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Abstract

Structural Design and Details for the suggested building of
college of applied science

Project Team:
Eman Mohamed Rashed Evana Sudqi Salhb
Sona Mosa Abu-Shkhidem

Supervisor

Dr. Haitham Ayad

Palestine Polytechnic University-2008

The main idea of this project is to prepare all structural designs and details for the

suggested building for college of applied science.

This college consists of five levels with total area 10104.9 metre square that contains
many of spaces and rooms that arranged in good way to be easy and comfortable to

use. it has the laboratories of internet, physics, biology ,classes, and offices of

teachers and students .

The project contains the structural analysis for vertical and horizontal loads and the
structural design and details for each member in the project for each building

All the buildings are designed to satisfy the ACI code 2002.
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List of Abbreviations

a = depth of equivalent rectangular stress block
Mm.
As = area of non-prestressed tension reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).
b = width of compression face of member.

BW = web width, or diameter of circular section.

Ca = seismic coefficient.(table 16-Q).

Ce = combined height, exposure and gust factor coefficient as
Given in Table 16-G.
Cq = pressure coefficient for the structure or portion of structure
Under consideration as given in Table 16-H.

Ct = numerical coefficient given in section 1630.2.2 in (UBC code).
Cv = seismic coefficient.(table 16-R).

DL = dead loads.

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

Ee¢ = modulus of elasticity of concrete.

Es = modulus of elasticity of reinforcement,

MPa.

EI = flexural stiffness of compression member.
Mm?-N.
Fy = specified yield strength of non-prestressed reinforcement.

Je¢'= specified compressive strength of concrete,
MPa

Js = calculated stress in reinforcement at service
Loads, MPa.

Ft = that portion of the base shear, V, considered concentrated at the top of the
structure.

h = overall thickness of member
hx = height in feet (m) above the base to level i,n or x respectively.
Iw = importance factor given in table 16-K.

I'= moment of inertia of section resisting externally applied factored loads.
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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 loads.

Ld = development length.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.
Mn = nominal moment.

P = design wind pressure.

Pu = factored axial load

Pn = nominal axial load

gs = wind stagnation pressure at the standard height of 33 feet.

R = numerical coefficient of the inherent over strength and global ductility
capacity of lateral-over force systems, set in tables 16-N or 16-P.

S = Spacing of shear or in direction parallel to longitudinal reinforcement.

T = elastic fundamental period of vibration, in seconds, of the structure in the
direction under consideration.

V = the total design lateral force or shear at the base given by formula (30-4)
(30-5), (30-6).
VC = nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

WC = weight of concrete. (Kg/m?).

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.
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Chapter Four

Structural Analysis and Design

4.1 Introduction

In This Project, all of the design calculations for all structural members would be

made upon the structural system which chosen in the previous chapter.

So, In This Project, there are two types of slabs: one-way ribbed slabs and one way
solid slab and other type that may be using through the final project. They would be
analyzed and designed by the aid of al -“ATIR- Software" to find the internal

forces, deflections and moments.

The design procedure started from the top to the bottom of structure, so, numbers
were being given to each member to simplifying and classifying these members.
The key plans for each level which show the keys for each member can be shown in

the Figures in appendix "B", and then the calculation started step by step from the
roof to the foundation.

55




4.2 Determination of thickness:

1- Determination of thickness for one way rib slab:

The main loads acting on t

he structure are dead & live loads. Dead Load is

calculated based on the density for each material used in the slab; the value of the

load depends on the structure type and the intended use.
The overall depth must satisfy ACI Table 9.5.a:

For rib (R 9) in the base floor, as shown in fig (4.1)
(simply support)

Span (1):

hmin=L/18.5 for exterior span
hmin=450/18.5=24.32 cm

Span (2):

hmin=L/18.5 for exterior span

hmin=470/18.5 =254 cm

- Use an overall depth of 32cm  (with 24 cm blocks).
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We select from one and two way rib slab, the thickness rib slab =32cm.

E00) =

3- Design of one way rib slab:

ACI-318-02(Eq: 9-12)

1 2
T At A T e
| ﬂ =1 [
0.4 4.1
ity } 0.4 } 4.3
} 4.5 ; 47
52. !
8.
32,
12,
AA

Fig. (4-1): Spans Lengths of R9 (base).
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2- Determination of thickness for two way rib slab:

U= @ -

E——-

[ J o oo
e s
| (J - e wuszs)
|o -

e

DAY
Wi ’
>4
e (012#032%0.32/2)+(2*0.2*0.04*0.08)  7.424*10° _ 10
L (0.12%0.32+0.2*2%0.08) 70.4%107
3
i =2
3
0.105°*0.52  0.4*0.025°  0.215% *0.
0 - 225, 2 L2 Sosetominh
3 3 3
5.96*10™

Islab =222 20 %585 67.05%10~m*
0.52 Ueor

LS

Bbl=——=—%0.7%0.32° = 2*10m*

212 2*107m
o

Ip2=—+=—%0.7*0.32° =2%107 ¢
2 12 2°=2*%10"m
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X107
67.05%10™
Nl
67.05%10

Ib1/1Is =
Ib2/1Is =

_ata, 04+04

o = 0.4
m 2 2

D e
L, 1093

1,(0.8+F, /1500)

a ACI-318-02(Eq: 9-12)
" 36+5B(a, —0.2)

~ 10.9(0.8+420/1500)

= 031m
36+5%1.07(0.4-0.2)

We select from one and two way rib slab, the thickness rib slab =32c¢m.

3- Design of one way rib slab:

1 2
1 2
£ A A
| I L
o 2 A
};. { 4.1 : 0.4 : 4.3
T T
} 4.5 | 4.7
52. ;
8.
32.
12.
AA

Fig. (4-1): Spans Lengths of R9 (base).
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e Live load:

Service Live load = 5 KN/m :
Service Live load per meter rib = 5(0.52) =2.6 KN/m

e Dead load of the slab:
Coarse Sand Fill = (0.1)(0.52)(18) = .93 KN/m of the rib.

Tile = (0.03)(0.52)(23) = .36 KN/m of the rib.

Concrete Rib = (0.24) (0.12) (25) =0.72 KN/m of the rib.
Block = (0.24)(0.40)(10) = 0.86 KN/m of the rib.
Topping = (0.08) (0.52)(25) = 1.04 KN/m of the rib.
Plaster = (0.02)(0.52)(22) = 0.23 KN/m of the rib.

e Total service Dead Load =0.93 +0.36 + 0.72 + 0.86 + 1.04 + 0.23

o Total service Dead Load = 4.14 KN/m
e Total Factored load = 1.2(4.14) + 1.6(2.6) = 9.13 KN/m

4- Topping Design:
Live load = 5 KN/m?

