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The Structural Design of a commercial Building in Hebron
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Project Abstract

The main aim of this project is to prepare al of the structural design and executive details

of acommercial building in Hebron city.
This building consists of 4 floors in addition of basement floor and ground floor it serves
and contains unlimited activities. This building is reinforced concrete structure, and it

will be designed according to ACI code.

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

Vi



o o 1 1 1 0 v 4 4 14 1 1 <

—_ -
-

— -
~ 1

I
Lo > << £ 0 Oo

“ 4 € € 4 4 _¢
“ A A - - - .,

—“ €
“ 1t

iy sianall g

Ao )l o)) stell Asaia

£ AT g 5 ke pi bl
g\JAy\

Peat| BPRAA|

Rl Gallly g 5,2l il
) Gl g il i
il sinall sy

daaaall V)Y

& sl cilaal ¥

g 9 rall Alha ¥

& 5 riall AlSha 2 gan £
Gl o))

g ol J guad 1))
&)_)ﬁud\ Glel Y

dadie )Y

g oosall (e Aaal V.Y

; g 9 piall a8 90 Y'Y

438V Jadlisall Caun g €Y
4 sudll Gilda )
Y Gl Y
TN Gl ¥
Sl il €
Gl iall o
&l Gidall

Slgal gl cang oY
A ) A jall dgal )
48l dgal 5l Y
Al dgal 5l ¥
A sl dgal Sl €

A al Cam g 1Y

dadie )Y
GJL»JY\ e—‘-“"-‘” o Y ¥
i) o ALaay) pealiall 4 lasl) cilad jal) ¥ ¥
O JlalYy
Aal JlaY Y Y Y
all Jaly) yoyy
gl JlaY g vy
< S
zshll Y

vii



Y¢
Yo
Yo
A\l
A\l
Yv
Yv
YA
Y4
Yo
)
Y
Yy
Y¢

35
36
36
41
41
42
43
45
45
47
53
55
55
61
63
63

66
67
67
67
69
69
73
75
75
75
82
87
93
94

BEY B\

ALY) aaliall €Y

Calagal) ) £ Y
2 gl aladV) €l dacadll Colaiall VY £ ¥
Calatiy) Gld Dl Cilagall YV €Y
2a) gl olaiV1 Cold Caanll Cilaie ) €Y
CaladY) Gl Cuanll Cilaie €Y €V

ol Y EY

sy ¥ £ Y

(U=l O an) Adadl o) yoadl £ €Y

Gl o ¢ ¥

oW ey

gl Hlaa v EY

Al Jual g 0¥

Chapter 4 : Structural Design & Analysis
4.1 Introduction
4.2 Determination of Slab thickness
4.3 Determination of service load of rib
4.3.1 Determination of Service load of one way rib
4.3.2 Determination of serviceload of two way rib
4.4 Design of topping
4.5 Design of rib
4.5.1 Design of oneway rib
4.5.1.1 Design of rib for Flexure
4.5.1.2 Design of rib for shear
4.5.2 Design of two way rib
4.5.2.1 Design of moments
4.5.2.2 Design of Shear
4.6 Design of Two way solid slab
4.6.1 Determination of Loads
4.6.2 Design of moments
4.6.3 Design of Shear
4.7 Design of one Way Solid Slab.
4.7.1 Determination of Slab Thickness.
4.7.2 Determination of Load.
4.7.3 Design of Shear.
4.7.4 Design of Flexure.
4.8 Design of Beam 61-65 (Hidden Beam)
4.8.1 Determination of Beam Thickness
4.8.2 Determination of Loads
4.8.3 Design of Positive moments
4.8.4 Design of negative moments
4.8.5 Design of Shear
4.9 Design of Beam 131-133 (Dropped Beam)
4.9.1 Determination of Beam Thickness

viii



95
97
100
104
104
104
106
107
108
108
109
111
111
113
113
114
114
116
116
117
118
118
119
119
121
122
122
122
122
125
127
128
129
130
130
131
131
136
137
138
138
139
142
142

4.9.2Design of Positive moments
4.9.3 Design of negative moments
4.9.4 Design of Shear
4.10 Design of long Column C25
4.10.1Design of Longitudinal Reinforcement
4.10.2 Check Slenderness effect
4.10.3 Design of Tie Reinforcement
4.10.4 Detail of Column C25
411 Design of Stair
4.11.1 Determination of Slab Thickness
4.11.2 Load Caculation
4.11.3 Design of Shear
4.11.4 Design of Bending moments
4.11.5 Secondary Reinforcement
4.11.6 Section Details
4.12 Design of Basement Wall
4.12.1 Loading of Basement wall
4.12.2 Design of the vertical Reinforcement
4.12.3 Design of Horizontal Reinforcement
4.12.4 Check for Shear
4.13 Design of Strip Footing
4.13.1 Determination of Loads
4.13.2 Check one way shear
4.13.3 Design of Bending moment
4.13.4 Development Length of main Reinforcement
4.14 Design of Isolated Footing
4.14.1 Load of Footing
4.14.2 Determination of Footing Area
4.14.3 Determination of Footing Depth
4.14.4 Design for Bending moment
4.14.5 Development Length of main Reinforcement
4.14.6 Design of Dowels
4.14.7 Isolated footing Detail
4.15 Design of Truss
4.15.1 Load Calculation
4.15.2 Analysis
4.15.3 Design
4.15.4 Design of Fillet weld
4.15.5 Design of Purlines
4.16 Design of Shear wall
4.16.1 Calculation of Shear force on Shear wall
4.16.2 Design of the Horizontal reinforcement
4.16.3 Design of the Vertical reinforcement
4.16.4 Design of Bending moments



144 4.17 Design of mat foundation for well

144 4.17.1Design of Shear
144 4.17.2Design of Bending moments
147 4.18 Design of Dome
148 Chapter 5 : Appendix
149 5.1 Appendix A (Architectural Drawings)
150 5.2 Appendix B (Structural Drawings)
151 5.3 Sources and references
Jataall (g
¢ Y)Y Al Al DA g 5 pdall i3 Jsanll (V-1) Jsaa
YY Laaiall 3 gall Ao gil) A8ESH (V-F) Jsan
Y¢ sl mha e g Y v B8 Jlaad da (Y-F) Jsoa
139 Table (4-1) :Calculation of the total Fx.
Yoy Dl dlaw 333 (1-0) Jgaa
Yoy Claiall 5 bguza 30 Al Jaal) (Y-0) Jsan
JUEN (g
\ & s pdally Al 450 5 alall 28 sall () 2Y) JSG
Bl iy sy pa (Y1) IS8

q A gl il Jalada (YY) US4
Ve ) Gidall lalada (£-Y) US4
1) Js¥) G@ihall i (0-Y) U5
'Y Sl Gal) lalada (1Y) (<G
yY Gl il Jaadia (V-Y) U85
V¢ )V Gildall laha (A-Y) JSG
Vo Al gal 5l (.Y J<a
V1 A8yl Al () + YIS
1% Alladll dgal SV Y 2V IS
YA A il dgal NV YY)
V4 iall (Sl sae & 2 all cleldad () 2SS
\R 2a) gl sV il danas Cilaie () -Y) IS4
\R Oalaily Laae Cilaie (Y-1) US4
YV aa) gl slai¥) il Caanl) B3e (YY) US4
A8 CalatY) I3 Cuaall B3ie (€.F) JG
YA BJMUEYJAS\)}A;‘\JM\(O_V)JS.&
Y4 saec Yl IS aa) (1Y) UK
v. ol laa (VoY) U<
¥) ) Gl (ALY) U



Y'Y
Yy
Ye

36
37

38
40
4
45
45
46

46
46

55

67
68

68
68

69
73
73
74
74
74

93
93

93
94

94
107

108

zodl (A7) U<
il aaaill Jual 8 (1) ¥) U<

Figure (4-1): oneway slabs of two buildings.
Figure (4-2): one way slabs of building C.
Figure (4-3) : two way slab.

Figure (4-4) : Flat platein Building A.
Figure (4-5): Typica Section in Ribbed Slab.
Figure (4-6): Basement Floor Slab.

Figure (4-7):Rib Geometry & Section.

Figure (4-8): Loading of Rib.

Figure (4-9): moment envelop of Rib.
Figure (4-10): Shear envelop of Rip.

Figure (4-11) : Location of two way Ribbed Slab.
Figure (4-12) : Two way Solid Slab.

Figure (4.13) : one way Solid Slab.

Figure (4-14) :Geometry of one Way Solid Slab.
Figure (4-15): Load of one way solid slab.

Figure (4-16):moment envelop of one way solid slab.
Figure (4-17):Shear envelop of one way solid slab.
Figure (4-18): Location of Beam (B61-65).

Figure (4-19): Beam Geometry and Section.
Figure (4-20):Loading of Beam.

Figure (4-21):moment envelop for Beam.

Figure (4-22):Shear envelop for Beam.
Figure(4-23): Location of Dropped Beam.

Figure (4-24) : Beam Geometry & Section.

Figure (4-25): Loading of Beam.

Figure (4-26):Moments envelop for Beam.

Figure (4-27): Shear envelop for Beam.

Figure (4-28):Long Column Detail .

Figure (4-29). Stair Plan.

Xi



110 Figure (4-30): Loading of Stair.

ﬁg Figure (4-31): Shear Envelop.
Figure (4-32): Moment Envelop.
ﬁz Figure (4-33): Stair Section.
Figure (4-34): Loads on Basement Wall.
115 Figure (4-35): Loading of Basement Wall.
115 Figure (4-36): Shear /Moment envelop for Basement Wall.
118 Figure (4-37): Strip Footing.
121 Figure (4-38): Strip Footing Detail.
195 Figure (4-39): Isolated Footing.
129 Figure (4-40): Isolated Footing Detail.
130 Figure (4-41):Truss Geometry.
138 Figure (4-42).Geometry of Shear wall
139 Figure (4-43): Fx- Diagram
140 Figure (4-44): moment and shear diagram for shear wall
144 Figure (4-45): mat footing
145 Figure (4-46): moment in X -direction
145 Figure (4-47): moment in Y -direction
147 Figure (4-48):Dome Elevation.

Xii



List of Abbreviations

As = area of non- prestressed tension reinforcement.
Ag = areaof non- prestressed compression reinforcement.

Ag = gross area of section.

Av = area of shear reinforcement within adistance (S).

At = area of oneleg of aclosed 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 |oads.

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

F-c = compression strength of concrete .

Fy = specified yield strength of non-prestressed reinforcement.

h = overal thickness of member.

Ln = length of clear span inlong direction of two- way construction, measured
face-to-face of supportsin 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 axial load

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

V¢ = nominal shear strength provided by concrete.

Xiii



Vn = nominal shear strength.

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

Woc = weight of concrete. (KN/m3).

W = width of beam or rib.

Wu = factored load per unit area.

@ = strength reduction factor.

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

s = Strain of tension steel.
& = strain of compression stee.

p =ratio of steel area.
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Chapter 4 Structural Design & Analysis

Chapter 4

Structural Design & Analysis

4.1 introduction.

4.2 Deter mination of Slab Thickness.
4.3 Deter mination of Services L oad.
4.4 Design of Topping.

4.5 Design of rib.

4.6 Design of two way solid dlab.

4.7 Design of oneway Solid Slab.

4.8 Design of hidden Beam 61-65 .
4.9 Design of Dropped Beam 131-132-133.
4.10 Design of Long column C25.
4.11 Design of Stair.

4.12 Design of Basement wall.

4.13 Design of strip S1.

4.14 Design of | solated Footing F14.
4.15 Design of Truss.

4.16 Design of Shear wall.

4.17 Design of Mat Foundation.

4.18 Design of Dome.
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Chapter 4 Structural Design & Analysis

4.1 Introduction

This chapter shows the steps of the analysis and the design for the some
of the structural members of the building, they would be analyzed and
designed, by using the finite element method of design, depending on the
computer aided analysis & design, such as ATIR- Software; to find the
internal forces and the deflection of the one way ribbed dabs, then other
steps of calculations would be made; to find the required reinforcement for

the all members.

4.2 Determination of Slab Thickness

4.2.1 Determination of Slab Thickness of one way slabs

4.2.1.1 Determination of Slab Thickness of one way slabs of two building

The structure may be exposed to different loads such as dead loads and live
loads. The values of these loads depend on the structure type and the

Intended use.
1 2 3
1 2 3
A ) Al . A
A A A
0.5 3.59 o5 3.05 08 6.3
4.59 ‘ ‘ 4.2 ‘ ‘ 7.2

Fig (4-1) :- one way slabs of two buildings.
The overal depth can be obtained according to the minimum thicknesses of
non pre-stressed beams or one way slabs given in the ACI318M-05 (Sec.

9.5.2.1- table 9.5.a), asfollows:
36




Chapter 4 Structural Design & Analysis

h> ‘;—T = % = 0.30 m (Both end continuous).
h>2 =35 —0194m (one end continuous).
185 185

The controller one way slab thicknessis 32 cm.

