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The Structural Design of "Elderly House"

Moath Mohammad Shalalfeh Ma’moun Jehad Makhamra

Supervisor

Dr. Maher Amr

Project Abstract

The Conclusion Of this Project is the structural design of the building " Elderly House" , the
project is a four-story different contour intervals and areas of floor building, with a total area of
almost 4,000 square meters, the project represents a true mirror of Islamic architecture, where the
design contains a functional and architectural Islamic art, the project contains all the departments
and services that serve the elderly, and the project was designed on the structural optimization
solution.

Has been working on the design requirements of the American Concrete Code (ACI-318), and
was using some constructional design programs and drawing programs such as: Atir, Safe, Etabs,
AutoCad, Sab, StaadPro, Sp Column, Robot. It is worth mentioning that it was used the
Jordanian code to determine live loads.
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basement wall reinforcement -
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DL Dead load.
LL live load.
W,y factored total load.
Ln clear length of member.
0 thickness of a layer.
% unit weight of material.
M, nominal moment.
My factored moment at section.
A Compression strength of concrete.
fy specified yield strength of non-prestressed reinforcement.
P ratio of steel area.
€ strain of tension steel.
7] strength reduction factor.
Vh nominal shear strength.
Vyu factored shear force at section.
V. nominal shear strength provided by concrete.
Vs V: nominal shear strength provided by shear reinforcement.
As area of steel.
A, area of shear reinforcement.
b width of compression face of member.
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bw web width.

d distance from extreme compression fibers to centroid of tension reinforcement.
h over all thickness of member.

P nominal axial load.

Py factored axial load.

S spacing between bars.
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Structural Analysis & Design

(4.1) I ntroduction:

Many structures are built of reinforced concrete: bridges, buildings, retaining walls, tunnels,
and others. Reinforced concrete is logical union of two materials. plain concrete, which possesses
high compressive strength but little tensile strength, and steel bars embedded in the concrete, which

can provide the needed strength in tension.

Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures. Understanding of reinforced concrete behavior is till far from complete,
building codes and specifications that give design procedures are continually changing to reflect
latest knowledge.

Structural concrete can be classified into:

= Lightweight concrete with unit from about 1350 to 1850 kg/m®.
= Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
= Heavyweight concrete with unit weight from about 3200 to 5600 kg/m®.

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 one
type of slab “one way ribbed slab”,. They would be 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 ribbed slabs, and then handle calculation would be

made to find the required steel for all members.

(4.1.1) Design method and requirements:
The design strength provided by a member is calculated in accordance with the requirements
and assumptions of ACI_code (318_08).

(4.1.2) Strength design method:
In ultimate strength design method, the service loads are increased by factors to obtain the

load at which failure is considered to be occurring.

Yy
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This load called factored load or factored service load. The structure or structural element is
then proportioned such that the strength is reached when factored load is acting. The computation of

this strength takes into account the nonlinear stress-strain behavior of concrete. The strength design
method is expressed by the following,

Strength provided > strength required to carry factored loads.

OMn=Mu ©OPn = Pu @Vn = Vu

(4.1.3) Factored loads:

The factored loads for membersin our project are determined by:

W,=12D_ +16L,
Use concrete B300

f. =24 Mpa. , f, =420 Mpa , f,, =420 Mpa.

(4.2) Design of Rib (0C/01) :

r-—..g:u—m— 1
'E_..__I__ L

e

I

B

o

Fig (4-1): Rib (0C/01) at
the ground floor slab.

(4.2.1) Determination of Thicknessfor One Way Ribbed Slab:
According to ACI-Code-318-08 , the minimum thickness of one way slabs for deflections a

The maximum span length for one end continuous (for r
hmin for one-end continuous = L/18.5

=580/18.5 = 31.35cm

Ye
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Alfer 3 o

Jefariae T pan

Comar e S f SR s
Mooy ete '."E'!Irs_l.ur-'-:i.' - Al

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

LRI ERC SFocsT

hmin for both-end continuous= L/21
=400/21 = 19.1cm

Select Slab thickness, H= 32 cm with s Temne
C i
(block 24cm & Topping 8cm) L"ﬁ - s'"'i' a-sdoas ]Ei“ﬂ ii[*m

Fig (4-2): Section
of one way ribbed

(4.2.2) Load Calculation for oneway ribbed slab: sab
For the one way ribbed slabs, the total dead load to be used in the
analysis and design is calculated as follows:
Table (4-1) : Dead load calculation for one way ribbed slab
No. | Material Quality TRIEESS Calculation
Density (m)
KN/m?
KN/m?*
1 Tile 23 0.03 0.03*23*0.52 = 0.3588
2 M ortar 22 0.03 0.03*22*0.52 = 0.3432
3 Sand 17 0.07 0.07*17*0.52 = 0.6188
4 Topping 25 0.08 0.08*25*0.52 = 1.04
5 Rib 25 0.12* 0.24 0.12*0.24*25 = 0.72
6 Block 15 0.24* 0.4 0.24*0.4*15=1.44
7 Plaster 22 0.02 0.02*22*0.52 = 0.2288
8 Partitions 0 - 1*0*0.52=0
4.75 KN/m?

Nominal total dead load = 4.75 KN/m? of rib.
Nominal total live load =5 x 0.52= 2.6 KN/m? of rib.
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(4.2.3) Design of topping:
The total dead load to be used in the analysis and design is calcul ated as follows:

Table (4 - 2): Dead load calculation for topping

No. | Partsof Rib Quality Density Calculation

KN/m?®
1 Tile 23 0.03x23x1=0.69
2 Mortar 22 0.03x22x1=0.66
3 Sand 17 0.07x17x1=1.19
4 Reinforced Concrete 25 0.08x25%x1=2
5 Partition 0 0x1=0

> = 4.54 KN/m

Nominal total dead load = 4.54 KN/m? of rib.
Nominal total live load =5 KN/m? of rib

Ou= 1.2xD+1.6xL

= 1.2x4.54+1.6x5 = 13.45 KN/m. (total factored |oad) e

W, 12 13452047 AT L T p
My =~ = 5 =O0179KN.m
- A} svn
fﬂMn =0.55=0.42 =24 = 1000 = 80%/6
=1.207 KN.m " plo

12 2
@M, = 1.207 KN.m > M, = 0.179 KN.m ‘ ‘

No structural reinforcement is needed. Therefore, shrinkage

and temperature reinforcement must be provided.

For the shrinkage and temperature reinforcement :-
p =0.0018

Fig (4-3): Section of topping

A
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A, = p=b=h=0.0018 * 1000 =80 = 144 mm?~,

Asreg _ M _286 Spacing(S) = — = 35cm = 350 mm.
Apar 503 4

Number Of 8=

280 280

<380 (2 - 25x Ce< 380 ()

280 280

:380x(€;)—2.5><205380><(gz)

280 280

=380 x (%MI)—Z.SX 20<380 x (E‘MI)
=330 mm. <350 mm.
<3xh=3x80=240mm........... controlled.

<450 mm.

~ Use 8 @ 20 cmin both directions.

(4.2.4) Design constant:-

For T- section isthe smallest of the following:

be= Ln/4= 3200/ 4 = 800mm

be= by, + 16 t; = 12 + 16 (8) = 1400mm

b= c/c spacing between beams =60+400+60= 520mm
Control takebe = 52cm

(4.2.5) Diagram For Rib :
By using ATIR program, we get the envelope moment and shear diagram as the following:-

" ‘ ‘ Fig. (4-4): Geometry of Rib (0C/01)

v
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Fig (4-5): Moment & Shear Envelope of Rib(0C/01).

