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Abstract

Structural Design of Commercial Building

(Hebron City Center)

Project Team

Areej Al-Halahla Hanan Taha Rawan Sultan

Palestine Polytechnic University-2007

Supervisor

Eng. Nafiz Naser Al-Deen

The aim of this project is to make the structural analysis and design of elements
for the commercial building. So the architecture drawing had been prepared to
investigate the design by establishing the location of required expansion joint, the

columns and the structural walls.

This building consist of eight levels which contain barking, tax free market,

shops, restaurants, offices, and clinical office distributed in different levels.

Finally the structural design of this building will be carried out according to the

Jordanian and to the ACI code.
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List of Abbreviations:

Ac = area of concrete section resisting shear transfer.

As = area of nonprestressed tension reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

Cc = nominal compression concrete moment strength provided by concrete.
Cn = nominal compression strength.

Cs = nominal torsional moment strength provided by torsion reinforcement.
DL = dead loads.

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

Ec¢ = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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

Ln = length of clear span 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.

M = bending moment.

Mu = factored moment at section.




List of Abbreviations:

Ac = area of concrete section resisting shear transfer.

As = area of nonprestressed tension reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within a distance (S).

At = area of one leg of a closed stirrup resisting tension within a (S).

b = width of compression face of member.

bw = web width, or diameter of circular section.

Cc = nominal compression concrete moment strength provided by concrete.
Cn = nominal compression strength.

Cs = nominal torsional moment strength provided by torsion reinforcement.
DL = dead loads.

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

Ec = modulus of elasticity of concrete.

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

I = moment of inertia of section resisting externally applied factored loads.
Ln = length of clear span 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.

M = bending moment.

Mu = factored moment at section.




e Mn = nominal moment.

e Pn = nominal axial load.

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

e Vn = nominal shear stress.

e Vs =nominal shear strength provided by shear reinforcement.

e Vu = factored shear force at section.

e Wc = weight of concrete. (Kg/m?).

e Wau = factored load per unit area.

e @ = strength reduction factor.
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Chapter Four

Structural Analysis and Design

4-1 Introduction

In this chapter, we will show the procedure for designing the several structural
members of our project, so we will Discuses the steps that we followed to design the

Ribs, beams, slabs, columns, retaining wall, foundations, and the sheer walls.

So, this chapter will contain a sample calculation related to one of the preceding

members contained in this project.

All of these members will be designed according to (ACI — code-318 02).

4-2 Determination of the Thickness of the slab

There are two main types of loads acting on the structure:-
1- Dead loads: - which will be determined by the weight calculations based on its
density.

2- Live load: And its value will be taken from the Jordanian code.
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The thickness of the slab will be determined according to (ACI — Code -318),
table 9.5 a. So, according to this code, the minimum thickness of the slab of non- pre-
stressed beams or one way slabs is calculated as follows :-

We will take the most length span available in our project, which its number is (R2), in

the ground floor.

See the following figure (4-1).

Interier Interier Interier

A-L00—£ .70 7100/
~ 7.70 7

Fig (4-1) The widest Rib

hmn=Ln/21 =6.7/21=0.319 m. For Interior span.
hmin=Ln/18.5=5.5/18.5=0.297 m. For Exterior span.
hmn=Ln/16 =34/16=0.213 m. For simply supported beam.
hmn=Ln/8 =22/8=0.275m. For cantilever.

So, for the longest interior span: -
= Ln=6.7m
" hmin=6.7/21=0319m=31.9cm

As we calculated the minimum thickness is 31.9 cm, we will take it as 35 cm. With

block size (27 cm*40cm*20cm), and the concrete cover above the block will be equal

8cm.
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4-3 Design of the Rib (R1)

Fig (4-2) Rib (R1)

4-3-1 Load Determination

1. Dead load:
Dead load of ribbed slab: -

Topping = (0.08) * (0.55) * (2.5)=0.11 t/ m.
Rib = (0.15) * (0.27) * (2.5) = 0.1013 t /m
Block = (0.27) * (0.40) * (0.9) = 0.0972 t / m
Sand = (0.1) * (0.55) * (2.0)= 0.11 t/ m

Tile = (0.03) * (0.55) * (2.2) = 0.0363 t/m
Plaster = (0.03) * (0.55) * (2.2) = 0.0363 t / m
Partitions = (0.125) * (0.55) = 0.069 t /m

Total Dead Load = 0.56 t /m

2. Live Load:

For stories =500 kg/m?* =0.5t/m? .
=0.5*0.55=0.28t/ m.
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4-3-2 Design of Topping

= Liveload=0.5t/m? (For stories).
= Dead load = (0.56 / 0.55) — (0.1013 / 0.55) = 0.834 t / m”
= W, =12(0.834) + 1.6 (0.5)=1.801 t /m”

= Assume slab is fixed at support point (ribs):

2 Mu:[WuXLZJ

12

2
A (1.801x 0.4

o ) = (.0240 t.m, for 1 m wide strip.

= According to ACI (9.5.2.3)
f, =400 MPa
fi=30 MPa — f!=0.8x30=24 MPa
f, =0.7/f! =0.74/24 =3.43MPa = 0.0343 t/cm’

_ bh® _100x8?
6
M, = f.x8=0.0343x1066.7 =36.6 tcm =0366 tm

S =1066.7 cm®

@M, =0.55%x0.366=0.2013 t.m
$=0.55  for plain concret
¢ M,>M,
0.2013 > 0.0240
No structural reinforcement is necessary
.. Provide Shrinkage & Temperature Reinforcement:
= Referring to (ACI-7.12.2.1.b).
The steel used in our region has a yielding stress = 400 MPa.
p= 0.0018.
= A4 =pxbxd=0.0018x100x8=1.44 cm®/1m

Use bars & 8
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—#of bars=£4i=2.88
0.5
. use 4900 @25 cm

100

oroide =—X0.5=2 cm?®/1m.
¢ 25

Use @ 8 @ 25 cm

4-3-3 Design of Negative and Positive Moment:

ZASEE e |t 1 qiaplsop - gy 4| UG5 7 345 | 221 8
1 1 1 1 1 1

Fig (4-3) Moment envelop for rib (R1)

Using Atir software we found that the envelope of moment for this Rib ( R1 ) is

as follows:-

See fig (4-3).

= Live load = 0.28 ton/m.
= Dead load = 0.56 ton / m.

34




4-3-3-1 Design of Negative Moment

Support B & Support E :

= Negative Mu max =-3.3tm
= d=h-Cover—(d/2) - db (stirrups) = 35 -2 — (1.4/2) - 1.0 =31.3 cm.

Mn 3.3x10°
[ ] Rnre — > — )
EShd-  0.9%55%313

B 00 o
0.85f  0.85x24

= _1_1_ 1_2mRn
2 g =

* *
ey 1 1—\/1— DRHI9GL*0.68 | _ o 507
19 .61 400

=6.8 kg/cm’ =0.68 MPa.

» 4 =pxbxd=0.0017x55x31.3=2.9 cm’

s req

Tt 1.4
s 7 v )(@)2——(bw )(d)
4(H) Jy
/24 :
L (15)(31:3)r= i(15)(31 .3))
4(400 ) 400
SRRV A soht = 1868 rom b 516 1.6 cm’ controls
s =2 9% em” >1.6, cput
i eselecr A . = 2.9 om :
2.90
] #ofbarsz W = 1.88 bar
Use2@14 mm  ............... with As = 3.08 cm™
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= Check yielding
T=A4,xf, =3.08x4.00= 12¢32" 7

@NE8SP T X b X a
C 12732

G = = =4.03 cm
X85> i<, 0.85'%0.24 X 15
From table [ =0.85
x=i=ﬂ=4.73 cm
G085
()= 2L2m T g 003 = 0.016

— 0.016 > 0.005 0.k

Support C:

Negative Mu max =-2.2 t.m

Mn 22x10°
Rnreq =—= 5
. bd® 09x55x31.3

1_[1_ | _ 2mRn j
. i W

1 2+19.61 * 0.453
= - = 0.0
L i [ \/ 400 j i

=4.53 kg/cm® =0.453 MPa

!
Il

A, g =Pxbxd=0.001x15x31.3=0.516 cm’
e 1.4
Ax min :—"—"—(bW)(d)Z —(bW)(d)
. 4(p) 117

PR 1.4
A2 TG0 (15)(31.3) = - -(15)(31..3)

A =143 em?21.6 cm?

= s min

........ 1. 6 cm? controls
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A =0.516 cm?<1.6 cm?

1 s req
Selecpd . =11.6% om *
1.6
[} # ofbars = W = 1 04 bar
Use 2@14 MM ..evvennennnnns with As = 3.08 cm*

= Check yielding :
T=A4xf,=3.08x4.00=12.32 ¢
@ =0585"<f. x b; X'a
i C 5 1232
0.85x f/xb, 0.85x0.24x15
From table f =0.85

=4.03 cm

—i=ﬂ= 4.73 cm
B 0.85
31.3-4.73

d-x
E =

§

x (0.003)= =—=——"x0.003 = 0.016
4.73
— 0.016 > 0.005 0.k

Support D:

Negative Mu max = -4.4 tm
d=h - Cover — (d/2) - db (stirrups) =35 -2 - (1.4/2)—1.0=31.3 cm.

Mn 4.4x10°
= Rn, =—= =9.07 kg/cm® =0,
1= b 0.9x55%31.3° gicms w0 0N
T 400

m — = —
0.85f  0.85x24
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#of bars= 1 54

gl e 1__2mRn
m NA4

| 1_\/1_2*19.61*0.907 =0 0003
19 .61 400

i)
Il

RS}
|

4, ,,=pxbxd=0.0023x55%x31.3=4.0 cm’

L (bw)(d)z%ww)w)

As min
- (@)
/24 1.4
A . =——({15)31.3)2 15313
s min 4(400)( X ) 400( X )
A = AN e R e < F3en 1.6 cm’ controls
A g =0 cm? >1.6 cm?
select o A, ... = 4.0 cm :
4.0
= 2.6 bar

Use3®14 mm .....cceveeeee. with As = 6.03 cm?
= Check yielding
T=A_,.xfy=4.62x4.00=18.48 t

C =085 W< b, x a

C 18.48

, = =6.04 cm
0.85x f/xb, 0.85x0.24 x15

From table f =0.85

5

a 6.04 _ 71

RGeS ¢

d=x SiE 3=+l

g, = x (0.003 )= —=——"-x0.003 = 0.010
5 7lall

— 0.010 > 0.005 o.k
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4-3-3-2 Design of Positive Moment:

1st span (L = 6.0m) :

= Positive Mu max = 3.2 t.m

= Effective Flange width (b £) according to ACI code 8.10.2:
b,  For T-section is the smallest of the following:
b, =L/4=6.0/4=1.5m=150 cm.
bei—b =El6it=15+ 16/(8) = 143 cm
=@/ @ISPACINg =55 CML.vars-covnsennnsss Control

b =55cm.
E

= Determine whether the rib will act as rectangular or T — section:

= For a=t=8cm

« C=085 /XX bs=(85(0.24) (8) (55) = 89.76 ton

» Mn=TorC(d-—0.5a) =89.76 (31.3-0.5(8))/100 =24.5 tm
= OdMn=0.9 (24.5)=22.05 tm

= Check ®Mn=22.05 tm > Mu =3.2tm

= . Design as a rectangular with bE =55 cm

Mo . 3210
bd®> 09x55x31.3

l—[1— | _ 2mRn ]
m 04

1 219861501165
= [ =
e O ( \/ 400 J A

s Rn=

=6.5 kg/cm’ =0.65 MPa

i)
Il

B obabiad = 0,0017x55%31.3=2.8 cm’

s req
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e (bw)(d)z%ww)(d)

S min 4(‘]&})
oY 4
A= z (15)(31.3)21——(15)(31.3)
: 4(400) 400
A =143 - cm 26l emt . 1.6 cm’ controls
A, =28 em?>1.6 cm?
select A, . =28 cm :
2.8
'} #Ofbarsz m" = 18 bar
Use2®14 mm  ....ceueennnenn with As = 3.08 cm?.

= Check yielding :
T=A4x%f,=3.08x4.00=12.32 ¢
@ =085 % [ xb. xa
el € S 12.32

0#85%< [ xib, 0.85x10,24 x15
From table f =0.85
x=£=—4£=4.73 cm
B8
d e

=4.03 cm

31.3-4.
x (0.003) = T’BEX 0.003 = 0.016

&

A

— 0.016 > 0.005 0.k

3¢ Span (L=6.2 m) :

= Positive Mu max =2.7 t.m

= Effective Flange width (b £) according to ACI code 8.10.2;
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b For T- section is the smallest of the following:
b, =L/4=62/4=1.55m=155cm.

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

=@/ ©ISPACING = 55 CMlcisionciciniivisssvee Control

b =55cm.
E

= Determine whether the rib will act as rectangular or T — section:

= For a=t=8cm

= C=085 XS XX br=0.385(0.24) (8) (55) = 89.76 ton

= Mn=TorC(d—0.5a) =89.76 (31.3-0.5(8))/100 =24.5tm
=  @®Mn =0.9(24.5)=22.05t.m

= Check ®Mn=22.05tm >Mu=2.7 tm

= - Design as a rectangular with bE =55 cm

S
et 2T s o =055 MPa
- A 0:9x55%31.3
1 2 mRn
— 0 e
b m( b j
1 2 EOF6IE 0555
= 1—./1- =10k )
= 19.61( \/ 400 J S
% ASreq=p><b><d=O.0014x55><31.3=1.900m2
N fc! 1.4
2 As min =—'(bW)(d)Z—(bW) d
45 PR
/24 1.4

A = TR (15)(31.3) 2 = =(15)(31.3)

=143 em?>21.6 cm?

A
........ 1.6 cm2 controls

s min

A =1.90 em?>1.60 cm?

s req

41




select A =1.90 cm?

s req

18590

[ ] # Of bars = r§4_ = )| 23 bar

Use2®14 MM ..oevenenennnn. with As = 3.08 cm?

