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Abstract
Structural design for a publiclibrary in Dura city
Project team:
Haneen Rasmie Al-swaiti L ayla Rasmie Qabaja
Supervisor:
Dr. Nasr Abboushi

Palestine Polytechnic Univer sity-2008

The main idea of this project isto prepare the structural design for public
library in Duracity.
This project consist of 4 floors, its located near many schools and a mosque,

we need to take alook on the architectural design.

We will design the building to satisfy the ACI code 2005.

We will make the analysis for vertical and horizontal loads and the structural

design for each member in the project for the buildings.
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LIST OF ABBREVIATIONS

AS= area of non-prestressed tension reinforcement.

AC= area of concrete section resisting shear transfer

Ag= gross area of section.

AV= area of shear reinforcement within a distance (s).
At=area of oneleg of a closed stirrup resisting tension
within a(s)

b= width of compression face of member.

bw= web width, or diameter of circular section.

DL = dead loads.

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

Ec= modulus of elasticity of concrete.

Fy= specified yield strength of non- prestressed reinfor cement.
h = overall thickness of member.

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

L n=length of clear span in long direction of two-way

construction, measur ed face-to-face of supportsin slabswithout

beams and face-to-face of beam or other supportsin other cases.

LL=liveloads.

L d= development length.
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L w=length of wall.

M = bending moment.

M u= factored moment at section.

M n=nominal moment.

Pc= critical load.

Pu= factored axial load.

Pn = nominal axial load.

S = spacing of shear or in direction parallel to
longitudinal reinfor cement.

Vc= nominal shear strength provided by concrete.

Vn = nominal shear stress.

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

Wc = weight of concrete. (Kgim® )

W = width of beam or rib.

Wu = factored load per unit area.

® = strength reduction factor.

K =EFFECTIVE LENGTH FACTOR FOR COMPRESSION
MEMBERS.

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

mm.
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1. BUILDING CODE REQUIREMENTS FOR STRUCTURAL
CONCRET (ACI 318M-05)
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Chapter Four
Structural Analysis and Design

4-1 Introduction

In this chapter, we will demonstrate the procedure for designing structural members of
our project, so we will discuss the steps that we followed to design the Ribs, beams, slabs,

columns, retaining wall, foundations, shear 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_318M- 05).

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 weight calculations based on its density.
2- Live load: And its value will be taken from the Jordanian code.
The thickness of the slab will be determined according to (ACI — code_318M- 05), table 9.5 a
for one way ribbed slab & table 9.5 ¢ for two way ribbed slab. 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 longed span available in our project, which is Rib number (R15).
See the following figure (4-1).
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A

1 | s —
I Aj 1, |
0.5 4.7 0.5

5.2

Fig (4-1) the widest Rib

hmin=Ln/21 For Interior span.

h min = LN /18.5. For Exterior span.

h min = LN /16. For simply supported beam.
h min = Ln /8. For cantilever.

Where: Ln is the clear span length from the face of support to the face of support.
- So for this simply supported: -

N min=4.7/16 =0.29 m=29cm
As we calculated the minimum thickness is 29 cm, we will take it as 32 cm.
With block size (24 cm*40cm*20cm), and the concrete Topping above the block will be equal
8cm.& the lengths span available in our project in two way ribbed slab is 10.59¢cm :

So for this exterior span: -
hmin=10.59/33=0.32m=32cm

These ensure that the thickness is 32cm.
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4-3 Design of the Rib (R1)

D E
1 2 3 4
Al Al Al Al
1 1 1 1 1
L—‘ LI LI LTI ‘—J
A A A A
05 3.92 05 3.97 05 3.97 0.5 3.44 05
b 4.42 o 4.47 o 4.47 3.94 ‘

Fig (4-2) Rib (R1)

4-3-1 Load Determination

= Effective Flange width (bE) according to ACI_05 code 8.10.2:

be For T- section is the smallest of the following:
be=L/4=442/4=1.105m =110.5 cm.
be = b, +16t=12+ 16 (8) = 140 cm
b =C/Cspacing=52cm.................... Control
P b.=52cm.
1. Dead load:
Dead load of ribbed slab: -
Topping = (0.08) * (0.52) * (24) = 0.9984 KN / m.
Rib = (0.12) * (0.24) * (24) = 0.6912 KN/ m
Block = (0.24) * (0.40) * (10) = 0.96 KN/ m
Sand = (0.13) * (0.52) * (16.5) = 1.1154 KN / m
Tile = (0.03) * (0.52) * (23) = 0.3588 KN / m
Plaster = (0.02) * (0.52) * (22) = 0.2288 KN / m

Partitions = (1.25) * (0.52) = 0.65 KN /m
Total Dead Load =5.4316 KN /m
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2. Live Load for commercial buildingsis=5KN/m? SO......:

For stories = 500 kg / m?
=5*0.52=2.6 KN/ m.

4-3-2 Design of Topping
= Live load =5 KN/ m? (For stories).
= Dead load = (5.4316 / 0.52) — (0.6912 / 0.52) = 9.11 KN / m?
= W, =1.2(9.11) + 1.6 (5) = 18.932 KN / m?

Assume slab is fixed at support point (ribs):

B’ L° 0
12 4
9327 0.4°0 : :
Mu = W: =0.252 KN.m, for 1 m wide strip.
2

= According to ACI_05 ( 22.5.1)

f, =420 MPa

f. =0.42,/f¢= 042724 =2.1MPa=0.21 KN/cn?
2 s Q2

S = % ~100 8 _1066.7 cn

M,=1f S=0.21"1066.7 =224.0 KN.cm =224 KN.m

n

fM_ =055 224=1.232 KN.m
f =0.55 for plain concrete
f M,>M,
1.232 >0.252
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 = 420 MPa.
p = 0.0018.
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= Amin=r b d=0.0018" 100" 8=1.44 cm’/1m

Use bars & 8

® #of bars:ﬂ =2.88
0.5

\ use f8 @20 cm

A%proide = > 08 408 P =251 sz /1m

As =251 cm?/m >Asmin =1.44 cm?/m

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

Design for 4.42 m, 4.47 m, 4.47m, and 3.94 m spans.

-24.3 211 218
| '32\1'7 | 1.4 | &\ |
]

! ! 1.41)
L [l |

' 03700 "ol7 Hot72 '
\/ 0.73 0-82 \/
S

upport 1 124 support 2 5o support 3 s

17.8

| 2.35 | 2.35 | 2.36 1.58
I I I

2.65 2.35 | 2.35

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 = 5.4316 KN/m.
Dead load = 2.6 KN / m.
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4-3-3-1 Design of Negative Supports

- Design of Negative Moment for supportl :

= Negative Mu max = -24.3 KN.m
d=h-Cover - (dp/2) =32-2-(1.0)=29 cm.

Mn 243" 10°
= RN =—>= =2.67 MPa,
Ve T ba? T 097 120 290°
f
< m=—r =40 _559
0.85f¢ 0.85" 24
. :i 2mRn 9
m V P
co 1 %el \/1_ 2*20.59 *2.67 2200068
20 .59 420 p
= A, =r b d=00068" 12" 29 =238cm’
e A =% wd) s 2 (ow(d)
S min 4(fy) fy
A T (12)(29) 7 - (12)(29)
" 2(420) 420
= A, =1.015 cm?231.16 cm?’.... 1.16 cnt controls
= A, =238 cm?>1.16 cm’
=\ select A, =2.38 cm? _ takebars ®=10mm As=0.785 cm’
2.38
= #ofbars= g7gg - 503 bar Use 4010
= A, 4o =47 0.785 =3.14 cm?

Check yielding
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T=A"f, =314"42=131.88 KN
C=085" f& b, a
_ C _ 131.88
085 f& b, 0.85 2.4 12
From table b =0.85

=5.38 cm

e, =2 %X (0.003) = 29-0.33. 403 =0.011
X 6.33

® 0.011 > 0.005 0.k

- Design of Negative Moment for support 2:

= Negative Mu max =-21.1KN.m
d=h-Cover - (d/2) =32-2-(1.0) =29 cm.
Mn 211" 10°

= Rn_ = = - =2.32 MPa.
Meq bd®> 0.9” 120" 290
f
< m=—r =40 _559
0.85f¢ 0.85 24
. :i 2mRn 9
m V p
. 1 ael_\/1_2*20.59*2.32 2:000588_
2059 § 420 5
= A, =r b d=000588" 12" 29 = 2.046cm?’
- A VI pvydy s L4 ow)(d)
S min 4( fy) fy
- A =2 1220y s 22 12)(20)
" 2(a20) 420
= A, . =1.015 cm?31.16 cm?.... . 1.16 cn? controls

S min
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= A = 2.046 cm? >1.16 cm?

=\ select A, =2.046 cm?’

2.046
» #ofbars= g7gg - 2:61 bar . Use 3010
= Ay joie =37 0.785 =2.355 cm?’

= Check yielding

T=A~ fy =2.355" 42 =98.91 KN
C=08" f& b." a

C . 98.01

= y = - ~ =4.04 cm
085 f& b, 085 2.4 12
From table b =0.85
-2_408 _ 75 om
b 085
e. =9 % (0.003)= 222257 403 = 0.0153
X 4.75

® 0.0153 > 0.005 o.k

- Design of Negative Moment for support 3:

= Negative Mumax =-21.8 KN.m
d=h-Cover - (d/2) =32-2-(1.0) =29 cm.

