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Project summary

Structural design of an eye hospital in the city of Hebron

work team :-
Hamzeh Eyed Jwehan Muhammad Khalil skafi
Supervisor :-
M. Belal Almassri

2023 — 2024

This study was prepared as an introduction to structural design, and it is a pioneer in the structural
design of an eye hospital in the city of Hebron. The idea of the project is summed up in the structural
design of an eye hospital in the city of Hebron, including all the points required by any private eye
hospital. The primary goal of the advertisement is to make the structural design for everyone. The
structural elements that contain the project, such as foundations, walls, columns, bridges, nodes, and

.many other structural elements in the building

The facility building consists of 3 buildings in addition to the building’s first floor (garage), covering a
total area of (4580.5) square meters. The creative designer paid attention to the details in terms of
distributing the whole in a harmonious manner and commensurate with the function of each part of the
building. The importance of the project lies in the diversity of the basic elements in the building such as

.Bridges, columns, hanging fences, frames, etc

There is no meaning that the Jordanian code will be used for live loads, but for determining earthquake
loads, as for structural analysis and design, it is decided to use the American code (ACI_318_08), and it

is necessary that it will depend on some computer programs such as
AutoCAD (2014), ATIR, Microsoft Office

The project will include a detailed structural study by identifying the structural elements and the various
loads. Participate in designing the structural elements for garlic and preparing effective plans to build the
design prepared for all the structural elements that are always structural for the structures. It is expected
that after the completion of the project, it will be innovative in presenting the structural design for all

the structural elements. And God's blessings

God grants success
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CHAPTERA4

STRUCTURAL ANALYSISAND DESIGN (By

Calculations)

4.1 Introduction

4.2 Factored load

4.3 Determination of slab thickness

4.4 Design of topping

4.5 Design of one-way ribbed slab (Rib 18)

4.6 Design of Beam B-33




4.1 Introduction:

Concrete is the only major building material that can be deliveredto the
job site in a plastic state. This unique quality makes concrete desirable asa

building material because it can be molded to virtually any form or shape.

A bond forms between the steel and the concrete, and stresses can be
transferred between both components. The design strength provided by a
member flexure, and load, and shear is taken as the nominal strength
calculated in accordance with the requirements and assumptions of ACI-

code.

NOTE:

B300, {fc': 24 MPa for rectangular and L section}. *Concrete

*The specifiedyield strength of the reinforcement {fy = 420MPa}.

4.2 Factored load

The structure may be exposed to different loads such as dead and live
loads. The value of the load depends on the structure type and the intended
use. The factored loads on which the structural analysis and design is
based for our project members, is determined as follows:

qu=1.2DL+1.6L




4.3 Determination of slab thickness

Determination of Thickness for One Way Ribbed Slab:

According to ACI-Code-318-08, the minimum thickness of no prestressed

beams or one-way slabs unless deflections are computed as follow:
The maximum span length for one end continuous (for ribs):

hmin fOr one-end continuous = L/18.5

=5.55/18.5=30cm

The maximum span length for both ends continuous (for ribs):

hmin for both-end continuous = L/21

=5.45/21=25.7cm

Select Slab thickness h=32cm with block 24cm & Topping 8cm.

I
lols ——
.'T[

Figure 4-1: Rib Section

3cm-Tiles
2 cm - Mortar
7 cm - Sand

2 cm - Plaster




Load calculations:
One-way ribbed slab:

For the one-way ribbed slabs, the total dead load to be used in the

analysis and design is calculated as in the following table:

Table 4. 1: Calculation of the total dead load for one-way rib slab.

Parts of Rib Density Calculation

RC. Rib 25 0.24*0.14*25=0.84 KN/m

Top Slab 25 0.08*0.54*25 = 1.08 KN/m.
Plaster 22 0.02*0.54*22 = 0.238 KN/m.

