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Abstract

The idea of the project is to prepare the complete structural design for a residential
villa building in the city of Hebron in a way that includes all the structural elements
from foundations, walls, columns and ribs, so that executive plans are prepared that

enable the project to be implemented to the fullest.

It appears from the plans that the proposed building is a residential villa with a
total area of 1500 m2, consisting of six floors divided into: basement floors,
ground floors, first, second and third floors in addition to a roof floor, and this
building

was structurally designed according to the American code, where the project
contains analysis and The structural design of the building’s elements in addition
to containing all the plans and structural details necessary for the implementation
of the building in a way that does not contradict the architectural design of the

project.

It is worth noting that, during the structural design of the project, we will use the
Jordanian code to calculate the loads (dead load + live load), and the American
code ACI-318 (American Concrete Institute) in the design process, in addition to
using some analytical and design programs such as: beam d known as Al-Atir, And

the ETABS program, and the SAFE program
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List of abbreviation

Ac = area of concrete section resisting shear transfer.
As = area of nonprestressed tension reinforcement.
Ag = gross area of section.
Av = area of shear reinforcement within a distance (S).
b = width of compression face of member.
bw = web width, or diameter of circular section.
DL = dead loads.
d = distance from extreme compression fiber to centroid of tension
Ec = modulus of elasticity of concrete.
Fy = specified yield strength of non-prestressed reinforcement.
h = overall thickness of member.
I = moment of inertia of section resisting externally applied factored loads.
Ln = Length of clear span .
LL = live loads.
Ld = development length.
M = bending moment.
Mu = factored moment at section.
Mn = nominal moment.
Pn = nominal axial load.
S = Spacing of shear or in direction parallel to longitudinal reinforcement.
Tc = nominal tensional concrete moment strength provided by  concrete.
Ve = 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. (Kg/m?).
W = width of beam or rib.
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o Wau = factored load per unit area.

° ® = strength reduction factor.
® P = ratio between area of concrete to area of steel .

e fc' = specified compressive strength of concrete, MPa

o / cu=effective compressive strength of the concrete in a strut or

a nodal zone, MPa

) /v =modulus of rupture of concrete, MPa

° S = elastic section modulus of section, mm3,

° Pn = nominal strength of cross section subject to compression, N

° Lu: Actual unsupported (unbraced) length.

° M1 = smaller factored end moment on a compression member

° M2 = larger factored end moment on compression member

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

° r: radius of gyration

° Ig = moment of inertia of gross concrete section about centroidal axis, neglecting

reinforcement, mm4
° ons = moment magnification factor for frames braced against side sway, to reflect effects

of member curvature between ends of compression member

° Cm = a factor relating actual moment diagram to an equivalent uniform moment diagram
° Pc = critical load, N.

° Es = modulus of elasticity of reinforcement, MPa.

° Ig : moment of inertia of gross concrete section about centroidal axis, neglecting

reinforcement , cm *.

° Is,. moment of inertia of concrete about centroidal axis of member cross section , cm*
o EI = flexural stiffness of compression member.

° db = nominal diameter of bar, wire, or prestressing

° pb = reinforcement ratio producing balanced strain conditions.

° h = overall thickness of member, mm

) L= span length of beam or one-way slab,

° B = ratio of clear spans in long to short direction of two-way slabs

13



As = area of nonprestressed tension reinforcement, mm?2
As,min = minimum amount of flexural reinforcement, mm?2
Pb = nominal axial load strength at balanced strain conditions.
Po = nominal axial load strength at zero eccentricity, N

Pu = factored axial load at given eccentricity, N

hw = total height of wall from base to top, mm

Iw = horizontal length of wall, mm

Pc = ratio of long side to short side of concentrated load or reaction area
T = elastic fundamental period of vibration, in seconds,

V = The total design lateral force or shear at the base

W = the total seismic dead load defined

Z. = seismic zone factor as given in Table 16-I.

Ca = seismic coefficient, as set forth in Table 16-Q.

Ct = numerical coefficient given in Section 1630.2.2.

Cv = seismic coefficient, as set forth in Table 16-R.

I = importance factor given in Table 16-K.