(4.2.6)Flexural Design:

(4.2.6.1) Design for positive Moment for Rib (0C/01):

1- Mu=31L8KN.m
Determine whether the rib will act asrectangular or T-section:
For a=t; = 8cm , Assume ®=0.9 , Assume diametar bar @12
d = h - cover—dia. of stirrups — db/2 = 320 — 20— 8 — 12/2 = 286 mm.

®.Mnf=0.9%0.85* e * T, * Pex(d-t/2)
=0.9* 0.85 (24) (80) (520)(286-(80/2))* 10°
d.Mnf =187.9 KN.m
OMnf =187.9 KN.m > Mu =31.8 kKN.m
Therib will act asrectangular

y - 40 _,50mpa

m = - =
0.85* fc  0.85* 24

YA
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31.8%10°/0.9
Mu/t _ 228 22 722 - h83Mpa
b*d?  520*(286)

6 2
__él' _2mRn o__1 1_\/_2 20.59 * 083:_000202
p 20.59§ 420 p

As = p.be.d = (0.00202)* (520)* (286) = 300 mm?>.

Rn =

Check Minimum Reinforcement :

As min= \/_ (b )(d) :42230) (120)(286) =100mm?

As min=£(bw)(d) =5(120)(286) =114.4mm?

Then use 2 @14,As=307.9 mm?
As prov = 307.9 mm?®> As req = 300 mm?

Check for Tension sted yielding:-

Tension = compression
As* fy=0.85* f *b*a

307 .9* 420 = 0.85* 24 * 520 * a

a=12.2mm
= bil= %- 14.35mm
B=0.85
d=287mm
287-14.35

e, =(d- ¢)/c” 0.003=21"""22" 9 003=0.057
14.35

e, =0.057 >0.005

S0 @=0.9

2- Mu=49KN.m
Assume ® =0.9 , Assum diametar bar @12 , d = 286 mm

Y4
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y - 40 _,50mpa

0.85* fc  0.85* 24

3
1

Mu/f 4.9%*10°/09
Rn= —— =————-=0.128 Mpa
b*d?  520* (286)

0 ® * * 0
él_ _ mi: 1 8. \/ (2720970128 2 4 000306
=7 2059 & 420 p

As = p.be .d = (0.000306)* (520)* (286) = 45.51 mm>.

_,
1

Check Minimum Reinforcement :

Jlt
Asmin= a(ty) (bw)(d) —4(420) (120)(286) =100mm?

As min :% (bW)(d) :4—20(120)(286) =114.4mm? (Contr0|)

Then use 2 10 ,As=157.1 mm2
Asprov = 157.1 mm?> Asreq = 45.51 mm?

Check for Tension steel yielding:

d = h— cover—dia. of stirrups— db/2 = 320 — 20-8 — 10/2 = 287 mm
Tension = compression

As*fy=085* f *b*a

157.1* 420 = 0.85* 24* 520* a
a=6.22mm

e,=(d-¢)/c’ 0.003:2877—'37'3' 0.003=0.115

e, =0.115>0.005
S0@=0.9
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3- Mu=16 KN.m
Assume ® =0.9 , Assum diametar bar @12
d = h - cover—dia. of stirrups— db/2 = 320 — 20-8 — 12/2 = 286 mm
fy 420

= = = 20.59MPa
0.85* fc  0.85* 24
16*10°/0.9

rn= MUt o 22 0 182 6418 Mpa

" b*d? 520*(286)

0 e * *
c 218 . 2mRn 0_ 1 & \/ ~ 2*20.59 * 0.418
§ & 20.59§ 420

As = p.be.d = (0.001)* (520)* (286) = 148.72 mm”.

Check Minimum Reinforcement :

Jlt
Asmin= a(ty) (bw)(d) —4(420) (120)(286) =100mm?

4 bwy(d) = o5 120(286) =114 4mn

.1
Asmin :(— (control)

Then use 2 10 ,As=157.1 mm2
Asprov = 157.1 mm?®> Asreq = 148.72 mm?

Check for Tension steel yielding:-

d = h— cover—dia. of stirrups— db/2 = 320 — 20-8 — 10/2 = 287 mm
Tension = compression

As* fy=0.85* f_ *b*a

157.1* 420 = 0.85* 24* 520* a
a=6.22mm

Q- l-I-o:

= 0.001 .

1A
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p=0.85

e, =(d-c)/c” 0.003=
e, =0.115>0.005

287- 7.3,

/3 0.003=0.115

(4.2.6.2) Design for Negative Moment for Rib (0C/01):

1- Mu=-23.9KN.m

Assume ® =0.9 , Assum diametar bar J12

d = h - cover—dia. of stirrups—

db/2 = 320 — 20-8 — 12/2 = 286 mm

m = fy =_ 40 =2059MPa

0.85* fc' 0.85 * 24

Rn= Mu/f _ 239*106/09

brd?  120*(286)°

p=(1- . 2080
m

=2.71 Mpa

p:

20.59 420

1- - 2(20.59)(2.71) ) = 0.00695

As = 0.00695 (120) (286) = 238.5mm?.

Check Minimum Reinforcement :

A Smin=

(b )(d)

*/_ __Jaa (120)(286) =100mn?’

4(420)

in=——(b d
ASmin ( )( VV)( )

= % (120)(286) =114.4mm*>  (control)

Then use 2d 14,As=307.88 mm?2

As prov = 307.88 mm? > Asreq = 238.5mm?

e
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Check for Tension sted yielding:-

d = h - cover—dia. of stirrups— db/2 = 320 — 20-8 — 14/2 = 285 mm
Tension = compression

As* fy=0.85* f_ *b*a

307 .88* 420 =0.85*24*120 * a
a =52.82mm

c=-2 =52.8210.85 = 62.14mm

b,
B=0.85..... f,=24MPa

e, =(d-c)/c” 0.003= 285- 6214, 0.003=0.0108
62.14

e, =0.0108> 0.005

2- Mu=-82KN.m
Assume ® =0.9 , Assum diametar bar @12
d = h— cover—dia. of stirrups— db/2 = 320 — 20-8 — 12/2 = 286 mm

m = fy = __40 =20.59MPa
0.85* fc'  0.85*24

q= Mu/f _ 82*10°/09

Rn= MU /T
b*d? 120*(286)2

=0.93 Mpa

p= (- . 2T )
m

o= 1 (1_\/1_ 2(20.59)(0.93))=0_00227
20.59 420

As = 0.00227 (120) (286) = 77.81 mm?

¢y
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Check Minimum Reinforcement:

Asmin:*/f_w(bw)(d) _ 2 (120)(286) =100mn’
4( fy) 4(420)

in=td _14 _ 2
Asmin= ) (bw)(d) 120 (120)(286) =114.4mm (control)

Then use 2d 10,As=157.08 mm?
As prov = 157.08 mm?> Asreq = 77.81 mm?

Check for Tension stedl yielding:-

d = h - cover—dia. of stirrups— db/2 = 320 — 20-8 — 10/2 = 287 mm
Tension = compression

As* fy=0.85* f_ *b*a

157 .08 * 420 = 0.85*24*120 * a
a=26.95mm

2
b,

c =26.9510.85 =31.71mm

B=0.85..... f,=24MPa

e.=(d- ¢)/c” 0.003=23"3L"  ho3=0.0042
31.71

e, =0.0242> 0.005

(4.2.6.3) Design shear for Rib (0C/01):

1- VUma =30.1 KN
d = h— cover—dia. of stirrups— db/2 = 320 — 20-8 — 14/2 = 285 mm

Case Il :pVe <Vu < p(Vc+Vs,min)

Provide minimum shear reinforcement

Vsmin=—= f * bwtd = — + V24 *120*285*10-3= 10.47 KN.

