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Abstract

Structural Design and Details of a Mall

Project Team

Bayan A.Al-herbawi Isra F.Nassar Inas N.Naser Al-deen
Maram M.Abdeen

Palestine Polytechnic University-2013

Supervisor :
Dr. Nasr Younis Abboushi.

The idea of the project is to make the structural design and all structural details for
this Mall in hebron city which will include all the nesseary structural analysis and
design details.

This project consist of Fifteen floors including two basement floors , these floors
contain all the spaces needed for Any person with a modern architectural & civil
design which is safe , economic and modern , there is an elevators to serve all these
mall-goers.

This project is a reinforced concrete building will be designed according to the
American Concrete Code in addition to steel structure members “trusses’ and
shells, and with all details for the vertical , horizontal , dead , live , wind , and
earthquake loads . And the workshop drawing for all the structural members in this
project .

vi




NN B A DDWWWNN

DN e it b ek i ek e
SOOI A= O oo

D NN NN
U R S

Table of Contents

Glygiaall (e

dati ) o)) giall Anbia

Z oAU £ g e e ayif salesh
claayyl

ol 5 Sl

Ll Axllly g 5 il Jasle

A Y Al £ g piidl padls
b sinall g

Jslasll (e yed

JKEY (s 5

Sl LaiaN 5 5 ga

Lasiall ; J ¥ Juaat
4aaiall 1.1

dule 5,012 1

& sodiall HLal Gl 3.1
¢ sl Calaal 4.1

g sodiall A8 5.1

¢ sl 3Uai 6.1
ataliall 7.1

ALl el yall 8.1

g sdall Jpai 9.1
&Jﬂd\ el yat 1001

& sodall a3l Jsaali11.1

G anall aa gl 1 (N Juadl

e 1.2

g ol e dad 2.2

goiall aiisa3.2

:\,!_)\AM.“ @‘jﬂ‘ 4.2

Ladiall 1

Gl shll Can 5.2
S Ay gl 3ia
I Ly sastlt 3ia 2
@Y il 3
J¥ silall 4
Sl @all 5
Gl sl 6
&Il Gl 7
UM‘A“ @;LL-J! 8
u.uJLuJ‘ é.tUa]\ 9
@Ludﬁ L'é.a\.k.“l()
Ol 3l 11




26
27
28
29
30
30
31
32
33
24

36
37
37
37
38
38
38
40
40
40
41
41

42
43
43
44
44
45
45

46
47
48
49
50
51

52
53
53

sl Gl 10
el Gl 13
sie palall Gl 14
e S Gl 15
Slealgll Ccang 50
llall Zgal gl 1
L siall Zgal gl 2
458l dgal gl 3
Al deal gll 4
Rl 5 38 i oy 6.2

LAY Chagll o Gl Juadly
4adia 1.3

(k&Y praaill Can D 3
LY apecatll Jal 1033

Jlal¥ig4.3
Ul Jlea1 1.4.3
Lall Jlaall 243
Ll JaV1 3 4.3
bl 1
gl 2
Joysl 3
Aleadt el gy 5.3
LILEY yaliall 6.3
Glaiall 1,63
Aa glf sladiWi euld Cuarll Cilage 1.1.4.3
O ladYl Cld Carmall i 2.1.4.3
O a3Vl Aaall Qlxi=ll4.1.4.3
flat plates 5.1.4.3
osaall 2,63
se Yl 3,6.3
o=l O 0 4.6.3
Sl 5.6.3
zlov 6.6.3
LY ol jaall 7.6.3
22l Jeal 87 3
<liglali g3

Rl P PP | &l%93



Il

54 Chapter 4 : Structural Design & Analysis

56 4.1 Introduction

57 4.2 Design method and requirements.

58 4. 3 Comparison Between a Thickness of one way and
Two Rib slab

66 4.4 Design of topping

68 4.5 Load calculations for one way Rib slab (R21).

70 4.6 Design of one way Rib slab.

72 4.6.1 Design of positive moment

74 4.6.2 Design of negative moment

75 4.6.3 Design of shear

77 4.7 Design of two way Rib slab.
4.7.1Design of two way Rib slab(s=35)

77 4.7.1.1 Load calculation

78 4.7.1.2 Design of positive and negative
moments.

