN/m?

fc fy Ys gall ¢ surcharge
24 Mpa | 420 Mpa | 20 KN/m® 250 KN/m®> | 30 5KN/m”

5 KN/m2

378
06
3.37

—

[ ——]

10 30

(4-11): Section Of basement wall

Ca =1-sin@=1-sin30=0.5 ( Static Earth Pressure)
Pa=Ca*h* y =0.5*3.37 * 20 = 33.8 KN/m2

hszvﬁ:i =0.25m
W 20

Ps=Ca*hs* y =0.5*0.25*20=2.5 KN/m2

Ca Pa hs Ps
0.5 33.8 KN/m2 0.25m 2.5 KN/m?
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3.38

N O e ¥ Pa = 33.80 #>

(4-24): Static System

From Atir we have moment and shear envelop

Shear

-34.8

-37.2

48.9
67.7

Moments: spans 1to 1

1.52 45.2 1.86

(4-12): Envelope diagram Of Basement Wall
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e Design of Bending Moment
Mu = +45.2 KN.m/m
d =200 - 40 - 20/2 = 150 mm

Mn
* T ha?
*1N6
= 25 3P
0.9*1000*150
m = fy
0.85x fc'
__ 420 0.
0.85x 24
1 2mR * *
P_—[l 1- ”Ji[l\/lw]o.ooswss
m \/ f, 20.6 420
As, req = 0.0056368*1000*150= 845.51 mm?/m........... control

Use ® 16@ 20 cm,

with As,provided = 1005 mm2/m > As,req = 845.51 mm2/m

Mu(KN.m) m Rn p ASeq(mm?)
45.2 20.6 | 2.23Mpa | 0.0056368 845.51
- As.min for vertical bars:
- 0.0015 * b * h = 0.0015 *1000*200 = 300 mm?/m
- 025 E *1000*150= 437.4 mm?/m.
- 2=*1000 *150 = 500 mm’/m. ... .. .. CONTROL

Use @ 14@ 20 cm, with As,provided = 616 mm2/m > As, req = 500 mm2/m
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- For horizontal bars :
0.002*b*h =0.002*200*1000= 400 mm?/m.

Use @ 14@30 cm, with As,provided = 459 mm2/m > As,req = 400 mm2/m

- Check for shear
075 —
PV, = %g’f# b*d=——24%1000 150 * 107% = 91.85KN

0.5V, =0.5*91.85=45.9KN < Vu=489 KN<¢V,=9185........ OK

The thickness is enough

T n | ¢4
=S
| 41
3 -HOOQE
M 42&m2
BlE200 Ble@a0

@14 (@200
=334
@16(@200
=334
|

378
306
=)

B14@300

1030

Q0 30 0

Basement Wall
Scale 1:20

(4-12): Details Of Basement Wall
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