123
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Vsmin = —=bh, *d=_+120+28510-3= 114KN............. control
[ J2

®Vc= 1.1*d* 6 bw*d =11* 0.75* 6 120* 285¢10-3= 23.04 kN

$pVe=23.04 KN < Vu=30.1 KN < p(Vc+Vsmin ) =31.59 KN

satisfy_select21leqg.@8 . ..., Av =2 *50.3 = 100.6 mm*

~Use2Leg®8@125Cm C/C

2- VUmax =17.5KN
d = h - cover—dia. of stirrups— db/2 = 320 — 20-8 — 10/2 = 287 mm

.1
Casell :5pVe<Vu <ppVe
Provide minimum shear reinforcement

N V24
®Ve= 11*G* 6 bw*d =11¢f 075* 6 120*% 287¢10"3= 23.2kN

%(bVC =116 KN<Vu=175KN < (pVc =23.2KN...... satisfy

Design shear at the min

Vsmin = —= f*bwrd= — = V24 *120*287*10"°= 10.55 KN.

16

Vsmin = Zsh, *d=-+120+287*10"= 11.48KN............. control

¢o
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»Use2Leg ®8 @ 12.5Cm C/C

(4.3) Design of two way solid slab

(4.3.1) Calculatethe minimum thicknessdab :

L Al4d :

hmin = T 32 cm " %I
T} =

60 + 322/2 16 @EL
=————— =16cm =

Y ="32+60 ‘ él

60 + 32° % |

Ih= = 655360cm L, 4 él

%o 1o

. R Vel %. %I

720 + 60 * 32”73 .L—|_I_

Is = > = 2129920cm i s e :I—T

Wb ol e §

b _ 655360 BBV e ?-_él

F1 =15 = 2120020 = © A "?g'_i'-

L |

i) i B

¢ fl=x f2 = 3= f4

Fig(4-6):Plan Of Solid Slab

o _EDC_4+=0.32_0308
m= 2 =4 =0
: _ imlong E_
fﬂl" 0.2 == fhfi =2 ﬂ T inshort 144
In 0.8 +-1L 14400 0.8 + —o.

e 1400 - 400 _ pnac
M = e 5 = fm—02  3615+10308—02 _ ro3oem

1
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but we will 32cm slab thickness , that because for matching the thickness of slabsin all project.

(4.3.2) Dead load calculations:
Table(4-3) calculation of the Dead load solid

Dead |oad from: Oxy KN/m
Tiles 0.03x23x1 0.69
Mortar 0.03x22x1 0.66
Coarse sand 0.07x17x1 1.19
Sab 0.32x25x1 8
Plaster 0.03x22x1 0.66
3 11.2

Dead load =11.2 KN/m?.
Liveload = 5 KN/n?.

WuD = 1.2* Dead load = 1.2*11.2 = 13.44 KN/m?>.
WuL = 1.6*liveload = 1.6*5 = 8 KN/m>.
Wu = 13.44+ 8 = 21.44 KN/m?

(4.3.3) Shear Design :
l/1p=1
Wp=W=0.5
Thetotal load on the panel being ( 14.4*14.4* 21.44) = 4445.8KN
The load at face of the long beam is (0.5x4445.8/(2x14.4))=77.18 KN
Assumethe @ 18
d=320-20-18\2=290mm
Ve =(V24 *1000*291* 10"-3)\6 =237.6KN

GVce=o75 % 237.6= 178.2 KN
Vu < Ve.
Thethickness of the slab is adequate enough

1A%
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(4.3.4) Flexura Design :

(141p=12)
Case 2 (fixed from al sides)

Negative moments :

Caneg=0.045

Chyneg = 0.045

M ave = Ca*W* L .2 =0.045%21.44* 14.4*= 200.1 KN.m
Mp.ve = Co* W* Lp? =0.045%21.44* 14.4* = 200.1 KN.m

Positive moments::

Cap1=0.018

Marveni=Ca*W* L4 =0.018* 13.44* 14.4%= 50.16 KN.m\m
Ca1=0.027

Mase i =Ca*W* L2 =0.027*8* 14.4%= 44.8KN.m\m
Ma+ve = Matvel + Matvep = 94.96 KN.m\m

Cbp=0.018
Mp+vep=Co*W* Lp? =0.018*13.44* 14.4%= 50.16 KN.m\m
Cp=0.027

Mbﬂe:_MMW L+ Mpivep =94.96 KN.m

(4.3.5) Positive Moment :

Mu= 95 KN.m (at both direction)
Assume the dga =20 mm

d =h- cover - (dga\2) =320-20-10=290mm
Mn=Mu/0.9=95/0.9=1056 KN.m.

¢A
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« = Mn _1056+10°
" bxd?  1000* 290°
_fy 40

085 fc  0.85 24

o 0 F>2) * *
r =Gl /1- :: §1 \/1- —2 205971.269_31+10°

As,= 3.1* 10°°*1000* 290 = 898.7mm”*

=1.26MPa

=20.59

As .. =0.0018* b* h = 0.0018* 1000 * 320 = 576 mm2

As= 898.7mm2 > Ag;=576mm2
Use ® 16\ 20cm

Check space
2h=2* 320=640mm
450 control > 200

(4.3.6) Negative Moment :

Mu = -200.1 KN.m (at both direction)
Assume the dBar=20mm

d =h- cover - (dBar\2)=320-20-10=290mm
Mn=Mu/0.9=200.1/0.9=22223 KN.m.

« - Mn _22223¢10°
" bxd?  1000* 2907

_ fy _ 42
0.85" fc' 0.85" 24

o 0 e * *
r=1Cl /1- : gl \/1- 2 2059 2649 _ 676107

AS, = 6.76* 107°*1000* 290 =1960.4mm’

=2.64MPa .

=20.59

As,. =0.0018* b* h = 0.0018* 1000 * 320 = 576mm2

As,, = 576mm2< As, = 1960.4mm2

e
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Use @ 18\10 cm

Cheek spacing
2h=2*300=640mm

Top Frino [
Rarrm Fe rlovremearr. 5 e .|r e -:':y..-mrnr =
= Balic Kish =]

L) holid Hah —

e adnr,

i | 1

1 1 B

b i 4 e |
5. . A -
'- ' - '

= s e 1 1 .
| ——— . e 5 0 :
L e
Fig(4-7) : Reinforcement of solid slab
(4.4) Design of Beam " 0C\02" for ground floor :
: > E L | L
ez .EL == = E’ o --'i;"'“ﬁl:'; !1 .;E"\- ..::"_!..n:..-«.":r .=
i i ! Y L e, S
: —]i g s IR ¢S AT S, S
5 ™ & g T i L T—
. e i b, WA
_J| i -H_-"'F—%n = 2 : 3 T ’..- = j 1 =|
T e 5 I
— - T - ]
e T P A At s g B

[ ]

Fig (4-8) :Beam 0C/02 a 10|
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Rrm s LA™ AET 0

R




Structural Analysis & Design

(4.4.1) Design constant:
Concrete B300, Fc' = 24Mpa
Reinforcement Steel, fy = 420 N/mm? = 420 Mpa
According to ACI-Code-318-08, the minimum thickness of nonprestressed beams or one way slabs
unless deflections are computed as follow:
hmin fOr one-end continuous = L/18.5
=6000/18.5 =324 mm.