84 4.7.1.3 Design of Two way for shear

84 4.7.2 Design of two way Rib slab(s=3)

89 4.7.3 Design of two way Rib slab(s=5)

95 4.7.4 Design of two way Rib slab(s=7)

101 4.7.5 Design of two way Rib slab(s=33)

106 4.7.6 Design of two way Rib slab(s=43)

112 4.7.7 Design of two way Rib slab(s=44)

117 4.7.8 Design of two way Rib slab(s=45)

123 4.7.9 Design of two way Rib slab(s=55)

129 4.7.10Design of two way Rib slab(s=57)

136 4.7.10Design of two way Rib slab(s=59)

142 4.8 Design of one way solid slab

143 4.8.1 Determination of thickness of one way
solid slab

144 4.8.2 Load calculation.

145 4.8.3 Design of one way solid slab .

gg 4.9 Design of Flat Plate

153 4.9.1 Determination of thickness for Flat Plate

153 4.9.2 Load calculation..

' 4.9.3 Design of Flat Plate.

157 4.10 Design of Beam (B,54‘1,G)

157 4.10.1 Load calculations

160 4.10.2 Design of positive and negative moments.

166 4.10.3 Design Beam for Shear .



i

38
39
40

168
169

172
172

176
176
177

187
190
190

193
194
194
196
196

199
199
208

4.11 Design of Short Coulmn
4.11.1 Design of Longitudinal Reinforcement.

4.12 Design of Short Coulmn
4.12.1 Design of Longitudinal Reinforcement.

4.13 Design of Isolated footing
4.13.1 Load Calculation.
4.13.2 Design of Isolated Footing.

4.14 Design of Basement Wall
4.14.1 Design of Shear.
4.14.2 Design of Flexure.

4.15 Design of Shear Wall
4.15.1 Design of Shear.
4.15.2 Design for Horizontal reinforcement.
4.15.3 Design for Vertical reinforcement.
4.15.4 Design of Bending moment.

4.16 Design of Stairs
4.16.1 Design of stair posl.
4.16.2 Design of stair pos2.

dotaadl ugd
2014/2013 st ,all Al JMA & g piiall a3l Jganll (1-1) Js>a
Lt 3 gall e gil) 43USY (1-3) Jsan
RN RPN [FEWERE TN Jleall (2-3) dsa>
o s oo pUEY) s sl Jlasl Al (3-3) I



i

10
11
13
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

30
31
32
33

42
43
44
44
45
45
46
47
48
49
49
50
50

50
51
52
52

JIEY
alall ad pall Jilasi (1-2) S
sy Anndl £ )51 (2-2) JS4
sV dadal el Jalaill (3-2) JSE
(A &y sul) (il Ladada (4-2) S
Il 4 puail (34 Jalada (5-2) S
(oY) Gl Lalis (6-2) 0S5
JsY! Gl alada (7-2) JSi
Sl Bl labada (8-2) Jss
G Gilall Jakada (9-2) JS
&IV Gl Lk (10-2) JS&
ouelall Gidall alada (11-2) JSa
bl el lalada (12-2) S
il Blall Jalada (13-2) JS4
Ol Bdall Jalada (14-2) JS
el Blall Jaladia (15-2) dea
Dilall Biall Lalada (16-2) JS4
e galall Giall ki (17-2) 8
e SN Bl Jalads (18-2) JS4

Lllesl dgal W (19-2) s
A giall dgal gl (20 -2) IS4
48 il Agal W (21 -2) Jsa
Ll dgal W (10-2) s

(osall S 21 puslial (1 -3) S
aal gl slad¥) il caaall saie (2-3) JS
CaladY) il Cuaall Baie (3-3) S
and gl slai¥ il Dlnadl wilaiall (4-3) JSa
Cpalai¥) culd Ll calaiall (5-3) JS&
dadaall ciliall (6-3) S
& 9l A Aerdiedll ) gunll 151l (7-3) 4
s Y1 ISl (8-3) s
ol jhaa (9-3) Jsa
clalul! (10-3) Jall

il byl iz (1.10-3 ) Jsa

oY) 3 gl (2. 10-3) a JSA

z oV G i g adaia (11-3) JS&
il s (12-3) U

sl i Snall Il (13-3) dS
( Trusses ) <Uslleall (14-3) s



Fig 4.1: Ground Floor Slab

58

Fig 4.2: One Way Ribbed Slab (R37) and Two Way Ribbed Slab (S35) 58

Fig 4.3: One Way Ribbed slab (R 37)
Fig 4.4: Statically system for (R 37)

Fig 4.5: Section in ribbed slab

Fig 4.6: Two way Rib slab (S 35
Fig 4.7: Detailing of S12

Fig 4.8:Statically system for(S12

Fig 4.9:Statically system for beam.

