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Project abstract

In this project, we will make a structural design of Al Shaikh Zayed Hospital.
This hospital consists of five floors and two underground basements where a total
area of 18500 m?.

The project is designed mainly on agglomeration, that gives a beauty from the
outside view and very good functional goals, too. In addition, the architectural

design of this building has some good positive properties in the inside of the building

iv



to provide the best service for patients and their visitors as well.

Jordanian Code will be used in calculations of Live and Seismic loads, and the
American Code will be used for structural analysis and design of several sections. It
must be noted that we will make use of some computer programs such as:

Autocad, Atir, Safe, Etabs.

The project will include a detailed structural study of the identification, and
analysis of the elements of construction, and different loads expected. Then the
structural design of the elements and the preparation of shop drawings based on the
prepared design for all the structural elements; that are structural frames of the
building. It is expected to be able to provide structural design of all structural
elements with permission design after the completion of the project to be able to

provide structural design of all structural elements.

with permission of Allah Almighty.



List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.
As = 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.
Cc = compression resultant of concrete section.
s = 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.

fc' = 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.

L= length of clear span in long direction of two- way construction, measured
center-to-center of supports in slabs without beams and center to center of beam
or other supports in other cases.

LL = live loads.

Vi



Lw = length of wall.

M = bending moment.

M, = factored moment at section.

M, = nominal moment.

Pn = nominal axial load.

Pu = factored axial load

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

Vn = nominal shear stress.

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

Wc = weight of concrete. (Kg/m3).

W = width of beam or rib.

Wu = factored load per unit area.

¢ = strength reduction factor.

€ = compression strain of concrete

€5 = strain of tension steel.
és= strain of compression steel.

p = ratio of steel area .
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Chapter 4

Structural Analysis & Design

4.1 Introduction.

4.2 Factored load.

4.3 Slabs thickness calculation

4.4 Load calculations.

4.5 Design of Topping.

4.6 Design of Rib (3).

4.7 Design of beam (3).

4.8 Design of Column (C2).

4.9 Design of Isolated Footing (F6).

4.10 Design of Stairs.

4.11 Design of Basement Wall.

4.12 Design of shear 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:
fc'=30N /mm?(MPa) For circular section but for rectangular
(fc'=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+16LL.
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4.3 Slabs thickness calculation:

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):
hmin for one-end continuous = L/18.5
=613 /18.5 = 33.14cm
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= 35cm with block 27 cm & Topping 8cm

4.4 Load calculations:

4.4.1 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 Calculation
Rib 25 0.14*0.27*25=0.945 KN/m
Top Slab 25 0.08*0.54*25 = 1.08KN/m.
Plaster 22 0.02*0.54*22 = 0.2376 KN/m.
Block 12.5 0.4*0.27*12.5 =1.35 KN/m
Sand Fill 17 0.07*0.54*17=0.6426KN/m
Tile 24 0.03*0.54*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
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Nominal Total Dead load = 6.72 KN/m of rib
Nominal Total live load =5*0.54=2.7 KN/m of rib

4.5 Design of Topping:

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

Tiles 0.03 *24=0.72 KN/m?
Mortar 0.02 *22=0.44 KN/m?
Sand 0.07 *17=1.19 KN/m?
Slab 0.08 * 25=2 KN/m?

Partitions 1.00*2 =2 KN/m?2,

Dead Load = 6.35 KN/m2. (for Stores)
Live Load =5 KN/m?. (for Stores)

W,=12DL+16LL
=12*6.35+1.6 *5=15.62 KN/m?. (Total Factored Load)

M. = Wyxl?  15.62% 0.4°
w2 12

= (0.2083 KN.m
M, = f*S

= 042 » 25 = 0,42 V24 « 2% 4 10° = 2.19 KN.m

$M, = 0.55 * 2.19 = 1.21 KN.m
$M, = 1.21 KN.m > M,, = 0.2083 KN.m

~ No structural reinforcement is needed

Shrinkage and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement :-
p = 0.0018
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A;= p*b*h=0.0018 * 1000 * 80 = 144 mm?2.

#0f @8 = 2rea = 14— 5 g8, Spacing(S) = — = 0.347m = 347 mm.
Apar 50 2.88
280 280
<380 () -25*Ce < 380(2)
=380 * (222) _25%20 <380 * (22)
3ly 3ty

_ % 280 \ « «, 280
=380 (_2—*420) 2.5 * 20 < 380 (—2*420)

=330 mm. < 380mm.
<3*h=3*80=240 mm........... controlled.