R = numerical coefficient representative .

we = weight of concrete, kg/m3

Lx= short distance of the slab(C to C)

Ly= lond distance of the slab (C to C)

Mfx = postive field moment at x-direction

Mfy= positive field moment at y-direction

Msx = negative support moment in x-direction

gAx= max shear force in x- direction

qAy= max shear force in y- direction

14
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Chapter Four
Structural Analysis and Design

4.1 Introductions:

4.2 Factored loads.

4.3 Determination of thickness.
4.4 Design of Topping

4.5 load Calculations

4.6 Design of Rib.

4.7 Design of Beam.

4.8 Design of Column.

4.9 Design of Footing.

4.10 Design of stairs.

4.11 Design of shear wall.
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4.1 Introductions:
The design and construction of reinforced concrete building is controlled by
the (building code requirements for structural concrete)

(ACI 318-14) of the American concrete institute.

Concrete consists primarily of a mixture of cement and fine and coarse
aggregates (sand, gravel, crushed rock, and other materials) to which water has been

added as a necessary ingredient for the chemical reaction of curing.

This chapter start with calculate the thickness of the slab by using table 9.5
from ACI code, and make cheek for the value, then calculate the dead load and
select live load to begin analysis of the element, after doing the analysis make the
design of each structure element in the system to select the effective section for
element and its reinforcement of the profile and we use concrete B300 (fc'=24 Mpa

) and steel fy =420 Mpa

After make the design of section start drawing the section and show the

reinforcement of every element will be design.

4.2 Factored loads:

The factored load on which on we based to make the analysis and design for
our project member is;

q. = 1.2D+1.6L ACI-318-14
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4.3 Determination of thickness:

4.3.1 Determination of thickness for one way rib slab :-

The structure may be exposed to different loads as dead and live loads. The
value of the load depends on the structure type and the intended use.

The overall depth must satisfy ACI-318-14

Min h = Ln/18.5 ( for One end Continuous)
Min h = Ln/21 ( for both end Continuous)
Min h =Ln/8 ( for Cantilever)

Min h =Ln/16 (for simply supported)

For one end continuous L ,,=6m then:

L 6000

hmin = = =
18.5 185 ~-24cm

For both end continuous L,,,=5.65m then:

, L 5650
T 21 T 21

= 27 cm

For simply supported L., = 6.00 m

L 6000
16 16

h

min =

= 37.5cm

And this value is considered an initial value and is not relied on definitively .

Select h = 32cm
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4.4 Design of Topping:

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

No. Material Calculation
1 Tile 0.03*22*1=0.69 KN/m
2 mortar 0.02*22*1=0.44 KN/m
3 Coarse sand 0.07*17*1=1.19 KN/m
4 topping 0.08*%25*1 = 2.0 KN/m
5 Interior partitions 2 ¥1 =2 KN/m
Sum 6.32 KN/m

Table (4 — 1) Calculation of the total dead load on topping

W,=12DL+1.6LL

=1.2%6.32+1.6 *2=10.784 KN/m?. (Total Factored Load)

WU qo784%04°
M o= —i—= 10T _ 01437 KN.m/m

OM = 0.55 * 0.42M/f¢S =

2 —_—
0.42 * 1 * /24 % 1000 * £ * 107" = 1.21 KN.m>»M = 0.1437
u

No Reinforcement is required by analysis. According to ACI 10.5.4, provide Asmin for

shrinkage and temperature reinforcement.
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2

As = 0.0018 * 1000 * 80 = 144-——strip

mn m

Try bars ®8 with As = 50.27 mm"

144

n == 2.87 bars

Select 598 /or P8@200 mm in both directions
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4.5 load Calculations

4.5.1 load Calculations For one- way ribbed slab:

1. Tiles = (0.52) (0.03) (22) = 0.343 KN/m
2. mortar =(0.52) (0.03) (22) = 0.343 KN/m
3. Sand =(0.52) (0.07) (17) = 0.619 KN/m
4. Topping =(0.52) (0.08) (25)=1.04 KN/m
5. Block =(0.4) (0.24) (10) = 0.96 KN/m

6. Rib =(0.12) (0.24) (25) = 0.72KN/m
7. Plaster =(0.52) (0.03) (23) = 0.359 KN/m
8. Partition =(2) (0.52) = 1.04KN/m

DL =5.424 KN/m
LL =2 KN/m?

