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PhD .Maher Amro

This project represented in the structural design of local hospital , proceeding from the
need for the existence of such projects in Palestine, This project will rely on the
analytical descriptive method in scientific research as a methodology to accomplish this
work, using all the available tools of scientific research .

Through brief initiation on some previous researches in the scope of service projects as
hospital’s projects, it was obvious that the importance of the project lies in the service
that will return them to individuals and society .

The project consists of integrated parts represented in the beginning, in the
architectural analysis for the project, and linking the needs of the architect with the
structural requirements, and methods of analysis, and then move to the design stage
which is divided into samples design and overall design using structural design
software’s, and at the end; the analysis and presentation of results to check it and ensure
it’s logic..

For structural design of this project, Jordanian Construction Code was used for
determining live loads, where ACI_318- 02 code is to be used for structural analysis and
design for all structural elements, and some of computer softwares will be used, such as
Autocad2007, Atir 11.5, and Office2007, Staad-Pro2006, Safe 12.3 ...etc.

The outputs of this structural project are represented in calculations and drawings that
will be relied upon in executing using all its details, as the project moves from the
papers and drawings to the ground, as a services construction that represents a support
and compacting of Palestinian society bricks .
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List of Abbreviations

a = depth of equivalent rectangular stress block, cm.
a, = depth of equivalent rectangular stress block at balanced condition, cm.

a,. = depth of equivalent rectangular stress block at maximum ratio of tension —
reinforcement , cm
A. = area of concrete section resisting shear transfer.

A, = Gross area of section.
A, = area of shear reinforcement within a distance (S).

A, = area of one leg of a closed stirrup resisting tension within a (S).
A, = area of tension reinforcement ,cm?

A, = area of reinforcement at compression side , cm®

= width of beam in rectangular beam section , cm
= effective width of flange in T-section beam, cm.

width of web for T-section beam, cm.
compression force in equivalent concrete block.
C, = compression force in compression reinforcement.

b
b,
b,
C c

Xiii



d = distance from extreme compression fiber to centroid of tension — side
reinforcement.

d’ = distance from extreme compression fiber to centroid of compression-side
reinforcement.

E. = modulus of elasticity of reinforcement ,MPa

f'c = specified compressive strength of concrete.

f, = specified tensile strength of reinforcement.

M, = nominal bending moment.

M, = factored (ultimate) bending moment.

R, = coefficient of resistance.

t =slab thickness in T-section beam, cm.

b, = factor as defined by ACI 10.2.7.3.

e’s =strain in compression — side reinforcement.

e, = yield strain of reinforcement.

r =ratio of tension reinforcement.

r, = ratio of tension reinforcement at balanced condition.

r . = ratio of reinforcement equivalent to compression force in slab of T- section
beam.

I .. = Maximum ratio of tension reinforcement permitted by ACI 10.3.3.

r ., = mMinimum ratio of tension reinforcement permitted by ACI 10.5.1,

I eqa = required ratio of tension reinforcement.

f = strength reduction factor.

DL = dead load.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.
Ln = length of clear span in long direction of two- way construction , measured
face — to — face of supports in slabs without beams and face to face of beam or
other supports in other cases .

LL = Live Load.

Ld = development length.

Lw = length of wall.

M = bending 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.

V. = nominal shear stress.

V; =nominal shear strength provided by shear reinforcement.

V, = factored shear force at section.

W, = weight of concrete .(Kg/m®)

W = width of beam of rip.

W, = factored load per unit area.

d = flexural depth of the beam, cm.

Xiv



L =beam clear span, from support face to other support face.

N = number of stirrups required within a given segment of the beam.

N1 = number of legs for each stirrup.

V,, = nominal shear strength provided by shear reinforcement at the section

where Vs is the max permitted by ACI 11.12.1. Locating of this section is needed
to define which maximums provisions applies.

Vieqa = required nominal shear strength provided by shear reinforcement.

V,, = factor shear force at distance d from the face of the support.

V, rqu = factored shear force at the mid- span of the beam, will not be zero if the
beam is partially loaded with superimposed loads.

fV.___ =reduced shear strength of the beam section located a long the beam span

nmax

where minimum shear reinforcement is required in accordance with.,
X, = the distance along the beam at which V,, occurs. For any beam section

within the distance X, , V,, isbased on 11.5.4.3, other wise is based on

11.5.4.1,
Xax = distance from the face of the support along the beam span after which

stirrups shall be placed with the maximum spacing per. 11.5.4.1 and 11.5.4.3
E. = modulus of elasticity of concrete ,MPa , see 8.5.1

El = flexural stiffness of compression number.
f, = calculated stress in reinforcement at service load, MPa.

I, =moment of inertia of gross concrete sectional about centroidal axis,

neglecting reinforcement , mm*

I .. = moment of inertia of reinforcement about centroidal axis of member cross
section ,mm*

k = effective length factor for compression member.

M, = smaller factor end moment on a compression member .positive if member
is bent in single curvature, negative if bent in double curvature mm-n.

M, = larger factored end moment on compression member ,always positive ,
mm-2

P, =nominal axial load strength at balanced strain condition. See 10.3.2, N.
P, =critical load, see Eq.(10-10),N.

P, =nominal axial load strength at given eccentricity, N.

P, =nominal axial load strength at zero eccentricity, N.

P, =factored axial load at given eccentricity, N £ fP, .

r =radius of gyration of cross section of a compression member ,mm

d,. = moment magnification factor for frames not braced against sides way, to
reflect of member curvature between ends of compression member.

R1:ribl.

B1: beaml

R .W:Retaining wall.

B.W: Basement wall.
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Chapter Four — Structural Analysis And Design

asaall) g Jalal

Structural Analysisand Design

(4.1) Introduction



Chapter Four — Structural Analysis And Design

(4.2) Slab thickness calculation

(4.3) Load calculation

(4.4) Design of beam (B23)

(4.5) Design of shear for beam (B23)
(4.6) Design of shear for rib (RO1)
(4.7) Design of flexurefor rib ( RO1)
(4.8) Design of One-Way Solid Slab
(4.9) Design of long Column .

(4.10) Design of short Column .
(4.11) Design of Isolated footing
(4.12) Design of Basement Wall .
(4.13) Design of solid slab of stairs.
(4.14) Design of Stairs.

(4.15) Design of Shear Wall

4.1 Introduction:

A



Chapter Four — Structural Analysis And Design

The project consists of several structural elements that had designed according to the ACI code,
and by using the finite element method using many computer software such as "ATIR" and to find the

internal forces, deflections and moments for al the structural element in order to design the elements.

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 had been made upon the
structura system which was chosen in the previous chapter.

o, in this project, there are Three types of slabs : One way solid slab, one way ribbed slab,
and two way ribbed slab, They had been analyzed and designed by using finite element method of
design, with aid of a computer program called "ATIR- Software " to find the internal forces, deflections
and moments for the structural elements of the building, and by using the previous program and
"STAAD PRO 2007", Etabs9.7, Safel2.3 programs to find the interna forces, deflections and
moments, and then handle calculation had been made to find the required steel for all members.

The design strength provided by a member, it is connections to other members, and its cross —
sections in terms of flexure, and load, shear, and torsion is taken as the nominal strength calculated in
accordance with the requirements and assumptions of ACI-318-02 (9.5.a) - code.