Dead load of the topping:
Sand +Tiles =2 KN/ m?.
Topping =0.08%25=2 KN/ m?2.

o~ Block =0.24 *9 =2.16 KN/ m>-

Plastering = 0.02%22 = 0.44 KN/ m.
4.3 Dead load = 2+2.16+.44+ =4.6 KN/ m 2
W, = 1.2 (4.6) + 1.6 (5) =13.52 KN/m"

Assume the slab is fixed at support points (ribs):

i WuxL’
12

i
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e Live load:

Service Live load =5 KN/m”
Service Live load per meter rib = 5(0.52) =2.6 KN/m

e Dead load of the slab:

Coarse Sand Fill = (0.1)(0.52)(18) = .93 KN/m of the rib.

Tile = (0.03)(0.52)(23) = .36 KN/m of the rib.

Concrete Rib = (0.24) (0.12) (25) =0.72 KN/m of the rib.

Block = (0.24)(0.40)(10) = 0.86 KN/m of the rib.

Topping = (0.08) (0.52)(25) = 1.04 KN/m of the rib.

Plaster = (0.02)(0.52)(22) = 0.23 KN/m of the rib.

o Total service Dead Load =0.93 +0.36 + 0.72 + 0.86 + 1.04 + 0.23
e Total service Dead Load = 4.14 KN/m

e Total Factored load = 1.2(4.14) + 1.6(2.6) = 9.13 KN/m

4- Topping Design:
Live load = 5 KN/m?

Dead load of the topping:

Sand +Tiles =2 KN/ m?.

Topping =0.08*25=2 KN/ m*.

Block =0.24 *9=2.16 KN/ m?.

Plastering = 0.02*22 = 0.44 KN/ m.

4.3 Dead load = 2+2.16+.44+ =4.6 KN/ m?

W, =1.2(4.6) + 1.6 (5)=13.52 KN/m

Assume the slab is fixed at support points (ribs):

2
Min WuxL
112
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2 .
Mu=(1—3'5—2-—§0—'4—}=0,18 KN.m For 1 m wide strip
12

fe' =0.8*fc'(cupic) =0.8%*30 = 24

S =

2 2
b’; g 1'0"(2'08) —0.00107 m*

Mn =042%[fe" *s =0.42%/24#0.00107 = 2.45kn.m

® Mn = 0.55%2.45=1.35 kn.m

® = 0.55 for plain concrete.

®Mn = 1.35 KN.m > Mu =0.18 KN.m
So reinforcement is not required.

. Provide Shrinkage & Temperature Reinforcement:

For fy = 420 MPa, p = (0.0018)
According to ACI (7.12.2.1):

A,=0.0018(100)(8)=1.44 cm*/m

e Use @ 8 @ 30 cm on center both ways.
A, Provided =1.67 cm® /m

5- Design of shear topping:

_qu*l _13.52%04
2

Vu =2.7kn.

oV, =0.75 [\/—jg—f—}bd = 0;75(—\/%_4—J (0.04)(1000) = 24.5KN
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Category (2):
0.5%@=0.5%24.5KN = 12.35>Vu=2.7KN

. No shear reinforced is required.

6- Design for Positive Moment:

Moments: spans 1to 2

-26.4
209 . -20.8
. 1.81,1.66 |
f |
1 1 i t i
' ; 0.860.87 i ;
3.4 y .6
16.5 18.3
2.82 1.88
i 1.8 % 2.7 ! } B

Fig (4-2) moment envelope of (R9)

Effective Flange width (b ) according to ACI 8.10.2:

by For T- section is the smallest of :
L/4=642/4=160cm
b,+16t =12 +16 (8)=140 cm
C/C spacing =52 cm

Sbe=352 em=52 cm.

Use Mu max for all spans = 26.5 KN.m
Mn =Mu/ ® =26.5/0.9=29.4 KN.m

o Check of section behavior: If the section behaves as a rectangular or T —

section (if (a) is less or greater than thickness of flange).
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Category (2):
0.5*@.=0.5%245KN =12.35 >Vu=2TKN

. No shear reinforced is required.

6- Design for Positive Moment:

Moments: spans 1to 2

-26.4
209 . -20.8
1.811.66 |
F T : i
< : 0.860.87
16.5 18.3
| 1.8 : 27 [ 2.82 . 1.88 |

Fig (4-2) moment envelope of (R9)

Effective Flange width (b, ) according to ACI 8.10.2:

b For T- section is the smallest of :
L/4=642/4=160cm
b,+16t =12 +16 (8)=140 cm
C/C spacing = 52 cm

S bp= 52 em=752 cm.

Use Mu max for all spans = 26.5 KN.m
Mn =Mu/ ® =26.5/0.9=29.4 KN.m

section (if (a) is less or greater than thickness of flange).
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For a=t=8cm

C = 0.85xftxbext
= (.85%24x0.52x0.08x1000
= 848.64 KN

d=h-Cover-d/2=32—2—2/2=29cm

Mn available =T or C (d—- 0.5 a)
= 848.64 (29 — (8/2))/ 100
=212.16 KN.m
Mn available = 212.16 KN.m > Mn required = 29.4 KN.m

. Design the section as a rectangular section with b= 52 cm.

As . = Jfe' (bw )(d)z%—"—(bw Wil ..o vimoss (ACI-10.5.1)

min ~ 4(fy)

== Jz—Z
4x420

Asmin=1 Z 1.16 sz

x12x292—14ix12x29
420

® Asmin=1.16 sz
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Span (1):

Mu = 16.5KN.m
m=- ﬂ - = ol =20.58
0.85fc' 0.85x24
Ry = M0 16.5x10°  _ g 42Mpa

“obd?  0.9x0.52x(0.29)°

1( 2mRn]
p=—1/1-./1-
m fy

1 1_\[1_ 2%x20.58x0.42 ]=0.001
20.58 420

As =0.001 (52) (29) = 1.51 cm?> A smin = 1.16 cm?

]

e Use?2 ®10.

