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Structural Design for Conference Palace in Hebron City

Prepared by:

lyad Salameh Mohammad Tmaiza Muath Hammouri

Palestine Polytechnic University - 2011

Project Supervisor:
Dr. Maher Amro

Since the ever humans waited to develop the style of life and the reason behind
that was to provide themselves a comfortable and decent life , and the desire to establish
projects helps to get fast economic growth .

And from above came the idea of suggesting to establish the conference
palace, and the problem of thisresearchisto find al the structural solutionsto the
architectural design which this project contains, we have alot of steps to find solutions
which represented in the beginning in the site plan studying and fitting it with the project
, and continuing to study the rest of the architectural plans, then checking whether the
architectural fitting with the structural work , and designing all the structural membersin
the project contained by the project including the columns, beams, slabs, and ribs, etc.
And after finishing this side of the work , we had a conclusion to number of expected

results which we reached through connecting information and doing the structural plans.
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List of Abbreviations

Ac = area of concrete section resisting shear transfer.

As = area of non-prestressed tension reinforcement.

A 5 = area of non-prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within adistance (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.




C. = compression resultant of concrete section.

C, = compression resultant of compression steel.

DL = dead loads.

d = distance from extreme compression fiber to centroid of tension reinforcement.
Ec = modulus of elasticity of concrete.

F; = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overall thickness of member.

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 supportsin other cases.
LL =liveloads.

Lw = length of wall.

M = bending moment.

Mu = factored moment at section.

Mn = nominal moment.

Pn = nominal axial load.

Pu = factored axia load

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

V¢ = nominal shear strength provided by concrete.

Vn = nominal shear stress.

Vs = nominal shear strength provided by shear reinforcement.

Vu = factored shear force at section.

Woc = weight of concrete. (Kg/md).

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

€. = compression strain of concrete = 0.003mm/mm.

€, = strain of tension steel.

¢ = strain of compression stedl.

p =ratio of steel area.
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CHAPTER FOUR: Design of structural members

CHAPTER
I "DESIGN OF STRUCTURAL MEMBERS'

4-1 INTRODUCTION.

4-2 DESIGN OF RIB (NO. 26).

4-3 DESIGN OF TWO WAY RIBBED SLAB.
4-4 DESIGN OF ONE WAY SOLID SLAB.

4-5 DESIGN OF BEAM (NO. 3).

4-6 DESIGN OF COMPOSITE BEAM (NO. 58).
4-7 DESIGN OF COLUMN (NO. 18).

4-8 DESIGN OF ISOLATED FOTING (NO. 21).
4-9 DESIGN OF BASEMENT WALL.

4-10 DESIGN OF WALL FOOTING.

4-11 DESIGN OF RETAINING WALL.

4-12 DESIGN OF SHEAR WALL.
4-13 DESIGN OF STAIRS.
4-14 DESIGN OF TENSION MEMBER.
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CHAPTER FOUR: Design of structural members

CHAPTER FOUR

Structural Analysisand Design

4-1 Introduction

The strength of a structural member depends on the strength of the materials
from which it is made. For this purpose, design material strengths are specified in
standardized ways.

Actual material strengths can’t be known precisely. Structura strength
depends, on the care with which a structure is built, which in turn reflects the quality
of supervision and inspection. Members sizes may differ from specified dimensions,
reinforcement may be out of position, poorly placed concrete may show voids, €etc,

and this can reduce the strength of the structure.

The design strength provided by a member, its connections to other
members, and its cross-sectionsin terms of flexure, and load, shear, and torsion is
taken as the nominal strength calculated in accordance with the requirements and

assumptions of ACI-code.
So in this chapter we will explain the design of the structural element for this

project, the dead load is calculated based on type of used materials, but the live load
is chosen based on the values that are used in chapter three tables (2-3).
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CHAPTER FOUR: Design of structural members

4-2 Design of (Rib 26) in first floor.

The main loads acting on the structure are dead and live loads. Dead
Load is calculated based on the density for each material used in the slab.
4-2-1 Determination of the slab Thickness.

The overall depth of slab must satisfy the limitation of deflection required in
ACI Table (9.5.a).

Minh=L/21 for interior span
Minh=6/21 =29cm

Minh=L/185 for exterior span
Minh=6/185 =3Ycm

Minh=L/16 for simply support
Minh=24/16 =15cm

Take h=3°cm , fy=420Mpa |, fc =28Mpa

4-2-2 Dead load Calculation : -

SFOTON A A

A 2 A s
Gl p / 5 o
H A Pl ES i
AR il # o 4 i, b
= SR - e 7 4
- Ry e - d . | A - s
kel o . e - A
- e g s . Xl
P e -~ o //_.f Lo 5
P A VE 3 ’ A ;
s # o L Ad e I #
g ; iy B Ay -~ i | L B
e o Pt - s 3 - Fa 1 -~ i
by s Ay Lt .-K’ - i
o ey i . T /"’. | .r’"’ "..-
/_ A - e .-“'_ o . i _/
L T S o BRI ! e A

Figure (4-1) section in one way ribbed slab
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CHAPTER FOUR: Design of structural members

Tile 0.03*0.54*23 =0.372 kN/m of rib
Mortar 0.02*0.54*22 = 0.237 KN/m of rib
Coarse Sand 0.07*0.54* 16 = 0.605 KN/m of rib
Concrete Rib 0.27%0.14*25 = 0.945 kN/m of rib
Block 0.27*0.4*9 =0.972kN/m of rib
Topping 0.08*0.54*25 =1.08 kN/m.
Plaster 0.02*0.54*22 = 0.237 KN/m of rib
Partition 1*0.54* =0.54 KN/m of rib

Service Total Dead Load = 5KN/m of rib
Factored dead load = 1.2*5=6

Liveload =5 KN/m?.

Service liveload =5*0.54= 2.7 kN/mof rib

4-2-3 Rib Design (R 26):

The length of spans are shown in figure (4-2) below .And the locations of

Ribl1 are shown in figure (4-3).

. A . A . A . A .
06 5.9 08 6 08 6 08, 6 0.6
o 6.6 o 6. o 6.8 ‘ 6.7

A-A Figure (4-2) spanslength
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(oF, g3 oo ar2 42
-5 g B B T
g
=
=
¥, |7
crr B T » B
.
-\\-'\
"l Yok
2 £ e
(St s e = ~—
. = 4
o = =L ]
e
Ad
ey
ey
Y
, i 7] -
9 023 ‘n o ﬁk?
220

i oy kY B T

Figure (4-3) Rib location

Using ACI coefficient we get the following moment values for positive

moment .

4-2-3-1 Topping Design:

Live load = 5 kN/m?

Dead load:-

Tile =0.03*23=0.69 KN/ m?.
sand =0.07*16=1.12 KN/ m?.
Topping = 0.08*25=2 KN/ m?.
morter = 0.02¥22 = 0.44 KN/ m?.
Partition= 1*1= 1 KN/ m?.

o T g
gl rJl:l'-
AN e main e

Block (28X40X20)

— 2012TB u.u,.

s 2012B.B

Dead load = 5.25 KN/ m?.

O8@20cm

1 both wavs

—

4
.-

Figure (4-4): Topping Design




CHAPTER FOUR: Design of structural members

W, =1.2(5.25) + 1.6 (5) = 14.30 KN/ m?

Assume slab is fixed at support point (ribs)

S
Mu:-?\/u L%
12 4
s 2
Mu:_wg =-0.190 KN.m for 1 m wide strip
2

Calculate modules of rapture of concrete according to ACI (9.5.2.3).

f, =0.42,/f AMPa) = 0.421/28 = 2.22(MPa)

Mn = (f, )(s)

_ bh? _v 0.08°
6

®Mn = 0.55 (2.22)(0.00107) = 1.3 KN.m ,(® = 0.55 for plain concrete)

®Mn =129 kKN.m > Mu=0.175KkN.m

=0.00107m*> ... for a rectangular X-section

According to ACI (7.12.2.1), minimum reinforcement is required to prevent
cracks and o minimizes temperature effects:

For fy =420 Mpa, p=0.0018

p =0.0018

A, =0.0018(1000)(80) = 144 mm?/m

Use ® 8 @ 20 cm on center both ways

4-2-3-2 Design for Positive M oment:

Effective Flangewidth (b ) according to ACI code 8.10.2:

b. for T- section isthe smallest of the following:

b. = L/4 =600/4=150cm

be = b, +16t =14+ 16 (8) = 142 cm

A



CHAPTER FOUR: Design of structural members

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

For a=t =8cm

spans 1to 4

-49. -49.8
-37.5 , -38.3 -39.6 39.1 , -38.2
20.8 -29.9
| '05\3'1 | | 2 | | 2.0
! ! ! ! 2.58 ot 3.28

1l ! ! ! !
I LT LR L I
1.111.28 0.91.{ 1.12
v oo e U
25.2 24.9

2.64 3.96 | 34 34 | 306 374 | 4.02

Figure. (4-5) The design moment for the Rib (R 26)

MUmax = 37.5 KN.m . for all spans .......... From Figure (4-4).
Mn; =0.85* fc* t; * b, *(d-t/2)= 0.85 (28) (0.08) (0.54)(0.314-0.08/2)* 1000
=281.7 KN.m

@Mny =0.9 *281.7 =253.5 KN.m
@Mn available =253.5kN.m > Mn required =37.5 kN.m

Design as arectangular with b, =54 cm

Design of span (1).
Mu=36.6kN.m .................... From Figure (4-4)
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CHAPTER FOUR: Design of structural members

-y - 420 4765
0.85fc  0.85(28)
Mn 36.6* (10)°°

= - = > = 0.764 Mpa
bd (.9)(0.54)(0.314)

0 x * * 0
:iél 0. 1 7. \/1_ 2*17.65 * 0.764 9_ 0.00185
m 5 17.65 é 420 5

A's =0.00185* (540)* (314) = 313.69mm?
Max & Min Reinforcement Of Ribs:

Jfc 1.4
A bw)(d) 3 == (bw)(d)........... ACI-105.1
S min = (fy)( w)(d) fy(W)() ( )

A Smin =122.83 mm?

ASmin=130 mm°®

Weuse As= 313.69 mm?
Use2@16 As= 402 mm?

Check for Yielding:

T=C

= Asx Fy=0.85xfc'xaxb
(402) x 420=0.85x 28x 540 x a

>»a=13.14 mm

C=a/0.85 = 13.14/0.85=12.3
&s=(d- C) (0.003)/C
&£s = (314-13.14)* (0.003) /(13.14) = 0.069

=0.069 > 0.005
=0k

Design of span (2).

Mu=252kN.m .................... From Figure (4-4)

fy 420

= = =17.65
0.85fc  0.8529)

YA



CHAPTER FOUR: Design of structural members

* -3
p M 252000)° o0y
bd 2 (.9)(0.54)(0.314)

> o ® * * o)
. :iél_ 1. 2mKn 0. 1 & \/1_ 2*17 .65 * 0.526 0 0.00127
m fy 5 17.65 420 &

A's =0.00127*(540)* (314) = 215.34 mm?
Max & Min Reinforcement Of Ribs:

ASmin=

fc¢ 14
bw)(d) 3 =—(bw)(d)........... ACI-10.5.1
4(fy)(W)() fy(W)() ( )

A Smin =122.83 mm?