4.2 Sabs thickness calculation:-

Determine The Required Depth Of The Joist (Rib) Based On The Deflection Criteria
From Table 9.5(A) ,The Minimum Required Thickness Of Joist Is, For Fy =420 N/Mm2 Grad 60.
€Y



Chapter Four — Structural Analysis And Design

v’ L/18,5=5.11/185=0.276 m , for one end continues.
v L/21=6.435/21=0.307m , for two end continues.
v' L/18.5=5.89/18.5=0.138m , for one end continues .
(Control)................. ACI-318-02 (9.5.9) .
Select h =35cm

4.3 Load Calculation:

The factored loads on which the structural analysis and design is based for our project
members, is determined as follows:
qu=1.2D.L+1.6L.L.

4 First: One-way ribbed sab :-

For the one-way ribbed slabs, the total dead |oad to be used in the analysis and design is calculated
asfollows:

(Tiles, mortar , sand , dlab , partition)

Nominal Total Dead Load:

D.L. tota = 0.3744 + 0.2288 + 0.936 + 1.04 + 0.81 + 1.08 + 0.2288 + 0.78 = 5.478KN/m of rib

* Total dead load = 5.478/ 0.52 = 10.53 KN/m* * Liveload =5* 0.52 = 2.6 KN/m of rib .

* Factored dead Load = 1.2* 10.53 = 12.64KN/m * Factored live Load = 1.6 * 2.6 = 4.16 KN/m.

@ Second: Two-way ribbed dab :-
For the one-way ribbed slabs, the total dead |oad to be used in the analysis and design is calculated

asfollows:
(Tiles, mortar , sand , dlab , partition)
e (0.52*0.52) units
Nominal Total Dead Load:
* D.L. tota = 0.1947 + 0.119 + 0.487 + 0.5408 + 0.7452 + 0.402 + 0.119 = 3.043 KN/unit
* Dead load 1o = 3.043/(0.52*0.52) = 14.95 KN/ m%. * Liveload = 5 KN/mZ.
* Factored dead Load = 1.2* 13.05=17.94 KN/m? * Factored liveLoad =1.6* 5=8 KN/m?.
Wu =17.94 + 8 =25.94 KN/m?

4.4 Design Of flexurefor beam (B23) :-

B23 Code: ACI318-02
Project: 1 Beam 23 Part B Page: 43
Designed by: Date: 5/18/11

¢y



Chapter Four — Structural Analysis And Design

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

Moments: spans 1to 4

-224.5

-193.3 -199.8

-171.4

-182.9 1601

2.47

219.3

30

1.65

063, 146 | 2.27 | 2.27 15 15 |
[

Fig. (4.1) Envelope moment diagram of Beam

3

Coax = 3. d = =*290 =124.3mm
7 7

max

a_, =085xC_, =0.85x124.3=105.66mm

Mn_, = 0.85x fc'x1000x105.7 x (290—10%) = 511.36kN.m

® Mn,_, = 0.9 x511.36 = 460 kN.m

e For themoments(-193.3,-192.2, +183.8,-1714) .........

Mu = 193.3kN.m
Mn= &3;3 = 214kN.m

123
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6
Kn = Mn2: 214 %10 2=2.544Mpa
bxd 1000 x (290)
1 2mKn
p=—(@1- 1- )
m

oo 1 1- \/1_ 2(20.6)(2.544)): 0.0065
20.6 420

As = 0.0065* (1000) (290) = 1883mm? > As,. = 966.7mn?’.

As. = T:(bw)(d)z %(bw)(d)—a(ACl _105.1)
_ 24 14
As, = W20) (1000)(290) > 0 (1000)(290)

N—"

As ., =845.7 < 966.7—— Thel argestiscontrol .

As, . = 966.7mnv
A 1883

# Of bars = j =——=9.36 Note Agp1s = 201 mm?
As, 201

Select top bars 10 ® 16 mm. Total As= 2010 mm?

*Check for yielding:
Tension = compression

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

10 x 201 x10 ®x 420 = 0.85x24 x1.0x a

a=41.4mm
e 2 44 e e9mm
b, 0.8
e, = 290 —48.89 4 003 - 0.014
48 .69

(0}
Il

_=0.014 > 0.005 —— Ok

e For themoments(23.7,18.3)

Mu =23.7 kN.m

Mn = E = 26.33kN.m
0.9

¢o
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_ Mn _ 26.33x10°
bxd? 1000x (290)?

Kn =0.313 Mpa

2mKn
fy

o 1 (1- \/1_ 2(20.6)(0.313) ) = 0,00075
20.6 420

p= (1~ 12T,
m

As = 0.00075* (1000) (290) = 218mm’ < As,, = 966.7mn?’.

As . = E(bw)(d) > %(bw)(d)—%ACl -10.5.1)

min 4( fy)
_ J2a 1.4
As.. = 2420) (1000)(290) > 720 (1000)(290)

As.., =845.7 <966.7—— Thel argestiscontrol .

As. . =966.7mnY
966.7
# Of bars = % =———=86 Note Ap12 = 113 mm?
As, 113
Select bottom bars9 ® 12 mm. Total As= 1017 mm?

*Check for yielding:
Tension = compression

9x113 x10 ®x 420 = 0.8 x 24 x1.0x a
a = 20 .9mm

* - * * *
As* fy=0.85*f_.* b o @ _ 2.9 _ . cmm
b, 0.8
=20 — 26,5003 =0.03
24 6
e, =0.03 > 0.006 — — Ok

e For themoment (219.3kN.m) .................

Mu = 219.3 kN.m

Mn = @ = 243.6kN.m
0.9

1
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Mn _ 243.6x10°

Kn= 7= >=2.9Mpa
bxd 1000 x (290)
1 2mKn
p=—1- 1- )
m
p= L (a- \/1— —2(20'6)(2'9) ) =0.00748
20.6 420

As = 0.00748 (1000) (290) = 2169.6mm? > As,. = 966.7mnv.

21696

# Of bars = Asreq = =10.79 Note Agp1s = 201 mm?
. 201

Select bottom bars 11 ® 16 mm. Total As= 2211 mm?

*Check for yielding:
Tension = compression

11 x 201 x 10 ®x 420 = 0.85 x 24 x 1.0 x a
a = 45 .5mm

x:a:45'5:53.6mm
As*fy=085* f.*b* a b, 0.85
. = 290 - 538 .6 x 0.003 = 0.0132
53 .6

0.0132 > 0.005

O @
x

4.5 Design of shear for Beam :

1A
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-327.

-258.2 -262.8 -249.9 -252.
194, -185.7 -187.8

6,

11 1 1 H
[~ 188
83.