Span (2):

Mu = 18.3 KN.m

e o.g 2 0.:523 B

e o Rl g Mpa

T 4bd®  0.9%0.52%(0.29)°

el ( 2mRn}
p=—1}1- 1-
m fy

et 1_\/1_ 2x20.58x0.465 )
70,58 420 =0.00112

As =0.00112 (52) (29) = 1.7 cm? > Asmin = 1.16 cm?

e Use2 ®12.
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7- Design for Negative Moment:

Design of T-section for negative moment done as rectan
g to ACI (10-5.2) as follows:

gular section with (b=bw)

The minimum reinforcement is determined accordin

b=bw =12 cm.
Support (2):

Mu =26.4 KN.m
m = 20.58

-3
g B0 5Mpe
ebd? 0.9x0.12x%(0.29)

,,=.1_(1- l_zm_Rn_j

m fy

o R \ﬁ ~2x20.58%2.9 |_ o 507s
20.58 420

As = (0.0075) (12) (29) = 2.61 cm®> As min = 1.164 cm®

Use 2014




8- Design of Shear :

Vumn=57.3kN. at face of interior support (3)

DF, = 0.75(—‘%"1]1)41 = 0.75(—‘/%—5‘-] (0.12)(0.29)(1000) = 21.3KN

Shear

A\ 7/

263 -28.3

474 0

20, 27.

Fig. (4-3): Shear envelope for rib(R9)
Category (3):

1
e +¢*§*O.12*0.29*1000=21.31+8.7 <Vu=573KN <@ +¢*%\/EZ*o.12=*=0.29=*<1000=:

S <D/4

S <29/2=14.5cm.

S <60

e Use 10@ 10 cm.
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9- Design of two way rib slab:

the 1oadsl_zj;"ﬁ

e Live load;

Service Live load = 5 KN/m ;

Service Live load per meter rib = 5(0.52) =2.6 KN/m

e Dead load of the slab:

Coarse Sand Fill = (0.1)(0.52)(18)(0.52) = .487 KN/m of the rib.

Tile = (0.03)(0.52)(0.52)(23) = .187 KN/m of the rib.

Concrete Rib = (0.24) ((0.12*.52+(0.12*0.2)*2) (25) =0.662 KN/m of the rib.
Block = (0.2)(0.2)(4)(0.24)(9) = 0.346 KN/m of the rib.

Topping = (0.08) (0.52)(25)(0.52) = 0.541 KN/m of the rib.

Plaster = (0.02)(0.52)(22)(0.52) = 0.119 KN/m of the rib.

o Total service Dead Load =2.34 KN/m of the rib

e Total service Dead Load = 2.34/0.52 =4.5 KN/m?.

e Total Factored load = 1.2(4.5) + 1.6(2.6) = 9.6KN/m?.

10- determine the value of moment and shear

By table of the two way to determine the value of moment and shear :

Lx =6.4 m. Ly=8.4 m.

L s
l 6.4

y
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* 2
qu Ly

Ml-:\'
95
* 2
RO T 1 o T
224
9.8*%6.4°
il 51.8
* 2
o 22 0% siasan
*
Fiy = ql;c Ly
AX
*
ae 9.8*6.4 _ 2SKN
*
_9.8%64 _26KN

AY

11- Design of positive reinforcement:

(Design in X-direction)
M =17.92KN .m

M, =1.165%17.92=20.88KN .m

4.3.3.1 determine BE :

Bl = Loy 53,
4
BE =b, +16t =0.12+(16*0.08) = 1.4
BE <Lc =0.52
~.BE =0.52

Check if a<<t

Assume a=t

C =0.85*fc"*t *pe
=.85%24*80*250 = 848.6KN .

68




t
S
Mn=C(d )

=848.6*(290-80/2)
SN2 SKN .

¢.Mn =0.9%212.15=191 >Mu=20.88 kn.m

a <<t ..design as rectangular section.

e oy
$ 09
04 420

m= = =20:58
0.85/c" 0.85x24

-3
R o 23210 ey

" 9bd®  0.52%(0.29)°

1(;. [{. 2mRn
m fy

1 2%x20.58%0.53
= 1_ 1_ = .
20.58[ \/ A0 J 0.0013

p

As =0.0013*29*52 =1.93 cm?
Use 2 ®12

Design in Y-direction:
My, =7.7KN .m
My =1.105*7.7=8.5KN .m

(<]
(9}

19

Mn =

|

Mu
7 =945KN .M

(=)
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bi4 420 _ 5058

"= 085/  0.85x24

1 2mRn
e 1) il
m fy

i N R 2X20‘58x0'22]=o.00053
20.58 420

p

As =0.00053*29*52 =0.8cm?
As shrinkage = .0018*52%32 =3 cm?.
As=3cm?

Use 2 @14

12- Design of negative reinforcement
M, =41.4*1.165=48.23kn.m

Mn=Mr_823 oo comn s
2L 09

5 Jy 4 420
0.85/c" 0.85%x24

=20.58

_ Mn _ 48.23x10?
#bd>  0.12x(0.29)?

HE 1. [ 1. 2mRn

= 1_\/1_ 2x20.58x5 3
20.58 T =0.0149

As =0.0149*%29*12 =52 ¢m?
Use 2 ®20

=3.3-Mpa

p
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4.3 Design of a Beam

1. Calculation of thickness and dimensions:

e Determination of beam thickness:

Span (1):
hmin=L/16 for simply support .

hmin=500 /16 =31.25cm

- Use an overall depth of 32 cm  (with 24 cm blocks).
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Design of Beam (B32) in first level:

2
! 1
A
4.6 0.4
0.4 . -
= 5 B
| |
70.
32
62.
30.
AA
Fig. (4.4) spans length of Beam (32)
13.4 i
[ 25 109.3 2 E
Fig. (4.5) Moment diagram of Beam (32) (kN.m)
Shear
55, 4
694 o5

Fig. (4.6)Shear diagram of Beam (32) (KN)
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2- Design for positive moment:

b, =70cm,b, =30cm,h = 62cm,T;

d =62—4—1—1—%3=54.750m

Mu=109.3 KN .m

) 0.9

Assume that T’ r=a

Mn, =0.85%f, *b, *h,(d ~h; /

=32cm

.m

2)

= 0.85%24%0.7*0.32 (0.5475-0.16) *10’

= 1770 KN.m

Mu
—=Mn,
D

>> Section behaves as a rectangular.

Mn

25 bt

_ 121.4*10*
700* (547.5)>

A A
0.85* fo'  0.85%24

=l A _ 2mRn
p m(l 1/1 % )

= 0.6 Mpa

=20.58

he 1 a1- \/1_2(20.58)(0.6)

20.58 420

)=10.0015

Areq=p*b*d=0.0015* 70 * 54.75 = 5.75cm?

Use ® 20 >> # of bar = 375 _
3.04

Then we select (2) bar o 20

1.8

A, provided =2*3 14 = 6 3gm?
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3- Check for yielding in bottom

Tension = Compression:

A_*fy =085%fc'*b*a
2%314*%420=0.85%24*700*a
a=0.185m =18.5mm
=2 L 21.73mm
S, 0.85
e 547.5-21.73
i 21.73
g, =0.07 > 0.005—>0k
And not least than 0.004 >>> singly reinforcement.