= Check yielding :
T=A4xf,=3.08x4.00=12.32 ¢
@=0:85% f/xb, xa
S @ 2 12532
OER5RACD . | 0.85% 0024 1S
From table p =0.85

=4.03 cm

e L R -
B 0.85
e (0.003)=Li_7—;ﬂx 0.003 = 0.016

— 0.016 > 0.005 0.k

4" span (L = 6.9 m):

= Positive Mu max =2.7 t.m

= Effective Flange width (4, ) according to ACI code 8.10.2:
b, For T- section is the smallest of the following:
beple=1 4=16.9 /4 =d.73%m =173 cm.
bE= b 60— 15+ 16((8) = 143 cm

HIR=IC/C spacing =, SS1Cmb. S5 5.0 A% . Control
b =55cm.
E

= Determine whether the rib will act as rectangular or T — section:

= For a=t=8cm

42




= C=085 XXX bs_ 085 (0.24) (8) (55) = 89.76 ton

= Mn=TorC(d—05a) =89.76 (31.3-0.5(8))/100 =245tm
= OMn=0.9(24.5)=22.05tm

» Check ®Mn=22.05tm >Mu=2.7 tm

= - Design as a rectangular with bE =35 cm

5

Ro=Mt_ 2709 557 kgienm? =0.557 MPa

" bd~ 09x55x31.3
1 2 mRn
= T —

ol m( 5 J

St 1 l_\/1—2*19.61*0.557 R
3 19 .61 400

A =,o><bxa'=0.0014><55x31.3=2.43cm2

™ s req

et 1.4
A . =—>—(bw)(d)>—(bw)(d
o A i 4(ﬁ})(W)( ) ﬁ)(W)( )

4 N2a
s min 4(400 )

1.4
(15)(31.3) = -2 (15)(31 .3)

= || A3 201856 %
e e 1.6 cm2 controls

A

s min

A =2.43 em?>1.6 cm?

s req

select A =243 cm?

s req

2.43

[] #ofbars= m’ = 16 bar

Use2®14 mm  ....coun.n.n.. with As = 3.08 ¢cm?
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= Check yielding :

T=A4xf =308x4.00=12.32 ¢
@ IRSES b a

% C 2 12789
4= 0.85x fixb, 0.85x024x15
From table f =0.85
x=i=ﬂ§-=4.73 cm

B 0.85
L dEx

=4.03 cm

31.31=14.78

£ x(0.003)=—4—7-3—><0.003 =0.016

S

— 0.016 > 0.005 ok

5th span( L=3.4m):

m  Positive Mu max = 0.4 t.m

= Effective Flange width (b, ) according to ACI code 8.10.2:
(o) For T- section is the smallest of the following:
b, =L/4=3.4/4=0.85 m=85cm.
b, =b,+16t=15+16(8)=143 cm
HEEe @/ € Spacing = 55 CM..vevegesionsvasnss: Control

b =55cm.
E

= Determine whether the rib will act as rectangular or T — section:
HonWat=1="3cm
C=0.85 x f/xtx b,=0.85(0.24) (8) (55) = 89.76 ton

= Mn=TorC(d-0.5a) =89.76 (31.3-0.5(8))/100 =24.5tm
= OMn=0.9(24.5)=22.05tm
= Check ®Mn=22.05tm >Mu=04 tm
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..Design as a rectangular with bg =355 cm

Mn _ 04x10°
bd®> 0.9x55x31.3

1( 2mRnJ
| | p=__1_ 1_
m Jy

* *
o (1_\/1_2 19.61 * 0.082 j:o.oooz.

» Rn= .82 kg/cm® =0.082 MPa

= O Gl 400

I pabixd = 0.0002x55%31.3=0.35 cm’

s req

e 1.4
= =G )(d) 2 ———(bw )(d)

4(H) g
A= = (15)(31.3)2—1—i(15)(31.3)

4(400 ) 400
PR NEds om 2 2106 em ... 1.6 cm’ controls
PR35 om” <16 om®
select A, ., =1.6 cm :

1.6
= 1.04 bar

» #ofbars= 7 .54

Use2®14 mm  ..ueueennnn.n.. with As = 3.08 cm?

= Check yielding :

T=A4,xf, =3.08x4.00=12.32 ¢

@ = 05580/ bixa

s (6} = 12::32
QE8SBAf xb, 0.85 % 0.24:%15

=4.03 cm
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From table p =0.85
x=2= 408 =473 cm
,B 0.85
3-4.73

- 0.016 > 0.005 ok

4-3-4 Check of shear:

x0.003 =0.016

Fig (4-4) Shear Envelop For Rib (R1)

Using Atir software we found that the envelope of shear for this Rib ( R1 ) is as

follows:-
See fig (4-4).

Max Vu at support D

= Vu=3.7t
= @Vc= @fc *bw *d
6
=0.75 ¥ 24 (150mm) * (313mm)

6 * 10000
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RV iR i d = SRS * 31.3 * 10 = 1.565t
8 3 1000

ROV CEVUE=317">"1 5651.7.. ... OK

So no shear reinforcement.

= But design by min shear reinforcement.

Use stirrups of @10 with 2 legs, As = 0.79 cm2.
o S—AvEfy*d = 2*079*4*313 = 126.4cm

Vs min 1.565
PRSI/ =153/ 2 = 15.6 €M, souvsesss control
3, S'=60cm.

Use stirrups 910 @ 15 cm.

ENON = ORTAV EfyFdl = 075%2%079%4*31.3 = 99t
S 15

So use for all spans stirrups 910 @ 15 cm
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4-4 Design of the Beam (B13)

A B C

Fig (4-5) :Spans (1,2) in beam (B13)

Using Atir software we found that the envelope of moment for this beam (B13) as

follows:-

213

| 3.1 246 39 | 279 03]

Fig (4-6) Moment Envelop For Beam (B13)

4-4-1 Design of Negative Moment

support (B):

= Negative Mu max =-21.3t.m
= d=h- Cover—(d/2) - db (stirrups) =35 -4 - (2.0/2) - 1.0 =29 cm.

Mn 21.3x10°
Rn,e = o 5
T bd* 0.9%100x29°

=281 kg/cm’* =2.81 MPa
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b
0.85x ! 0.85x24

£ _1_1_ 1_2mRn
P %

1 \/ 2 %19 .61 * 2.81
19 .61 400

As min
" 4(h)

Noh 1.4
AN S TETR (100 (29) 2 2 =0l

IR — 888 cm = 1015 om

A =22 em?>10.15 cm?

s req

select A4, ., =22 cm :

. #ofbars=22/2.01=10.9 bar.

Use 11®16 mmM  ..c.cvveennnnne

= Check yielding :
T=A4,xf,=22.11x4.00=88.44 ¢
@08 <bsxa
£ C = 88.44 -
0.85x f!xb, 0.85%0.24x100

"‘ﬁ,‘, M ‘,a.;u»}v,d Aul:‘?\\iii

5 Patestine Polytechiic .,mversnty
{PpPU}
—The Library  dusd) e |

............ \.‘\..gq. Juabolllt @350

‘7""'46«‘

Acc.

CIASS. steraveseeensnsnnassansasasyesnsnasass adll o2y
\S _

with As = 22.

= pxbxd=0.0076x100x29.0 =22cm’ .

B Gw)d)= ff(wad)

00 )(29)

2

33 cm
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] = 0.0076 .

10.15 cm’ controls

11cm?



From table [ =0.85

x=£=ﬁ=5.l cm
g 0385
€, = a2 x (0.003) = 2) ’15'1 x 0.003 = 0.014

— 0.014 > 0.005 ok

4-4-2 Design of Positive Moment

span (A _B):

= Positive Mu max = 24.6 t.m

Mn=Mu/09=27.3tm

» Design a rectangular beam section with bg = 100 cm

Mn _ 273x10°
bd> 0.9x100x29’

. p:—l—[l—— 1_2mer J

s Rn=

=36.1 kg/cm’ =3.61 MPa

m A4

1 2 SHLOFGIL % 31,611
= 1— 1— =0.01.
3 19.61( \/ 400 J

= 4 =pxbxd=0.01x100x29 =29cm’

s req

e 1.4
2 As min = —(bw )(d) & _(bW d

4(5) )
24 1.4

Al 100 )(29) > —= (100

: 4(400)( )(29) G (100 )(29)

AR 12188 e 2 2105 em® 10.15 cm’ controls

A =29 em?>10.15 cm?

s req
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select A =99 em’

s req

= #ofbars=29/2.01= 14.4 bar

Use 15016 MM .evveeneernnnes with As = 30.15cm’

»  Check yielding :
T=d,xf,=30.15x4=120.6 ¢
€ = 0.85 % 23l 23
@ 120 .6
@ 0.85x fixb, 0.85x0.24 x100
From table [ =0.85

=591 cm

x=—cl=—5'ﬂ=6.95 cm
B 0585
d—x 29 - 6.95

E. =

s

x (0.003 )= ZZ——"=x.0003 = 0.0095
x 6.95

— 0.0095 > 0.005 ok
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4-4-3 Check for Shear:

See Fig. (4-9) for shear envelope for Beam (B13)

Fig (4-7) Shear Envelop For Beam (B13)

Max Vu at support C

= Vumax=16.5t
= @Vc= @fc *bw*d
6
=0.75 Y24 (1000mm) * (290mm) = 17.8t
6 * 10000

1. Category #1
Vu<0.50Vc
16.5 < 17.8/2 = 8.9t

So go to category #2




2. Category # 2
0.50Vec < Vu < 0OVc

00 e T e Ok.
A e il
Y. = — c —
S 16 / Fy
SR U 100 e seoi 61 9cm .
S 16 400
oty 1L
it S 3 Ey
AU TI00 L s 56'.88 om
: S 3 400

bE = 100cm > 80 cm

So use stirrups of @10 with 6 legs, As =0.79 cm’.
1 S=619cm

VSR d2 =292 .= 14.5¢CM. «oviosoes control
SEESE<N60cm

Use stirrups 910 @ 14 cm.

BNOVs =@  AvEify*d = 075*6*0.79*4*29

S 14

So use for all spans stirrups 910 @ 14 cm
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Fig (4.1) Rectangular Beam Reinforcement for (1

*_4™Floor

Beam Reinforcement Stirrups
dimension -
Beam | Span Positive | Negative Negative :
No. | length | Beam | Beam steel steel No. of .stee! () Spacing
width | depth (exterior | support (interior | (mm) (cm)
support) support)
1 4 P16
2.3 50 30 3 D16 4 D16 19 10 15
2 4 dl6
2 50 30 3d16 4d16 1D 10 15
B1 3 4 D16
25 50 30 | 3D16 | 4016 10 10 15
4 8 D16
2.5 50 30 3d16 4P 16 5 1016 1® 10 15
4.9 50 35 4 D16 5016 1 > @16 19 10 15
B2 2 10 ®16
4.5 50 35 4 D16 501
6 3 5D16 1D 10 15
oo 0. 35 .| @6 | 4016 1 20161 F o 104l
2 4 P16
25 50 35 3d16 416 19 10 15
3 9d16
B3 2.5 50 35 3dl16 4016 10 10 15
" 4 10 ®16
7 50 35 3 D16 S5®l16 1® 10 15
5 5d16
2.5 50 35 3dl16 5d16 2 1® 10 15
5016
B4 5 80 3
5 16022 | 416 1&2 4016 | 30 10 15
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Stirrups |

Beam Reinforcement
dimension
Negative Negative
Beam | Span steel v steel Spacin
No. | length | Beam | Beam | Positive No. Ort e ® (mm) r(,cm)g
: 0
width | depth | steel e o supp G
support =
1 4 ®l
14 | 80 | 35 | 4010 | 2016 3010 15
) 4 @16 -
2.8 80 35 4 @16 2d16 30 10 15
3 7 D16
3.9 80 35 4 ®16 2016 30 10 IS
4 7 ®16
8.7 80 35 8 D16 5016 30 10 15
5 4 P16
5.4 80 35 3016 2016 3010 15
BS 6 4 P16
2.6 80 35 3016 2016 30 10 15
7 7 D16
5.4 80 35 3016 2016 30 10 15
8 7
8.7 80 35 8D16 5016 30 10 15
9 6 D16
5 80 35 3016 2016 30 10 15
10 4 P16
3.1 80 35 3016 4016
11 4dl6 e 2
1
el 80|35 [ 5016 1| 6016 6,016 L syl
2 6016
2 2.8 80 35 5d16 6 D16 30 10 15
o %5 s 3 12 ®d16
5 5d16 6 ®16 30 10 15
4 6d16
2.7 80 35 S®l16 6 D16 30 10 15
5 6d16
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Stirrups

Beam Reinforcement
dimension :
Negative Negative
Eeany ~oan 5 steel rt steel Spacin
No. | length | Beam | Beam | Positive Suppo ey ® (mm) g
idth | depth | steel : No. interior (cm)
Pt e exterior support
support -
1 ! 3010 |15
2.6 80 35 7016 6 D16
) 6 D16
2.8 80 85 7 ®16 6 D16 3010 15
3 12 ®16
B7 2.8 80 85 7 ®16 6 D16 3010 15
4 6 ®16
2.7 80 35 7 ®16 6 D16 3d10 15
<) 12 ®16
34 80 35 7016 6 D16 6 6016 3010 15
26 | 80 | 35 | 6016 | 6016 ] 6016 | 3010 | 15
2
2.8 80 35 5016 6 ®16 12 ®16 3010 15
3
2.8 80 5] 5016 6 D16 12 d16 3010 15
B8 4
2.8 80 35 S®I16 6 D16 12d16 3010 15
5
229 80 35 5016 | 6016 6 D16 3010 15
6
22) 80 35 | 10®16 | 6D16 7 12 ®16 3010 15
B9 1
AN RO |85 | G D 6| 6 BTG 6@I6 | 3410 15
2 10 D16
3 80 85 S 16 4 ®©6 3®10 15
3 8 D16
3 80
35 5d16 4 ®6 T 3310 15
8 D16
3 80 35
A B 3010 | 15
8 D16 ————
I e A b e
4 ®©6 s 3010 15
3 80 35 5d16 BOOr—— | PR
7. ool A
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R 3010 | 1500
406
2.5 35 | 5d16 : D16
3d10 15
6| 406 H——
3 80 | 35 | 501 » N
=t 3d10 15
5®16 | 406
3 80 [ 35 " —
310 15
5 | 5016 | 46
3 80 3 e At
3 80 | 35 | 5016 | 46 3010 15
12 8 D16
3 80 35 | 5®16 | 406 3010 15
13 8 D16
4 80 35 | 5016 | 406 3010 15
14 8 D16
29 | 80 35 | 5016 | 406 3®10 15
15 10 16
3 80 35 | 5016 | 6D16 T Fr 3010 15
[BEICE| 49 | 80 | 35 10 [ 10016 | 1&2 | 10®16 | 3®10 | 15
38 | 80 | 35 | 13016 | 6016 1 6016 | 34510 | 15
y) 12016
3.1 80 35 | 13016 | 6®d16 3310 15
3 6016
29 | 80 35 | 5016 | 6®16 3010 15
4 616
29 | 80 35 | 5®16 | 616 3310 15
5 12016
B11 4 80 35 | 8@16 | 6®d16 3010 15
6 12016
8 80 35 | 5016 | 616 310 15
. 7 6D16
3 80 35 5d16 6 D16 3010 15
8 6D16
3
80 35 (1516 | 6016 T 3010 15
12016
3 80 35
5016 | 616 T 3 010 15
6D16
3 80 35 | 501
6 | 6016 - 3310 15
3 80 35 - S'OI6 INGioE ol
12 W 3010 15

S




e o 3010 | 1500
6 Dl6
3 80 | 35 | 5016 " i
3010 | 15
16 | 6016 ——
Akt g0 |1 35 |90 ¥ 0
LEN R 3010 | 15
D16 | 616
3 g0t 3545 = Sy
i e 3010 | 15
5016 | 6D16
3 80 | 35 % Ty
29 | 80 | 35 | 7016 | 6016 T S | 9010, g
1 6016
14 | 8 | 35 | 10016 | 6®16 3010 | 15
2 6016
28 | 8 | 35 | 5016 | 6016 3010 | 15
3 6016
39 | 80 | 35 | 5016 | 616 3010 | 15
4 18016
87 | 80 | 35 | 14016 | 6016 3010 | 15
5 19016
54 | 80 | 35 | 5016 | 616 3010 | 15
B12 6 12016
0 a8 0l 35| 51016 | -6.016 3010 | 15
7 6016
5401080, 5 35 .. 5:016. | 6D16 3010 | 15
8 196016
B 80|35 | 14.016.| 6016 3010 | 15
9 18016
S 80 35 S5®I16 6 D16 3®10 15
g g0, 35, | 5@ . e
) 16 | 6016
- S| 13010 | .15
[ BI3 [ 64 | 80 [ 35 [16016] 6016 | 1&2 | 6olc [i3@i0:] 154
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Beam Reinforcement Stirrups
dimension
Negative Negative
Beam | Span i steel | qunport steel ® | Spacin
No. | length | Beam | Beam | Positive uppo o g
i depth | steel : No. interior | (mm) | (cm)
width | dep exterior support
support
1 6 D16 3 -
39 | 100 | 35 | 6016 | 6®16 @10
2 10 ®16 3
54 | 100 | 35 | 6016 | 4016 g 15
3 8016 @;0
27 | 100 | 35 | 6®16 | 4016 D10 15
4 8 @16 :
Bl4 | 54 | 100 | 35 | 6016 | 4®16 D10 15
5 9 ®16
3
87 | 100 | 35 | 6@16 | 516 R S
6 23 ®16 :
5 100 | 35 | 18016 | 18 ®16 e
7 24 ®16 3
87 | 100 | 35 | 6@16 | 616 : =57 %ie |1
00| 351 72016 3015 . 8 D16 3 15
A D10
6.5
100 | 35 | 13016 | 10016 18 16 > 15
4 4 10
: 100 | 35 | 11016 | 11 ©16 21 D16 @3;0 15
0035 L 12T | 1o mie : 3
)
o ol6 10161 15
g5 S
100|357 016|616 16 ®16 2 15
5 3 ®10
100 | 35 | 7016 | 616 6 d16 3 15
6.3 B 7 QIO | e
100 | 35 | 7016 | 6®16 12 ®16 3 15
g ®10
PORAE1001- 35 7161 6:B16 3
——— 120
5 st 15
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Stirrups