4.2.1.2 Determination of Slab Thickness of one way sabs of area between two buildings

\

it ST <
Bz

Fig (4-2) :- one way slabs of building C. -

B0

The required thickness of slab of the area between tow building (rest area) is:-

Ln 6.8

h>—=—=0.368 m (oneend continuous).
185 185

Select thickness h=32 cm with brick 24 cm and Topping 8 cm.
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4.2.2 Determination of Slab Thickness of two way slabs

. —B132(80,50) — BB — ~ 1B133(80,50)
1 ) I
N | R A O
R A G N | -~
A A 1
oyl | O N S 0 I =~
S e s o |
o NC1CTC I I |
3 O O =
T OO 0000080000800 i
| O O -
N I [ O I Y [ by
&5 B141(120,32) &

S ) | i = 0

Fig (4-3):-two way slab in Basement floor in Building B.

Assume h=32cm and fy=420 Mpa.

. 52*8*28+12* 24*12

= = 21.45cm
52*8+12* 24

Irib

_ 0.52*0.1055° _ 04~ 0.0255° N 0.12*0.2145

3

3

|, =5.961*10*m"

38
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Chapter 4 Structural Design & Analysis

0.8*0.5°

b132-133 12

1.0* 0.32°

b14g —

1.2*0.32°

b141 —

I =83.33*10*m*

I =27.31*10"m"

I =3277*10*m*

0.8*0.32°

b145-146 —

I =21.85*10*m*

Lpiap 133 = 2.95+ 0.8+ 5—29 =6.30m

| =1+ tumam 5 aa1x104% 830 75 55094y
0.52 0.52
a, =0 838 _115
I, 7222

Lo =1.4+08+ % =5.85m

|, =5961%10* > _7.06%10*m"
0.52

_ 2138 6407

a, =
67.06
L, =08+ 5;29 = 3.75m

3.75

|, =5.961*10** =12 = 42.988* 10*m*
0.52

_R77

a,= =
42.988

L, =08+ 773 = 4.45m

0.762

|, =5.961*10** 445 _ 51.01*10
0.52

=25 o428

a, =
* 51.01
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_a,+a,+a,+a, 1.154+0.407+0.762+0.428

a, ~0.688< 2
4 4

420
B Ln* (0.8+ fy/1400) B 7.3 (08+ 1400)

Imin = = 20.58cm< 32cm
36+5bfa,,—02)

36+ 5* (57'2) *(0.688-0.2)

Select Slab thickness h=32cm with block 24cm & Topping 8cm.

4.2.3 Determination of Slab Thickness of flat plate

Mg

Fig (4-4):-Flat Plate in Building A.

Ln=3.65m
Minimum Slab Thickness=3.65/33=11 cm

Select Slab Thickness 20 cm.
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4.3 Deter mination of ServicesLoad of rib

f, =420Mpa
f. = 24Mpa
L.L=5KN/m’

partition=1.5KN/m?

4.3.1 Determination of Services L oad of oneway rib

Fikeww F e

Aederrpraes A omera

Coarse Sara A T o

M cnerevenienfer Fragagaldonpr & i

{ crereciwrdes Saderc

R Conorele 72l

Floisear 2 o

- - - T B T
r =

TIIICAL, SR ETON F it I

Fig (4-5) Typical Section in Ribbed Slab

4.3.1.1 Deter mination of Dead |oad
Tiles - 0.03*0.52*23 = 0.3588 KN/m.
Mortar - 0.02%0.52*22 = 0.2288 KN/m

Sand - 0.07*0.52*16 = 0.5824 KN/m.
Rib - 0.12%0.24*25 = 0.72 KN/m.

Topping - 0.08*0.52* 25 = 1.04 KN/m.
Block - 0.24*0.40*9 = 0.864KN/m.
Plaster - 0.02*0.52*22 = 0.2288 KN/m.

Partition> 1.5%0.52 = 0.78 KN/m.
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Nominal Total Dead Load (service) =
0.3588+0.2288+0.5824+0.72+1.04+0.864+0.2288+0.78 = 4.803 KN/m of rib
4.3.1.2 Determination of Live Load

Total liveload (service) =5* 0.52 = 2.6 kN/m of rib
4.3.2 Determination of Services L oad of two way rib
4.3.2.1 Determination of Dead L oad
Tiles=0.03*0.52*0.52* 23=0.1866 KN

Mortar=0.02* 0.52* 0.52* 22=0.1190 KN
Sand=0.07*0.52* 0.52* 16=0.3028 KN
Topping=0.08*0.52* 0.52* 25=0.5410 KN
Rib=0.12*0.24* (0.52+0.4)* 25=0.6624 KN
Block=0.24*0.4*0.4* 9=0.3456 KN

Plaster=0.02*0.52* 0.52* 22=0.1190 KN

Partition=1.5* 0.52* 0.52=0.4056 KN

Total Dead Load (service) =

0.1866+0.1190+0.3028+0.5410+0.6624+0.3456+0.1190+0.4056 = 2.682 kN

Dead load =2.682/(0.52* 0.52)=9.92 KN/ m*

4.3.2.2 Deter mination of Live Load

Total live load (service) = 5 KN/ m?
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4.4 Design of Topping:
Tiless = 0.03*23=0.69 KN/n?
Mortar = 0.02*22 = 0.44 KN/

Sand - 0.07*16=1.12 KN/m?
Topping > 0.08*25=2 KN/m’

Partition> 1.5 KN/m?

Dead load (service)=0.69+0.44+1.12+2+1.5=5.75 KN/m’
Live Load (service)= 5 KN/m?.
Wu=12DL +16LL

=1.2* 575+ 1.6 * 5= 14.9 KN/m’. (Total Factored Load)

W, *1?  14.9*0.4°
My W 1% _149%04

=0.2KN.m
> 12 12

' * 2
FM, =f *(0.42,1, ) 2N

fM, =1.21>0.2=> ok

* 2
= 0.55* 0.42* /24 * %* 1000 =1.21KN.m

No structural reinforcement are required. Therefore, shrinkage and temperature reinforcement

must be provided.

For the shrinkage and temperature reinforcement:
r =0.0018

As =r *b*h=0.0018*1000* 80 = 144mm".
Use ®8=50 mm’
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Spacing<50/144=0.35m.
<3h=3*0.08=0.24

Select s=20cm.

Use 148@20 cm c/c in both directions.
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4.5 Design of Rib

4.5.1 Design of oneway Rib

il 'I'IlPIIlIIIIIIIIIIlQJII?KiIIIIIIIIIII I

L TR T S S Il 4 G el

E Fora hs

Figure (4-6): Basement Floor Slab.

Using "Atir" software for the following values of the envelope moment and shear diagram

1 2 3 4
= . m S <
}0.5} 3.62 } 1.5 } 3.09 } 0.8 } 4.61 }0_5}
4.62 } 4.24 } 5.26
52.
8.
32. - - -
Figure (4-7) : Rib Geometry & Section
12.
A-A
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Dead load - Service

4.80 4.80 4.80
4.62 4.24 5.26
Live load - Service
2.60 2.60 2.60
4.62 4.24 5.26

Figure (4-8) : loading of Rib

moments
-26.2
-205
-14.5
-3.7 Y09, . |
I ‘ ‘ |
I I ] | I I | I I |
* 6.2 1.08 5
19.5
24.4
2.08 | 254 | 2.12 | 2.12 | 3.16 | 21
[ [ I i i | |
Shear Figure (4-9) : Moment Envelop of rib
2ra -24.3 -
-17. -17.4 167
‘ i I —— ;
14.3 11.7
o 22. 24.2

311

Figure (4-10) : Shear Envelop of rib
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45.1.1 Design rib for flexure

be S@;@:??Smm
4 4

<16*t, +b, =16*80+120 = 1400mm

< center to center spacing between ribs=520mm. Control

bw=12cm,h=32cm,f =0.9
d =320-20-8—-7=285mm
M, =0.85*f c*bf *tf *(d-tf/2)

MU, = 244KN .m

fm, =0.9*0.85* 24* 0.52* 0.08* (0.286—0'—28)* 10° =187.9KN.m

fm, =187.9>Mu=24.4 = rectangle.

4.5.1.1.1 Design of positive moments of Rib

Span 1:-

Mu=19.5KN .m

Mu
Mn= ——= & =21.67 KN.m
(0} 0.9
K, = M'; = 2167 >=0.513=> m= 420 =20.59
bd 0.52* 0.285 0.85* 24

* * *
coAl oK gm 1 1_\/1_2 0.513*20.59 | _ ) 10104
m f, 20.59 420

A =r *b*d =0.00124* 520* 285 =183.8mm’
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A >4 100% 285 114mn7
420

2

> 0.25* ——*120* 285 = 99.7mm?
420

As=1838> A, =114
Use 2 $12=226 mn’

Check for yielding:-

A, = 2f 12 =226mm’
T=C
226* 420 =0.85* 24* 520* a = a =8.95mm

8.95
C f—

=——=10.5mm
0.85
e, = d-c, 0.003=282=105 003 0.0784 > 0.005 = f = 0.9
C 105
fM_ =0.9* 226* 10 °* 420* (0.285— 0'00895)*103 =24.53KN.m>19.5KN.m=> ok
Use2 ®12
Span 2:-
Mu=6.2KN.m

Mu
Mn= ——= 2 =6.89KN.m
(0} 0.9

(Mo 689 g0, 420
bd?  0.52*0.285 0.85* 24

* * *
coAl K gm 1 1_\/1_2 0.163*20.59 | _ ) 01020
m f, 20.59 420

A =r *b*d =0.00039* 520* 285 = 57.8mm’

=20.59
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A >4 w100 285 114mn?
420

2

> 0.25* ———*120* 285 = 99.7mm”
420
As min= 114>Asreg=57.8
Use 2 ©10=158 mm’

Check for yielding:-

A, = 2f 10 =158mm?
T=C
158* 420 = 0.85* 24* 520* a=> a = 6.26mm

C= @ =7.36mm

0.85

= 97C.0003= 28735, 5,003-0.1132 0.005= f =0.9
c 7.36

fM_ =0.9*158*10°* 420* (0.285—

e

S

000626y, 1 5% - 16.83KN.m> 6.2KN.m = ok

Span 3:-

Mu=24.4KN .m

Mu
Mn= = 244 o7 11 kN
® 09
K=o 2111 e om0 _ 559
bd?  0.52*0.285 0.85* 24

* * *
C_L o 2Kgml 1 1_\/1_2 0.642*2059 | _ ) \o1ec
m f, 20.59 420

A =r *b*d =0.00155* 520* 285 = 225.71mm’
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A > %* 120* 285=114mm’

2 :

> 0.25* ——*120* 285=99.7mm
420

As min= 114<Asregq=225.71

Use 2 $12=226 mm?
Check for yielding:-

A, = 2f 12 = 226mm?
T=C
226* 420 = 0.85* 24* 520* a=> a =8.95mm

C= % =10.53mm
0.85

_d-c 285-10.53

e *0.003=——————*0.003=0.0782>0.005=f =0.9
(s 10.53

S

00089, . 107 = 24 53KN.m> 24.4KN.m=> ok

fM_ =0.9*% 226*10°* 420* (0.285—

4.5.1.1.2 Design of negative moments of Rib
Support 2:-

Mu=85KN.m

Mu
Mn= ——= § =944 KN .m
0} 0.9

Ko=ha 98 _o69- m=— 220
bd?  0.12*0.285 0.85* 24

coL fKgmo 1| \/1_2 0.969%20.59 | _ 1 11rag
m f, 2059 420

A, =r *b*d =0.00236* 120* 285 = 80.71mm’

=20.59

50



Chapter 4 Structural Design & Analysis

A >4 100% 285 114mn7
420

2

> 0.25* ——*120* 285 = 99.7mm?
420

As min= 114>Asreg=80.71
Use 2 ©10=158 mm’

Check for yielding:-

A, = 2f 10 =158mm?
T=C
158* 420 = 0.85* 24* 120* a=> a = 27.1mm

C= Zil =31.88mm
0.85

_d-c 285-31.88

e *0.0083= ———*0.003=0.0239> 0.005=f =0.9
c 31.88

S

fM_ =0.9*158*10°* 420* (0.285— 0'0271)* 10° =16.21KN.m> 8.5KN.m=> ok
Support 3:-
Mu=17.3KN.m

Mu
Mn= 4 =173 1900 kN m

® 09

K, = Mg __ 1922 ~=1.972=m= _ 420 _ 20.59

bd®> 0.12*0.285 0.85* 24

* * *
c_A2Kym )1 1_\/1_2 1.972* 2059 | _ 0 io405
m f, 20.59 420

A, =r *b*d = 0.00495* 120* 285 = 169.3mm’
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A >4 100% 285 114mn7
420

Nen

> 0.25* ———*120* 285 = 99.7mm”
420
As min= 114<Asreg=169.3
Use 2 ©14=308 mm’

Check for yielding:-

A, = 2f 14 = 308mm?
T=C
308* 420 = 0.85* 24*120* a=> a =52.8mm

C= @ =62.12mm
0.85
e = ﬂ* 0.003= M* 0.003=0.0108>0.005=f =0.9
C 62.12

0.0528

fM_ =0.9*308*10°* 420* (0.285— )*10° = 30.1KN.m>17.3KN.m=> ok
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4.5.1.2 Design of rib for shear
Vu=24.2 KN. (fromfig 4-6).