*0.003

As = (b )(d)>14(bw ) [ () PE— (4CI —10.5.1)
(f )
I
As_ =——-(300)(547.5 >——— 300)(547.5
Sun = gy COVGHT9) 2 735 G007
As_. =4.78m* 25.5cm’......... the larger is control

As_;. =5.5cm’
s = T5%em = Ab =5.5m" — ok

4 - Design shear of Beam:

Vu=69.4 KN (From shear Envelope)
DOVc=0* @ bw *d

=075*

24
J;— 30 * 54.75%100/1000

=100.6 KN
®Vc>Vu (100.6>69.4)

Minimum reinforcement is required for beams

B, *S
3*f,

mind, =

75

A T



Select ®10 with two legs .

S: spacing stiruups

5 <Dt
2
sl Select ®10/25 cm
¢ 4
A, =1.6cm”.

S =d/2=154.75/2=27.375 cm.

S <60 cm.
UseS=25cm  Then we use ® 10 @ 25 cm

10@25
=200

3#12
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4.4 Design of Column :

1. Design of short column:

£ the column will give small dimensions which are

igni cross sectional area o N
. ctional area column is suitable

not practically executed, so 2 (50cm X 50cm) cross s¢
for this interior column!
Pu=12DL+1.6LL

= 3000 KN
Pn req = Pu/ @ (where @ = 0.65 -------- ACI9.32.2)

=3000/0.65 = 4615.4 KN
Usep=p, =1% and Ag = 2500 cm?.

Pn=0.8 {0.85 fc' (Ag — Ast) + fy Ast}------- ACI Code 10.3.6.2
=(.8 Ag {0.85 fc'+ P g (fy — 0.85( fc' )}
= (.8 (2500) {0.85 (2.4) +0.01 (42.0 - 0.85(2.4))}

Pn =4879.2 KN.

Pn available = 4879.2 KN > Pnreq=4615.4 KN

- The dimension of the column is sufficient for carrying the loads (as assumed

previously).

2. Design of reinforcement:
Using pmin=0.01

Astreq = (0.01) (2500) = 25 cm?
o Usel0d20

3. Slenderness effect:

o Check of slenderness ratio ,&
r




122
Klu Ml ACI 10.
(—r—)s(34-12)( 5 )

<40

Where:
Lu: Actual unsupported length.
k: effective length factor (K= 1 for braced

I
R: radius of gyration = \/;1’— =0.3*h.

I = bh*/12 =50(50)%/12 = 520833 cm*

M1/M2) =1

frame).

A =50%50 = 2500 cm"*
r=0.3*0.5=0.15

K_1u=1 x3 m
r 0.15

=20 <34-12%*1

4. Lateral Ties Selection:
For @ 10 mm ties: according ACL 7.10.5.2

S<16 d,=(16x2) =30cm ...US€e
<48d,= (48x1.0) =48cm

<smaller dimension of the column = 50cm

o Use®10 tie @ 25 cm.

o
ul
o

30
21025 /| =124
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5. Design of long column:

11 oive small dimensions which
h sectional area of the column will give s fer
Designing the cross

ctional area column is suitable
30cm) cross s€
d, so a (25cm X

not practically execute
for this interior column!
Pu=12DL+ 1.6 LL
=700 KN
Pn req=Pu/ @
=700/0.65 = 1077 KN
and Ag = 750 cm®.

(where @ = 0.65 -=-—- ACI19.3.2.2)

Usep=p, =1%
Pn = 0.8 {0.85 fc' (Ag — Ast) + fy Ast}----— ACI Code 10.3.6.2
= 0.8 Ag {0.85 fo'+ P g (fy — 0.85(fc"))}
= 0.8 (750) {0.85 (2.4) + 0.01 (42.0 — 0.85(2.4))}
Pn = 1464 KN.
Pn available = 1464 KN > Pnreq = 1077 KN
. The dimension of the column is sufficient for carrying the loads (as assumed

previously).

PN max = 1077 /(0.8) = 1346 KN

Pn(may) =Ag[ 0.85(fc’) +pg (fy-0.85*fc*)] (For minimum eccentricity).
1346 KN =Ag[ 0.85(2.4) +0.01 (42-0.85%2.4)]

Required Ag =552 cm?.

Try 25em*30cm.=750 cm?

K =1
KL . ]*3 Wi
r 03%25 0>34-12—L
2
“.Long Column.
g el
1556
3
Er=0.4+23%(0.25)

2 TSV 04=2 650y 2
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p, =0.010

Ag =750mm’

check ¢ P,>P,

Try 8416

4P, =o.65{o.8*[o.85 £ (4, -4, )+f, Ay | }
=o.65{o.8*[o.85*24(o.25*0.3—1608.5*10*)+420*1608.5*10*}}
—1.13MN >0.7MN OK

6.Design Of The Tie Reinforcement:

Spacing < 16*dy (Longitudinal bar diameter)=16*1.6=25.5cm
48*d; (tie bar diameter) = 48*1.0=48cm.
Least dimension=25¢m

Use @ 10 ties @ 25cm spacing.

The design column is shown in Fig.(4-14).
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@ 8916

25

el oay
20 7 |
gﬁm £ 15
20
20

?10e25/L=7/8 $10@R5 /=84
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ting F2)

4.5 Design of Isolated Footing (Foo

e Total factored load = 1000 KN.
o Soil weighting = 17 KN/m®.
o Allowable soil pressure = 500 KN/m?

e Column dimensions =30 cm X 25 cm-

1. Bearing pressure design:

Estimate footing to be about 40 cm thick in addition to about 10 cm of blinding

concrete and let the base elevation to be 80 cm.

e Footing Weight = 0.5 m (25 KN/m?®) = 12.5 KN/m?.
o Overburden Weight = 0.3 m (17 KN/m?) = 5.1 KN/m?.

P net = 500 — 12.5 — 5.1 = 482.4 KN/m’.

Required area (A) = Total Weight / Net Soil Pressure
= 1000 KN / 1.4 (482.4) KN/m?