Fig 4.10: topping load.

Fig 4.11: Typical Section In Ribbed Slab

Fig 4.12: one way Rib slab.
Fig 4.13:Section in one way Rib slab

Fig 4.14:Two way Rib slab plan
Fig. (4-15): one way solid slab
Fig. (4-16): section in one way solid slab

Fig.(4-17): Spans Length of One way solid slab (S6) .

(4-18): Solid (S6) envelope

Fig. (4-19) flat slab in Basement 2 floor

Fig. (4-20) Flat Plate Shape in Safe Program.

Fig. (4-21) Deformed Shape Basement floor.

Fig. (4-22) bottom reinforcement in X-dir. Basement floor.
Fig. (4-23) Bottom reinforcement in Y-dir. Basement floor
Fig. (4-24) Top reinforcement in X-dir. Basement floor.

Fig. (4-25) Top reinforcement in Y-dir. Basement floor.

Figure (4-26) : Geometry Of Column ( C33)
Figure (4-27) : Details Of Column ( C33)
Figure (4-28) : Geometry Of Column ( C106)

59
59

59

60
61

61
62
66
66

68
69

77
142
143

146

147

153

154

155

156
156
157
157
159
172

173



it

Figure (4-29) :
Figure (4-30) :
Figure (4-31) :
Figure (4-32) :

Figure (4-33) :
Figure (4-34) :
Figure (4-35) :

Figure (4-36) :

Details Of Column ( C106)

Details Of isolated footing ( C106)
Tributary Area of one way shear
Tributary Area of two way shear

Isolated Footing details

Basement Wall

Geometry Of Basement Wall (BW1)
Loading and Envelope of

Basement Wall (BW1)

Figure (4-37): Reinforcement Of Basement Wall (BW1)

Figure (4-38): Diagram From ETABS

Figure (4-39): Shear and Moment Diagrams of Shearwall

Figure (4-40): Stair (ST1A)

Figure (4-41): Structural System of Flight

Figure (4-42): Section ofm Landing

176
177
180
182

187
188
189
190

193

194
195
199
201
207



it

it

List of Abbreviations

Ac = area of concrete section resisting shear transfer.

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

Ag = gross area of section.

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

At = area of one leg of a closed stirrup resisting tension within a (S).
b = width of compression face of member.

bw = web width, or diameter of circular section.

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 supports in other cases.

LL = live loads.

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 longitudinal reinforcement.
Ve = nominal shear strength provided by concrete.

Vn = nominal shear stress.



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

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

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 steel.

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

4.1 Introduction.
4.2 Design method and requirements.
4.3 Determination of Slab Thickness.

4.3.1Compare Between a Thickness of one way and Two Rib
slab

4.4 Design of topping.

4.5 Load calculations for one way Rib slab.

4.6 Design of one way Ribbed slab.
4.7 Design of two way Ribbed slab.
4.8 Design of one way Solid slab.
4.9 Design of Flat slab.

4.10 Design of Short Coulmn.

4.11 Design of Long Coulmn.

4.12 Design of Isolated Footing.
4.13 Design of Basement Wall.
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Chapter 4 Structural Analysis And Design

4.1 Introduction:

-Many structures are built of reinforced concrete: bridges, buildings, retaining walls,
tunnels, and others.

-Concrete is a construction material composed of cement (commonly Portland cement) as
well as other cementations materials such as fly ash and slag cement, aggregate
(generally a coarse aggregate such as gravel, limestone, or granite, plus a fine aggregate

such as sand), water, and chemical admixtures.

-Plain concrete is made by mixing cement, fine aggregate, coarse aggregate, water, and
frequently admixtures.

-Structural concrete can be classified into:-

e Lightweight concrete with unit weight from about 1350 to 1850 kg/m’.
e Normal weight concrete with unit weight from about 1800 to 2400 kg/m®.
e Heavyweight concrete with unit weight from about 3200 to 5600 kg/m’.