Block 10 0.4*0.24*10=0.96 KN/m
Sand Fill 16 0.07*0.54*16= 0.608 KN/m

Tile 22 0.03*0.54*22 = 0.356 KN/m

Mortar 0.02*0.54*22 =0.238 KN/m.

partition 2*0.54 =1.08 KN/m

Nominal Total Dead load =5.25 KN/m of rib

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




4.4 Design of topping

The calculation of the total dead load for the topping is shown below:

Table 4. 2: Calculation of the total dead load on topping

Material Calculation

Tile 0.03*22*1=0.66 KN/m

mortar 0.02*22*1=0.44 KN/m

Coarse sand 0.07*16*1=1.12 KN/m

topping 0.08*25*1 = 2.0 KN/m

Interior partitions 2.0 *1=2.0 KN/m

Sum 6.22 KN/m

W,=12DL+16LL

=1.2*6.22+ 1.6 *5=15.464 KN/m?. (Total Factored Load)

Analysis of topping W, = 15.464 KN/m

L[]

VuT . . TVu

V N

Muy\ /‘Mu

Design Strength of topping




WuxL _ 15.464x% 0.4

> =3.093 kN

Wy xL? _ 15.464X0.42
12

- Vu=

- Mu= =0.206 kN.m
For Plain concrete
section with “b =1

m & h=8cm”

2
® . Mn=0.6 x0.42 x FC’X%

1000 X802

® . Mn=0.6 x0.42 x /24" x — = 1.32 kN.m >Mu — SAFE

Plain Concrete Section is SAFE #..

But Accordingto ACI , Asmin Shall be provided for slabs as shrinkage and

temperature reinforcement.

P shrinkage = 0.0018 According to ACI
Minimum (AS) = p shrinkage X Ag

=0.0018 x b x h

=0.0018 x 100 * 8

=1.44 cm?m

Step (s) is the smallest of :

1. 3h = 3x80 =240 mm « controlled

2. 450 mm.

3.5=380(>" ) ~ 2.5Cc = 380 (z%) —2.5%20 = 330mm
3

280 280

But S <300(>) = 300 (z—) = 300mm
3

Take S=200mm < Smax=240mm

Select Mesh @8/20cm in both directions..-

Provided As = (nx82/4)*(100/20)= 2.5 cm?/m > min As = 1.44 cm?/m

35




4.5 Design of one-way Ribbed slab

Rib 18

Material: -

concrete B300

Reinforcement Steel

Section: -

b =14 cm

h=32cm

Fc' = 24 N/mm?

fy = 420 N/mm?

Rib:18
Project: m.k.s gp
Designed by: muhammad skafi

Code: ACI318
Page: 187
Date: 6/ 3/24

Geometry Units:meter,cm

Figure 4-2: Rib 18 geometry.




Figure 4-3: loading of rib (18)

Moment/Shear Envelope (Factored) Units:kN,meter
1tc 4

Figure 4-4: Moment Envelop of rib (1)

Figure 4-5: Shear Envelop of rib (1)

Reactions

Factored

DeadR 31.52
LiveR 25.58

MaxR. 57.11

MinR 39.8 443
Service

DeadR 26.27 28.53

LiveR . 15.99 15.96
MaxR. 42.96 44.49

31.44 34.82

Figure 4-6 : Reactions of rib (1)
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45.1 Design of flexure: -
5.5.1.1 Design of Positive moment of rib (RIB 18):

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

=320- 20— 10 —12—2: 294 mm.

1) Maximum positive moment Mu® =221 KN.m

=Mu /¢ =22.1/0.9 = 24.55 KN.mM,,

= = 20 _5058m
0.85 f!  0.85%24

_ M, _ 2455%10°
bxd?  520% (294)2

=0.6774 MPaR,,

_1 _ _Z*Rn*m — 1 _ _2*0.6774*20.58 —
¢ /1 ) 20.58(1 J1 IO >0.00164p

—As =p *b*d=0,00164 * 540 * 294= 233.80 mm>.

f?

