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Structural Design For Mall In Hebron

Prepared by
Mohammed Salameen Moutasem zedat
Nadeen Melhem Shaimaa Salah

Palestine Polytechnic University
Augest-2019
Supervisor
Eng .Shadi Qumseya

Abstract

The objective of the project introduction can be summarized in the identification of
the structural elements and the design of some elements of beams and others .

The building consists of seven floors in addition to the ground floor. The total area is
(28329) square meters. The architectural design of the project is simple and the spaces and
blocks have been allocated aesthetically .

We used ACI-318 code and structural designing programs such, ATIR, AutoCAD (2014),
and we studied some old graduation projects, and the project will include detailed structural
study of identified and analysis of the construction elements and the expected various loads,
and then the structural design of elements based on the prepared design.
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Chapter 4

Structural Analysis and Design

4.1 Introduction.

4.2 Factored load.

4.3 Slabs thickness calculation

4.4 Design of Topping.

4.5 Design of One Way Rib Slab (R1).
4.6 Design of Rib (9).

4.7 Design of beam (15).

4.8 Design of Column .

4.9 Design of Isolated Footing (F1).
4.10 Design of Stairs.

4.11 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 three types of slabs : One way solid slab, one and two way ribbed 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 Etabs,
Safe, And 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, its connections to other members, and its cross — sections in terms of flexure,
and load, shear, and torsion is taken as the nominal strength calculated in accordance with the requirements and
assumptions of ACI-318 code.

NOTE:
f¢'=30N /mm?*(MPa) For circular section but for rectangular
(fe'=30*.8=24MPa) .

4.2 Factored loads:

The factored loads on which the structural analysis and design is based for our project members, is determined as
follows:

qu=12D.L+1.6L.L.

4.3 Slabs thickness calculation:
Table (4.1): Check of Minimum Thickness of Structural Member.

Minimum thickness( h)

)



Simply One end Both end

Member . . Cantilever
supported Continuous continuous

solid one way

slabs /20 = /28 10
Beams or ribbed
one way slabs L/16 L/18.5 L/21 L/8

For Rib :-

hminfor(one end continuous)=L/18.5=5.7/18.5=30.8cm
Take h =32cm

24 cm block + 8 cm topping = 32cm

ForBeam :-

hminfor(one end continuous)=L/18.5=6.3/18.5=34.05cm
hminfor(both end continuous)=L/21=5.1/21=24.28cm

Take h =32c¢cm

4.4 Design of Topping

v’ Statically System For Topping :-

Consider the topping as strip of (1m) width, and span of mold length with both end fixed in the ribs.

Fig 4.1: Topping Load.
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v" Load Calculations:-

Dead Load:-

Table (4.2 ): Dead Load Calculation of Topping.

Live Load :-
L. =5 KN/m?

Ly =5 KN/m*x1m=5KN/m
Factored Load :-
Wy =1.2x%x6.47+ 1.6x5=15.76KN/m

Check the strength condition for plain concrete, oM, > M,, where o = 0.55
M, = 0.42 % \/f% Sm(ACI 22.5.1, equation 22-2)

_ b.h*> 1000.80?

Sm e = 5 = 1066666.67 mm?>

oM, =0.55x0.42x1xy/24 x1066666.67 x107% =1.21KN.m

2
M, = WI"ZL = 0.194KN.m (negative moment)
W, L2 ..
M, = YRl 0.097 KN.m (positive moment)
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oM;>> M, = 0.194 KN.m

No reinforcement is required by analysis. According to ACI 10.5.4, provideA; minfor slabs as shrinkage and temperature
reinforcement.

pshrinkage: 0.0018 ACI 7.12.2.1
Ay = pxbxhigpping =0.0018 x1000x80 = 144 mm*/m
Step (s) is the smallest of:

1. 3h=3x%x80=240 mm control ACI 10.5.4
2. 450mm.