172.3
277.4 236.5 286.5
341.6 350.7

Fig. (4.2) Envelope Shear diagram of Beam (B23)
*ACIl — 318 — Categories for shear design:
*Use ®10 with two legs

* AV = 2x 79 =158 mm?2

s Item (1) Vu< %(DVC

l<I)VC:1><G) / fe xb, xd

2
=£(D Vc= 1>< 0.75x \/ﬂ x1000x 290
2 2 6
= 88.8kN
s Item (2) %@Vc <Vu < odVe

®dVc=888x2=177.6KN
% Item (3) ®dVc <Vu < dVe+DdVs,,,

OVs,, 20.75(%)xbw><d20i—;5 e x bwx d

0.75

e 24 %1000 x 0.29x 10°

®Vs,, >0.75 (%) x1x0.29x10° >

®Vs,,, > 72.5kN > 66.6kN

®Vs,, = T72.5kN

OVC+ DVs,, =177.6+ 72.5 = 250kN

< Item (4) ®dVe+dVs,,, <Vu< d)Vc+cD><% fc xbwxd

¢A
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x1000x 290 = 355.2KN

)] ';C ><bde:0.75><\/§_4

dVe+ D x%d fc xbwxd =177.6+ 355.2=532.78 >Vu

“ Vauesof Vud are (18.8,-194, 277 ,-262,172.3, -185, 286.5 , -187 KN) respectively .... So :-

1. Vu=18.8kN arewithinitem 1, and no shear reinforcement is required

2. Vu=172.3,-194 , -185, -187 KN. Are within items 2 and 3, so that min shear reinforcement
isrequired for beams :-

Use2d10 with two legs.

Av =2x79x= 158 mm?

s Dx Avx fyxd _ 0.75x158x10° x 420x10° x 0.29
- dVs 218

Teq.

S < g =229=14.50m< 60cm

reg.

=0.66m

Then Select S=12.5cm< g ............. ok

Thenuse2® 10 @ 12.5 cm.
3.Vu=1262,286.5,277 kN arewithinitem4, so

®Vs,, = 145.2 kN

®Vs,, +OVc=Vu
= ®Vs,,, =Vu-®Vc=2865-177.6=108.9kN

s D x Avx fyxd 0.75x158x 420x 290
h Vs 108.9x10°

reg.
s<d_2_1450m
2 2

=14.4cm............ not..control.

Select ® 10@125CmM C/C  .ovvviiiiiiiiii e, (‘using stirrups @ 10... 21eg)
4.6 Design of Rib( RO1) for flexure:-

4.6.1 Design of Positive Moment for Rib (RO1):
9
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Effective flange width (b ) according to ACI-code 8.10.2:
b for T-section isthe smallest of the following:
be=L/4=335/4=838cm

b, =12+ 16t =12+ 16 (8) = 140cm

be=C/Cspacing=52cm ................. controll.
Moments: spans 1to 5
-51.6 -50.5
29.8 -30.8 276 6.7 30.1 -34.9
14.6 -16.9 -16.1
ESANE RLCH o 18,
[ I ! 28i7 I i /1/7i2 I i | |

18.1 19.9

Mu Positive for al spans=(18.1,19.9, 38.1, 19, 26) kN.m
For Mu (18.1, 19.9,19) kN.m..

Mn = @ =22.11knm

0.9
Determine whether the rib will act as rectangular or T-section:
For a=t=8cm
C=085f, *t* b,
= 0.85 (24) (8) (52) = 848.64 KN

(0]
d=h-cover - ds——

d =35—2—0.8—1—24=31.5cm

Mn=T or C (d-0.5a) = 848.6 (0.315- 0.5(0.08)) =233.36 KN.m
MnN guaitale = 233.36 KN.m > Mn required = 22.11 KN.m

Design as arectangular with b, =52 cm
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fy 420

m = - = =20.6
0.85x fc  0.85x 24
6
K= an _ 2211x10 - 0428Mpa
bxd 520x (315)
1 2mKn
=_(1- 1-
p Im( ty )
o 1 (1- \/1_ 2(20.6)(0.428) ) = 0,00103
20.6 420

As = 0.00103 (520) (315) = 168.9mm’ > As,, =1.16cnT .

VI ) 2 (o d)—s(ACT -
As.. _4(fy)(b Xd)> fy(b Xd) (ACI —10.5.1)
As,,, = %(120)(315) > %(12)(315)

As... =110.2 <126 ——Thel argestiscontrol .

As . =126.mn"
1689
# Of bars = % =——=15 Note Ap12 = 113 mm?
As, 113
Select bottom bars2 ® 12 mm. Total As= 226 mm?

Check for yielding:
Tension = compression
As* fy=085* f.*b* a

2x113 x10 °x 420 = 0.85 x 24 x 0.52 x a

a=8.95mm
x=i:&=10.5mm
b, 0.85
(=315 -10.5 4 003 = 0.087
10 .5

e, =0.087 > 0.005 —— Ok

For positive momentsin spans 3 & 5
Span 3withMu 38.1, select 2 ©16 .

o)
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Span 5withMu 26, select 2 ® 12.
4.6.2 Design of negative moment for rib (RO1):

Negative moments over al supports is Mu= (- 14.6,-30.8,-30.1,-16.9) kN.m

For (-30.1, 30.8) moments :
Mn =30.8/0.9 =34.22 KN.m
d=h-cover-ds—P/2=35-2-1-2/2=29cm

fy 420

m = - = =20.6
0.85x fc  0.85x24

Mn _ 34.22x10°

kn= 5= 5
bxd® 120x(315)

=2.87 Mpa

2mKn
fy

o= 1 1. \/1_ 2(20.6)(2.87) ) = 0.0074
20.6 420

ASieq. = 0.0074 (120) (315) = 280 mm?

p=—@- 1- 00
m

As. = 0.25% (ow)(d) = == (ow)(d)..evvverrrrrrrncns (ACI —10.5.1)

As . = 0.25@(120)(315) > %(120)(315)

(420)

As . =110.2mm’ <126.0mm*............. the larger is control

As . =126.0mm’

ASs,o, =280mm*>As . =126.0mm*................. controls
No. of bars= As/ Aspy =280/154 = 1.82 bars * Note Ap14 = 154 mm?
Select 2D 1AmMm ... Total As provided = 308 mm?.

e Check for strain

Tension = compression

oy
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Asxfy=085xf xbxa

5x113 x420=0.85x24x120x a
a=10.3mm
c=2 103 45 1amm
b, 0.85
o = 315-12.14
S 12.14
e, = 0.0748 > 0.005

x 0.003

= 0K

— For the moment -14.6 on the second support .. p = 0.0031 , selecting 2 ® 10, with As = 158 mm? .
— For the moment -16.9 on the fifth support .. p = 0.0039 , selecting 2 ® 10 , with As= 158 mm? .

4.7 Design of shear for rib (R0O1):

ACI — 318 — Categories for shear design:
oy
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Shear

-37.8 428
-30.2 -33. -33.1
-28. 233 23.7

-20.3 -17.6

12.
19.7

22.2
32.1 33.3
43.2

27.3 24.7
37.2 34.6

Vauesof Vu=(12,-203,22.2,-28.0,33.3,-33.0,27.3,-23.3,24.7 ,-17.6 ) kN
Use @ 8 with two legs

Av = 2 x 50 = 100 mm?2
VUSECDVC
1. 2
l<I)VC:1><G) fC><bW><d
2 2
=£(I)VC=£><O.75><@><120><315
2 2 6
=1).eVkN
1
Vu> E(1) Vc............not control

2. %CDVC <Vu < dVe

®Vc=1157x2 = 23.15KN
1.1P Ve=1.1x11.57x 2 = 25.46KN
ForVu=12,20.3,17.6,22.2,23.3,247 kKN ....... Vu<ll*®Ve.........controll

Minimum shear reinforcement is required

AL b 1R

2—X P
Se 3 fyt 16 fyt
AV 1 120 124

>ox— > = Y27%120
S.. 3 420 16 420
AV 0.0952 > 0.00073

req.

o¢
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A _0.0952
req.
*
270 _ 0952 = S, = 1050mm =105cm
req.
S < % = 3i25 =15.75cm , Then Select S=12.5cm <g ............... ok

Select ®8 @ 1° cm c/c.