Factor load From ACI code :

DL =1.2 (5.424) = 6.5088 KN/m

LL =1.6*2*0.52 = 1.664 KN/m
Wu=1.2(5424)+1.6(1.04) = 8.173 KN/m
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4.6 Design of Rib:
4.6.1 Design of one way Ribbed Slab:
design of rib ( G-RIB7 ):

Fig.(4-1) rib geometry

Eftfective flange width (bg) according to ACI - 318-14
by for T-section is the smallest of the following :
by =L/4=4200/4=1050 mm .
bg=C/C=520mm. ............ control
bg=b,+ 16 t=120 + 16(80) = 1400 mm.
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4.6.1.1 Design of moment:

Moments:

spans 1to 3

Fig.(4-2) Moment diagram of (G-RIB7)

4.6.1.1.1 Design of positive moment:

*determination whether the rib acts as rectangular or T-section:
For a=t=8cm

d=h-cover-d/2=320 - 20 - 10 - (12/2) =284 mm

_ Mu _ 208 _
Mn = 59 = o9 — 23.11 KN.m

h
_ N f
Mnf=085*fc *b_ *h (d-=)

= 0.85 % 24 * 520 * 80 (284 -40) *10 ° = 207.06 KN/m

Mnf =207.06KN.m>Mn req=23.11KN.m

Design as a rectangular section .

57



Mu =20.8 KN .m
20.8

Mn = 0.9 =23.11 KN .m
M 341+ 10°
Rn= b*d’ =—————=(.55Mpa
520 * 284
f 420
v 420
" T Ossrfe 0.85 * 24 20.58
1 1_2mRn
p=m(-V M
1 2%0.55* 20.58
P =058 '\/1 - 420 )
p=132%10"

ASgo=p.b.d. = 1.32%107° * 520 * 284 = 194.9 mm?

v L4
Aspn= 4 bwrd > Pbwd........... (ACI-318-14)

As,y=025 %2« (120)%(284) >

e (120)* (284)

420
=9937 mm? = 113.6 mm?

As min=113.6 mm?

As = 1949 mm> As,;, =113.6 mm’
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Check for strain :

As* f
a = n
0.85* fc' * b
226.2 * 420
8 = 085+24%520 _o-90mm

- a _ 895 —
C =4 =4s 10.5

e =0.003 (=)

=0.07 >>0.005 = ok ~$=09...0OK!

4.6.1.1.2 Design for negative moment:

d=h-cover-d/2=320 - 20 - 10 - (12/2) =284 mm

Mu =20.3 KN .m

20.3
Mn = 0.9 =22.5KN .m
Mn 5+ 10°
Rn= b*d® =—=———=23 Mpa
120 * 284
f 420
.y _ 40 @ _
"= 0.85*fc ~  085*24 20.58
L 1_2mRn
p=m(-V M

1 2%23%20.58
P =058 '\/1 - 120 )
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p=58%10"

As=p.b.d. = 5.82%107° * 120 * 284 = 198.34 mm’

a3 14
Aspn= 4 bw*d > Pbw*d........... (ACI-318-14)
24
Aspp=0.25* 21 5 (1204284 =L (120)* (284)
=9937 mm> = 113.6 mm?
As min = 113.6 mm?
As = 198.34 mm*> As,;, =113.6 mm’
Check for strain :
*
. As fy
0.85* fc' *b
226.2* 420
4 = gs*zav120 _ So-8mm
a 388
C =% =085 =45.65 mm
€= < )

=0.015>>0.005 = ok - {=09...OK!
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4.6.1.2 Design of shear for rib:

Shear

Fig.(4-3) shear diagram of rib

Max Vu:=24 KN( at distance equal d from the face of support)

®Ve=0* L1 *—*-/fc *b*d
= 0.75* 1.1 *%*@* 120 * 284 * 10 °=22.95 KN

1 _
® Vs min=0.75 *—* 120 * 284 *10 3 852 KN

Vu =24 KN > ® Vc=22.95 KN then shear reinforcement is req.
For region #3 :

Vu< ® Vs mint+ @ V¢

Vu< 8.52 +22.95=31.47 KN

So min reinforcement req for the first three region

¢ Vsreq= ¢ Vsmin
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PRI 0.75*100.5 * 420 * 284
. 7 .
Sreq: ¢ Vs min = =1055 mm