3. S =380(28°

fs

) —2.5C = 380 (%) —2.5.20 = 330mm ACI 10.6.4

3

Take ¢ 8 @ 200 mm in both direction , S = 200 mm <S;;,x =240 mm ... OK

4.5 Design of One Way Rib Slab (R1):

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way slabs unless deflections are
computed as follow:

The maximum span length for one end continuous (for ribs):
hpin for one-end continuous = L/18.5
=580/18.5 = 31.14cm
The maximum span length for both end continuous (for ribs):
hmin for both-end continuous = L/21
=650/21 = 31.0cm
Select Slab thickness h=32¢m with block 24 cm & Topping 8cm

Load calculations:

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

following table:
Table (4 — 1) Calculation of the total dead load for one way rib slab.
Parts of Rib Density (KN/m* Calculation
Rib 25 0.12*0.24%25= 0.945 KN/m
Top Slab 25 0.08%0.52%25 = 1.08 KN/m.
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Plaster 22 0.02*%0.52*22 = 0.2376 KN/m.
Block 10 0.4%0.24*%12.5 =1.35 KN/m
Sand Fill 16 0.07*%0.52*17= 0.6426 KN/m

Tile 23 0.03%0.52*24 = 0.3888KN/m
Mortar 22 0.02*%0.54*22 =0.2376 KN/m.
partition - 2.4%0.54 =1.296 KN/m
For cieling - 1%0.54 = 0.54 KN/m

Nominal Total Dead load = 6.72 KN/m of rib
Nominal Total live load =5*0.52=2.6 KN/m of rib

Dead load - Service Units:kN,meter
6.f2
34
Live load - Service Load factors: 1.20,1.20/1.60,0.00
\ / W . \ /70 \ \ \
34

Figure (4.2): Rib geometry

Design of Rib (1):

Requirements For Ribbed Slab Floor According to ACI- (318-08) .

BW > TOCII. + e e e ACI(8.13.2)

R < 3.5%BW oot ACI(8.13.2)

Select h=32cm<3.2*12=38.4 cm

Y



tf>Ln/12>50mm ..o ACI(8.13.6.1)

Select tf=8cm

v" Material :-

= concrete B300 Fc¢' = 24 N/mm?

= Reinforcement Steel fy = 420 N/mm?
v" Section :-

= B =520mm

= Bw=120 mm

= h=320mm

= t=80mm

= d=320-20-10-12/2= 284 mm

v’ statically System and Dimensions:-

Geometry Units:meter,cm

1 2
‘ A ‘ A
0.7 4.6 0.7 4.4 0.5
I I 53 ; ;
I ; I
52.
| 8
32.
12
A-A

Figure (4.3): Rib geometry
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4.6 Design of Rib (9):

v" Load Calculation:-

Dead Load:-

Table (4.3 ): Dead Load Calculation of Rib(R9).

Dead Load /rib =5.52 KN/m
Live Load:-
Live load = 5 KN/M?
Live load /rib =5 KN/m® x 0.52m = 2.6 KN/m.
% Effective Flange Width ( b, ):-ACI-318-11 (8.10.2)
b, For T- section is the smallest of the following:-
b, =L/4=384/4=9cm
b, =15+16t=15+16 (8) =143 cm

b, = Db, < center to center spacing between adjacent beams = 52 cm.

b, For T-section = 52cm .

1

Control



Moment/Shear Envelope (Factored) Units:kN,meter

Moments: spans 1to 2

-33.8
2.7 -23.1
| 1.65|1 .83 |
| | |
| I 1 | 1 I
! 1.021.03
7. | | | 4.7
23.3 20.
2.12 . 3.18 3. | 2.
[ [ |
26.9 -33.3
= -20.1
-14.8
15.3 7/
21.7 258
32.2
Shear

Figure (4.4): Rib geometry

v" Design of shear of rib (RIB 9):

1) Vu = 25.8KN.

fe
¢Vc=¢*£*bw*d

V24

=0.75* o *0.12* 284 *10° =20.86 KN.