<450 mm.

~Use ®8 @ 20 Cm C/C in both directions.

4.6  Design of Rib (3):

Material :-
concrete B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

Section :-
b =14 cm bf =54 cm
h=35cm T;=8 cm
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L 04 a1 , 02
I 1 1 1
| 34 |
54 I 1
35. I
14.
A=A

Figure (4-1): Rib geometry.

Dead load - Service Units:kN,meter

34

Live load - Service Load factors: 1.20,1.20/1.60,0.00

34

Figure (4-2) : loading of rib (3)
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\ 1.7 17}'9 ] l
Figure (4-3) : Moment Envelop of rib (3)
=211
16—
o
_21_1

FiQUre (4_4)

: Shear Envelop of rib (3)
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4.6.1 Design of flexure:-

4.6.1.1 Design of Positive moment of rib (RIB 3):

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 20— 10— =2 = 314 mm.

2
—>Mu max — 179 KNm

bE < Distance center to center between ribs = 540 mm............ Controlled.
< Span/4 = 3100/4 =775 mm.
< (16* tf) + by =(16* 80) +140 =1420 mm.

—be =540 mm.
— My = 0.85 f; * by +ty + (4 — %)

= 0.85 * 24 * 0.54  0.08 * (0.314 — %) « 103 = 241.470 KN.m

dMps=0.9 *241.470 =217.323 KN.m
—>(1)Mnf :217323KNm > Mu max— 179 KNm

-~ Design as rectangular section.
1) Maximum positive moment Mu® =17.9 KN.m

M, =Mu/ ¢ =17.9/0.9 = 19.88KN.m

£ 420
=2 = =20.6
0.85f, 0.85x24

= /.44 MPa

K. = Mn_ _ 19.88+1073
M bxd?  0.14% (0.314)2

1 2xKp*xm
=la- 1-2
p=—( n )
= <1 - /1 — e ) = 0.00356.
20.6 420
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—As=p*b*d=0.00356* 140314 = 156.49 mmZ,

f
As, i = TJ;)*bW sd > %“*bw sd e, (ACI-10.5.1)
_ 7

= £140 %314 > ~2 4140 % 314
4%420 420

= /28.19mm?< [46.53mm? ............. Larger value is control.
—ASmin = 146.53mMm? < ASreq = 156.49 mm?2,

o As = 156.49mm?,
2 ®12 =226 mm? > ASreq = 156.49mm?. OK,
- Use2 @12

— Check for strain:- (g = 0.005)
Tension = Compression

As*fy =085*f  *b*a
226*420=0.85*24 * 140 *a
a=33.23 mm.

f; =24 MPa< 28 MPa— f; = 0.85

a _33.23

Cc ZE—E::SQI mm.
d—c
& = ~ 0.003

_314-39.1

o1 *0.003 =0.0210 > 0.005 . ¢ =0.9 OK

4.6.2 Design of shear of rib (RIB 3):

1) Vu =16 KN.
ft
q)vc:q)*g*bw*d
=0.75* ? *0.14*0.314 *10% = 26.91 KN.

1.1*d Vc=1.1*26.91 = 29.60KN.
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—Check for items:-
o Ve
-~

16 < 2= 13.46......Not satisfy

1- Item1l1l: VWV, <

2-ltem 2 :

Vi< oV

1346 < 16< 26.91 ... satisfy

=~ Item (2) is satisfy — minimum shear reinforcement is required.

fe
(% Jmin > = £*bW: = ‘/2_;’*0.14: 10.21%10°.

16 fy 16 42

by, _1 014

== —= J1.7%105................ Control.
fye 3 420

Try ®8 (2 Legs):

2%50%107°

=71.7*10° -S=09m

=~ Use @8 @ 15 Cm

4.7 Design of Beam (3):

Material :-

concrete  B300 Fc'= 24 N/mm?
Reinforcement Steel fy = 420 N/mm?

Section :-

B =40cm
h=35cm
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According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way

slabs unless deflections are computed as follow:

hmin for simply supported = L/16
=293/16 =18

—Select Total depth of beam h= 35cm.

.31 cm.