In This Project, there are three types of slabs: solid slabs, one-way and two-way
ribbed slabs. They would be analyzed and designed by using programs such as Beam D,
Safe, Staad pro. to find the internal forces, deflections , and then hand calculation would

be made to find the required steel for some members.

In this Chapter, we will show the procedure for designing the several structural members
of our project, so we will discuss the steps that we followed to design the Ribs, beams,

slabs.

So, this chapter will contain a sample calculation related to one of the preceding members
contained in this project.All of these members will be designed according to (ACI -318-

code).
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4,2 Design method and requirements:-

The design strength provided by a member is calculated in accordance with the
requirements and assumptions of ACI_code (318_11).

4.2.1 Strength design method:

-In Strength design method which formally called ultimate strength design method, the
service loads are increased by factors to obtain the load at which failure is considered to
be occurring.
This load called factored load or factored service load. The structure or structural element
is then proportioned such that the strength is reached when factored load is acting. The
computation of this strength takes into account the nonlinear stress-strain behavior of
concrete.
_The strength design method is expressed by the following,

Strength provided > strength required to carry factored loads.

NOTE.

The statically calculation and the key plans dependent on the architectural plans.

» Code UBC: ACI 2008.
> Material:-
Concrete: B300 fe'=300%0.8 = 24N / mm* (MPa) For rectangular

........

section.

> Reinforcement steel :-
The specified yield strength of the reinforcement {fy = 400 N/mm? (MPa)

» Mild steel :  A-36.

» Connection Type: Weld, Bolts.

4.2.2 Factored loads:

The factored loads for members in our project are determined by:
Wu = 1.2DL + 1.6 LL ACI — code — 318 — 08(9.2.1).
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4.3 Determination of Slab Thickness:-

4.3.1Determination of The thickness of one way and two way ribbed slab:-
- One Way Ribbed Slab :R37.

Fig 4.1: Ground Floor Slab

Fig 4.2: One Way Ribbed Slab (R37) and Two Way Ribbed Slab (S35)
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54

Check Thickness of one way ribbed slab.

A

2

121

ornh

|
90"

Fig 4.3: One Way Ribbed slab (R 37)

& Statically system for (R 37) :-

A i I\ A 4 VA a 1 LI—‘-—'—2.6
4 2 njrs Ta TS TAN 1) Ul & U & N N A PGS TAN AN TAY S A DL=5.447
¢,G,120 ¢,G,121 CG122 ¢,G123 ¢G4 C,G128
5.61 3.86 3.72 4.69 4.39
Fig 4.4: Statically system for R 37)
& Section in ribbed slab :-
@8@20 cm
- . ; . . =
Q
7777 . 77 o
L AN i
A \ /N 3 @
\ / / \ /N / \ e
7 (IS IIEIILY VI, 7 Tl
s

12 cm 40 cm 12 cm, 40 cm 12 cm,
= 4 3 &

Fig 4.5: Section in ribbed slab
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The overall depth must be satisfying ACI table (9.5.a) for nonprestressed beams or one
way slabs unless deflections are computed.

The minimum required thickness is:-
-Maximum span length for one-end continuous  : L=5.61 m =561 cm.
- hmin for one-end continuous = L/18.5.
Rmin== L/18.5=561/18.5=30.32 cm. .....ccven. control.
-Maximum span length for both —end continuous : L=4.69 m =469 cm.

-hmin for both-end continuous = L/21.

hpin = L/21 = 469/21 = 22.33 cm.

- The controller slab thickness is 30.32 cm.

But by deflection checked it was controlled at 32 cm thickness.

& Check Thickness of two way ribbed slab:

0 Y [
T [ O (o'
}DDDJBQDQDSBDERZM
o A I O Ry T
[ O Y PO
. coood
(S = e |
NooOD |
S 0 o
SRR ' I/ 2
RO - |
s N 1 o
w = BG83
o
&

Fig 4.6: Two way Rib slab (S 35)
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> Two way ribbed slab( S35):-

7.58

27

_
o e S = em e — “3
| ! L
|| Lo
|| S Ky
B o 14
! ™ il
! © P
P} b
P! by
i Lo
i Lo
| L
R Lo
S e <4
i ___Beep______[Oj
A