Beam Reinforcement
dimension .
Beam | Span Negative Negative L
No. [length | Beam | Beam | Positive | steel | Support steel | g (mm) | “P2°Ing
width | depth | steel | exterior No. interior (cm)
support support
1 6 ®16
3 | 8o | 35 | so16 | 10016 3010 | 15
2 16 @16 —
2.9 80 35 5016 6 D16 3010 15
3 6d16
3 80 85 5d16 6 D16 3010 15
4 1216
B25 3 80 295 5®16 6 D16 3010 15
S 12 @16
8 80 35 5016 6 D16 3010 15
6 6 @16
8 80 39 5016 6 D16 3010 15
7 6 @16
3 80 35 5016 6 D16 2 6016 3010 15
4.1 1
80 35 7016 8 D16 8 D16 3010 15
2
3
80 35 | 5016 | 616 14 ®16 | 3®10 15
B26 [— 3
80 35 5®16 6 D16 12 ®16 3d10 15
3 4
80 35 5d16 6 D16 5 12016 | 3 ®10 15
o TR R 1
6| 15d16 16 @16 | 310 15
. 80 25 S5P16 .
B27 15 ®16 i I5®16 | 3®10 15
2.9
80 35
5016 | 6016 : 21 @16 | 3®10 15
2.9 80 35 5Dl
Pt s s0ls ooy b

60




—

Beam Reinforcement Stirrups
dimension
tive z
Beam | Span NZ%:ell Negatllve <
No. | length | Beam | Beam | Positive Sulgport i nstt:r?or ® (mm) Iz:rcrglg
width | depth | steel [ ..o 0. L
support
1 6 P16
3 | g0 | 35 | 7016 | 10016 3010 | 15
2 16 @16
3 80 35 5d16 6 D16 3010 15
3 12016
3 80 35 5d16 6 D16 3010 15
4 6 D16
B28 3 80 35 | 5016 | 6®16 3010 15
5 14 ®16
3 80 35 5016 6 D16 3010 15
6 6 D16
3 80 35 5016 8 D16 3010 15
7 14 ®16
3 80
35 7 D16 6D16 2 6016 3010 115
4.1 1
100 35 16 ®20 616 6D16 3010 15
2
4.4
ool " | 100 | 35 | 6016 | 6@16 12016
— » 10 ©20 3010 15
: 100 35 10020 6dl16 2 16 ®16 3310 15
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Fig (4.2) T-Section Beam Reinforcement for (1

st

-4™Floor

Beam Reinforcement Stirrups
Dimension -
Beam | Span Negative Negative '
No. [ length Positive | Middle | steel | Support | steel ® | Spacing
bw | h steel steel | exterior | No. | (interior | (mm) | (cm)
support support)
1 20 ®20
®10
Bi6 | 97 | 40 | 80 | 11020 | 8®10 | 20 @20 5 e 35
1 12020
B17 | 10.1 | 40 | 90 | 16 ®20 | 10010 | 12 ®20 : Soo0 | 10| B
55 | 40 | 80 | 9®20 | 8010 | 8®16 1 8016 | @10 | 35
2 15 ®16
BI8 | 5 | 40 | 80 | 6®16 | 16010 | 16 D16 ®10 | 35
3 6 D16
3 | 40 | 80 | 15®16 | 8®10
16 ®16 o —wre— @10 | 35
6
40 | 80 | 6016 | @10 | 616 1 6016 | 519 | 35
o] 2 12 ®16
B19 40 | 80 | 6®16 | 810 | 6d16 ®10 | 35
2% | 40 | 30 | 6016 | 30 : 12016
10 | 6®16
4 g | 2| =
B20 | 6.9 1
40 | 80 | 15®16 | 8010 | 8 ®16 : 8016 | 10 | 35
&g | 50 | cole | 3 1 6 D1
10 | 6016 6 | o10| 35
4 2 12 ®16
B21 40 | 80 | 6016 | 8
D10 | 6d16 ®10 | 35
3 17 ®16
8.6 40 | 80 | I5®16 | 8010 | 6d16 ERFRIED Do < | SR 35
4 6 D16




Beam Reinforcement Stirrups
Dimension -
Beam | Span Negative INegale ]
No. |Length positive | Middle | steel | Support |  steel ® | Spacing
bw | h [ el | steel | exterior [ No. [ (interior | (mm) | (cm)
support support)
1 20 ©20
20 20 @10 | 35
B16 | 9.7 | 40 | 80 | 11®20 | 810 =T 50955
1 12020
B17 | 101 | 40 | 90 | 16920 | 10010 | 12020 — oo0 | @10 | 35
55 | 40 | 80 | 9®20 | 8®10 | 8®16 1 SUL6 . o0 5
2 15 ®16
BI8 | 5 | 40 | 80 | 6®16 | 16010 | 16 ®16 @10 | 35
3 6 D16
3 | 40 | 80 | 15016 | 8010 )
16016 |— T A
6 | 40 | 80 | 6016 | 8010 | 616 1 6016 1 win | 85
o1 2 12 ®16
B19 40 | 80 | 6®16 | 8®10 | 6®16 @10 | 35
3¢ | 40 1| B0 | 6ou6 | B 1 bt
@10 | 6016
4 T ke
B20 | 69 | 40 | 80 | 15016 | 8®10 | 8016 ; 2016 | ®lD | 2
&2 | 40 |80 | ‘6i6 | 30 1 6 D16
10 | 616 @10 | 35
4 2 12 ®16
B21 40 | 80 | 6 @16
SOl 69l ®10 | 35
8.6 | 40 | 80 | 15016 | 810 | 66 - o R
4 6 D16




Beam Reinforcement Stirrups
Dimension -
5 Negative
Beam | Span ; [YeEaie Support Z%eel ® | Spacin
No. | length Positive | Middle | steel iR Hieror || () | L g
bR el || stecl | exterior || Now o dnte cm)
support support
1 5 20
45 | 50 | 60 | 9 @20 2 5 20 - sao0 | 210 | .
20 ; 3 ©20 @10 | 35
| 25 | 50 (60 |7 X 11016
@) 8 20 ®10 35
5 | 50| 60 | 7020 «
4 15 ®16
6 50 | 60 | 13020 | - 8 d20 - a0~ e
12016
11 | 40 | 80 | 2016 | 8®10 | 4016 1 ®10 | 35
) 13 ®16
3 | 40 | 80 | 6®16 | 8010 | 4 D16 ®10 | 35
3 17 ®16
39 | 40 | 80 | 6D16 | 8®10 | 9®16 ®10 | 35
4 18D16
87 | 40 | 80 | 11®16 | 8®10 | 4 D16 ®10 | 35
B22 5 12016
54 | 40 | 80 | 6®16 | 810 | 4 D16 ®10 | 35
6 12016
26 | 40 | 80 | 6D16 | 8®10 | 4 D16 ®10 | 35
7 18 ®16
54 | 40 | 80 | 6®16 | 810 | 4®l6 ®10 | 35
8 8§ D16
6.6 | 40 | 80 | 14®16 | 810 | 4®16 5
9 Bl Tl o
steels0. | 60| 17o16| - | 30l6 L S R
B24 2 23016
O | 39 | 50|60 10016 | - 3016 o10 | 35
S 1950 | 60 | 7016 ; s
' 5 3016 10 35
4 3016
|l 47 | 40 |65 | so16 | - 6 ®16 1 EDI6 {l.rnilienss
T[S A0N V65 (2o 6 D16 [P R
3 6 16
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Fig (4.3) Rectangular Beam Re

inforcement for 6

th _8tll)Fl00r

Stirrups
Beam Reinforcement
dimension |
Negative Negative
Bleaum | Sige 3 steel No. of steel ) Spacin
No. | length | Beam | Beam | Positive 0. g il e (cm)g
. ] 5 suppo
width | depth stee ( exterior support)
support) A
1 4 @1
045 | 50 | 35 | 416 | 4016 19101 15
2 8 D16
5.4 50 35 4®16 416 10 10 15
o 3 4 D16
6.55 | 50 35 | 4016 | 4016 10 10 15
4 4 D16
1.65 | 50 35 | 4016 | 4016 2 e | 10 15
ool 50,0 35..| so16. | 416 1 SOI6 | 1p10| 15
B2 2 8 D16
: )
4.5 50 35 5d16 4 D16 3 s R 15
g0 a5 | sots | sols ! 6@L6 | 310 | 15
2 6 D16
2.8 80 35 5016 6 d16 30 10 15
B3 3 12 ®16
2.8 80 35 5016 6 D16 30 10 15
) 50 35 ; bile
: 5d16 6 d16
3 w1010 15
gorle0 | 35 | 7016 | cwie ! 6016 | 3510 | 15
2 6 D16
2.8 80 35 7016 6 D16 3D 10 15
3 12 ®16
BAl 2.8 80 35
7®16 6 D16 3 10 15
4 6 D16
2.7 80 35 70
16 6Ol = | 30 10 15
5 .
6 6 ®16 =




Beam Reinforcement Stirrups
dimension .
Beam | Span Positive Negatllve Negative
No. | length [ Beam | Beam steel beee No. of steel D Spacing
. : ort interior | (mm) cm
width | depth ( exterior supp (support) (cm)
support)
1 6 P16
535 | 80 35 | 5@16 | 6016 3010 15
2 19 d16
B5 8.7 80 35 13016 | 13D 16 30 10 15
3 19 ®16
4.85 80 35 5 ®16 6D 16 4 6016 1010 15
26 | 50 | 35 | 3016 | 4016 1 4016 | 1p10| 15
2 4 P16
25 50 35 3016 4 P16 1d 10 15
3 4 D16
B6 25 50 35 3016 4 P16 1D 10 15
4 9dl16
5.7 50 35 8 D16 5016 1D 10 15
L : ) 5d16
; 5 85 3016 5016
6 10 ®16 el -
1
B8 9.3 80 35 17 @16 6016 o 2l6 30 10 15
2 6d16




i
Beam Reinforcement Stirrups
dimension _ —
Negative _
Beam | Span steel & Negative steel o |
No. | length | Beam | Beam | Positive Suppo ( interior pacing
: I : No. (mm) [ (cm)
width | depth [ steel | exterior support)
support) AT
1
: 35 7 @16 8 D16 3010 15
b . 2 6 D16
3 80 35 5016 6 D16 3010 15
3 14 ®16
3 80 35 5016 6 D16 3010 15
4 6 D16
3 80 35 5016 6 D16 3010 15
5 12 @16
4 80 35 5016 6016 3010 15
6 6 D16
3 80 35 5016 6 D16 3010 15
7 6 D16
2.9 80 35 5016 6 @16 3010 15
8 12 @16
B7 3 80 35 5016 6 D16 3010 15
g 6 D16
3 80 35 5016 6 D16 3010 15
10 6 D16
3 80 35 5016 6 016 3®10 15
11 12 ®16
3 80 35 5016 6 D16 3®10 15
12 6 D16
3 80 35 5016 616 3010 15
13 6 ®16
4 80
35 5?16 6 D16 3 ®10 15
14 12 ©16
2.9 80 35 5
16 | 6016 3010 15
15 6 16
3 80 35 5016
e e 3010 15
16 |
3 80 35 6 D16
5916 6 D16 Ew o 3010 15
BERS S 616 | =




e
Beam Reinforcement Stirrups
dimension _ —
Beam | Span Negatllve Negative steel
No. | length | Beam | Beam | Positive e Support (interior © | Spacing
width | depth | steel [ oy ierior No. support) (mm) | (cm)
Support 6 D16
1
D16 3010 15
8.8 80 35 5d16 6 " 6 D16
8 80 35 5016 6 D16 3010 15
3 12 @16
3 80 35 5016 6 D16 3010 15
4 6 D16
3 80 85 5016 6 D16 3010 15
S 6 d16
3 80 35 5016 6 D16 3010 15
6 13 ®16
B9 6.2 80 35 10 ®16 7 ®16 3010 15
T 13 ®16
3 80 35 5016 6 D16 3010 15
8 6 D16
3 80 35 5016 6 ®16 3010 15
9 12 ®d16
3 80 35 S5P16 6 P16 3010 15
10 6 D16
3 80 35 5016 | 6d16 3@10( 15
11 6 D16
2.7 80 35 S®l16 6 D16 3010 15
1
06 | 80 | 35 | 5016 | 616 : i 3010 15
13 6 D16

[BlO [ 49 | 8 | 35 [10016 ] 100l6 | 12 10016 [3®10] 5]




e —
Beam Reinforcement Stirrups
dimension : —
Negative :
Beam || Span s%eel o | Nesative steel | s
No. | length | Beam | Beam | Positive Suppo ( interior Pacing
- ! % (mm) | (cm)
width | depth | - steel | exterior support)
support 6 D16
1 3010
: 80 35 13 ®16 6 D16 15
3 2 10 ®16 — |
3.1 80 35 5016 6 D16 3010 15
: 3 8 dl6
2.9 80 35 5d16 6 d16 3010 15
4 8 P16
2.9 80 35 5016 6 @16 3010 15
3) 8 D16
4 80 35 8 P16 616 3010 15
6 816
3 80 35 5d16 6 D16 3010 15
7/ 8 D16
3 80 35 5016 6 D16 3010 15
8 8 D16
3 80 35 5016 6d16 3010 15
Bl11 9 816
3 80 35 5016 6 D16 3010 15
10 8 D16
3 80 35 S5®dl6 6Dd16 3010 15
11 8 D16
3 80 35 5d16 6D16 3 ®10 15
12 8 D16
3
80 35 5d16 6 D16 3d10 15
13 8 D16
4.1 80 35
plo i 3010| 15
14 8 D16
3 80 35 5O
i ool s 3010| 15
5
o | I B e S
16 6d16 3olo 2
2.9 80 35 7ol S S (o S R il s
e TG | .