% Item (3) dVec <Vu < dVe+dVs,,,
OVs, >0.75(2)xbwxd> 27> [T xbwxd
3 16
1 ,_ 075 ;
DVs,,, 2075 () x 012x0315x10° > 2 /24X 012x 0.315x10
®dVs_ > 9.45kN > 8.68kN

min —

DVs,,, =8.68kN

1.1dVc+ dVs,,, =25.46+8.68=34.14kN .................. control
For Vu=-28.0, 33.3,-33.0, 27.3kN.

Min. shear reinforcement isrequired :

Av 1 120>1@

>0 5 1 VS 100
Se 3 420 16 420
AV 0.0952 > 0.00073
Sreq.
A 0.0952
req.
*
2"50 _ 50052 = S, =1050mm = 105cm
req.
S < d_815_15750m
S22
d
Then Select S=12.5cm< 5 ............... ok

Sdect ®8 @ 1° cmc/c.

00
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4.8 Design of Oneway solid dab :-
(part C)

Fat 4 -*'-.—-":ef
# i R
A TE e pk i
Az, i

H_

it

'
Resinw b

Figure(4-3) : One way solid slab of First Floor.

< Material :-

concrete  B300 Fc' = 24 N/mm?
Reinforcement Steel fy = 420 N/mm?
s Section :-
v L/20=4.9/20=0.245m , for simply supported .
(Control) ................. ACI-318-02 (9.5.9)

= Sdlect h = 25cm

A

/AN

Y
|
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*

stem :

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

Moments: spans 1to 1
L 1 1
1 1
23.6 23.6
95.
| S | 3
Shear
-63.3
-50.2
} }
50.2
63.3
Figure(4-4) :

For 1m strip width at the face of the inner beam

and 2.1 m strip width at face of the outer beam

oy
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[ o i
E ! F
e
J ....... ' SRS | . ! =
LY e ¥ e
- %,
o (I RE="5
& .. =]
] ISHEE =
i i | T
I L | | 1
Al et th B o
|Ljr
4]
T B4 LTz
= - —¥ —a L. - ] :
_______ ol : T =R ,
e r e
7

Figure(4-5) : Spans, Length of Solid Slab (S1)
Two sections diagonal had been made

oA
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% Loading:-

v" LiveLoad :-
L.L =5 KN/m*1m=5 KN/m
v" Dead Load :-
Weight Of Solid =0.25* 25=6.25 KN /m?
Weight Of Plastering ~ =0.02*22 = 0.44 KN /m?
Tiles =0.03*23 =0.69 KN /m?
Mortar =0.02*22 = 0.44 KN /m?
Sand = 01*16=16KN/m?

Partitions = 1.5 KN /m?
D.L=10.92 KN/m?
d= 250-20-12=218 mm..

It considered to be simply supported solid structure :

a) Design of shear:-

Vu=50.2 KN

d®Ve=d* VI pw*d
6

= 0.75* g * 1% 0.218%10° = 144.2 KN

dVe=d* Vv py*d
6

o9
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= 0.75* g * 2.1 % 0.218*10° = 280.3 KN

® Ve=144.2 > vyy=50.2 kN .
No shear reinforcements is required

b) Design of moment:-

For 1m strip :-
Mu= 95 KN.m
m=_1f =_40 =206

0.85 * fc' 0.85* 24

-3
Rn= Mu/f = 957107/09_ 5 55 N/mm?
b*d?  1*(0.218)*

p=1(1- j_ 2mRn)
m fy

p=_1 (1- ,_2208(222)=000561
20.6 420

p=0.00561
ASieq = 0.00561 (1000) (218) = 1223.6 mm?/m.
ASeq =1223.6 MY’y
#of bars= Ag Aspy = 1223.6/201 = 6.1
= Note Apis = 201 mm?

= Select bottom Diagonal bars ® 16 @ 15cm c/c.
For 2.1m strip :-
Mu= 95 KN.m
m = fy =_40 =206
0.85* fc'  0.85* 24

*10-3
Rn= Mu/f = 95%107709 _ 4 g6 N/mm?
b*d?  2.1*(0.218)°

p=21(1- j_ 2mRn)
m fy

p=_1 (1- [,_2208(08)) =0 00259
20.6 420

p=0.00259
ASieq = 0.00259 *(2100)* (218) = 1184.4 mmv*/2.1m.
ASeq =1184.4 mm?’ /m
# of bars= Ag Aspy = 1184.4/201 =5.9
= Note Ap1s = 201 mm?
Spacing = 2.1/5.9 = 0.356
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= Select bottom Diagonal bars ® 16 @ 30cm c/c.

c¢) Design of Top reinforcement .

No negative moments, so we use min. reinforcement for shrinkage and temperature effect
purpose :-
As=0.0018 * 1000*250 =450 mm/ m

Use ®12.
= Select Diagonal Top bars ® 12@15cm spacing at theinner faceand ® 12@15cm at

the outer face ( like shown in the sections provided in the previous papers) .

d) Intheother direction:-
Top and bottom :-
Shrinkage & temperature reinforcement

As = 0.0018 (1000) (250) = 450 mn? /m.

= use ® 12@25cm. in bottom & top

4.9 Design of long column C22A :-
4.9.1 L oad Calculation:
Pu=1.2* (Rd1+ Rd2+ Rd3+ (2* 0.3* 0.6* 4* 25) + (0.3* 0.6* 3.75* 25)) +1.6* (RI1+ RI2+ RI3)

=1.2*(235.03+ 281.76 + 281.76 + 36 + 16.875) +1.6* (92.79 + 97.62 + 97.62)
=1550.64KN

where:

Rd1,2,3 are service dead loads from Atir program .

RI1,2,3 are service live loads from Atir program .

p, =1550.64KN
_ 1550.64

nreq

= 2385.6KN

Usear =rg=15%

Pn =0.8* Ag{0.85* fc'+r g(fy—0.85fc')}
2385.6 = 0.8* Ag[0.85* 24 + 0.015* (420 - 0.85* 24)]

Ag = 1129.8cm?
Use30x 50cmwith Ag=1500cm?> Agreq=1129.8cm?

1)
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4.9.2 Check Slenderness Effect:

e |n 50cm-Dirction

bh? .
I =E....for rec tan gular section

A=Dbx

r =0.3x0.5=0.156m?
k=1.0
kL, 1x3.65

r 0.15
- long Column

=24.33> 22

E,l
El =04 9
1+ Dby,

h
3 2
S L L L LN
A 12xbxh 12

KU 341 M1
M2

............... ACI —(10.12.2)
.

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

R: radius of gyration =0.3 h = \/%

Lu=3.65m

M1/M2=1

K=1, According to ACI 318-2002 (10.10.6.3) The effective
length factor, k, shall be permitted to be taken as 1.0.