—Select Total depth of beam h=32cm

(4.4.2) Calculation of Dead load.:-
Load of this beam come from reaction of Rib"0C\01"& Rib"0C\02" & Rib"0C\03" asfollowing:
Span 1 : this span support load from Rib"0C\01"

i boye
T teed

Ir i L] i i —— T i
Doad} 1580 i 10,63
it i 36 Mo 1.1
Bax R 268 0hf &4 W THIES
in Il (HETS i85 3 47 in
Swcn
Dead 132r Jim a2 b
Liveft 64T LIk, ] 12.35 AR
Man | 4™ FR ] qTFEr 1353
M R 1254 T 4.1 053

DL =25.1/0.52 =48.27 KN/m "Factored"
LL =19.76/0.52 = 38 KN/m "Factored"
Span 2 : this span support load from Rib"0C\02"

Herachoes

Factored

Dsadf L] 208 f48
LiveR T8 20,12 7.08

Max R 1EE2 k 187
b R ATE 4242 868
Sanioe

DeadR B13 ok ape
Liwe a4 1258 435
Max B 1254 AT 1246
Min R TH 3% T43

DL =32.39/0.52 = 62.29 KN/m "Factored"
LL =20.12/0.52 = 38.7 KN/m  "Factored"

e
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Span 3: this span support load from Rib"0C\03"

Min

1034
B
H4

15
E46
B
1298

HES
W
BEEY
£

kle )
16324
#H
iR

i i |
s

i m
£33 15

3148 10
] a1
1236 482
o, e
2428 BE?

DL = 25.13/0.52 = 48.33 KN/m "Factored"

LL =19.76/0.52 = 38 KN/m "Factored"
1 . 2 - 3
A &l .
. o " ]
Li‘.zlltr b::b I.I.ﬂl:i l:l.;h I.II..’.T
-
LIV
AA Fig(4-9): Geometry Of beam
Self weight of beam = 1.2((0.2¥0.4+0.8*0.32)*25 ) = 10.08 KN/m  "Factored"
Liwes kowed  Ceeclored
. 5.;5 3 105 2..d15

Fig (4-10) : Load Of Beam
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Momcnls: spans 1io 2
205
BT (TR

PRTEET

“:_ii'.'r--..____ _-_______.--"' I

avm A1

SEHE A ALk s

Fig (4-11) : Envelope shear &
moment

(4.4.3) Flexural Design: -
Negative Moment , Mu=469.2 KN.m

Assume diametar bar ©25
d = h— cover—dia. of stirrups— db/2 = 320 — 40-10 — 20/2 = 261 mm

Check the design of rectangular for doubly or singly :
Crnax == * 0 == *261 =111.857 mm.
amax = 51 Crmax = 0.85* 111.857= 95.08 mm.

e,=(d-c)/c’ O.OO3=M' 0.003=0.004
111.857

e, =0.004<0.005

$=0.65+250/3(€s- 0.002)
$=0.65+250/3(0.004-0.002 ) = 0.82
GMnmac = * 0.85* f*b*a* (d--)
=0.82 * 0.85 * 24*800* 95.08* ( 261 -95.08/2 ) * 10°
= 271.606 KN.m

oy




Structural Analysis & Design

GMnmax = 271.606 <469.2 KN.m
So Design as Doubly

Mns=Mu/ ¢ - Mnc = (469.2/0.82) - 331.23 = 240.965 KM.m

Mns = Cs(d-d") = As (fs' - 0.85fc")(d-d")

d'=40+10+20/2=60

fs=600 ((c- d’)/c) = ((111.857-60)/111.857 )*600 = 264.75 <420

So Stedl isnot yeilded

Mns = As (fs - 0.85fc")(d-d")

240.965 =As (264.75- 0.85* 24) (261-60)

As =4968 mm2

T=Cc+Cs

=0.85fc’ba+ As' (fs - 0.85fc")

=0.85* 24 * 800 * 95.08 +4968 (264.75 - 0.85 *24)

= 2765.64

T=As*fy

2765.64 = As*420

As =6584.85 mm2

So:

As =4968 mm2 , try :11 ¢ 25, at bottom of beam

As=6584.85 mm2, try :13 ¢ 25, at top of beam

Check for Tension steel yielding:

p=Ag/bd = 6584.85/(800* 261) =0.0315

p'=As/bd= 4968/(800* 261)=0.0238

pcy = ((0.85*fc*d™ b )/dfy) *(600/(600-fy))+ p'
= ((0.85* 24*60* 0.85)/(261* 420))* (600/(600-420))+ 0.0238
= 0.0554

p <pcy ..... Compression Steel is not yeilded
T=As*fy=Cc+Cs

fs=600((c-d") /c)

As*Fy=0.85*fc*a*b + As(fs-0.85fc")

e
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c=145.91
a=c* b =102.39*0.85=121.98
f§=340.94 < 420
Mn= 0.85*fc*a*b (d-al2)+ As|(fs-0.85fc)(d-d")
= 0.85* 24 *121.98*800* (261-(121.98 /2)) + 4968(340.94 - 0.85* 24)(261-60)
=308904641.8+ 227673504
=801.27

e, =(d- c)/c” 0.003= 261-121.98 , 403- 0.004
121.98

e, =0.011<0.005

GMn=0. 9*801.27= 721.14 KN.m

Check Minimum Reinforcement :

Asmin= m(bw)(d) :ﬂ(800)(261) = 608.873mm?’
4( fy) 4(420)

14 _
Asmin == (bw)(d) = 450 (B00)(261) = 696mm’

(4.4.4) Design shear for Beam (0C\02) :

1- Vumax =403.8KN
Ve=: 1 Tib,d =-v24 X800 X 2575 X 10~% = 168.2 KN

2V =0.75x168.2=126.15 KN.
Vs=Vu/ g-Vc=403.8/0.75 - 168.2 = 370.2

Check for Cases:-

00
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1- Casel: Vu < %.

126198 _63.075

A =

403. 8>

Not satisfy

2- Case?2 :¢,—f< Vu < ¢ Ve

63.075 < 403.8< 126.15
Not satisfy

3-Case3: Ve<Vu <gp(VctVsmin)

Provide minimum shear reinforcement
Vsmin > 1—;¢ f.* bw*d :1—;¢ V24 *800*257.5 * 10~3= 63.074 KN.
> —; «b, *d= —; =800 =257.5*10~% = 68.67 KN control

¢Vc =126.15 KN < Vu =403.8KN < p(Vc+tVsmin) =0.75(126.15+68.67)=194.82KN Not
satisfy

4- Case 4 :(pVc+ pVsmin< Vu < (ch+(§ x fx bw* d)

0.75

3

194.82KN < 403.8KN <126.15 + ( *\/24 * 800*257.5107%)
158.66 KN <403.8KN < 252.3

not satisfy.

5- Caseb: (ch+(§ x f bw* d)< Vu <d¢Vc + Vs max

.75

12615 + (22 *v24 * 800% 257.5*10%) <4038KN <12615 +(Z2 * f *bw*d)

2:00.7
3

252.3< 403.8KN <112.68 +( 2 % 24 * 800 * 257.5%10"-3 )=504.6 KN

Try Use ®12 4legs

Avy _ Vs _ 45259+ 430:2575 _
— (?) = Be ) S=(AVH Tyt d)\Vs=——————— = 132.2mm
Shax=300mm

o1
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or

Shax<= 2—"':55;5: 128.75mm CONTRAL

~Used12-41legs@ 12.5Cm

2-" VUnmax = 4424 KN
Ve=_ 1 Tib,d=-v24 X800 X 2575 X 10~% = 168.2 KN

2V =0.75x168.2=126.15 KN.
Vs=Vu/ g-Vc=442.4/0.75 - 168.2 = 421.67

Check for Cases:-

1- Casel: Vu < Op—_f
403. 8> ‘22'5’263.075
Not satisfy

2- Case 2 :“b,—_:'f< Vu £ ¢ Ve

63.075 < 403.8< 126.15
Not satisfy

3-Case3: Ve<Vu <gp(Vct+Vsmin)

Provide minimum shear reinforcement

Vsmin > —= f.* bw*d:1—‘h_s V24 *800*257.5 * 10~3= 63.074 KN.