Use 2 leg of 8

Av = 2x 50 =100 mm?

A fc .
1.1V, =1.1*f *T* b,*d=1.1* %* 24*(0.12* 0.285*10° = 23.037KN

ACI - 318 — Categories for shear design:
1. Iteml: %(DVC >Vu
. 1.1
Since ?CDVCS Vu Not control

2. ltem2:- LzchVc <Vu<1l.1dVce

Not control

3. Item3
1.10Ve <Vu <1.1dVe + dVS,,

DVs,,, > % x bw xd =0.75 (% )x0.12x 0.285x10° = 8.55kN

Vs, 21—16>< Jic xbwxd =%>< 24x0.12x0.285x10° =10.47KN  control

1.1DVC+®Vs,, =10.47+ 23.037 = 33.51kN

Vu=24.2kN <1.1dVc+dVs,,, =33.51kN control

Minimum shear reinforcement is required
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Av _ 1bw
>

Se 31

Av ZI.bW:> _ 3x 2x50x10°® x 420

> e =1.05m
S« 3 fy 0.12

fc' 6
ﬂzi C bW S :2><50><10 x16x 420

S, 16 fy i V30x.12

=1.143m

Six < % <600= S, = % =142.5mm

Then Select S:12.50m<g ............... ok

Select 2leg® 8 @ 12.5cmc/c
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4.5.2 Design of two way Rib

11251115 T U T VS T S T
- g - BZEDA0)- m - - - CBIAAE0E0— -
;_._p.__." :__..__ J 1 5 s o e
o 35 15 O e 3 i q%;‘ IE% || 6 A
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i Jmu’ﬁﬁ%ﬂ%!ﬁiﬁﬂm Vs I QE}FE :_:_H—_ll U k1
gl i . 1 o 1 s TN
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I-z--:: SeRasy N 1 il
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Fig (4-11) : Location of Two way Ribbed slab =1 = R R e e e

0, =1.2 D =9.9¥1.2=11.88/m"
0, = 1.6 L =5*1.6=8 KN/m?
q, =19.88 KN/m?

bw=12cm,h =32cm
d =320-20-8-12=280mm

4.5.2.1 Design of moments

— Design of negative moment:
La/ Lb=5.9/75=0.78

From table (12-3)

Assume Case (6)
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C:a,neg =0.0865
Maneg = Ca,neg * WU * (La)2*0.52

M aneg=0.0865* 19.88* 5.9°*0.52=23.23 KN .m

Design as arectangular with b, = 12 cm

Mn= Mams _ 2323 _ oo aikn m
@ 0.9
As . = E(bw)(d) 4(bw)(ol) .................... (ACl -10.5.2)
4(fy) fy
V24 1.4
As, =-r—(120)280 120)(280
0= az0) 1201280)> 25 020280
As., =98<112............. the larger is control
As.. =112mn?
-3
Mn _ 2581¥10° _ . 4aMpa

“b*d?  0.12*(0.280)°

3 fy _ 420
0.85* fc  0.85*24

=20.59

o= 1 a- h- 2mKn = 1 - \/1_2(20.59)(2.744)): 0.007

fy ' 2059 420
Areg=p*b*d=0.007* 120* 280 = 235 cn?

236 mm?> As, .- =112mny
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Use & 14 >> # of bar = & =2
154

Then we select (2) bars @ 14 A provided = 2* 154 = 308mm®

e Check for yielding

Tension = compression
As*fy=085* f.*b* a

308* 420 =0.85* 24*120* a
a=52.84mm

c=i:@ =62.17mm
b, 085

_280-62.17

e, X0.003=0.011>0.005=f =0.9
62.17

fM  =0.9*308*10° * 420* (280—12'8) *10° = 29.53KN.m

Use 2® 14 mm ,As =308 mm? iny direction (Top Bar)
Use 20 10mm ,As =158 mm? inx direction (Top Bar)

— Design of positive moment:
La/ Lb=5.8/7.4=0.78

From table (12-4)
Assume Case (6)

C,q =0.05
Cyq =0.02

C,., =0.056
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C,., =0.025

M, = (auy * Cay +qu, * Ca, )* La® * 0.52= (1188* 0.05+0.056* 8) * 5.9° * 0.52=1886KN.m

Mpee= (QUy * Cloy +qu, * Cly )* Lb* * 052= (11.88* 0.02+0.025* 8)* 7.5° * 0.52=12.8KN.m

Mppos= (Mpg + M o) ¥0.52=

{(0.015*11.88*(7.4) ?) +(0.019*8* (7.4)9)} *0.52 =9.4 KN.m/rib

M, .=18.86 KN.m

a,pos

Design as arectangular with b, =52 cm

Mn= Mapos = 18.86 =21KN.m
D 0.9
As . = E(bw)(d) 4(bw)(ol) .................... (ACl -10.5.2)
A(ty) fy
V24 1.4
As ., =—7—=(120)280 120)280
= a0 1201280)> 155020)280)
As., =98<112............. the larger is control
As . =112mny
-3
= an -__2'10 ~ =0.515 Mpa
b*d? 0.52*(0.280)
= fy __420 =20.59

© 0.85* fc  0.85*24

. 1 a- - 2mKn = 1 - \/1_2(20.59)(0.515))= Loa2* 10°

fy ~ 2059 420
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Areq=p*b*d=1.242* 10%* 520 * 280 = 181 mm?
181 mm?> As,, . =112mny

181
Use ® 12>>#of bar= — =2 * Note A4 = 113mm?

113

Then we select (2) bars @ 12 A provided = 2*113= 226mm®

e Check for yielding

Tension = compression
As*fy=085* f.*b* a

226* 420 = 0.85* 24* 520* a

a==8.95mm
a 895

b, 0.85

o = 280-10.53
° 10.53

=10.53mm

X0.003=0.0768> 0.005

fM  =0.9* 226*10° * 420* (280—8'—295)* 10° = 23.54KN.m

Use 2@ 12mm ,As =226 mm? iny direction (Bottom Bar)

M, =128 KN.m

b,pos

Design as arectangular with b, =52 cm

M
aps _ 128 0 ooiN m
16)) 0.9

Mn=
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As,, = ;/E) (ow)d)> %(bw)(d) .................... (ACI -10.5.1)
As,. = 4ﬁ) (120)(280) > %(120)(280)

As,, =98<112............. the larger is control

As,.. =112mn?

Mn 14.22%10°°

Kn= > = >
b*d 0.52* (0.280)

=0.349 Mpa

by 40
0.85* fc ~ 0.85*24

=20.59

o= 1 a- - 2mKn = 1 - \/1_2(20.59)(0.349)
m fy 20.59 420

) =83.82* 10°
Areg=p*b*d=8382* 10°* 520 * 280 = 122 mm?
122 mm?> As,, . =112mny

122
Use ® 10 >> # of bar = % =2 * Note Agpio = 79mMm?

Then we select (2) bars @ 16 A provided = 2* 201 = 402mm®

e Check for yielding

Tension = compression

As*fy=085* f.*b* a
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158* 420 = 0.85* 24* 520* a
a=6.26mm
c:i:@:7.36mm

b, 0.85
e, = %XODOB: 0.111> 0.005

7.36

fM,; =0.9¥158*10°* 420* (280—7)* 10° =16.5KN.m

Use 2® 10mm ,As =158mm? in X direction (Bottom Bar)

4.5.2.2 Design of shear:

* * * * 3 e =
L1oveo 075" 24 0612 028*10° ., coy 5 o5
A

VU, = (2.95—0.280)*19.88* 0.52 = 27.6KN <
Vu = (2.95-1)*19.88* 0.52 = 20.16KN
AV 0;5* 0.12* 0.28* 1000 = 8.4KNcontrol ()

(]

0125 J24%0.12* 280 = 7.72KN

LIV, +fV

smin

=2263+84=31 jtem3

Minimum shear reinforcement is required

AV 1bw 1,012 oo q95control

Seq 3fy 3 420

1“ 1 \/_*012 8.75*107°
Seq 16 fy " 16
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_ 2*50*10°
~ 95%10°
S< 600
280

S<E:—:14Omm
2 2

=1.05

Use2leg® 8 @ 12.5cmc/c

1m from face of support Use 2leg ® 8 @ 20 cm c/c to the middle space.
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4.6 Design of Tow way Solid slab:
4.6.1 Deter mination of Loads:

Plaster = 0.02* 22 = 0.44 kN/m?
Slab =0.15* 25 =3.75 kN/m?

D.L = 4.21kN / m?
FromTANK L.L =10kN/m?

%o -1 3 p.L =1.2%4.21= 5 kN/m?

Q= 16 LL=1.6%10 =16 KN/m?

qu = 21KN / m?

For 1m Srip in X & Y direction qu=21 KN/m

Lb=4.87m
La=4.2m
Lb 4.87

la 42
- Tow way

=12<20

sdect h =150 mm > hyin= 125 mm

b =100cm, h = 15cm
d =150-20-12 =118mm
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Figure (4-12): two way solid slab.
4.6.2 Design of moments

— Design of positive moment:
La/ Lb=4.2/4.87=0.85

From table (12-4) = Case (1)

C.q =0.05& C,, =0.026

a,

From table (12-5) = Case (1)

C,.. =0.05& C,,, =0.025
M, 0 = (0.05% 21* 4.2%) =18522KNm
M, 0 = (0.026* 5+ 0.025¢16)* 4.87° =1257KNm
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M
Mn= e - 18922 o gk m
) 0.9
Jfc 14
As = b)(d)>==(b)d).coorrrrrrrrrrnns (ACl -10.5.1)
4(fy)( Xd) fy( Xd)
As,.. = ﬂ(1000)(118) > ﬂ(looo)(lls)
4(420) 420
As., =344<393............. the largest is control
As,. =393mn?
Kn = Mn
b*d?
* -3
n= M =1.48 Mpa
1* (0.118)
fy 420

m = _ = = 20.588
0.85* fc  0.85* 24

o= % a- - 2mKn 1 - \/1_ 2(20.588)(1.48)

= 420

&y " 20588 )=3.662* 10°

Asreq=p*b*d=3.662* 10°* 1000 * 118 = 433 mm?

433mm?> As,. - =393mnY

Use ®d 12 >>>433/113 =3.83 * Note Ag1o = 113mm2
Useld 12@25cmclc.............. with As=(100/ 25)* 113 = 452 mm?.
Asprovided 452 > ASTeQ.......ccovvnvennennnnn, OK.
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e Check for strain

Tension = compression
As*fy=085* f_*b*a

452* 420 = 0.85* 24* 1000* a
a=9.31mm

x=2_93L_1695mm
b, 085

 118-10.95

e X0.003=0.0293 > 0.005
10.95

= Ok

Useld 12@25cmclc .............. in x direction
Useld 10 @ 17.5cmc/c.............. iny direction

— Design of negative moment:

ASqyirsage = 0-0018x bx h = 0.0018x 1000x 150 = 270mn?

Useld8 @ 17.5cm .....cevevenn. With As=(100/ 17.5)*50 = 286 mm?2.

4.6.3 Design of shear:

d=118"m=V,, =(21-0118* 21=4162KN

22

dVc=¢ @ b* d=0.75* T* 1000* 0.118=72.26KN

fV. >V, = OK.

.. No Shear Reiforcement Required
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4.7 Design of oneway Solid slab:

4.7.1 Deter mination of Slab

Thickness:

Nyin = 443 _ 0.185 oneend
24

h,. :%’ =0.132 Two end

Use h=25cm

4.7.2 Deter mination of Loads:

Tile=0.03*23=0.69 KN\ n?

Mortar=0.02* 22=0.44 KN\ nY

Sand=0.07*16=1.12 KN\n?

Solid Slab=0.25*25=6.25 KN\nt

Plastering=0.02* 22=0.44 KN\nr

Partition=1.5 KN\t
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=
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T

D.L=0.69+0.44+1.12+6.25+0.44+1.5=10.44 KN\nt

L.L=5.00 KN\ n?¥
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1 2 3 4
1 2 3
‘ 0.8 ‘ 3.7 ‘ 0.8 ‘ 3.7 ‘ 0.8 ‘ 4.5 ‘ 0.8
| 45 | 45 ‘ | ‘ 5.3 ‘ |
I T T 1
Figure (4-14): Geometry of one way solid slab
25,
100.
Dead load A-A
10.4 10.4 10.4
4.5 4.5 5.3
Live load
5.00 5.00 5.00
4.5 4.5 5.3
Figure (4-15): Load of one way solid slab.
Moments:
-56.5
|
I
L Il
T
\_/ 15.9
37.9
50.6
2.47 2.25 2.25 3.18 | 2.12

2.03

Figure (4-16): Moment envelop of one way solid slab.
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-55.6
-42.9

-52.6 456

-39.9 329

39.5

26.8

34.5
47.2

52.3
65.1

Figure (4-17): Shear envelop of one way solid slab.