................ [ ACI 318 — 2002 (Eg. 10 —15)]

E, = 4750,/ fc' = 4750 x /24 = 23270.15Mpa

_12DL  1.2*(851.4)

b, = 0.66
Pu 1550.64
3 3
I, = bxh _ 0.3x0.5 — 0.003125m*
12
6
El = 0.4x 23270.15x 10" x 0.003125 _ 17 52MN .m?
1+ 0.66
p *El
Py = ACI 318 - 2002(Eq. 10-13)
(KLu)
147 x17.52
, - 3147175215 9gmN
(1.0x3.65)
Cm = 0.6+ o.4(%) ............ ACI 318 — 2002 (Eq.10 - 16)
Cm =1 ... According to ACI 318 — 2002 (10.10.6.4)
dnszc—mpuzm ............... ACl 318 — 2002 (Eq. 10 —12)
1-
0.75 P,
d. = 1 =1.18 >1
s 1 1550 .64 o

 0.75x12.98 x10°

Ty
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e =15+0.03x h =15+ 0.03x 500 = 30mm = 0.03m
e=e, xd_=0.03x1.18 = 0.0356

_0.0356 _ 0.119
0.3

£
h
From Interactio n Diagram

fP, 1550.6 5 145
A 0.5*0.3 1000

9
r, =0.006
A =1 x A, = 0.006x500x 300 = 900 mm?*’
Assin = T mn X A, = 0.01x 500 300 = 1500mm?*

.. Usellf 14

=15 Ks

e |n 30cm-Dirction

MU gy oML ACI —(10.12.2)
r M2

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

R: radius of gyration =0.3 h = \/;

Lu=3.65m

M1U/M2=1

K=1, According to ACI 318-02 (10.10.6.3) The effective length factor, k, shall be permitted to be
taken as 1.0.

MU gp_gp M1 ACI —(10.12.2)
r M2

1x 3.65
0.3x0.3

~.long Coloumn in 30cm:dirction

=40.56 > 22

ay
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=
El =04—-% . [ACI 3182002 (Eq. 10-15)]
1+ b,

E, = 4750,/ fc' = 4750% +/24 = 23270.15Mpa
_12DL  1.2%(851.4)

b, 0.66
Pu 1550.6
3 3
|, =20 _05x03 _ 6 h1105m¢
12 12
6
g _ 0:4x23270.15x10° x 0001125 _ 0 1 o
1+0.66
p ’El
Py = ACI 318 2002(Eq. 10-13)
(KLu)
2
- 3.14 ><6.32. _ 467MN.
(1.0 3.65)
Cm = o.a+o.4(%) ............ ACI 318 — 2002 (Eq.10 - 16)
Cm=1.... According to ACI 318 - 2002 (10.10.6.4)
d.. =C—";uz 1.0 e ACI 318 — 2002 (Eq. 10 - 12)
 0.75P,
d. = L =179 >1
= 1550 .6 -

 0.75x4.67 x10°

e, =15+0.03x h =15+ 0.03x 300 = 24mm = 0.024m
e=e, xd_=0024x1.79 =0.0429

e 0.0429
h

min

= =0.143
0.3

From Interaction Diagram
fP,  1550.6 8 145
A, 05x0.3 1000

r, =0.0085

=1.5 Ks

A =1 x A; =0.0085x500x 250 =1275 mm?**

Assin = T mn X A, = 0.01x 500 300 = 1500 mm?*
. uselOf 14

4.9.3 Design of the Tie Reinfor cement:

¢
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S <16 db (longitudonal bar diameter)....................... ACI -7.105.2
S < 48dt (tie bar diameter). L 30

S < Least dimension. -
spacing <16 xd, =16x2.2=35.2cm =

spacing <48 xd, =48x1.0=48 cm
spacing < least .dim.= 25 cm 10 14
Usef 10@20cm 2 a7 5

a7 3
3 [0720 L—-158 3 10/20 [=42

Fig . (4-6.a) Details of Column .(Col-22A)

4.10.Design of Short Column :-
e Pos. (CO7Part D) : Columnin First Floor .

% Loading:-

Pu=1.2*3363.65 + 1.6*1346.2= 6190.3 KN
Pu=6190.3KN

Pn = 4366 /(0.65) =9523.5 KN

rg=0.015

Pn =0.8* Ag{0.85* fc'+rg(fy—0.85fc')}

9523.5%10° = 0.8* Ag[0.85* 28(1— 0.015) + 0.015* 420]

Ag = 0.4510m° = 4510cm?

Try 70* 70 cm with Ag = 4900cm?
Pn = 0.8* Ag {0.85 * fc'+rg(fy —0.85 fc')}

95235 *10 * = 0.8* 0.4510 [0.85 * 24 (1 - rg) + rg * 420 ]

rg = 0.015

Lu=3.65m

M1&M2 =1

K=1

Ku _gp _pp M1 ACl - (10.12.2)
r M 2
*

1736 4738 <2

03*0.7

.. short  Coloumn

10
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A =1 *A =0.015%4900 = 735cm* .. Sdect 20f 22 = ASp o4 = 76CM” > As,, = 73.5cm’

[l

21¢525
L VA 1030 T.— 268 <

i L] 3 1

L

i ¥ ¥ ¥ ¥ ¥

o

O T30 L— 184

(R
]

6l

Fig . (4-6.b) Details of Column .(Col-22A)
4.11 Design of | solated Footing (F01):

Sirlacn [A-Rl
Foak {1

Fig. (4-7) Geometry of Footing (FO1)

Once the ultimate column or load is determined, the proper footing can be designed. The following
subsections describe the analysis and design of footing (FO1) :

4.11.1 Load Calculation:
From Column 27 Part B :
Factored Load = 2433.7 kN.

"
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Soil Weight = 18 kN/m®.

Soil Depth=0.2 m.

Column geometry 60x 30 cm.
Allowable Soil Pressure = 400 kN/m?.

4.11.2 Design of Footing Area:
Assume footing to be about (75 cm) thick.

A Force(service)

Qat net

Og e =400-5-0.2x18-0.75x 24
qaana = 373.4kN / m2

18332

3734
A= 4.91m?
A=W x L = 4.91m?
L =W =+4.91=2.216m= 2.3m

- Force(FAactofed) _ 243?;7 — 460.0kN / m?

Where:
A: Areaof footing.
W: Width of footing.
L: Lenth of footing.

4.11.3 Deter mine the Depth of Footing Based on Shear Strength:
Assumeh=75cm......... d = 750-75-20 = 655 mm

e Check For OneWay Action:-

v
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(L-2a)

V, =( —d)xq, xW

v, = (23208 _ 655)  460x 23

V, = 206.3kN

For X - direction @V, =% fc'xLxd

oV, = %\/ﬂ x 2.3x 0.655x10°

DV, = 922.5kN
DV, >V, ......0K

For Y- direction
Surely it will be satisfied since 0.3< 0.6 ...

e Check for Two Way Action :-
The punching shear strength is the smallest value of the following equations:

1(. 4
V, ==l 24- 2 | [T b,d
Cc 12( bCJ C (0}
l(a.d '
v, = =29 ol b, d
Cc 12[ bo j Cc (0]
V, :%\/ £ b.d

Where:

_ Column Length (a) 60
€ Column Width (b) 30

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2x{(atd) + (b+d)} =2x{(0.60+0.655) + (0.30+0.655)} =4.42 m.

a, =40 for interior column

TA
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V. = é(zé}\/f_d b,.d=033/f, b, .d

1 (40x0.655 , '
v, = = [ 22X0590 o) " b,.d =066 f, b,.d
°12[ 4.42+j°° o)1, b,
V, =\713w/ f. b,.d=0333/f, b,d..Control

Vu = 460* ( ( 2.3+2.3)-( 0.955*1.255) ) = 1882.32 kN

V, = %\/ £ b,.d = 0.333/24 x 4.42x 0.655x 10°

Vc =4723.0kN....... f =0.75
fVc=0.75x4723.0 = 3542.25kN
fVvVec>WVu........! OK.