*bw*d > ﬂ>|<bw>x<d

(ACI-105.1)Asynin = 7 2 7

= 2% 140 %264 > %*140*294

4420 -

=107.78 mm?< 123.2 mm? Larger value is control.
—ASmin = 123.2 MM2<ASeq = 233.80 mm?,

As =233.80 mm?...

2 ®14 =307.88 mm?>ASeq = 243.678 mm? OK.

Use 2 ®14..

— Check for strain:-(g; = 0.005)

38




Tension = Compression
As*fy=085*f'*b*a
307.88*420=0.85*24* 140 * a
a=45.28 mm.

=24 MPa< 28 MPa— B, = 0.85f.

=228 _ 53266 mm.c = %
0.85 b1

*0.003¢, = &<

Cc

264—-53.266

1186 > 0.005 . ¢ =0.9 ... OK!0.00= ~32ec *0.0038 =

1) Maximum negative moment Mu © = 19.5 KN.m

=Mu /¢ =19.5/0.9 = 21.67 KN.mM,,

= I _-_*20 _5558m

T 0.85f  0.85+24

_ M, _ 21.67%10°
bxd?  120% (294)2

_1 2«Rpxm _ 1 2%2.59%20.58 | _
=—(1- /1 ) T om (1 - J1 - T>_ 0.00662p

—As = p *b*d =0.00662 * 140 * 294= 244.68 mm>.

= 2.59 MPaR,,

f

(ACI-10.5.1)As,pin = xd > Zxp, +d

— %
4 (fy) fy

_ 24
4%420

%140 * 294 > =% 4140 % 294
420

=107.78 mm?< 123.2 mm? Larger value is control.
As = 244.68 mm?2...

2 ®14 =308 MM?>Asq = 244.68 mm? OK.
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Use 2 ®14..

— Check for strain:-(g; = 0.005)
Tension = Compression
As*fy=085*f'*b*a
213.4*420=0.85*24*140*a
a=31.3827 mm.

=24 MPa< 28 MPa— B, = 0.85f.

= 313827 _ 36 92 mm.c = %
0.85 B1

*0.003¢, = &<

c
_ 264-36.92
36.92

4.5.2 Design of shear of rib (RIB 18):
1) Vu = 24 KN.

fZ
—1.1£*bw*d

=11* ? * (0.14* 0.264 *10° =33.195 KN.

dVe =0.75* 33.195 =24.8966 KN.

—Check for Cases: -

Ve

1- Case 1: V,< 4’7

*0.003=0.01845>0.005 ~ =09 ...

OK!




24 < 24'82966: 12.44 KN

Case (1) is NOT satisfied..

2- Case 2:2%<v/, <bV,

2
12.44 <24 <24.8966

» = Case (2) is satisfied — Case 2
» Minimum shear Reinforcment is Required.

whith As =100.53 mm? Try @ 8 With 2 Legs
(Av min/S) >(1/3)*(120/420)* 10’2 =9.52*1015 Controlled

>(1/16)(( /24 * 120)/420))=8.75*10"5,

$=100.53*10"%/(9.52*10"°)=1.056 m=1056 mm
S max <(285/2)=142.5mm Controlled
S max < 600mm
S=1056mm> 142.5mm Not Ok
Take S =125 mm.

» Use @ 8 With2 Legs /125mm.




4.6 Design of Beam B -30 (80/32)

Material: -

concrete  B300 Fc' =24 N/mm?

Reinforcement Steel fy = 420 N/mm?

Section: -

B=50cm

h=32cm "choose h=32 , for deflection requirements L/240"

According to ACI-Code-319-08, the minimum thickness of no prestressed

beams or one way slabs unless deflections are computed as follow:
hmin fOr one end cont. = L/18.5
=501/18.5 = 27.56 cm.

—Select Total depth of beam h=32cm

Sup.Mom:Face  Min As:max | 200y, 3(/5/fy)] bwd
SaismNn Naflac=

Figure 4-7: Beam Geometry.