Mn 21.87 10°
« Rn_= = =24 MPa,
Ve bd*> 0.9 120" 290
f
=Y = 42,0 =20.59
0.85f¢ 0.85" 24
. o= i 2mRn 9
m V P
. 1 ael_\/l_2*20.59=’v2.4g:00061
20 .59 § 420 5

= A, =r b d=00061"12" 29 =2.12cm’
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_ +/fct

1.4
A i = bw)(d) 3 —(bw)(d
s min 4(fy)(W)() fy(W)()
_ , 1.4
s min = 4(420)(12)(29) 100 (12)(29)
A, ., =1.015 cm?®31.16 cm?..... 1.16 cn” controls

A g =212 cm?>1.16 cm’

\  sdect A, =212 cm?

2.12
#ofbars= g7gs - 271 bar . Use 3010
A yoss =37 0.785 =2.355 cm?

Check yielding

T=A"f =2355"42=98.91 KN

C=085" fg& b." a

q= C _ 98.91
08" f& b 085" 24712

From table b =0.85

=4.04 cm

e, = " (0.003) = 29- 457 403 = 0.0153
X 4.75

® 0.0153 > 0.005 o.k
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4-3-3-2 Design of Positive Spans

- Design of Positive Moment for span 4.42m:

= Positive Mu max =17.8 KN.m

= Effective Flange width (bE) according to ACI_05 code 8.10.2:
be For T- section is the smallest of the following:
be =L/4=442/4=1.105m=110.5cm.
b = b, +16t=12+ 16 (8) = 140 cm
b =C/Cspacing=52cm.................... Control
P b.=52cm.
= Determine whether the rib will act as rectangular or T — section:
For a=t=8cm
C=0.85" f& t" b.=0.85(2.4) (8) (52) = 848.6 KN
= Mn=TorC(d-05a) =848.6 (29-0.5(8))/100 =212.15 KN.m

= OMn=0.9(212.15) = 190.935 KN.m
= Check ®Mn = 190.935 KN.m > Mu = 17.8 KN.m

\ Design as a rectangular with bg =52 cm

Mn 178" 10°
bd*> 0.9 520" 2907

i r—iael- fl_ZmRni:i
mé fy ¢

x * * Q
S| §1-\/1-2 20.59 *0.452 0

= Rn= =0.452 MPa

(SR

T=0.0011 .
20 .59 420 p

= A, =r b d=0.0011" 52" 29 =1.66cm’

4/ fc¢ 1.4
n A = b d 3 b d
s min 4(fy)(W)() fy(W)()
_ 24 , 14
A = Jiagy 12)(29) F 2-02)(29)
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A, ..., =105 cm?31.16 cm?... 1.16 cnt controls

A =166 cm?31.16 cm’

\  select A, =166 cm?

1.66
#ofbars= 793 - 147 bar Use 212
Ag poia = 2.26 cm?

Check yielding :

T=A"f,=226" 42=94.92 KN
C=085" f¢ b. " a

C . 94.92

p = ~ ~ =3.88 cm
08" f& b, 085" 24712

From table b =0.85

2 _38 _ /56 om
b 085
d- x. 29- 456,

(0.003) = =—==" 003 = 0.016
4.56

® 0.016 > 0.005 ok

- Design of Positive Moment for span 4.47m:

Positive Mu max = 12.4 KN.m
Effective Flange width (b, ) according to ACI code 8.10.2:

b. For T- section is the smallest of the following:

be =L/4=447/4=111m=111cm.

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

be =C/Cspacing=52cm.................... Control
P b.=52cm.

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

For a=t=8cm
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C=085" f& t b.=0.85(2.4) (8) (52) = 848.6 KN

Mn=TorC(d-05a) =848.6 (29-0.5(8))/100 =212.15 KN.m

®Mn = 0.9( 212.15 ) = 190.935 KN.m

Check ®Mn =190.935 KN.m > Mu =124 KN.m

\ Design as a rectangular with bg =52 cm

- 6

rn=Mn_ 124 10" 315 mpa
bd> 0.9” 520" 290

" :i f 2mRn 9
m P

= & \/ 2*20.59 *0.315
20 59 é 420

0
g

A =T b d=0.00075" 52" 29 =1.14cm’

4/ fc¢
A, = bw)(d) 3 =2 (bw)(d
s min 4(fy)( w)(d) fy( w)(d)
24 , 1
Ag pin = 4(420)(12)(29) (12)(29)
A.  =1.015 cm?31.16 cm?..

S min

A =1.16 cm?31.14 cm’

\  sdect A, =116 cm?
1.16

#ofbars= g7gg - 103 bar .

As poia =1.57 cm?

Check yielding :

44

..... 1.16 cn? controls

Use 2910

- = 0.00075 .



T=A" f, =157 42=56.94 KN
C=085" f¢ b. " a
C _ 56.94

a= - = - - =2.69 cm
0.85° f¢ b. 085 2.4 12
From table b =0.85
_E_&_?, 2 cm
b 0.85
e. =9 % (0.003)=22"32" 003 =0.02

® 0.024 > 0.005 o.k

- Design of Positive Moment for span 4.47m:

Positive Mu max = 13.2 KN.m
Effective Flange width (b, ) according to ACI code 8.10.2:

b. For T- section is the smallest of the following:

be =L/4=447/4=111m=111cm.

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

b =C/Cspacing=52cm.................... Control

P b.=52cm.
Determine whether the rib will act as rectangular or T — section:
For a=t=8cm
C=0.85" f& t" b.=0.85(2.4) (8) (52) = 848.6 KN
Mn=TorC(d-0.5a) =848.6 (29-0.5(8))/100 =212.15 KN.m
®Mn = 0.9( 212.15 ) = 190.935 KN.m
Check ®Mn =190.935 KN.m > Mu =13.2 KN.m

\ Design as a rectangular with bg =52 cm
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Mn 1327 10°

« Rn= = =0.335 MPa

bd*> 0.9 520" 297

-r—i 2mRn0
m

QI

N

0.59

o * *
co 1 g1_\/1_2 20.59 * 0.332

420

= A, =r b d=0.0008" 52" 29=1.2cm’

c

;

n A . =

S min

=
-

" As min "~
4(420 )

= A, =1.015 cm?31.16

S min

(12)(29) 3 izg

(bw)(d) 3 %(bw)(d)

2

cm - ...

= A =12 cm?31.16 cm’

s req

1.2
#ofbars= g7gg = 1.4 bar

A =1.57 cm?

s provid
= Check yielding :
T=A~ fy =1.57" 42 =56.94 KN
C=08" f¢ b." a
_ C _ 56.94
085" f& b, 085 24" 12
From table b =0.85

.003

® 0.024 > 0.005 o.k

\  sdect A =1.2 cm?

=2.69 cm

=0.024
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- Design of Positive Moment for span 3.94 m:

Positive Mu max = 13.8 KN.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=394/4=0.985m =98.5 cm.

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

b =C/Cspacing=52cm.................... Control

P b.=52cm.
Determine whether the rib will act as rectangular or T — section:
For a=t=8cm
C=0.85" f& t" b.=0.85(2.4) (8) (52) = 848.6 KN
Mn=TorC(d-0.5a) =848.6 (29-0.5(8))/100 =212.15 KN.m
®Mn = 0.9( 212.15 ) = 190.935 KN.m
Check ®Mn =190.935 KN.m > Mu =13.8 KN.m

\ Design as a rectangular with bg =52 cm

. 6
ro=Mn_ D38 10" _ (35 mpa
bd® ~ 09" 520" 290

" _i 2mRn
m

ae\/ 2*20.59 *0.35 0
osé 420 p

A =1 b d=0.00086" 52" 29 =1.3cm’

Q- I--0:

= 0.00086 .

_‘
|

N

4/ fc¢ 1.4
A . = b d)3 —(b d
s min 4(fy)(W)() fy(W)()
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e AL = Y2 1oy 20y e 1
4(420) 420

(12)(29)

A, ..., =105 cm?31.16 cm?.... 1.16 cnt controls

A =13 cm?31.16 cm?

\ sdect A =1.66 cm?

s req

1.3
#ofpbars= 793 - 115 bar Use 2012

A =2.26 cm?

s provid
= Check yielding :
T=A"f,=226" 42=94.92 KN
C=08" f& b." a
o= C _ 94.92
08" f& b, 085" 24712
From table b =0.85

=3.88 cm

e, = (0.003) = 29- 430 403 =0.016
X 4.56

® 0.016 > 0.005 ok
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4-3-4 Check of shear:

29.1
) . -26.8
264 232 9 241

-14.5

-17.2

19.5

16.8

23.5 23.9
27.3 24.6 26.2 26.6

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).

1. check for one value :

Vumax =26.4 KN At distance d from the face of interior support (2)

& [fcts 6
FV. =075 GTC;bd = o.75§/%_4¢(o.12)(o.29)(1000) = 21.31KN
a %]

Vumx=26.4 kN > 0.5FV, =10.655 KN

Category (2):

05FV, <Vy< FV,

\ Minimum reinforced is required.
S=3A/f,/by=-3*420*0.35*1/12=36.75cm
S<d2=15cm ...............Controls.