St
: ment tirrupg
Beam Reinforce
dimension Negatilve Negative steel @il
Beam | Span = ples Support (interior Pacing
No. | length | Beam | Beam PosltllVe , No. support) (mm) (cm)
width | depth | steel | (exterior
support) N
6 16 1 62U _i3010| i
56 ol e S e 10 16 .
G| (s e 3010 15
3il 80 35 5016 | 616 = e
' 3010 15
Dhiag a5~ | Sl6- | 6016 4 8 016
3010 15
2.9 80 35 5016 | 616 y ol
3.@10- =15
4 80 35 §®16 | 6D16 : By
3 80 35 5016 | 6®16 . p 3010| 15
3 80 35 5016 | 6016 . - 3010| 15
3 80 35 5016 | 616 3010 15
B11 9 8 16
3 80 35 5016 | 6016 3010 15
10 8 d16
3 80 35 5016 | 6®16 3010 15
11 8 D16 R
‘ 3 80 35 5016 | 6d16 3@10| 15
| 12 8 @16 B
* 3 80 350l 45k D16|-:6:D16 3010 1
13 8 @16 e
4.1 80 35 9016 | 6d16 3@10| B
14 8 16 gy
3 80 | 35 | 5016 | 6016 3010 13
e el 0®16 W
3 B0 S 1 SOl6 || 6mie : 3010 B
29 | 80 B meiie o e
: 39 7016 6 ®16 10 ®16 15
3010
*“‘L“‘~L-~*. 17 GOl || L
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Beam Reinforcement Stirrups
dimension S e ] B |
o S NZ%:;VG . - Negative steel o
eam | Span 2 uppo o Sore
No. | length | Beam | Beam [ Positive IEIO. (mte(r)lrct); (o) Izzgng
width | depth | steel | exterior supp )
support
pp6 B diee oh . ke
6 01 15
el g0 . 35 ’6_?1_6// 2 6 @16 .
GOlE = 3010| 15
g e o) Sele | DR T, 18 D16 . |
016 | 6 @16 3010 | I
0 R 4 19 @16
35 | 14016 | 6016 3010| 5
87 | 80 : ey
54 | 80 35 | 5016 | 6®16 3010| 5
B12 6 6 d16
26 | 80 | 35 | 5016 | 6016 3010| 15
7 19 ®16
54 | 80 35 | 5016 | 6016 3010 | IS
8 6 D16
87 | 80 | 35 | 14®16 | 616 3010 | IS
9 18 ®16
5 80 | 35 | 5016 | 616 3010| 15
e 10 6 16
. 5016 | 6016 10| 15
11 6 D16 2
‘ | B13 | 64 | 80 | 35 [ 16016 | 60l6 1&2 6 D16 3010] 15
[ 20016 [ 20016 | 1&2 20 ®16
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Beam Reinforcement m
dimension e - —
Negative ;
Beam | Span steel Support Negative steel & e
No. | length | Beam | Beam Positive o ( interior e Pacing
width | depth steel exterior ' support) (cm)
support
: I21]:16 1 | 6ol 3310
6 15
3 l - __6;()1:5——/—— 2 17 ®16 . |
ae [ rewreT | 3010 15
6.5 80 85 13 5 i 3
11016 | 6®16 3010| 15
6.3 80 35 ; IR
6.3 80 35 13®16 | 6®16 3010 15
B15 5 15 @16
) 80 35 6 ®16 6 D16 3010 15
6 6 D16
2.6 80 35 6 D16 6016 3 105y
i 12016
63 | 8 | 35 | 6016 | 616 3010 | 15
8 6 D16
80 35 6 D16 6 D16
9 6016 3010 15
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Fig (4.4)T-Section

Beam Reinforcement for (5

th '8th)F100r

Beam Reinforcement
dimension Negative Negative
Beam | Span o ; teel Support steel D | Spae
tive | Middle | ste© v Pacing
o [1engt | | [Postive|Mide| iror | Mo | Cimerior | com|
E support support)
1 20 ®20
0®16 @10 | 135
Bi6 | 97 | 40 | 80 | 12020 8010 | 2 5 T
1 16020 | .o NG
817 | 101 | 40 | 90 | 16020 | 8210 16 20 5 16020 35
[B18 | 74 | 40 [80 [ 11016 8010 10 @16 1 10016 | @10 3@
1 6 D16
42 | 40 | 80 | 6®16 | 8@10 | 6D16 ®10 | 35
2 12 @16
BIO | 4 | 40 | 80 | 6016 | 8®10 | 6016 o10 | 35
e 2 18 D16
40 | 80 | 15016 | 8®10 | 6 D16 : =] OIS
[B20 [ 10.7 | 40 [ 80 | 15016 | 8®10 | 20 D16 1&2 20016 | ®10 | 35 |
| [B21 | 85 | 40 | 80 [ 13016 | 8010 | 4016 1&2 4016 | @10 ;Z
3 | 40 | 80 | 9016 | 8010 | 6016 L 66 | gyp | 3
i
| 2 2016 il
65 | 40 | 80 | 816 | 8D10 | 6dl6 10 | ¥
3 14o16 ———71 wul
64 | 40 | 80 | 7016 | 8010 | 6d16 o10 | ¥
BoMl 62 | 40 | 8 4 14016 1
017016 | 8010 | 616 @10;5
6l 40: 1180 5 14 @06
T®16 | 8010 | 6@l6 @10;5
64 | 40 | 80 TR NG M O16
BEEA o | 8016 | 8010 | 616 o0 | ¥
= R SRR /
8010 | o5 | S i
8 o
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Beam Reinforcement
dimension Negative Negati]ve — T
Beam | Span o : teel Support stee O so
Positive Middle stee R Pacing
No. | length - h (_:,:eel steel | exterior No. (interior | (mm) (em)
support support)
1 4 016
i1 | 40 | 80 | 2010 | 8010 4916 @10 | 35
' 2 8 ®16 . |
16 | 8010 | 4020 10 | 35
S h e 3 13 ®16 N
30 | 6@16 | 8@10 | 9@I6 @10 | 35
alg | 40 | 80 T : —
: 40 | 80 |11@16 | 8010 | 4 @16 ®10 | 35
w0 — 5 18 ®16
54 | 40 | 80 | 6016 | 8@10 | 4 @16 o10 | 35
— 6 12 ®16
; 40 | 80 | 6@16 | 810 | 4 D16 : e Vb
54 | 40 | 80 | 6®16 | 810 | 4 D16 @10 | 35
g 18 @16
§Dd16 | 8O0 | 4 D16 @10 | 38
9 4 016
5020 1 5020 | g19 | 3
2 8®20 — |
¥ 3 ®20 ®10 | ¥
3 11920 ——T1 &
- 8 020 10 | 3
4 15020 —1
- 7 ©20 10 | ¥
5 7 ©20 fetine
/
5 3016 1 3016 | giolies
Es 2 3016 —T1 .4
= e 3016 @10;5
L Eramner D 20 15016 =i
4 3®16 _—
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Beam reinforcement Stirurpg
o : dimension Netdive Ne{tgatilve B
eam | Span R ; ] Support stee L
tive | Middle stee ) . Pacing
No. | length T P(;Zel Fid By No. (interior | (mm) (cm)
support support)
| 6 D16
4] 50 | 608 | 12016 2 6 D16 Q10 | 35
2 14 ®16
10 | 50 | 60 | 616 - 6 D16 10 | 35
3 12 d16 —
10.8 50 60 6 D16 - 6 D16 d10 35
4 12016
553 50 60 | 6D16 - 6D16 10 35
B26 5 12 ®16
10.8 50 60 6 D16 - 6dl16 - ®10 35
6 12 @16
13 50 60 7016 - 6 D16 ®10 35
7 12 @16
lile4 50 60 | 7®16 - 6 D16 10 35
8 12 @16
17 50 60 | 12®d16 - 6 D16 D10 35
9 19 ®16
11 50 | 60 | 6016 - 6 D16 ®10 35
17 16




4-5 Stair Slab Design:

solid
h=20cm

A7Sv

XXWMWWW —

530n -

Visitor stairs:

m La/Lb=5.9/3.75=1.57<2
So use two way solid slab

® Min h = parameter / 180

" Lna=59-03-02=54m

" Lnb=3.75-0.2-02=3.35m

g Minhi=2% (5404335 )/180'=9.72 cm

Use over all depth =20 cm .

1- Load calculation :

* DL = 0.15 x2400 %1 = 360 kg | m?

= Factored dead load

= LL=200kg/m?=02 t/ m>

=12x036=0432 t /2

Fig (4-8) plan of stair slab

=036 [ip®
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s Factored L.L
Total load = 0.43
» Using

2- Positive moment :
Short direction :

= Cad.l=0.034

= Call=0.055

Long direction
= Cbdl=0.0045.
Cb 1l = .0089.

2

» Ma ,= Ca ,xdl x Lna

= Ma ,= Ca ;xl x Lna *

Ma total = 0.363 t.m.

» Mb ,=Cb ,xdl x Lna *

Mb ,= Cb ,xll x Lnag 2

Mb total = 0.14 t.m.

_ 1.6x0.200=03201 / m*
2+0.32=0.752 t/ m>.

table for two way slab at ratio of

L0034 <0432 x3.35=0.165 ¢t.m

=0.055 x0.32 x3.352=0.198 t.m

| = 0.0045 x 0.432 x 5.4% = (.057

= 0.0089 x0.32 x 5.4% = (.083

Dblia=2 7652 0.64.

t.m

t.m
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3- Slab design

Short direction

n m:—’]‘{L‘z—’ﬂo—’=196l
0.85x f, 0.85x24

£ P _Mn_ 036310 ;396 fg/cm’ =0.1396 MPa
T 0.9x100x17

___L 2 _ZmRn
'm[l : ﬂ)

1 ( § el 0,185 ]=o.ooo35 :

& 0T 400

mE A =pxbxd=O.OOO35><100><17=O.5950m2.

s req

e 1.4

24 1.4
Ay e = 00B A== ({00
4(400)( 0 = o WD)
s — o) e 255495 em .l 5.95 cm’ controls

A g =595 cm?>0.595 cm?

select A, ., =595 cm?

Use 14 m i
M@IE o, with As = (100/25)*(1.54)= 6.16cm?

7




Long direction :

= fy =__i19_0——=1961
" M85k S 085x24

Ma_ 014x10° 54 kg/cm’ =0.054 MPa

g = pg?  0.9x100x17°

1 I 1_2man
| | p__n_/l_ ﬁ

: e 1_2*19.61*0.054 ]:0.00014 :
"~ 19 .61 400

s A =pxbxd=0.00014x100x17 = 0.23cm”.

s req

VI dy 2 %(bw)(d)

s min 4(]5})
oh 1.4 :
) . — 100 )(17 ) 2 —— (100 )(17
= ooy (100)07) 2 2100 )(17)
e wTSi ey > 5.95 oM T i 5.95 cm’ controls
A, =595 em®>0.23 cm?®
selocs - A S = 5.95 om’
Use ®12 mm@15 ............... with As = (100/15)*(1.13)= 7.53cm>

4- Development length (Ld):

long direction:

" Ld for (®14) bars:

Id =

Dl S
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PO [l x 1.2 = 49

d =
& 7

enter.
La =distance that the bars extend beyond the support €

La=0.

Mn 14 s1d

Vu

i'i+0>49

2.9

55 = 155 > 49 sevasernassrinee available embedment >Req.

Short direction:

Ld for (®14) bars:

Ld = 'ﬁ) Xaxﬂx?/xdb
276t
400

Ld = x1xlxlx1l.4 = ;
2-/24 X I'X ST .2em

La =distance that the bars extend beyond the support center.
La=0.

Mn &5 -

Vu a >
1.8
——+
TR

1.0m =100 cm > 57 2

................. available embedment >Req.
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5- Design for shear :

Short and long direction :

VI g = V24 100><17><[_1_=
- bd = 0.85 % e X 100 1187

s gV =0.85 x[

¢Vc =11.8 t> Vu =1.8 ¢&.
> Tui= 18 L

According to category (1)

No shear reinforcement is required.
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4-6 Design Of Column:

4-6-1Column (C1) in the pasement floor:

= Tied column. 3
n on this column from beams supporteg *

By using Atir software we found that the reactio
it beside the reaction of all columns above it are:
The total factored axial load (Pu) =750 ton.

Pu = 750 ton.

1- Design of the longitudinal reinforcement:

= Py =750 Ton.
It is axially loaded.

Type of column: "tied column’.

= Assume Pg = 0.02.

Pn=—P—u
. 0

750
Pn=——=1153.8
0.65 5 ton

. Pn,,, =0804g[0.85% f'+ pg(Fy - 0.85* f')]
1153.85 = 0.804g[0.85* 0.24 +0.02(4.0 - 0.85 % 0.24)]

Ag req =5152.57 cm>.
Use 80cm * 60 cm.
Ag = 80%60 = 4800 cm?,

Determination of required 28 .

= Ph = 0.80Ag[0.85 * felt pg(Fy = (0585% fc')]

1153.85=0.80*4800*[0.85%( 24 , Pg(4.0-0.85%( )]
0-0.85%0.24
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Pg = 0.0254.
P > (P min =0.01
Use P =0.0254.

254 * 4800 = 122 cm2.

« Required As = pg * Ag~ 50
2

with As = 4.9 cm

# of bars = 122—5— —=24.89 ~ 25bars

Use26 @25 .ccoveeeee As provided = 127.4 cm’.

As max = 0.08*4800 = 384 cm”.
As min = 0.01*4800 = 48 cm”,
Asmax > As> ASMIN....ooivrerneiniinnen OK.

2- Check slenderness effect:
. (KLulr) < (34-12[M1/ M2))
S e SRS S R ACI 10-12-2
Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame)
r: radius of gyration =03 * h=~/]/ 4 .

M1/M2 =1 for the interior column.
= Lu=2.83m.

o (KLu/r)<(34-12]M1/012))

(1*2.83/(0.3*0.6m))s (34-12[1])
1550 <

< 40
Slenderness effect must not be considered
ered.
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3- Design of the tie reinforcement:

s Use @ 10 ties.
1) Spacing (S
2) 48*dt (ties bar diameter) = 48% 1

) < 16*dp (Longitudinal par diameter) = 16 * 2.5=40 cm ....control.

=48 cm.

3) Least dimension = 60 cm.

s Use 80 cm*60 cm with 26 @ 25 bars with :
1) "@ 10" ties @ 10 cm spacing at first (1m) of
2) "@ 10" ties @ 20 cm spacing at (0.83m) of mi
3) "@ 10" ties @ 10 cm spacing at last (1m) of top

bottom face support.
ddle support.
face support.

Fig (4- ion i
g (4-9) cross section in column (C1) in basement floor
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4-6-2 Column (C1) in the sixth floor:

= Tied column.
By using Atir software

Beams supported on it besi
al load (Pu) = 90 Ton.

we found that the reaction on this column from

de the reaction of all columns above it are:

The total factored ax

Pu =90 Ton.

1- Design of the longitudinal reinforcement:

= Py =90 Ton.
It is axially loaded.

Type of column: "tied column'’.

= Assume P& =0.02.

90
0.65 S iz

. P =0.804g[0.85% f¢' + pg(Fy - 0.85* £c')]
138.5 =0.804g[0.85%0.24 +0.02(4.0 - 0.85%0.24)]

Ag req = 618.3 cm2.
Use 40cm * 30 cm.
Ag =40%30= 1200 cm?.

Determination of required P8 :
e P11, =0804g[085% fo'+ po(ry — 0,85+ £

A SO Pl e

0
pg=-0.0157 0.85%0.24)]

Pg < (p min=(,01
............... ACI-Cod-10.16.8.6)
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Use p =001

= Required As = P8 * Ag=0.01 % 1200 = 12 cm2.

12
_ 12 _579~6bars
# of bars X

2
Use 6 D16 ..coeveee As provided = 12.06 cm™.

As max = 0.08%1200=96 cm?.
As min = 0.01*¥1200 = 12 cm?.

Asmax > As> ASMIN..c.eveemnrreneeeees OK.
2- Check slenderness effect:
. (KLul7)< (34-12[M1/ M2])
) R N e e 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=+/1/4 .
M1/M2 = 1 for the interior column.
= Lu=325m.

. (KLu/r)<(34-12[M1/ M2))

(1%3.25/(0.3%0.3m)) < (34— 12[1])
SGHIE = op)

< 40

Slenderness effect must be consider d
ed.
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A.CI(10.12.3) eq(10.9)

.
........
...............
PR
-----

A.CT (10.12:34):

p = (12#DL) + (L6*LL):

P, = 90 ton.
Z2El A.C.1(10.12.3) eq (10.10).