8.52*10°

S <d/2=284/2 =142 mm
So we must use the smallest value

Use S=125 mm
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4.7 Design of Beam
Material: -

concrete  B300 Fc¢' =24 N/mm?
Reinforcement Steel fy = 420 N/mm?
Section: -
B =80 cm
h=32cm "choose h=32, for deflection requirements L/240"

According to ACI-Code-318-14, the minimum thickness of no prestressed

beams or one way slabs unless deflections are computed as follow:
h,;, for both-end cont. = L/21
=509/21 =24.3 cm.

—Select Total depth of beam h=32cm. ( 32c¢m slab )

Geometry Units:meter,cm

1 2 3 4
B A A : A e i
p55 235 55 38 55 454 .55 4.18 0.55
b 29 | 4.45 | 5.09 , 473
5 6 7
— A T A it A |
055 325 0.5 3.69 055 248
R 38 " 424 ' 278
T T
32)
80.
AA

Fig.(4-4)beam (3) geometry
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4.7.1 Design of moment:

Moments: spans 1 to /

-247.6
-1856  _169.1/-178.4 -176.3

-146.9
: Y A-113.2 114.8,-115.8
54,6

'ﬂlﬁi_!.lﬂf g]HnE : A2 I;H'-JLI

L8

.._.{_I_._.. —1.1_

H AN
e /e

[I_ﬂi
101.9 93.7

1.3,1.6]1.78 2567 | 2.55 255 | 2.37  2.37 [2.09 1.71] 2.33 ,1.91] 2.76 |

Fig.(4-5) moment diagram

4.7.1.1 Design of positive moment:

—Mu,,, = 163.9 KN.m
b, =80 Cm. h=32Cm.

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

=320-40-10 -2 =260 mm
Coox = * d == * 260 = 111.4286 mm.

f. =24 MPa < 28 MPa—f, = 0.85

Amax = B1* Crax = 0.85 * 111.4286 = 94.7143 mm.

64



*Note:
_ % F k% o % e
M 0 =085% f *b*a*(d-=)
=0.85* 24 * 0.8 *0.0947 * (0.260 — 0.0947 /2 ) * 10°

=328.69 KN.m

€.= 0.004

250
$=0.65+ 3 *(0.004-0.002) = 0.82

—dMn,,., = 0.82 * 328.69 = 269.53 KN.m
— Mu = 163.9 KN.m< dMn_,, = 269.53 KN.m

~.Singly reinforced concrete section.

1)  Maximum positive moment M M=163.9 KN.m

Mn =Mu /¢=163.9/0.9 =182.11 KN.m .

—m=20.58
M * 6
R =—i- =220 -3 36 MPa
no pxd® 800 * (260)
1 2*R *m
_7(1 - 1- f )

20. 58

2*3.36 * 20.58
(1 - 1 - B ) 0.00879

A,=p *b *d=0.00879 *800*260 = 1828.32 mm*

65



As = i*b*alzﬂ*b*al

min 4(fy) fy
V24 1.4
120 * 800 * 260 > 220 * 800 * 260

= 606.54 mm? < 693.33 mm® .... Larger value is CONTROL
As= 1828.32 mm?
Use ®20.... As=314.16 mm*
#of bars= (1828.32/314.16)=5.8
~ Use 6 ®20...As = 1884.96 > 1828.32 mm?

— Check for strain:-(eSZO. 005)
Tension = Compression
A¥fy=085%f *b*a

1884.96 * 420 =0.85 * 24 * 800 * a
a=48.51 mm.

f. =24 MPa< 28 MPa— B, = 0.85

_ 26()5;57-1_ *0.003 =0.01 >0.005 = ¢=0.9... OK!
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4.7.2 design of shear:

Shear
300.7

240.7
147.7

95.3120.1

Li ” r_i
37.
1

Fig .(4-6)shear diagram

1) Vu=240.7KN .
-
@ch@*#*b*d

= 0.75 * L2 % 800 * 260 * 10-* = 127.37 KN,

\— Check For Cases:-

1- Casel :

014

C
V< ==

127.37

240.7 < =5 = 63.68

~ Case (1) is NOT satisfied
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Case?2:

oV,
=<V, <¢V.