ASmin=130 mm°’

Weuse As= 215.34 mm?
Use2@12 As= 226 mm?

Check for Yielding:

T=C

= Asx Fy=0.85x fc'xaxb

(226) x 420 =0.85 x 28x 540 x a

>»a=7.4mm
C=a/0.85=7.4/.85=8.71

&s=(d- C) (0.003)/C
&£s=(314-8.71)*(0.003)/ 8.71 = 0.105

=0.105 > 0.005
=0k
Design of span (3) :
Mu=249kN.m .................... From Figure (4-4)
m=_ Y - 40 _1.6s
0.85fc’  0.85(28)
Mn 24.9* (10)°°

n=—-; = > = 0.52 Mpa
bd (.9)(0.54)(0.314)

Y4



CHAPTER FOUR: Design of structural members

1 88 / 2mKn
= - (é
A's = 0.00125*(540)* (314) = 211.95 mm?

Max & Min Reinforcement Of Ribs:

=
4(fy) fy

Q-0

"1 65§

AsSmin=

A Smin =122.83 mm?

ASmin=130 mm°®

Weuse As= 211.95 mm?
Use2@12 As= 226 mm?

Check for Yielding:

T=C

= Asx Fy=0.85x fc'xaxb
(226) x 420 =0.85x 28x 540 x a

>»a=7.4mm

C=a/0.85 = 7.4/.85=8.71
&s=(d- C) (0.003)/C
&£s=(314-8.71)*(0.003) /(8.71) = 0.10

=0.105 > 0.005
=0k
Design of span (4) :

Mu=378KN.m .................... From Figure (4-4)

fy _ 420

= = =17.65
0.85fc ~ 0.8529)

* 3
M0 378010 g
bd 2 (.9)(0.54)(0.314)

1 88_\/1_2*17.65*0.52

bw)(d)® 22 owy(d).......... (ACI-10.5.1)

0_
g

= 0.00125



CHAPTER FOUR: Design of structural members

x 0 x * *
:ié 2mkn 0 1 & \/1_ 2*17.65* 0.789
m p 17.65§

A's = 0.00191* (540)* (314) = 323.86 mm?
Max & Min Reinforcement Of Ribs:

4( fy) fy

A S min = 122,83 mm?

AsSmin=

ASmin=130mm°*

We use As= 323.86 mm?
Use2@16 As= 402 mm?

Check for Yielding:

T=C

= Asx Fy=0.85x fc'xaxb
(402) x 420 =0.85x 28x 540 x a

»a=13.14 mm

C=a/0.85 = 13.14/.85=15.46
&s=(d-C) (0.003)/C
&£s = (314-15.46)* (0.003) /(15.46) = 0.058

=0.058 > 0.005
=0k

4.2.3.3 Design for Negative Moment:
Support (1)

Mu=383kN.m ..................... From Figure (4-4)

fy _ 420

= = =17.65
0.85fc  0.85(29)

* -3
_Mno_ 38.3710)° gy
bd 2  (.9)(0.54)(0.314)

£)

¢ owyd)* 22 owyd).......... (ACI-10.5.1)

0_
g

= 0.00191
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x 0 x * * 0
:ié 2mkn 0 1 & \/1_ 2*17.65* 0.799 9_ 0.00104
m p 17.65§ 420 p

A's =0.00194* (540)* (314) = 328.95 mm?

Max & Min Reinforcement Of Ribs:

ASmin=

Jice
bw)(d) 2 =2 (ow)(d)........... ACI-10.5.1
4(fy)( w)(d) fy( w)(d) ( )

A S min = 122,83 mm?

ASmin=130mm°

Weuse As=328.95 mm?
Use2@16 As= 402 mm?

Check for Yielding:

T=C

= Asx Fy=0.85xfc'xaxb

(402) x 420=0.85x 28x 540 x a

>»a=13.14mm
C=4a/0.85 = 13.14/.85=15.46

&£s=(d-C) (0.003)/C
&£s = (314-15.46)* (0.003) /(15.46) = 0.0579

=0.0579 > 0.005
=0k
Support (2)
Mu=299kN.m ..................... From Figure (4-4)
= fy = 420 =17.65
0.85fc'  0.85(28)
_ Mn 29.9* (10)°°

=0 = _=0.624 Mpa
bd 2~ (.9)(0.54)(0.314)

£y



CHAPTER FOUR: Design of structural members

A's = 0.00151* (540)* (314) = 256 mm?
Max & Min Reinforcement Of Ribs:

Jfee ; _
A'smin = 4(fy)(b )(d) F(b 1C) I (ACI-10.5.1)

A S min = 122,83 mm?

ASmin=130mm°*

Weuse As= 256 mm?
Use2@14 As=308 mm?

Check for Yielding:

T=C

= Asx Fy=0.85x fc'xaxb

(308) x 420 = 0.85 x 28x 540 x a

»a=10.07mm
C=a/0.85=10.07/.85=11.85

&s=(d-C) (0.003)/C
&£s = (314-11.85)* (0.003) /(11.85) = 0.076

=0.076 > 0.005
=0k
Support (3)
Mu=39.1kN.m ..................... From Figure (4-4)
= fy = 420 =17.65
0.85fc’  0.85(28)
_ Mn 39.1* (10)°°

= 5 = > = 0.816 Mpa
bd 2 (.9)(0.54)(0.314)

1@ [ 2mKn 6. 1 & \/ ~ 2*17.65 * 0.816
§ p 17.65§ 420

£y

]

0
g

- = 0.00151

- 2mKn 0 _ 1 ael_\/_ 2*17.65 * 0.624 0
mé p 17.65§ 420 p

= 0.00198



Shear

CHAPTER FOUR: Design of structural members

A's = 0.00198* (540)* (314) = 335.3 mm?

Max & Min Reinforcement Of Ribs:

Asmin :ﬂ(bw)(d) 3 1% bw)d) ..o

4( fy) fy
A S min = 122,83 mm?

ASmin=130mm°

Weuse As=335.3 mm?
Use216 As= 402 mm?

Check for Yielding:

T=C

= Asx Fy=0.85xfc'xaxb

(402) x 420=0.85x 28x 540 x a

>»a=13.14 mm

C=a/0.85 = 13.14/.85=15.46
&£s=(d-C) (0.003)/C
&£s = (314-15.46)* (0.003) /(15.46) = 0.058

=0.058 > 0.005
=0k

4-2-4 Design of shear reinforcement:

(ACI-10.5.1)

-39.5

-33.6 -34.

-28.1

-31.2

-37.1

-21.2

-27.1

26.7

20.8

311
37 34.

28.

40.

34.1

Figure. (4-6) Thedesign Shear for the Rib (R 26)

Vumax =34.1kN at the face of interior support (3) ....... From Figure (4-5).

f Ve = 0.75(,/ fc)(b)(d) / 6 = 0.75(~/28)(0.14)(0.314) / 6 = 29.1KN

134




CHAPTER FOUR: Design of structural members

®Vc =29.1*1.1=32.01< Vu max =34.1.

dVc<Vus dVec +dVs
minfVs3 0.75(1/3)(b)(d) = (1/3)(0.75)(314)(140) =11KN is Control

minfVs3 (1/16)(,/ fc®(b)(d) = (1/16)(5.3)(314)(140) =14.54Kn

®Vc + min ®Vs=46.55 KN
Vu=34.1< ®Vc +dVs=46.55
So we Can solve in the Category (3).

To determine the distance between bars :

(Aif)m:_ﬂ}lbw o 1JFe

s “3fy T 1e8 fy

(ﬂf)iIﬂI 15
s o =12=10""
=11=10""
WeTry 208
(2*50%10°) /S=1.2* 107*
S=0.83 m
di2=0.286/2 =0.143 m is Control

is Control

weuse ®8 @ 15cmc/c.



CHAPTER FOUR: Design of structural members

4.3 Design of two way ripped sab:

4.3.1 Determination of Thicknessfor Two Way Rib Slab:
bh? _ 0.8(0.35)°

b= =0.00311
12
3 3 _ 3
Irib= 0.54(0.1216)°  0.4(0.0.0416)°  0.14(0.0.27- 0.0416)° _ 0.00087
3 3 3
= 00087 2 45 = 0.0118
0.52
Ib _ 0.00087 _ 0
' s 001138
Is, = 0.00087 . » o — 0.01138
0.52
a, _Ib _0.00078 _ 0.68
Is  0.0118
= 00087, 7 05 = 0.0118
0.52
3c Ib _0.00087 _ 0.66
Is 0.01138
154 = 200087~ o 001138
a, _Ib _0.00078 _ 0.68
Is 0.0118
a., =067
0.2<a, <2
_ Ln(0.8+ fy/1400)
™ 36+5b(@,- 0.2
b=12%_1 04
12.4

SA(0E+) 10.67
36 + 5+ 1.3566(0.25 — 0.2) 36,334

= U.2936 m

1



CHAPTER FOUR: Design of structural members

Select h=35>33.5cm.

Select h=25cmfor Two solid slab
Nominal Total Dead Load = 2.5 kN/rib

WuD=1.2x2.5/(0.54)*=7.1K N/m?
WuL =1.6 © 5= 8 kN/m?

43.2:findVuonrib :

Vu(a) =.33/2° 16.52" 0.54" 12.4 =18.26KN
Vu(b) =.67/2° 16.52" 0.54" 12.9 = 38KN

Vud =(6.2- 0.31)" 16.52" 0.54 = 52.54KN
Vu=(6.2- 3)" 16.52" 0.54 = 28.55KN
fVc = %\/ﬁ’ 0.14” 0.31° 1000 = 28.72KN

1.1fVc = 31.6 KN

. f f
fVsmin=—bw” d3 —" ,/fc'” bw” d
3 16

fVsmin= % 0.14" .31" 1000=10.85

0.75.
16
item: 3
fVve<Vu£fVc+fVsmin
31.6<38.55£ 31.6+10.85
21.01<38.55£ 42.45

3

J28° 0.14” 0.31° 1000=10.76

1A%



CHAPTER FOUR: Design of structural members

SEG00£d/2---310/2=155mm

Av, 1" bw
s 3 fyt
AV, 1,0'14’10003 *,/2_8 " 0.14” 1000
s 3420 16" 420
AV, 111*10°°3 .110*10°°
S
AV = 111+10°
S
_2779*10° _
111*10°°

Thenuse2n 10 @ 15cmcl/c
4.3.3: Design for the negative moment:

Mb-ve=.038x16.52x12.9?x0.54= 56.4 KN.m

Maximum moment is M-ve=56.4 KN.m

o Ty _ 40
085 fc 0.85 28

=17.65

_ Mu/F _ (0.0654/0.9)
"" b d? 014" (0.31)?