1
—A— 'a—’J — A
02 268 , 03
I 1 1 1
| 293 |
I 1
35.
40,
A-A

Figure (4-5) :

Dead load - Service

Beam Geometry.

Units:kN, meter

477

S

Live load - Service

Load factors: 1.20,1.20/1.60,0.00

Figure (4-6) : Load of Beam (3)
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Moments: spans 1to 1

I
134 —18.9

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

Shear

-136.

—58
136.

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

4.7.1 Design of flexure:-

4.7.1.1 Design of Positive moment:-
—>MUmax =99.6 KN.m.
bw=40Cm. , h=35Cm.

d = depth - cover — diameter of stirrups — (diameter of bar/ 2)
=350 - 40 - 10~ 22= 291 mm
Xmax=2*d=2%291 =124.71 mm.

f; =24 MPa < 28 MPa—f1 =0.85
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amax = f1* Xmax = 0.85 * 124.71= 106mm. *Note:

M max = 0.85 * fc’*b*a*(d-%)

=0.85*24*0.4%0.106 * (0.291 - === ) * 10
=205.86 KN.m .
€s=0.004

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

—$Mnmax = 0.82 * 205.86= 168.80 KN.m .
—PMnmax = 168.80 KN.m > Mu =99.6 KN.m .

=~ Singly reinforced concrete section.

1) Maximum positive moment Mu® =99.6 KN.m.

dMnmax = 168.80 KN.m > Mu = 99.4 KN.m

— Singly reinforced concrete section

M, =Mu /$=99.6 /0.9 = 110.67 KN.m .

f 420
m=—2_=

=—= =20.6
0.85f, 0.85+24

_ M, _ 110.67+1073
bxd2  0.4% (0.291)2

1 2x Ky *
p=—(1- /1—f—ym)

:L(l_ 1_M>=0_00851

20.6 420

=3.26 MPa.

Ky

—As = p * by *d = 0.00851 * 400 *291 = 990.56 mm?.

I

1.4
Asmin = Tfy) * bW xd > E * bW xd . (ACI'lOSl)
_v:

= * 400 * 291 > ~% 4400 * 291
4%420 420

=339.43 mm?<388mm?............. Larger value is control.
—>ASmin = 388 mm2 < ASreq = 99056 mm2
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~ As = 990.56mm?.

ASreq _ 990.56
Apar  254.5

#0f D18 =

~ Use 4018

=3.89 — # of bars = 4 bars.

— As =4 * 2545 =1018 mm? > Asreq = 990.56 mm? .

— Check for strain:- (&g = 0.005)
Tension = Compression

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

1018 *420=0.85 *24 *400 *a
a=>52.40 mm.

f! =24 MPa < 28 MPa—f31 = 0.85

= 2240 _ 61 64 mm.

x = a
" B1 085

g, === *0.003

_ 291-61.64
61.64

~ Use 4018

*0.003 =0.0112 > 0.005

For Top Use As = (As ()/3)
=990.56 / 3 =330.2 cm?

~ Use 312

4.7.2 Design of shear:-

1) Vu=99.8 KN .

~ ¢ =0.9 OK.
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Iz
q)Vc:q)*g*bw*d

=0.75* ? *0.4*0.291 *10%=71.28 KN.

— Check For dimensions:-
dVe + ( §*¢ *Jf *bw*d) =71.28 +( %*0.75*\/ﬁ *0.4*0.291 *103)
=71.28 + 285.12= 356.4 KN > Vu = 99.6 KN.

-~ Dimension is big enough.

— Check For items:-
d Ve
-

7128 — 35.64......Not satisfy.

1- Item1l: V, <

99.8 <

2-Item 2 : %< Vu < Ve

35.64< 99.6 < 71.28....... Not satisfy.

3-1tem3: & Ve < Vu < ¢ Ve+ dVSmin

d VSmin > % \/T*bw*dzoi—zs V24 * 0.4 *0.291 * 103 = 26.73 KN.
> $ap, rd= 2240450291 *10°=29.1 KN......... Control.

o (1)VS min — 291KN

¢dVe + OVSmin=71.28 + 29.1 = 100.38 KN.
dVe < Vy < dVe + VSnin
71.28< 99.6<100.38 .......... satisfy.