16
> ~+b,, +d=1:+800+257510 % = 68.67 KN. control

dVc=126.15 KN < Vu =403.8KN < p(Vc+tVsmin) =0.75(126.15+68.67)=194.82KN
Not satisfy

4- Case4d :pVc+ pVsmin< Vu < q)VC+(§ x f bw* d)

0.75

194.82KN < 403.8KN <126.15 + (*_; *V24 * 800*257.5*10°%)

oy
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158.66 KN <403.8KN < 252.3
Not satisfy

5- Caseb: qJVc+(§ x f bw* d)< Vu <d¢Vc + Vs max

.75

12615 + (22 *v24 * 800* 257.5*10%) <4038KN <12615 +(Z2 * f *bw*d)

2al

1{.:’5 * \J24 * 800 * 257.5%10"-3 )=504.6 KN

252.3< 403.8KN <112.68 +(

satisfy

Try Use ®12 4legs

Avy _ Vs _ 45250 4T0E5TE
Shax=300mm
or
Shax<= %':E‘;;Ezuﬂ.?z-mm CONTRAL
~Use®12-4legs@ 10Cm
_ OoHss L—#ls EMULL L8y .
il R B eEVamad T-dEn 7 &
52 H]
) Beam" 0C/02 "
A
.-". i-ﬁ-—
! T!'| r 1™ ¥ Il ™
II?IIIIIIIIIIII LEL LIt 1L [ IHIIIHI I LT IIIHIIIIIlIIIIIIIII [l IIIIII I
' d [ a
BachL] L TFe

Al EuTE ) R b METEERILAL

g5 A o L]
28I L= LI 5 e I 1

Fig (4-12) : Reinforcement Of Beam
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(4.5) Design of long column (C11):

Thetota live and dead load at 3 story
LL=800 DL=1400
Putota = 2200 KN isfactor

(4.5.1) Check the slender ness effect:

(Non-sway system braced ,K=1)

M

FL =1 breced framewith M min
2z

kL, M,
—<34-12 — =40
r M

2

r= —=03h=03%030=0.09

| =

r= -=03h=03x0.5=0.15.

!
A

Ly=3.5-0.32=2.98 m

kL”—lxz'98—367:= 34—-12 =22 So the col is | ty axi
~ = o009 & = o the column is long at y axis
kL, 1x%298 . .

= =1987< 34—12 =22 So the column is short at x axis
ry 0.15

(4.5.2) Calculate e min ,M min:
€min =15 +0.03h =15+0.03%300 =24 mm.
Mmin= Py X €nin=2200 x0.024=52.8 KN.m

Fc=24Mpa , Fy=420Mpa
E.=4700 f =4700v24 =23025.2 M pa.

o9
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bhd 5003007 q
lg=—— = ——=135x10'"mm".
12 12
Dy 1400
=— = —=0. <].
Bans Py 2200 0.64<1
045 | 0.4x%23025.2%1.35
El=—4E= =7581.5 KN.m*
14+pdns 164

(4.5.3) Determine of Euler buckling load:

P = niEl _mim7581.5
T 332

=68711KN

(4.5.4) Calculate the moment magnifier factor:

Cn=06+04

1z

=1
I 1
8n5—l [ - ) 200 =175=1 ﬂ‘k

075 075%6E71.1

when the dpsislarger 1.75 to 2 should be changing the domination

The magnified (e) and (M):

€ = OngBmin =1.75%24 =42 mm

M = 8nsMmin =1.75%52.8 = 92.4 KN.m.

From interaction diagram & select thell 25 bars & I 10 stirrup
e/h = 42/300=0.14

(d-d')/h=(300-80-10* 2-25)/300 =0.583

f Pn/ Ag = 2200* 1000* 0.145/(300*500) =2.127 Ksi

From the interaction diagram constructed
p=0.01.
As=p xAq = 0.0134 *(500* 300) =2010.62 mm’

2010.62
2001.01

Usel2 16

Ny 18 = =12 16




Structural Analysis & Design

Check for the Y -axis "short column”

prn,max =@ =08 0.85fc Ag—Ast +Ast=fy

@ = 0.65 is tide

2200* 10"3 =0.65* 0.8 (0.85* 24(600* 300-Ast) + Ast * 414)
Ast=1420mm?

p = Ast\Ag = 1420\(300 = 600) = 50116

0.0079 < 0.01 ok

210 = :

(4.5.5) Design the stirrups: + v .

The spacing of ties shall not exceed the smallest of:
- 16x% dy = 16x18 =288 mm
control. L g
- 48xd, =48 x10 =480 mm -
- Least diminution of the column = 300 mm 22 22
Use ¢ 10@200mm.

42

s
it
| 22

e

G20 T.= L.52m iQE20 T =48 em

and reinforcement

Fig(4-13) :Column section

(4.5.6) Check for code requirements:

clear spacing between longitudinal bars = 2225222 2'"'“ 18 — 164mm

101 mm > 40mm

>1.5dy=24 mm
- grossreinforcement ratio = 0.0169 , 0.01< 0.01<0.08 ok
- NO of bars = 12> 4 bars for square columns.

- min tiesdiameter : ¢ 10 for ¢ 32 longitudinal bars and smaller.

1)
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(4.6) Design of Isolated Footing (F11):-

(4.6.1) Determination of L oads:
fc=24Mpa fy=420Mpa

Total factored load = 2200 KN.

Total servicesload = 1666.7 KN

Column Dimensions = 50*30 cm

Soil density = 18 KN/m?®,

Service surcharge= 5KN/m?

Allowable soil Pressure = 350 KN/m?.
Assume footing to be about (50 cm) thick.

A

Footing weight = 25" 0.5 = 15 KN/m?. B %

Soil weight above the footing=0.4 "~ 18=7.2 N e T T

KN/m2.
Qaitow =400 — 7.2 — 15 = 377.8 KN/m?

Lo
L AL B R I N N B R N AR B R B )

(4.6.2) Determination of Footing Area: N 70 o
A = 16567 _ 4 41 m2
K]

Fig (4-14) :Top Plan and
section of footing

Try 2.2¢2.2 mwith area= 4.84 m? > Areq = 4.41m?

Determinate q, = 2200 / 4.84 = 454.55 KN/m?
But we used footing (1.3*1.6)m with 300 14 & 250 14

1y

i RN RS
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(4.6.3) Check for one-way shear strength:-

VU = 454 55+ 2.2(%- 0.3/2- d)
fve=f .(%*\/f_c'*bw*d)

va:o.75*%*@*2zoo*d

f Vc=Vu
d =0.41m

(4.6.4) Deter mination the depth of footing based on shear strength:-

Assume, [1 =20mm , cover=75mm
H=410+75+20=500mm

Take H = 500mm

d= 500-75-20=450mm

(4.6.5) Check for two-way shear action (punching):-

The punching shear strength is the smallest value of the following equations:
v =f 18+ 2901 %.d

6 b. g
fv =t 288 o2t b g

© T 1280, /d g

fV, =f %\/f%od

Where:
_ Column Length (a) 50

€~ Column Width (b) 30

1y
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b, = Perimeter of critical section taken at (d/2) from the loaded area

b, =2(d +al) +2(d +a2) = 2(0455+ 0.3) + 2(0.445+0.6) =3.62m
As =40

for interior column

v, =t 15+ 22070, 5/00)=025
6 b.g 6
* ~ * e
fv, =f LA, 50075, 2070455 ,0_ 4y
12g b, g 12 é& 362 ]
fV, =f E =055, 0.25............. control
3 3

fV, =f %w/ t.%,d = 0.25% 24 * 3620* 455* 107- 3= 2017.3KN

Vu =454.55*{(2.2* 2.2) - (0.3+0.455)* (0.6 +0.455)} =1838kN
f Ve>Vu............. satisfied

(4.6.6) Design of Bending Moment:

1) At short damnation column "30cm”
Assume, [ =20mm , cover=75mm
Take H = 550mm

=Bs455 22" T2 030 o2 030_ 45 3nm

§2 295 &2 2g
Mn = 451.3/0.9 = 501.4 KN.m

¢
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d =550- 75- 20/2 =465 mm
Mn _ 501.4" 10°

Rn= > = —— =1.054Mpa

b*d® 2200" 465
m=_Y 40 _545g

0.85fc  0.85" 24
. :i(l- 1- 2mRn)

m fy

1 . Jl_ 2720597 1.054 _ ) yon7g
20.59 420

As ., =0.002578 ~ 2200 "~ 465 = 2637 .3mm?