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

Moments: 1t0 2

P

-216.8
-185.7 . -185.7

1.68/1.68
1

0310z
1

Figure 4-10: Shear Envelop for Beam

4.6.1: Design of flexure: -

Design of Positive moment: -
Maximum positive moment Mu ® = 138 KN.m

Mn =Mu /= 77.9/ 0.9 =153.33 KN.m .

—m=- g Y =20.58

_ M, _ 153.33%10°
bxd?  500(261)2

= 3.30 MPaR,,




_1 _ __ 2*Rpxm
=—( /1 5 )P

:0.008622L<1 P w)
20.58 420

As = p * b *d =0.008622*500*261= 1662 mm?

\/ﬁ sbhbxd > E>|<b>s<d
4 (fy) —

ASmin =

V24 1.4
>
4>|<420*500*261 _420*500*261

=562.22 mm?2< 642.67 mm? ... Larger value is CONTROL
As= 1662 mm?

Use ®22.... As=379.94 mm?

#of bars= (1662 /379.94) =4.374

Use 5 ®22...As=1899.7 > 1662 mm?..

— Check for strain:-(g; > 0.005)

Tension = Compression

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

*a001899.7* 420 = 0.85* 24 * 8

a=48.89 mm.

=24 MPa< 28 MPa— f3; = 0.85f.

=289 575l mme=2
0.85 B1

d—c

*0.003; = =*

_ 241-57.51
57.51

*0.003 =0.0957>0.005 - ¢=0.9... OK!




Maximum negative moment Mu © = 185.7 KN.m

Mn = Mu /¢= 185.7/0.9=206.33 KN.m .

—m=-L_=2058
0.85Fc

_ M, _ 206.33x10°
b*d? 500% (261)%

= 4.44 MPaR,,

_1 _ __ 2*Rpxm
=—@ /1 7 )p

:0.012L<1 - \/1 - w)
20.58 420

As = p * b *d =0.01207*500*261=2327.23 mm?

AS,; =ﬂ*b*d >E*b*d
T A () =%

V24 1.4
S >
4>|<420*500*261 _420*500*261

=562.21 mm?2< 642.67 mm? .... Larger value is CONTROL
As=2327.23 mm?

Use @ 25.... As=490.87 mm?

#of bars=(2327.23 /490.87) =4.74

Use 5 @ 25...As=2454.35 > 2327.23 mm?..

— Check for strain:-(g; = 0.005)

Tension = Compression

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

*a002454.35* 420=0.85*24*8

a=63.16 mm.

=24 MPa< 28 MPa— B, = 0.85f.




=8 - 74309 mm.c =2
0.85 B1

* 0,003, = £=¢

c
_ 241-74.309
74.309

*0.003 =0.00673>0.005 -~ ¢p=0.9... OK

4.6.2 Design of shear: -
1) Vu =186.5 KN.

fZ
@ch@*g*b*d

=0.75* g * 500* 261 * 10-% = 118.065 KN,

\— Check For Cases:-

118.065_

186.5 < — - 59.032

Case (1) is NOT satisfied.-

Case 2:
<V, <pVe ¢2VC
59.032 <186.5 <118.065

Case (2) is NOT satisfied..




3- Case 3: pVe< Vu < dpVe+ dVsmin

0.75
16

G Vsmin = % £ * by * d=—>+/24 * 0.8 *0.241 * 10° =44.27 KN.

> *bW*d="'3%5*0.8*0.241*103:48.2KN ....CONTROL.

OVS min = 48.2 KN.-
GVe + GVS min.
dVe< Vi< pVe+ dVsmin

OK

Vs

Case (3) is satisfied — (A?v) = Ty
t*

Vs = ( %-Vc)

_ 118.065
0.75

Vc =157.42 KN

185.7

Vs= (=~ 157.42) = 90.18 KN,

Try 4 ® 8 =4 *50.265 = 201.061 mm?.

_90.18 + 10%3
(420 %241)

—s § = 225.674 mmE22263+

s < 2:2‘2*—% 120.5mm  .... CONTROL

<600 mm.