.........
..............
........................

El = large of:
(021, +E.]1,)
= g e s eq (1)

El

Or
> 04E.1,
1+ pd

E, =15000,/ f¢' «—— Kg/ cm’

= 15000+/240

2 S 232.38 Ton /cm?>.

reinforcement, cm* .

I

t
(@]

entroidal axa

—re e e



A.C.I (10.12.3) eq(10.9).

.
-------
-----------------
.........

0 D= P

=075+
A.CI (10.12.3.1).

---------------

C_ = 1.0 (for single curvature — braced frame)

« P =(1.2*DL)+ (1.6*LL).

RS PE= 90 ton.
s P = TR i b G A.C.I(10.12.3) eq (10.10).
¥ (Kl")2

= EI = large of:

e (O2B8 =5 L)

T A SEESCRN RO e e e hetenn s KRR s e AR eq (1)
Or
_04E 1,
= g TR eq (2)

*  E, =15000,fc' «— Kg/cm®

s 15000240

= 2
2 1000 232.38 Ton /cm?.

®= ], =moment of inertia of
: nertia o r : : : i
gross concrete section about centroidal axis, neglecting

reinforcement, cm* .

section, cm* .

I, =2(4, *x?) =20%2.01%9.2%) <1020 76
. m-,

* Es=200000 MPa = 2000 ton/cm?2
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d
dead T0ad T2 _ o

e ]

factored axial
total load 90

g factored axial

From equation 1 and 2 we select the large value:

e ((0.2*232.38*90000)+(2000*1020-76)) _3457978 ton.cm’
e 1+0.8

El= %*ﬁw _ 4647600 toncm® (control =large).

1___——
0.75%434.27
~15+(0.03%/) =15+(0.03%300) =24 mm

emin

BMC eq, = 1,382% 24 =33.16mm = 3.3 cm .

Because M negligible we use the equation above.

i i elused = 3.3 'em.
We calculate eb (balance) to check e used if small or greater than eb
* Pnreq.=138.5 ton. .

" Mn=138.5*3.3 =457.05 ton .m
" LetPb=Pn=]1385 ton

s Ca0p B
¥ 200000 002
s X 0.003

= X
4700030002~ 35 = e __
002 242 0.003+0.00p %= 14.52cm

87
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5%14.52= 12.342cm
54(.24*40% 12.342 =C ,=100.7lt0n

oman a0t

c =0,85*fc’*b*ab:>CC= 0.8

Compression steel —yield ?
e x,,—d' ks 1452— 6:_—>g =000176<¢,.....-50 comprissio steel does not yjp
i o 0 1452

00176* % £
4.0—(0.85%0.24)} =C,=19.99
. =4, (f-085/)=C,=(* 20D 0T ( k =

T=A.*fy:>T=3*2.0l*4.0:>T=24.12t0n

> fr=0 i
C.+C,~T-P,=0.0
100.71+19.99 —24.12—P,= 0.0 =+>P,= 96.58fon.

Take moment-about center axis of column:

Zm at C.A =0.0 + Clock wise.

e a,

. —T*(d——) e C(~—d)+(P *¢,)=0.0

N 12.342
(2412*(242——) 10071(——ﬁ) 1999(—-5 8) +(96.58%*¢,) =0.0
v e,=1336cm

" eused<e,=3.3<13.36
= Mb=Pb*eb
=96.58 *13.36
= 1290.31 ton .m
Mo = Cc (d-a/2) + Cs (d-d"

- compression control.
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7=C +C,
%6 4 (0.003*2000) — (0.85%0
24.12={(0.85*0.24*40*0.85*36)+[( S =k ~24)]*(3*2,01)}

6.939.X2 +10.83X — 217.08=0.0

X=4.867 cm.
= 3=0.85*487= 4.137 cm.
C,= 0.85*fc'*b*a,,:>Cc= 0.85*0.2

. Cs= {[(ﬂ”llﬁ* (0.003#2000)—(85* 24)]* B* 2.01)} — -9.625

4%40%4.137 =C ;= 33.76t0on

4.87
s (Cc+Cs=33.76+9.625= 23.975 ton
RONE=DA [=RBIOSE. e sens calculation is OK.

. M, =33.76 (24-4.137/2) + -9.625 ( 24-6)
=567.16 t.m

3- Design of the tie reinforcement:

Use @ 10 ties.

1 : et
) Spacing (S) < 16*db (Longitudinal bar diameter) = 16 * 1.6= 25.6 cm control.
2) 48*dt (ties bar diameter) = 48* 1 = 48 c¢m

3) Least dimension = 30 cm.

Use 40 em*30 cm with 6 @ 16 bars with :

1- "@ 10" ties :

o e @ 10 em spacing at first (Im) of bottom face support
& 1es @ 20 cm spacin :

3- "g 10" g at (0.83m) of middle support.

ties @ 10 i
@ 10 em spacing at Jagt (Im) of top face support
ort.
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Fig (4-10) cross section in column (C1) in sixth floor

4-6-4 Circular Column Design

Fi ; :
1g (4.11): Location of Circular Column (8)
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ement Design

1- Longitudinal Reinforc

Total load on column Pu= 750t

750
: B 153:85 ¢
Required Pn 0.65

Use pg=2%
Maximum Pn = 0.85 Ag{0.85fc

1153.85=0.8* 4g{0.85x0.24

’+pg(ﬁ)—0.85fc N}
+0.02x (4-0.85% 0.24)}

Ag=5152.58 cm’

Use diameter of circular column= 70 cm

_7r><702

= Ag= = 3848.450m2

Determination of required pg:

. 1153.85=3848.45xo.8x{0.85x0.24+pgx(4—0.85x0.24)}
= p=0.045>min p= 0.01

7x70?

»  As=0.045x% =173.14cm>

Use 3625 mm

2- Check slenderness effect:

. (KLu/r)<(34-12[M1/012))

S e ACI 10-12-2
Lu: Actual unsupported (unbraced) length

K: effective length factor (K= 1 for braced fra )
me

r: radius of gyration =( 3 * h=71/4
MI/M2 = 1 for the interior column
" Lu=283m. |
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)< (34-1201)
o
40

. (1+2.83/(0:3*0.7m)
13.48

N A

i d.
Slenderness effect must not be considere

3- Spiral Reinforcement Design

= Dc=70-8(cover)= 62 cm

s Use ® 8 mm for spiral reinforcement

2
Zx62" _ 3019.07cm’

" Ac=
e ) s _zix(3848'45 —1}:0.0074
2l s 27400 (3019.07
15t 2 I #(Dc —ds)a, _ZX (62-0.8)x0.79 s 3
Ac.p, 3848.45x 0.0074
Use ®10 @ 5 cm
» Maximum clear spacing= 5.33-0.8=4.53 CI < 8 CM ....veenvenieineinrenenenennseon OK
22.5 cm
Use ®8 @ S cm C/C spacing spiral.
S
G 3)
I\ i
\‘\':3_ ______ ant? 24
iL .
Fig (4-

12) cross section in column (C8)
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rectangular columns reinforcement

Table (4-1):
Vertical i
Ties
Column Reinforcement
Column Floor S = - - =
No. No. B Pl Rl ‘. Spacing Middle Spacing Bottom Spacing 4
(cm) Of (@) (@) Length
(cm) Length (cm) Length (cm)
Bars (mm) (mm) (cm)
Basement 70 x 40 14 20 10 100 10 0.83 20 100 10
Ground 70 x 40 14 20 10 100 10 1.29 20 100 10
First {7040 14 20 10 100 10 2.05 20 100 10
1 Second | 70x40 14 20 10 100 10 2.00 20 100 10
Third |  50x40 8 18 10 100 10 2.05 201 - s 1000 a0
Forth |  50x40 8 18 10 100 10 2.05 e 0
Fifth | 40x30 | 6 16 10 100 10 1.20 200 1P¥ 100 O
Sixth [ A0x30 1] 6 16 10 100 10 125 | 20 ks 1000 RSSO
Basement | 70x40 | 20 20 10 100 10 0:83 | — 200 —|-rlopE SR
{Ground | 70x40 | 20 20 10 100 10 1.29 |-° 200 "% ool Eanone)
| First [ %7040 | 20 20 10 100 10 2.05 |10 200 i 100 IE RGN,
& |Second [ 70x40 | 20 20 10 100 10 2.00 | 200 e 1000 RERRIOR)
| Third |- . 50%40-+ | 18 18 10 100 10 2.05 | — 20 |- 10055 TR
| Forth 750240 3 | ‘18 18 10 100 10 2.05 |7 200 " 1oo IR
| Fifth | 240x30 | .8 16 10 100 10 120 |3 200 i 100050 SO
| Sixth |- 40%30- 41 -8 16 10 100 10 1.25 201~ [ g0 0
Basement | 70x40 10 20 10 100 10 0.83 ) B e D0 e I
Ground | 70x40 10 20 10 100 10 1.29 20] {l6¢ 100 0
First | 70x40 10 20 10 100 10 2.05 S e i 100 e P 10
cs Second | 70x40 10 20 10 100 10 2.00 20 [T 00 L0
Third |  50x40 8 18 10 100 10 2.05 20 1000 0
Forth |  50x40 8 18 10 100 10 2.05 20 00 )
Fifth | 40x30 8 16 10 100 10 1.20 20 o0 0
Sixth | 40x30 8 16 10 100 10 .25 20 00RO
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Vertical

Ties

D

i Column Reinforcement
Column o Dimension Size Size Top
No. No. No. Of Spacing Middle Spacing Bottom Spacing
(cm) (®) (@) Length
Bars (cm) Length (cm) Length (cm)
(mm) (mm) (cm)
Basement 70 x 40 18 25 10 100 10 0.83 20 100 10
Ground 70 x 40 10 25 10 100 10 1:29 20 100 10
First 70 x 40 8 22 10 100 10 2.05 20 100 10
Second , 70 x 40 8 22 10 100 10 2.00 20 100 10
C4 :
Third | 50x40 | s 18 10 100 10 2.05 20 00 | 10
Ton: | 50x40 = 18 10 100 10 2.05 200 JF ke e
| Fifth | 40x30 -1 | 16 10 100 10 1.20 20 I 10b D 3
ﬂ.&% | 40x30 e | 16 10 100 10 1.25 200 |7 1o e g
| Basement | 80x60 | 20 | 25 10 100 10 0.83 20 | - 100" o]
ﬂoasa | 80x60 | 20 | 25 10 100 10 1.29 20 " 100 i g
1“.:& | 80x60 / 10 , 25 10 100 10 2.05 20 \ 100 \ 10 L
o | Second | 80x60 | 10 s 10 100 10 2.00 20 | 100 B i
| Third | 60x40 [ e B 10 100 10 2.05 20 160 G [
| Forth | 60x40 B 22 10 100 10 2.05 20 i 10 [ _
Fifth | 40x30 | 3 22 10 100 10 1.20 20 10088 g
Sixth | 40x30 8 16 10 100 10 1.25 20 100 e
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Vertical

Ties

= Column Reinforcement
Column OOl : ;
Zow No Rimepsion . Size Top : : _ : :
: (cm) No. Size o i Spacing Middle Spacing Bottom | Spacin
o) engt
Of Bars | (®) (mm) @) (cm) Length (cm) Length g (cm)
(mm) (cm)
Basement 80 x 60 18 20 10 100 10 0.83 20 100 10
Ground 80 x 60 18 20 10 100 10 1:29 20 100 10
First 80 x 60 18 20 10 100 10 2.05 20 100 U0
C6 | Second 80 x 60 18 20 10 100 10 2.00 20 00
Third 60 x 40 16 20 10 100 10 205 1|1 200 oy 10 |
Forth 60 x 40 10 18 10 100 10 205 3|1 20 ki 10 |
Fifth 40 x 30 10 18 10 100 10 120 111 2ol 1T oo
Sixth 40 x 30 10 18 10 100 10 125 || [ Bo] L] 100 R
/ Basement 80 x 60 26 25 10 100 10 0.83 \ 20 \ 100 \ 10 \
| Ground |  80x60 26 25 10 100 10 TEEEEE T o
| First |  80x60 18 20 10 100 10 2,05 & |- Booi® TT ool i el
c7 |Second | 80x60 18 20 10 100 10 210004 = 20neiled 000 | Po]
Third | 60x40 18 20 10 100 10 205 | 200 N oo D RO
Forth |  60x40 10 20 10 100 10 2.05 200 ) oo iRt
‘Fifth |  40x30 10 20 10 100 10 1.20 . 000 o
Sixth |  40x30 8 16 10 100 10 125 20 | 1008 o)




ent:
einforcem
ircular columns r

4-2): €
Table (

Vertical Ties
g i ment
Reinforce
i ize | Size :
i No. Siz Spacth,
Floor Diameter .
(cm) of | (® o
cm
Bars | (mm) (___)m: :
20
70 19 20 8 5
Basement _’77,_,——13’_ 20 8 5
W__T_ = 0 : ;
Pt | 70 | T = 8 :
70 55
Second 3 5
[Third I 20 8
[ S - 3 8 5
Forth T 5 5 8 5
Fifth = 56 :
i 70 =
oo 70 13 20 :
Basement - £ — : ;
Sroune 70 13 20 8 >
. 70 13 20 8 >
Second . = = y 5
Third 7O L = : 5
i : 13 20 8
e - 13 20 8 5
Basement 70 13 20 : 5
Ground 70 13 L 8 5
First 70 k ! 8 5
Second 70 3 . 8 5
Basement 70 13 i : 5
Basement 70 29 5 8 5
Gownd |70 1 T 8
i B WA R
[Second |70 5
WI 13 ;8 g )3’/
[Eorih 70 B
%?T - : 2
WT - - :
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Vertical = ﬁ
S
Column Reinforcement
Floor Diameter | No. Size | Size St
(cm) of (@) ) o g
Bars | (mm) | (mm)
Basement 70 23 25 3 5
Ground 70 17 20 3 5
First 70 13 20 8 5
| Second | ______L 13 20 3 5
Third 70 13 20 2 =
Forth 70 13 20 2 :
Fifth 70 13 20 g -
Basement 70 25 75 2 -
Ground 70 20 20 3 :
First 70 13 20 5 .
Second 70 13 20 : =
Third 70 E 55 : 5
Fifth 70 3 = : 5
Basement 70 35 - - :
Ground 70 6 = : 5
First 70 T - ¢ 5
Sec-:ond 70 T < ¢ :
Third 70 - 2 8 5
[Forth | 70 s 5
L R 20 4 5
Sixth 70 i 20 8 ;
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4.7 Footing Design *

4 -7-1 Footing (FS) Design

1- Load :

From Column (C 7) (40%70) :
Ultimate load on footing (F5) :

= Pu=0607ton.

service load =D+ L= 453 ton.

the footing will carry 1.5 m of overburden soil

weighting about 1.7 ton /m?

Allowable soil pressure = 4.5 kg/cm?

2 - Design:
= Estimate footing to be about 100 cm thick, in addition to about 10 cm of blinding concr®

Service Load = DI+l = 453 ton

Footing Weight = (0.10+1.0)(2.4)= 2.64 ton/m >
7,xd=(1.70)(1.50) = 2.6 ton/m?