1 _/_Z’m’kn
r—a(l 1—fy )

-1 \/1_ 2°17.65" 4.1
17.65 420
r =0.012

k =4.1MPa

)

As=0.012" 140" 310

As=540.9mm?
1.4 4/ fc¢
As . =—"—(bw){d)3 0.25F—~(bw)ld).......... .......... ACl -10.5.1
min fy(W)( ) (fy)(W)( ) ( )

£A



CHAPTER FOUR: Design of structural members

As,, :%(140)(310)3 0.25% (140)(310)

ASyin=144.6mm? >137 mm?
Use barswith F 20
As=540.9/314=2 bar F 20

4.3.4 : Design for positive moment :
Matve=[1.2x7.1x.031x12.4 %+1.6x5x.036x12.4 %] x0.54= 45.85 KN.m
Mb+ve=[1.2x7.1x.031x12.9%+1.6x5x.032x12.9 %] x0.54=46.74KN.m

Maximum moment is Matve=46.74KN.m

_ Mu/F _ (0.0467/0.9)
" b”d* 0.54" (0.31)°

1 _/_Z'm'kn
r—a(l 1—fy )

r= Lo \/1- 271765 1
17.65 420
r =0.00243

k =1MPa

)

As=0.00243 140" 310
As=407.5mm?

Use barswith F 16
As=407.5/201=2 bar F 16

£9



CHAPTER FOUR: Design of structural members

4.4 Design of Oneway solid dab :-

%\}(\X/\X/\X/ e
§<< h=120 cm
< B 59 b/hia0/en
-
% B 58 b/hdg0/ed

X

<

Slab plan

Figure(4-7) : One way solid slab of Basement Floor.

Section :-
L/24=3.2/24=0.13m , for exterior span (Control) ................. ACI-318-02 (9.5.9)

L/28 = 2/28 =0.072 m for interior span
Select h = 20cm.



CHAPTER FOUR: Design of structural members

stem :-
1 2 3 4
1 2 3
A A A
1L e e— T ——
N A T A p I § A p I
B 3 B
‘ 0.8 ‘ 2.9 0.8 2. 0.8 3.2 0.8
I I 37 I I 28 I I I |
} I I |
20,
100.
A-A
Figure(4-8) : Spans Length of Solid Slab (S1)
Loading :-
load group no. 1
Dead load - Service Units:kN,meter
7.70 7.70 7.70
3.7 2.8 4.
Live load - Service Load factors: 1.20,1.20/1.60,0.00
5.00 5.00 5.00
3.7 2.8 4.

Figure(4-9) : Loading of Solid Slab (S1)

Part 1.

v Live Load :-
L.L =5 KN/m? 1m=5 KN/m

v Dead Load :-
Tile 0.03*1*23 =0.69 KN/m
Mortar 0.02%1*22 = 0.44 KN/m

o)




CHAPTER FOUR: Design of structural members

Coarse Sand 0.07*1*16 =1.12 KN/m
Concrete slab 0.20*1*25 =5 kN/m
Plaster 0.02¥0.1*22 = 0.44 KN/m
D.L=7.7 KN/m?
Part 2:
p Use h =20cm (and Limitation of Deflection will considered ).
6 =tan™(2.1/ 8.54) = 13.8°.
Cos 6 =0.97.
Tile 0.03*1*23 =0.69 kN/m
Mortar 0.02*1*22 = 0.44 KN/m
Coarse Sand 0.07*1*16 =1.12 KN/m
Concrete slab 0.20*1*25 Cos 13.8 =4.85kN/m
Plaster 0.02*0.1*22 Cos 13.8 = 0.427 KN/m
Steps 0.5%0.2¥1*25=2.5 KN /m2.

Total dead load = 1.27+ 0.69+ 0.505+2.125+5.74
=10.1 KN /m2,

-Liveload:-
-Liveload for stairs =500 Kg/m?2 =5 KN /m2.
-Ultimate liveload =5 KN /m2.

-Factored L oad:-
Wu=1.2%10.1+ 1.6*5=20.12 KN /m.

d= 200-20-12=168

oy



CHAPTER FOUR: Design of structural members

Design :-
Moments: spans 1to 3
-28.8
|
[
| 1
T
9.1
20.8
| 1.66 | 2.04 | 126 1.54 2.4 218 4
[ [ [ [ [ [
Shear
-35.9 -34.1 -33.
-29.3 -26.2 252
} }
19.6 20.7
26.1 28.6
38.5
46.4
Figure(4-10) : Envelope moment and shear Diagram of Solid Slab (S1).
4.4.1 Design of shear:-
Vu=38.5KN

dVe=d* VI puxd
6

= 075* ¥28 1+0.168*10°= 111.12KN
6

@ Ve=111.12 5 /=385
No shear reinforcementsis required

4.4.2 Design of positive moment:-

Mu=27.8

m = fy =
0.85 * fc'

420

Y =17.65
0.85 * 28

oy




CHAPTER FOUR: Design of structural members

Rn = Mu/f = M:
b*d®>  1*(0.168)°

p:i(l- 1- 2mRn)
m

1.095N/mm?

o=_1 (1- \/1_ 2(17.65)(1.09) y = 0 002668
17.65 420

AS,e = 0.002668 (1000) (168) = 448.224 MY /m.
Asmin= As = 0.0018 (1000) (200) 360= mm®/m.
ASeg =448.224MNT /py,

# of bars = A/ Ay = 448.224/113 = 4

p Note Ap1o = 113 mm?

Select bottom and top bars ® 12@25 cm

For other direction use AS(min) Shrinkage & Temperature -
Reinforcement: -

AS (shrinkage) = 0.0018 * b * h = 0.0018 * 1000 * 200 = 360mm? /m.
As (shrinkage) =360/79= 4.55 bar

Select bottom and top bars ® 10@20 cm

ot



CHAPTER FOUR: Design of structural members

4-5 Design of Beam - (B3):

i

.-'. <
A
LS
)
“t ]
!
]
\ e

T L1 5B b S b = HO0VE E

e L et Ca il - e
\ &40 ﬁ'\l [ :'_),
ﬂ,ll:‘r Bty
[ &
] &
g B
L
g7 e
L L] ra_m Ii:Z.i [ ] (_H__.:_"__‘. =0
| b \
2 R
‘Rn ]
LU
Hla ; [ B LoD i
\ |
Y
és ¢ = £

Figure. (4-11) The design for beam (B 3)

4-5-1 Deter mination of effective width of (B3):
Effective Flangewidth (b ) according to ACI code 8.10.2:

b for T- section is the smallest of the following:
be
b. = b, +16t =50+ 16 (35) = 610 cm

L/4 =380/4=95CM......ccccccen.... Control

b, = C/C =4500cm
Take b, =100cm .

BEAM LESIGNED
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4.5. Design of positive moment for beam (B3):

Moments: spans 1to 2

-916.4
-702.2 -663.1
‘ 3.322.03 ‘
\ \ \
| i i | !
\/‘ 1.571.47 |
1131 | | |
357.1
758.2
| 2.17 4.03 | 4.92 3.28

Figure. (4-12) The design moment for the beam (B 3)

d =650- 40- 10- %zSQOmm

Mu =758.2kN.m

Max Mn for asingly reinforced section:

0.003 _ 0.003+ 0.005

X d
X = 221.25mm

a=b,” x

a=0.85" 221.25=180.06mm
X = 221.25Cm

a,. —180.06cm

C.,=085 f, b a
C,=0.85" 28" 1000" 221.25
C, =5265.75kN

Mn =T(d- al?2)

max sin gly

o1




CHAPTER FOUR: Design of structural members

MN, i sngy = 5265.75(590 - 180.06/ 2)
MN, sngy = 2632.72kN.m
Mn,,, =842.44kN.m

Mn,,, =842.44KN.m< Mn =2632.72kN.m

max sin gly
The section must be singly reinforced section.

For span No 1:

Mu=3571kN.m ..................... From Figure (4-)Y)

fy _ 420

= = =17.65
0.85fc ~ 0.8529)

* -3
qn = Mn 3571 00)°
bd 2 (.9)(1)(0.59)

0 e * * 0
'_él' ] 2mKn 0. _1 &, \/ 2*17.65*1.14 9_ 0..00278
p 17.65§ 420 p

A's = 0.00278*(1000)* (590) = 1641.74 mm? |
Max & Min Reinforcement Of Ribs:

[
4(fy)

A S min = 122,83 mm?

Asmin= (bw)(d) 3 W(bw)(ol) ........... (ACI-10.5.1)

ASmin=130mm°

Weuse As=1641.71 mm?
Use4@25 As= 1964 mm?

Check for Yielding:

T=C

= Asx Fy=0.85xfc'xaxb

(1964) x 420 = 0.85 x 28 x 1000x a

>a=34.66 mm

C=a/0.85 = 34.66/.85=40.78

oy



CHAPTER FOUR: Design of structural members

&s=(d- C) (0.003)/C
&5 = (590-40.78)* (0.003) /(40.78) = 0.04

=0.04 > 0.005

For span No 2:
Mu=7582KkN.m ..................... From Figure (4-)Y)

fy _ 420

= = =17.65
0.85fc ~ 0.8529)

* -3
Mn 75281 (10)°
bd 2 (.9)(1)(0.59)

> * *
1 \/ 2*17.65*2.40 _ o0,

0_
420 p

A's = 0.00604* (1000)* (590) = 3561.11 mm?

Max & Min Reinforcement Of beam:

Jice
A ow)(d) 3 22 ow)(d) .......... ACI-10.5.1
smin = (fy)( w)(d) fy( w)(d) ( )

A S min = 122,83 mm?

ASmin=130mm°

Weuse As=3561.11 mm?
Use8@25 As= 3928 mm?

Check for Yielding:

T=C

= Asx Fy=0.85xfc'xaxb

(3928) x 420 = 0.85 x 28 x 1000x a

»a=69.32 mm

C=a/0.85 = 69.32/.85=81.55
&s=(d-C) (0.003)/C

&s = (590-81.55)* (0.003) /(81.55) = 0.019

=0.019 > 0.005

oA
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. 4. .3 Design of negative moment for beam (B3):

Mu=7022kN.m ..................... From Figure (4-)Y)

fy 420

m= = =17.65
0.85fc  0.8529)

Mn _ 702.2* (10)°3 _

n = > = > = 4 Mpa
bd (.9)(1)(0.59)
. :iéel_ 1. 2mKn g: 1 & \/  2*17.65*2.24 %:o..ooses
m fy & 17.65§ 420 &

A's = 0.0056* (1000)* (590) = 3310.6mm? |

Max & Min Reinforcement Of Ribs:

fc¢ 1.4
bw)(d) 3 =—(bw)(d)........... ACI-10.5.1
4(fy)(W)() fy(W)() ( )

A S min = 122,83 mm?

ASmin=

ASmin=130mm°

Weuse As=3310.6mm?

Use 8325 As=3928mm?
Check for Yielding:
Check for Yielding:
T=C
= Asx Fy=0.85x fc'xaxb
(3928) x 420 = 0.85 x 28 x 1000x a

»a=69.32 mm
C=a/0.85 = 69.32/.85=81.55

&s=(d-C) (0.003)/C
&£'s = (590-81.55)* (0.003) /(81.55) = 0.019

=0.019 > 0.005

o4



CHAPTER FOUR: Design of structural members

Fig. (4- ) Cross Section of Beam (3)

4. .4 Design of shear for beam (B3):

Shear

-429.9

-562.2

-450.4
-318.