4.11.4 Design for Bending M oment:

At X- Direction
0.85

Mu = 460x 2.3x 0.85x =382.2kN.m

Using Reinforced Concrete.

Mn= &22 =424.67 kN.m
0.9

_ Mn 42467
bd? 2.3x(0.655)°

oty 40
0.85x fc'  0.85x 24

. :i 1- 1_2xm><Kn
m fy

= 0.43Mpa

=20.6

14
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" 206 420
— 1 xbxd = 0.001036 x 2300 x 655 = 1560.3 mm?

R (1-\/1—M]=0.001036

As

Reg.

ASqrinvageqmny = 0.0018x bx h = 0.0018x 2300 x 750 = 3105 mm’

Asmin = Asreq = 3105mm°.................. control
select 13f 18 withAs = 3302 mm?® > Asreg. = 3105 mm?

At Y- Direction

Mu = 460x 2.3x1.0x 1—20 =1058.0kN.m

Using Reinforced Concrete.

Mn= %3 =117556 kN.m

qoMn_ 11756 _
bd?  2.3x(0.655)°

M- fy 420
0.85x fc' 0.85x24

" =£ 1- l_ZXmXKn
m fy

r __ 1 1_\/1_M — 0.00293
20.6 420

As.., = xbxd =0.00293x 2300 x 655 = 4409.8 mm®

1.19Mpa

20.6

Req.

ASqinkageminy = 0-0018x bx h =0.0018x 2300 x 750 = 3105 mm?

As = Asreq = 4409.8mm>.................. control
select 18f 18 withAs = 4572 mm?® > Asreg. = 4409.8 mm?

4.11.5 Check for Strain:

At X- Direction

Tension = Compression



Chapter Four — Structural Analysis And Design

Asx fy =0.85x fc'xbx a

3140x 420 = 0.85x 24 x 2300 x a
a=28.1 mm

x=2 -1 431 mm

bl 0.85

_ 655-33

S

% 0.003

e, =0056>0005 .. OK

At Y- Direction

Tension = Compression
Asx fy =0.85x fc'xbx a
4572 x 420 = 0.85x 24 x 2300 x a

a=40.93 mm
x= 2 08 _ e mm
bl 0.85
e, =902 4003
48.2
e, =0.0378>0.005  ...... OK

4.11.6 Check transfer of load at base of column:
®Pn = ®(0.85fc'Ag)

®Pn = 0.65(0.85)(24)(0.3* 0.6) * 10° = 2386.8kN > 2433.7KN.

Since ®Pn<Pu.

. Dowelsarerequired for load transfer.

(Pu/f)-Pnb _ (2.433/0.65)-3.67
fy - 420

AS min = 0.005* (0.3* 0.6) =900 mm? ..... controll

FPND gy =f *0.85% fc'* A * ,/%
/A/: 46 _s5-20 usin A/=2o
A= 003 "2 0 ... g A =20,

fPnb,y,, = 0.65* 0.85* 24* 0.6* 0.3* 2.0 = 4.77 > Pu=2.433
Use8 ® 16 dowels As Provided = 1608cm2

As= =174..-mm?

\A
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4.11.7 Development Length (L g):-

Ldb: fy < d
4./ fc' b
Ldb= 420 x16 = 385.8mm control

424

But not less than:
Ldb = 0.04(fy) d,=0.04(420)* 18 =325.08 mm

Available Ld =h-cover-db=75-7.5-1.8=65.7 cm
65.7 > 38.6 OK

4.12 Design of Basement wall:

\Al

use lap splices length 60 cm
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5 KN/m

B
F Y
. - '4\1
u '_I"\,
: %
1] ‘H-

)

40 kn/m?

4.12.1 LOAD CALCULATION:_

0 =30° y=20KN/m3 Fig . (4-8) Loads On the Basement wall .(Col-22A)
k, =1-sin30° =0.5
0.=20*0.5*4 = 40 KN/m?
0.=5*0.5 = 2.5 KN/m’
factor load:

0.=1.6 *40 +1.6*2.5 =68 KN/m*

Assume h =30 cm

(4+ 4+(68_4

49.34 - 4
2%8

)X)X
=0

X = 2.246m

Mu=

* 2
4(2# +49.43*2.246-32.1

=68.62KN.m

4.12.2 Check thicknessdueto shear :

d=300-20-14/2 =273 mm

VY
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V,@d =50 KN
* 1% *103
DVe = 0.75v24*1* 0.0273* 10
6
=167KN
dVe>Vu.....

4.12.3 DESIGN OF FLEXURE :

68.62

Kn=—02 1023
1+0.273

M =20.6

A O \/1—2*1.023*20.6
20.6 420

=0.0025

A= 0.0025 *1000* 273 =682.53mm”

FOR VERTICAL

Asmin=0.0012 * 1000 *273 =327.6 mm?

For horizontal

As min=0.002* 1000 *300 = 600 1y

Use 14 @ 20 cm c/c by one layer

Use ®10 @ 20 cm c/c by two layer

4.13 Design of one Way Solid Slab for stairs:

V¢
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4.13.1 Determination of L oads:

hnin for one way solid slab = L/20
hmin=4/20=0.2m..

Take h=h,;,=20 cm..

D.L=0.20* 25=5kN /m’

FromTANK L.L =10kN/m?

D.L =5kN/m?

L.L =10KN/m?
qu=1.2*5+1.6*10=22KN/m?

qu = 22KN /m?

For Im Strip in X direction qu=22KN/m

Womenta: spans 10 1

i |
=1 —1
e -
45 T T A

T
'\-\.H_ _'_,_r'-
— e
——— — S S - e —
PR 49|-5 24
Lhaar
4 Ak 2
_._._._._—-"'-F._
e
_._,..-'—
_.-'-"'_-H_H_._
I —— |
_.--"'__H-H--'-'_F.—F
—
e
e
_._,.l-"
o
44
46.2 '

Fig. (4-9). moment and shear diagram from Atir (BEAMD)

4.13.2 Design of Shear:
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d=20-2-0.12/2=17.4cm

f *Vc>Vn

f*Vc= %* 0.75* /fc'*b*d = %* 0.75* /24 * 1* 0.174* 1000 = 106.5

f Vc =106.55 >>Vu = 44.0KN
.. No Shear Reiforcement Required

4.13.3 Design of Reinfor cement:
d=20-2-1.2/2=17.4cm.

Mu =485 KN.m
m= fy - = 420 =20.6
0.85* fc 0.85* 24
Mnx = @ =53.89KN.m
0.9
* 6
Kn = Mnx2 _ 53.89 102 —1.78Mpa
b*d 1000* 174
' :i(l— 1- 2mkn)
m fy
* *
r = i* (1_\/1_%) =0.00424)
20.6 420

As., =0.00424*100* 174 = 737.4mm’ /m

As,, =0.0018*100*17.4=3.132cm? /m

ASeg> AShin

Select @ 12@15cm with AS prov. = 7.91 mm2/m > 737.4 mm2/m.