4.7.3 Design of Shear :

fv, =0'T75*1/fc' ", *d
d = 250 20-12\ 2= 2241m

0.75,

fV, = ry 24*1* 224=13717KN > 523KN

4.7.4 Design of flexure:
Spanl:

37909
" 10%0.224
m=—229__ 206
0.85* 24

1 \/ | 20839206

*10° =0.839

r=—*(1- ) =0.00204(

206
A =0.002040 1000* 224= 457mn?

Ay = 0.0018° 1000* 250= 450mnt

Use f 12@20cmC/C=565mm?
Check strain
565* 420=0.85* 24* 1000* a

a=11.6 c=13.65mm
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o 224-1365
1365

*0.003=0.04>0.005

Span2:

15909
" 10*0224

_ 420 206
0.85*24

*
L. \/1_2 0.352* 206
420

*10°=0.352

) = 0.0008E

r_ *

206
A =0.00085 1000* 224=191mn?

A,in = 00018 1000* 250= 450t

Use As=450 mnv’

Use f 12@25cmC/C=452 mm?
Check strain

452* 420=0.85* 24* 1000* a
a=9.3 c=11mm

e= 224-11, 0.003=0.058> 0.005

Spana:

50609
" 10%0224

m= a0 __ 206
0.85* 24

* *

rzi*(l—\/1—2 1.12* 206
206 420

A, =0002744 1000+ 224= 615mnT

A,in = 0.0018+1000¢ 250= 450t

*10° =112

) =0.00274
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Use f 14@25cmC/C=616 mm?

Check strain
616*420=0.85*24* 1000* a

a=12.7 c=15mm

e= 22415, 0.003=0.04>0.005
Support 1:
= ﬂ*lcﬁ =0.941
1.0*0.224
m= 420 =206
0.85*24
* *
r = 1, (1_\/1_M) =0.002=
206 420

A =0.00231000" 224=515mnt
Ayin = 0.0018+1000* 250= 450mn?

Use f 12@20cmC/C=565 mn’
Check strain

565*420=0.85* 24* 1000* a
a=11.6 c=13.7mm

e= 224137, 0.003= 0.046> 0.005
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Chapter 4
Support 2:
)= 56509 >*107° =1.251

1.0*0.224

m=—222__206
0.85* 24

* *

L1, (1_\/1_ 21251206, _ ) gya0g

20.6 420

A, = 0.00308*1000* 224 = 690mm’
A, = 0.0018*1000* 250 = 450mm?

Use f 14@20cmC/C=770 mm’
Check strain
770*420=0.85*24* 1000* a
a=15.9 c=19mm

e= 224-19, 0.003=0.03>0.005

For Secondary Reinforcement Use f 12@20cmC/C=565 mm?
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4.8 Design of Beam (B61-65) (The hidden Beam) :
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Figure (4-18): Location of beam B61-65.
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80. Figure (4-19): Beam Geometry and section.
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Dead load - Service

38.0 38.0 38.0 38.0 38.0
614 644 614 644 o ,44
3. 45 5.25 6.15 3.
Live load - Service
21.0 21.0 21.0 21.0 21.0
3. 45 5.25 6.15 3.8
Figure (4-20): Loading of Beam.
Moments: spans 1to 5
-291.5
so04 2585 -255.5 -262.4
-200. . -194.
143.9 17258 -171. 180.3
-92.7  -84.8
| 15 | '99\ | \1' S | | \1'5 | | \2'2 |
! ! ! ! 1.66) ! ! 2.13 ! " /1.26! !
i 3 H tH tH H i
. 60.(3? 79 .99 0.95
%55/6 0.7 1.04 0.97 4.8
. 92.2
107. 1327
201.3
12 18 | 225 | 225 | 265 265 | 3.1 | 3.1 | 228 | 1m2
I I I I I I I I I I
Shear Figure (4-21) : Moment Envelop for Beam.
2696 -287.3
-226.1 -234.6 -236.4
-184.3 -191.1
-133.4 -129.7
-78.8
L Il Il 1 1 Il Il Il
T T T LI UL T T 1
75.8
1108 159.6
2105 ' 205.9 190.8
' 240.8 258.5 241.7
2935

Figure (4-22) : Shear Envelop for Beam.
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4.8.1 Determination of beam thickness:-

- h, = % —0.173<0.32=> ok (Hidden Beam) h=32 cm

min

h :%:0.272< 0.32= ok (Hidden Beam) h=32cm

min

4.8.2 Determination of Dead & Liveload of Beam:-

Dead Load of beam:-

DL= (;4—'512* 4.803+0.8*0.32* 25=44.27KN/m

LL=41*5=20.5KN/m
d= 320—40—10—2—20 =260mm

3 3

Crax = 7* d= 7* 260=111.43mm=> a,, = 0.85*111.43=95mm.

max

0.095

fM,. =0.82*0.85* 24* 0.8* 0.095* (0.260—7)* 10° = 270.16KN.m

Mu max=258.5 KN.m<fM _ =270.16 = singly

4.8.3 Design of Positive moments of Beam

Span 1:-

a)Mu=67.5KN.m.

420 _ 5059k —_ 07509 _jag;

~ 0.85+ 24 "~ 0.8*0.260°
* *
1 {1_ \/1_2 1.387* 20.59

r=———o
20.59 420

A, =0.00342* 800* 260 = 712mm°

} =0.00342

Use ®16=201 mm?
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No. of bars= ;ioi =4 = 4f 16 =804mm’

> %* 800* 260 = 693.33mm’

min —

As

V2,

>0.25* ——* 800* 260 = 607mm’ = ok
420

Check for yielding:-
Tension = compression
A* f, =0.85* f.*b*a

804* 420=0.85* 24*800* a= a=20.69mMm= c = % = 24.34mm

o _260-2434
* 2434

fM, =0.9*804*10°* 420* (0.26—

*0.003=0.029>0.005=f =0.9

0.02069,. 1

fM,=759>Mu=675N.m

= Used d16.
Check for spacing between bar :-

_ 800-2*40-2*10-2*20-4*16
3

S

S=199mm = gM.A.SZ 2*20227

=>25mm

>db=16mm
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Span 2:-

a)Mu=107KN.m.

. 420 _2059= K. = 107/0.9 _
0.85* 24 0.8* 0.260°

r -1 . 1—\/1——2 2.2 20.59 = 0.00556
20.59 420

A, = 0.00556* 800* 260 = 1157mm?

Use ®20=314 mm?

No. of bars= % = 4= 4f 20=1256mm>

As, >4« g00% 260 = 693.33mNT
420

> 0.25* %* 800* 260 = 607mm’ = ok

Check for yielding:-

Tension = compression
A*f,=085* f.*b*a

260-38
e, =
38

fM, =0.9*1256*10°* 420* (0.26—

*0.003=0.018>0.005=f =0.9

0032321

fM, =115.77 > Mu=107N.m

= Use4 920.
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Check for spacing between bar :-

S= 800—-2*40-2*10-2*20-4* 20

3

S=193.3mm = %M.A.S= 3*20227

=>25mm
>db =20mm

Span 3:-

aMu=132.7KN.m.

m=—22 __2059= anmzzm
0.85* 24 0.8*0.260
* *
S S \/1_2 1.387*20.59 | _ o 7
20.59 420

A, = 0.007*800* 260 = 1455mm®

Use ®22=380 mm?

1455

No. of barss —— = 4 = 4f 22 =1520mn¥
380

As, >4« g00% 260 = 693.33mNT
420

Va4,

>0.25* ——* 800* 260 = 607mm’ = ok
420
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Check for yielding:-
Tension = compression
A*f,=085* f . *b*a

1520* 420 =0.85* 24*800* a= a=39.12mm=Cc = % =46mm

260 46
e, =
46

fM, =0.9*1520*10° * 420* (0.26—

*0.003=0.014>0.005=f =0.9

0.03912

*10°
5 )

fM,=138.15>Mu=132.7N.m

= Used 022.
Check for spacing between bar :-

_ 800—-2*40-2*10-2*20—-4* 22
3

S

S=191mm 2 gM.A.S: 2*20227

=>25mm
>db=22mm

Span 4:-

a)Mu=201.3KN.m.

m=—220 __ 50592 K_ - _201.309 0'92 =414
0.85* 24 0.8* 0.260

1 *[1_\/1_2 4.14* 20.59

[ =——
20.59 420

A, = 0.00342* 800* 260 = 2310mm’

} =0.0111

Use ®25=491 mm?
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No. of bars= % =5= 5 25= 2455mm?

As,. >4+ g00% 260 = 693.33mNT
420

>0.25* %* 800* 260 = 607mm’ = ok

Check for yielding:-
Tension = compression
A* f, =0.85* f.*b*a

2455* 420=0.85* 24*800* a= a=63.18mMm=Cc = % =74.33mm

o - 260—-74.33
° 74.33

fM, =0.9* 2455*10°° * 420* (0.26 -

*0.003=0.0075>0.005=f =0.9

0.06318,, )

fM, =212>Mu=201.3N.m

= Use5925.
Check for spacing between bar :-

_ 800-2*40-2*10-2*20-5*25
4

S

S=134mm 2 gM.A.SZ 2*20227

=>25mm

>db =25mm
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Span 5:-

aMu=92.2KN.m.

m=—220 __2059= anmzl.sm
0.85* 24 0.8* 0.260
* *
R 1_\/1_2 1.894* 20.59 | _ 0 opas
20.59 420

A, =0.00474* 800* 260 = 986mm°

Use ®18=254 mm?

No. of bars= % = 4= 4f 18=1016mm?

> %* 800* 260 = 693.33mm’

min —

As

2

>0.25* ———*800* 260 = 607mm’ = ok
420

Check for yielding:-

Tension = compression
A* f, =0.85* f.*b*a

25.74

986* 420=0.85* 24*800* a= a=25.74mm=Cc = ﬁ =30.28mm

o - 260-30.28
° 30.28

fM, =0.9*986*10°* 420* (0.26—
fM,=922=Mu=922N.m

= Use4 918.

0.02574

*0.003=0.023>0.005=f =0.9

)*10°
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Check for spacing between bar :-

_ 800-2*40-2*10-2*20-4*18
3

S

S=19%mm = gM.A.SZ 2*20227

> 25mm

> db =18mm
4.8.4 Design of negative moments of Beam
Support 2:-

aMu=92.7KN.m.

m=—22 __2059= anw=1.905
0.85* 24 0.8* 0.260
* *
S S \/1_2 1.905* 20.59 | _ ) o0y
20.59 420

A, = 0.00477* 800* 260 = 993mm*

Use ®25=491 mm?

No. of bars= 993 _ 2= 2f 25=982mm?
491

Select 4 f 25=1964

As., = %* 800* 260 = 693.33mm’

min —

N

>0.25* ——*800* 260 = 607mm’ = ok
420
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Check for yielding:-
Tension = compression
A*f,=085* f *b*a

1964* 420 = 0.85* 24* 800* a= a=50.54mMm=c = % =59.5mm

o _260-595
* 595

fM, =0.9¥1964*107° * 420* (0.26—

*0.003=0.01>0.005=f =0.9

0.05084,. 1

fM, =174.26= Mu =92.7KN.m
= Use4 925.

Check for spacing between bar :-

_ 800-2*40-2*10-2*20—-4*25
3

S

S=187mm 2 gM.A.S: 2*20227

> 25mm

> db =25mm
Support 3:-
aMu=172.8KN.m.

m=—220 o059k, = 172809 g0
0.85* 24

0.8* 0.260°
* *
1 {1_ \/1_2 3.55* 20.59

[ =—
20.59 420

A, = 0.00935* 800* 260 = 1954mm’

} =0.00935

Use ®25=491 mm?
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No. of bars= 149—:15 =4 = 4f 25=1964mn7

As., = %* 800* 260 = 693.33mm’

> 0.25* %* 800* 260 = 607mm’ = ok

Check for yielding:-

Tension = compression
A*f, =085*f *b*a
50.54

1964* 420 = 0.85* 24* 800* a = a=50.54mMm = ¢ = —— = 59.5mm
0.85

S

e, = w* 0.003=0.01>0.005=f =0.9
0.05054

fM_ =0.9*1964*10°* 420* (0.26 - )*10°

fM, =174.26 = Mu =172.8KN.m

= Used 025.
Check for spacing between bar :-

_ 800-2*40-2*10-2*20-4*25
3

S

S=187mm 2 gM.A.S: 2*20227

=>25mm

>db =25mm
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Support 4:-

a)Mu=258.5KN.m.

m=—220 __2059=K, =&/0'92:5.311
0.85* 24 0.8* 0.260
* *
R 1_\/1_2 5.311* 2059 | _ 1 01404
20.59 420

A, = 0.01494* 800* 260 = 3110mm*

Use ®25=491 mm?