Use4leg® 8 @ 10 Cm (4Leg).-




4.7: Design of column (C3).

Calculation of Loads act on Column (C5)

Loads acting on columns are obtained from support reaction when

analyzing the system on Etabs.
Dead Load = 1835KN (service)
Live Load =500 KN (service)
Loads acting on column (C2) are as follows:
Factored loads (Pu) = 1.2*1835+1.6*500= 3000 KN
Calculation of Required Dimension of Column (C2)
Total load Pu = 3000 KN
Pn = 3000 /(0.65) =4615 KN
pg = 1814 %

Pn = 0.8 = Ag{0.85 = fc' + pg(fy — 0.85fc")}
4165 x 1073 = 0.8 x Ag[0.85 * 24 + 0.02 = (420 — 0.85 = 24)]
Ag = 1833.65 cm?

~Select 60*40 cm with Ag = 2400 cm?2.

Check slenderness effect:

, then column is classified For braced system if A < 34 — 12% <40

as short column and slenderness effect shall not be considered.

_Klu
oor

A

Lu: Actual unsupported (unbraced) length = 3.18 m

K: effective length factor (K= 1 for braced frame).




R: radius of gyration — for rectangular section = \g 0.3h

System about Y

N 1%3.18 26.5
e = - =
0.3%x04 '

A <34-12(1) =22 <40
Long about YA = 26.5 > 22

System about X

1%3.18
- A=

= 03-06 1706

A <34-12(1) =22 <40
A=17.66 < 22
Short about Y and long about X/...
~ Column is long about Y, so slenderness effect will be considered.
emin= 15+0.03*h= 15+0.03*300= 24 mm
Pu= 3000 kN
Mmin = PU* emin=2000*0.024= 48 KN.m
Ec= 4700 ,/fc = 4700%v24 = 23025.2 MPa

3 +4003
lg= 22 = 20090 _ 9 125« 109mm*
12 12
1.2D 1.2°1835

12D+ 16l 3000 06

ﬁdns =

_ 04Eclg 047230252+ 1.125
" 1+4+Bgys 1+0.6

= 6475.84kN - m?

2 El _ Y.+ 6475.84

be =t = =318

= 6320.36




M,y
Cn=06+04—=06+04%1=1
M,

1

~ 3000
0.75 * 6320.36

=173>1

= 24* 1.73= 41.52 MMe = e, * Ops
M, = M,;, = 48 kN.m
M, = §;M, = 1.73 + 48 = 68.64 kN.m

6—41'52—01384
h~ 300
d—d'_400—2*4-0—2*10—2*14

y=—p 100 = 0.573

Use interaction diagram A-9a

B, 3000 * 10°
~Ag 600 * 400

* 0.145 = 1.933 ksi

Diagram A-9a for (y = 0.6),p, = 0.0121
0.0121*500*300 = 1815 mm?A,, = p, * Ag =

Select 16 @ 16 with As= 1847.26 mm?
¢Pn = 0.65 * 0.8 * {0.85 = fc'(Ag — As) + Ast * Fy}
3000 * 10° = 0.65*0.8 {0.85*24 ( 600*400- Ast) + Ast* 420}

Ast= 1967.35 mm?

as it is expected Preq = 0.0121 >0.01312 p; = i—j = :3(?2?)?) =

Check spacing between the bars:

_ 600-2%40—-2+10—6%16
5

S =82.5mm

S=825mm >40mm




>1.5db=37.5 mm

Determination of Stirrups Spacing
According to ACI:

Spacing < 16 X dy, (Longitudinal. bar.diameter) = 16 x 1.4
= 22.4 cm.
Spacing < 48 x d.(tie.bar. diameter) = 48 x 1.0 = 48cm.

Spacing < Least.dimension = 40 cm
Select @10/10 cm above the slab and along lap-splice.
Select @10/20 cm at the middle.

Column (C5) Section is shown in figure (4-10) where bars arrangement

and stirrups detailing appear:

23
#10/10cm #1a/10em

13
@10 L=152

Figure 4. 6: Column C5 detailing.