1.1* ¢ V. =1.1 *20.86 =22.950 KN.

—Check for items:-

bV
> -

1- Item1: V, <

2295

258 < — 11.47.......Not satisty

Yv




2-lTtem 2 : % < Vi< dVe
11.47 < 25.8< 2295... not satisty

3-Item3: ¢ Vc < Vu < ¢ Vec+ ¢pVsmin
d Vsmin > $/(16) V(E ) * bw * d=7.09

22.95< 25.8<30.04

=~ Item (3) is satisfy — shear reinforcement is required.

Av/S)=Vs/(( [ty] txd))

Vs=( Vu/¢p-Vc)=3.8

Try ®8 (2 Legs):

* * -6
2301077 _ p k105 5§ =263.15
S <%= 14mm
2 2
< 600 mm

= Use @8 @ 15 Cm

v
v Moment Design

for (R 9):-

Design of Positive Moment for (Rib9 ) :- (Mu=23.3KN.m)

Assume bar diameter ¢ 12 for main positive reinforcement
dp 12
d =h- cover - dsmmps—? =320—-20—-10— 5 = 284 mm
Check if a>h¢ to determine whether the section will act as rectangular or T- section.
’ hy
M, =0. 85. fc- be- hf. (d - ?)

~0.85 x 24 X 520 x 80 X (284 - 82—") x 1078 = 207.0868 KN.m
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Mn>>% - __?9"— 24 .88KN.m , the section will be designed as rectangular section withb, =520 mm.
M, _  269x10%

Ro= GhaZ = DoxszoxzseZ 0.7126 Mpa

m= 2 = 20— 20.6

T 0.85f.  0.85x24

p:1<1 _ 1 _ﬂ> _ L<1 _\/1 _M) = 0.001406
m 420 20.6 420

Agreq = p.b.d =0.001406 x520%284 = 229.6 mm®

Check for As min:-
. A fC
A s min=—"——(bw)(d)ACI-318 (10.5.1)
4(fv)
A s min=98.6mm"2

1.4
As min=——(bw)(d
s min (ﬁ/)( w)(d)

As min=112.8mm”"2 control

ASreq= 229.6>Asmin= 125.6 mm>  OK

Use 2 0 14, A provided= 307.88 mm*>A required= 229.6mm’ ... Ok

_ 120-40-20 (2x14)

S 1

=32mm>d, =14 >25 mm OK

4.7 : Design of Beam(15):

Material :-

concrete B300 Fc' = 24 N/mm”’
Reinforcement Steel fy = 420 N/mm”*

Section :-
B =50cm
h=32cm

According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way slabs unless deflections are
computed as follow:

hpin for simply supported = L/16
Y4



=500/16 =31.25 cm.
—Select Total depth of beam h= 32cm.

2
A , A
: A ' A :
0.5 4.5 0.5 4.5 0.5
| | |
| | |

32.

50.
A-A

Figure (4-5) : Beam Geometry




load group no. 1
Dead load - Service

Units:kN,meter

17.6 17.6
400 4.00
5. 5.
Live load - Service Load factors: 1.20,1.20/1.60,0.00
1. 1.
5. 5.

Figure (4-6) :

£

Load of Beam (15)




Moments: spans 1to 2

-136.
-103.4 -103.4

1.68,1.68
|

[
! I 111
20. ' ! ' 0.4

87.2 87.2

| 2. 3. | 3. 2.

figure (4-7) : Moment Envelop for Beam (3)

1254 136

-76.2-87'1

871 76.2

136. 1251

Figure (4-8) : Shear Envelop for Beam (3)

v Design of flexure:-

Design of Positive moment:-

—Mumax = 103.4 KN.m .

by =50Cm. , h=32 Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)

1Al




=320—4o—10—§=261mm

Xmax=§*d=§*261 ~111.86 mm.

fe =24 MPa <28 MPa—f3; = 0.85
Amax = B1* Xmax = 0.85 * 111.86=95. 1mm. *Note:

M o = 0.85 * f;*b*a*(d-g)

=0.85%24%0.4*0..111 * (0.261 —% ) * 10°
=186.13 KN.m.
€;=0.004

$=0.65+250_*(0.004-0.002) = 0.816
3

— My = 0.82 * 186.13= 152.63 KN.m .
— My = 168.80 KN.m > Mu =103.4KN.m .