Vs
(fyexd)

=~ Item (3) is satisfy — ( %) =
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Vs = ( %-Vc)

Ve = 2228 — 95 04KN
0.75

— (%96
_(0.75

— 95.04) = 37.76 KN.
Try ®10 (2 Legs) =2 *78.5 = 157 mm?.

2x78.5¥1076% _ 126 * 1073
S (420 0.291)

—s=0.1523 m......... control

<600 mm.

=~ Use @10 @ 15 Cm 2L.
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4-8 Design of column (C2)

f. =24 Mpa
Pp=1006 KN

PL=163 KN

Py,=12Pp+1.6P,=12x1006+ 1.6 X 163 =1468KN

P, 1468 )
P, = —= = 2258.5 KN ...use ¢ = 0.65 — for tied column
¢ 0.65

Assume rectangular section:
Usep=15%
P»=10.85(0.85 % f'C(Ag — Agt) +Ast[fy])

Ast=.015* Ay

Use 0.85 for tied column
2258.5%10°=0.85 x (0.85 x 24 * (A4 — 0.0154,) + [. 0154, * 420])
Ag=100684.3 mm?

USe 0.6 X 0.4 m2 Wlth Ag = 240000 mmz > Ag,required = 100684.3 mmz

1) Check for Slenderness :
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K X1,

M1
<34-12(5) <40
2

M1

Gn

)=1— for braced frame with Mmin.

l: Actual unsupported (unbraced) length.
r:radius of gyration of its cross section=0.3 h
lu=4m

K = 1.0 — for columns in nonsway frame.

a) In 40 cm - Dirction:

K X 1

r

<34-12x1.0=22<40

K X I 1x4
= =33.3> 22
Tx 0.3x04

~ long Column for bending about X — axis.
b) In 60 cm - Dirction:

K Xl
r

<34-12x1.0=22<40

KX L, 1x4
= =22.22<22
ry  03%06

= short Column for bending about Y — axis.

- long Column in one direction

2) Calculate the minimum eccentricity emm and the minimum moment Mmin:
About x- axis

emn=15+0.03 X h =15+ 0.03 X 400 = 27 mm
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P.=1468 KN

Mmin_ == Pu X emin = 1468 * .027 == 39.636 KN. m

3) Compute EI:

EI=04 ——
1+ Bis

E.=4750 x Vf,= 4750 x v/24 = 23270.15 MPa

1.2 X 1006
_ 1.2 xdl _ — 082

dns P, 1468

bx h3 400 X 6003

I,= = 7.2 x 10° mm*
Y 12 72X 10%mm
23270.15 x 7.2
El = 0.4 x = 36823.1 KN. m?
1+0.82

4) Determine the Euler buckling load, P, :

n? X El  m?x 36823.1

b= ®x17= (i xa?

=22714.34 KN

5) Calculate the moment magnifier factor 6xs:

M1
Cn=06+04x —=06+04x%x1=1.0
M,
Cm 1
Ons = 1_ P, =1_ 1468 =109>1
0.75 X P, 0.75 X 22714.34

<14-0K
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— The magnifid eccentricity and moment:
ey = emin X Ons = 27 X 1.09 = 29.43 mm
Mc= 6ns X M2 =1.09 X 39.636 = 43.2KN.m

The magnifid moment are less than (1.4 X 39.636 = 55.49), are required

by — ACI — Code Section 10.10.2.1.

6) Select the column reinforcement from Interaction Diagram :

About x — axis

a) Compute the ratio e/h:

b) Compute the ratio y:

d—d 400-2x40-2x10-20

Assume @20 for bars:y = T 200

c) Use interaction diagram A — 9a and A — 9b
selected dimention: h =400 m, b = 600 mm.

assum p = 0.015

@Pn _
aty =0.60.............. = 2.15 Ksi
Aq
@Py _
aty =0.75.......... = 2.22 Ksi
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OPr

g

by interpolationy =0.70 .... ... ..... = 2.197 Ksi
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@ * Pnx = 2.197 * 0.145 x 600 = 400 = 3.636 MN

@ * Pn=3636KN > Pu= 1468 KN — Safe

7) Select the reinforcement:

Ast = pg X Ag=10.015 X 600 x 400 = 3600 mm? ... ... Use 10 @ 20

Design of the Tie Reinforcement :

S <16 (longitudonal bar diameter) — 16 X 20 = 320 mm
S§S<48d; (tie bar diameter) - 48 X 10 = 480 mm

S < Least dimension. = Least dim. = 400 mm

Use @10 @ 20 cm.