Pnet=45-2.64-2.6=3976 ton/m?
Area (A) = Service Load / Pnet

=453 ton/39.76 ton/m? =11 4 m?
U =
se L 3.40m,W=3.40m, A=11.56 m?2

Pnet (factor) = p
T u/area = 607/1
- ton /m?
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3- Determin

e depth based on shear strength:

gVu=Vc

Using section (A — A ) and lettin
(5.25)(340)(135-d) = 1785 (135-d)

Vu == (Pnet)(one way shear area) =

1 !
Lt oy d
e =0.85x%«/24><(340)><(d)><10=2638.2a’

o7, =7,

2638.2d =1785 (135—d)
d=57.1cm

:. Used =80 cm

Total depth of footing = 80 + 8 + 2 =90 cm

b
Bottom Reinforcement

Fig (4-13) footing (FS) plan
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4- Check this depth for two way shear action (punching):

hd=80cm.

. V,,=P,x((W)x(L)—(a+d)(b+d))

nei

— 525 [(340)(340) - (40+80)(70+80)]/100

Using critical section (B-B-B-B) wit

0=512.4ton

The punching shear strength is the smallest of:

1 ’ / f g
= Vc =E[I+E‘2—] fc bod = 05 .fc bod
1 a 1 !
Y =— L) =
: 12(1;0 = +2}/fc bd =055f bd
1 '
[} V == — :
A SW" b,d =033 Bd oo Control
Where:

= B,=a/b=70/40 =175

. Gudmd. i ;
» = Perimeter of critical section taken at (d/2) from the loaded area
=2{(40+80)+(70+80)} =540cm
a, =40 For interior column

V. = 0.3330(5400)(800) = 780.8 ton

OV, = (0.85)(780.8) = 663.7 ton

oV >y
g 663.7 Ton > 512.4 top OK
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1- Check transfer of load at pase of column:

= OPn= ®(0.85 fc'Ag)
®Pn= 0.7(0.85)(0.24)

.. Dowels are required

(40x70) = 499.8fon <607ton=Pu

for load transfer.

Express Pu = 607 —499.8 =107.2 ton .

_ 4 —‘ezc_cﬁ.ffg__ 3 /ﬂzdf— —38.8cm*
Required As ¢[/5’ x 0.85fC'] 0_70[4'2 =10.85 % 0.24]

Compare to minimum required As :

s Asmin=0.005 Ag = (0.005)(40)(70) = 14 cm? < Asreq

Use 13 ¢ 20 bars as dowels ............. With As = 40.08 cm?.

= However, since the column reinforcement is extended into footing, no dowels &

required.

6- Design for Bending Moment:

2 2 g 5—5)

2(5'25)(340{&&‘70)) 05(340 70
D o240 o

. L) ) =162.6 ton.m
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=180.7 ton

180.7x10°  _g5Kg/cm’

R = —’———'——/T
" n bdz 340)(80
s BBELY

m= 085 085x24

9% 19.61 x 8.3 _
1 S X zann | = 10,0025 )0.002
ool 1_?,@]—/(1‘ : 400

g m fj’

= 1961

p =0.0025 > P =0.002
Req. 4, =0.0025 (340) (80) = 68 cm?

Use 18 @22 .covvvnvvnncnnee A =68.4cm” (In each way)

7- Development Length (L, ):

= Ldfor®22:
= Id= fy Baid, =——xIxIx1x2.2=280.3
i 2@ ~ \/_ cm
' " Available embedment =135 — 8 = 127¢cm > 80 .3cm THOK

Instead e,
stead of dowels, extend the longitudinal bars of the column within the footing.

Wb = \/7 \/_ - 40 2cm

5 o b
Ly = L, xmodification Jactors

BRI = 6 6
= 15 cm,
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8.14 cm

150 - 8 90-22= 137.6 cm > 28.14 cm

Lan= 40.2% 0.7=2

Available embedment=

[
|
£l |
i
wes -.;’>'/
g d
| : L M 5
HOY 1 g s ‘
1 [ & |
s I
| I A
i - - Blinding Concre
Zh Blinding Concrete I
<] ‘ 45
45 d le 5 hy
i B (SIS SS S o
i . £s,
SECTION a-a o SE =

Fig (4-14) footing (F5) detail

4 -7-2 Footing (F14) Design

1- Loads:

From Column (C 8) (D =70):
Ultimate load on footing (F14):

" Pu=420¢
R DIVELEE=9/581

Allowable soil pressure= 4.5 kg/em?

Estimate footing ¢ ‘
g 10 be about 70 ¢y thick, in addition to about (10cm) of plinding oo
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)X 24 = 192t/m2

(0.1+0.7
1.5%1

7 22.55t/m’

2- Design
s Pnet= 45-2.55-1.92=

DL+LL _ 253 _gom’
P 40.53

net

40.53 t/m’

s Area=

. Ty 25x2.5m =6.25m’

420 _ o791/ m* = 6.72kgl cm’

—

[ P =
uFaclored 25 % 25

3- Determine depth based on shear strength :

= Vu=0Vc

x10x250x d

6.72x250x (158 - d) = 0.85x V24
6

VA
B —x70=
‘/ i x 70 = 62.04cm To convert the column from circle to square=

137.46 - .87 d=d
d=73.5cm
Take d=75 cm
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ction
2- Check this depth for two0 way shear a

(punching):

90 .|

70

.90

g0l g0 g0, |

—p Bottom reinforcment

Fig (4-15) footing (F14) plan

= a=40
[} B:l
" b, =7wx135=424.12¢m

Vi = 67.2><[2.2x Dl
T2
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¢ strength is the smallest of:

= 0_5\/Zb(,d

The punching she?

c

6- Check transfer of load at base of column:

s ®Pn=®(0.85/'Ag)

2
s ®Pn=0.75%x0.85%0.3x L x470 =736.02t > 420¢

= No dowels are required.

However since the column reinforcement is extend into footing.

7- Design for bending moment:

Mu=672x250x158x158x% 0.5 =209.69¢t.m

Mn  209.69x10°

Rn= = = 2
bd*  0.9x250x 80? 14.56kg/cm

1[ 2 mRn
! s Rt = S W 2x19 .61 x 14 .5
| & big 19 .61 [1"\/1‘ T : ]: 0.0025 )0.002

As =0.0025x 250 80 = 50¢z;2

Use 11®25 In each way

8- Development length:
Category A, item 2
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5P Baid, Al 44

= 8 \/ﬁ T gx+24
s Available embedment= 158 - 8= 150emi= Ml licm & ... .00 0K
* Note:
If a moment is to be transfer to the footing, it will be better to extend the longitudina1 by
the column into the footing instead of using dowels.
In this case, the longitudinal bars are terminated into the supporting footing by g Standagy
hook. .

Inside diameter of bent= 6 dp=6x2.0=12 cm
Straight extension= 12 dy=12x2.0=24 cm

v L T
hoS S —— = = cm
hb ‘\/']_(,Cj _\/27

Ly,=L, x modification factors
= 8 dv=8x2.0=14 cm
= 15cm

Lan= 40x0.7=2g cm
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Fig (

4-16)

footing (F14) detail

-3):F ootings reinforcement

Table (4
T Reinforcement
) (Each way)
Footing Width(W) | Length(®) Height(H) | Noof Bar | No of. Bars Dianmg
No. ) (cm) (cm (short) (long) (mm)
F 160 160 50 6 6 " Eh
F2 200 200 50 12 1o o
B3 250 250 70 20 ER
F4 150 150 40 6 6 16
F5 330 330 90 18 18 0
F6 360 360 100 21 21 0
F7 300 300 80 15 15 0
F 8 160 160 45 9 9 16
F9 230 230 60 16 14 16
F10 280 280 80 13 3
Rl 380 380 110 24 R |
1; 1132 % ? 12\0 28 28 ’T
| e 10\0 24 24 _;
80 11 1 B
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4-8 Mat Foundation Design:

20,30

|

1 et

L= |

| |4 ||

idbs a

= o
a o [ ]

© 1]

“\

| |l

|1 b

||

[ 1 !

30, HPO0SIES (i %30

R60 <

Qb—

Fig (4-17) Mat foundation (F15) plan

1- Load calculation:

lab Weight (D.L) = 2.5%0.2%2,2%2 20 = 2.42 Ton.
Slab Weight (D.L)/ m on the wall =

2.42/ {(2*2.2)+(2*2.2)} = 0.28Ton / m.
Live Load acting on the Slab = 2%

2.2%2.2 = 0.97Ton.

Live Load acting on the SJab / m of the wal] = (.97, {(2%2.2)+(2%2.2)}= 0.1 | Ton/m-

Total (D.L)of the Wall = Wy Height * (W) * (y¢)
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= (34,7)* 0225 17.35Ton / m.

= Live load of the lift = 1 Ton.

d of the lift/m = (F/8)= 0.125Ton / m.

s Live loa

s Total Dead load = 17.63 Ton/m.

Total live load = 0.235 Ton/m.

s Pu=lqi6ae0.235=17.87 Ton /m.

s Pu=17.87%8 =142.9 Ton.

s Required area=Pu/B.C = 142.9/45=3.2 m?.

s A provided = 2.60*2.60 = 6.760 > Areareq ...... OK.

= Total Factored load for one meter strip
= .28+ 1i6*LL = 1.2*17.63 + 1.6% 0.235
=215 Ten.

2- Design in X- Direction.

Check of Bearing capacity for Section a-a
| Pnet = (2*21.5)/(1*2.60) = 16.56 Ton/ m?

" (Pnet=16.56) < (1.4*B.C = 63) 0)
FOS08) s K.
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hear
From atir software we found that the s

Envelope is as Figure (4-20):

4.3
29

-13.

-145

13.
145

43

Estimation of footing depth:-
- Vu=—13Toen.

" LetVu=0@ Vg,
So,d=0.212m =212 cm.

| m hreq=21.2+8+0.6=29.8cm.
" Selecth=40cm

Assume ®12 for main reinforcement.

dreq=40-8-06=314 cm >21 2

Fig (4-18) shear envelope of (F15)

1
. G 1. b d—075x— 24 x(100) x (d) = 61.24d

11

..OK.




Design of reinforcement.—

that the moment envelope of this section is as the folloy,

¢ software We found

By using ati
figure, see figure (4-21). ﬁ
07
07
g

=153

Fig (4-19) Moment envelope of (F15)

Design of positive moment:-

Bottom reinforcement ( in X direction).

" Mu=0.7 Ton.m/ 1 meter strip, (At the face of support).
" Mnreq=Mu/0.9=0.7/0.9=0.78 ton.m.

| : Ruyes Muien0.78x10°

| El e T

t 1
| : p=;[1_ 1—2man=\l 1- f1_ 2719.61 * 0. 10CHEalls
‘ By 19 .61 4000

" preq=0.0002.
A

sreg = 0.0002%(1 00)*(31.4) = 0.62 ¢ 2

_AF
Aomn =2 —*bwrg > L4 bw*d

4%
i 7
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3*062 T 081 = A.\- min *

uired for shrinkage

a 13%As req =1.

used must be > As req

& temperature reinforcement,

= As
s AS shrinkage = 00018*100*30 5.4 cm
54cm”.

0.81 < 5.4, So useé AsE
Required # of ®12 bars = 5.4/1.13 =~ 5bars.

For bottom remforcement in X direction.

Use @12 @ 20 cm ...... With As provided = 5. 65>5.4

Design of negative moment:-

Top reinforcement ( in X direction).

Mu = 6.6 Ton.m/ 1 meter strip, (At the face of support).
» Mnreq=Mu/0.9=6.6/09=7.33 Ton.m.

85 Rn= Mn 5 733X105 i :
T i

u —IL 2mR
p=—l1- p-2mm |1 2 %19 .61 * 7.43
% B ] 19 .61 [1“\/1‘ T ]:o.ooz.

= preq=0.002.

" 4, =0.002%(100)*(31.4) = 63cm 2

F Asmm 47/5 *bw*d 14*bw*d
Wy

e
rmn 7ea0g 100#31.4 > 147100%31.4 -
400 = xmin=9-6211,0

Select 4 =016

JESreAS req =1.3*6.3 =g 2</

S min *
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=9.6cm2-

Use As min
be > As required for

54cm’.

shrinkage & temperature reinforcement

s AS used must
= 0.0018*100*30 =

As=9.6 cem?.
96/1.13 = 9 bars.

s AS shrinkage
9.6 > 5.4, So use
Required # of ®12 bars =

tin X direction.

For top reinforcemen
with As provided =10.17 > 9.6

Use ®12 @ 15 cm for ..oooceeeee

1- Design in Y- Direction:

Its design as X-direction.
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mm Hight /
ithll 176
00 mm Wid 7
STEPS X 3 g

54 63
&6 61@@@‘J66€55H
S —

< ®
®

ht
STEPS x| 300 mm Width|ix 176 mm|Hig

GEEEEEEEEPIE

3.35m

3./75n

Stairs =

Fig (4-20) stair plan

1- Determination of Slab thickness:

81617 30

L=39m.

0 =tan

'(16.7/30) = 29.1°.

Cos 6=0.874.

Ls=3.9/cos29.1 = 4.463 m.
h >4.463/20= 022%m =09 cm.

Use h=

20 cm and limitation of deflection will considered.
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2- Load calculation:

— 0.726 KN/m® = 0.0726 ton/m

= 0.03*22*(0.33/0.30)
= 0.37 KN/ m® =0.037 ton/m?,

_ 0.03*22%(16.7/0.30)
_03*22 = 0.66 KN/m2 = 0.006 ton/m2.
=Y

— 0.02*%2.2%(16.7/30) = 0.37 KN/ m2 = 0.037 ton/m?,
=(0 03%22)/ (Cos 29.1)=0.76 KN/ m2 = 0.076 ton/m2.

=« Horizontal Tiles
= Vertical Tiles
= Horizontal morta

= Vertical mortar

s Plaster

Steps = (0 167/2) * 25=2.1 KN/ m2 =0.21 ton/m?,
| | ep .

Slab =0.20 *25/ Cos 29.1 =5.722 KN/ m2 = 0.5722 ton/m? .
Total dead load =(.0726 + 0.037+ 0.006+ 0.037+ 0.076+ 0.21+0.5722
Total dead load =1.07 ton/m?

Live load:

= Live load for stairs =500 Kg / m? = 0.5ton / m?.

= Ultimate live load = 0.5 ton / m2.

Factored load:-

| = Wu=1.2%1.07+1.6*0.5 = 2.08ton/m.
Width of stair = 1.55m.

Wu=2.08*155= 3.224 ton/m.

The Followi
ing figure shows the shear and moment envelope on the stair
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5.59t.m

Fig (4-21) moment &shear envelop of stair

3.9

= A=B =16.29" fton.
2
* Mu=629%04+195%6.29*0.5
Mu = 8.64 ton.m.
* h=20cm

= Assume @ 12 for main reinforcement: -
S0,d=20-2-06=174cm..
Take d=17 cm

3- Design of shear:-

= V=6 25000

o ¢VC :M
6
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W(ﬂjzm.ﬂm
[ ] ¢VC = 6 1000

1041t

vu =629 Ton < @Vec =

No shear Reinforcement is require

4- Design of Bending:

Mu = 8.64 Ton.m.
09=864/09= 9.6 Ton.m.

Mn req =Mu /
s Assume @ 12 for main reinforcement:-

So,d=20-2-0.6= 17.4 cm.

Take d=17 cm.
. Asmin=\/ﬁ(bw(d 21—4 bw)(d
%) )(d) ﬁ)( (0 e (ACI-10.5.1)
N
As min= 10 _li
4(400) (100)17) 2 i (100)(17)
Alsmin=52 5 = 5.95.
B A min=5.95em > ,......... Control
e
n b'dz
> 9.6*10°
" TogwigE - 32kelem’.
T =L
0.85Xfc'
m 4

" 0:85x004 =196
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1 2mRn
W= = L
m J
I 1_2,";1,9,-6,*,3_33]:0.0091.
il I- 400

2
Asreq = 0.0091%100%17 = 15.5 cm

Asreq > As min.