= Singly reinforced concrete section.

1) Maximum positive moment Mu ) =872 KN.m .
GMnp,x = 168.80 KN.m > Mu = 87.2 KN.m

— Singly reinforced concrete section

M,, =Mu /$=87.2/0.9=96.89 KN.m .

fy 420

T 085f. 0.85+24

=20.6

K.o=Mn _ 96.89+1073
m pxd?2 0.5+ (0.261)2

1 2xKp*
p=—(1- fl—Tm)

_ 1 (. _ 2+2.844+20.6 \ _
= 0% (1 1 0 > 0.008

= 2.844MPa.

—A,=p * by, *d =0.008 * 500 *261 = 1044 mm*.

fe 14
xb,xd = —xb,*xd ............ (ACI-10.5.1)

4 (fy) fy

Asmin =




L * 400 x 291 > —*4—00*291
 4+420

=339.43 mm’ <388 mm” ............. Larger value is control.

—ASpin = 388 mm? < ASpeq = 1044 mm>.

. As =1044mm>.

#OfCDIS—m—%—4 1 — # of bars = 5 bars.

= Use 5S®18

— As=5*254.5=1272.5 mm” > Asyq = 1044 mm® .
— Check for strain:- (¢, = 0.005)

Tension = Compression

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

1272.5 % 420 = 0.85 * 24 * 500 * a

a=52.40 mm.

fL. =24 MPa < 28 MPa—f, = 0.85

a _ 5240

YT =61.64 mm.

xX =—

'w

£, = X %0.003

_ 2616 .64
61.64

~ Use 5018

*0.003=0.0112 > 0.005 - ¢ =0.9 OK.

For Top Use As = (As /3)
= 1044 /3 =348 mm’

~ Use 3012

Design of shear:-

1) Vu=125.1 KN.

qwc—cp*\F*b *d

—075”‘\/_"‘05"‘0261"‘103 79.914 KN.

£¢




— Check For dimensions:-
dVe + ( §*¢*ﬁ * by *d) =79.914 + ( §*o.75 */24 *0.5*0.261 *10°)
=79.914 + 319.66=399.571 KN > Vu = 125.1 KN.

~ Dimension is big enough.

— Check For items:-
Ve
S

1252 < 2222 =39.47..... Not satisfy.

1- Item1l: V, <

2-Ttem 2 : ¢2VC <Vy < Ve

39.47< 1252 < 79914....... Not satisfy.

3-Item 3 : (1)VC <V, < ¢Vc+¢vsmin

) 4 % * =075 * 103 =
G Vsmn = 7= \[fe * by * d==2 V24 *0.5*0.261 * 10’ = 33413 KN.

.......... Control.
> %*bw *d = %* 0.5 *0.261 * 10° = 32.625 KN

o GVS min = 32.625KN.

OVe+ PVSmin=79.914 + 32.625 =113.3 KN.
(1)VC < Vu < (ch + (bVS min

79914 < 125<113.539 .......... not satisfy.
~ Item (4)

®(vetvsmin) < Vus p(Ve+Vs')
112.539<125.2<213.1........ satisfy.

Try @10 (4 Legs) =4 *78.5=314 mm? .

4+78.5+107% 126 + 1073

s T (420+0261) —s=0.77 m....
$< §=%1= 130.5 mm. ..... control
< 600 mm.
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~ Use @10 @ 12.5Cm 4L.