@ﬂi@}@ +< - @ WQE

| 4.5 1D.4é’. |

B—87a(0.4/0.5

B—64(0.8/0.5)

7.50

B-866(0.4/0.85)
B-65(0.8/0.5)

<+
B-57(0.4/0.9)

FE WAY RIBBED JLAB
— e
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4-9 Design of isolated footing (F 6):

4.10.1 Load Calculation:-

* Service dead load ( DL) = 1631 KN

* Service live load (LL) = 692 KN

* Column dimensions =50 cm*60 cm

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

* fc' =24 Mpa

*fy =420 Mpa

Calculating the weight of footing, soil, and Surcharge :
Weight of footing (. assume Miooting — 75 cm)

- Net soil pressure Gnet -

0. = 400 —0.75*%25-0.6*17 = 371.05 KN/nv?

Required sizes of footing:

P, _ 2323

= =6.26 m?
371.05

A required =

net

Try 2.55%2.55 Area=6.5m2

4.10.2 Depth of footing and shear design:

Pu =12DL +1.6LL =1.2*1631 + 1.6*692 = 3064.4 KN

u= 3066# =471.26 KN/m?

d=750-75-14 = 661 mm
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—c D
\

Inclined crack

Tributary area for
two-way shear

Critical section

for two-way shear —— r_
©
+
&

Two-wav shear.

Fig. (4-20) : Isolated Footing

4.10.2.1 Check for One Way Shear Strength

~

N

Inclined crack

Critical section for )
one-way shear — Tributary area for

one-way shear

Column

One-way shear,

Fig. (4-21) : One way shear strength
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Vu :té—%—dj*qu*b =(¥—%—0.661]*471.26*2.55 =437.42KN

ANC = %\/ﬂ *2.55%661*10° =1032.18KN >
OK

4.10.2.2 Check for Two Way shear (Punching):

The punching shear strength is the smallest value of the following equations:

1 2 ’
V.=¢=|1+— |\ f
AT
1 «a '
AYA :¢.E[ I +2}/ f. b,d

bO

PV, = ¢.%w/ f'b,d
Where:

Column Length (a) 0.6
- : = 22120
Column Width (b) 0.5

b, = Perimeter of critical section taken at (d/2) from the loaded area
b, =2(0.6+0.661)+2(0.5+0.661)= 4.844 m.

a, =40....... for interior column
AV =¢%[1+ ﬁi}/ fclbod =0‘T75*(1+ éj* 24 * 4.844*0.661*10° =5229.3kN

d ’ *
AR =<15-i %2 V. bo0|=0'75*[40 0'661+2j* 24*4.844%0.661*10° =5353.13kN
12\ b 12 4.844

0

oV = ¢.%w/ £, byd = 0'—;5* 24* 4.844*0.661*10° = 3921 5kN

VU = ((2.55* 2.55) — (0.6 + 0.661) * (0.5 + 0.661)) * 471.26 = 2432.68kN
Vu = 2432.68 KN < ®Ve =39215...... OK
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4.10.3 Design of Bending Moment:

h (mm)

d (mm)

b(m)

750

661

2.55

d = 750-75-14 = 661 mm

Mu =471.26*2.55*(1.025*1.025)/2 = 631.27 KN.m

_ fy _ 420

m=_——~2 = ——
0.85* fc  0.85%24
_ Mu/¢ _ 631.27*10°/0.9

=20.59

Rn = .= >— =0.6295 Mpa
b*d 2550* (661)
1 2mRn
p=—(@1- 1- )
m fy
. 1 - \/1_ 2(20.6)(0.6295) ) = 0.00152
20.59 420

Asreq= 0.00152 (2550) (661) = 2562.036 mm?

Asmin =0.0018*b*h == 0.0018 (2550) (750) = 3442.5 mm>
ASreq= 2562.036 mm?< Asmin = 3442.5 mm?..... NOT OK

As= ASmin = 3442.5mm?

Take 23 ® 14 , As,provided =35.42 cm? > As,required = 34.425cm?