S<60cm

FV,=0.85A,f,d/S=0.85* 42 *2* 0.35%29/ 15 = 48.3
V,-48.3+21.31=69.91 KN > 26.4 ........... OK

Use ® 8 mm stirrups @ 15 cm.
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4-4 Design of the Beam (B1)

1 2 3 4 5
1 2 3 4
| A | A | A | A |
05 3.92 05 3.97 05 3.97 05 3.44 05
‘ | ‘ 4.42 ‘ | ‘ 4.47 ‘ | ‘ 4.47 ‘ | ‘ 3.94 |
SPAN1 SPAN2 SPAN3 SPAN4

Fig (4-5) :Spans (1,2,3,4) in beam (B1)

Using Atir software we found that the envelope of moment for this beam (B1) as follows:-

See Fig. (4-6)
-10.8
103
9.6
. P9511 | \ /&3 | \ 10
[ | | [ 092‘ | [ 102‘ |
l | | | |
| | | \_/
5 5.8
8
10.7
a7 2.65 | 2.46 200 | 223 224 | 236 | 158 |

Fig (4-6) Moment Envelop For Beam (B1)
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Check of b for beam when we assume it at first as 60 cm:
Mn=Mu/0.9=10.8/0.9 =12 KN.m

r = =r max
2
r :% 0.75" rb
r b =0.85*24*0.85 (600/600+420) = 0.024
420
r 2%' 0.75 7 0.024 = 0.009
1 0
r = — [ T
m a
- _ .
0.009 = \/ 20 59 R ¢
20 59 é &
Rn =3.43
Mn 127 10°
343= > = ,0 220.575 m
bd= 0.9 b” 260

Assume b= 60 cm.

- Design of Negative Moment for support (1):

Negative Mu max =-10.8 KN.m
Mn =Mu/0.9 =12 KN.m
d =h - Cover — (d/2) - db (stirrups) =32 -4 —-(2.0/2) - 1.0 = 26 cm.

PPN

. Rn,eq:Mrz': 1210 _p33 MPa
bd? 0.9° 600" 260
f

. m=—r =40 545

085 f¢ 0.85 24
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188 f 2R
Hé mRn

* *
-\/1 2*20.59 033__0000792
420 p

Q- I--0:

A, .. =r b”d=0.000792" 60" 26 =1.24cm”.

A = 1 by o %(bw)(d)

ST A(ty)
As i = 4ﬁ) (60)(26) * -=-(60)(26)
A, . =455 cm?352 cm?.. .. 5.2 cn' controls
A, g =52 cm?>1.24 cm?
\  select A, =52 cm?
# of bars =5.2/1.54 =3.38 bar............. Use 4014
A povig = 6.16 cm?

Check yielding :
T=A f, =616" 42=258.72 KN
C=085"fCb."a

C _ 2b8.72

= - = - ~ =2.114 cm
085" fC b, 0.85 24" 60
From table b =0.85
_a_ 2114 o .,
b 0.85
eS:d X (0 003) 26- 2.5, 0.003=0.0282
X

® 0.0282 >0.005 0.k
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- Design of Negative Moment for support (2) :

= Negative Mu max =-9.6 KN.m
= Mn=Mu/0.9=10.67KN.m

= Design a rectangular beam section with bg =60 cm

£ 106
. pn=Mn_ 067100 _450, \ipa

bd®> 0.9” 600" 260°

. iae 2mRn 9
o SR
* * 0
; ) \/1_ 2*20.59*0.292 2= 0.0007.
420 5
= A =r"b"d=0.0007" 60" 26 =1.09cm?
4 fc¢ 1.4
" A T (bw)(d) * —(bw)(d)
4(fy) fy
f AL T (60)(26) 3 T (60)(26)
4(420) 420
= A_,,=455 cm?352 cm?..... 5.2 cn controls
= A =52 cm?>1.09 cm?
=\ select A, =52 cm?’
» #ofbars=5.2/1.54=3.37 bar............. Use 4014
= A ,ouq = 6.16 cm?

Check yielding :

53



T =A, f,=616" 42=258.72 KN
C =085 flt b, a
C _ 258.72

= - = -~ . =2.114 cm
085 fC b, 0.85 24" 60
From table b =0.85
_E_Mi_z_5 m
b 0.85
eS:OI X (0003) 26'2'5’0.003:0.0282
X

® 0.0282 >0.005 o.k

- Design of Negative Moment for support ( 3):

Negative Mu max =-10.3 KN.m
Mn= Mu/0.9=11.4 KN.m
d =h - Cover — (d/2) - db (stirrups) =32 -4 - (2.0/2) — 1.0 = 26 cm.

s 16
. Rnreq:Mrzl = 1410 5313 mpa
bd? 0.9 600" 260
f
. m=—r = %0 _545g

0.85" f¢ 085 24

_ iae 2mRn 9

m§
\/ 2*20.59*0.313 0
420 p

QI

= 0.0007522.

= A _=r"b”d=0.0007522" 60" 26 =1.17cm”’.

_ ¢
s min 4(fy)

>
a

(bw)(d) 3 %(bw)(d)

N

(60)(26) 3 i;:)

s MmN 4(420)

(60)(26)

= A, =455 cm?35.2 cm?.. ... 5.2 cnY controls

S min
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= A =5.2 cm?>1.17 cm?

s req

\  select A =5.2 cm?

s req

= f#ofbars=5.2/154=337bar............. Use 4914
= A =6.16 cm?

s provid

= Check yielding :

T =A, f,=616" 42=258.72 KN
C =085 fl¢ b, a
C _ 258.72

= =% =2114 cm
085 fC b, 0.85 24" 60
From table b =0.85
_a_214
b 0.85
eS:OI X (0003) 26'2'5'0.003:0.0282
X

® 0.0282 >0.005 o.k

- Design of Positive Moment for span 1 :
= Positive Mu max = 10.7 KN.m
= Mn=Mu/0.9=11.88 KN.m

= Design a rectangular beam section with bg =60 cm

Mn _  11.88"10°

- Rn=— ~=0.325 MPa
bd? 0.9 600" 260
. :i 2mRn 9
m o
- 1= 5. - 272059708259 4 440782,
9% 420 :
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= A _=r b d=0.000782" 60" 26 =1.22 cm?

s req
4 fc¢ 1.4
" A T (bw)(d) * —(bw)(d)
4(fy) fy
f AL T e (60)(26) 3 e (60)(26)
4(420) 420
= A_,,=455 cm?352 cm?.... 5.2 cnt controls
= A =52 cm?>122 cm?
=\ select A, =52 cm?’
= #ofbars=52/1.54=3.37 bar............. Use 4014
= A, jovig =6.16 cm?.

Check yielding :

T =A, f, =6.16" 42=258.72 KN
C=085fCb. a
C _ 25872

a= . = ~ - =2.114 cm
085 f &b, 0.85 2.4 60
From table b =0.85
_a_2114_ .
b 085
e, = d-x. (0.003) = 26- 25+ ) 003 =0.0282
X

® 0.0282 >0.005 0.k
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- Design of Positive Moment for span 2 :

Positive Mu max =5 KN.m
Mn=Mu/0.9=5.56 KN.m

Design a rectangular beam section with bg = 60 cm

s 106
ra=Mn_ 556 100 _515 vpa

bd®> 0.9” 600" 260°

iae 2mRn 9
m§ v 5
; \/ 2*20.59 0.15222000036
420 Z
A, _—— “b” d =0.00036" 60" 26 =0.57cm?
4/ fc¢ 1.4
Ag min = (bw)(d) 3 —(bw)(d)
4( fy) fy
A, o = 22 (60)(26) @ —2-(60)(26)
" 4(420) 420
A, .. =455 cm?®352 cm? ... 5.2 cnt controls
A, o =52 cm?>0.57 cm?’
\  select A, =52 cm?
# of bars =5.2/1.54=337bar............. Use 4914
A povig = 6.16 cm?’

Check yielding :
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T =A, f,=616" 42=258.72 KN
C =085 flt b, a
C _ 258.72

= =% =2114 cm
085 fC b, 0.85 24" 60
From table b =0.85
_a_214
b 0.85
eS:OI X (0003) 26'2'5'0.003:0.0282
X

® 0.0282 >0.005 o.k

- Design of Positive Moment for span 3 :

= Positive Mu max = 5.8 KN.m
= Mn=Mu/0.9=6.44 KN.m

= Design a rectangular beam section with bg =60 cm

PPN
. Rn=Mn__ 644100 _,,0 ypa

bd?  0.9” 600" 2607

188 f 2R
. Hé mRn

Q- I-1-0:

r _\/1 2*20.59 0177__OOOO42
420 p
" A =r b d=000042" 60" 26 =0.66cm’
fce 1.4
- As min = (bW)(d)3 —(bW)(d)
4(fy) fy
J24 1.4
= A= 60)(26) 3 60)(26
s min 4(420)( )(26) ( )(26)
« A, =455 cm?35.2 cm?.... 5.2 cn? controls

S min

S

= A, =52 cm?>0.66 cm?
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\  select A =5.2 cm?

s req
= f#ofbars=5.2/154=337bar............. Use 4914
= A ,ouq = 6.16 cm?