177.2
309.6

659.8

527.5

Fig. (4-1 ) Thedesign shear of Beam (3)

f Ve = 0.75(/28)(b)(d) / 6 = 0.75(~/28)(1000)(590) / 6 = 390.25KN

dVe<Vu.
Category 3:
oVe <Vu< dVe +dVs




CHAPTER FOUR: Design of structural members

minf Vs 0.75(1/3)(b)(d) = (1/3)(0.75)(1000)(590) = 147.5KN s Control

minfVs3 (1/ 16)(\/Fd)(b)(d) = (1/16)(5.3)(1000)(590) =195.44KN
®dVc + min ®Vs=537.75KN
Vu=5275< ®Vc+dVs=537.75
So solve in the Category (3).
Select 4 @ 10 stirrups with four legs, Av = 316 mm?
According to (ACI-318-code).
FVsiq=Vu- FV,.
F VS e = 527.5-390.25 = 137.25 KN.
Sreq = 0.75*(Av *fy*d) / F VS e
Number of stirrups used = 2 stirrups.
Assume @ 10 stirrups.
S req = 0.75(4* 79* 420* 590) /137.25 = 427.9 mm.
According to (ACI-318-code).
-Max. Spacing islessthan:-

S £ 5%0 =295cm.......... controlled.

£600 mm
Select S=25cm.

1
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S=T10EPS ST OEPE
g L-2Co @ L-2ls
| _.z':
\{L il
Pt T TIERR
— g | =F70
B A
k. g E :
fiiss
HER
i 5
- 9z
ol

Fig. (4-1 ) Stirrups of Beam (3)
4.6 Design of Composite Beam (B58) :

Deter mination of solid slab Thickness
The overall depth of slab must satisfy the limitation of deflection required in

ACI Table (9.5.9).

Minh=1L/2A for interior span
Minh=6.Y/2A =225cm
Minh=L/185 for exterior span
Minh=6/24  =25cm

Minh=L/185 for exterior span

Minh=3.7/24 =15.4cm
Take h=25cm b=1m.

4.6.1 Determination of L oads:

Tiles - 0.03*1*23 =0.69 KN/m.
Mortar - 0.02*1*22 = 0.44KN/m.
Sand Fill > 0.07¥0.1*16 = 1.12 KN/m.
Slab > .25*1*25 = 6.25 KN/m.

Plaster - 0.02*1*22 = 0.44 KN/m.

1y




CHAPTER FOUR: Design of structural members

Partition—> 1*1 =1 KN/m.

Nominal Total Dead Load =0.69+0.44+1.12+6.25+0.44 + 1
=9.94 KN/m"2

Use 10 KN/m”2

Total liveload =5 kN/m’

Calculations of Dead load for beam 58 :-

DL;=10* 7=70kN/m

DL, = Weight of Concrete Beam = 0.6* .25*25 = 3.75 kN/m
DL4 = Weight of Steel ~ 5 kN/m

Total Dead Load = 70+3.75+5 = 79 KN/m

Total LiveLoad =5* 7=35KkN/m

Loading

[i:]]

Live load - Serviee Losdfactors: 1.20,1.20¢.60,0.00

3l
0.

& Moment/ Evelope

| 10, 7340 0. |

Figure (4-16) : Loading and moment envelope of Composite Beam

Y



CHAPTER FOUR: Design of structural members

4.6.2 Deter mination width of flange (effective width ):
B (eff ) = L/4=18.7/4=4.7m

B (eff ) = bo=6m

Takeb=4.7m tf=25cm. Mu=7540 KN.

Select W24*279  (A572 Grade 50)

A=82in* =0.052903 m? d=26.73in 679 mm
tw=1.16in = 29.5 mm tr=2.09in = 53.086 mm
F, = 50 ksi = 50 * 1000/145 = 345 MPa br = 13.305 in = 337.9 mm

Select a=250 mm
d=679/2 +250 = 589.5 mm
Mh=As* F, * (d-a/2)

7540 ) 250

——— = As #4454 = (589.5 ——]
0.9 . 2
ASeq=0.05227 < 0.052903

T=C

345* 0.0.053=0.85*28* 4.7* a
a=163.165 mm < 250 mm.
so the neutral axisin the slab.

Cc=085*fc* bg*t
Cc=0.85* 28 * 4700 * 163.165
Cc= 18251.63kN

I's= Asxfy.

Ts = D0.053=345=18285KN.
Mp=Ts*(d/2+ts-a/2)

= 18285* (679/2+250-163.165/2)
=9287.2 Kn.m
®Mn= 9287.7%0.9 = 8358.5 kN.m

®M=8358.54kN.m > M ;=7540. kN.m
Ok

¢
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47

]

A

0.0195
Wldx27a

0.649 (2156

-

o

o

o 03379
Ed

P

Figure (4-17) : Geometry of Composite Beam

4-6-3 Connector design:
Select MC =10* 41.1
d=10in=254 mm
A=12.1in?

tw=0.796 in = 20.22 mm
ti= 0.575 in = 14.605 mm
b= 4.321 in = 109.75 mm

Qn = 03 (tf +0.5tw)Le | fe = Ec

Ec= 4750* +/28 = 25134.63 MPa

Assume Lc =350 mm

Qn = 0.3 (14.605+ 0.5 = 20.22)350 /28 = 25134.63
Qn=2177034.15 N = 2177.03kN
Crmax = 0.85*f *be*ts
= 0.85*28*4700* 250
Crax = 27965kN
Tmax = AS*Fy
= 52903* 345 = 18251.535 kN
N:Total number of shear connectorsrequired between Zero & Maximum

Bending M oment
C T,

N= "2 gr =2 Whichever is smaller

Qn @Qn




CHAPTER FOUR: Design of structural members

Tmayr _ 18251535
Un 2104

N= 8.4

Use 18 channd profile per half span

Then we calculate the distance between Channel profiles:

S=(20-0.6)/(218) =0.54 m

Qn for onechannel =18251.35/18 =1014kN

Welding Calculation ( Channél Profile with |-Section )

Type of welding isfillet welding.

Select a =10 mm

anin= 6mMm

amax =t —1.5875 = 14.605 — 1.5875 = 13.0175 mm

amin = 6 <a= 10 <ama = 13.0175

te=0.707* a

te=0.707 * 10 = 7.07 mm

Shear Action :-

DRy=0.75* te* 0.6 * Fuy

Fuw =70 ks =483 MPa

®Rp=0.75* 7.07* 0.6 *483

®R,,,=1.53 KN/mm Qn=1014kN

/= Qn 1014
PRnw  1.53

Perimeter Of channel= 2*bf + 2* Lc = 2* 109.75 + 2*350 =919.5 mm

The Welding isfor al Perimeter

(Although the compositeis better we choosed the concrete design becauseits

cheap).

= 662.75 morn

1"



CHAPTER FOUR: Design of structural members

Fillet Welds
a=10 mm
L=919.5 mm

Figure (4-18) : Connector details.
4-7 Design of Column:

v
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-Column (C18), the column is an internal one (Tied column):-

-By using Atir software we found that the reaction on this column from Beam (B4,
B29).

-Factored Self weight of the column = 1.2*25*0.8*0.4*3.5 = 33.6 KN.

-Thetotal axial load (Pu) = (33.6 +741.3 + 586.26)* 3 = 4083.6 KN.

Pu = 4083.6 KN.

4-7-1 Design of thelongitudinal Reinfor cement:

TA



CHAPTER FOUR: Design of structural members

Pu = 4083.6 KN.
o, its axially loaded.
Typeof column: " Tied column”.

Assumer g = 0.015.

_ pu
n__
=g

- 40836 _ 6282.46KN.

pn
PN, =0.80Ag[0.85* fct+ rg(Fy - 0.85* fcd]
6.28246 = 0.80Ag[0.85* 28 +0.015(420 - 0.85* 28)|
Ag req = 2640 cn’,
Use 80cm * 40 cm.
Ag = 80*40 = 3200 cm?.
-Determination of requiredr g :-
PN, =0.80Ag[0.85* fct+ rg(Fy - 0.85* fcd]
6.28246 = 0.80* 3200* [0.85* 28 + r g(420 - 0.85* 28|
r g = 0.00186.

I’g <(I’ min:0.0l) ............................................

Use r =0.0L
Required As = pg* Ag=0.01* 3200 = 32 cm?.
Usel6@16.......... AS provided = 32.17 cm®,
AS mex = 0.08*3200 = 256 cm?”.

AS min = 0.01* 3200 = 32 cm?.

ASmax > AS> ASmineeviieiiiiiaiian. OK.

4-7-2-Check Slender ness Effect:

19

(ACI-Cod-10.16.8.6)



CHAPTER FOUR: Design of structural members

A) In 80 cmdirection:

(KLu/r) £ (34- 1M1/ M2))

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).
r: radius of gyration =0.3* h = N

M1/M2 = 1 for theinterior column.

Lu=3.25m.

(1* 3.25/(0.3* 0.8m)) £ (34- 12[1])

1354.£22............... short in the 80 cm direction.

b) In 40cmdirection:
(KLu/r) £ (34- 12M1/M2))

Lu: Actual unsupported (unbraced) length.

K: effective length factor (K= 1 for braced frame).
r: radius of gyration =0.3* h= JITA .

M1/M2 = 1 for theinterior column.

Lu=3.25m.

(1* 3.25/(0.3* 0.4m)) £ (34- 12[1])
27.083 22.
£ 40,

-Slenderness effect must be considered.

ACI 10-12-2.

ACl 10-12-2.



CHAPTER FOUR: Design of structural members

d. = C—mp 3.0 ool A.C.l (10.12.3) eg(10.9).
" 0.75% P

C., = 1.0 (for single curvature — braced frame) ....................... A.Cl

(10.12.3.2).

P, = (1.2*DL) + (1.6*LL).

P, =4083.6 KN.

p ’El

¢ = (KIL)E e A.C.I (10.12.3) eq (10.10).

El = large of:

(0.2E.1, +E{l )
El = e D T eq (1)
Or

0.4E I,

T Dd T eq (2)

E. = 4700,/ fc¢34% N/mm?.

£ - 47004/28
° 1000

|, = moment of inertia of gross concrete section about centroidal axis, neglecting

=24.87 MPa

Reinforcement, mm*.
_b*h*® _800* 400°

¢ 12 2

| . =Moment of inertia of reinforcement about centroidal axis of member cross

I = 4266666667mm’”.

section, mm*.
I, =2(A * x?) = 2(7* 201* 115%) = 37215150mm* .
Es = 200000 Mpa.

factored axial dead load
30375 _ 0744

bd = = =
factored axial total load 4083.6

\A



CHAPTER FOUR: Design of structural members

From equation 1 and 2 we select the large value:

* * *
£ = ((0.2* 24.87* 4266666667) + (200000* 37215150)) _ , oo 2 p rryny?

1+0.744
(contral).
* *
£y = 0:4* 24.87* 4266666667 _ , 4o, 100\ rym?
1+0.744
- P7r4287107 _ g kN
°  (1.0* 3.25* 1000)? '
1.0
d. = =116 310 i .
=, 40836 oK
0.75* 40000

e =15+ (0.03* h) =15+ (0.03* 400) =27 mm

€ useq fOr the design = 1.16* 27 =31.3 mm..

4-7-3 Design of Tie Reinfor cement:

\Al



CHAPTER FOUR: Design of structural members

Use @ 10 ties.
1) Spacing (S) < 16*dy, (Longitudinal bar diameter) = 16 * 1.6= 256 mm ...
2) 48*d; (ties bar diameter) = 48* 10= 480 mm.
3) Least dimension = 400 mm.

Use" @ 10" Ties @ 25 cm spacing.

Seefigure (4-19).

.control.