=1.48m’
Tse &5, L=125m,B=125m, A=1.56m32

2. Thickness of the footing design:

Pu= 1000 KN.
P net (factored) = 1000 KN / 1.56 m? = 641 KN/m?

e One way shear:

@V, =q)%\[f7 b,d) > V,
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o.75(%)(\/ﬁ' «10)(125)(

765.5d = 24037.5 - 801.25d

. d=20cm
Total depth h
Minim

- d=40.0-8- 2 =30.0 cm

o Two way shear:

V, =P, x[B)*(A) - (a+d)(b+d)]
V, = 6.41 [(125%125) - (55%60)]10/1000

Vv, =790

=20 cm + 8 cm (cover

um h (practically executed) = 40.0 cm.

d) 2 6.41(125)30 -9

) +2cm ( @ of reinforcing bars) =30 cm

The punching shear strength is the smallest of:

1 5 7
V:-—l b
c 6( +ﬂc] i

1 a -
Vi s
y 12(b0/d+2}/zbod
1 7
chgxlzb(,d

Where:

_ longside of the column
short side of the column

=3025=12

b, = Perimeter of crit;
0 f critical section tq
taken at (d/2) f
rom the loaded area

=2 [(30+30) + (25+30)]

=230.0 cm,

@, =40 (for interioy column)
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1 (1+l)\/f b 0.417\/f/c' b,d
Vine =
v = (/*2]\//” 4 0551\/,b d
« =2
v, —~J,b(, =O-33\/f/cbod R NIse

~1115.5 KN
V=0 33(&1)(2300)(300)/1000 111
oV =0.75x1115.5 =837 KN

oV, =837>V,= 790

i i i Oncrete
... S C

3. Dowels design:

®Pn=0(0.85fc")Ag > Pu
@Pn=0.65(0.85><%)(25><30) — 1036 KN> 1000 KN

Dowels are not required for load transfer.

~. Use the minimum dowels area,

As min = 0.005 x (25 x 30) = 3.75 cm2

Use4 @12  dowels with A, =45cm’

The ® 12 dowels must be developed above and below the base of the colum
of footing), as below:

° Development Length (ice:
Ld for @ 17.

L, _ 420

=20l =
ol 4\/\X12—257cm>0044(db)(f)’) 22 cm
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4 =%(1 = ;?—J\/de L0 RONAT

L (b /d+2]\/——b : i 0.551\/}7de
Z%‘/}jbf)d 033/, bd S

V.= 0.33(+/24)(2300)(300)/1000 =1115.5 KN
®V,=0.75x1115.5 = 837 KN
DV, =837 > V,=790

. Use 40 cm as a total depth in addition to 10 cm as a blinding concrete

3. Dowels design:

®Pn=d(0.85fc")Ag > Pu
(I)Pn=0.65(0.85><%)(25><30) =1036 KN> 1000 KN

Dowels are not required for load transfer.
. Use the minimum dowels area,

As min = 0.005 x (25 x 30) = 3.75 cm2

Use4 ®12 dowels with A =4.5cm’

The @ 12 dowels must be developed above and below the base of the column (to face
of footing), as below:

e Development Length (@):

Ld for ® 12:
i a2 Sl 420

4J— 4\/__><]2 =25. 7cm>0044(db)(fy) 22 cm




o Ly =25.Tem" 30 e ; i
) —2(1.2) (footing bars) = 29.6 cm =~ 3( ¢

40 — 8(cover
- OF

Available embedment =

4. Design of Bending Moment:

section for moment is at the face of the column, the design of the bey i

The critical
0 cm (since the column is not square the

moment will depend on the larger value of 4

other value is less; 35 cm).

Mu=|P ‘xWx(E-E) XO.S(E-:al
W 77 272
=[6.41><120><(E§—§9J <0512 -3%) /10000
D) 2 2

={(6.41x125%47.5)x0.5(47.5)} /10000

=90.4 KN.m

_ Mu 904
Mn = —=W=100.44 KN.m

()

Required Rn = Mn _100.44x10° ik
—s v PA

bd*>  1250x300?

f
s ey
0.85f"
=2y
0.3524) 208
Required p = L [1 = 1 <
L _ ZmRn
fy
Sl
L [1 S 2(20.58)(0.89)}
420
=0.0021]
Requi
Quired A = 0.0021x 125%30
=834 Ccm?2

85

‘



Ly 0]8(125)(30)
A min 0.0 _ 675 cm?
A= 7.87cm2
S 12 A =8cm’ (In each way)
o Use7® :

Development Length (Ly):

Category (A), item 2 applies,

Ld for @ 14:
420 420 4 =60cm > 30cm
ik hd, = x]x1x1x1. cm 2
e 2J§Zaﬁ 224
L, =60 cm.

25-0.3
Available embedment = (1 252 ¢ ) —7.5=40 cm < 60cm

-.extend the bar using a 90° standard hook

Required length of the hook = 60 — 32 = 28 cm =~ 30 cm.

V' V24

5 a0 12=30+7.5=37.5

.select 40cm .
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4.6 Design of strip footing:

d Calculation:

1- Loa Sy g
weight of wall=height * thickness of wall *1m wide *yconcrete
=725%* 175* 1*0.3
~131.25 KN/m.

wu = 1.2(131.25)+1.66)~ 162 KN/m

2- Determine the footing width:

oting to be about 40 cm thick in addition to about 10 cm of blingiy,

Estimate fo
e and let the base elevation to be 80 cm.

0.5 m (25 KN/m®) = 12.5 KN/m?.

concret
e Footing Weight =
Assume soil pressure = 500 KN/m?

Net soil pressure =500-(0.5%25).
=490 KN/m?

Footing width = Total Weight / Net Soil Pressure

=162 KN/m / 1.4 (500) KN/m?
=0.257

L1 —— 70 ¢ m width strip footing

Bret = Sl 62
area 07*1

=230KN /m?
Vu:VC:l '

0.75+1
6@*(100)*10*61 :@(1_03
]

38




D

moment strength:

n  footing width —wall width
o t //A
L’/M L .
Mu = (Pnet) ( 2
2 162(0.4/2)*(0'4/4)
=325 KN.m .
M,*10°
Required Rn = m
325%0° 0,05
: i
Required Rn = 0.9%1000* 304
et canisg
m=085* fo 0.85%24
1 2le’l
= — 1 = 1—' )
e I
L. [j_22058)(009) y_ 4 990125 pmin=0.0018 .
P = 20580 420
Areq=p* b*d=0.0018 * 100 * 30.4 = 5.472 cm?
Use ¢ 12 @15 cm
4- Development length of main reinforcement:
Ld = 2/\;% aByd,
For @¢14 bars
4
Ld =%1*1*1*1.4
Ld =60>30cm
Available Ld =3¢ < Required Ld = g cm
So a standarg hook of
o 01 (20 cm ) myst be used to provide Ld
ld =0.24% V¢’

420 *14:40+7 =47cm
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els bars:

2 * ]00 % 304 = 3648 sz

Design of dow
0.001

5-
As minreq =

Use 912 @25 cm

BH_apyd
SRy

Ld 2fr/C' b
For @14 bars

420

S k)R] A2
224

Ld =51.44>30cm

Ld =

0K

6- Design for secondary reinforcement:

As min = 0.0018 * 100* 30 = 5.4 cm’

Use ¢ 12 @20 cm

®12@25 $

12 /15cm

¢

912/20cm
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4.7 Design of Shear wall:

l-Calculation of loads :
= (DL*Area+LL*Area*.25)

_ _‘!;1‘1*1225.44+8.65*98.28)
Wforbasemem = 0.52

2 24—'1-‘-‘-*14oo+8.65*274.5) _13574.5KN .
W st = .52

: (f'l—“—*166532+8.65 » 79.5) _14010KN .