4.8: Design of Isolated Footing (F4).

:Loads that act on footing F1 are

PD =2180 KN, PL =856 KN
Pu=1.2*2180 + 1.6*856=4000 KN

The following parameters are used in design:
concrete = 25 KN/m3y

¥ soil = 18 KN/m?®

allow = 400 KN/m?g

clear cover =5cm

Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against

bearing pressure.
Assume h =80 cm

b(atiowynet = 400 — 25*0.8 — 0.5*18 - 5 = 366 KN/m?a

4 P _ 21804856 . _ .
= = =847m
a.net 366

l=+vVA= 847 =290m
Selectl =290m and B=3.30m
Determination of footing depth (h)

To determine depth of footing both of one and two-way shear must be

designed.

b 009 138 knym?
=7y =957 = H13BKN/m




Design of one-way shear:

d=h—-cover— @ =750—-50—-16=784 mm

Vu at distance d from the face of column

e )

29 05
= 413.8 x 3.3 (7 5 O.684> = 636.34 KN

@VC=0.75*§*\/f_c’*b*d
:0.75*%*\/2_4*3300*0.684 =1483.4 KN

Vu= 636.34 KN>@ V¢ =1483.4 KN

~h=75cmis correct

Design of Punching (Two-way shear).

d =734 mm

b, = 2(0.5+0.734) +2(0.8+0.734) = 5536 mm

Bc=1

as = 40 (interior column)

VU = 413.8 (3.3*2.9 -(0.5+0.684) (0.8+0.684)) = 3176.76 KN

@V is the smallest of:

Vc=%(1+%>x\/ﬁ X b, X d

1 2
== (1 + I) X V24 x 5536 X 684 x 1073 = 9953.3 KN

1 (ocsx d

Ve=15 b, +2)x\/ﬁ X b, X d




_1 (4o>< 734

12 \ 5536

+ 2) X v/24 x 5536 x 684 x 1073 = 12115.62 KN

=~ x /24 x 5536 X 684 X 1073 = 6635.5KN  (Control)

@Vc = 0.75 x 6635.5 = 4976.66 KN > Vu = 3176.76 KN

~ A= (3.3*2.9)m2and h = 80 cm is correct.

Design of Reinforcement

Mu = 413.8 *3.3*1.15*(1.15/2) = 902.96 KN.m

Fy 420
0.85+Fc’  0.85+24

= 20.59=m

Mn =902.96/0.9 =1003.3 KN.m

Mn _ 1003.3%10°

b+d2 ~  3300%6842 =0.564 MPa

Rn =

2*Rn*m
)

=Z*(1- [1-
m Fy

1 2%0.564 *20.59
420

):

20.59

0.00136 = —— * (1- J

Asreq=p b *xd = 0.00136 * 3300 = 684 = 3298.92 mm?
As (min) = 0.0018*b*h = 0.0018*3300 *750 = 4752 mm?
As,min > As, req

Select for this directions: 22@18 with As = 5598.32 mm?2 > As,min




Mu =413.8 *1.25*2.9*(1.25/2) = 937.52 KN.m

Fy 420

0.85+Fc’ = 0.85%24 = 20.59=m

Mn =937.52/0.9 =1041.68 KN.m

Mn _ 1041.68 10°
bxd? 2900%6842

Rn = =0.667 MPa

2xRn*m )
Fy

=Yx. 1=
=—*(1- |1

1 2%0.667 *20.59
420

0.00161 :L*(l-\/ )=

20.59
Asreq=p*b*d = 0.00161 * 2900 * 684 = 3427.05 mm?
As (min) = 0.0018*b*h = 0.0018*2900 * 750 = 4176 mm?
As,min > As, req

Select for this directions: 20 @18 with As = 8089.38 mm? > As,min




FA(330X290X75 cm)