4.13.4 Design of Top Reinforcement

Use for shrinkage and temperature @ 8@25cm c/c.

4.14 Design of Stairs:

4.14.1 Deter mination of Slab Thickness:
V1
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-L =3.6+0.75=4.35m.
- heg =L/ 20.
-Neg=435/20=21.75cm ............. take h= 25 cm.
= Use h = 20cm.
-0 = tan(191 / 330) = 30°
-Cos 6 = 0.866
» Thestairsat section (A-A) will be carried on the shear wall.

4.14.2 Load Calculations at section (A-A):

Lrezzadd loaad

‘L{l e e e e o e

-

Lirve loaad

P I B e R S e S B o S T

> Fig.(4-10) Structural system of stairsat section (A-A)

Dead L oad:
slab = 0.25*25*1/c0s30 = 7.22 KN/mZ.
plastering = 0.02* 22* 1/cos30 = 0.51 KN/ m?.
stair = (0.17*0.3)*25* 1 = 2,125 KN/ m*.
2*0.3
tiles = (0.33+0.17)*0.03*27/0.3 = 1.35 KN/ m?.
mortar = (0.17+0.3)*.02* 22/0.3=0.69 KN/ m?.
Total dead load = 7.22+0.51+2.125+1.35+0.69
=119 KN/ m%

Liveload:
2%
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Live load for stairs =5 KN/ m?.
Factored load
qu=1.2*11.9+ 1.6*5 = 22.28 KN/ m.

For one meter Strip, qu = 22.28 KN/ m.

Load on landing :-

Dead L oad:

= Tiles =0.03*27=0.81 KN/m2

» Slab =0.25*25 = 6.25 KN/m2

» Plaster =0.02*22 = 0.44 KN/m2,
= Mortar = 0.02*22=0.44 KN/m2,

Total dead load = 0.81+6.25+0.44+0.44

=7.94 KN/mz2,
Liveload:
Live load for stairs =5 KN/ m?.
Factored load

Qu=1.2*7.94+ 1.6*5=17.53 KN/ m°.
For one meter Strip, qu = 17.53 KN/ m.

4.14.3 Design of Shear

=  Assume @ 14 for main reinforcement:-
So, d = 200-20-14 = 166 mm..

Take d= 166 mm

o 2

> Fig.(4-11) Shear envelope of stairs

YA

A7

a0.6_



Chapter Four — Structural Analysis And Design

= Vu=50.6 KN.

f /T *b,*d
= fye=-Y°o v

_0.75* \/24*1000* 166
- 6

» Vu=53.6 KN < @.Vc=101.66 KN .
» >>>>No shear Reinforcement isrequired. So the depth of the stair is OK.

= fVc =101.66KN

4.14.4 Design of Bending Moment :
The Following figure shows the Moment Envelope acting on the stair

boment ciarn

a6 , . : /-" f S ;
c2.4
’f (,_.-"I J..-"
Mu = 62.4 KN.m.
Mnreg=Mu/0.9=62.4/0.9=69.33 KN.m.
d =166 mm.
(M
b-d
* -3
k=238 107 _; sompa.
1*0.166
Y
0.85x fc'
m = _ 420 = 20.588
0.85x 24

* *
S PO 71 I S O \/1_2 20.588* 252 | _ o noss
m f, | 20588 420

As req = 0.0064* 1000* 166 = 1066.54 mm*

\&
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fc'

4(fy)

Nex
4(420)

Asmin=484 < 5533

Asmin=

(bw)(d) > %(bw)(d)

Asmin=

1.4
(1000)(166) > - (1000)(166)

Asmin=553.3mm?.......... Control. ).+) ahiall
Useld 14@15cm. .............. with As=(100/ 15)* 154 = 1078 mm?.
> Asprovided=1078 > ASI€J..........cevvvuvnnnnnn. OK.

Check for strain:
Tension = Compression
A* fy=085* fc'*b*a
1078 * 420 = 0.85* 24 *1000 * a

a=22.2mm
2 _222 56 1mm
b, 0.85
e, = 166 -26.1, 0.003
26.1

e, = 0.016 > 0.005 ——> ok

4.14.4.1 Development length of the bars:

Ly = xa xbxgxd,

fy
24 f%

L, = 420 x1x1x1x14 = 600mm

N

Lq available > Lgreq= 60Cm

4.14.4.2 Secondary reinforcement:
As= é X ASy, = % x1078= 215.6mm’
ASq,inage = 0-0018x b x h = 0.0018x 1000 200 = 360mm’
» Use®10@20CM ..uvvennen..... With As=(1000/ 200)* 79 = 395 mm?.

A
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4.14.5 Stairsat section (A-A) Details:-

> Fig.(4-12) Section A-A of stairs

Design of landing:-

Dead load = 17.53 KN/ m.
Liveload = 5.0 KN/ m.
= Vu=78 KN.

fJf.*b,*d
= fve=-Y°o W

_ 0.75*\/24*1000* 166
6

= Vu=78 KN < @.Vc=101.66 KN .
» >>>>No shear Reinforcement isrequired. So the depth of the stair isOK.

fVc =101.66KN

Design of moment :-
AN
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Mu = 100.5 KN.m.
Mnreg=Mu/0.9=64.3/0.9 =714 KN.m.

d =166 mm.

Mn

k =1
" b.d?

* —3
K, = w =2.6MPa .
1* 0.166

m=_
0.85x fc'

_ 420 _ 20.588

m =
0.85x 24
S U 71 D S \/1_ 2% 20.588% 2.6 | _ ) ose
m f, 20.588 420
As req = 0.0066* 1000* 166 = 1095 mm*
Asmin=""_bw)(d) > =% bw)(d)
4 fy) fy
Asmin=2_1000)166) > 4 (1000)(166)
4(420) 420
Asmin=484 < 5533
> ASMIN=5533mm~.......... Control.
Use 10 14@ 12.5CM. .............. with As =(100 / 12.5)* 154 = 1230 mm?
OK.

Asprovided=1230> ASIeq..........ceevvvennnnn.

Check for strain:
Tension = Compression

AY
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A *fy =0.8 * fc'*b*a
1230 * 420 = 0.8 * 24 * 1000 * a
a=25.3mm

a 25 .3

b, 0.85
eS:166 - 29 .7*0.003
29 .7
e.=0.014 > 0.0056 — — ok

> For shrinkage and temperature use ® 10@ 20 cm .