(e —10653.6KN .

W ot =\ 0,52
ot *1665.32+8.65*79.5) _14010KN .
WforseCond - 0‘52

forthind =

(ﬂ*1665.32+8.65 * 79.5) =14010KN .
0.52

WTOTA = 66258KN D

7 eotann = (NO

ofcolumn

of column *h*Ag*yc )
W ot = 436%15%0.3%0.4* 24
Wofcolumn =18835.2KN .

W ror41, = 66258 +18835.2 = 85093KN .

2- Calculation of shear force on"

i Shear ",
From Uniform Building Code 1 997(UBvéai1~ls :
I*c
V=xv
R*T W
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7=0.3 zone"3"
R=5.5

I=1

Ca=0.24
Cv=0.24

hn=27.6
Ct=0.0488
Where:

7, = seismic Zone

factor as given in Table 16-L.

ntative of the inherent over strength and global

R = numerical coefficient represe
stems, as set forth in Table 16-N or

Ductility capacity of lateral force resisting Sy
16-P.

I = importance factor given in Table 16-K.

Ca = seismic coefficient, as set forth in Table 16-Q.
Ct = numerical coefficient given in Section 1630.2.2.
Cv = seismic coefficient, as set forth in Table 16-R.

hi, b o e
i, hn, hx = height in feet (m) above the base to Level i, n or x, respectively

V—I*CV

_R*TW

W rora, =85093KN .
T =C *(H%)
T =0.0488*(15%)=0 &

e Gy
R *T
P )

=T i
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v —F) s

Sy R

: iw, *h

i _portion of
t0 x,1level:
equ

Fy

hx,hi=Height b als the sum of the forces , and above thy,
. tany S 9
The design shear @

(3.8+10653 6)+(1.6+13574.5)+( 1.4*14010)]
S, *h =[Jr('15.2=*=14010)+(19*14010)
i=l

S, *h, =782506KN
=1

(V _F;)*Wx *hx
B o A

FX n
ZW i % hz
i=l
(10035.5—-260) *10653.6%3.8
‘Fhavemenl 70 782 5 O 6
E)a\'emcm = 506KN 2
F % (10035.5-260)*13574.5*7.6
ground — 7 82506
Fgmund = 1289KN .
e (10035.5-260)*14010*11.4
o 782506
F,., =1995KN .
F;ecalld & (100355_260%
782506
F'Sewnd = 2660KN £
F;hln] = W
782506
Fhirg = 3325.4KN .
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.

v -—F)*Wx *h,
—-—/”/
F:\'—‘ "Wi*hi

i=1

Where Wy>Wi

=Portion of WatXx, i level.

h. ,h,=Height tox, ilevel s the sum O
x i S
: tan story, » equa

e Sh(:a:;i:)syss )+ (7.6+13574.5) + (11.4¥140] 0)}

Sw, *h =, 15.2+14010)+(19*14010)
=

1=

f the forces , and above that gy,

Sw, *h, =T82506KN
=1

* *
S
Sw, *h,
i=l
(10035.5—260)*10653.6*3.8
Fhaamen = 782506
F._  =506KN.
o _(10035.5-260)*135745%7.6
we 782506
F, s =1289KN .
F,, = (10035.5-260)*14010*11.4
‘ 782506
F,., =1995KN .

782506

e

second — 2660KN 5

| =(10035.5—260)*14010*19

hird
782506
third = 33254KN 2

-
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1 C
3. Ratio cal el 710 CALCULATION |
R ) A
DL e |
R e W
T v 7 A
[ R e Y
el s
,,%/”‘”70.031
s 0.0015
.._.-—1—0———-—— 0.0012
o PR 0.0214
2 0.223
13 0.395
12 0.283
15 0.0225
16 0.0205
17 0.0226

4- Ratio calculation for wall NO.2 IN X- direction:
Fa- 506x0.196 =99.17 KN at basement floor.

F 2= 1289%0.196 = 252.6 KN at ground floor.

F 3= 1995x0.196 = 391 KN at the first floor.

F 1=2660x0.196 = 521 KN at the second floor

Fge
4=3325.4x0.196 = 652 KN at the third floor
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376.85 KNM

1713.5KN.M

4536KNM
9338KNM

4140 KNM

21420KN.M

917 s

2526 —

391 &

521 —4

652 —

Fig. (4-7) Moment and Shear Diagram of the Shear Wall

5- Main stairs shears wall design :

The design shear at any story, Vx , equals the sum of the forces , Ft and F‘ above i

story.

Horizontal shear reinforcement spacing shall not exceed:

s Avx Fyxd
Vs

Where: Vs =Vn-Ve¢

Ss(Ll
5

9s




e

5 Lw)
e 3

S <3h

5 <18" =500mm

Note: S minimum value controls

s than:
f vertical shear reinforcement shall not be les

pn o

hw
_ W\ ph —0.0025
pn(min) = 0.0025+ 0.5(2.5 5 )(ph )

ph(min) = 0.0025

6-Design of shear:

fy =420MPA4

h=30 cm. Shear wall thickness.
Lw=4.5 m. shear wall width.
Vu=1915.8 KN.
Vn=1915.8/0.85=2254 KN.
d=0.8xLw = 0.8x4.5=3.6 m.

—_— 1 :
é Vc—o.75xgx\/ﬁx3600x3oo=661KN.

¢ VC+¢ VS ZVU
661+ V, >1915.8
¢ VS=1255

.ﬂ__ Oy

Sreq_WF;\*d

ﬂ: 1255*103

Sreq M=l-llmm =0,11€m‘

ﬂr Ay
G 2(T"‘i“=().0()zsxh)
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AY req 2 (

S
............ OK
2x113 5 002530 => 0.0904= 007510
25

8-Design of Moment:

o Design as light loaded shear wall.
So the Vertical reinforcement of (012@25), will not be considered.