“ “
[ ~|— x i)
R C I | 4 1\I'- % I"-

A ] i

Fig. (4-19): Section of column (C18).

\al
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Fig. (4-20): long. Section of column (C18).
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CHAPTER FOUR: Design of structural members

4-8 Design of Isolated Footing: (F )

From Column (C ):
Factored load = 4080 KN
Assume Allowable soil pressure = 400 KN/m?2

Column=80cm x 40 cm

4-8-1 Footing Area:
Service Load = 3072 KN
P net = 400-25*0.5 = 387.5 KN/

Area (A) = Total Weight /( Soil Pressure*)
= 3072 KN/ 387.5 KN/m?2
=7.93 m?

Use L=3.00m,B=265m, A=7.95m?

4-8-2 Deter mine the depth based on shear strength:
P .
Qu, = —— =4080/7.95=513.2 KN / m*
Area

Assume (hmin) =50 cm
d =50- 7.5- 2=40.5cm
FV.3V,

FV. =F %,/ t,d = 0'%5* 28* 2.65* 0.405* 1000= 710KN

Vu=q,,~ éﬂ;a' dg' B
e 2 @

vu=5132" & 98_ 04052 265=94519KN

e 2 o
FVc=710<V, =945.19

Assume (h) =70 cm



CHAPTER FOUR: Design of structural members

d=70- 7.5- 2=60.5cm
FV,3V,

FV,.=F %1/ fc¢bwd = %* 28* 2.65* 0.605* 1000 =1060KN

wu=q, &:2.4% 8
e 2 2

. a3- 08

O 5 65=673.2KN
%]

FVc=1060>V, =673.2
4-8-2-1 Check thisdepth for two way shear action (punching):

Vu=q, ((B" L)- (a+d)(b+d))
Vu=513.2" ((3’ 2.65) - (0.8+0.605)(0.4 + 0.605)) =3355.3KN
The punching shear strength is the smallest of:

V, __gf[ \/7% d = O.SH%Od
=k /d+2;\/f7¢bd = 058 1.%,d
= % \/ftrbod = 0.33\/{%0d .............. Control

Where:
b.=a/b=80/40=2

b, = Perimeter of critical section taken at (d/2) from the loaded area
= 2{(0.8+0.605) + (0.4+0.605)} =4.82 m

a,=40 for interior column

fV,=0.75" 0.33v28" 4.82" 0.605" 1000 = 3853.8KN
FVc=3853.8>V, =3355.3

A



CHAPTER FOUR: Design of structural members

4-8-2-2 Check transfer of load at base of column (Design of dowels):
In column:
FPn=F (0.85fcAg)

FPn=0.65(0.85" 28" 0.4" 0.8" 1000) = 4950.4KN
FPn=4950.4> P, =3355.3

Dowels are not required for load transfer.
But use the minimum reinforcement of dowels:
As = 0.005 * (400 x 800) = 1600 mm?

Use8® 16 dowelswith A, =1608mm?~ .......... Seefigure (4-21)

In footing :

FPn=F(0.85fc®~ \/%)

A; =0.4*0.8=0.32 n7?
A,=265* 2.65=7.03m?

Ao 108 46852

A Vo032

i =2
VA
FPn=0.65" (0.85" 28" 0.32" 2)" 1000 = 9900.8KN

FPn=9900.8>Pu=33553........... ok

Use8® 16 dowelswith A, =1608mm?~ .......... Seefigure (4-21)

A%



CHAPTER FOUR: Design of structural members

4-8-2-3 Development Length (L, ):

Ld for @ 16:
Ly = fy do = ﬂ 16 =317.5mm
4.[fct 4./28

L,=0.043" db” fy=0.043*16*420 = 289 mm
\ L, =317.5mm

Available embedment = 700 — 75 — (2 x16) = 593mm > 317.5 mm
\ OK.

4-8-3 Design for Bending M oment:

& ...58 aod ._ad ao
Mu = gqult W"¢—- = 05¢—- -+
e2 2gyn e2 2g

= B132 265 B 9890 528 080 55579 kKN
g e2 2 gy e2 2g¢g
Mn=822.79/0.9= 9142 KN.m

Kn=Mn/b.d?= 2.01 Mpa
fy 420

m= = =17.65
0.85fc'  0.85(28)

r :i%el_ . 2mKn O 1 & \/ 27 17.657 2.01 9
m - 17.65 & 420 -

As = 0.005* 2650* 605 = 8024 mm? control.
Asmin = 0.0018* 2650* 700 = 3339 mm?

Use 320 18 (for both directions).

YA



CHAPTER FOUR: Design of structural members

4-8-3-1 Development Length (L, ):

Category (A), item 2 applies,

Ld for @ 18:
=2 M-abol -y 9 40110815 41 47mm
1 fc¢  ak, +CO 10 /28 25
¢~
e do g
Available embedment = 60.5> 41.2cm ok.
Footing plan Foosing sesticn
.08 , C:I:':}g‘i_r'
11— A1 O\ /I i
5
[ W .
= :“f 2
l [ i Phegsdiey Lt <
% - | "-"'-"r"] a l | 4 r S B
p: f Eaalid] b 5.0 e
i bindng @roake ’
5 J@ Ol 1) e
2 l SECTION 3-3

i)
Eottorm rainforcrient

Fecfing No. (21)

Fig. (4-21): Top view and section in footing (F21).
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CHAPTER FOUR: Design of structural members

4.9 Design of Basement Wall:
f =30

Soil density = 18 KN/m®

ko= 1-sinf

ko=1-sin30=05

Winax= 0.5%5+18*3.5*0.5 = 34 kN/m
Winin(tactored) =1.6% 2.5= 4 KN/m
Winax(tactored) = 1.6* 34= 54.4 KN/m
Wiin= 0.5%5 = 2.5 KN/m.

] A s
-
4 2
¥ s
i
5 |
'._—|I
E -._I'll = e
t 27 F
: — g :
—
s | -
f.__hﬂ = &
. ..-. - = E
il Hilln 15Kk
@ Ay .
A . S
Figure (4-22) : Load on Basement Wall moment diagram Shear diagram
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Assumeh =250 mm
d=250-20-14/2 =223 mm
Vug= 104.5 kN

g —
Ve = E-.,-"fc#d *h

075 —
oVe = TV 28=0243=1 =154.11 &N

Ve = Vu

For Horizontal Reinforcement, Use ASqin
Asmin=0.002* b* h

Asmin= 0.002 * 1000 * 250 = 500mm?m = 50 cm?m
Usef 8

50/0.51=9.8
Use f 8at 20 cm c/c for two layer.

Design for Bending M oment:-

MUnax = 84.2
kn= M- 842 _) 6oMpa
bd®> 1*0.223
m=— = 40 _j7q
0.85* fc  0.85* 28
_1% | 27 m Kn?
mg b5
71690
r _—§1 \/1- 271764 1'693=o.00418 mm?
20.6 420
ASgyinage = 0.0012* b* h = 0.0012* 250* 1000 = 300mm’
ASgeq =924.2> ASqiane = 300mm’
Usef 14

No.=933.2/154=6 ,Use6 bars
Use f 14 at 15cm

12 * 924.2= 466.5 mm?
For other direction Use f 12

No. =466.5/113=4.12 ,Use5Bars
Usef 12 a 20 cmclc.

AN
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4.10 Design Wall footing :

Wu=1.2* 25* 3,5*0.25+1.6* 55=115K N.
Assume h =400 mm . L=600 mm.

d =400 - 20 - 14/2 = 373 mm.

-Allowable Bearing capacity = 400 KN/m?.
Qu net=400-0.4* 18=392.8 KN/m®.

Vug= 392.8*1*0* .6.

Vug= 235.68 KN.

0 —
Ve = E-.,-"fc#d *h

075 — o
Ve = e V28=03/3 *1 = 246./16kN

BVe = Vu ... No shear reinforcement is required.
Design for Bending M oment.
MUmax = Wu* L"2)/8=115* 1* 1/8=15KN.m.

kn=MU_ D _g121Mpa
bd 1* 0.373
m= fy - = 420 =17
0.85* fc  0.85* 28
® 0
] :l(}l- 1- 2’m an
m8 fy &
g o]
r=—— 1 \/1- 271764 0'12j:O.000285 mm?
20 6 420 &
ASgyinage = 0.0018* b* h = 0.0018* 400* 1000 = 720mm?
ASReq. = ASS"nrinkage = 720mm2
Usef 14.

No.=720/154=4.67 ,Use5bars
Use f 14 a 20 cm

For other direction Use f 12

No. =360/113=4.12 ,Use4Bars
Usef 12 a 25cmclc.

AY
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4-11 Desin of Retaining wall:
(Free standing Retaining wall). See figure (4-23).

Free standing
Retaining wall

A

Figure (4-23) Free standing retaining wall .

4.11.1 Estimation of Depth of Retaining wall footing:
hp=(0.1__0.12)*h.
Where hp: - is the Thickness of the Footing.

h: - isthe Depth of the Retaining wall.
hp=(0.1__0.12)*3.60 = (0.36__0.432) , So select hp = 50 cm.

4.11.2 L oads calculation:

-y soil =18 KN/m? (Unit weight of the soil).

-d=30°.

-fy = 420 Mpa.

- f.'=28 Mpa

-Allowable Bearing capacity = 400 KN/m?.

Ka= (1-sinf )/ (1+sinf )=(1-sin30)/ (1+ sin30) =0.33

-Active horizontal Earth pressure (ea) = Ka*y*H=0.33*18*3.3 = 19.6 KN/m.

AY




CHAPTER FOUR: Design of structural members

(For one meter strip of the wall).

-Liveload:-

-Liveload =5 KN /m?

-Lateral horizontal earth pressure (eap) = Ka*P = 0.33 *5.

=165 KN /m.

(For one meter strip of the wall).

-Factored earth pressure (ea) = 1.6*19.6 = 31.36 KN /m.

-Factored lateral earth pressure (eap) = 1.6*1.65 =2.64 KN/m.

Now we will use Atir progam, To find the Moment /shear Envelope.

-
-
-

i

o
-1

oy

Figure (4-24) Moment envelope of retaining wall .
Mu = 57.1KN.m
Mn req = 63.4 KN.m

At
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4.11.3 Deter mination of the Thickness (h) of Retaining wall(design of standing):

Use p=0.4pb
m= 20.65
*

(b= 0.85fc¢, b * 600 _ 0.85* 28, 0.85* 600 — 0.0283.

fy 600+ fy 420 600 + 420
Pdesired = 0.4 pb = 0.011.
Usep =0.011.
RN gesired= 1 * fy* (1- r 2m) =0.011* 420* (1- O'OLZNBS) =4.17 Mpa.

=123.31=12.3cm

Mn \/63.4*1000
dreq: =

Rn* b 417*1

Assume ® 12 for main Reinforcement P h o =12.3+7+0.6 = 19.9.
Select h =20 cm.

S0 d avaitable = 20-7-0.6 = 12.4cm.

Revised Rn = Mn/ b*d® = 4.12 KN/m?.

) 2mRn
fy

1. 2*17.65* 4.12
420

Revised p= = (1- [1 )
m

17.65 )

Revised p = 0.0108.

As=p*(b)*(d)

= 0.0108*100* 12.4 = 13.40 cm?/m.