As,.. =0.0018* 2200* 550 = 2178mn’

As,;, =2178mm’ £ As, = 2637.3mm?’

2637.3
153.94
Use 18014 with As=2770.9 mm2 >As req =2637.3

#of bar in on meter = =18

check for spacing :

2200

Step "'s' the smallest of

1. 450mm  control

2. 3h= 3*550=1650mm

S=105.7<450 ok

2) At long damnation column "60cm”
Assume, [ =20mm , cover=75mm
Take H = 550mm

g8 Dbo

Mu=% B B_BO 4 :
qult e2 2% 532 2@

=Bs455 22 2. 0000 (5222 000 _ 35N m

§2 2g5 &2 2g
Mn = 320/0.9 = 355.56 KN.m

e
10
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d =550~ 75- 20/2 =465 mm
s 1n6
_ Mn _35556"10° _ 0 ot
b*d? 2200 465
420

m=_Y 40 _545g
0.85fc 085 24

r :i(l_ 1- M)
m- fy

Y \/1- 2’ 20.59° 0.748

r =
20.59 420

As . =0.001815 ~ 2200 ~ 465 =1856 .6mm ?

As,.. =0.0018* 2200* 550 = 2178mnT?

As,;, =2178mm* 3 As_, =1856.6mm’

2178
153.94
Use 15@14 with As =2309.1 mm?® >As req =2178mm?

Rn

) = 0.001815

#of bar in on meter = =15

check for spacing :

2200

Step "'s' the smallest of
1. 450mm  control

2. 3h= 3*550=1650mm
S=131.43<450 ok

(4.6.7) Design the column —footing joint " dowels" :
Pu=2200 KN

0 085=fcsAl —

Where E’EZ , A2isarealower base

A1l isthe area of section column

@ = 0.65

R
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The allowable bearing on the base of the column is

@ 085=fc*Al =0.65=0.85=24 =300 =600 = 10~ % = 2386.8KN

The allowable bearing on the footing is

0 0.85 = fc*Al

22%22
03+0.6

A1

Pu=2200 < 2386.8
the dowelsis not need
The min area of dowels Asmin = 0.005 = Ag = 0.005 = 300 = 600 = 900mm?2

Select 8l 14

=519=2 control?2

But we used footing (1.3*1.6)m with 300 14 & 2510 14

(4.7) Design of shear wall (W4):

22 =0.65* 0.85* 24* 300* 600* 2* 10"-3=4773.6KN

Beam of Stair

Beam of Star

W o

[ |
Rk

N

h
bl

Beami3AM4

l—,}cm‘u{lAﬂM

P e G o o ]

- -

rin]

: W
R RN R A AR S T

(I

Fig(4-15) : Plan of wall

v

Al il
L
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We design shear wall by using Etabs program , and here we design shear wall manually by using

some information from Etabs

‘-4][’1,4{35

16.5

14 .

Fig (4-16) :Top
veiw of plan

— -1304.31
g~ 42183
|4r;?_m;z-’-'.:_____ 32384
3035 82 ‘ “333.39
1A -w 21420
Fig(4-18) : moment ;gz(a?floae
force
(4.7.1) Design of wall :
Fc' =24 Mpa, Fy =420 Mpa
Thickness =30 cm
Height = 16.5m
Width=4.4m
Lw<Hw ,, moment section at Lw/2 from base of wall
from shear and moment diagram we will take
Mu =2353.49
Mu, = 2353.49*(16.5-2.2)/16.5 = 2039.69 kN.m
Vu=421.83 kN
d=0.8Lw =0.8*4.4=3.52m
(4.7.2) Design of horizonta sted :
To determine V¢ for wall using the following equation:
2-Ve=—Eh d 4+ 244 = 24 300 « 3520 + 22222 = 1397 kN
3.7 4 Lw a7 Ae 00
T Lw Vi 74 T4 3.5
3-Ve= Lo gkl b= Yy St 300 + 27 = 104304 kN
Vu oz ¥ 42183 Z ¥
V¢ =862.22 kN controlled
@Vc>\Vu

TA
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S0 no shear reinforcement is required , so use minimum reinforcement :
As = p*b*h = 0.0025* 1000* 300 = 750 mm2/m

try @10- 20 cm in two layers
Avy 158

pt= Sh o znn;ﬂnn = 0.00263

ol =0.0025+ 0.5(2.5- Hw/Lw )(pt - 0.0025)
ol =0.0025+ 0.5(2.5- 16.5/4.4)(0.00263 - 0.0025) = 0.00242

But From axia and bending the value of p1=0.0162
As=pl*b*h =0.162 * 1000* 300 =4860mm2
souse @18-10cm

= 3.h =3*300 = 900 mm

select S=100mm

(4.7.4) Design of bending moment:
Mu = 2353.49KN.m

A =2 s i@ =249 25446 =11196.24mn?
sl 015

z 1
Lw  2+(0.85* b * fc*Lw* h) /(Asv* Fy)
z 1

=0.1456

Lw  2+(0.85 0.85 24 4.4° 0.30)/(11196.24" 10" 420)

Muv=0.9" Fy" 05" Asv” Lw’ g—/Z——
20

Muv=0.9* 420* 0.5*11196.24" 10°%" 4.4* (1- 0.1456

) =8632.96 KN.m

Muv> Mu
Boundary steel isnot required

14
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(4.8) Basement wall

(4.8.1) load calculation
Fc’=24MPa , Fy=420Mpa ,vs=18KN/m® , qall=400KN/m2 , ¢=30

surcharge =5KN/m2, wall thickness =30 cm i
K=1-=sin =1-sin30=05 Blagls |
W, =K +h+y =05 %33 +18 = 29.7 KN/m? A o1 A
W,, =K =P =05=%5=25KN/m? B Ry a
W rectangular =2.5 *3.3=8.25 KN/m
Assum the both end is pin
FROM rectangular(SERVICE) !
At B&A end the support = ( W\2)=8.25\2=4.125 KN N
FROM triangular (SERVICE) :

Fig (4-19) :basement
At A end the support=(W\3)=(49\3)=16.33KN wall
At B end the support=(2W\3)=(2* 49\3)=32.67KN
Thetotal support at A =(4.125+16.33)*1.6=32.73 KN
The total support at B =(4.125+32.67)* 1.6=58.87 KN

oty I <) R e
7 TUsbook

Vu=0

Vu=32.73 - 2.5*X*1.6 -0.5* X*9X*1.6=0

X=1.87m

Mu(X=1.87)=32.73*1.87- 2.5*1.87*1.6*1.87*0.5 — 0.5*9*1.6*1.87* 1.87*1.87 *0.333=38.5 KN.m

From Atir we have moment and shear envelop :
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=3 -