Check yielding :

T =A, f,=616" 42=258.72 KN
C =085 f¢ b, a
C _ 258.72

= =% __=2114 cm
085 fC b, 0.85 24" 60
From table b =0.85
_a_214
b 0.85
eS:OI X (0003) 26'2'5'0.003:0.0282
X

® 0.0282 >0.005 o.k

- Design of Positive Moment for span 4 :

= Positive Mu max = 8 KN.m
= Mn=Mu/0.9=8.89KN.m

= Design a rectangular beam section with bg =60 cm

I 6
- Rn= Mr21 889 10" _0244 MPa
0.9° 600” 260
- 2mRn 0
m§ ;

+=0.00058.
ﬂ

% \/ 2%*20.590*0.244 0
59§ 420

= A =r b"d=0.00058" 60" 26 =0.911cm?
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_ +/fct

1.4
" A T (bw)(d)* —(bw)(d)
4(fy) fy
f AL T e (60)(26) 3 e (60)(26)
4(420) 420
= A_,,=455 cm?352 cm?..... 5.2 cnt controls
= A =52 cm?>0.911 cm?
=\ select A, =52 cm?’
» #ofbars=5.2/1.54=3.37 bar............. Use 4014
= A, jovig =6.16 cm?.
= Check yielding :
T=A"f, =616"42=258.72 KN
C=085ftb."a
a= ,C = 2,58'72, =2.114 cm
085" f&b. 0.85 2.4° 60
From table b =0.85
_E_Mi_25 cm
b 0.85
e, = d-x. (0.003) = 26- 25 4,003=0.0282
X

® 0.0282 >0.005 o.k
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4-4-1 Check for Shear:
See Fig. (4-7) for shear envelope for Beam (B1)

Shear

-19.
14.9 -16.4
-10.7

12.3

16.8 15.3 17.3

Fig (4-7) Shear Envelop For Beam (B1)

Using Atir software we found that the envelope of shear for this Beam ( B1) is as follows:-
See fig (4-7).

1. Check for one value:
Vumax =19 KN At support (2)
a8/ fctd o)
FV, 20758 “bd = 0.75?%;(0.6)(0.26)(1000) - 95.53KN

%] [
Category (1):
0.5fVe =47.8KN 3Vu=19KN

\ No shear reinforcement is required according to Category 1
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4.5 Design of Tow Way Solid Slab (Slab S)

The slab would be analyzed and designed by using table of two way solid slab to find the
internal forces, deflections and moments, and then manual calculation will be made to find the

required steel for all members

4.5.1 Determination of Thickness:

Lx =4.6 m.

Ly=5.88 m. :

Ly/Lx =1.28 < 2. s,

\ Two Way Solid Slab. % =
Z

h>h min
200 mMm>125 mm

4.5.2 Determination of Loads: Fig (4-8) tow way solid slab

DL =8kN/m

LL =5KN/m

qu=12*DL+1.6*LL
qu=1.2*8+1.6*5=17.6KN/m

For Im Strip In X &Y direction qu =17.6KN/m

From Table
Kfx=215
Kfy=28.7
KAXx= KAy=2.07
* [y2 * 2
Mux= unfIX 176746 =17.32KN.m/1m strip
X
*|y2 * 2
Muy= QX 1767467 N miim strip
Kfy 28.7
* *
Ay:Ax:qu Ix:17.6 4'6:39.11KN
KAX 2.07
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4.5.3 Design of Shear:

f *Vc3 Vn

f *Vc :%*0.75*1/ fc'*b*d :%*0.75*«/24 *1000 *17
104.103KN >>39.1KN

\ No Shear Reiforcement Re quired

4.5.4 Design of Reinforcement:

d=20-2-1.0=17 cm.
Mux = 17.32 KN.m

Muy = 13KN.m
In x-direction.
fy 420

m = - = =2.59
0.85*fc  0.85*24

Mnx =17.32/0.9 = 19.24 KN.m.

_ Mn _ 19.24*10°
bd 2

=0.665Mpa
(1000)(170)° P

_ 1, [ 2mRn
p—a(l 1 fy)

o= L @- \/1_ 2(20.59)(0.665)
20.59 420

Areq=p*b*d=0.0016 *100*17 = 2.74 cm?/1m

) = 0.0016

_0.25(fc 4= 0-25124*1000*170
min fy 420
=5.0cm* /1m

But not less than

As = LATbw*d > 1.4*1000*170
i fy 420

1.3*Asreq= 1.3* 2.74 = 356cm°’< Asmin ~ .......... Control

=5.66>5.0.......... Control

Then we use ® 10 @ 20 cm. AS,oigea =5*.785=3.925cm’ /1Im> 1.3*As req
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In y-direction.
_ fy 420

m = = = 20.59
0.85*fc  0.85%24
Mnx = 13/0.9 = 14.44 KN.m,
* 6
an Mr; _ 14.44*10 - 0.5Mpa
bd?  (1000)(170)
1 2mRn
=—(1- 1- ——
p=—( fy )
p= 1 (- \/1- 220.5905) y _ ¢ 917
20.59 420
Areg=p*b*d=0.0012%100*17 = 2.05 cm?/1m
) * *
As. = 0.2?\/fc *pxq = 0.25@4210000 170 _ & oerm? 11m
y

But not less than

_14*bw*d? _1.4*1000*170
min fy 400

1.3*As req= 1.3* 2.05= 2.665CM°..........ccuuveennnn.. Control
Then we use ®10 @ 20cm. AS,oiqea =0.785*5=3.9cm’ / m > 1.3*As req

As =5.66>5.0.......... Control

4.5.5 Check for yielding:
Tension = Compression
A *fy=0.85*fc' *b*a
3.9*%420=0.85*24*100*a
a=0.8cm

o _17.0- 0.94
s 0.94
e, =0.05>0.005 3#® ok

*0.003
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45.6 Development length of the bars:

f
L - y s a s b s g/ d
"ot i
... L, =60cm.
420 49114 =60.0cm Use... L, =60cm
224

4.5.7 Shrinkage & Temperature Reinforcement:

Ly =

As_ =0.0018" b" h
As,. = (0.0018) (100) (17) = 3.06cm*

Then we use ® 8 @ 15 cm. AS et = 3.35cm? /m - In both direction x&y

6.2m

>

@ O@ZOCWBE}
LJ

P8@15cm T.B

5.0m

$10@20cmB.B i
$8@15cmT.B

Fig. (4.9) Reinforcement of solid slab S
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4.6 Design of Column (Column C4 in Building)
(A)

1. Design of cross sectional area:

Designing the cross sectional area of the column will have the dimensions which are
(70cm x 70cm) cross sectional area column which is suitable for this interior column!
DL =434.512 KN
LL =208 KN
Pu=12DL+16LL

=1.2(434.512) + 1.6(208)

=854.2144 KN
Pnreq=Pu/ ® (where ® =0.65 -------- ACI19.3.2.2)

= 854.2144/0.65 = 1314.176 KN="="for five floors Pn req=5 (1314.176) = 6570.88KN

User =r, =1.5% and Ag = 4900 cm2.

Pn=0.8 {0.85 fc¢(Ag — Ast) + fy Ast} ------- ACI Code 10.3.6.2
=0.8 Ag {0.85 fc+ r (fy-0.85(fce))}

= 0.8 (4900) {0.85 (2.4) + 0.015 (42.0 — 0.85(2.4))}

Pn available = 10346.448 KN > Pnreq =6570.88 KN

\' The dimension of the column is sufficient for carrying the loads (as assumed previously).
2. Design of reinforcement:
Using pmin=0.015

Ast req = (0.015) (4900) = 73.5 cm?
Use 24920 with As = 75.36 cm?
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3. Slenderness effect:

. Klu
Check of slenderness ratio , —
r

( K_Iu YE(34-12)( ﬂ ) ... ACl10.12.2
r M2

£ 40

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

. ) /I
r: radius of gyration =,|—
gy A

| = bh3/12 = 70(70)3/12 = 2000833.33 cm*

A = 4900 cm*
r= M =20.21 cm2.
\ 4900
Klu :1 3.55m _1757<22
r 0.2021

\' NO NEED to evaluate Slenderness effect .... We have short column.
Calculation for factored moment....ACI 10.12.3.2

My min= (15 + 0.03h)

e min =15 + 0.03(h) =15 + 0.03(650) = 34.5 mm
e used for the design = 34.5mm=3.45cm
The capacity (Pn) of the column
Cs = As (FY - 0.85xfc) = 5x3.14(42.0 — 0.85%2.4)
=627.372 KN
Cc = 0.85xfcxbxa
= 0.85x2.4x70x%a
= 0.85%2.4x70%0.85X = 121.38X
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€s= (d- X)?’—O%?

E€s = (64- X)géJOO30

Est =20000 KN/cm?

Fs = (64- X)g@m? Est
Fs = (64- X)?&? 20000 = 60?4_)(9
(%]

260" (64 X)6 _a60288- 942X 6

T = As x Fs = 5(3.14)
& X 5 & X o
a M (+ Clockwise) =0
?—0288)( 942X 037 45+121.38X go.ssx -31.559- 627.372" 24=0.0
(%] (%]

By trial and error the value of X =37.72 cm
Then: Cs =627.372 KN
Cc = 121.38(37.72) = 4578.45 KN

_a80288- 942" 37. 729 656.3KN

& 37.72 p
Pn=Cs+ Cc- T =627.372+ 4578.45 -656.3= 4549.522 KN
Pn = 4549.522 KN

Mn=Pn’" e

Mn =4549.522" 0.0345
Check if:
€s > (Fy/Es)
(FY / Es) = (420/200000) =0.0021
0.002523>0.0021
CORRECT.......