_2550-75*2-23*14

S
22

- Step(S) is smallest of:
1. 3h = 3*750 =2250 mm

2. 450 mm - control

= 94.4 mm< Smax=450mm

S=94.4 mm < S,max =450 mm — OK

Check strain

Tension = Compression

A x fy=0.85x f xbxa

3442.5x420 =0.85x 24 x 2550 x a

a=27.8mm
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278
085

, _661-327
C327

—— =32.7mm

% 0.003 = 00.0576 > 0.005...0k

4.10.4 Development length of flexural reinforcement:

Ld for @ 14'
L= 2y Y ATWRTYS 4y 9, 420 11708 4 _ 34567mm > 300mm
10 c' k, +C 10 J_ 2.5
[ db J
Available length = ((2550-600)\2)-75=900 mm
900 mm> 345.67mm ............... ok

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

- In footing :

®Pnb = (D(O85fCA1x\/7)

A; =0.5*0.6=0.3 m?
Az =2.55*2.55 = 6.5 m?

Ao _ 85 _pesso A s

A Vo3 A
®Pnb = 0.65x (0.85 x 24 x 0.3 x 2) 1000 = 7956 KN
®Pn = 7956 > Pu = 3064.4 KN........... ok

The Dowels are not needed for footing

As,min = 0.005 * Ac = 0.005 *500 * 600 = 1500 mm?

Use 6 20, As, provided = 1884 mmz2 > As, required = 1500 mm?

- In column:
®Pn,b = ®(0.85 fc'Al)
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®Pn,b =0.65(0.85x 24 x 0.5x 0.6 x1000) = 3978KN
®Pn,b =3978KN > 3064.4KN

The Dowels are not needed for column

0.24fy, , _024*420

e 1*J24
Ld(2)req = 0.043 xfy xdb = 0.043 x420 x20 = 361.2 mm
Ld(2)req = 200 mm

=>Ld(1)req= 4115 mm ............. Control

Available Ld =750—-75—2*14 = 647 mm ..

Available Ld =647 mm > Ld required=411.5 mm................. OK.

*20=411.5 mm

Ld(yreq =

Lap splice of dowels in column :

Ls=0.071fy.db
= 0.071 * 420 * 20 = 596.4 mm,

Use 600 mm
(3) @10/10¢m
+6.00m L (2) Dowels 23 314/10
Fon | 10020
— -
}Q %»—[){ —{(1)23 014/10

Section A-A
Scale 1:20

Fig. (4-22) : Section of Isolated Footing (F6)
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Fig. (4-23): Details of footing (F6)
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4-10 Design of Stairs:-

—®
- 5.00
Nﬁ.
ol
1,2 13J1B.513cg;5{3
—
315'1
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- i%e |
i o 3%18.5K30 15
=
9
% Jf e 2T
_— L
5 i —
o

— &
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4-10-1 Determination of Slab thickness:
L=6.91
h=(6.91/28) =24.6 cm

Use h= 25 cm and limitation of deflection will considered.

4-10-2 Load calculation:
Dead load (Total for flight ) =10.7 KN/m2
Dead load (Total for landing 1) =8.29 KN/m2
Dead load (Total for landing 2 ) =10.79 KN/m2
Live load for stairs =5 KN/ m2

Total factored Load: Wu =1.2*DL + 1.6*LL
for flight W=1.2*10.78 + 1.6*5 =20.93 KN/m2

W=1.4*20.93=29.3 KN/m

for landing 1 W=1.2*8.29+1.6*5=17.95 KN/m2
W=17.95*%1.5=26.92 KN/m

For landing 2 W=1.2*10.79+1.6*5=20.95 KN/m2

W=20.95*1.5=31.4 KN/m

4-10-3 Design of Bending:

Mu =80.9 KN . m (from Atir)
Mnreq=Mu/0.9=80.9/0.9=89.9 KN.m/m

Assume @ 14 for main Reinforcement:-
d=250-20-14/2=223 mm
Re Mo

b-d
89.9%10

1.8 Mpa.
1000%*223*

n
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m=—0Y 420,59

0.85* fc  0.85*24

_1 ( 2mRn )
p=—11-11-7"I=
m \ fy } 0.00452

As=p *b*d
=.00452*1000*223=1008 mm?

AS min= 0.0018*1000*250 = 450 mm?

As=1008 mm2 > As, min :450 mm2

Use® 14 @ 15cm. ....... with As provided = 13.77 cm?