No. of bars= % =7 = 7f 25=3437mn7’

> %* 800* 260 = 693.33mm’

min —

As

2

>0.25* ———*800* 260 = 607mm’ = ok
420

Check for yielding:-

Tension = compression
A*f, =085*f *b*a
88.45
3437* 420 = 0.85* 24* 800* a= a=88.45mMm=c= 085 104.10mm
o - 260-104.1

° 104.10

f =0.65+ 2—:0* (0.0045 - 0.002) = 0.86

*0.003 = 0.0045 < 0.005

0.08845

fM, =0.86*3437*10° * 420* (0.26 - )*10°

fM, =267.87 = Mu = 258.5KN.m

= Use7®25.
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Check for spacing between bar :-

_ 800-2*40-2*10-2*20-7*25
6

S

S=81mm = gM.A.SZ 2*20227

> 25mm

> db =25mm
Support 5:-
a)Mu=194KN.m.

420 _194/0.9

m= =2059= K, =———"—"_=3.986
0.85* 24 0.8* 0.260
* *
R S \/1_2 3.986*20.59 | _ ) 1166
20.59 420

A, =0.01066* 800* 260 = 2218mm’

Use ®25=491 mm?

No. of bars= 242—9118 =5= 5 25= 2455mny’

As, >4« g00% 260 = 693.33mNT
420

> 0.25* %* 800* 260 = 607mm’ = ok
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Check for yielding:-

Tension = compression
A*f,=085*f *b*a

2455* 420=0.85* 24*800* a= a=63.18mm=Cc = % =74.33mm

e, = 2007433, 003- 0.0075> 0.005 = f =0.9
7433
fM, =0.9* 2455*10°* 420* (0.26 - 0'02318)*103

fM, =212=Mu=194KN.m
= Use4 925.

Check for spacing between bar :-

_ 800-2*40-2*10-2*20—-4*25
3

S

S=187mm 2 gM.A.S: 2*20227

>25mm
> db =25mm
4.8.5 Design of Beam for Shear :-
Span 1:-
Vu, =133.4KN
V, = %* 24*0.8* 0.26* 1000 =169.83
fV,=0.75*169.83=127.37KN.

fV, +§f Jf.*b,*d =127.37+§* 0.75* \/24* 0.8% 0.26* 1000 = 637 >V,

= Dimension is enough

V, >fV, Notitem 1 and Not item 2.
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fVs_. > %* b, *d= %0.8* 0.26*10° =52KN. (Control).

min =

> L [170n,xd = &7 24+ 0,8 0.260* 10° = 47.77KN
16 16
fV, +fV, =127.37+52=179.37KN.

fV, <V, <fV,+fV, = item3

A > 1.6, _1,08_ 6.35*10~* = control
s 3 fy, 3 420
_14yf.*b, 1, 2408

> =5.83*10™*
16 fy, 16 420

Use4leg @8

4*50*10°°
6.35*10°*
S< 600mm

SSE:@:BOmm
2 2

=0.31Im

= Use4dleg ®8 @ 12.5cm c/c

Span 2:-

Vu, =191.1KN

V, = %* 24*0.8* 0.26* 1000 =169.83
fV,=0.75*169.83=127.37KN.

fV, +§f Jf*b,*d= 127.37+§* 0.75* +/24* 0.8* 0.26* 1000 = 637 >V,

= Dimension is enough

V, >fV_, Notitem 1 and Not item 2.

f 75

Ve, 2 *b, *d :O'TO.S* 0.26*10° =52KN. (Control).
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zI—G* Jf.*b,*d :%* \24* 0,8 0.260*10° = 47.77KN

fV, +fV, =127.37+52=179.37KN. Not item 3

fV, +%f Jf. %, *d :127.37+%* 0.75* /24* 0.8* 0.26*1000= 382.1>V, itemd

Vo v=Ye oy -1 16983-84.97
f f 0.75
_ 8497%10°
s 420%0.26

> o|>

=7.78*10"

Use4 leg @8

_ 4*50* 10°®
7.78*10°*
sS<600mm

339:@:130mm
2 2

=0.257m

= Use4dleg ®8 @ 12.5cm c/c
Span 3:-

Vu, =234.6KN

_L

V 24*0.8* 0.26*1000=169.83

c

fV,=0.75*169.83=127.37KN.

fV, +§f Jf.*b,*d =127.37+§* 0.75* \/24* 0.8% 0.26* 1000 = 637 >V,

= Dimension is enough

V, >fV, Notitem 1 and Not item 2.

f Vs, z%* b,*d =%o.8* 0.26*10° =52KN. (Control).

21—6* Jf %, *d :Oi_f* 24* 0.8* 0.260* 10° = 47.77KN
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fV, +fV, =127.37+52=179.37KN. Not item 3

fV, +%f Jf. %, *d :127.37+%* 0.75* /24* 0.8* 0.26*1000= 382.1>V, itemd4

A Vs v Yy —288 45983-143
s f,* f 0.75
* -3
ﬂzﬁzls_l*lo-“
s 420*0.26
Use4 leg @8
*E5N*10-6
5= 40007 _ 4 155,
13.1*10
s<600mm

339:@:130mm
2 2

= Use4leg @8 @ 12.5cm c/c

Span 4:-

Vu, = 258.5KN
V, :%* 24*0.8* 0.26* 1000 = 169.83
fV, = 0.75*169.83=127.37KN.

fV, +§f Jf*b,*d= 127.37+§* 0.75* +/24* 0.8* 0.26* 1000 = 637 >V,

= Dimension is enough
V, >fV, Notitem 1 and Not item 2.

fVs_. > %* b, *d= %0.8* 0.26*10° =52KN. (Control).

min =

21—6* Jf %, *d :Oi_f* 24* 0.8* 0.260* 10° = 47.77KN
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fV, +fV, =127.37+52=179.37KN. Not item 3

fV, +%f Jf. %, *d :127.37+%* 0.75* /24* 0.8* 0.26*1000= 382.1>V, itemd4

A_ Vs oy My o285 16983 17484
s f,* f 0.75
* -3
A 174847107 0 hx10+
s  420*0.26
Use4leg ¢8
*5O*10°°
= 4750"10° o ey
16*10
s$<600mm

339:@:130mm
2 2

= Use4leg @8 @ 12.5cm c/c

Span 5:-

Vu, =190.8KN

V, = %* 24*0.8* 0.26*1000 =169.83
fV,=0.75*169.83=127.37KN.

fV, +§f Jf*b,*d= 127.37+§* 0.75* +/24* 0.8* 0.26* 1000 = 637 >V,

= Dimension is enough
V, >fV, Notitem 1 and Not item 2.

fVs_. > %* b, *d= %0.8* 0.26*10° =52KN. (Control).

min =

21—6* Jf %, *d :Oi_f* 24* 0.8* 0.260* 10° = 47.77KN
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Chapter 4
fV_ +fV, =127.37+52=179.37KN. Not item 3

1

fV, +%f Jf. %, *d =127.37+_* 075" J24*0.8%0.26*1000=382.1>V, itemd4

Vs Vo -V, _1908 _16083-8457
flo* f
* -3
_ 84577107 =7.74*10™"
s 420*0.26

> o|>

Use4 leg @8

*5N*10°°
= % =0.258m
7.74*10
s<600mm

339:2—6230:130mm

= Use4leg @8 @ 12.5cm c/c.
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4.9 Design of Beam (B131-133) (Dropped Beam) :

i e | e
= Lig | @I‘?.T!-. . v '-"-,.-.: ?.?g:
i : ik .%
A | |<:>~\
F S‘— '— — ;1&}&4 —_— _— d.. — AR AR — Hel— — e THARRDE PR—
L RN =E3=EEEEEEEEH | [ ]Y
— | , o 1 v ) 0 5 . [
:
Fig (4-23):Location of Dropped Beam
1 2 3 4
1 2 3
E A T A T A :I
0.25 9.38 0.6, 3.6 0.6, 7.07 0.25
I | T 98 T | T 42 T | T 75 T | 1
I 80 T T 1
2.
50 . .
=5 Figure (4-24): Beam Geometry and section.
A-A
Dead load - Service
31.
30. 3¢.0 |\ 30. |
0. 36. 26,0 o ) o280 L U 300 |
A WA i WV \VA Wi WV WA
3 3.7 1242 3.9 o2 3.4
Live load - Service | | |
WiN
/—r/mm 1c
16- \b \b \b \b \b \b \b \b \b 20 \V 1&.5&' \V*‘J v1 \‘VOJ“J i J_,\V W/ V‘/ \b 180 \b
9.8 3. 12742 39 | 3.4
| | |

Figure (4-25): Loading of Beam.
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-706.3
567.8 -617.1
-470.8
-398.9  -340.4
‘ 1.84 127
I | I 1
K é| i i i H
1.64 1.01
38: — T 7.
545.1
651.1
3.92 | 5.88 | 252 168 | 4.11 | 3.39 |
I I I I I I |
Shear Figure (4-26) : Moment Envelop for Beam.
-474.5
-410.8
-300.4
-259. -257.6
-163.5
H 1 1 1 1 1
1 1 1 1 1 T
271.3 251.4
312.8 308.1 369.1

451.6

Figure (4-27) : Shear Envelop for Beam.

4.9.1 Deter mination of beam thickness:-

2. h. =238 050<032= ok
185
h, =>5_0171<032= ok
21

(Dropped Beam) h=50cm
Check if rectangle or T-Section

d= 500—40—10—?= 440mm

fM, =0.9*0.85* 24* 0.8* 0.32* (0.440—0'—22) *10° =1316KN.m
Mu max=651.1 KN.m<f M, =1316= rectangle
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4.9.2 Design of Positive moments of Beam

Span 1:-

a)Mu=651.1KN.m.

m=_20_ _ 2950 K, :651'—1/0'92:4_671
0.85* 24 0.8* 0.440

o1, 1_\/1_ 2% 4.671* 20.59 | _ ) o100
20.59 420

A, = 0.0128 * 800 * 440 = 4506 mm?

Use ®25=491 mm?

No. of bars= 4215—516 =10= 10f 25=4910mm?

As . > %* 700* 440=1026.67mm? control

min =

Nen

>0.25* ——* 700* 440 = 898.15mm’ = ok
420

Check for yielding:-

Tension = compression
A*f, =085*f *b*a

4910* 420 = 0.85* 24* 800* a = a=126.36mm=> C = 1?)6é26

e, = 20~14860, , 103-0.0050> 0.005=F =09
148.66
FM, = 0.9% 4910*10°° * 420* (0.44— 212630y 13

fM, =699.37 > Mu = 651.1KN.m

= Use10925.
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Check for spacing between bar :-

_ 700-2*40-2*10-2*20-10* 25
9

S

S=34.44mm 2 gM.A.SI 3*20227

=>25mm
>db=25mm

Span 3:-

a)Mu=545.1KN.m.

m=—220__ 20592 K, =-20109 5491
0.85* 24 0.8+ 0.440
* *
Fo L o« 1_\/1_2 391172059 | _ 0,
20,59 420

A, = 0.0104* 800* 440 = 3661mm’

Use ®25=491 mm?

3661

No. of barss —— =8= & 25=3928mn"
491

14

As,, > 4—20* 700* 440=1026.67mm’ control

2

> 0.25* ———* 700* 440 = 898.15mm? = ok
420
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Check for yielding:-

Tension = compression
A* f, =0.85* f.*b*a

9422

3661* 420 = 0.85* 24*800* a= a=94.22mm=>Cc = 08 - 110.85mm

o _440-11085
* 11085

fM, =0.9*3661* 10° * 420* (0.44 -
fM, =543.7 > Mu = 545.1kN.m

= Use8925.

Check for spacing between bar :-

_ 700-2*40-2*10-2*20-8*25
7

S

S=51.43mm 2 gM.A.SI %*20227

> 25mm

> db =25mm
Span 2:- use 4 ®12 (as minimum reinforcement).
4.9.3 Design of negative moments of Beam
Support 2:-

aMu=617.1KN.m.

420 617.1/0.9

0.

*0.003=0.0089 > 0.005=f =0.9

09422, o

m=————=2059=K, =——""— =506
0.85* 24 0.7*0.440
* *
R 1_\/1_ 2*5.06*20.59 | _ 014
20.59 420

A, =0.0141* 700* 440 = 4343mm*
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Use ®25=491 mm?

No. of bars= %3 =9= of 25=4419mm’

As . > %* 700* 440=1026.67mm? control

min =

Nen

>0.25* ——* 700* 440 = 898.15mm’ = ok
420

Check for yielding:-

Tension = compression
A*f, =085*f *b*a

4419* 420 = 0.85* 24* 700* a= a=130mm=c = % =152.94mm

e, = 015294, 103 0.0056 > 0.005=F = 0.9
152.94
fM, =0.9% 4419*10°° * 420* (0.44—&230)* 10°

fM, =626.39 > Mu = 617.1KN.m

= Use9 925,

Check for spacing between bar:-

_ 700-2*40-2*10-2*20-9* 25
8

S

S=41.88mm = gM.A.S= 2*20=27

> 25mm

>db =25mm
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Support 3:-

a)Mu=398.9KN.m.

m=—220 __2059=K, :mzszn
0.85* 24 0.7*0.440
* *
R S \/1_2 3.271* 2059 | _ 00854
20.59 420

A, =0.00854* 700* 440 = 2630mm’

Use ®25=491 mm?