1.82 FEG .48

HE o

52,7 AL¥

fig(4-20) :shear & moment of load of
basement wall

(4.8.2) Design of Bending Moment

® 20
d=300 - 75 - 10=150 mm
R = Mn
b xd ?
*
R, = 385°10 > =093MVPa.
0.9*1000~ 215
ne Y
0.85" fc
= & = 20.59
0.85" 24

1 f 2mRn
r—a(l- 1- y )

N \/1_ 2° 20.59 0.93
20.59

420
Asreq = 0.00227* 1000* 215= 487.45 mm2/m........... control
p = 0.00227 > pmin = 0.0015.... ....
0.25 #1000 * 215 V24
420 -

14410004215
— =717
420

) = 0.0022

Asmin 627

Asmin = control

717
n=-—=4.66

= 154 take 014\20cm

\A

OK

fig(4-21) :basement
wall reinforcement
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For horizontal bars use the half of the min. in each side

0.5* Ashmin=0.5* 0.002* 300* 1000=300 mm2/m

Usefor horizontal bare ¢ 12@30 cm in each side

Use =12

Check for spacing

3h=3*300=900mm

S=450

but in the real design we take the reinforcement as a shear wall

(4.8.3) Check for shear

— 075 — 5
A =35 f'*b=d =T\/24 =1000 =215 =10 # = 125.5KN

V. = Vu
125.5>58.9
Thethicknessis enough

(4.9) Design of Stair :
(4.9 .1) Determination of Slab Thickness:

3,

L =05+3+0.3=3.8m. =
&
hreq = 3.8/ 20 ? i
Mveq = 380/ 20 = 19 cm I -
take h= 20 cm. } % |
b Useh = 20cm. iy
HI -8 Lsesconags tanoc Mt S B
6 =tan(1.65/3) =30 5 2l o &

Cos 0 =0.87

Fig(4-22) : Stair

(4.9.2) Load Calculations at section (A-A):
L oad on Flight: -
Dead Load:

\At



Structural Analysis & Design

Tiles = 0.03*27*((0.35+0.15)/0.30) = 1.35 KN/m.
mortar = 0.02*22 *((0.15+0.35)/0.3) =0.733 KN/ m.

Plaster = (0.03*22)/ (Cos 30) =0.76 KN/ m.

Steps = ((0.15*0.3)/2) * 25/0.3 =1.875KN / m.

Slab = 0.2 *25/ Cos 30 =577 KN/ m.

Total dead load =10.5KN/ m.
Liveload:

Live load for stairs =5 KN/ m?.
on Flight Qu=1.2*10.5+1.6*5=20.6KN/m.

206

03 7

fig (4-23) : load of flight

A0

21100

j0s,

fig (4-24) : load of landing

\a)
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(4.9.3) Design of Shear :

=  Assume @ 14 for main reinforcement:-

So, d =200-20 -14\2 = 173 mm

Shear

Support reaction at B&A = 3253 & 29.27 KN

Vu=3253 KN.

f /T, *b,*d
fye=-Yoo W -

* * *
tyez 075 J24*1000 173 _ 1 06KN

6
Vu=3253 KN < fVc=106 KN .

No shear Reinforcement is required. So the depth of the stair is OK.

(4.9.4) Design of Bending Moment :
The Following figure shows the Moment Envelope acting on the stair
Mu =(1.6*0.8*20.6)-(32.53* 1.9)=35.44 KN.m
Mu = 35.44 kN.m

Mn =Mu/0.9=3544/0.9=39.4 KN.m.

d = 173mm.

= bl\ijnz

_ 394~ 10°

" 1000* 173

-y
085 fc

420
0.85" 24

=1.32MPa

=20.59

=3.25*10°

1€ 0 F> <) * * 0
co1Z 2 T §1 \/ 2 2059 132
mg : .59

AS, = 3.25* 10°*1000* 173 = 562.5mm*

ﬂ

V¢
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As_. =0.0018* b* h = 0.0018 * 1000 * 20 = 360mm
AS = 360mm <A, = 562.5mm’

Use ® 12 >>>562.5/113=5
Use ® 12@ 20 cm c/c
Asprovided =565.5 > Asreq

5 - Secondary reinforcement:

ASShrinkage =0.0018 b” h=0.0018 1000" 200=360mm
Use ®12 @ 300 cm

(4.9.5) Design of landing :

- Load on landing :

Dead Load:
Tiles =0.03*22 =0.66 KN/m.
mortar = 0.02*22  =0.44 KN/ m.
Plaster =0.03*22 =0.66 KN/ m.

Slab =0.20*25 =5KN/ m.
Total dead load =6.76 KN/ m.
Liveload:

Live load for stairs= 5 KN/ m?.

Load from flight =(32.53& 29.27) KN

on landing Q,=1.2*6.76+1.6*5=16.1KN/m.

& (29.27/1.2) = 244KN/m & (32.53/1.2) = 27.11KN/m

(4.9.6) Design of Shear :

=  Assume @ 14 for main reinforcement:-
So, d =200-20 -7 = 173 mm.

Support reaction at B&A = 51.9 & 50.18 KN
Vu =519 KN.

fJf."*b,*d
fve=-Y°e W
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_ 0.75*/24*1000* 173
6

fVc =106KN

Vu=519 KN < fVc=106 KN .
No shear Reinforcement isrequired. So the depth of the stair is OK.

(4.9.7) Design of Bending Moment :
Mu =(1.25*0.5% 1.25* 16.1)+(27.1* 1.2* 0.65)-(51.9* 1.25)=31.1 KN.m
Mu =311 kN.m.
=Mu/0.9=31.1/0.9=34.63KN.m.
d = 173mm.
n b>d 2
K = 34,63*10°
" 1000* 173

_
0.85" fc'

420
m=———
085" 24

o) o s * * o)
Co18 | 2K, o, 1 2 \/1_ 2* 20.59 1.16i: 2 85+ 10°
mg f, & 2059 420 o

AS, = 2.85* 10°*1000* 173 = 592.2mm*

K

=1.16MPa .

=20.59

As .. =0.0018* b* h = 0.0018* 1000 * 200 = 360mm?2
As,, = 360mm2< As,, = 592.2mm2

Use @ 12\20cm
Asprovided =113.1\0.2 =566 > AST€q..c.cevenrenieninnnnnnn. OK.

Cheek spacing :
3h =2*200=600mm
=450

v
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=380(280\(2\3)* 420)-2.5* 20=330
= 300(280\(2\3)* 420=300.........c ontrol

Sl 2-20amiL4. 06
i
| I |

JED12-500miL=2 .05m

3.4m
15| [i5em

15eml hgem S
I4m E A

T i
Fladi@ A el T

Fig (4-25) : Stair Reinforcement

(4.10) Design of strip footing :
Fc’=24 MPa, Fy=420 Mpa, ys=18KN/m?, qall=35 OKN/m? , wall thickness =30 cm
Pd service = 375.94KN/M , Plsgrvive = 65, df =30cm , Df=1m

Q anet = 400 — 0.3 * 25-0.7%18 = 379.9 KN/m?

and we have:
=3 ::H = H::';E = 1.05 m2 per meter length of wall
A=5b8.1

b=105, takeb=11m

KN
Depthof footing and shear deignPu =12d +161=12+3759+4+16=65 = 555.1Fqu

5551 KN
=m=462'6ﬁ
one way shear
Vu=gqu.1 E—E—d = 4626= 1= E—%—d
2 2 2 2

A%
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let Vu = d\Vc
1., 1.
Ve = d- O‘cbd=0.75€ P4 1000 d
12 0.2 1.
4626 = 1 = 7—7— d = 0.756 24 1000 d

d=0215m

Assume cover 75 mm , and steel bar ®12
h=215+4+75+12 =302 mm
Take h = 300 mm

Designe for flexure

Take steel bar ©12
12

d =300—75—?=269r

05

Mu= 4626= 1= 05 7
R = Mn
b xd ?