Fig 4.7: Detailing of S12

> Statically system for (S35) :-

a3p7] snonupuod

D NN N NN NN

Discontinuous Edge

case 3

33p7] snonupuod

continuous Edge

EUREEERRARRRRRARRRNRRSSNRNSNNSSRNNNNAN

o

)

&\\\W\\\\W\\\.\

.w\\\\\.\\“M\\\\\\.\

A

/

Fig 4.8:Statically system for(S12)
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52
> Ribbed slab section :- "
bf = be = 250mm. ET ®
Y 5
{1224+ %)} + 84524 28) o
Yc = - 21.4‘5 cm 4+—p
(12 24) + (8+%52)
Irib = Y(b + h%)/3 R
Irib = [ 52 10.553 40 2.553 12 21.453 ;
rip = * 3 — * 3 + (12 3 ) ;
= 59609.23 cm* el M- L—----ET—-
T i
o ¢ g
| |
Exterior and Interior Beams (B,G,59-- B,G,61- B,G,83- S
B,G,84): 12cn
“—»

> Statically system for beams :-

Exterior bea

Fig 4.9:Statically system for beam.

62



Chapter 4 Structural Analysis And Design

-Exterior Beam (L-SECTION)

DAY
i =
L _ZAY {(50%32)= (48 +2)} + {(25 » 48 + 48/2))
YA (50%32) + (48 *25)

= 46.86 cm

Ib = %(b*h)/3

33.143 1.143 46.86°
Ib ={50=* 3 —125* 3 + (25 * 3 )

= 1464076.21 cm*

JInterior Beam (T-SECTION)

{(80+32)~ (48 + )} + (50 * 48 % 48/2)}
Ye = (80%32) + (48+50)
= 44.65cm
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Slcm R

35.353 3.353
Ib =80 * 3 — 2115 % 3

44.65%
+ | 50 * 3 = 2661188.94 cm* v

» TFor Exterior Beahl

-In Short direction (B,G,84)

645

59609.23(— + 50)
I, = 2 = 427006.78cm*
52
-In Short direction ((B,G,83) ............ L jeft= 645cm
59609.23(% + 80)
I, = 2 = 461398.37 cm*
52
> For Interior Beam
-In Long direction ((B,G,59) ......... L yigne=390cm, .L jopr=678cm
59609.23C2 + 22 4 80)
I, = 2z = 703847.45cm*
52
-In Long direction ((B,G,61) ........ L yight=678cm, .L jory=438cm
59609.23C2 + 28 4 80)
I, = ;2 5 = 731359.4cm*
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35.35% 3.35°
Ib ={80x* 3 -—215*3

44,653
+ | 50 % 3

» For Exterior Beam

In Short direction (B,G-84) ...

>= 2661188.94 cm*

....... I.=645cm

59609.23(%> + 50)

Is =

52

_In Short direction (B,G,83) .....cvvvvve L jepi= 645cm

59609.23(—+ 80)

645

Is

> For Interior Beam

52

S80cm

M

NPE1=s

48 cin

I 2=

= 427006.78cm*

= 461398.37 cm”

-In Long direction (B,G,59) -....vne- L yignt=390cm, L jepe= 678cm

59609.23( + 2 4 80)

390

Iy =

52

= 703847.45cm*

-In Long direction ((B,G,61) ........ L yignt=0678cm, . L jeft= 438cm

59609.23(—-2—- +—F 80

678 | 438
)

Iy =

52

64

= 731359.4cm*
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7.58
3
N~
> a2
i I

1464076.21
3.43

0= =
427006.78
2661188.94
(0.5 =3.64
731359.4
2661188.94

a — —
3 461398.37

2661188.94
o= =378
703847.45

ol+a 2+4+a3+a 4
Oy = =4.155 —— — O(,fm=4155 >

where 0,2

Iniong _ 6.78
_Iniong _ 678 _ 4 g5
6.45

1 n,short

400
6780 (0.8+ ———)
1400~ _ 161.196 mm> 90 mm

h =
™ 36+9(1.05)
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hgseumed=320 mm > 161.196mm — 0K

4.4 Design of topping:

Topping in One way ribbed slab can be considered as a strip of -1 meter width-and a
span of hollow block length (b=40 cm) with both end fixed in the ribs.