No. of bars= % = 6= 6f 25=2946mm’

As_ > %* 700* 440 =1026.67mm? control

>0.25* %* 700* 440 = 898.15mm* = ok

Check for yielding:-

Tension = compression
A f, =0.85* f.*b*a

2946* 420=0.85* 24* 700* a= a=86.65mm=c= @ =102mm

_ 440-102

e,=———*0.003=0.00994 > 0.005=f =0.9
102

fM, =0.9* 2946*10° * 420* (0.44—%

fM, =441.73> Mu=398.9KN.m
= Use6925.
Check for spacing between bar:-

_ 700-2*40-2*10-2*20-6*25
5

S
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S=82mm = gM.A.S: 2*20227

>25mm

> db =25mm
4.9.4 Design of Beam for Shear :-
Span 1:-
Vu, =410.8KN

V, = %* 24*0.7* 0.44*1000 = 251.5KN

fV, =0.75*169.83=188.61KN.

fV, +§f Jf.*b,*d :188.61+§* 0.75* +/24* 0.7* 0.44*1000 = 943.05 >V,

= Dimension is enough

V, >fV, Notitem 1 and Not item 2.

fVs,n > %* b, *d :%0.7* 0.44*10° = 77KN. (Control).

> IT;* Jfo*b,*d :—Oi?* 24*0.7* 0.440*10° = 70.73KN

fV, +fV, =188.62+ 77 = 265.62KN.
fV, <V, <fV, +fV,

Not item 3

fV, +%f Jf *b,*d :188.62+:—13* 0.75* /24* 0.7* 0.44* 1000 = 565.84 >V, item4

A Ve y Yy MO8 55 20623
s f*d f 0.75

A _ 2628 6010

s 420*0.44

Use4leg ¢8
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* * -6

5= 430107 _ 5 195m
16*10°

s < 600mm

ssgzﬂo:ZZOmm
2 2

= Use4leg @8 @ 12.5cm c/c

Span 2:-

Vu, = 251.4KN

V, = %* J24*0.7* 0.44%1000 = 251.5KN
fV, =0.75*169.83=188.61KN.

fV, +§f Jf.*b,*d= 188.61+§* 0.75% /24* 0.7* 0.44* 1000 = 943.05 >V,

= Dimension is enough

V, >fV, Notitem 1 and Not item 2.

fVs, . > %* b,*d= %0.7* 0.44*10° = 77KN. (Control).

min =

> L ox [170b,*d = &7 J24%0.75 0.440* 10° = 70.73KN
16 16

fV, +fV, =188.62+ 77 = 265.62KN.

fV, <V, <fV, +fV,

em3

A > 1.6, _1. 07 _ 5.56*10* = control
s 3 fy, 3 420

NA ‘*p N
Zi#:i*ﬂz5_1o*lof4
16 fy, 16 420

Use4leg @8
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4*50%10°°
5.56* 10"
s<600mm

sgg:ﬂo:ZZOmm
2 2

=0.36m

= Use4leg #8 @ 15cm c/c

Span 3:-

Vu, =369.1KN

V. = %* 24*0.7* 0.44* 1000 = 251.5KN
fV, =0.75*169.83=188.61KN.

fV, +§f Jf.*b,*d :188.61+§* 0.75* \/24* 0.7* 0.44* 1000 = 943.05 >V,

= Dimension is enough
V, >fV, Notitem 1 and Not item 2.

fVs,n > %* b, *d :%0.7* 0.44*10° = 77KN. (Control).

> I_es* Jii*b,*d :—Oi?* 24*0.7* 0.440*10° = 70.73KN

fV, +fV, =188.62+ 77 = 265.62KN.
fV, <V, <fV, +fV,

Not item 3

fv, +:—13f Jf *b,*d :188.62%* 0.75% \/24* 0.7* 0.44% 1000=565.84 >V, item4

Vv V 369.1

A Ve v Yoy 2391 o515 o4
s f* f 0.75

A__ 24 50

s 420%0.44

Use4 leg @8
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* * -6

5= 30107 _ 4 154m
13*10~

S < 600mm

ssgzﬂo:ZZOmm
2 2

= Use4leg ®8 @ 15cm c/c
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4.10 Design of Long Column (C25) :

4.10.1 Design of Longitudinal Reinforcement :
Select column (C25) for design

Pu = 2535KN

Pn = 2535/(0.65) = 3900 KN

Assume 9=15%

Pn =0.8* Ag{0.85* fc'+r g(fy-0.85fc")}
3900*10° = 0.8* Ag[0.85* 24+ 0.015* (420 — 0.85* 24)]
Ag = 0.185m?

X =+/0.185=0.43m
Use 45*45cm with Ag = 2025cm? > Ag req = 1850 cm?

4.10.2 Check Slenderness Effect :

LU 34—12% ............... ACI —(10.12.2)

r

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

I
R: radius of gyration=0.3 h= \/;
Lu=3m
M1&M2 =1
K=1, According to ACI 318-2002 (10.10.6.3) The effective length factor, k, shall be permitted to
be taken as 1.0.

(K_'“j < (m_lz[mj T ACI 10-12-2
X M 2
*
I R
0.3* 0.45

. Long Coloumn
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E.l
El =04—-% . [ ACI 318—2002 (Eq. 10—15)]
1+b,

E, = 4750,/ fc' = 4750* /24 = 23270.152Mpa
_12DL  1756.86

b, = 0.693
Pu 2535
* k3 * 3
- b*h®> _0.45*0.45 34910 m?
12
* * * -3
£l - 0.4* 23270.152* 3.42* 10 _18.8MN .1
1+0.693
p *El
Py =5 e ACI 318 - 2002(Eq. 10-13)
(KLu)
2 %
= 31477188 = 20.6MN.
(1.0* 3)?
M1
Cm=0.6+ OA(WJ ............ ACIl 318 - 2002(Eqg.10-16)
Cm=1..... According to ACI 318 —2002(10.10.6.4)
Cm
d.= >1.0 e ACI 318 - 2002(Eq. 10-12)
1-(Pu/0.75P,)

1

d_ = —-1196>1
1-(2535/0.75* 20.6*10°)

e, =15+ 0.03* h =15+ 0.03* 450 = 28.5mm = 0.0285 m
e=e, xd_ =0.0285*1.19 = 0.03408 m

e 0.03408
h

min
— “min

=—=0.0757
0.45

From Interaction Diagram
fP, 2535 145

- * =22 _1815 Ps
A, 0.45*0.45 1000

r, =001

A& p * Ag=0.01*45*45 = 2025 mm®
2025

Use®d 16 == #of bhar = serg = 10.1

201.1

Use 12 ® 16 with As= 2413.2 mm? >AS (¢ = 2413.2 mm?
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e Check for spacing between the bar

S= 450-2*40-2*10-2*20-3*16
3

S=87.33 mm = gM.A.S

> 40mm

> 1.5db=24mm

4.10.3 Design of the Tie Reinforcement :

S <16 db (longitudonal bar diameter)
S < 48dt (tie bar diameter).
S < Least dimension.

........... ACl -7.10.5.2

Spacing <16 x d, (Longitudinal .bar.diameter) =16x16 = 256mm
Spacing < 48x d, (tiebar.diameter) = 48x10 = 480mm

Foacing < Least.dimension = 450mm
. Use 2f 10@25cm
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4.10.4 Detail of column C25;

Figure (4-28) : Long Column Detail.
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4.11 Design of Stair :
4.11.1 Deter mination of Slab Thickness:

L =0.8+2.4 +0.65=3.85 m.

heg =L/ 20

heq=385/20=19.25cm ............. take h= 20 cm.
= Useh =20cm.
= Height of each step=3.3/18=0.184

6 =tan'(1.66/2.4) = 34.6

Cos0=0.82
o . = E)
e
. B174. :
: . il B
& G i
3 sy e
% =) e e
i [
: (<) =2 = E.,:
o e !
o =) |53
% =] [z ’%‘
i @ :
} & 3%
3 360 o
'fm R e NS wﬁéﬁ .
m
S o

Figure (4-29) : Stair plan
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4.11.2 L oad Calculations at section (A-A):

4.11.2.1 L oad on Stringer:

Dead Load:
Tiles = 0.03*27*((0.3+0.184)/0.30) = 1.307 KN/m.
mortar = 0.02*22 *((0.3+0.184)/0.3) = 0.71 KN/ m.

Plaster = (0.02*22)/ (Cos 34.6) = 0.535K N/ m.

Steps =((0.184*0.3)/2) * 25/0.3 =23KN/m.

Slab = 0.2 *25/ Cos 34.6 =6.074 KN/ m.

Total dead load =10.93 KN/ m.
Liveload:

Live load for stairs =5 KN/ m?.
Factored load
qu =1.2¢10.93 + 1.6*5 = 21.12 KN/ m?.

For one meter Strip, qu =21.12 KN/ m.

4.11.2.2 L oad on landing :

Dead L oad:
Tiles=0.03*23 =0.69 kN/m*
Mortar =0.02* 22 = 0.44 kN/m?
Slab =0.2*25 =5KN/m
Plaster = 0.02*22 = 0.44 KN/mz2.
Sand = 0.07*16 = 1.12 KN/m2.
Total dead load =7.69 KN/m=2.

Liveload:
Live load for stairs= 5 KN/ m?.
Factored load
qu =1.2*7.69+ 1.6 *5 = 17.23KN/ m?.
For one meter Strip, qu =17.23 KN/ m.
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Dead load - Service

10.9
7.69
3.69 ‘ 0.65
I
Live load - Service
5.00
lo.s0)
3.69 ‘ 0.65
[
Shear Figure (4-30) : Loads on stair
-41.1
-35.9

34.
45.4

Figure (4-31) : Shear Envelope
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4.11.3 Design of Shear :

=  Assume @ 12 for main reinforcement:-
So, d = 200-20 -12 = 168 mm = 16.8 cm
Vu=454 KN .

fJf. *b,*d
fye=-—Y o w —

_ 0.75*4/24*1000* 168
- 6

Vu=454 KN < fVc=102.88 KN .

fVc =102.88KN

>>>>No shear Reinforcement isrequired. So the depth of the stair isOK.

4.11.4 Design of Bending Moment :

The Following figure shows the Moment Envelope acting on the stair
Moments: spans 1to 1

2.17 48.9 2.17

Figure (4-32) : Moment Envelope

Mu=48.9 kN.m
Mn =Mu/0.9=48.9/0.9 =54.33 KN.m.
d =168 mm.
_ _Mn
n bd2
_ 54.33*10°

"= 1000" 168 =1.92MPa .
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m-—
0.85x fc'
m =42 _20se8
0.85x 24
A PO L SR 1_\/1_2 20588*1.92 | _ ) 01v100
m f, 20.588 420

As,, = 4.81*10°*1000* 168 = 808.1 mm*
As,, =0.0018* b* h=0.0018* 1000* 200 = 360mm?
As,;, =360 MM’ < As,, = 808.1 mm’

Use ® 14 >>> 808.1/154 = 5.24
Useld 14 @ 17.5cmc/c ... .... with As=(1000/ 175)* 154 = 880 mm?2.

Asprovided 880 > ASTeq........covvvvrvennnnn, OK.

Check for strain:
Tension = Compression

A * fy=0.85* fc'*b*a
880* 420 =0.85* 24*1000* a
a=18.12mm
c= a._ % =21.32mm
b, 0.85
o _ 168-21.32
s 21.32

e, =0.02> 0.005—— ok

*0.003
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4.11.5 Secondary reinforcement:

ASqyinsage = 0-0018x bx h = 0.0018x 1000x 200 = 360m?

Use®10@15Ccm .......ceevnneee With As = (1000 / 150)* 79 = 526.7mm?.

4.11.6 Stair at section (A-A) Details:

g FEpEE— = . |r5
oy M i % 3 5 i " o ‘II_._.-'-"' tpl ) A L3R
N i ;j,.x-"'! 3 T L-TGe
: 1“:_‘._&'5_—;-" T
- I L=g5p
- |75
™ "..-"":.'199"’ ____.-"""Jr‘.
: b -
o F, - EE}D:}‘ e
o ks G prdaris pesss
';-ﬂb Pt ] 1.-r.'u_lr'f
15l r=z0 SECTION (A—A4)

Figure (4-33) : Stair Section
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4.12 Design of Basement Wall :

N
8 b
ru j"‘
. \

rrhx kK, PxK,

Figure (4-34) : Loads on Basement Wall

= 4.12.1 L oading of Basement wall :

e Self weight of earth :
o =gxhxK,

Assume that :

Oy =18 Kn/m?

g=30°

K=1-sinqg =1-sin30=0.5

0, =18x3.41x 0.5=30.69 KN/m?

e Loadfrom liveload:
g, =PxK,

d, =5x 0.5=25KN/m?
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e Normal Load :
Isvery small , it will be neglected ( safeside) .

Whin= 2.51= 2.5 kN/m

Winax= 2.5%1 + 30.69= 33.19 kN/m
Wmin(factored) =1.6*2.5= 4 kN/m

W max(factored) = 1.6* 33.19= 53.104 kKN/m

Live load - Service

53.1

3.41

Fig (4-35)7 Loading of Basement Wall.