\' The column is sufficient for the applied load.
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4. Lateral Ties Selection:
For @ 10 mm ties: according ACI17.10.5.2

S£16d,=(16x2.0) = 32cm ...use
£ 48d,= (48x1.0) = 48cm
£smaller dimension of the column = 70cm

Use®10 tie @ 35 cm.

4.6 Design of long Column (Column C19 in building)
(B)

Designing the cross sectional area of the column will have the dimensions which are

(30cm x 50cm) cross sectional area column which is suitable for this exterior column

5. Design of cross sectional area:

DL =126.63 KN
LL =62.75 KN
Pu=12DL+16LL
=1.2(126.63) + 1.6(62.75)
=252.356 KN
Pnreq=Pu/ ® (where ® = 0.65 -------- ACI19.3.2.2)
= 252.356/0.65 = 388.24*4=1552.96 KN
User =r, =1.5% and Ag = 1500 cm2.

Pn = 0.8 {0.85 fcC(Ag — Ast) + fy Ast} ------- ACI Code 10.3.6.2
= 0.8 Ag {0.85 fct+ P g (fy — 0.85(fct))}
= 0.8 (1500) {0.85 (2.4) + 0.015 (42.0 — 0.85(2.4))}

Pn available = 3167.28 KN > Pnreq = 1552.96 KN

\' The dimension of the column is sufficient for carrying the loads (as assumed previously).
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6. Design of reinforcement:

Using pmin=0.015
Ast req = (0.015) (1500) = 22.5 cm?
Use 8020  with As=25.12 cm?

7. Slenderness effect:

. Klu
Check of slenderness ratio , —
r

Klu M1
(=—)&(34-12)( )

£ 40

Where:
Lu: Actual unsupported length.

ACI10.12.2

k: effective length factor (K= 1 for braced frame).

. ) /I
r: radius of gyration =,|—
) A

I = bh3/12 = 30(50)3/12 = 312500 cm*
A = 1500 cm*

r= 312500 =14.43 cm2.
\' 1500

Klu_1°355m
r 0.1443

=24.60 > 22

\ Slenderness effect must be considered

& Cm _
§1- (Pu/.75Pc) &

sl

e 1 t_')>1
§1- (1009.424/.75Pc)
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Determination of Pc:

p?  El
Klu

Pc =

=2323.8 KN/cm?

Ec= 15000240
100

Est =20000 KN/cm?

30750’

gross 12

=312500 cm?

Is = 2(18(3.14) (14.6)2) = 3300.8 cm*

El larger of:
0.2(Ec 1g) + Es Is = 0.2(2323.8) (312500) + (20000) (3300.8) =211252860 KN.cm?
0.4 Ec Ig = 0.4(2323.8) (312500) = 290475000 KN.cm?

2
pe =P 290475000 _ 0/ s kN

3552

s1=o L 9-1.06
§1- (1009.424/.75(22748.5) &

e min =15 - 0.03(h) =15 - 0.03(250) = 22.5 mm
e used for the design = 22.5(1.06) =23.85 mm = 2.85 cm

The capacity (Pn) of the column

Cs = As (fy — 0.85x%fc) = 5x3.14(42.0 — 0.85x2.4)
=627.372 KN

Cc = 0.85xfcxbxa
= 0.85x2.4x30x%a
= 0.85x%2.4x30%0.85X = 52.02X

es = (32- x)2:2030
e X g
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=(32- X)MQ 20000
X g

Fs =(32- X)E%Q 20000 = 608‘32 X9
1] ﬂ

T = As x Fs = 5(3.14) 20 (82-X)0 MQ
§ X 5 & =

a M (+ Clockwise) =0

?—0144)( 942X 993 36 +52.02X g@ 85X

%)

- 22642 627.3727 18.46 =0.0
4]

By trial and error the value of X =42.8 cm
Then:

Cs=627.372 KN

Cc =52.02(42.8) = 2226.456 KN

_a30144- 9427 42.86

9-_ 237.7KN
& 42.8 p

\' The tension force is in the opposite direction
Pn=Cs+Cs+ T=627.327+ 2226.456 +237.7 = 3091.43 KN
Pn =3091.43 KN > Pn =1552.96 KN

\' The column is sufficient for the applied load.

8. Lateral Ties Selection:
For ® 10 mm ties: according ACI 7.10.5.2
S£16d,=(16x2.0) = 32cm ...use

£ 48d,= (48x1.0) = 48cm
£smaller dimension of the column = 30cm

Use®10 tie @ 25 cm.
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4.7 Design of Isolated Footing (Footing F2 IN BUILDING)

Total factored load = 830.02 KN.
Soil weighting = 18 KN/ms.
Allowable soil pressure = 400 KN/m?

Column dimensions = 60 cm x 30 cm.
1. Bearing pressure design:

Estimate footing to be about 30 cm thick in addition to about 10 cm of blinding concrete and

let the base elevation to be 70 cm.

Footing Weight = 0.4 m (24KN/m?3) = 9.6 KN/m2.
Overburden Weight = 0.3 m (18 KN/m?) = 5.4 KN/m?2,

P net =400 - 9.6 — 5.4 = 385 KN/m?.

Required area (A) = Total Weight / Net Soil Pressure
=830.02 KN / 1.4 (385) KN/m?

=1.539m’
Use ...... L=140m B=110m, A=154m

2. Thickness of the footing design:

Pu =830.02 KN.
P net (factored) = 830.02 KN / 1.54 m? = 538.974 KN/m?2.=539 KN/m?2.

73



One way shear:

(V. :qné\/f b,d) ® V,

0.75(%)(ﬂ “10)(110)(d)  5.39(110)(40 - d)

673.6 d = 23716 - 592.9 d
\ d=18.73cm

Total depth h =18.73 cm + 8 cm (cover) + 2 cm ( ® of reinforcing bars) = 28.72 cm
Minimum h (practically executed) = 40.0 cm.
\ d=40.0-8-2=30.0cm

Two way shear:
V, =P X[(B)*(A) - (a+d)(b+d)]
V, =5.39 [(140x110) - (90x60)]10/1000
V, = 539KN

The punching shear strength is the smallest of:

Where:

_ longside of the column
shortside of the column

c

=60/30 =2
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b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2 [(60+30) + (30+30)]

= 300.0 cm.

a, = 30 (for exterior column)

IRERIINY
6¢ Db.g = 0.333f,b.d

= %\/?(tbod _0.33\/E¢b0d L\ use

V, = 0.33(~/24)(3000)(300)/1000 =1469.69 KN
®V,=0.75" 1469.69 = 1102.27 KN

OV, = 1102.27 > V, = 539

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

3. Dowels design:

®Pn=0(0.85fc§Ag > Pu
¢Pn=0.65(0.85><%)(60><30) = 2386.8 KN >830.02 KN

Dowels are not required for load transfer.
\  Use the minimum dowels area,
As min =0.005 x (60 x 30) =9.0 cm2

Use 6 ® 14 dowels with A, =9.24 cm ?
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The ® 14 dowels must be developed above and below the base of the column (to face of

footing), as below:

Development Length (L,):

Ld for & 14:
Ly 420, _ 420
= —— 1.4 =30cm =>0.044 (db) (FY) = 25.87 cm
i = i (o) (FY) =
\' L, =30cm

Available embedment = 40 — 8(cover) — 2(1.4) (footing bars) = 30 cm

4. Design of Bending Moment:

The critical section for moment is at the face of the column, the design of the bending moment
will depend on the larger value of 60 cm (since the column is not square, the other value is

less; 30 cm).

a%xwad_aoo & aod

Mu = S 800,052
§™ 82 25y &2 2p
=& 397 1707 B40_ 3000, 5 ;&840 306,444,
8 €2 2 20 & 2 g

={(5.39x110x55)x0.5(55)} /10000
=89.68KN.m

Mn = MU _%_99 64 KN.m

0]
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Mn _ 99.64x10"

Required Rn = =
q bd? 110x30?

=10.06 Kg/cm®

f

y

0.85f¢

420
0.85(24)

a 0
Required r = g / - 2MRN +
m fy >

) \/ L 2(20.58)(10.06) 0

4200

=20.58

)
o
Ul
oo

LAREN.

=0.00245

Required Ag =0.00245" 110" 40
=10.812 cm?

1.3 (Required Ag) = 1.3(10.812)
= 14.06 cm?

fe
Minimum Ag = ;{fi b,d 3 1f—4 b,d

y y

- _ 24 , 14
Minimum A, = 20 (110)30) ¢ -~ (110)(30)

Minimum A =9.62 cm23 11.0cm?
\'" minimum A4 = 11.0cm?

1.3 (Required Ag) = 14.06cm? > minimum Ag = 11.0cm?
A =11.0cm? =As select

As for shrinkage and temperature = 0.002(110)(40)

= 8.80 cm? < A select
\' A provid = 11cm?

Use 50 18 A, =12.7cm ? (In each way)
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4.8 Design of Strip Footing (wall footing)

1. Calculation of load:

Dead load:
Service Dead load = 125.928 KN/m
Live load:

Service Live load =5 KN/m

Total Service load (Pn) = 125.928 + 5 =130.928 KN/m
Total Factored load (Pu) = 1.2(130.928) + 1.6(5) =165 KN/m

2. Design of footing width:
Estimate footing to be about 40cm thick in addition to 10 cm of blinding concrete and let the
base elevation to be 80 cm.