-Main Reinforcement must be > (0.5%*b*d)................. (ACI-318-15.8.3.1).
13.4>0.005100%12.4=6.2CM2..........cevennnnnnn. OK.

-Main Reinforcement must be > AS yin.

VI s 2 owyd
4(fy)(W)() fy(W)()

_ 28 , 14
AS min = m(100)(12.4) ~5100124)

AS min = 39 3 413

Revised p = i(l-\/

AS min =
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Use As=13.40 cn.

Use ®16@15cm, AS provided = 13.4 M2,

-Check of yielding:-

T=A" f, =1340" 420 = 0.5628 MPa

C=085 f& b a

T=C

a= C _ 56.28
0.85° f& b. 0.85" 28" 100

b =0.85

= 23.6cm

d- x 124 - 27.82 .,

* (0.003) = ===—="22" 003 = 0.0103.
27.82

® 0.00845 > 0.005.....cccct covieeir ceerirees rreriees e OK.

- Development Length of main Reinforcement: -

_12 fy*db,
25/fc

_12*420*1.6

- 2528

Take Ld = 70 cm.

Id DG e, (ACI-318-12.2.2).

*1*1*1=61cm

-At the opposite side (compression Zone).

This Region must be reinforced by half of main Reinforcement in the vertical
direction.

As=0.5%13.4=6.7 cm?,

Provide ®12@ 15cm.

-In the other Direction (Horizontal) provide minimum Reinforcement according
to aci:-

As=0.002*b*h ..........cceiiinnn . (ACI-318-14.3.3-a).

As = 0.002*1000*500 = 1000 mm?.

A1
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As=1000/2=500 mm?. for each layer.
Provide ®12@ 20cm.
-For the cape Reinforcement Provide ®12@ 20cm.

4-11-4 Estimation of the Foundation Length:

This length is controlled by design against overturning.
-Design against Overturning:-

Ww = (0.2*1*25*3.3) = 16.5 KN.

Wel = (3.3* 18*(§I - 02)*1)= (39.6L — 11.88).

we2 = (1/3)*0.518*L =3 L. KN

Wf = L*0.5*25=125L. KN

ea=Ka* y*h

ea=0.33*18*3.55 = 21.1 KN/m?.

Ea=ea*0.5*h*b = 19.92*0.5*3.55*1 = 37.45 KN.

eap = Ka*p = 0.33*5 = 1.65 KN/m?.

Eap = eap*h = 5.86 KN.

ep = Kp* y*h = 3*18* 1= 54 KN/m®.

Ep = ep*h*0.5 = 54* 1* (0.772-0.2"2) = 27 KN.

Moment about point a.

MO (overturning  moment) = (Ea* Arm) + (Eap* Arm) = (37.45*1.183) + (5.86* 1.775)

MO (overturning moment) = 54.7 KN.m.

M'S (standing moment) =

2* L
3

(W (5 +0.0) + (We, ) + (WF ) + (W, (= + 02+
=33.15L% +1.54L - 0.462.

Ms, ., (20.88L°+154L-049), ,

Mo 54.7
33.15L% +1.54L - 0.462 = (2* 54.7).

33.15L% +1.54L - 0.462 =109.4
By solving this equation we found that, L =179 cm. = 1.79 m.

- 0.2)*0.5))

AY
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Select L=2m.

4-11-5- Design against Sliding:
_Fr 3

" Fa 15. Where Fr: - arethe Reaction forces.
a
Fa: - arethe action forces.
v : - Factor of safety against Siding.
Fr=FF+Ep

FF= (Ww + Wel + We2 + Wf) * tan .

FF = (16.5 + 67.32 +6+25) *tan 30.

FF = 66.29 KN.

Ep =27 KN.

Fr =27 +66.29 = 93.29 KN.

Fa=Ea+ Eap=37.45+ 5.86 = 43.31 KN.
u=4331315p b 215>15........... OK.

4-11-6 Chech of Bearing Capacity:

Free standing
Retaming wall

Figure (4-2 ) Freestanding retaining wall .

AA

I
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\% :WW +WF + WEl +WE2
= (16.5) + (25) + (67.32) + (6)

=114.82 KN.
v Horizontal Forces:
SFx=0- +

H=E,+E,+E,

=-27+5.86 + 37.45 = 16.31 KN.
SMRc = 0.0 Counter Clock wise (positive).

= (5.86* 1.775) + (37.45 * 1.183) + (16.5* 0.233) + (6 * 0.667) —
(27%0.33) — (67.32 * 0.433) = 24.47 KN.m.

= m = ﬂ =0.213m=21.3cm
Y 114.82
Butemustbe £ % - 20 _ 33.3cm

P e=21.3cm< % =33.3cm

\'s N =£(1- 6_e) _ 114.82 (1- (6 0.213)) _15.21KN /1172
ab a 2 2
\'sy = _I?ub a- %) = 114;82 @+ 6 %213)) = 94.1KN / m?

We find that the larger value of s , = (94.1), less than the allowable Bearing
capacity = (400 KN/mm?)....ok!

A4
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4-11-7 Design of Footing:

738.70

Figure (4-26) Footing of retaining wall .

-Resultant of vertical factored Force:-
-V, =SFy A
= 1.2(16.5+25) +1.6(6+67.32)
=167.112 KN.

-Resultant of factored horizontal force:
Vg, =SFx= A
= 1.6(37.45+5.86-27) = 26.1 KN.

-Resultant of factored moment: -

SMRC =0.0 + é

=(5.86*1.775* 1.6)+(37.45* 1.183* 1.6)+(6* 0.67* 1.6)+(16.5*0.233* 1.2)-
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(67.320.433*1.6)- (27*0.33*1.6)
= 37.54 KN.m.

-Calculation of Factored bearing pressure ordinate: -

Pu 6e, 167.112 6*0.22
s,= - %9102 (67929
a b a 2 2

s, = I?u (1+@):167.112(1+(6 0.22)
a b a 2

) =28.41..KN /m’

) =138.70...KN / m?

The Largest value of s , is less than the allowable Bearing capacity...... OK.
-Design Moment of section (design of Toe):-

138.7- 2841 138.7- S,
2 0.67

S1 =101.75 kn/m?

SMR(S1) = 0.0

101.75* 1*0.67* (0.67/2)) + (0.5*0.67* 1* (138.7-101.75)* (2/3)*0.67)-
10.05%0.33 = 25.04 KN.m.

Mu = 25.04 KN.m.

h =50, so d = 50-7.5-1= 41.5 cm.
_Mn_ 2504*10°

== —=0.161Mpa.
bd® 0.9*1000* (415°)
m= fy =17.65.
0.85fc'
1 2*m* Rn
Mo, =—(@1- [1-=— =
req m( fy )
* *
=1 \/1- 2717657 100, _3865+10°*.
“ m 420

As. . =1 *b*d=3865" 10"* * 1000 * 415 =1.60cm” / m..

1)



CHAPTER FOUR: Design of structural members

As,,, =222 1000 415 @:(12_10)>1.4 1000° 415 _ (1383)...control.
420 420

AS min = 13.83 cm?.

1.3 *AS 1eq = 1.3*1.6= 2.08cm*/m < 13.83 cm?/m,
Select 1.3 AS g = 2.08 cm?®/m.

-Chick the Value of Shrinkage & Temperature Reinforcement:-
AS (shinkage = 0.0018 * b* h=0.0018 * 100 * 50 = 9 cm* /m
AS (shrinkage) = 9 sz /m > 13 * AS req = 208 sz /m

|::> Use As(shrinkage) =9 sz m. ... f 16@20(:m.
-Thisreinforcement must provided for Bottom part (Bottom Reinforcement) of the

footing.

-Check of yielding:-

T=A~ f, =1005 " 420 = 42.21Mpa
C=08" f& b. a

T=C
Q= , C _ ,42.2,1 17 7mm
085" f& b, 0.85" 28" 1000
b =0.85
-a._ E = 20.8cm
b 0.85

e. =9 X (0.003) = 412208 03~ 0 0568.
X 20.8

® 0.0568 > 0.005.......cc. covrceerer wrereenne cerrrenne e OK.

-Design Moment of section. (design of hedl):
138.7 - 28.412138.7- S2

2 0.87
S2 =90.72 KN/ m?.

SMR(S2)=0.0 +
(28.41*1.133* 1* 1.133* 0.5)+ (0.5* (90.72-28.41)* 1.133* 1.133* (1/3))-94.76* 0.565

ay



CHAPTER FOUR: Design of structural members

=-22 KN.m

Mu =22 KN.m.
h =50, sod=50-7.5-1=41.5 cm.
* 6
Rn:Mr;: 22*10 : o
bd 0.9*1000* (415%)
m= fy
0.85fc'

141Mpa

=17.65

* *
rreq :i(l_ 1- M)
m fy

1 2*17.65* .141
rreq=—(1- ,/1-
& m( \/ 420

As. . =r *b*d= 6.7*10°**100* 41.5=2.78cm* / m.

_ 025" 1000" 415 @:(12_10)>1-4 1000 415:(13.83)....control.
420 420

AS min = 13.83 o,
1.3 *ASeq = 1.3*2.78 = 3.62 cm”/m < 13.83 cm*/m.

)=6.7*10".

As.

min

Select 1.3 AS eq = 3.62 cm?/m.
-Chick the Value of Shrinkage & Temperature Reinforcement: -
AS (ghinkage = 0.0018 * b* h=0.0018 * 100 * 50 = 9 cm? /m.
AS (shrinkage) = 9 CM? /M > 1.3* AS g = 2.4 CcmM?/m.
:> Use AS rinkage = 9 CMP/m. ... f 16@20cm

-Thisreinforcement must be provided for Top part (Top Reinforcement) of the
footing.

qr
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-Check of yielding:
T=A f, =1005" 420 = 42.21Mpa
C=08" f& b. " a

T=C
a= - ¢ = ,42'2,1 =17.7mm
085 f¢ b, 0.85 28 1000
b =0.85
=2 =117 - 50.8em
b 085
=9 % (0.003) = #5208+ 543 - 0.0s68.
20.8
® 0.0568 > 0.005 ...rsces soceess wessers oersses seeere OK .

-In the other Direction provide Shrinkage & Temperature Reinforcement:-

AS (shrinkegey = 0.0018 * b* h=0.0018 * 100 * 50 = 9 cm?/m
Use As (shrinkage) = 9 cm2 m. ... f 16@200m.