4.15 Design of shear wall :-

20 3 4
ARty '.
o

LT L

421505

SACAS

I I

e wiall R Loy T TRTE TR I TH

Fig.(4.13) Moment and Shear Diagrams
Fc =24 MPa

Fy = 420 MPa

t=25 cm .shear wall thickness

Lw = 5.50 m .shear wall width

Hw for onewall =4 m story height

Design of the Horizontal reinfor cement:

Internal forces & moments:
AY
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3" Fx=Vu = 948.48KN

Design it by using Reinfor ced concr ete:

Vu = 234 .74KN
Vn =Vu /0.75 = 312 .93KN

Design of shear

Iﬂz E= 2.75m...... control
2 2
w _175_g75m
2
d=0.8xIlw=0.8x55=4.4m
4/ fc'
Ve = xbxd
V, = “24 x0.25x 4.4*10° = 898.15 KN
v, - 4 fc' xbxd N N, xd
4 4x L,
Assume N, =0
* 3
v, = V24 x0.25x 4.4*10 N 0x4.32 1347 2 KN
4 4x5.4
[,| +/ fc"+ 2x N,
fc’ [, xh hxd
V, = + X
2 M, |, 10
V, 2
<M” —IW>:3.894>0
vV, 2
=V, =Will apply
2x0
55[mj
V. - V24 | 48x045) | 025x44 s 1 oo0 e
2 <1559.5_5.5> 10
234.74 2

A¢
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d=08*Lw =0.8*55=4.4m
Vc :%* JJfe'*h*d :%«/24 * 250 * 4400 = 898 .15 KN

Vs =Vn - Vcl
so= 312 .93 - 234 .74 = 78 .19 KN
[ Av ] Vs 78 .19

= = = 0.0000423 m
S2 Fy * d 420 * 4400

(As"g ]: 0.0025 * h=0.0025 * 250 = 0.625 mm
S2 = "5i= 5500000 /5 = 1100 mm
S2=3*h=3*250 = 750 mm

sdlect — —» 2f 10 — — As =158 cm 2

A 0.625 mm > 0.178

S2

%: 0.625 —» S2 =252 .8mm

Slect — > S2=25cm < Seq = 25.2cm

S 2 selected =25cm < 75cm < 110 cm

use — — 2f 10 @ 25 cm (c/c)in 2layer
select 20 10/ 25cm In tow layer

~Usef 12@20cm c/c  For thereinforcement in two layers (horizental )

Design of the Vertical reinforcement :-

hw, , Avh
I i = (0.0025+ 05(2.5—m)(§— 0.0025))Sh

&:E:3_18>2_5
L 5.5

W

Avn=0.0025x S x h,

S = 1 L,= 1 x5.5=1833.3mm
3 3

S, =3xh=3x250=750mm

Select 2f 10 With area As=158mm’
158=0.0025x S, x 250

~.§ =252.8mm

Seect S =25cm< 25.2cm

S=25cm< 75cm < 183.3cm

——>Sdect 2/10/25 cm c/c

Select 2 10/ 25cm. Intow layer
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Design of bending moment:

Mn =10780.4 KN.m

C> ( "W) _95_1999m

45) 45
C=C-01xL,
C=122-0.1x55=0.6722m
c, = =122 _g6qq
20 20
- T [ o U R - D i
% ‘ P i ﬂ__‘ i = T Ll L] (%) [ W

Fig.(4.14): Section in shear wall
Select Theboundary element = 70cm > 67.2cm

Lw 5.5
Asv= =—x —> =
S sl AS 0.25

x158 = 3476mm?

Z 1
Lw  2+0.85*b* fc* Lw* h/(As* Fy)
z_ 1

Lw 2+0.85x0.85x 24x5.5% 0.25/(3476x10°° x 420)

0.06

= 0.0546

Mu =0.9x Fy x 0.5x Asx LWX(ZL—(LA/ZD =
W

0.9* 420* 0.5* 3476 x10°° x 5.5 (1— 0'0546) _ 3515.75kn.m
MUpesq, = 18990.04 - 2320 = 16670.04knm
Mu/f  16670.04x10°/0.9

= 9187.8mm?

" fyx(Lw—Cw)  420x (5500 700)
As = 9187.8+ (6x 79) = 9661.8mm’
- Usef 25— Select 20f 25

AT
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AIDEEE -
Eilllllgr : '
reatrime PR e s = | ER A T e
- 5 4 = AR W%ﬁ*
"""" TR S
e SREEENAY o ey |
Connl e
_______________________________ S
ST
gt L #& ‘a 5;5& -!‘,5""

Fig.(4.15): Details of shear wall

AY
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE (ACI
318M-08) AND COMMENTARY CODE (ACI 318M-02).

V) clae ¢ 3 8 ik o) Ll Gulaa s 58l 5 Jlaa¥) 535S ¢ 50 Y1 il ol oLl cula S0 Y
SLLR

3-Uniform building Code (UBC), (1997).

AN
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A Galdi(1

B Galdi(2
L e 5 e 5 saee (e 43LAY) Glabdall aes Galall 124 Jadiy s

Ca=~LlI(3
& sl araal A Lgaladinl o3 Al o S e ed Jal e 3 ke ga g
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply Oneend | Bothends _
supported | continuous | continuous | Cantilever

Members not supporting or attached to partitions or
other construction likely to be damaged by large
Member | deflections.

Solid one-
way slabs £/20 £/24 £/28 £M0

Beams or
ribbed one-
way slabs £16 tN85 £/21 (4;:]

Notes:

Values given shall be used directly for members with normalweight concrete
(density w, = 2320 kg/m”) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural lighiweight concrete having unit density, w,, in the range
1440-1920 kg/mS, the values shall be multiplied by (1.65 - 0.503w,) but not
less than 1.09. )

b) For f, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700).

(MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABSUNLESSDEFLECTIONSARE CALCULATED)

TABLE 2.5(b) — MAXIMUM PERMSSIBLE COMPUTED DEFLECTIONS

Type ol member Diefiaction b be corsdend Defeclion lintalion
Flad mols mel supporling or aftsched fo non- Immsdisle daflecton de b e bosd L v
Aot elernents Buely 1o b damnged by 180
large defleclions
Flesams nol aupportiig or atiached 16 nonstruc- | Immediale dafiscion dus o live load L
tural elamants likaly to be damaged by largs £,360
dafleciinns
Aeal or loar construction supparting or That part of the total dellection occuering afjer
attmched o nonsiruciursd alements Bkely 1o e | abechment of norstruchinal efesmams (sum of AR
damaged by large deflecticns thee loang-term punmm-_.ne 1o-all susiaired
Aoal or fioar construction supporting o m;:’lﬂ:whm Qe filon e Vo ey )
Etaciesd o rensiructural semems rat likedy 1o i [ 1
b damaged by larpe defaclions

* Lemil nat intandod 1o saacuard aganet ponding P siould D checked by SURIEH ool e, of Setechon, T ng e s jm i ponded

waler, ond consrdanng kacierm ehects of all sustened ods, camis: consrucion Klemnces, aml e bty of provins for :Iaarm;»,n

t Leng-tarm dafiscton shal ba detormingd in aocandines with RS2 8 o B8, ) iy b padiiond by fidun ol delection calculaien 1o scour befons aflsch-
miant ol sossnecium| sesmanis. This smcint el be delsrsined on B of acoemed srcemssring ctn realiog o me-dellecion chamcssticn of membsm sm-
lar 1o thioss bsing considenad

¥ L imit imay b soersestod | adecate manssea i lakor b proven damage 1o spporisd oo atischad demants

% Lirti phall ook b presster than doderanos peovided for nonstmciiml alemanta. Lim may be sxcended # camber is provided s that 1otat daflection mnus camber
o ok sacesad Bl

(MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS)
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