Footing weight = 0.5(24)=12 KN/m?

Assume soil pressure = 400 KN/m?

Net soil pressure = 400-(12)=388 KN/m?

Footing width = total weight / net soil pressure

=165 KN/m / 1.4(400) KN/m? =0.295

Use ............ 70 cm width strip footing
P net = Pu/ area = 165/ 0.7*1 = 236 KN/m?

The shear strength of concrete,

Vu :Vc:%' Jf€eé b d

fVc=Vu
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0.75" % V247 1000° d =180, 1[[1- 0.3/2]- d]

d =0.127mb d =12.7cm
Total thickness = 12.7+8+1.6=22.6cm
............. Select thickness of strip footing = 40 cm

3. Determination reinforcement for moment strength:
Mu = (pent) (footing width — wall width)/2* (footing width — wall width)/4
=165(0.4/2)*(0.4/2) =3.3 KN.m

Mu _ 337 10°
Mo = fxp*d? ~ 09’ 1000° 304

=0.04 MPa.

_f, 420
0.85f¢ 0.85 24

. -i
m
2] * *
r= L 1- \/l- 2720.59 7 0.04 - = 0.000095 £ r min = 0.0018 .
20.59§

0
420 p
= A, =r b d=00018" 100" 30.4 =5.472cn¥

Use ............ f 12@15 cm

=20.59

Ql--1-O:

4. Developments length of main reinforcement

f, . ... .
L,=—2="a"b’g"d
24 f ¢
forf 14bars

Ld:4—20 171" 1" 1.4 =60.0cm

224
Available Ld =30 £ Required Ld =60 cm
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so standard hook of (20 cm) must be used to provide Ld .

5. Design of dowels bars:
As min req = 0.00095*100*30.4 = 2.888 cm?
Use ............ f 12@25 cm

2. f ¢
forf 14bars

L, :ﬂ' 171"1"1.2=51.443 30cm

224

\ OK

6. Design for secondary reinforcement:

As min = 0.0018*100*30 = 5.4 cm?

use ............ f 12@20 cm
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4-9 Design of Mat footing under stairs:

Load calculation:

0.214

2.5

Fig.(4-10) Dimention of mat footing under stair

Total (D.L) of the Wall = Wall Height * (W) * (yc).
= (17.49)* 0.2 * 24 =83.952KN / m.

Slab Weight (D.L) / m on the wall =27.72 KN / m.

Slab Weight (L.L) / m on the wall = 43.5 KN/ m

Total Dead load = 111.672 KN/m.

Total live load = 43.5KN/m.

Dead load factored =1.2 * 111.672 = 134 KN/m.

Live load factored = 1.6 * 43.5 = 69.6 KN/m.

Total load factored =204 KN/m.

PRu = 204*(2*2.1+2*1.75) = 1570.3KN.
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D 2

N}
31

pB
2.35

Required area = P / 1.4*Allowable soil pressure = 1570.8 / 1.4*400 = 2.805 m?.

Select A provided = 2.35%3.1 = 7.285M% > Areareq ..........cvuvveeeen... OK.
Total Factored load for one meter strip=
1.2*DL + 1.6* LL =1.2*111.672+ 1.6*43.5 = 204 KN\m.

A- Design in X- Direction.

Check of Bearing capacity for Section a-a.
01= (2*204)/(1*2.35) = 174 KN/ m*.

(01 = 174KN/ m?) < (1.4*B.C = 560 KN/ m?)....... OK.

Section A-A
From atir software we found that the shear
Envelope is as shown in the figure
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04 KN 204 KN

174 .0 vwm

0.4 0775 0775 0.4

Fig.(4-12) Shear envelope of mat footing under stair
Section A-A

Estimation of footing depth:

VU =135 KN,
FV, =F %E%Nd = 075" /24" (1000)" (d) =612.4d

Let Vu = Vc.

135*10° = 612.4 d

So, d =0.22m = 22cm.

Assume ®10 for main reinforcement.

hreq=22+1+6+ 1 =30 cm.

Select h = 40cm.

dreq =40-6-1-1 = 32>22CM.....ccviiii i e e O.K.

Design of reinforcement:-
By using Atir software we found that the moment envelope of this section is as the following

figure,
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204 KN 204 KN

1740 aim*

0.4 0.775 0775 04

-382

v ~—

+13.8 +13.8

Fig.(4-13) Moment diag. of mat footing under stair
Section A-A

1- Design of positive moment:

Bottom reinforcement (in X direction).

Mu = 13.8KN.m/ 1 meter strip, (At the face of support).
Mn g = Mu /0.9 =13.8/ 0.9 = 15.33 KN.m.

_ Mn _ 15.33" 10°

Rn= —= > =0.15MPa
bd® 1000*320
® 0 & * * 0
;= 1® j 2mRnO_ 1 & \/1_ 2%20.59%0.15 O_ 10036
m & fy = 2059 420 H
r Req =0.00036.
A, o =0.00036*(100)*(32) = 1.152 cm > .
fc’' * *
A= 1*/ C g3 1.4*bw*d
4*f fy
o min= V24 gongps 147100732 A, nn=9.33210.67
4*420 420
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Select A_ . =10.67cm?®.

1.3% As req =1.3*1.152 = 1.4976 E A .
As used must be > As required for shrinkage & temperature reinforcement.

AS shrinkage = 0.0018*100*40 = 7.2 cm”.

1.4976< 7.2, Souse As=7.2cm?...
So, use ®12 @12.5 cm for bottom reinforcement in X direction.
AS provided =9.04>7.2 ... OK.

2-Design of negative moment:-

Top reinforcement (in X direction).

Mu = 38.2KN.m/ 1 meter strip, (At the face of support).
Mnreq=Mu/0.9=238.2/0.9=42.44 KN.m.

G Mn_ 42.44° 10°
bd® 1000*320°

® 0 ® * * 0
f =1%o 2mRnO_ 1 & \/1- 27205970414 9_ 4 401
m § fy = 2059 420 :

I req =0.001.

= 0.414MPa

2
A, q = 0.001%(100)%(32) = 3.2 cm

A _ﬁ*bw*d31.4 bw*d

'S min 4*f , fy
* *
o= V24 gy s 147100%32 A_ .. =9.33%10.67cm?
4*420 420
Select A_ . =10.67cm?.

1.3* Asreq=1.3*3.2=4.16% A__ .=10.67 cm?.

So, use As min =4.16 cm?.

As used must be > As required for shrinkage & temperature reinforcement.
AS shrinkage = 0.0018*100*40 = 7.2 cm*.

7.2>4.16,s0 use As=7.2cm?,
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So, use @12 @ 12.5cm for Top reinforcement in X direction.
AS provided =9.04 > 7.2, OK.

B- Design in Y- Direction.

Check of bearing capacity for

01 = (2*204)/ (1*3.1) = 131.6KN/ m?.
(01 =131.6) < (1.4*B.C = 560).......0K.

From Atir software we found that the shear
Envelope is as Figure.

131.6 K

0.4 115 115 0.4

13163

—-131.63

Fig.(4-14) Shear envelope of mat footing under stair
Section B-B

Because the shear action is the same we use the depth of mat = 40 cm.
Design of reinforcement:-

By using Atir software we found that the moment envelope of this section is as the following
figure,
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04 KN 204 KN

131.6 wwn

0.4 115 115 0.4
-76.66

+10.528 +10.528

Fig.(4-15) Moment diag. of mat footing under stair
Section B-B

3- Design of positive moment:
Bottom reinforcement (in Y direction).

Mu = 10.528KN.m/ 1 meter strip, (At the face of support).
Mnreqg=Mu/0.9=10.528/0.9 =117 KN.m.

_ Mn _ 1177 10°

Rn= 0 = _ =0.1143MPa
bd? 1000320
> o} & * * o)
co1®  [2mRnO_ 1 & \/1_ 27205970.11430_ o 000
m fy - 2059§ 420 :

A 1eq = 0.000273*(100)*(32) = 0.8736 cm .

N 4 fc *p*d 3 1.4*bw*d

'S min 4*f , fy
* *
o= V24 gy s 147100732 A_ .. =9.333 10.67cm?
4*420 420
Select A_ . =10.67cm?.

s min
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1.3* Asreq =1.3*0.8736 = 1.136 £ A

As used must be > As required for shrinkage & temperature reinforcement.
AS shrinkage = 0.0018*100*40 = 7.2 cm 2.

7.2>1.136,s0use As=7.2cm?,

So, use®12 @ 12.5cm for bottom reinforcement in Y direction.

AS provided =9.04 > 7.2t OK.

4-Design of negative moment:-

Top reinforcement (in Y direction).

Mu =76.66KN.m/ 1 meter strip, (At the face of support).
Mn req=Mu /0.9 =76.66/0.9 = 85.2KN.m.

_ Mn _ 85.2" 10°

n= = _ =0.832 MPa
bd? ~ 1000*320
& 0 & * *
co1® [ 2mRno_ 1 1_\/1_ 2%20.59%0.832
m § fy 5 2059§ 420
r req=0.002.

A 1o = 0.002%(100)*(32) = 6.47cm?