¢
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4 -12 Design of shear wall:

o |
lll PROT R o 3 h'
iy
SR HR T o P‘
Sl
st Bzt /é.;mﬁz/_
Fig.(4.27) Shear Diagrams
Fc=2 MPa
Fy = 420 MPa

t=25 cm .shear wall thickness
Lw = 6 m .shear wall width
Hw for onewall = 3. m story height

4.12.1: Design of the Horizontal reinforcement:

& Fx=Vu =4158.92KN

4.12.2: Design of shear




CHAPTER FOUR: Design of structural members

fc¢,
b” d

VCl

V. =

cl

—VG 0.25" 4.8*10°% =1058 .3 KN (control )

Jfc¢ b d N, d
= +
4

47 L

c2
w

Assume N, =0
V28 0.25° 4.8*10° 0" 4.8

V,, = +— = =1469 .7KN
4 4 3
e 27 N, ou
é I, fc¢+ — 4 _u
WV vy A
< e 2 <|v| | > u 10
€ i u
é vV, 2 a

My ) 20350
v, 2

\ V_, =Will apply

e U ‘
28, ol/28 + O)lg' 025 48 15 = 13017.00KN

Vc3
€2 03 3 10

Vs =Vn - Vc1l
\ = (4158 .2/0.75) - 1058 .3 = 4485 .96 KN

@AV O VS . 4485 gy
€S2g Fy*d 420 *438

@AM 6 - 0.0025 *h = 0.0025 *250 = 0.625 mm
e S2 g

sz_"sl_(sooo /5 = 1200 mm

S2=3*h=3*250 = 750 mm
select 3 ® 2f 10 ¥4 ® As =158 mm 2

A 2 2mm > 0.625

S2

B8 _ %20 s2=75m

S2

Sdect ¥ ® S2=25cm < Seq = 25.2cm
S 2 selected =25cm < 75cm < 110 cm

use ¥ ® 2f 10 @ 25 cm (c/c)in 2layer
select 20 10/ 7.5cm Intow layer

\ Usef 10@7.5cm c/c  For thereinforcement in two layers (horizental )

1



CHAPTER FOUR: Design of structural members

4.12.3: Design of the Vertical reinforcement:-

= (0.0025 + 05(2.5- h—"")(g‘z—"h - 0.0025))S,h,
A 105, 75055
LW
Avn=0.0025"S," h,

S, :%LW =%' 6000 = 2000mm

S, =3 h=3" 250 = 750mm

Select 2f 10 With area As=158mm?
158=0.0025" S, 250

\ S =252.8mm

Select S = 25cm < 25.2cm

S =25cm < 75¢cm < 200cm

%u® Select 210/25 cm c/c

Select 2@ 10/ 25cm. In tow layer

4.12.4: Design of bending moment:

$L9_ i =1.42m

” 80007 6005 42
c=C-01 L,
C=142- 01" 6=0.82m

c,=—=1%_on

Y20 20

Select Theboundary element = 85cm
6

A = @ = 158 =12640mm’
vEAS, =g AS e =
< _ !
Lw  2+0.85* b * fc* Lw* h/(As* Fy)
Z _ 1 = 0.129

Lw  2+0.85 0.85 28" 6 0.25/(12640° 10°°  420)

v
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Mu=09" Fy 05 As” Lw’ g[ &2 1%
elw gy
0.1269
2
MU, = 26201.1- 13424.28 = 12776.82kn.m

=Mu =0.9* 420* 0.5*12640" 10°°" 6* (1-

) =13424.28kn.m

e 6
- Mu/f _ 1277,6.82 10°/0.9 _ 6563.32mm?
fy” (Lw- Cw) 420" (6000- 850)
As = 6563.32+ (6" 79) = 7037.32mm?
\ Usef 25%® Select 15 25
AR AT R -~ DA R E1NEMs ~ ol | EaE
| | 52 Bo 'i“‘-"J ; m‘u: i .M” M' \E' ?J-NNJ‘-L.‘-‘;.ﬁ: | _'|

]
N Ahd e e @ @ @ b & & & & 4 @ @ & & 4 B & 4 & & & 0 § & = [ EREN |
oo B¢
| s - W
L S LAY | LR
gy gy

Fig.(4.28): horizontal Section in shear wall
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(1L, ]
Rfbbed Slab I5em PR
First Floar _Finess
Srar hmZs am
'\-uh&
Bibbed Slob S5om -FRETESELTY
] [HBckS
k1
Ground Floer 1

Bazament Floar

Fig.(4.29): long section of shear wall.
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4-13 Design of Stair:
4-13-1 Stair 1:

Landing 2

Lanmding 1

Fig (4-30) Side view of the Stair 1.

load group no. 1

Dead load - Service Units:kN,meter
10.3
3.85 .85
0.75 2.7 0.5

Fig (4-31) Dead load of stair 1.

4-13-1-1 Determination of Slab Thickness:

-L =3.50 m.

-h=1L/20.

h=3.50/20=0.175m =17.5 cm.

p Use h = 20cm ( and Limitation of Deflection will considered ).
-0 = tan(17/ 30) = 29.53°.

-Cos 0 =0.87.
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4-13-1-2 L oad calculation:

Tiles=0.03*27*((0.3+0.17)/0.30) = 1.27 KN/m2.
mortar = 0.02*22*(0.3+0.17/0.3) = 0.69 KN/m?.
Plaster = (0.02* 22)/(Cos 29.53) = 0.505 KN/m2,
Steps= (0.5*b*h)*25=0.5*0.3*0.17*25=2.125 KN /m?.
Slab=0.20 *25/C0s 29.53 = 5.71 KN /m? .
Tota dead load = 1.27+ 0.69+ 0.505+2.125+5.74
=10.3 KN /m2.
-Liveload:
-Liveload for stairs =500 Kg/m? =5 KN /m?2.
-Ultimate liveload = 5 KN /m?.

-Factored Load:-
Wu =1.2*10.3+ 1.6*5=20.40 KN /m.

4-13-1-3 Design of Bending:
The Following figure shows the Moment Envelope acting on the stair.

Moments: spans 1to 3

22.5

0.75 1.22 31.2 1.49

0.5

Fig (4-32) Moment envelope of stair 1.
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Mu=31.2 KN.m
MnN ;g =Mu/0.9=31L2 KN.m/0.9 = 34.66 KN.m.
Assume @ 14 for main Reinfor cement:-

So, d =20-2-0.7 = 17.3 cm.

fct
4 fy)

min—

(bw)(d) 2 %(bw)(d) ........... (ACI-10.5.1)

/28

1.4
P ASmin=—-——(100)(17.3) 3 -~ (100)(17.3
min 4(420)( )(17.3)° 5, 100)A7.3)
A'Smin=5.443 5.766.

Asqin=5.766cm?.......... Control.

_ Mn
R”_b>d2'

34.66*10°

=————=116 MPa.
R 1000* 1737

58 0
r :l(}l- J2mR, 2

mg b 5

2*17.65*1.16 65*1 16 0

r = 0.00282
sl :

As. =0.00282 100~ 17.3 = 4.89cm?

req
AS req <AS MiNecoosessooecsacaaaans U%AS min-
AS e > (AS g For Shrinkage & Temperature Reinforcement).

5.766 > (0.0018*100* 15 = 2.7 CM?)....eevvvreeeennnn... OK.
Use As = 5.766cm>.

P Use® 14@ 25 cm.
(100/ 25)*1.54 = 6.16 cnm2.

AS providaj > AS MiNesrssssanrrrnnnannnnns OK
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-Check of yielding:
T=A f, =616" 420 = 258 .72 KN
C=08" f& b. " a

T=C
a= ,C = ,23'73, =1.16 cm
085" f& b, 0.85" 0.24" 100
b =0.85
=2 116 3 m
b 0.8
e, =9 % (0.003)=122-137 503 - 0.0242 .
X 1.37
® 0.0242 > 0.005 ..cccceces cvvvvees e e e OK .
-Development length of the bars:
*
Id =M*a* R T (ACI-318-12.2.2).
c
12* 420*1.2
=——————*1*1*1=45.70cm
25128
Take Ld= 50 cm.

-In the other direction provide Shrinkage and Temperature Reinforcement: -
As=p*b*h

= 0.0018* (100)* (20)

=3.6 cm?

Use @12 @ 25 cm.

4-13-1-4 Design of Shear:
The following figure shows the shear Envelope of the stair.
Seefigure (4-33).
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Shear
-35.
237
| I I |
7.2
347
Fig (4-33) shear Envelope of the stair 1.
Vu = 33.7KN
fyf. *b,*d
fVve=——"—"—
fye 2075 \/2_86 100%174 _ 10 aen
Vu=33.7KN < @Vc=1144=38Ton.
According to category (1)
V,E(FV,)
P No shear Reinforcement is required. So the Depth of the stair is........... OK.

4-13-1-5 Design of landing (#1):

We Will Design it as one way solid slab.
-Load calculations:

-DI of Tiles =0.03*22 =0. 66 KN /m2.
-DI of mortar = 0.02¥22 = 0. 44 KN /m?.
-Dlof dab =0.2*25=5KN /m2.
-Dlof sand =0.2¥*25=5KN /m2
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-DI of plaster =0.02¥22 = 0. 44 KN /m?.

-Total dead load = 0. 66 + 0. 44 +5 + 0. 44+1.12 = 7.66 KN /m.

-Liveload on the landing = 5 KN/m2.

-Reaction (factored) of the staire on the landing = 35.7 KN /m.

-Factored Total load/m. = Factored (D.L) + Factored (L.L) + Reaction of the satire
= (1.2*7.66) + (1.6*5) + 35.7 = 0.94 + 0. 56+35.7 = 52.9 KN/m?.

Design of Bending:

qu’ L* _ 529 272
8
Mu _ 48.2

Mn = —=——=53.56KN.m
f 0.9

Assume @ 14 for main reinforcement:-
d=20-2-.7=17.3cm.
Taked =22 cm.
Mn
bxd?

* 6
R = M =1.789 MPa.
1000* 220

e 0
r =16 f1- 2MR, >

Mg b 5

Mu = =48.2KN.m

Rn:

2*17.65*1.79 65*1 79 0

r = 0.00443
e 1765§ \/ p

As,, =0.00443 " 100 17.3=7.67cm?
Jfee 14
As. bw)(d) 3 bw)(d
min 4(fy)( w)(d) fy( w)(d)
N

b ASmin= 2420 V2O (100)(17.3) 3 —(100)(17 3)

® As,, =5.766cm’.......... Control
As,, =7.67cm’ > As, =5.766cm’

Use 19014 @ 20cm, with As=(100/ 20)*1.54 = 7.66 cm2 > Asreq = 7.66 cm2
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Secondary reinforcement:
As= % AS = % 14.46 = 2.89cm’
ASqinage = 0.0018" b” h=0.0018" 100" 25= 3.6cm?

Use 19010 @ 20 cm, with As=(100/ 20)*0.79 = 3.95 cm2 > Asreq = 3.6 cm2
Design of shear:

_qu L _529 27

Vu 5 =71.4KN
ff *b *d
fvg=—Y°¢ W —~
6
* * *
fVC:O'75 4/28*1000 1732114.5KN

6
f Vc =114.5KN >Vu = 71.4KN

No shear Reinforcement isrequired.

4-13-2 Design Double Flat Stair : stair 2:

The overall depth of solid slab of stair must satisfy the limitation of deflection
required in ACI for one way solid slab :

Minh=(L /20)

L=plan length of stairs + 0.5 length of landing (or 90 cm whichever isless)
L=0.9+2.7+09=45m

Minh=(4.5/20) =0.225m

Select h=25 cm.

4-13-2-1 L oad Deter mination: (2a)
Dead load calculationof g;:  .......... Seefigure (4-34)

o= tan’(16/30) = 28

concrete = (25*0.25)*(1/cos28) = 7.08 KN/m
plastering = (0.03*22)* (1/cos28) = 0.75 KN/m
stair = (0.5%0.3*0.16* 25)/0.3 =2 KN/m
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morter = ((0.16+0.3)*0.02*22)/0.3 = 0.67 KN/m
tiles = ((0.16+0.35)*0.3 = 1.38 KN/m

panel

~T

- Morater 2 cm

St~ LI

(o
: ____f_,f"'".fi

Figure (4-34) Section in Stair .
Nominal Total Dead Load =11.88 KN/m
Factored Total Dead Load =1.211.88 = 14.26 KN/m
Liveload =5KN/m.
Factored liveload =5*1.6= 8 KN/m
01=8+14.70=22.70 KN/m

Dead load calculation of g : (for landing)
Concrete = (25*0.25) = 6.25 KN/m
Plastering = (0.03*22) = 0.66 KN/m?
Morter = 0.02*22 = 0.44 KN/m
Tiles=0.03*22 = 0.66 KN/m?