. As( For Shrinkage & Temperature Reinforcement)=.0018*1000*250=450 mm?

take 3 ®14/m with As=462 mm2/m strip

4-10-4 Design of shear:

Vu=43.3 KN

#J £ *b,*d
6

PNeC =
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=136.6 KN

Vu<®dVe
No shear Reinforcement is required. So the depth of the stair is
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4-11 Design of Basement wall:

2,0000

4.11.1

H min = 500/25 = 20cm ........... take as 35 cm
4.11.2

Pu=1.2(300+155*6)+1.6(13*6+118) = 1789.6 KN
4.11.3 Bearing Force = ®*0.85*fc’*A contract

=0.65*0.85%24/1000*(350*1200) = 5569.2 KN > 1789.6 KN

72

..0K



4.11.4
®Pu = (0.55*0.7*fc’*Ag*(1-(K*Ic/32h) 2)) > Pu
Effective length = the smallest of

1. 4500 mm
2. 250+4*350 = 1650 mm

®Pu = (0.55*0.7*24/1000*350*1650*(1-(1*5000/32*350) 2 )) = 3277.5 KN > Pu= 1789.6 KN....OK

4.11.5 Reinforcement:
Provide largest of horizontal & vertical
Horizontal
Assume @12
p =0.002*b*h = 0.002*100*35
=7 cm?
Use ®12/15 cm
Vertical
Assume @10
p =0.0012*b*h = 0.002*100*35
=4.2 cm?

Use ®10/15 cm
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4- 12Design of a shear wall (S.W 15):
To design shear walls we use ( CSI ETABS) Software , and this is a manual example of

shear wall design:

Fig. (4-20) Shear wall

7 150KN 150KN
265KN 265KN
345KN 345KN
350KN 350KN
critical section Mu = 2300 KN.M
3.00m 355KN 355KN
Bending Moment Shear Force

Fig. (4-21) Shear and Moment Diagrams of Shear wall
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Fc= 24MPa

Fy = 420 MPa

t=20 cm .shear wall thickness

Lw = 6.0 m .shear wall width

Hw for first wall =5 m story height
Hw for second wall =5 m story height
Hw for third wall =4 m story height
Hw for fourth wall =4 m story height

Hw for fifth wall =4 m story height

m) 4-12-1 Design of shear (Horizontal and Vertical Reinforcement)

Z Fx=Vu =150+ 265+ 345+ 350 + 355 =1465KN

The critical Section is the smaller of:

M = @ =3.00m....control
2 2

w_22 11 0m
2 2

storyheight = 4m
d =0.8xIw =10.8x3000 = 2400mm
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5
Q)Vnmax = Q)g fclhd
= 0.75 * 0.83 * V24 % 200 * 2400 * 103 = 1470KN

V. = <y/[f'hd = V24 200 * 2400 + 10~° = 391.9 KN Control

N,d
V. =0.27/f.'hd + ﬁ = 0.27v24 * 200 * 2400 + 0 = 634.9 KN

w

Mu = 2300KN.m

M, 1, 2300 63 _ 2470 . z
7. "2~ 388 > =3 (+ve value)
L (0177 + 0.2 2
w (01 +o2 1) 6.0(0.1v27 + 0)
V. =[0.05\/f, + - hd =[0.05v24 + 200 * 2400 = 524.176 KN
Du_ 3.47
u

QoVc
For last 2 stories, Vu = 265 KN < T =195.955 KN

Horizontal:-

P =0.002 for @ < 16

~_ Ahmin

P :
s.h

S$=39.25cm

Use 10 10 @ 15 cm in each side for each story.
Vertical:-

P=0.0012 for < 16

__ Ahmin

P :
s.h

S=52.3cm

Use 10 10 @ 20 cm in each side for each story

76



= 4.12-2 Design for flexure :

6000 ,
Ay = ( 500 ) 2% 113.04 = 6782.4mm

_ <A5t>fy B ( 6782.4 )420 — 0.09891
W=\L,n) 7~ \6000+200/ 24 ~
Py
a= -=0
Lyhfe
c w+a 0.09891 + 0

l, 2w+0.858; 2=*0.09891 + 0.85 % 0.85

Py
Astfy

c

OM,, = @ [0.545.f, L, (1 + —2)(1 —

Lw

= 0.9[0.5 * 6782.4 420 * 6000(1 + 0)(1 — 0.107)] = 6868.278KN.m > Mu

But Etabs program give Boundary & use 10 ¢ 12 in both side in first and second story
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