4-8 Design of column :

* Service dead load ( DL) = 600 KN
* Service live load (LL) =391 KN

Pu=1.2DL+1.6LL=1345.6

Assume pg=.015

Pu=® pn
1345.6*10"3=.65%0.8*Ag8(350*350)*(0.85%24*(1-0.015)*0.015*420))
Ag=97997.2mm"2

B=313.04mm
Take b=350mm

Pg=0.0181

As 1eq=0.018*350%350=2217.25mm"2
Take ©20

#of bar =2217.5/314 =7.2

Select 8 ®20

4-9 Design of isolated footing (F 1):

Load Calculation:-

* Service dead load ( DL) = 600 KN

* Service live load (LL) =391 KN

* Column dimensions =35*35 cm

* Allowable soil pressure =400 KN/ m?
* Soil density = 17 KN/m3

* fe'=24 Mpa

* fy = 420 Mpa

Calculating the weight of footing, soil, and Surcharge :
Weight of footing ( assume h (footing) =45 cm)

- Net soil pressure q(net):

£




q,, =400—0.45*%25 =388.75 KN/m?

Required sizes of footing:

Assume square footing

A,required = Pu— 9 549 m2
qnet

Try 1.6¥1.6  Area=2.65 m2
Depth of footing and shear design:

qu = 1350/1.6*%1.6 =527.34 KN/m?

d=450-75-25 =355 mm

— |

Inclined crack

Tributary area for
two-way shear

Critical section
for two-way shear ™~

Two-wav shear.

Fig. (4.7) : Isolated Footing

Check for One Way Shear Strength

12%




]

o~

Inclined crack

Critical section for
one-way shear

— Tributary area for

one-way shear

——id

Column

NN

One-way shear.

Fig. (4.8) : One way shear strength

Vu :(é—%—dj*qu*b:(%—%—0.355)*527.34*1.6:181.45KN

#Ve = %m*1.6*355*103 = 347.83KN >

OK

Check for Two Way shear (Punching):

The punching shear strength is the smallest value of the following equations:
1 2 '
V. =¢—|1+— b,d
PN

¢

1 a, !
oV, = ¢'E(bo/ +2]\/Zbod
87, = 91 b,

Where:

Column Length (a) (35
<~ Column Width (b) 35
b, = Perimeter of critical section taken at (d/2) from the loaded area
b,=2(0..35+0.355)+2(0..35+.355)=2.82 m.
a, =40....... for interior column
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oV, =¢.é(1+ﬂz}/,ferb{,d =0'675*(1+fj* 24 %2.82%0.355*10° =1839.14kN

0.75 ,( 40%0.355
2 28

d ’
¢.VC:¢.1(Q“' +2] f.b,d= +2]* 24%2.82%0.355%10° = 2156.5kN

b

1
oV, = p— \/de_ms 24*2.82%0.355%10° = 1226.1kN

Vu = ((1.6*1.6) — ((0.35+0.355) * (0..35 +0..355)) * 527.34 = 1087.89kN
Vu=1087.89 KN < ®Vc =1226.1 ...... OK

Design of Bending Moment:

h (mm) d (mm)

b(m)

450 355

1.6

d =450-75-20 = 661 mm

Mu =527.34%1.6%(.625)/2* 625 = 164.8 KN.m
L _ 0 59

085* fr  0.85%24

Mu/g_ 1648%10° /0.9

Rn= > =0.91Mpa
b*d 1600*(355)°
1 2mRn
= — 1 - 1_
p= ( % )
. a- \/ 2(20.6)(0.6295) )= 0022
20.59 420

Asreq= 0.0022 (1600) (355) = 1249.6 mm’

ASmin =0.0018*b*h == 0.0018 (1600) (450) = 1296 mm’
As1e=1249.6 mm* < Aspin = 1296 mm’ ..... NOT OK
As= Asmin = 1296 mm’

Take 8@ 25 , As,provided =39.25 cm?® > As,required = 12.96cm?