57.83*10°

= =0.888MPa.
R 0.9*1000* 269

-y
0.85" fc

420
0.85" 24

= 20.588

s s Flax 1210 Baseoewd
R _Wall Foatine
i:;: ) 12
b i) A
S
90 T
0
oy T=240 1

Fig (4-26) : basement footing
reinforcement

=18 1_2'“_wa \/ 2*20588 0.888 ¢
mg fy & 20588§ p

=0.00216
ﬂ

As req = 0.00216* 1000* 269= 581.7 mm?

Asmin =0.0018 b h = 0.0018 *1000 * 350= 630mm? contral

Try ® 12
® 12= 1 124 = 153.938 mm?

YA

:‘-'s-lha
[

[N |
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use 9912 -m

Check space:

3h =3*350=1050mm

450 control

Select the minimum temperature reinforcement
Asmin=0.0018* 1200* 350=756mm"

®12@ 200mm

v4
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(4.11) Design of Mat Foundation

L
-
-
X
L
k-
L |
L
X
L
b
4
X

Fig (4-27) : mat foundation

We got the moment in x direction and y direction after using the Etabs and safe and sab the fooling :
Assumeh=50m.
And ga= 350 Kg/cm3 for the soil.

(4.14.1) Design for flexural

* Design for flexural - x direction:

Positive moment , Mu= 600K N.m
d= 300-75- 12/2 =219 mm

Mn= 800 660KN.m
0.9

* 6
Kn= M _ 000710 _ 5 0roMpa
bd? ~ 3600* 219
b 120 2059

m= .
0.85* fc  0.85*24
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& o)
r=lg. g2 m i
mg L
(0]
1 \/ 2" 20.59° 382i_0_01
2059§ 420 p
As. =r *b*d=0.01* 3600* 219 =8014.15 mm?

Req.

ASgyinkage = 0-0018* b* h=0.0018* 3600* 300 = 1944mm?
As=8014.15< As =1944mm?

Usef 18

BO14.15
254.45

Use Using hook U =2* h=60cm
Use 33f 18

No. =

=315 ,Use33bars

M oment Negative Mu= -180KN.m
UseAsmin
Usef 10

No.= 28 —959

154

Use Using hook U =2* h=60cm
Use 10f 2

*Design for flexural - vy direction:
Positive Moment, Mu= 600K N.m
d= 400 - 75 - 20 = 305mm

Mn= =500 660KN.m
0.9

* 6

Kn=MN_ 0007107 _; 30 1pa
bd® ~ 5400* 305
fy _ 420

=20.59

© 0.85* fc  0.85* 24

AN
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& o)

=l poZmkn kn:

mg L

§1 \/ 2° 2059 1.319 00032

20 59 420 o
ASgeq, =T *b*d =0.0032* 5400* 305 = 5314 mm’
ASgyinage = 0.0018* b* h = 0.0018* 5400* 400 = 3888mm°
As, .. =3888<As, =5314mm’
Use Agnin
Usef 18

No. :5;i51;1=35.1 , Use 36 bars
Use 33f 18

Negative Moment = -200 KN.m

Use Asmin
Usef 10

No. = 2288 —75 9

154

10f 12

AY
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t
(

100312(T)
33DTE(B)

&

(g810
L

(

¢
143
]

B

Loz
_— —33EILE

BRI

mat foundation

fig (4-28) : Plan and section reinforcement of

AY







D (-)

G Cadl 138 cilaal ek g Al 8 dadl g g Alldame e ool ) Ll Va3 gadll Vs A

el 8 AN g ) A AGER Jglall el € g0 4l Ay jlenadl cillaladdl o o) (
_Ilﬁjar.jji).lhﬂjjiurmlllutﬂ)ﬁlJ&EJ&EEHEE}}WMMJJFJ}&}“JLJ&E}HLJ(
O] (Bing s Lozanad Lpmsanati 2l G5y Lghoe 31 aay lgme Jolall 448, A0LIY) jealinl o el (

EREE

D Slagl (- )

Lkl SalSie s 2l s sasall dgles DA LN g (5 lanall ancaall (o G dlllia 5% o e (
e

ASaa 2l pand S g g ially 48 el Cillakadiall cons § g pall iy aas (

& 9oiall a1 kil lacal g 52 g Slaiiall ol oy i e D Gyl el 25n 0 eal
G e Aldiae el ) JAS M) 35 ikl Ji gy pdall SalSead 5 Sl pseeaill LSl iy (

AN Al

85



:E_-‘_LLJ.J'I_QJ.JLM\;AJE( —)

apac >alo ,giSl
auollall st )y @wlawsdl GlbMJI pusai) bVl JJul  oualy] Juls

&yl oo ay9p0>

4. ACI Committee 318 (2008),ACI 318-08: Building Code Requirements for
Structural Concrete and Commentary, American Concrete Institute, ISBN 0-
87031-264-2.

5. D. Fanella, I. Alsamsam, “The Design of Concrete Floor Systems”, PCA
ProfessionalDevelopment Series, 2005.

6. Nawy, Edward, Prestressed Concrete Fifth Edition Upgrade: ACI, AASHTO, IBC Codes
Version (5th Edition),2009.
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Appendix (A)

TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, b

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 £f24 £128 £M10

Beams or
ribbed one-
way slabs £N6 £18.5 £f £/8

MNotes:

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

a) For structural lightweight concrete having unit density, w,, in the range
1440-1920 kg/m?, the values shall be multiplied by (1.65 - 0.503w, ) but nof
less than 1.09.

bj For f,, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700}

MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

WAY SLABS UNLESS DEFLECTIONS ARE CALCULATED)-ONE
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Appendix (B)

MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

TABLE 9.5(b] — MAXIMUNM PERMISEIBLE COMPUTED DEFLECTIONS

Tipe ol member Dielizclion fo be considersd Ceflection limitatin

Flal rocts not stpporing o attashed to non- | mmediake deflection dus to live load L

structueal elemants Hkely to be damaged by I8y
large deflecsions

Floars nol suppering or altached b nonstruc- | mmediate deflection dus 1o e fosd L

fural ekermants ikely to be damaged by large /360
deflections

Rioof or floor construction a.ppamnF o That part of e total deflection occuming after

afiached bo ronstroctural elements liely fo be | sachment of nonstruciural elements (sum ol {480
tamaged by large deflections e long-tierm deflection cus 4o all sustained

Rioof ar floor construction supparting or ;ﬁﬂ }{:mﬂm Oeflecton dug o &y l
abached to nonstruchural elements ot Thely to f,200
bie ciamaged by larps deflecticrs

* Limil not indendad 19 safequand sgainst ponding, Ponding sholid be checieed by suitable calculations of defieciion, ntluding addzd deflections dus 1o ponded
ey, and comsidening ng-tem atects of & sustaned loads, camber, consirachion folerancas, andﬂﬁiﬁﬂmﬁmﬂmﬂ&;}.

f Lﬂ;?urrn eflecion shall ks delarmined in acoomdae wih 8525 or 0.5.4.3, buf may be raduced by amaund of dieflection caloulaied b oocur befor ittach-
ment of nensiructural slements. This amount srall be dessrmined on basis of acoepled engineering datn refafing fo tme-defleciion characiensics of members sm-
a 1o hose bewng consiared,

t Limil rmay b anoedad i adequate messures are 1ken bo praven! dmags b suppeniad or aflached elamenls
d;sueﬂ slmllnulﬁ_;realm tha Selerance provided horomslmactues elemants. Limt may be axseedad 1 camber s provided so hal total defiechon inus amber

ot ecoed mit
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Appendix (C)
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