Figure 4. 7: Foundation F4 reinfor+cement




49  Design of Stairs

Figure 4- 4 Stair

Design of flight

The structural system of the flight is shown in figure (4-22) and the following

steps explain the design procedure of the flight :

.1 Determination of flight
thickness: Limitation of
deflection: h> minimumh h
(min) = L/20 = 300/20 =
15cm

= Select h =20 cm, but shear and deflection must be checked




Angle (a): tan(a)=15.91/30 — o =27.91°

* Load calculation:

Table 4. 1: Load calculation for the flight

=27*((0.1591+0.35)/0.3)*0.03*1=1.451
=22%((0.1591+0.3)/0.3)*0.02*1=0.7064
=(25/0.3)*((0.01591%0.3)/2)*1=1.99
(25%0.2*1)/(c0s 27.91)=5.6
(22%0.03*1)/(cos 27.91)=0.75

.015 KN/m

Live load=5 KN/m?
Wu=1.2*10.5+ 1.6*5= 20.6 KN/m

* Analysis.

The following figures show shear and moment Diagrams resulted from analysis

of the flight:

237

%o.eooo ’-———— 3.30 —ﬂ’o.eooo/\é

Figure 4. 1: Load distribution for flight.

*  Design.




Design for shear:
R=W*L/2= (20.6*3.30)/2=33.99 KN
d=200-20-(14/2) = 173 mm

@Vc=075% *VFc' *bw*d

1
=0.75%s6 V24

=105.94 KN
*5.0 @Vc= 0.5*105.94= 52.97 KN

0.5 @Vc = 79.455 > VVu max = 33.99 kN

*1000*0.173

= No Shear Reinforcement is Required

Design of bending moment:
Mu= 33.99 (0.6+1.65)- 20.6*(1.65%/2) = 48.43 KN/m

Fy 420

m = = = 20.59
0.85+Fc’  0.85+24

o _ _43s10°/09 _
RN .2 = 1000732 =179

= MPabd

*Rn+m 2%1.79%20.59

— 1 ES —_— ) =
)—20_59 (1—\/1 270 ) =0.0044

p

(1. [1-2
m Fy

As,req=P* bxd= 0.0044 « 1000 * 173 = 768.4 ;2

As min = 0.0018 *1000*200 =
360 mm? As, req <As, min

Select 5@14 with As= 769.7 mm? <As, req
For secondary Reinforcement select @10 /20 with as=395 mm?2
<As min Check Strain:
C=T
0.85*fc’*a*b = As*fy
0.85*24*a*1000 =
769.6 *420 a =
15.84 mm c¢=a/P




=15.84/0.85 =
18.64 mm es =((d-
c)/c) * 0.003
= ((173-18.64)/18.64) *0.003
=0.0248
<0.005
Check
spacing:
S=20cm > 3h = 3*200= 600 mm
=450 mm
= 380% (———

0. 67*420) 2.5*20=33.37 mm

4.11.2: The landing.
« Determination the thickness:

Limitation of deflection: h > minimumh
h (min) = L/20 = 325/20 = 16.5 cm

~ Select h = 20 cm, but shear and deflection must be checked

d=200-20-(14/2) = 173 mm

* Load calculation:

Table 4. 2: Load calculation for the landing

22*0.03*1=0.66

22*0.02=0.44

.0*5220*1=5

22*0.02=0.66

6.76 KN/m




Live load=5 KN/m?
Wu=1.2*6.76+ 1.6*5= 16.112 KN/m
* Analysis.

The following figures show shear and moment Diagrams resulted from analysis

of the landing:

145

Figure 4. 2: Load distribution for flight.

«  Design.