Shear

-100.2

55.6

Moments:

1.88 67.6 1.53

Figure (4-36) : Shear/Moment envel ope for basement wall
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4.12.2 Design of the Vertical reinforcement:
Assume h=25cm
Mu =67.6 KN.m

Mn =67.6/0.9 =75.1 kN.m
d=250-20-7=223mm

Fy 420
m= = = 20.588
0.85fc' 0.85x24 select h=250mm
K, =N g =1 _151Mpa
bd 1* 0.223

1 / 2mKn
r :E(l— 1— fy )

1 2x20.588 x1.51
20.588 420

As ., =3.739 x 10° x1000 x 223 =834 mm?*/m

) =3.739x10°®

As, . =0.0012*1000* 250=300mn’/m
As,;, = 300mm?/m< As,, =834mm*/m

#of bar in one meter =%=6

154

4.12.3Design of the Horizontal reinforcement:

Select the greater of:

AS, , o = 0.002* 1000* 250 =500mn? / m

#of bar inon meter=ﬂ=9.95

50.24
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4.12.4 Check for Shear :
53.1-4

Sope= =144

g, =53.1-14.4* (0.15+0.223) = 47.7

Vu= 100.2—(53'1;247'7& (0.15+0.223) = 81.4KN.m

f xVc>WVu

075

f xVc fc'xbxdzo'—gS@x1000x223

f Vc =136.56 >>Vu = 81.4kN

. No Shear Reiforcement Required
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4.13 Design of strip Footing:

Ex

Figure (4-37): strip footing

4.13.1 Deter mination of load:

From slab and Wight wall

Total factored load = 459.2 KN/m.

Total serviceload =360 KN/m

Soil density = 18 Kg/cms3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (30 cm) thick.
liveload =5 kN/m?

Oattow net =400 - 5- 2.5¥18 — 0.3* 25 = 348kN/m?

= For one meter strip

A= 105m?
_348_ . i
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L=1m,B=1.20m, h=30cm
d= 300 - 75 - 20 = 205 mm
Quit = 459.2/ 1.2 *1 = 382.667 kN/mZ.

4.13.2 Check of One Way Shear:
vuz 2222 0205 =382.667 = 93.75 kN

OVe="2 feed+b
075
OVe = ——V24 %0205+ 1 = 1255 kN

OVe = Vu

4.13.3 Design of Bending M oment:

In longitudinal direction
Mu = 382.667*0.45%/2 = 38.75 kN.m

Mn =£;5 — 43.06KN.m
* —3
Kn= N _4306M107 ) posvpa
bd® ~ 1%0.205
y 420 _ 20588

m= - =
0.85* fc  0.85* 24

, =i 1- l_2><m><Kn
m fy

I \/1_ 2x 20.588x1.025
20.588 420

As. =r *b*d=2.51*10"°* 205*1000 =515 mm?
ASgyinage = 0.0018% b* h =0.0018* 300* 1000 = 540mm?
As. =515< As = 540mm?

r

] =251*10"°

Req.

Req. Shrinkage

Usef 14
No.=540/154=3.6 ,Use4bars
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f 14 a 25 cm ¢/c=616 mm?\m.

Check of strain:
As*fy=085* f.*b*a

616* 420 = 0.85* 24*1000* a

a=12.68mm

a _1288_ 4/ 9omm

b, 085

o _205-14.92
T 1492

e, =0.038 > 0.005

X0.003

= OK

In transversedirection :

Aqnin = 0.0018 * B * h
Agrin = 0.0018 * 1100* 300 = 594 mm?

Usef 12

No.=432/113=5.3 , Use6 bars

Use6f 12
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4.13.4 Development Length of main Reinfor cement

_ 9 Fy sty
ldyeq = i AT * ktzﬁcu *db

K, =0 and cb:75+%:82mm

Ky +C, +C,

>25 SelectK”— =25
b db
9 420 1+1=0.8

=—= — % =14 = 346 mm
10 1=x+v24 25

l TEQ

Ld avaitaple = 450 - 75= 375mm

Ld avitanie= 375 mm > Id,.., = 346mm

Use Using hook >16*f

Required length of hook >16*f >16*1.4 = 22.4 cm

Use Hooksel. = 25 cm > Hookreq = 22.4cm

T I
| 4 \
B — . ¥ . : S
o - b I I — 5
) I 1 e A -
i i ; =
v = ! e
4 —I'______I I I______.:
1 — SN =
TeE s =
10 45 30 45 10
Ty 120 1L

Figure (4-38) Strip Footing Detail
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4.14 Design of Isolated Footing (F14) :
4.14.1 Load Calculation :

Total factored load = 6700 KN.

Total services|oad =5170KN.

Column Dimensions = 70* 70 cm.

Soil density = 18 Kg/cm3.

Allowable soil Pressure = 400 KN/m2.
Assume footing to be about (90 cm) thick.

liveload =5 KN/m2s.

Oaionne =400 - 5 - 0.45* 18 - 0.90* 25 = 365 kN/m’

4.14.2 Deter mination of Footing Area :

3_5170_14 "
=35 =W
= L=3.74m

Determinate g, = 6700/14.1= 475.2 KN/m?
4.14.3 Deter mine the depth of footing based on shear strength:

Assumeh=90cm ..... d = 900-75-20 = 805 mm
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e Check for oneway shear strength

Critical Section at g+d

3.75-0.7
Vo=0,*(———~-d)

Vu = 475.2* (3'75—2_0'7—0.805)* 3.75=1283KN

f.\/c:f.(%* fc'* b, * d)

f Vc=0.75* %* \24* 3750* 0.805 = 1848.6KN

f Vc=1848.6KN >Vu =1283KN
. Safe

e Check for two way shear action (punching)

The punching shear strength is the smallest value of the following equations:

fx/c:f.%(nb—zj\/ft' b,d
fv, =f —(b - ]rbd
fv, =f —\/7bd

Where:

_ Column Length (a) 70
€ Colum Width () 70

0 = Perimeter of critical section taken at (d/2) from the loaded area

b, = 4(d +a) = 4(80.5+ 70) = 602cm
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as =40 for interior column

fV, =f —(1+—}/ bd_075 ( oj J24* 6020* 0.805 = 8903KN

fV, =f —(

fV, =f —\/ bd—O;S* 24* 6020* 0.805 = 5935.2KN

*
}/ b,d = 0 [N ( 06%‘505 n 2}* \24* 6020* 0.805 = 10904.3KN

f V., =5935.2KN ..... Control
Vu, = Pu-FR,

FR, =s,, *area of critical section
VU, = 6700 [475.2* (0.7 + 0.805) * (0.7 + 0.805) | = 5623.6KN

f Vc =5935.2KN >Vu. =5623.6KN........ satisfied
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4.14.4 Design for Bending Moment:

10
10
|

152.5

395
375
70

152.5

10
120

10 1528 70 152.5 10

10 379 10
395

Figure (4-39): Isolated Footing

1.5257

Mu = 475.2* 3.75* =2072KN.m

Mu =2072 KN.m for both side

Using Reinforced Concrete.

Mn = % = 2302.4KN.m

Mn 23024x10°
Kn = =
bd? 3.75x0.805

=0.947Mpa
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o fy 4
0.85* fc  0.85* 24

r 1(1_ [ 2xmen]
m f,

A S \/1_ 2x20.588x0.947 | _ 01,103
20.588 420

ASge, =T *b*d =2.31¥10°* 3750* 805 = 6972.4 mm’
ASgyinage = 0.0018* b* h =0.0018* 3750* 900 = 6075cm’
ASpe, = 6972.48> ASg,u0e = 60750’

Select 24f 20....AS,, iges = 7536Mm? > 6972.4mm?.....ok

= 20.588

Use 24 f 20in both Direction

Check of strain:
As* fy=0.85* fc* b*a

7536* 420 = 0.85* 24* 3750* a

a=41.37mm

2 _4L37_ 4g67mm

b, 085

o _ 805-4867
*T 4867

e, = 0.0466 > 0.005

X0.003

= OK
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4.14.5 Development Length of main Reinforcement for Mul:

9 ‘L:'u !J[Jrsip.wipl
ldyeq = 10 * AT ‘Kir+cb an
db

Ktr =0 Nuostripes ch =75+ 10 = 85cm
k.t-r+r:‘b_0+85_425 95

b 20 7
ktr + cb

TR

9 420 1+1+0.8

— — ¥ + 20 = 494 mm
10 14++/24 25

Idru.:,l =
Ld avaitabie = 1525-75= 1450mm
Ld aailapie= 1450 mm > Idi.u” = 494 mm

e not required hook

Development length of column

f
L, =0.24* 2 db=0.24* 420, 20=411.51ImmControl
f \24

C

>0.043* f,* dbo=0.043* 420* 20 = 361.2mm
L, available=900—-75—2* 20 = 785mm
L,available > L req=411.5

Using hook >16*f

Required length of hook > 16*f >16*2 = 32cm
Use Hooks= 35cm > 32cm

Lap splice of column

L, =0.071* f *db=0.071* 420* 20 = 596.4mm
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4.14.6 Design of dowels:

P.=6700 KN

f.Pn=f.(0.85fc’'Ag)
f.Pn=0.65*[0.85* 24* (0.70* 0.70)] * 1000 = 6498KN
But Pu=6700>f .Pn=6498KN

Dowels are required for load transfer.

But use the minimum reinforcement of dowels;

As . =0.005* Ag = 0.005* 700* 700 = 2450mm?

AS, . g = 2450% > Asgeq = 732mm?
Pu/®-Pn 6.7/0.65-10
,Asr = =
& fy 420
use8d 20

= 732mm?

In footing

P, =f0.85% f.* A* |22
A
i: M:5.357>2 use 2
AV 07%07

=0.65*0.85*24*0.7*0.7* 2=13MN > 6.7

Use As=2450 mm? or use 8®20
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4.14.7 |solated Footing Detail:

— ! -—
T r o % i
e e S Syl |

v ¥ L7 3 )

< 1

10 1925 7 1825 10
10 375 10
395

Figure (4-40):1solated Footing Detail .
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4.15 Design of truss:

! R
WE QB QB Q4B G+B QB GiB B Q4B G5B
| |
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1 - '\‘-\\_\_ he ,h # . g i
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B

il By ol Biony Ba s 1 " B #

Figure (4-41) : Truss Geometry
Maximum Space between truss and anther = 4.3 m
L =8m
B=1.0m
h=1.0m
4.15.1 Load Calculations:

1. Deadload :
dead load of corrugate sheets = 0.15 KN/m?.
dead load of parlins = 0.25 KN/m?.
dead load of installation = 0.1 KN/nv’.
dead load of truss = 1.5 KN/m.
D.L=05* 43+1.5=3.65KN/m.
D.L = 3.65*0.06852 * 10° =250.1 Ib/ft.

2. Windload:
W.L=Ce*Cqy* gs* lw

Cq=07 ... outward
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W.L =1.54*0.7* 20.8 * 1= 22.4224 Psf
W.L = 22.4224*4.3*3.281 = 317 Ibl/ft.

3. Snow load :
S.L = 1.50 KN/m? = 31.32 Pf.
S.L =31.32*4.3* 3.281=441.87 Ib/ft.
Ou =1.2D.L+1.6S.L+0.8W.L
Ou =1.2* 250.1+1.6 * 441.87+0.8*(-317) = 753.5 Ib/ft =11.00 KN/m.
4.15.2 Analysis:
D;=55.9KN
V1=-44 KN
T5=-103 KN
Bs=103 KN
4.15.3 Design:
The Diagonal and vertical member the same section .
The top and bottom member the same section .
Use Azs Stedl.
4.15.3.1 Design of Diagonal member:
e D;=55.9KN =12.57Kip
Yielding limit state :
¢Tn>Tu

0*Fy*Ag>Tu
0.9*36* Ag>12.57

Agie;=0.388 i’
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Stiffens limit state :

L <300 L =1.4m =4.6ft

r

4.6*12
r

<300

r>0.184in
From Ag.,=0.388in” and r =0.184in

1 .1 3
Select tube 1§x1§xE

Ag=0.89%4 in’ r=0.521in
Check local plate buckling

b=15-4* 3 =0.75
16

Use A36fy =36 KS ,K=1

b 0B _ 4 397

t 3/16

No local plate buckling

KL, K,L, _1%¥1.4*3.281*12
r r 0.521

X y
| =105.8* ZL =1.19<15
T1%* 29000
F, =(0.658)" * 36 = 20KS

f *F, * A =0.85% 20* 0.894=15.2>12.57

=105.8
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4.15.3.2 Design of Vertical member:
Vi=-44 KN =9.9Kip

Effective length :

For buckling about X-x & y-y

Kx =Ky =1
Lx=Ly=1*3.281*12=39.37 in

Critical stress F

Kx* Lx
rx

Assume amiddle value of =100

From curve of A36 steel F¢ = 22Ksi
Required Ag

¢oc* Pcr > Pu

¢oc* Fer* Ag=> Pu

0.85* 22* Ag>9.90

Agreq=0.53in?