A - Jic wpueg s L4Tbwed

STAxf fy
* *
o= V241 gugps 147100732 A, =9.333 10.67cm?
4*420 420
Select A_ . =10.67cm?.

1.3*Asreq =8.414.  So, use As req = 8.414 cm?.
As used must be > As required for shrinkage & temperature reinforcement.
AS shrinkage = 0.0018*100%40 = 7.2 cm > .

8.414 >.7.2 So use As = 8.414cm? ..
So,use ®12 @ 12.5 cm for Top reinforcement in Y direction.
AS provided =9.04 >8.414 ... OK.
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(4-10) Design of stairs:

—T 1 ge
{2

1.7 0.9 1.8 -
@@ ®
& @
®
LT ’E @
ad @
@
@
s 2

.

Fig. (4-16): Stair no.1

(4-10-1) Dead Load: For system (1):

Plate couver
OI9@5) _ 4 3y
€0s29.54
H — plate 0.04 * 22*33/30= 0.968 kN/m®.
V - plate 0.03 * 22*17/30 = 0.374kN/m°.
Plaster
=(00322) _ ¢ 758kn /i
€0s29.54
Stairs (0%) %05 =2 125kN / m?
H — mortar 0.03 * 22 = 0.66 KN/m?
V — mortar 0.03 * (0.17/0.33) * 22 = 0.34 KN/m*

Table (4-1) dead load of system (1) of stair.
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Total Dead load=9.535 KN/m? =9.535 KN/m for 1m strip

DI =9.535kN /m

LI =5KN/m

qu=1.2*DI +1.6*LI
qu=1.2*9.535+1.6*5=19.44KN/m

For 1Im Strip
(4-10-2) Design for positive moment:

19.935kn/m

23.44kn
0.25 2.4 0.4

123.44kn

Fig. (4-17): structural system (1) of stairs

Maximum moment stair:
gL® 19.535*2.4°
8
Design of shear:

=14.065KN.m

Mu =

FV, =0.75 g/?gbd
a

h=15 cm.

d=h-c-d/2

=15-2-1=12 cm

5
FV,=0.75 ?%31000)(120) = 75 KN >> V;=23.44 KN............. OK
a

v" No shear reinforcement required
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Design of Bending moment :-
Design of main reinforcement:-
Mu =14.065kN.m
Mn = 14.065/0.9 = 15.628 kN.m

_ Mn _ 15.628*10°

=—= > =1.085Mpa
bd“ (1000)(120)

m = Fy/.85 fc¢
=420/25*.85=20.59

_1 .. [ 2mRn
= l—fy)

0= 1 1. \/1_ 2(20.5;2)81.085))20.00265

2059

Asreq=p*b*d=0.00265 *100*12= 3.18cm?/1m
0.25,/ fc' * *

As. . :L*b*d - 0.25@ 1000*120
fy 420

=3.5cm? /1m

But not less than

pe o LA*bwrd? _ 14*1000%120
min fy 420

=4>35..... Control

As reg. = 3.18cm#1m< Asmin=4 cm/1lm ............... As =4cm?/1lm

Use ®12 @15cm , AS =7.5cm?/m

Design of secondary reinforcement:

As=0.0018*15*100=2.7 cm?® /m>.2*10.2=2.04cm*/m

AS 1eq =2.7cm?/m
Select ®8 @15cm , AS = 3.35 cm? /m
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912@15cm

0.32

912@15cm

= -

Fig. (4-18): Reinforcement of system (1) of stair

(4-10-3) Dead Load: For system (2):

Material Dead Load

Plate couver (0.2)(25 ) ,
AR 7 =5 75kN /m
€0529.54

H —plate 0.04 * 22*33/30= 0.968 kKN/m?®.

V - plate 0.03 * 22*17/30 = 0.374kN/m”.

Plaster
- (003)22) _ 0.758KkN / m?

€0s29.54

Stairs (0'%) %25 = 2.125KkN / m?

H — mortar 0.03 * 22 = 0.66 KN/m?

V — mortar 0.03 * (0.17/0.33) * 22 = 0.34 KN/m*

Table (4-2) dead load of system (2) of stair.
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Total Dead load=10.97 KN/m? =10.97 KN/m for 1m strip

DI =10.97kN /m
LI =5KN/m

qu=12*DI +1.6*LI

qu=1.2*10.97 +1.6*5 = 21.164KN /m

For 1m Srip

(4-10-4) Design for positive moment:

2344kn/m

23.44kn/m
2L164kn/m

AN

17.6kn/m

178 12 0.9 =

Fig. (4-19): structural system (2) for stairs

Maximum moment stair:
Mu =111.25KN.m
V,=94.1

fc¢o

FV, =0.75§—1bd
6 5

h=20cm.
d=h-c-d/2
=20-2-1=17 cm

5
FV,=0.75 é—”gsj(mOO)(l?O) 106.25 KN > V,=106.25 KN............. OK
(4]

v" No shear reinforcement required
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Design of Bending moment :-
Design of main reinforcement:-
Mu =111.25kN.m
Mn = 111.25/0.9 = 123.6kN.m

q=Mn _ 123.6*10° _
bd?> (1000)(170)*>

27Mpa

m = Fy/.85 fc¢=420/25*.85=20.59

_ 1, [ 2mRn
p—a(l 1 fy)

=L(1-\/1- 2(20'59)(4'27))=0.011
20.59 420

Asreq=p*b*d=0.011*100*17= 19.65cm3/1m

Y

_025(fc .4 - 0.25¢24*1000%170
i fy 420
=4.96cm? /1m

As

But not less than

As = 1.4*bw*d? _1.4*1000*170

- =5.67>35....... Control
fy 420

As reg. = 19.65cm#1m> As min=4 cm3/1m ............... As =19.65 cm#/1m
Use ®20 @10cm , AS = 20.92cm? /m > As req. = 19.65cm2/1m

Design of secondary reinforcement:

As=0.0018*15*100=2.7 cm?® /m>.2*10.2=2.04cm*/m

AS req =2.7Ccm?*/m

Select @8 @15cm , AS = 3.35 cm? /m
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$12@16cm

§ © © o e © © p o o e @

§§ 520615 \ #8@15cm
cm $8@15cm

Fig. (4-20): Reinforcement of system (2) of stair
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4-11 Design of Basement Wall
Case A: design against Earth load

Yoo =18 KN/m?2 (Unit weight of the soil)
8 =30° (Assumption)

H=3.30 m (Height of retaining wall)
K, =0.5

1. Calculation of loads:
Deal load calculation

e,=YxXHxK,

=187 3.30" 0.5 = 29.7 KN/m2 e

E,=05xHxe,

MN E

=0.5x3.30 x 29.7=49 KN/m . \\

Live load calculation

m
L
sl

€= P X K,

= 5x0.5 = 2.5 KN/m2

E, = Hxe, Fig. (4-21): loads on abasement wall

= 3.30 x 2.5=8.25 KN/m (for 1m strip)

2. Thickness of the retaining wall:

& Mb (positive clockwise)
Ax” 3.30-49" 1.148.25" 1.65=0.0

Ax =20.46KN
Bx =36.795 KN
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Determination of zero shear point:

Alg 3.3 B¢
shear 29.1
x=2.024 1.276
20.46

Fig. (4-22): zero shear point of the wall

D1_Zp 7 =9

3.3 X
20.46=05" X~ 9x +x

20.46 = 4.5x 2 +Xx
45x°%+x - 20.46=0.0

(=" B+yB?-4" A" C
2" A
- 2_ 4 4 -
. 1+1*- 4" 45 2046 _ ., ogm

2°45
\ Z=9x2.024=18.22 KN/m?
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é Mx (positive clockwise)

20.46 x 2.024 - 0.5 x 18.22 x 2.024x 2.024 x % -2.5%2.024 x2.024 x 0.5 =23.85 KN.m

Mu=1.6 x Mx = 1.6 x 23.85 = 38.16 KN.m
Use,

p = 0.5(pmax)

p max = 0.01935

p =0.009675

Use p> 0.01

m = 20.59

Mu = 38.16 KN.m

Mn = Mu /0.9=42.4 KN.m

Rn=p (f, (1- 0.5 p m)=3.77 MPa

s An6
d, = | _ 42410 560 mm
Rnxb  \3.77° 1000

If ®20 bars are used:
h = (106.55+70+20) = 196mm
\' Use h = 250 mm=25 cm.

3. Wall Reinforcement:

Main reinforcement

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

PPN
Rn=0_ 424 100 4 66N fmm?
b*d®  1000*160
:l 1- ——— 2m
m
o (27 205971660_ 0o
20, 20
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A_.. =0.00413x100x16=6.6cm?*/m

sreq

Jioxbxd | 1.4xbxd

As min =
axf, f,
_ ~/24x1000x160 , 1.4x1000x160
4x420 420

= 466.6mm? 3 533.0mm?