Mu = 14140 KN.m

_ Mn__ 14140x10° el
hxd®  09x300x36002  F

pzl[l_\[l_mﬂ]
m Fy

p=L (1 [;_2x20.58x4.0
20.58 420 =0.01

Asreq = 0.01x25x360 = 90 ¢m?

Rn

Asmin = @> 1.4xbxd
4xf el

f

Y,

-@‘ZLO%
4x 420
=26.2cm? > 300y,
S As min = 3OCm2

> L4x250x3600
420

Use 10
D25, As Provided = 9¢ S cmz2
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(ACI 11.8.4)

AV o 20,0025Kk)ursrerres

AV > £ min
o red =

S > (.75 MIMceceeeeeeeees
1.11 >0.0025><300:>1.11mm

w ) _ 450 _gocm
e S i

O.K.

%30 = 90cm

s <18’ =450mm ___scontrol

e So,use 2012@]15cm.

AV(#12)=1.13cm’ —=—> 241272 26cm”

él_z—zé_01scm>011cm( )

S TS Sreq

7-Design of Vertical Reinforcement:

Minimum Vertical Reinforcement:

h e
Pmin = 0‘0025+0-5(2-5‘%)(Ph-0.0025) nor 0.0025, but need not be greater thant

required horizontal shear reinforcement ...

oo (ACI 11.10.9.4).
ph=

Horizonta] reinforcement ratio.

QXOJQXT?)
\_ -
100x30 3x107

P min=0.0025 40,512 5_ 30
( 45O)(o 005-0.0025) = 0.0055 .

(For Both Faces).>
=30cm? for both side
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e

....... (ACI 11.84)
AV o 20,0025 % 1)seeeeme
AY req 2 (—;mm 0.
S
............ OK
2x1.13 5 ,0025%30= 0 0904 = 0.075...+
25
g-Design of Moment:

o Design as light loaded shear wall.
So the Vertical reinforcement of (@12@25), will not be considered.

Mu = 14140 KN.m

6
g 2 MRy,
bxd®  0.9x300x3600

dizuli g 2x20.58x 4.0
¢ 20.58(1 \/'_—4—20— =0.01

Asreq =0.01x25x360 = 90 ¢m?

Asmin = YOXd _ 1axbxg

SR e

f
y
V24250
= x3600
G LR
= 26.2em? > 30, i

& AS min = 30 sz

Use 10
25, As Provided = 96.5 cm2
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e

q p

d p

q b

q p

q bp
¢12/25 ¢12/25

q b /@

v Y

dq p

q b

q b

d p

q bp

i

e

|
| 70 I
| 90 |
! )
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4.8 Design of Basement Wall

Case A: design against Earth load

y.., =18 KN/m? (Unit weight of the soil)
soil
6 =30° (Assumption)

H=3m (Heightof retaining wall)
K, =05

1. Calculation of loads:

e Dead load calculation

e,=y*xHxK,

= 18x3x0.5 =27 KN/m2
E,=05xHxe,

=0.5x3x27=40.5 KN/m
Live load calculation

e°P= p % Ko

[ IR Py d

A
1

= 2x0.5 =1.0 KN/m2
EOP 5 H # eop

=3x1=3.0 KN/m (for Im strip)

- ‘X
2. Thickness of the retaining walj

o
o P

> Mb (positive clockwise)

AXX3‘40.5X1+3><].5=0.0

Ax=15.0 KN
Bx=28.5 KN

g1

L,,,L.«WLM’L’”’

Determination of Zero shear pojng-
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X=1.71

15

i

X

=Z=9%

15=05xxx9%% +x
IS=4.5%" +x
4.5x* +x-15=0.0

—B+B*—4x AxC
3 =

2x A

RIS 05 il
2x4.5 :

SZ2=9x1.71=15.39 KN/m?

Im

> Mx (positive clockwise)

15X 171-05% 1539 x 1.71 x 1 77 » |

Mu = 1.6 x Mx
Use,

P = 0.5(pmax)
p=10.01935

P = pmax = (0.0097
Use p= (.01

o B Titc 1.7 0.5=16.89 KN.m
=1.6 x 16.89=27.02 KN.m
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- r
=3 77 Mra
Rn=p ( (1-0.5pm)=2 7 MP
Ro=p f
<
24 v o 10/°
| Mo _ 30.02x10° _g9 mm
Ao~ \Raxb  V3.77x1000
% | KB~ J.

1f ®20 bars are used:
h = (89+20+70) = 179 mm
~.Use h=250 mm.

3. design of shear:

9 Vie=0.75% 1 x24x300x250=46KN.> V,
6

. Use h=250 mm.

4. Wall Reinforcement:

e Main reinforcement

d=250- (20 +70) = 160 mm

_ Mn 30.02x10°
b*d*> 1000*160>

1 2mRn
g
m Fy

1 2x20.58x1.17
Sy el ol e e e
¢ 20.53[ i e | 000y

A g = 0.00287x100x 16

=117 N/ mn?

=4.6cm*/m

As min = \\ﬁ:xbxd > \1 Axbxd
R
T '
% ><1000><160>1.4><1000><160
4x4)() A

420
= 4.66 mm2 > 5.33 mm2

. As min = 5'33cm2/m




If ®20 bars are used:
h= (89+20+70) =179 mm
.. Use h =250 mm.

3. design of shear:
4 Vc=0.75><%X«/QZX300X250=46KN.> v,
. Use h =250 mm.

4. Wall Reinforcement:

e Main reinforcement

d =250- (20 +70) = 160 mm

s Mn  30.02x10°
b*d*> 1000*160>

p=l[1- 1_2mRn]

Sl e RN SR
E 20.58[1 I‘W =0.00287

Asreq = 0.00287x100x16=4.6 o/

=117 N/ mm?

Asmin = M>M
4><fy & f
Y
\/._').ZXIO
T %> 1.4X1000X160
4x42(0 T o=

& 420
=4.66mm’ > 533, o

AS min = 5'33Cm2/m
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I

n= 5.336’”’12 /m

£ mi
Asreq=13x4.6 cm /m=As

2
As selected = 533cm”/m

i ent
Check shrinkage and temperature reinforcement,

= 2 /m
As shrinkage = 0.0018 X 100 x 25 =4.5 cm

2
Asreq=5.33cm’ /m 2 AS shrinkage = 3cm’/m

Asselected = 5.33 cm’/m

o Use ®12 @ 20 cm......... As prov. = 5.65 cm® /m

e Secondary Reinforcement

The required secondary reinforcement is equal to shrinkage and temperature

reinforcement.