Use As=15.5 cm’.

Use 10 18 @ 15 €M wevuevereenees with As =(100 / 20)*2.54 = 16.93 cm®.

s Asmax > As provided > AS MiMl....coovvmmerreeeenee

Secondary reinforcement:

* As=1%*Asreq=1*15.5=3.1
5 5

In the other direction i .
provide shrink; .
A vdoc o age and temperature reinforcement:
= 0.0018*(100)*(20)

=3.6 cm?,

Use ®10 @ 20 c¢m

Wi =
ith As = (100 / 20)*0.79 = 3.95 cm™
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f the bars:-

5- Development length 0

d =gt
L 2\/70’.
_/4()_0__*1*1*1*13:73.50111.
2+24

s Id=

6- Design of landing (#1):-
We Will Design it as one way solid slab.

1- Load calculations:-
s Dlof Tiles =0.03*2.2= 0.066 ton/m>.

= DI of mortar = 0.03¥2.2 = 0.066 ton/m>.
= Dlofslab =0.20%2.5=0.5 ton/m>
= DI of plaster = 0.03*2.2 = 0.066 ton/m”.

Total dead load = 0.066 + 0.066 + 0.5 + 0.066
Total dead load = 0.698 ton/m?2.

* Width of landing = 1.5 m.
® Dead load =0.698 * 1.5 =1.05 ton /m.

Live load on the landing = 500 Kg /m?
Live load on landing = 0.5 *] 5 = 0.75 ton /
: . m.

Reacti d) of th on the landing = ¢
caction (factored) of ¢ € stair on the Jandj g£=6.29 /
= 0:298on/im:

Factored TOtal |
oad / m.=F
actored (D.L) + Factored (L.L) + Reaction of the satire

= (1% .
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2- Design of Bending:

L of landing = 3.35m.

S vu=Sl 35/2=1 14.66 ton.

. Mu=14.66" (3.35/2) (.5 = 12.3 ton.m.

Mnreq=Mu/09—l23/09-—l3 .64 ton.m.

Assume @ 12 for main reinforcement:-

d = 20-2-0.6 = 17.4 cm.
take d = 17.4cm.

R” = an 5
b-d
n 100*172

1 2mR
p= m(l—\[:?]

- A 1_\/1_2*19.6*4.72 &
e = =0.0136.

=472 kg/cmz.

Asreq=0.0136*100%17 = 23.15 cm?

\[_

As min= b —
( w)(d) > > fy (bw)(d) ........... (ACI-10.5.1)

As min=

@ (100 14
44000172 2001000 7)
Asmin=52 = 505

Asreq = (23. 15)> As min=(5, 99):
Use As=23 15 cm?,

Use 10 18 @10 cm

= (100 / 10)*2.54 = 25.4 cm?.
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ondary reinforcement
As= 1 *AS req=1"* 23.15 =4.63
; ge and temperature reinfor

In the other d

Sec

i cement:-
irection provide shrinka

« As=p*b*h
~0.0018*(100)*(20)
=3.6 cm’.

s Use As=4.63 cm™

Use 1010 @ 15 em?.ccoeeeeees with As provided = 5.27 cm? > 4.63 cm? .

3- Design of shear : -

= Vu=3.42Ton.
x7 *
¢Ve = ———¢\/7 6bw 4

¢VC=0.75*\/24*100*17(10 i
: 10001~ 0.41ton
| Category (3) :

" ¢V Vu( (#Ve+min PVs)

L _ 3xdvx fy 3 ;
S—T=%

Vu=3,
42Ton < 0.5* gy = 0.5%10.41= 5205 t
According to category (1)

V. <(0.507)

No shear Reip
force i
ment is requireq » So the depth of th
of the Landing is OK..
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ign
4-10 Retaining Wwall Des1S

s O 250-
y soil : 17 KN/m?.

1- Depth of the footing:

. hp=(0,1—0.12)H.

s H=29+10=39m

. hp=0.1x3.9=0.39 m.
s Take hp = 0.4 m =40 cm.

2- thickness of the wall:
= Unloading pressure ( passive earth pressure will be neglected).

= eap = ka.p.
| ®* Where ka ( from table () for ® =25°) = 0.41.
| * eap=041x5=2.05KN/m?.
5 ea=kayh.=0.41x17x3.0=20.9] KN/m? .

fora 1m strip

Eap=eap . h =205 X3.0=6.15KN

Ea=0.5.ea h=04 X2091x30= 31.37 KN

Internal forces;

n Mu = 6.15(3;0 3.0
2 +31-65(T) = 40.59KN .
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_ 64.94 KN.m.
. Factored Mu = 1.6 (40.59) 64.9

s Assume p=0.35 pb = 0.0085.

m= 19.61
Rn =326 Kg/cm®.

Mu Rnb.d 2

00 ine=—"5%

¢

=3
64.94x107 _ 3 76x1xd’
0.9

d=0.149m.
h erq = d (erq) + cover + db/2

= 14.9+ 5+ 16/2=20.7cm .

Take h =30 cm.

thickness of the wall:
= Design against overturning affects the length of foundation

Design against overturning affects the length of foundation
» Eap=eap.H =0.41x5x3.9=8.0 KN.

" Ea=ea(H2)=041x17x3.9x3.9/2=53.0KN.

= Ww=0.3x3.0x1x24=21.6KN.J=:t;L\o;.,

W= Sl x 24 = 12 T wela) g

Wel=vh(23L-03)= 17%3:0% (2/31.— 0,3 )= 341 — 1531
We2=y.h*(L/3)=17x0.4x(L/3)=283L -
* Ep=kp.yH* (H*/2) | |

kp for (©=25°) - 2.46

Ep
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s about point (2 )

H ! 1[2 : D
1 5 SL+03+=|=L-03
Ms_Ww(lL+o.15)+Wf(5L)+Ep(3)+We‘[3 203
T
11
+Wez(—2‘\:§L])

Ms =30.6L% +2.05L + 6.89

Standing moment

To satisfy over turning = My A
Mo

Take = A—/[i =D
Mo

By solving the previous equation = L=2.16 m = Take L=2.2 m

Overturning is satisfied.

4- Design against overturning affects the length of foundation

v=Sk51s
: F,
[ ] FR=F[:+EP

Where: F, = (WE S +W,. )tan @
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2.4
) P 17(0.4)(’3’) A T

2
W, = 17(3.0)(5 (2.4)-03
)tan 25 = 54.3KN.

.74+21.6+0.4>< 2.4%24

FF = (71
FR = 543 +

i 3.0=61KN.
FA=E0p+Ea—8.0+5

7521 _193<15.

i

61

Sliding not satisfied

s take L=3m.
3
W, = 17(3.0)@ 3)- 0.3) ; 17(0.4)(5) —93.5KN.

F, =(93.5+21.6 +0.4x3x24)tan 25 =87.11KN.

F,=87.1+20.91=108.01KN.

108.0
——1=l.6321.5

V=
. 66.17

S- Design against Bearing Capacity:

* V=Ww+WEI+WE2
Where:

Wy =17(3.0)(1.7) =86.7KN.
W =16(0.4)(1) = 6. 8KV

H='Ep+Eap+Ea

-20.91 + 6.8 + 53= 38.89 KN
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1 17
};2) 2 Ep(l) + Ww(0.45) + Wez(2 NI j

Where C =b/2—€ = 3= 049 = 1.01 m.

_2x1151 15 97kN /m?.
3x1.01x1

Op

2
O =450KN /m".

O-B = O-a”

6-Design of footing:

= Resultant of vertical force:

V =1200w+Wf) +1.6(e, +We,)
=1.2(21.6+36) +1.6(86.7 + 6.8) = 218.72KN .

Resultant of Horizonta] force:

Hu=1.6(43.47) = 69,55k

Resultant factored moment:

Mr=73 ) @ base miq point;
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Calculation 0

39 \1.6) - 2091()
. 16)+80( )(
M~53(2)(

LT 0.14KN.m
+8(1)(1.6) — 86 7(15— )(1 6)=6

f Bearing Pressure:

Mu _ 6014 _ o274m.
G T I8 T2

(O8]

exsbfx=~=0.5m.

6

Vu —e£
O =-b3;(1—6bx)

Op = 30) .

Vu ex
P 1+ 6—-
g bb)’( bx)

21872(1 6%) e
0 -

(o))

Op =

= Mu=84.95 (1) (1/2) + (108.5 - 84.95) (1) (2/3) (1) — 8 (1/2) = 55.2 KN.m.

h=40cm =2 d=40-5-1=34cm.
m= 19.61

Mn o D 20ll0?

pa i 552x10°
bd? 0.9%100 x 342 —5.3(Kg/0m2)

p:L(l_ 1_2mRnJ
g ﬂ

P=191 [1— 1‘2XI9'61><5_3

Asrequired=0.0012x100x34‘43 2
=43 cm2,
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(ACI-10.5.1)

Jr N2
7 i d)z—— e
- A.‘-min=z(’ﬁ7)(bw)() B
24 100)(34) Z %(1 00)(34)
4(400)

99 2 143

Control.

s (1/3)As (req) = 13x43=5.59< 4, min

Use minimum steel reinforcement for vertical bars

Use 5 @ 18 mm for a 1m strip = ® 18 mm@ 20cm.

As provided = 12.72 cm”.
Secondary Reinforcement

As (shrinkage) = 0.0018 x 100 x 40 = 7.2 cm?/m.

As (shrinkage) > (1/3) As (req)... ok.

Use 5 @ 12 mm for a Im strip = @ 12 mm@) 20cm.
As provided = 5.65 cm ”.

7- Design of wall :

n = h
Muy = ea,, h(aj +%ea-h.(ﬁj
3

My = 2_05(3 0)(3.Oj 1
D | = 3.0
2 (24'21)(3'0)(7j = 46.2KN.m.
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62 = 13 KN.m.

Factored MU = :
M 73.9x10°__~19.2(Kg/ e )
" Rn::—bfgl’z‘=0.9x100x20.7

1 1 W)z 0.00479 .
= 4000
7 19.61(

= 2'
As required = 0.00475 x 100 X 20.7 =9.97 cm

L AF a2 Lo @) e (ACI-10.5.1)
. Aﬁ_mm—4(ﬁ))( w)(d) 5

J24 1.4
V24 100)(20.7) = —(100)(20.7)
4(400)(1 )207) = 400

603 = 6.9.

A, min=6.9 cm ety e Control.

As (req) > A4, min

Use S @ 18 mm for a 1m strip = ® 18 mm@ 20cm.
As provided =12.72 cm”.

Secondary Reinforcement

B As=

0.2 As (req) =02 x 12.7) = 2.544 cm¥m
As (shrinkage) = 0.0018 x 100 x 30 = 5.4 cm?*m
As (shrinkage) > (0.2)As(req)... ok |

Use5 @
12 mm for 3 1, Strip > @ 12 mm(@) 20
| cm
AS provided = 5.65 cm?
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#16420 L=250
0

$16820 L= 250

170

Fig (4-22) retaining wall (w1) detail

Table (4.4): retaining Wall Reinforcement

Vertical Horizontal Base
reinforcement reinforcement reinforcement
1918@20om | 1912@20em | 180G 10
1218@25cm | 1912 @20 cm 1820 @ 100w

W | 128@20em | 1912@20cm 1I6@12en

\M 1314 @ 20 cm 1320 @ 12"
1918

@Wem | 1914@200m | 1920007
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4-11 Shear Wall Design:

4-11-1 General Definitions:

n shear wall shall be determined from the following formya:

= The horizontal force 0

= 9—1 S )
SR
s The total design base shear need not exceed the following:
PS¢ I
=25 W i 2)
R

= The total design base shear shall not be less than the following:

) G 3)

Where:
= V=The design base shear.

W= Tot ismi : Wty
otal seismic dead weight of the building, including the weight of all permanent

structural
al and nonstructural components ,such as walls, floors, roofs, and fixed service

equi ..
quipment. In storage, a minimum of 25% of the floor live load must be included

" Ry =Numerical fficient d
W rical coe clen e d ]

structure range from 4 to12 Take Ry=5.5

Z=Seismic zone factor=0.3 for zone 3

[=Importan ients=

y ce coefficients=1 .0 depending upon occupancy cat
i - category.

1c coefficient = 0.30, as set forth in Tab] -

Ct = numerical coefficient = o

: 0.02, given in Section 1630.2.2. (U.B.C)
30, as set forth in Table 16-R. (U.B.C)

Cv = seismic coefficient =




ated according t0:

s The period T calcul

I = C’/(hn)]/4

Where:

ve the base level.

. h. =Height of the structure abo ;
s distributed over the height of the structure according

s The total design base shear V i

equation:

 V=F+%F

Where:

«  F'\ —The concentrated force applied at the tope of the structure.
E, =0.077V <0.25V .

s The remaining portion of the base shear is distributed over the height of the structur

including the top level n, according to the expression:

5 Fx = (V—Fl)thx / Z:’=IWihi
Where

= Wo W.=portion of W at x , 1 level.

" h..h =Heighttox,ilevel.

The design shear at any story, 4

i *» eéquals the sum of the forces f P and il above that

|}

Horizontal shear rej
inforcement spac;
pacing sh :
“ b g shall not exceed:
i) ey

Vs

Where:

Vs=Vn-ve

Ss(Ll
5
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S <3h

g<18' = 500mm
Note: S minimum value controls
ACI 11.10.92
ph(min) =0.0025 e
= Vertical shear reinforcement spacing shall not exceed:
5< [ﬂj
3
S <3h
§ <18" =500mm
= Note: S minimum value controls
s PMofvertical shear reinforcement shall not be less than:
i hw
pn(min) = 0.0025 + 0.5(2.5 - l—)(ph - 0.0025)
w
Tl = (01 0[0 72 SRR ESON o S SRR W ACI11.1094

4-11-2 Calculation Of Loads:
W ior oora-ay = DI* Area + L1* Areq* (.25

Wﬁ” floor(1-4) = : *1715 74
e . +[o.5*1715.74*0.25]

Wfor floor(1-4) = 1961 .4 ton.

Wfor Sloors (4-8) =|: : *1715 74
b ; +[o.5*1715.74*0.25]
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= 37 ton .
Wf("’ floors (4-8) = 1816 3
Wfor all floor =15111 08 ton .* *
% NO *of column 3 h A g 7c

Wof column
i e (04077 2.5)

=135 25 ton -
5 .25 = 16546 .33 ton .

23164 .9 ton .

W of column

Wof column
el

Wi = 00654635 =

4-11-3 Calculation Of Shear Force On Shear Walls :

= W=23164.9 ton.

X,

:

S
R R

X

XX

7y

il

Fig (4-23) main stair shear wall

Tzcl(hn)zu

= T 00EIT =0y oL
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following:
| design base shear need not exceed the
= The tota
v =2’5_CLJ_ Ny /A @)
R
contro

= The total design base shear shall not be less than the following:

7 S OME. T W oS 3)
V= 0.11%03%1%*23164.9 = 764.4  fon

sz(V“Ft)thx/Z;?zlwihi

F =0.07TV.
J,=0.07%0.273158.9=59.7 ton.

n
2iz) Wihi _

= 3.6%1961.4 + 7.15%1916.4 + 11.55%1916.4 + 15.95%1916.4 + 20.3* 18164+
24.7%1816.4 + 28.35%1816.4 + 31.4*1816.4 = 263479 4 ton

F . =[(3158.9-59.7)*3.6%1916.4 112634794 =81.15 ton. Shear force at ground oot
EZ:[

e
=((3158.9-59.7)*11.55%1916 411263479 4
Fx4= [

3158.9-59.7)*
( 9.T)¥7.15%1916.4 1/263479.4=161.17 ton. Shear force at first floor:

=260.4 ton. Shear force at second floor.