Nominal Total Dead Load =8 KN/m
Factored Total Dead Load =1.2*8 =9.6 KN/m
Liveload =5 KN/m? .
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Factored liveload =5.0v1.6 = 8.0 KN/m?
Op=8+9.42=17.42 KN/m?

4-13-2-2 Stair reinforcement Design of one meter strip :
Mumax = 50.9 KN.m
d = h-2-T/2 = 250-20-7 = 223 mm

fy 420

= = =17.65
0.85fc  0.85(28)

* 6
M 50.9°(10)°
bd 2 (0.9)(1000 )(223)

c o1& 0 _
'Fé 3'1765§ \/

A's = 0.00276*(100)* (22.3) = 6.14 cm?

2mRn 2*17. 65*1 13

0
= 0.00276
2

4-13-2-3 Min reinforcement :

i
AS min= bw)(d) * =—(bw)(d) ........... ACI-105.1
s 4(fy)( w)(d) fy( w)(d) ( )

28

b ASmin= 220 N2 _(100)(22.3) ® —(100)(22 3)

A snmin?.023 7.43.

Select A s min = 7.43 cm?

As=6.14<7.43 cm?.

use As=7.43 cm?.

Use® 14 @ 20cm c/c with As=7.7 cm*>7.43 cm?.......... See figure (4-35)
-In the other direction provide Shrinkage and Temperature Reinforcement: -
As=p*b*h

A 's=0.0018* 1000 * 250 = 4.5 cm?

Use ® 12@ 25cm c/c with As=4.52 cm*>4.5 cm’..........
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For (stair 2b) :
Use® 12 @ 10cm c/c
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Figure (4-35) Plan for stair 2.
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= Stair 274

T T = o . = i
S ,,:HM'\R =l 5
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Figure (4-36) Rein. for stair 2.
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4.14 Design tension member :

- a 2.00 Fe
S 9. A
* .-"5'\,.-' 4 b .l&'\._gu'\. *
R Shege ¥
RIS "H‘"\-g(x o

oty gsoild slal e
e L Aa +EI0
¥ b soitd sgaﬂ:‘F
fits w AN
\.\:w.zn Doy b ﬁ.'ﬁ“‘f e
< soitd gdad I & Aicd stas dE
o : & v
#j,;;(q Tengion & S
(50 o wmember : . 5o

B | Do d téqmi
soied géab +3.80 goitd seak

e o

-_—_
—_—

Figure (4-37) Tension member .

4.14.1 Design of Oneway solid slab for tension member

Section :-
L/24=4.8/24=020m , for exterior span (Control) ................. ACI-318-02 (9.5.9)

L/28 =2/28=0.072 m for interior span
Select h = 20cm.
Part 1:
4 Live Load :-
L.L =5 KN/m? 1m=5 KN/m
4 Dead Load :-

Tile 0.03*1*23 =0.69 kN/m
Mortar 0.02*1*22 = 0.44 KN/m
Coarse Sand 0.07*1*16 =1.12 KN/m

Concrete dab 0.20*1*25 =5 kN/m
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Plaster 0.02*0.1*22 = 0.44 KN/m
D.L=7.7 KN/m?
L.L=5KN/m2

-Factored Load:-
Wu=1.210.1 + 1.6*5=20.12 KN /m.

21

| 25 333 25 |

Moment diagram.
Shear

232

431

shear diagram.
Figure (4-38) Moment and envelope of tension member .

4.14.1.1 Design of shear:-
D=200-20-12=168 mm.
Vu=35.2 KN

dVe=d* NIC pw*d
6

= 0.75* Y28 1+0.168*10° = 111.12 KN
6

@ Ve=11112 5 /=352
No shear reinforcements is required.
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4.14.1.2 Design of positive moment:-

Mu=53.9 KN.M

m = fy =_ 40 -1765
0.85* fc. 0.85* 28

113
Rn= Mu/f — 539*107°/0.9 _ 5 1on/mm?
b*d®>  1*(0.168)*

1 1- . 2mRn )

m \ fy

i(l - - 2(17.65)(2.12) ) = 0.00529
17.65 420

AS, = 0.00529 (1000) (168) = 889.56 MM’ /m.
Asmin= As = 0.0018 (1000) (200)= 360 mm®/m.
AS, =889.56 MNT" /py,

# of bars= As/ As, = 889.56/113 = 7.86

p Note Ap1o = 113 mm?

p:
p:

b Sdlect bottom bars ® 12@12.5cm

For other direction use AS(min) Shrinkage & Temperature -
Reinforcement:-

AS (srinkegey = 0.0018 * b* h=0.0018 * 1000 * 200 = 360mm? /m.
As (shrinkage) =360/79= 4.55 bar

Select bottom and top bars ® 10@20 cm
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4.14.2 Design for tension member :

+=f2.5

K _.f

ARAMEFOR EECONED FLOOR

SYSTEM 2

ke P o
& ;/'- B 1 SonTu 5

[ o 63 12ZKNA k

Figure (4-39) System 1 and 2 of tension member .

qu=12*D.L +1.6*L.L

self weight of the beam:
w=13*0.3*25=9.75KN

D.L =9.75 +(3*7.7) = 32.85 KN/m
L.L =5*3=15KN/m

qu =1.2¥32.85 + 1.6*15 = 63.42 KN/m

equilibrium of System 1:

> Fy=0 —Ax=0
>MA=0

— Tu*2.5-5%63.42*25 =0
— Tu=317.1KN

> M(Tu)=0
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— 63.42*5*0- Ay*25=0
—Ay=0

Check:

> Fy=0
317.1-56342=0 —Ok.

4.14.2.1 Design of tension member:
Wewill use sted type A572 grade 50.

a- Yielding limit state:

®*Fy*Ag>Tu

®=0.9 Fy =50 Ks =345 MPa
Tu=317.1/ 4.488 = 70.655 Kip

— 0.9* 50* Ag > 70.655

— Ag=157in"2

L=7.25m =7.2512/ 0.3048 = 285.433in

b- Stiffeneslimit state:
L/r<300 — r=L/300=285.433/300
=0.951in.

Select square profilewith Ag>1.57in”"2 , and rx >0.951in
From steel code: use square tube 3*3*3/16

Ag=2.02>157

rx =1.13>0.951

— 3*25.4=76.2 mm.
(3/16) * 25.4 = 4.76 mm.

Check:

Fracturelimit state:

O Tn> Tu

® * Ae *Fu> Tu

® =0.75

Ae=U*An , An=Ag , U=1—- casea
— 0.75* 65* 1* 2.02=98.475
98.475>70.655 — Ok.

AR
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4.14.2.2 Design of bolts:

Tu = 70.655 Kip.

The bolts are subjected to tension force:
® Rn> Ru

Ru =Tu = 70.655

Use A325 — Fub=65Ks.
Assumedb=3/4in

® Rn> Ru

0.75*Ag*Fbu> Ru

n*0.75* ([T*db"2/4)*0.75*fbu> Tu
n*0.75* (] * (3/4)"2/4)*0.75* 120 > 70.655.
— no. of bolts = 70.655/29.82 = 2.369
— usefour bolts

4.14.2.3 Design of rods:

Tu = 70.655Kip

Yielding limit state:

d*Ag*Fy> Tu

0.9*50* ([ T*(3/4)"2/4) * N > 70.655
— no. of rodsN = 3.55

Select N =4 rods.

Check:

Fracturelimit state:

O*Fu*Ae*N > Tu

0.75*65*0.75** ([ ]* (d reg.)"2/4)*4 > 70.655
— dreq.=0.78in>3/4in — Ok.

4.14 2.5 Design of welding: (between the square tube and plate):
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Usefillet weld:
Assume (SMAW) welding are used:
Weld metal F70XX — Fuw =70 Ksi.
Assumea=7mm=0.39in
a(min) =1/4in =6.35 mm.
a(max) =t-1/16in
=10- 15875 =8.4125mm
a(min) =6.35<a=7mm<a(max) =84125 — Ok.
te=0.707* a=0.707*7=4.949 mm =0.19 in
®Rn = 0.75*0.19* 70* 0.6 = 5.985 Kip.
— L =70.655/5.985 = 11.8 in = 300 mm.
— thewelding for all perimeter = 4* 300 = 1200 mm.

Tube 3 #3 *3/16 -
la_.rl,_
R pery
R Fowrods a4
4 Bolts A325 3 v
//, 1%
Fillet Weld (SMAW)} < slab b=20cm
#=ioom, Lw=1200mm g
BEAIG/
o il
7
baaring plata b=200mm, t=10rmmn

Figure (4-40) Section of tension member .
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bearing plate b=300mm, t=10mm

N
N,
Y
iy
O O
TS
o 5
WS ’
",%L/—I : i =
v Ao
L ’; f;".
W e o
Tillet Weld (SMAW) 7 B £
2=7Tmm, Lw=1200mm Nl
o O 3 O
fﬁf 1
4 Bolts A325 Section C-C

Figure (4-41) Section c-c of tension member .
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4. Building Code Requirements for Structural Concrete (ACI 318M-
05) and Commentary, USA, 2005.
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Appendix (A)
Architectural Drawings

This appendix is an attachment with this project
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Appendix (B)
Structural Drawings

This appendix is an attachment with this project
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Appendix (C)
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TABLE 9.5(a)—MINIMUM THICKNESS OF
NONPRESTRESSED BEAMS OR ONE-WAY SLABS
UNLESS DEFLECTIONS ARE CALCULATED

Minimum thickness, h

Simply One end | Both ends
supported | continuous | continuous | Cantilever

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

Solid one-
way slabs £/20 £124 /28 £A0

Beams or
ribbed one-
way slabs £EN6 {185 er21 /8

Notes:

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

a) For slructuml Ilﬁetwelghl concrete having unit density, w., in the range
:945-40“:9213 kg/ values shall be muitiplied by (1.65 - 0503 w_ ) but not

s than 1.
b) For "r other than 420 MPa, the values shall be multiplied by (0.4 + fr f700)

Table(4-1) MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR

ONE-WAY SLABSUNLESSDEFLECTIONSARE CALCULATED

TABLE 9.5(b) — MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS

Tvpan cf ratsrmbsae ChPsgticar B B 2t el Dhehaschice frtation
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larys dofisctions
Floom not supgorting o sttsthed o nonsfruc- | immediate defisction doo o e fosd L
hiad slamants Bely 1o be damaged by lerge (]
e flinc faca
Fool o Bt COMSTMICTRT sUgpaling of | Tl part o el 1odal deflection oot e
SNRChEd 10 noMBUCTars] slements by 1o be | stlacrrend of norstruciunel slements (e of 48D
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Table (4-2): MAXIMUM PERMISSIBLE COMPUTED DEFLECTIONS
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