Select tube 1% xléxl—?’6
Ag=0.894in’ r=0.521in
As Diagonal no Local plate buckling.
Effective lengthratio :

Kx* Lx _ Ky* Ly _ 39.37
rx ry 0.521

=75.57

| . =75.57* __% =0.85<15

I12 * 29000
F, =(0.658)°% * 36 =27KS

f *F, * A =0.85*27*0.894=205>12.57
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Select tube 1% xlé xl% for the Diagonal and vertical member.

4.15.3.3 Design of Top and Bottom member :
Ts=-103 KN = 23.15Kip

Effective length :

For buckling about x-x & y-y

Kx =Ky =1

Lx=Ly=1.0*3.281*12 =39.37 in

Critical stress Fe

Kx* Lx
rX

Assume a middle value of =100

From curve of A36 steel F¢ = 22Ksi
Required Ag

¢oc* Pcr > Pu

¢oc* Fer* Ag=>Pu

0.85* 22* Ag>23.15
Agieq=1.24in?

Select tube 2x2x1—36

Ag=127in? r=0.726in
Check local plate buckling

b=2-4* ;. =1.25in

use A36 Fy=36 Ks.

b 125
t 316 667<397 No local Plate Buckling.

134



Chapter 4 Structural Design & Analysis

KL, KL, 3937

X = = =54.22
r ry 0.726
| . =54.22* ZL =0.6<15
I1°* 29000

F, =(0.658)%% * 36 = 31KY
f*F,* A =0.85*31*127=33.46 > 23.15

Smaller profile must be select

Select tube ZXZX%

Ag=0.897 in’ r=0.756in
Check local plate buckling

b=2-4* ; =15in

use A36 Fy=36 KSi.

b_150
1/8

KL, KL, 3937

=12<39.7 NoLoca Plate Buckling.

=52.08

r r. 0.756

X y
| =52.08* zi =0584<15
IT2 * 29000
F, =(0.658)°%" * 36 = 31KS

f *F,* A =085*31*0.897 = 23.64 > 23.15
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4.15.4 Design of fillet weld :
Use (SMAW) ........ Fu=60Ksi

Tu=55.9 KN = 12.57 Kip

Anin = g fromtable 5.11.1
7
Brax= 7 ceeeeee selecta =5

a=

) 3
=8

S) te.:a:*

3
16 16

Shear fracture of base metal :

oR ., >2Ru

nw —

0.75*t*0.6* Fu=Ru

3

0.75% o

0.6*58 =4.894 Kip/in .............. Control

Shear fracture of weld metal :

> Ru

nw —

OR

0.75*t,*0.6* F,, 2 Ru
0.75* 15*0.6*60 = 5.06 Kip/in

Tu _1257 —257in

LW joq =
% ¢gR,, 4.8%

Lw nn=4*a=0.751in
UselL =4*2=8in>257in
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4.15.5 Design of purlines:

_ *
g =110 41?;2 19:1.0= 214 KN/m.

MUmax = 17.12 KN.m = 12.63 Kip. Ft = 151.53 Kip. in
VUnmax = 8.56 KN = 1.924 Kip
Design of bending moment :

¢*Mn>Mu

0.9* Fy* Zx,, > Mu

req —

_ 15153

X, =
' 0.9*36

= 4.68in°

Select tube 4x4x%
Zx =4.97in° > ZX
= Ok
Design of shear force:
o.V, >V,
0.9* Fy*t,*d*0.6>V,
0.9*36*0.1875*4*0.6>V,

14.58>1.924

= Ok
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4.16 Design of Shear wall

4.16.1 Calculation of Shear force on Shear walls:
From Uniform Building Code 1997 (UBC):

Z=0.3 zone"3"

R=5.5

=1

Ca=0.24
Cv=024
h,=135 122

Ct=0.0488 Figure (4-42): Geometry of Shear wall
Where:
Z=Seismic zone factor as given in table 16-1.
R= numerical coefficient representative of the inherent over strength and globa ductility
capacity of lateral force resisting systems, as set in Table 16-N or 16-P.
| = 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 baseto level i , nor x, respectively.

T-C(nf* Ed--30-8(UBC)

T =0.0488(15)** =0.37
Cv.l 0.24*1

V, = W = *w=0.137w
RT 5.5%0.33

W=25817kN

V <0.11* WKN.....control

V >0.03* WKN

V =0.11* w=kn

F, =0.07*T*V =0.07* 0.37* 2840=68.15KN
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Table (4 — 1) Caculation of the total Fx.

S W Vv H Ft (V-Ft) | (W*h) Fx SFX
: (KN) (KN) | (m) | (KN)
Third 5180 2840 15 735 | 2766.5 77700 901.176 | 991.176
Secand 5180 2840 12 73.5 | 2766.5 62160 734.1 1725.27
First 5336 2840 9 735 | 2766.5 48024 567.15 2292.4
Ground 5336 2840 6 735 | 2766.5 32016 378.10 2670.5
basment 4785 2840 3 735 | 2766.5 14355 169.53 2840
3 25817 243255
% DAGHAM
RCOF W17
THI. 5T
3EC 1165
FRL z301,1
GO, 2REd.A
BAS

By using the softwar e (Etabs.) to Analysisthe shear wall it was get result asthe

following:

Figure (4-43) : Fx-Diagram
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ALY, D 1ACIEA R P Ll LA A

123 i1z.=
S6.3 ) ca.c
111.2% [reo.s
z28.5 [als

(TSR TE

L1

Figure (4-44) : Moment & Shear-Diagram for Shear Wall.

Shear Wall Design Parameters:
fc' =24 MPa

fy =420 MPa.

h=20 cm. Shear wall thickness.
L= 4.2m. shear wall width
Hw=16.25 m. Story height.

4.16.2 Design of the Horizontal reinfor cement:

I nternal forces & moments:
D Fx=Vu=217KN
Critical Section

tw_42_ 2.1m(Control )
2 2

hw 1625
2

Mu =1780KN

=8.125m
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Vu = 217 KN

Vn =Vu /0.75 = 290 KN
d=0.8*Lw=0.8*4.2=3.36m

Ve, = %* Jfe'*h*d = %\/24 *0.20* 3.36 = 548.7KN

J fc'* h*d+ N,*d +24*0.20*3.36 +1*3.36

Ve, = = 1020 KN
2 41, 4 4% 4.2
2* N 2*1
l, fc'+ ——4 4.2/ V24 + —————
ve _| VT, [ L * hJ Lhrd_| V24 ( 4-2*0-2‘)) + 0207336 _ 175 11N (Control
5= M, T, 10 | 2 1780 42 T |
v, 2 61 2
Vs =Vn-Vc3

Vs =290 -175.1=114.9KN
(Avh j Vs 114.9%10°°

s2 )

= = =0.0815*10°m
Fy*d  420*3.36

(—A\g;m J =0.0025 * h = 0.0025 * 0.20 = 0.5* 10 *m(Control )

sz:%"": 4200 /5 = 840 mm

S2=3* h=3*200 = 600 mm

salect > 2f 8 As =1.0cm2
ﬂ = 0.50mm

S2

100

<, - 050> S2=210 mm(Control )

Slect .....S2 = 20cm < Seq. = 21cm
S2selected = 25cm < 75cm < 70cm
use....2f 10 @ 25cm(c/ c)in 2layer

Select 2 8/ 20cm. In tow layer
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4.16.3 Design of the Vertical reinforcement:

hw, , Avh
I win = (0.0025+0.5(2.5— m)(g —-0.0025))S h,

My 1625 567525
L, 42

Avn = 0.0025x S, x h,

s =1L —1y42-1400mm
3" 3

S, =3xh=3x200 = 600mm
Select 2f 10Witharea As = 158mm?
100 = 0.0025x S, x 200

~. S, = 210mm(Control )

Select S = 20cm < 21cm
S=20cm

——> Select 2f 8/ 20cmc/c

Select 2 8/ 20cm. Intow layer
4.16.4 Design of bending moment:

Mu = 1780 KN.m

II.'&"
c

- P S
~ 600 = (5,~h,
Assume Sn/hw = 0.007
4.2
02—
600 = 0.007
C,=C-01xL,
C, =1-01x4.2=0.58m
C,= c_1_ 0.5m
20 20

Select Theboundary element = 65cm > 58cm
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Lw 4.2
=—X —_ =
A5 sl AS 0.20

x100.5 = 2110mm*

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

Z _ 1 _
Lw 2+ (0.85x0.85x 24x 4.2x0.20)/(2110x107° x 420)

0.054

Mu =0.9x Fy x 0.5x As, x LWx(l—(LA/ZD =
w

0.9* 420* 0.5* 2110 x 10~ x 4.2* (1— %) =1630kN.m

MUgeqqy = 22351630 = 605kN.m

_ Mu/f 605x10°/0.9
fyx(Lw—Cw) 420x (4200 — 650)
As = 450.1+ (4x 50..25) = 651.1mm?
~Usef 12— > Select 6f 12— As=678mm?

= 450.1mm?
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4.17 Design of Mat Foundation:

Mat Foundation

O
e

Figure (4-45) Mat footing

4.17.1Design of shear :
d =800 - 75 - 25 = 700 mm
f Ve = 0.75*%* fc'*bw*d

fVc=075* %* +/24 *1000 * 605 * 10 ° = 370 .5KN

Pu, ., =280 KN /m = 280 x1= 280 KN
f Vc = 370.5KN > Pu = 280 KN .......... .OK

4.17.2Design of bending moment
By using the StaadPro.2007 software to analyze the foundation, the moment result is as
in the following chart:
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Figure (4-46) Moment in X-direction

5
T

L L L L L L L

Figure(4-47) Moment in Y -direction
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Design In X-directions:
h=80cm

d =80—-75-25=700mm.
Fy =420 Mpa.

Fc'=24 Mpa

Design of Negative Moment
As . =0.0018* b* h = 0.0018* 1000* 800 = 1440mm’

Mu = 405KN.m= m= _ 40 _ 20.6
0.85* 24
. 405/0.29 0918
1*0.7
* *
ro L \/1_ 2+0.918* 206 _ 5 5374903
20.6 420
A, =2.237*107°*1000* 700 = 1568mm’
* 2
SHectf 18@15cm= As= %* (p 28 ]: 1694mm’ > As, . =1440mm’
Design of Positive moment
* 2
Selectf 18@17.5cm = As= %* (%J —1452mm? > As,, = 1440cm’
Design In Y-directions:
Design of negative moment
* 2
Selectf 18@17.5cm= As= %* (p j8 j: 1452mm’ > As ;. =1440mm’
Design of positive moment
* 2
Slectf 18@17.5cm=> As= %* (%j =1452mm’ > As, ;| =1440mm’
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4.13 Design of Dome 1:

The Analysis & Design was done by Using Software (Sap2000), The Results as the
following :-
Loads = Dead + Wind + Snow
After Design We get the profile as Horizontal is HSS 4X2 X0.125
as Verticad HSS4X 2X 0.125

B i .| i St i

- : " 3 - %

LML WL I e -

= @ ol i,

Rt s = b e L

L ) P EFLTRS S AREEINI R Y, 1T TR e

=4 e e

B . ..:: i L1 P o - '\

} S n-'::..-.-..- b fnsm F1=1 .‘ilili 45 I'ﬂﬂ.llﬁf R4 2 XALIRY i IBS AR KI:I.1:.:=|"-|I||:-;j 33 HD.iZ..’i' |m4r?1n|;ri'-\ “.r;.-..- _.\:':\,:
i 1 ¥ ! 1 : -
g i : q i ; i Al ¥
: -I g ¢ ¥ J il i

% : 3 1 _
L 3,---»1:----]_"&'2--'.“:-'- E Hﬁax)qo_mj-_ ASSAL I HOADy (| HESARA Y0 tRe | HES AT 403y | o waalan !.,........L'E_ E

0.80  2.90

R
12.7

Figure (4-48) : Dome 1 Elevation

Design of Groove Weld

J@T24V2) =T =L, *fR, =L,*075%a*t,, *F, =L,*0.75*
0.1875*0.125*60=Lw*1.05=2.625

Lw=2.5in=63.5mm
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5.3 Sources And References

1. American Concrete Institute (A.C.I), Building code Requirement for structural
concrete (ACI-318M-05).
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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 £120 £/24 £/28 £No0

Beams or

ribbed one-
way slabs (M6 £M18.5 er2 LB

Notes:
Values given shall be used directly for members with normalweight concrete

{ﬂensilﬁ w, = 2320 kg/m®) and Grade 420 reinforcement. For other condi-
tions, the values shall be modified as follows:

a) For structural lightweight concrete having unit density, w_, in the range
1440-1920 kg/m3, the values shall be multiplied by (1.65 - 0.803w,.) but not

less than 1.09.
b) For £, other than 420 MPa, the values shall be multiplied by (0.4 + £, /700).

Table (MINIMUM THICKNESS OF NONPRESTRESSED BEAMS OR
ONE-WAY SLABSUNLESSDEFLECTIONSARE CALCULATED

sl o i (- )
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