Design for shear:

Wr=34.004/1.3= 26.16 KN
R=(16.112*3)/2+ 23.44*1.45= 58.16

@Ve=0.75* *VFc' *bw*d

1
=0.75%s6 V24 *1000*0.173

=105.94 KN
*5.0 @Vce= 0.5*105.94= 79.455KN
0.5 @Vc =79.455 > Vu max =58.16 KN
=~ No Shear Reinforcementis
Required Design of bending
moment:

Mu= 58.156 *1.5- (16.112*1.502)/2- 23.44*1.45*(1.45/2) +0. 5) = 42.8 KN/m

= %20 _ 059




Rn 85+Fc  0.85+24
Mu/0 _ 42.8+10%/0.9
bxd2 ~  1000%1732

_ 1, (- |1- Z*Rn*'m): 1, (1- ,1 _ 2*1.6*20.59)20.004
p ™ Fy 20.59 420

As,req=P*b*d = 0.004 %1000 x 173 = 692 .

As min = 0.0018 *1000*200 =
360 mm? As, req <As, min

Select 5@14 with As= 769.7 mm? <As, req
For secondary Reinforcement select @10 /20 with as=395 mm?2
<As min Check Strain:
C=T

0.85*fc’*a*b = As*fy
0.85*24*a*1000 =
769.6 *420 a=
15.84 mm
c=a/B =15.84/0.85 =
18.64 mm &s =((d-c)/c)
*0.003

= ((173-18.64)/18.64) *0.003

=0.0248
<0.005
Check
spacing:
S=20cm > 3h = 3*200= 600 mm

=450 mm

. 280
= 380% (G g7maz0" 2.5%20=33.37 mm




4.10: Design of shear wall

Analysis and design were done using ETABS program in which the
seismic loads were taken into account. The followingis a sample

calculation for one of the walls, S.W
The following data that used in design:
Shear wall thickness= h =20 cm
Shear wall length Lw = 2.75 m
Building height Hw= 13.95 m

Critical section shear:
Lw/2=3.5/2=1.75

hw/2=13.95/2=6.97

story height=3.5

d =0.8*Lw =0.8*%2.75=2.2m

Vu= 689.7 KN

Mu=1167.3 KN.m

Calculation of shear strength provided by concrete Vc:

Shear Strength of Concrete is the smallest of:

Vc:%,/fc'xbxd

:g 24 x 0.2 X 2200 = 587.88 KN

Nuxd
4Lw

Ve =0.27/fc' x hxd+

=0.27+/24 x 0.2 X 2200 + 0 = 952.36 KN




Lw (0.1 fc'+0.2%)
Mul _ Lw

Vu 2

X hxd

Ve =10.05x*,fc" +

= —1618697'73 - ZZLS = —0.56 < 0 This equationis not applicable.

~ Vc= 587.88 KN - @Vc = 44091 < Vumax! = 689.7 KN
Horizontal Reinforcementis Required.

Vs= U _ye= 897 oo 88— 33221 kN
S = E Cc = 0.75 . = .

Avh Vs 332.21

= = = 0.0002197
S fyxd 420 %3600

Avh
but (T) min = 0.0025 *h = 0.0025 * 200 = 0. 5.

Avh : For 2 layers of Horizontal Reinforcement Select @10 :
Avh = 2 *79 = 158 mm?

Avh _ 075 Ss 158 1067
= . ﬁ = = .
s "4 =19%75 mm

Smax= Lw/3 = 2700/3 = 1766.67 mm
= 3h = 3*200 =600mm

= 45c¢m « Controlled.

Select 10 @ 200 mm at each side.

4.7.2 Design of Vertical Reinforcement

Avh

_ hw.
AW = [0.0025 +0.5 (2.5-1) (g

— 0.0025)] * h * Sver

hw 2673




2x79
250%250

AW = [0.0025 +0.5 (0)(

Sver

—0.0025)] * 200

Avv _

Sver

Smax= Lw/3 = 2750/3 =1500 mm

= 3h = 3*200 =600mm

Select 14 :

Avv = 2 *153.86 = 307.72 mm?

Avv
—=0.75
S

307.72
Sreq = 05 - 615.44 mm

Select 14@ 20 mm at each side.

@10/20 (U-Hook) 3) 210720 em (horizantal bars )

10@40  (s-Hook Jcm

Figure 4. 8: Shear wall 5 reinforcement.
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