Asshrinkage = 0.0018 x 100 x 25 =4.5 cm? /m.
Use D12 @ 25 cm......... As prov. =4.52 cm? /m

Case B: design against Water load:

Vvaer =10 KN/m® (Unit weight of water)
H=3m (Height of retaining wall)

1. Calculation of loads:

° Deal load calculatiop

Wi
=10x3

=30 KN/m2
W05 S
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e

=0.5%3%30
=45 KN/m

2. Thickness of the retaining wall:

Z Mb (positive clockwise)

Axx3-40.5x1=0.0

Ax=15.0KN
Bx =28.5 KN

Determination of zero shear point:

U

55
15=0.5%xxx10x
I5=55
x=173m
Z=10x1.73=17.3 KN/m?

Y. Mx (positive clockwise)

15><1.73—0.5><17.3x1.73x1.73><l=17.32KN m
3 :

Mu=1.6xMx=1.6x 1732 = 27.68 KN.m
Use,

p = 0.5(pmax)

p=0.01935

p = pmax = 0.0097

Use p=10.01

m=20.58

Mu =27.68 KN.m

Mn =30.76 KN.im

B = a0 77 Mp
. a
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M _ [30.76X10 _g) mm
dreq=op  3.79x1000

If ®20 bars are used:

h = (82 +20+70) = 172mm
. Use h =250 mm.

3. Wall Reinforcement:
e Main reinforcement
D =250 - ( 20 + 70) = 160 mm

6
i Mn =30.76><102=1,2N/mm2
bxd*> 1000x160

s I_JI_M =0.00295
20.58 420

Asreq=0.00295x100x16 =4.7cm? / m

fixbxd _ 1.4xbxd

As min = >
4><fy fy
4 V24 x1000x160 . 1.4x1000x160
400 . 420

=4.66mm* >5.33 mm?

~. Asmin = 5.33cm?/m

Asreq =1.3x4.7 cm® /m> Asmin — 5.33cm? I'm

As selected =5.33 cm?® | m

Check shrinkage ang temperature reinforcement
Asshrinkage = 0.0018 x 100 x 25=4.5 o2

Asreq=5.33cm? I > Asshrinkage =4.5em? Iy,

Asselected = 533 cm?/m

° Use ®12 @ 20 cm

° Secondary Reinforcement
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d secondary reinforcement 1 eq
reinforcement.

ual to

The require
shrinkage and temperature

e Use®12/25cm

125

Z
L

w\ B
AV |
"
ol $__—-
$12/20-V 12 512/25-V
S
) 812 /25-H 812 /25—H
Y
WATER O
o 0
@
O 30cm Slab |
Rock Layer ‘?Z[
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4.9 Design of Stairs

Fig. (4.8): Section in stairs.

1. calculation of load:
e Dead load:
15
0=tan™ (—)=26.56°
(30) g
(DL) H-plate=0.03 x 29 x 033 _

(DL) V ~plate = 0,03 x 29 015 _
035 =033 KN/m2.

(DL) Concrete plat= (0'15m)(25kN/m3
C0s26.56  +-2kN/m?
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e

0.02x22= 0.44 KN/m2
0.02x (0.15/0.3) x 22 =022 K
4= 0.984KN/m2

(DL) H - mortar = N/m2
(DL) V — mortar =
(DL) Sand = 0.06x 16.

_ (0.02m)@2IN/M) g 74 i/’
(DL) Plaster = 00s26.56

Total dead load = 9.5 KN/m?
Factored dead load = 1.2(9.5) = 11.4 KN/m>.

e Live load:
Live load = 5 KN/m?.
Factored live load = 1.6(5) =8 KN/m2.

Wu = Factored dead load + Factored live load.....for 1-m of the stair slab.

Wu=114+38
Wu =19.4 KN/m.

2. Design for positive moment:

e Main reinforcement:

Support reaction in stair
I
Ay=Wux =S = =1
y X 5 19.4xT =26.2 KN,

Using ® 14 bars
d5152220.7= 12.3 cm.

Max. Moment by using the shear diagram:
Mu =262 ><0.4+0.5><1.35x262 .

=28 K
Mn =28.0/0.9 = 3111 KN.m i

bd®  (1000)(123)7 =2 MPa
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m=20.58
1 I 2mR, }
=— 1 = ey
2= 3
1 2x20.58% 2}
P=720.58 420
£=0.005
4 =p.b.d
P min= Jie' 514 _ 0.003>0.0033
Afy) fy
.o min=0.0033

0.0033 < 0.005

As=0.005 (100)(12.3) =6.2 cm
e Use®14 @ 20 cm

° Secondary reinforcement:

As =0.0018(15) (100) =2.7 cm ?
o Use®8 @ 15 cm.

3. Design of sheay:

ﬂf,
@ =(). \C — 1 =
K075 2 bd 0.75—6><\/24><1000><123

PV.=7532 KN>Vu =15 65 gy (0.k.)

The depth is satisfied for sheay reéquirement
S.

4. Development length of the bay
S:
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IS

fy o.p.y.d,

Ld=
e
For @12 bars:
ER20 g sl xi2

el = 2x~[25.5

Ld=50 cm

5. Landing Design:

(DL) mortar = 0.02x 22 = 0.44 KN/m?
(DL) Plate =0.03x 22 = 0.66 KN/m?2

(DL) Concrete plat=(0.22 m)(25KN/m*)=5.50 KN/m?>
(DL)  Plaster =(0.02m)(22 KN/m*)=0.44 KN/m?

Total dead load per 1- m = 7.04 KN/m
Live load = 3.5 KN/m.

Factored dead load = 1.2(7.1) = 8.52 KN/m
Factored live load = 1.6(5) = 8 KN/mz,

Reaction of the step's slab = 26.2 KN/m

lusmia;;:;d dead load + Factored [jve load+ Reaction of the step's slab (for 1-m of
Wu=852+38+ 26.2
Wu=42.72 KN/m.
W x]?
E R
Mu = 40.16x(2)?

T=21.36 KN.m

Mu
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o

Mn = 21.36/0.9 = 23.7 KN.m

Jenmrole ks 1062 =1.6 kg/cm
Rn = a7 ~ (1000)(123)

2

m=20.58

| [ [(2x20sxis
il ok

p=0.004
A =pbd

_ & 14 _ 9,003>0.0033
a4y Iy
0.0033 < 0.004

P min

As=0.004 (100) (12.3)=4.92 cm”
e Use ®12@ 20 cm.

6. Shrinkage and Temperature Reinforcement:

As=0.0018 (100) (15) =2.7 cm >
o Use ®8@ 15cm
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Fig. (4.9)
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Appendix (A)

Architectural Drawings

This appendix is an attachment with this project




Appendix (B)

Structural Drawings

This appendix is an attachment with this project
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likely to be damaged b‘- arge deflection
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L/720
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