63.68 < 240.7 < 127.37

~ Case (2) is NOT satisfied

3-Case 3

q)vc< Vu S q)Vc+ CI)VS min

s _ 075 3 _
O VS = 5e\/f *bu*d =224 % 0.8 %0.260 * 10° = 47.77 KN.

0.

5 %0.8%0.260*10°=52 KN

4 _
Z 3 *b,*d= 3

CONTROL.

~QVS i = 52 KN.

GV, + QVs = 127.37 +52 = 179.37 KN.
GpV< Vy < oV + Vs,

127.37 < 240.7 < 179.37

Case (3) is NOT satisfied
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4.case(4):

(I)Vc + q)VS min = Vu S (b(VC_FVs‘)

VS‘%\/ft *bw*d

Vs'=—/24 * 800 * 260 *10™* = 339.66 KN

(l)vc + CbVS min S VU S q)(Vc+Vs‘)
179.37< 240.7 < 339.66 OK
Case (4) is satisfied

Try @10 with 2 legs =2 * 78.5 = 157 mm?.

s< +=22-130mm ... CONTROL
< 600 mm.
- Use @10 @ 10 Cm .
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4.8 Design of Column:
4.8.1 Design of Short Column

Calculation of Loads act on Column (G3)

Dead Load 1500 KN (service)
Live Load = 300 KN (service)

Loads acting on column (G3) are as follows:

Factored loads (Pu) = 2280 KN

Calculation of Required Dimension of Column (G3)
Total load Pu = 2280 KN
Pn =2280/(0.65) =3507.7 KN
pg = 2.0%
Pn = 0.8 * Ag{0.85 * fc' + pg(fy — 0.85fc")}3507.7 * 107° =

0.8 * Ag[0.85 * 24 + 0.02 * (420 — 0.85 * 24)]Ag= 1625cm’

~Select 60*40cm with Ag = 2400cm?.
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° Check Slenderness Effect :

For braced systemif A < 34 — 12% <40 , then column is

classified as short column and slenderness effect shall not be considered.

Klu
r

A =

Lu: Actual unsupported (unbraced) length = 3.65 m
K: effective length factor (K= 1 for braced frame).

R: radius of gyration — for rectangular section =- /% 0.3h

System about X

1*3.65
N = — =
A 0.3%0.4 30

A < 34 — 12(1) = 22 <40

A =30 > 22 . longabout X and short Y .

Svstem about Y

1*3.65

e =
A 0.3*0.6

= 20.3

A < 34 — 12(1) = 22 <40

A= 20.3 < 22 - shortaboutY and long X.
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Calculation of Required Reinforcement Ratio
Since Column 1s short and slenderness effect will not be considered, then

Design Strength of column can be calculated using the following equation

¢Pn = 0.65 * 0.8 * Ag{0.85 * fc' + pg(fy — 0.85fc")}
Where , Pu= 2280 KN

2280 * 10° = 0.65 * 0.8 * 600 * 400{0.85 * 24 + p(420 — 0.85 * 24)}
=P, = 0.01227 > P = 0.01 &< P = 0.08

As req =0.01227 *600 *400 =2944.8 mm*

2944.8

2545 — 115

Use ® 18 >> #of bar =

~ Use 120 18 with As = 3054 mm? >As ., = 2944.8 mm?*

o Check spacing between the bars :

600—2*40—2*10—5*18
4

S= = 102.5mm

S=102.5mm >40mm

>1.5db=27 mm

Column (G3) Section is shown in figure(4-7) where bars arrangement and

stirrups detailing appear :
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D

¢10/20cm
=190

Fig.(4-7).
Detail column (G3)
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4.9 Design of Isolated Footing:

Loads that act on footing F3 are :

- PD=1500 kN, PL =300kN
- Pu=1.2*1500+ 1.6*300 = 2280kN

The following parameters are used in design :

= Y concrete — 25 kN/ m’
- Y= 17 kKN/m’

T Oyow = 500 kKN/m?

- clear cover = 7.5cm

Determination of footing dimension (a)

Footing dimension can be determined by designing the soil against

bearing pressure .
—  Assume h =65 cm

—  Opatiowmer = 500 — 25%0.65 — 0.25%17 - 5 = 474.5 KN/m?