— *D) _R*
o 1600 757 2-8%25 _ 178.57< Smax=450mm

- Step(S) is smallest of:
1. 3h =3*450 =1350 mm

2. 450 mm - control

¢9




S =178.57 mm < S,max = 450 mm — OK
Check strain

Tension = Compression

A x fy=085xf.'xbxa
3925x420=10.85x24x1600x a

a =505

c= ﬂ =59.42mm

©0.85

355-59.42

&, x0.003=00.015> 0.005...0k
59.418

Development length of flexural reinforcement:
Ld for @ 25

%k *k k1%
Ldzix Vil xw ve WSxdbzixﬂxﬂx25=6l7.3mm>300mm
10 ' (k, +c 10 24 25
db
Available length = ((1600-350)\2)-75=550 mm
550 mm> 617.3mm ............... use houck
— —
© T~ 4 35"
(@))
N —
oy 3
ol N
A > ] A 1
— - )
® o |4 ¢ ﬁ 5 0 ﬁ
o 1O }{3 N
(A= =
3
o) cm b:
g b 150
O 6825 L=2.1 35
— —
o (@)

10 62.5 35 625 10

10 160

10

180




Fig. (4.9): plan of footing (F6)

Mesh #10@20cm Mesh #10@20cm
\ 5612 .
2 —— =
5814
8 % e/— -3.50m
— v
@ o : !
g : -495m
‘9\ -3.10m
8825 L=2.1 \ _
8825 L=2.1 10.50 35 50 10 9210 L=2.1

10 160 10 9¢10 L=2.1
180

Fig. (4.10) : Section of Isolated Footing (F1)
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4.7 Design of Stair (Stair)

16 33

Fig 4.11: Stair Plan.

v’ Material :-

= concrete B300 Fc¢' = 24 N/mm?

= Reinforcement Steel Fy = 420 N/mm’

1- Design of Flight :-
v’ Determination of Thickness:-

hmin = L/20

hmin = 5.55/20 = 27.75 cm

Take h=30 cm

oy

1.55




The Stair Slope by 0 = tan™ (15 / 30) = 26.5°

Fig 4.12 : Stair Section.

Dead Load For Flight For 1m Strip:-

Table (4.6 ): Dead Load Calculation of Flight.

No. | Parts of Flight Calculation
1 Tiles 23*0.03*1*((0.35+0.15)/0.3 ) = 1.15 KN/m
2 Mortar 22*0.03*1*((0.3+0.15)/0.3 ) = 0.66 KN/m
3 Stair (25/0.3)*(0.5*0.15*0.3)*1 = 1.875 KN/m
4 R.C 25*0.3*1 / c0s26.5 0 = 8.38 KN/m
5 Plaster 22*0.02*1 / c0s26.50 = 0.49 KN/m

Sum = 12.56KN/m

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

oy




v System of Flight:-

ServicelLlveLoad=5KN,/m

LJ,\L\L\L\L\LSJ/\LJ/\L\L\L\LL

erviceDeadload=12.56KN

s/ /

Fig 4.13: Statically System and Loads Distribution of Flight.

Factored Load For Flight and :-

Wy =1.2x12.56 + 1.6x5 =23.1 KN/m
Wy = 1.2 x7.84+ 1.6x5 =17.38KN/m

ot




17.38KN/m

VIR AR

Fig 4.14: Statically System and Loads Distribution of Flight.

Moments - spans 1to 1

| 278 82.8 2.78 |

Moment/Shesr Envelope (Factored) Units: kN meter

Shear

48.6

554

Fig 4.12: Shear and Moment Envelope Diagram of Flight.
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1- Design of Shear for Flight :- (Vu=48.7 KN)

Assume bar diameter o 14 for main reinforcement

d =h- cover — %2 = 300 — 20 — - = 273 mm

V. =% fc'b, d = (%«/ﬁ * 1000 x273)/1000 = 222.9 KN/1m

D V.-0.75%222.9=167.175 KN > Vu=48.7KN......