\  As min =5.33cm?/m

Asreq =1.3" 6.6 cm?/m3 Asmin =5.33cm?/m

Assdlected =5.33cm*/m
Check shrinkage and temperature reinforcement,
As shrinkage = 0.0018 x 100 x 25 = 4.5 cm? /m
Asreq =5.33cm?/m 3 Asshrinkage =4.5cm?/m
Asselected = 5.33cm?’/m

Use 5 P12 @ 20 cm......... As prove. = 5.65 cm? /m

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 ®12 @ 25 cm......... As prove. =4.52 cm? /m
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(4-12) Design of shear wall:

4-12-1-Calculation of Floors Weight:-
® For the Basement Floor:-

Total weight of the Basement Floor = 4471 KN.
» For the Ground Floor:-

Total weight of Ground Floor = 4068.95 KN.
B For the first Floor:-

Total weight of first Floor =4118.11 KN.
» For the second Floor:-

Total weight of second Floor = 3617.71 KN.
# For the final (roof ) Floor:-

Total weight of final Floor = 1278 KN

W (totan_for all Floors = 4471+ 4118.11+ 4068.95 + 3617.71 + 1278= 17553.77 KN.

4.12.2Calculation of shear force on *‘shear walls"*:
From Uniform Building Code 1997(UBC):

Z=0.3 zone"3"

R=5.5

I=1

Ca=0.24

CV=0.24

hn =19m

Ct=0.0488 Where:

Z = seismic zone factor as given in Table 16-I.

R = numerical coefficient representative of the inherent over strength and global ductility
capacity of lateral force resisting systems, as set forth in Table 16-N or
16-P.
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| = 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, hn, hx = height in feet (m) above the base to Level i, n or X, respectively.

Eq...30-8 (UBC)T =C. (hJ"*

T =0.0488(19)*'* =0.444

VvV = CV'IW - 0241 17553.77 =1725.19 KN

RT 557 0.444

Ft =0.07" T "V =0.07" 0.444" 1725.19 =53.62KN

4.12.3 Load Calculation of Wall (SW12).
F.=V- Fowh/& L wh

A" wh = [ (3.64%3693.03) + (7.54 * 3264 ) + (11.44 * 3313.15) + ( 15.34 *

3084.19) + (19 * 131.04 ) | = 123298.55 KN
F....=(172519- 5362)*369303*3.64/12329855=18224KN
F ..., =(72519- 5362)*3264*7.54/12329855=33365KN
F. .= (172519- 5362)*331315*1144/12329855=513.85KN
F...=(172519- 5362)*308419*15.34/12329855=6414KN

Ratio calculation of each wall:

No. of wall Ratio calculation
0.04
0.04
0.19
-0.08
0.12
0.00
-0.00

~N| O O B W N
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8 0.00
9 -0.00
10 -0.46
11 0.11
12 0.26
13 -0.02
14 -0.03

%l Ratio calculation for wall no. 12 in X direction:
Fy1=182.24 * 0.26 = 47.38 KN @ Basement floor.
Fx2=333.65 * 0.26 = 86.75 KN @ Ground floor.
Fx3=513.85*0.26 = 133.6 KN @ First floor.
Fx4=641.4*0.26 = 166.76 KN @ Second floor.

184.78 KNm 47.38KN 47138
707.89 KNm 134.13KN 86.75.
175204 KNm 267.73KN 133.6.
3447, TKNm AATOKN  166.67)
S030.33KNm 1L

Fig. (4-23) moment and shear diagram of the shear wall (no. 12)

4-12-4-Design of Reinforcement:-

-Internal Forces:-
Mu = 3447 KN.m.
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Vu =434.79 KN.

1- Design of shear:-
Vu =434.79KN.
d = 0.8*LW = 0.8*610 = 488cm = 4880 mm.

fvc= 0.75*%@*200*4880 =597.67KN.

(fVc=597.67KN)> (Vu = 434.79 KN)> (0.5f Vc =29884KN).
\ Minimum shear reinforcement is required.
VS min = %*(Mpa)*b*d = %*200*4880 = 325.33KN.

Assume @ 10 for shear Reinforcement.

A - 32533

s 7 420+ 4880

The required spacing is the smaller of the following:

=0.0158cm

%min =0.0025*20 = 0.05cm

%req<%min
A

—~min=0.05cm is controlled

wn

Lw _ 610
S ma)(= ? :? :122C[TI

S max = 3*h =3*20 =60 cm

Smax=45cm ..... control
Select 210 /20cm:
*
A 270785 h785cms A reg= 0.050m.
S 20 S
* AV* fy* 0.75*2*78.5*420*4880
S eq= o AVEYTd : = 741.83mm = 74.183cm
fVsreg 325.33*10
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Select, S=20cm.
B So, use P10@35cm.

2S tsed < LW/B. oo (ACI-318-11.10.9.3).
20 < (610/5 =122 CM)... v, OK.

2S5t < 3% et (ACI-318-11.10.9.3).

20 < (3%20= B0CM) ... eevveeeeeeeeeeeeee e ee et e OK

=S tsed S ABCIM. . oo, (ACI-318-11.10.9.3).

@l So, Use Horizontal Reinforcement = ®10@35cm.

2- Design of Vertical Reinforcement.

-Minimum Vertical Reinforcement:-

r, . =0.0025+0.5(2.5- E_\\;Vv)(rh_ 0.0025) ....ovovee (ACI-318-11.10.9.4).

r h =Horizontal reinforcement ratio.

rh= 20~ —3925*10°2,
100* 20

r . =0.0025+0.5(2.5- %)(3.925*10‘3 - 0.0025) =0.004258

As eq= 0.004258*4880*20 = 4.16 cm’ (For Both Faces. <
As eq= 0.01*4880*20 = 9.76 cm” (For Both Faces).
AS eq= /2 =20/2=10 cm?................Control.
d@ Use ®10@35........... AS provided = 15.7 ¢m? > AS 1¢q=10cm® ...................OK.

AV req® (Y min=0.0025% ). (ACI - 318- 11.8.4).
S S

2*0.785

3.0.0025*20 P 0.446cm3 0.05CM......ccviiiriimieeiienn OK.
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Design of Moment:-
Mu = 3447.7KN.m
Design as light loaded shear wall.
(uniformdistribution vertical reinforcement will neglected)

* 6
S VP 12 Y
f bd 0.9*200*4880

2mRn
fy

1 2*20.59*0.8

= (l - 1-—
20.59 420

AS (eq = 0.001944*20*488 = 18.97 cm’

Ag boundary = Cw*h=25*20=500 cm?

1l b
p—m(l 1 )

P ) = 0.001944

= AU £ 608 (ACI - 318)
Oboundry
- 18 .97 = 0.038 <0.08............ ok
500
= A, =r b d=0001944" 20" 488 =18.97cn?’
4/ fc¢ 1.4
" A T (b)(d) 3 —(b)(d)
4(fy) fy
A =22 (20)(488)  ~:2 (20)(488)
4(420) 420
= A . =28.46 cm?®3 3253 cm?.. ... 32.53 cn¥ controls

= A, =1.3%18.97=24.66cm’ <32.53 cm?

=\ select A, =24.66cm’ _ take bars ®=25mm  As=3.14 cm’
24 .66

= #ofbars= 34 - (-8 bar Use 820

Ay posa =87 314 =2513 cm?’>A,,, =24.66cm?
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02m 310/ 35cn

R

#10/3ocr il

Fig. (4-24) reinforcement of shear wall no. 12
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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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Fi [l panels oo pTpanels
Mt Without With Wikl Wwith
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becam | beam beam beam —
M) ., ¢33 L./36 L./36 [Ty L./
| 400 L./ 30 Lyt 33 |Ly/33 Lu/ 33 Laf36 L./36
Fuor valuss o seinforoemes:. ,'r'i.E.-'uE-:.:'\Fﬂ'lg”l bstwsen tha valuss gives in the Lkl .m-[nimuln hickness

arall be dererinined by linear ruerpolation |

Table (4-1) Minimum thickness for two way slab without interior beams

Minimum thickness, h

| Simply

Supported

One
end continuous

Both
ends Connuous

Cantilever

Mem ber

Member not supported or attached W paritions or other construction

likely te be damaped by large deflection
Solid One —Wayv
L/ZG L/24 L1728 Li{10
slith
| —
Beams or ribhed
SN =W el ntes L/16 LI1BS | L/2l L/8

For F, other than 400 Mpa the values shall be muwtiplied by (0.4+ F, /700)

Table (4-2) Minimum thickness of one slab



Fable 3.6.1  Maximum Reirforcement [Ratio o for Singly Reinforeed Rectangular
Hearms qin_rrmjmnding e 0.7 5.

SO UG pe 7 =300 pe gt 4000 pel = SO0 psi ) EUO0 et

£ i, = RS f, = S i, = Bis Hy = TR By =075
AT e AP u.n:-:.;_‘.u 0371 L0637 004t
SO i 0,020 RS [ Mrirbd e 00304
CLLO0 e 0.0k LOLET 00354 00252 N-02H
feEBMie £ =5 Mk fo=aMr fedsklia £ = A0 M
J{i EJ = u'ﬂ:l B'I =i G'ES .H: = alas p1 Loy GFEJ -ﬁl ﬁ"}.?‘f
330 M 0.0241 oA 0,036} 4 _ 0402 00455
350 Mia 0196 Qs 0293 0.0326 00354
SO0 M foi63 o805 00244 0.0871 0.0095
it 6 = e kglon’  f o= kgl 5w S8 kg’ JF =60 kelfem®
i [, = BH3 @ = 034 f, =085 B, = {02 A =07
2800 kpliem® 00246 00319 6472 20410 0.0444
350 gl ooy Dot 00276 &,0504 0340
L30ar keplre RPN 0,078 g.onsd 40756 00230

Table (A2) maximum reinforcement ratio
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