(3158.9-59.7)%1
)*15.95%1916.41/263479 4 =3 59.6ton. Shear force at third floor

xs ; & OI * !l 2

F [(3158 9 59 ) 43 1916 ]/ 63 / - 5 -0 ton. Shear force at fourth ﬂoor.
x{’ AT .7)*2 -7* 4 2

F.=1(3158.9-59.7%7g e =556.8 ton. Shear force at fifth floor
2 S 35%

1916 ] / 63 7 g 3 1 t:n' Shear force at SiXth ﬂOOr-
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—706.7 ton. Shear force at seventh g,
o,

Total force at the toP of seventh story = i 706.7ton+59.7 ton = 766.4 ton .

Ratio calculation for each wall:

sing staad pro software we find that this wall carry the maximum shear force g, 4

By u
design all walls by this value.

Every Wall in each floor carry abo
gn in each floor.

ut 11% of shear force that building face so the folloy,

shows the wall force value for desi
o Fx =0.11 * 81.15=8.9 ton

9% Fx =0.11* 161.17 =17.4 ton

% Fx =0.11* 260.4 =28.6 ton

% Fx =0.11* 359.6 =39.56 ton

% Fx =0.11* 457.6 =50.3 ton

% Fx =0.11* 556.8 =61.25 ton

% Fx=0.11 * 639.1 =70.3 ton

% Fx =0.11* 766.4 =84.3 ton
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1/ 263479.4 —706.7 ton. Shear force at seventh floo

— 706.7ton+59.7 ton =766.4 ton

Total force at the top of seventh story = F N

Ratio calculation for each wall:

By using staad pro software we find that this wall carry the maximum shear force g, i
design all walls by this value.

Every Wall in each floor carry about 11% of shear force that building face so the follgyj,

shows the wall force value for design in each floor.

o Fx =0.11 * 81.15=8.9 ton
%% Fx =0.11* 161.17 =17.4 ton
9% Fx =0.11* 260.4 =28.6 ton
% Fx =0.11* 359.6 =39.56 ton
% Fx =0.11* 457.6 =50.3 ton
% Fx =0.11* 556.8 =61.25 ton
% Fx =0.11 * 639.1 =70.3 ton
% Fx =0.11* 766.4 =84.3 ton
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32.15tonm

126.77tonm

330.33 tonm

630.98 tonm

1025.96 tonm

1512.88tonm

1993 tonm

1
_lllhm_._\\
1
_28.64(11_,\\
-
JQSﬁm,\\
o
_505410&.\\
s
6125, 1
.
703 ton
us
_43ton
I

2642.81tonm

T

Fig (4-24) moment and shear diagram

4-11-4Main stairs shears wall design :

1-Shear wall (A) design:

’ Horizontal reinforcement:

fc'=24 MPa
Fy =400 MPa. 5

h=30 cm. Shear wal] thickness,
Lw=3.65 m. shear wa]] width
hw=24.7 m, Story height,

Vu=2060.1 kN.

Vn=2060.1/ 0.75= 2746.8 KN

d=0.8*Lw=0.8*3.65=2.92 m
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V4

) A=
C

xhxd

6
100
V =—@x30x292x/=715.3kN
TR 1000
3 Vs'—'vn"vcl

_746.8-715.3=2031.5 KN.
vy, = VSO A,

£, 44,
*
2060.1=0.75*715.3+O.75( .

400*292 ), A,
2031.5=| — |*| —
10 s

. (A—)= 0.17 cm.

S

- (ﬁl min = 0.0025*h = 0.0025 * 30cm = 0. 075 cm
S

Then,

1ty
§/=017cm >\ ¢ min=0.075¢cm

O = LufS'=3165m /5= 73 o

S min

=3*h=3*30cm = 90 ¢,

............ controls.
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Vertical reinforcement:

[0.0025+0.5(23~
Al’n:

Si=3.65m/3=122 cm

S1=3%0.3 m=90 cm.

An__0.002518,*F

St

M
Lw

)

Si =50 CM.....coet controls

AVn=[

AVn: & 0.0029 Sl h

So provide ( 4, ) min

247, 220 _,0025)1S,* #

5(2.5-
0.0025+0.525 -3 5539

o (A min=0.0025*30%50 = 3.75cm’

Use2 ®10 @ 30 cm

2- Design of moment:

As=(LW /S1)*2*113

. As=(3.65m/0.3m)*2*113=0.00275m2

1
S R
Iw - As* 5+ 0-85*0.85% 24N / mm® *3.65m *0.3m
g 0.00275m* * 400N / mm®
Mu= @ 4
(O.S*AS*fy*LW(l_Tw))

Mu=0.9*0.5*0.00275 m
Mu=15128 8 . [715=

400N
/mm?*3 g
-65m(1-0.051)=1715.0 kN.m.

13413.8 kN m

140
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413.8/0.9
34138/ ~11.12 cm®.

L e
m—0.3m)

~ 200N 1 mm*(3.65

£ Mul @
]ﬁ/(Lw—Cw)

Ast= 1 1.12+2.26=13.38 cm’

Use 5 @ 20 for each edge.
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Table (1) Maximum Reinforcement Ratio p For Singly Rectangular Beams (Ceorresponding 10 0.75 pb)
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4 in slabst
. tive moments 1N S ;
Table 5.2 Coefficients for nega ey
Mans = Casea™ls  here w = total uniform dead plus Ii
B et jn § § e 3 4o~y
Mp.nes _ Case 7 | Case 8 Case 9
e | Case 3 | Case 4 | Case 5 | Case 6 ; i::j :
o |case 1 | Case2 | € o el e g
A i o | o
m=q : PIEIE BN T
Fap i 0.071 0.033 | 0.061
Gl 0.045 0.050 | 0.075 | O 0071 | 0061 | 0.033
100 & 0.045 | 0076 | 0.050 B 5% o
e s 0.075 0.038 | 0.065
0.050 Ll s6 | 0.029
095 3: 0041 | 0072 | 0.045 0.067 | 00
80 | 0.079 0.043 | 0.068
it 0.055 0.060 | 0.0 .
090 &7 0037 | 0070 | 0.040 0.062 | 0.052 | 0.025
Cloes 0.060 0.066 | 0.082 | 0.083 0.049 | 0.072
085 o 0031 | 0.065 | 0.034 0.057 | 0.046 | 0.021
Casig 0.065 0.071 | 0.083 | 0.086 0.055 | 0.075
UL o 0027 | 0.061 | 0.029 0.051 | 0041 | 0.017
o5 Cons 0.069 0.076 | 0.085 | 0.088 0.061 | 0.078
o 0022 | 0.056 | 0.024 0.044 | 0.036 | 0014
070 Cones 0.074 0.081 | 0.086 | 0,091 0.068 | 0.081
g5 Goom 0077 0085 | 0.087 | 0.093 0.074 | 0.083
ey 0.014 | 0.043 | 0.015 0.031 | 0.024 | 0.008
3
B060 Cone 0.081 0.089 | 0.088 | 0.095
e G 0010 | 0.035 | 0.011 0.080 | 0.085
3 0.024 | 0.018 | 0.006
Cone 0.084 .
fe 0.007 | 0.028 8‘3§§ 0.089 | *0.096 0.085 | 0.086
§ t 0.019 | 0.014 | 0.005
: 0.086 06
Goa| | 0005 | 0022 Sl 0.089 | 0.088
0.014 | 0.010 | 0.003

ed discq

SMputed for this total |
Mmed equal tq one-th

& m :
o must Provide for gy

ird of

the

1A cro indi
e :;};Zt?hgfj edge indicates that the slab continues across
Indicates a support at which torsional resistance is’

B .
ad. Negative moments at disco

Positive moments for

: oments
A eyl B because s

' ome de
orsional rigidity of

or is fixed at, the support; an
negligible.

ntinuous edges are
the same direction.
gree of restraint is
the edge beam or by
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ead-load positive moments in slabst ‘L‘ |

Table 5.3 Coefficients for d
where w = total uniform dead load

Ratio Case | | Case 2 | Case 3 Case 4 | Case 5 | Case 6 | Case 7 RF ,

m =f
L85 N :
Coar | 0.036 ’ 0018 | 0018 | 0027 | 0.027 | 0.033 | 0027 [ 0z | o=
) 1

2
M aposdl = Coa lea
M pos.at = Coawlh

0027 | 0018 | 0027 | 0033 | 0033 | o2 :
y 020 i

100 o | 0.036 | 0018 | 0.027
— ‘i
Coa | 0040 | 0020 | 0.021 | 0030 | 0028 | 0036 | 0031 | 003 | g
095 Gy | 0033 | 0016 | 0025 | 0.024 | 0015 | 0.024 | 0031 | g | % 4
I -
000 Cea | 0045 | 0022 | 0025 | 0.033 | 0.029 | 0.039 |
N ey | 0029 | 0014 | 0024 | 0022 | 0.013 | 0.021
ogs Coa | 0050 | 0024 | 0.029 | 0.036 | 0.031 | 0.042
85 G | 0026 | 0012 | 0.022 | 0.019 | 0.011 | 0017

0.039 | 0.032 | 0.045

|
|
CI 0056 / 0026 | 0034
|
|

0.80

Gra | 0.023 | 0.011 | 0.020 / 0.016 | 0.009 | 0.015
Coar | 0061 | 0.028 | 0.040 | 0.04

» : 043 | 0.033 | 0.048
Goar [ 0.019 | 0.009 | 0018 | 0013 | 0.007 0.012
Coa | 0.068 | 0.030 y

oi i 0.026 | 0.046 | 0.035
c,,,.,,I 0.016 | 0.007 | 0.016N 0.017 0.005 gggs]a

Coar | 0.074 | 0.032
& ! 0.054 | 0.050 | 0.036
Goar | 0013 | 0.006 0.014 | 0.009 | 0.004 ggg; (())(())?j g(())g;

G, 0.0
b.di 10 | 0.004 0.011 0.007 | 0.003 0.006 0.012 0.007

Caar | 0.088
0.55 Sea | 0. 0.035 | 0.07
Coar | 0.008 V7110056 | 0.038 | 0,0
0.003 | 0.009 4 0,005 b & 58 g.osn / g.ggg ’ ggg;

Coar | 0.095
- 0.057 1 0.080 | 0,059 0.039 | 006 0039/ 0.056 | 0.038

C, 0.0 ;
0.60 Coat 81 | 0.034 0.062 | 0.053 0.037 0.056 0.073 0.048 I

: 0.
%7 ] 0004 | 0001 | 0,003 0.007 | 0.004 | 0002

tA crossh
atched edpe ind:
unm .- tdge indicat
arked edge indicates 5 suoe b4t the slab conginues ac : e
PPOTt at which torsiona resist 5 nels e at, 1 B R
ance is negligible.

condition, ¢ "PPOsite rotaq; X ;
coefficients l}t:)rc (t)}l:e d €s c;’:Sbewr};mh dcancel, or nearly so. For this
and, " €ad-]o garded jate;
only ot:ethmammum live~10cil¢(1i Toments are 8iVena er? ’fl?dt:lan; thg)apglr:%rthe
€ Particy]y, Pane] Oments are Obtained w; &2 % I:i . lace
and not op any of tp, den live loa ISII:l :
€ adjacent panels.

.
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Jive-load positive moments in slabsT
al uniform live load

where w = tot
e e )
] —E;m Case 5 | Case 6 Case 7 | Case 8 | Case 9

”T Case 2 Case 3
CEsejl Z‘E‘S:EE i:j i;;] E::j Eﬁ E:E izg i::::]
Ll e T00as | 0032 | 0028 | 0.3

036 | 0.027 0.027 | 0.032
g 836 0.027 | 0.032 0.032 | 0.027 0.032 0.035 0.030 0.028

___.——‘___,_—-——'———————‘

L
T 0031 | 0035 | 0034 | 0038 0.036 | 0.031 | 0.032

0.040 | 0.030
0025 | 0029 | 0.029 | 0.024 0020 | 0032 | 0027 | 0.025

e R

.———’—4——_—
0.035 | 0.039 0.037 0.042 0.040 0.035 0.036

0.045 | 0.034
0029 | 0.022 | 0027 | 0026 0.021 | 0025 | 0029 | 0.024 | 0.022

———

0.050 | 0.037 | 0.040
0026 | 0.019 | 0.024

004l | 0045 | 0048 | 0.044 | 0051 | 0.051 | 0.044 | 0.042
0020 | 0.016 | 0019 | 0.023 | 0.019 | 0.017

0.033

0.043 | 0.041 0.046 0.045 0.040 0.039
0.023 | 0.019 | 0.022 0.026 | 0.022 | 0.020

0.056
0.023 | 0.017 | 0.022

0061 | 0045 | 0051 | 0052 | 0.047 | 0.055 | 0.056 | 0.049 | 0.0
0019 | 0014 | 0019 | 0.016 | 0013 | 0.016 | 0.020 | 0.016 oio?g

0068 | 0049 | 0057 | 0057 | 0.051 | 0.060 | 0.063 | 0.05
7 | o : : 054 | 0.050
0016 | 0012 | 0016 | 0014 | 0011 | 0.013 | 0017 | 0.014 | 0011

A

gg’;g ggS; 0.064 | 0.062 | 0.055 0.064 0.070 | 0.059 | 0.054
! .01 0.014 | 0.011 | 0.009 | 0.010 0.014 0.011 0.009

gg?(l) gggg 3.071 0.067 | 0.059 | 0.068 0.077 0.065 0.059
! 011 | 0.009 | 0.007 | 0.008 0.011 0.009 0:007

0.088
0088 | 006 gggg 0072 | 0.063 | 0.073 | 0.085 | 0070 | 0.063
; 0.007. | 0.005 | 0.006 | 0.009 | 0.007 | 0.006

0.095 | 0.066
05 & s gggg 3.077 0.067 | 0078 | 0.092 | 0.076 | 0.067
: 005 | 0004 | 0.005 | 0.007 | 0.005 | 0.004

A cros
; shatched edge indi
marked edge indi g¢ Indicates that the slab i
ge indica §1ab continu i
tes a support at which torsional res?:t:liizs's, i lls L
is negligible.

A
43¢, some rotation wi
Fos ation will occ :
Sumed that there jg SOUL::caH tc e a0
en i |
restraint for calculating these live-load

ments. The
~nents, correspondi .
ponding coefficients are given in Table 5.4. Finally, for
4. Finally,

V; Puting shear ;
3 the fra " In the slab anq |
s oa
’éctlons Ctions of the total loaddswor\:vlt]l?ehsupporting e =
ICh are transmitted in the two
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o of load W in [, and |, directions

Y

Table 5.5 Rati

o portST
ol _’”—T’/T Case 5 —C:;;—‘ Case 7

o e ] e e el e

for shear in slab and load on

Case 8 | Case 9

___’—-‘_‘——'—’_’_—_

m=7
I |

|
//

o1 | o029 | 033 | 06

050 | 08 | ©

o s ombls mstz | 047 . 033 | 0

190 e | o5 | oso | 088 | O 017 | 029 | 071 33
b /// SevndB)

0.20 0.55 0.86
0.55 0.55 0.45 0.14 0.25 0.67 0.62 0.29

|

W.

095 ' | 45 | 045 | 080

0.75 0.33 0.38 0.71

l

L ——
l

W | oso | oev | 023 | 06 0ss | 079 | 038 | 043 | 075
090 ' | o40 | 040 | 077 | 040 o1z | 021 | o6z | 057 | 025

I

E | 0o | S0ek || 0 | mes |- 080 083 | 043 | 049 | 079
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