No shear reinforcement are required

2- Design of Bending Moment for Flight :- (Mu=82.8 KN.m)

M, _ 828x10°
T @bdZ ~ 0.9x1000x2732

R, =1.2 Mpa

fy 420
m=—= =
0.85f. — 0.85x24

P=i(1‘ 1_2-m-Rn>_L<1_ 1_M>=0_000295

20.6

420 |~ 206 420

Agreq = p.b.d=0.00295 x1000%273 = 803.987 mm?/m

Ag.min=0.0018*1000*300 = 540 mm*/m

ASreq = 803.987 mm*>A =540 mm*/m

Use 14 then

N=As/As @14 =803.987/153.9=5.224 , s=1/n =1/5.224=0.19m
Take 6 O14/m

Check for Spacing :-

S =3h =3%*300 =900 mm
280

S = 380*(5 ) —2.5%20 =330
3 *420

S =450 mm

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

on




Use 614@ 200 mm _, A provided= 923.63 mm*>A ,cquired = 803.987 mm’... Ok
Check for strain:-
_ Aspy  923.63x420
a 0.85b f. ~ 0.85x1000x24 19.02 mm
a 19.02
c= B—l—m— 22.37 mm
d—c 273 —-22.37
&, =0.003 (T) =0.003 (—) =0.0336 > 0.005 ....0k

22.37

v Lateral or Secondary Reinforcement For Flight :-

Ag req= A min =0.0018%1000*300= 540mm’

Use @14 then

N=As/As 014 =540/153.9=3.5 , s=1/n=1/3.5=0.28m

Take 4 @14/m

Use 014@ 300 mm A, yrovidea= 615.75mm*>A equirea= 540mm’... Ok

2- Design of Middle Landing :-

v Load Calculation:-

Dead Load For (LA1) Landing For 1m Strip:-

Table (4.7 ): Dead Load Calculation of Middle Landing.

No. | Parts of Landing Calculation

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

oV




5 Plaster 22%0.02*1= 0.44KN/m

Sum = 7.82KN/m

Live Load For Landing = 5*%1 =5 KN/m

Factored Load For Landing :-
Wy =1.2x7.82+1.6x5=1738KN/m

Factored Load From Flight :-

Wiy =2 =222 = 31.39 KN/m

v’ System of Landing:-

31.32KN/m

17.38KN/m

Fig 4.15: Statically System and Loads Distribution 0f Middle Landing.
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Moments: spans 1o 1

A &

t t

T

93 93

1.65 613 1.65

Shear

58.5

S
-+

58.5

Fig 4.14: Shear and Moment Envelope Diagram of Middle Landing

v" Design of Shear:- (Vu=77.2KN)
Assume bar diameter ¢ 14 for main reinforcement
14

d =h- cover —% =300-20 - =273mm

Ve=2\fc'b, d == 2241000 + 273 = 222.9 KN

®* V,.-0.75% 222.9 = 167.175Kn> Vu = 77.2KN...... No shear reinforcement are required

v" Design of Bending Moment :- (Mu=61. 3KN.m)
Assume bar diameter ¢ 14 for main reinforcement
d =h- cover —% =300 - 20— - =273 mm

04




_ M, _ 613x10°
~ pbd?2 ~ 0.9x1000x2732

R, = 0.914 Mpa

fy 420
m= 7 = =
0.85f. ~ 0.85x24

1 2mRy,\ _ L _ _ 2%x20.6x0.914 )
p—;(l— l—w> _20.6<1 \/1 —420 )—0002175

20.6

Agreq = p-b.d =0.002175x1000x273 = 593.76 mm*

A min =0.0018%1000*300 = 540mm”