A= P _ 15004300
q 4745

a.net

— l=+4A=+38=19m

— Selectl = 1.95m

—3.8m°

Determination of footing depth (h)

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

_ Pu 2280
9,= 2 = 38

= 600 KN/m"
Design of one way shear

d=h—cover — @ =650—75-10= 565mm

—

—  Vu at distance d from the face of
_ L _a_
column Vu = qub( > > — a)

194
2

= 600 * 1.94 (13- — 5% — 0.565) = 122.22KN
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O Ve=0.75*—=*-[fc' *b*d
= 0.75 * — * /24 * 1940* 565=671.22 kN >Vu

-~ h =65 cm is correct v/

Design of Punching (two way shear) Citd
—  d=565mm
— b, =4(0.6+0.565) = 4660mm =
- BC - 1 [ +;_ Er T ;’ c
— as =40 (interior column) ’ ] ' ‘
b
Vu =600
(1.94%1.94-(0.6+0.565)(0.6+0.565)) = e
860.16kN
OV is the smallest of :
1. Ve = %(1 + %) xfexb xd = %(1 + %) x [24x4660x565%10 " = 6449.3KN

1 ocsxd
2. Vc=—( > +2)>< fcxboxd

o

_ 1 {40x565 =3 _
_1—(W + 2) x /24 x4660x565x10 ° = 7952.6 KN
3. Ve =+ xfcxb xd

=% X /24 x4660X565%10 = 4299.51 kN [] cont.

— @OVec=0.75 x4299.51 =3224.63 kN > Vu=860.16 kN

~h =65 cm is correct v/
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Design of Reinforcement long direction
Mu = 600 *0.97*0.6 * (0.6/2) = 104.76 kN.m

Fy _ 420
085%Fc  0.85*24

= 20.6

_)m_

— Mn=104.76/0.9 =116.4 kN.m

6
M 116.4 *10

—Rn = — = — =0.188 MPa
b*d 1940*565

N p=L*(l—‘/1 _%)

270.188 *20.6
=% (141 — 2012200 ) 0000449

— Asreq=p * b *d = 0.000449 * 1940 * 565 = 493mm’

— As (min) = 0.0018*b*h = 0.0018*1940 * 565= 2270mm?*

— Asreq < As (min)

Select for long directions: 140 12 with As = 2753.1 mm?>> As min...

(0k)
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910/20cm

1.95 0.10

Section A-A

1.75
14212 1L=2.15

16@212|L=2.15

0.10 0.50

Q10 050 . 095
0.10

Fig (4-8): Footing (3) Detail.
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4. 10 Design of stairs:

Fig.(4-9): Stair Details

Design of flight
the following steps explain the design procedure of the flight

1. Determination of flight thickness :
Limitation of deflection: h > minimum h

h (min) = L/20 =365/20 = 18.25 cm
~ Select h =20 cm, but shear and deflection must be checked
Angle (a): tan(a) =16/30 —

a=28.1°
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2. Loads calculation

Flight Dead Loads

Flight = (0.15 * 25%1)/ cos(28.1) =4.25 kN/m

Plaster = (0.03 * 22*1)/ cos(28.1) =0.75 kN/m

Hor.Mortar =0.03*22*1 =0.66 kN/m

Ver.Mortar = 0.03*22*(-2-) = 0.352 kN/m

Hor.Tiles = 0. 04*23*( ) =1 kN/m

Ver.Tiles = 0.03*23*(<--) = 0.368 kN/m

Triangle =O.5*O.16*25 =2 kN/m

Sum=9.4 kN/m

Table(4- 2): Calculation of Dead Loads that act on Flight

Factored Load
qu=1.2 ¥9.4 + 1.6*2 = 14.5 kN/m
Vu= 14.5*%1.8/2 = 13.05 kN

3. Analysis :
The following figures show shear and moment Diagrams resulted from
analysis of the flight :

79



4. Design :
- Design of Shear Force :

d=200-20 - (12/2) =174 mm

@xVe=0.75* —*[Fc' *bw * d
_ 1
= 0.75 * =*/24 * 1000 * 174
=106.55 kN > Vu max = 13.05 kN