Agreq = 593.76 mm?”> Agmin ceeeeeees is control

Use 014 then

N=As/As J14 =593.76/153.9=3.85 , s=1/n=1/3.85=0.25m
Take 4 @14/m

Check for Spacing:-

S =3h =3*300 =900 mm
280

S = 380*(z——) — 2.5%20 = 330
3* 420

S =450 mm

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

Use 614@250 mm LA, providea=_615.75 mm>>A equirea=593.76 mm’... Ok

Check for strain:-

_ Asfy  61575x420
a 0.85b f. ~ 0.85x1000x24 12.677 mm
c= — = 12677 _ 14.91mm
By 0.85
=0 oos(d_c)—o (273_14'91)—0 0519 > 0.005
& =0 c )7V 1491 ) '

Lateral or Secondary Reinforcement For Landing:-

T




A req™ A min =0.0018*%1000*250 = 450 mm’

Use 68 @ 100 mm nAs,provided= 502.4 mm2>A< required—. 450 mmz... Ok

+4.00

e | ®. 814025 @810015,L=200
GRAKL )

o

0810015 _—

©#12@15,L=160
\

@#14@20
+0.35
0

n _
@g12015,L=185 — £ e

~ 7
®si2015.1=200 ~ wfL7812015,

1.6m 3.30m 1.3m

Fig 4.17: Stair Reinforcement Details.
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(1)10@15,L=200

100 T.B
o
O 2)#12@15,L=565
160 T.B
4)#14@30,L=185 2
T = T— :
CERLEE o (3)910015,L=230
o Pt 150 B.B
0
<® 50
5)512015,L=160 A 1210@15,L=121(U—hook) 50 |
60 B.B
©912015,L=200 3
100 B.B A

Fig 4.18:Stair Reinforcement Details.

4.11 Design of Basement wall:

H min=100mm

1y




H min =3000/25 =120mm ........... take as 25 cm
®Pu = (0.55*0.7*fc’*Ag*(1-(K*Ic/32h) 2 )) > Pu
Pu=.55%*0.7*%24*250*1250*(1-(.8*¥1250/32*250)"2)=2781.4 KN
4.11.3 Bearing Force = ®*0.85*fc’*A contract
=0.65*0.85%24/1000%(250*1250) = 3315 KN > 2781.7KN
Effective length = the smallest of

1. 4500 mm
2. 250+4*250=1250 mm

Reinforcement Provide largest of horizontal & vertical
Horizontal

Assume ®12

p =0.002*b*h = 0.002*100*25
=5cm2

for one side = 5/2=2.5cm”*2/m
Use ®12/20 cm
Vertical

Assume ®10

p=0.0012*b*h =0.0012*100*25
=3cm’

Use ©10/20 cm

..0K
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List of Abbreviations

e Ac = area of concrete section resisting shear transfer.

e As=area of non-prestressed tension reinforcement.

e A/=areaof non-prestressed compression reinforcement.

e Ag=gross area of section.

e Av = area of shear reinforcement within a distance (S).

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

e bw = web width, or diameter of circular section.

e C.=compression resultant of concrete section.

e C,= compression resultant of compression steel.

™




e DL =dead loads.
e d=distance from extreme compression fiber to centroid of tension
reinforcement.

e Ec = modulus of elasticity of concrete.

° fc/compression strength of concrete.

o fy =specified yield strength of non-prestressed reinforcement.

e h =overall thickness of member.

e 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.

o LL = live loads.

e Lw =length of wall.

e M = bending moment.

e Mu = factored moment at section.

e Mn = nominal moment.

e Pn=nominal axial load.

e Pu=factored axial load.

oS = Spacing of shear in direction parallel to longitudinal reinforcement.

e Vc=nominal shear strength provided by concrete.

e V/n = nominal shear stress.

e Vs = nominal shear strength provided by shear reinforcement.

¢ Vu = factored shear force at section.

e Woc = weight of concrete.

o W = width of beam or rib.

e Wu = factored load per unit area.

o O = strength reduction factor.

e £, = compression strain of concrete = 0.003.

e g, =strain of tension steel.

e £.=strain of compression steel.
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