= No Shear Reinforcement is Required#

- Design of Bending Moment :

Fy 420
—>m= - = = 20.6
0.85*F¢ 0.85*24
6
Mu/® 13.05*10 /0.9
— Rn = 22 _ 29 —0.478 MPa
b*d 1000*174

1 2*Rn* 20478206
- pZT*(l'\/l_ Fr;m :206*(1 \/1_ 20 )"
0.001154

— Asreq=p * b *d = 0.001154 * 1000 * 174 = 200.799 mm?*

— Asmin=0.0018 *1000*200 = 360.0 mm?
= Select @12/20 with As =565 mm* > As req .... For Main Reinforcement

For secondary Reinforcement select @10 /20 with As=395 mm#* = As min

— Check Spacing :

20cm < Smax=3*15=45cm ... 0k
< 45 cm

— Check Strain:
C=T
0.85*fc’*a*b = As*fy

0.85*24*a*1000 = 360.0 *420
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a=74lmm — c=a/p=7.41/0.85=8.71 mm

_ 0.003*d _ 0.003*174
g ==~ 0.003 = == —0.003

“E = 0.055>0.005 ....9=0.9 (OK)

Design of Landing

Mu =wl*2/8
=6.35*1.65"2/8 =2.16 KN. M
d=200-20-12-12/2=162mm
Mw/@  2.16*10°/0.9

Rn = —42 - 2 = 0.09 MPa
b*d 1000*162
p=——*(1- \/1— I ) = —— % (1- \/1— 20 ) = 0.000218

Asreq=p * b * d = 0.000218 * 1000 * 162 = 35.35 mm?*/m
Asreq < As min.
Take As min =360 mm?
Select ¢ 12/ 20cm.
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Figure (4- 10) Stair reinforcement
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4.11 Design of shear wall :

Analysis and design were done using ETABS program in which the seismic loads
were taken into account. The following is a sample calculation for one of the walls,
S.W1.

The following data that used in design:

Shear Wall thickness = h = 20cm

Shear Wall length Lw = 3.85 m

Building height Hw=17.0 m

Critical section shear :

Lw/2=3.85/2=1.925 ..... control
hw/2=17 /2=8.5
story height=3.0

— d =0.8*Lw =0.8*3.85=3.03 m

4.11.1 Design of Horizontal Reinforcement
Calculation of Shear Strength Provided by concrete Ve:

- Shear Strength of Concrete is the smallest of :
- Vc=% fc'xbxd

= 2 24x 200x 3030 = 502.96 kN«KControlled

Nuxd
4Lw

- Ve=0.27/fc xhxd +

=0.27+/24% 200x 3030 + 0 = 801.5 KN
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Nu

- Ve =005 */fc + LW(O'lMufcjo'z h) xhxd

Lw

Vu 2

Where:
- Mul=920.5 kN.m
Mul Lw 9205 385 _
T vu 2 T 4503 2 0.12

~Vec = 502.96 kN- @Vc = 377.22 < Vumax = 450.3 kN —»Horizontal
Reinforcement is Required.

_ o vu _ 4503 .

— Vs = 5 Ve = 075 502.96 = 97.44 kN
Avh Vs 97.44*10°

=5 = Tpad = a0 = O 06025

but (424) = 0.0025 * h = 0.0025 * 200 = 0.5 Controlled.

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

Avh 158
~—=0.5-Sreq = = = 316.0mm

Smax= Lw/3 = 3850/3 = 1250mm
= 3h =3*200 =600 mm

= 45cm<« Controlled.
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~Select 010 @ 200 mm at each side.

4.11.2 Design of Vertical Reinforcement

— AV = [0.0025 0.5 (2.52) (5o — 0.0025)] * h * Sver

hw 17
w = 388 = 4.41 > 2.50

Avv 2*79
— £ =10.0025 +0.5 (0) (555555 — 0.0025)] * 200

] Avv_0'5

Sver

Smax= Lw/3 =3850/3 = 1283.3mm
=3h =3*200 =600 mm

= 45cm<« Controlled.

Select 14 :

Avv =2 *154 = 308mm?

Avv

= 0.5-S8req = % = 616 mm

~Select @12 @ 200mm at each side.
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Figure (4- 11) shear wall detail
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