Wu
7 e
Z N
40 cm
Fig 4.10: topping load.
4.4.1 Determination of dead load:-
| Tiles3cm
Mortart 3 cm
Coarse Sand fill 7 cri
R Concrete Topping 8 cm
Concrete Block
R Concrete Rib

Plaster 3 cm

[ ] »

[T T s L s Ll T Ll L L
~ | | - /|
| A ¢ s g
p /| 7
7 : ¢ g ¢
¢ 7 ¥ ¢ L
% ] | ¥ 7
T T L s T T Z L L

Typical Section In Ribbed Slab

Fig 4.11: Typical Section In Ribbed Slab
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Dead load calculations:

Dead load from: dxyx1 KN/m
T Tmles a0y = s
emGand o0e T e
~ Topping 0082 2
o pariions S T TA L e 23
D 6.77

Table (4.1)Calculation of one way dead load
Live load :
L, =5 KN/m* —— % Ly =5 KN/m’ x Im= 5KN/m
Factored load :
Wy = 1.2 x6.77 + 1.6x5 =16.124 KN/m.

» Check the strength condition for plain concrete, oM, > M,, where @ =0.55.
Mn = 0.42 £&f] SM s cev v v wn(ACI 22.5.1, equation 22-2).

= 1066666.67 mm>.

. b.R? _ 1000x802
S,,(modulus of cross section of slab) = —

gMn = 0.55 X 1 X 0.42 X V25 x 1066666.67 X 10~ = 1.232KN.m

2 0,42 .
-Mu = W;‘; = 16'12142 94 _ 0.215 KN.m(negative moment).

gMn >> Mu = 0.215KN.m

No reinforcement is required by analysis. According ACI 10.5.4,provideA; minfor slabs
as shrinkage and temperature reinforcement.

Penrinicage = 0-0018uurvnrrenrens ACI7.122.1
As = p X b x htopping = 0.0018 x 1000 x 80 = 144 mm? /m strip.
Try bars 8 with As=50.27 mm?.

As 144
Bar numbersn= = =287 ceiiiinns take 3 bars.
AS(g8) 50.27

> Step (s) is the smallest of:
1. 3h = 3% 80 =240 mm. ... control .......... ACI10.5.4
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2. 450mm.
= mon(280 _ 280 _
3. S —380(—};—) —2.5C, = 380 (_2_400) —2.5.20 = 349mm
but.......

iresencaseren ACI10.6.4

4.5 Load calculations for one way Rib slab

Shrinkage & Temperature Bars

One Way RibShb -

Topping..

o -14 em
Hotlow Block ¢ 24 ¢ms

Fig 4.12: one way Rib slab.

The effective flange width (bs), according to ACI 8.12.2 is the smallest of:

= pe < % — 37207400400 _ 29420 = 730 mm L: is the span of the rib.

4

= be < bw +16hf = 120+ 16 x80 = 1400 mm.

= be < center to center spacing between adjacent beams = 400 + 120 =
540 mm. ...... Control

A

Requirements For Slab Floor According to  ACI- (318-08) .
e bw = 10CcM e ce i e e v e e ACI(8.13.2)
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ACI(8.13.2)

e h < 3.5*bW
|

o tf = L1/12 2 SOMM oo e ers oo e e en e ACI(8:13.6.1)

Unit width (by) = bw + block+- block

by= 12 +5- 40+ 40 =52 cm

Select bf = 52cm

<+ Secn _»

bw=12 cn
«—P
Typical Section In Ribbed Slab

Fig 4.13:Section in one way Rib slab.

Dead load calculations:

24

Dead load from: dxyxDbe KN/m

o Osxzzxo R - .

o Table (4.2)Calculation of one way dead load
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¢ Moment/Shear Envelope (Factored):

[

liomentiShear Envelope (Factored) Units:kM meter

Moments: spans 1to &

-14,

-13.4

A. 49 0%y {_lﬁ
Kt 3 I 'b = — i, t
0.8711.21 h\—/ 0. \/ x
8 6.4 o.iﬁﬁ b ogat—
10.2 126 -
28.8
| 224 7 3.37 | 222 : .

17.3
154 | 167 | 205 | 235 | 235 | 283, 178 |
Shear
-35.7
285 244 20' -27.3 102
-18.4 . -20. -19.
H +—1— 1t 1t et H
— A
s e 20.6 20.1 250 " 17
« Reactions:
Reactions
Factored
[ " R g ol b el
1 IRE (] 11 T T
DeadR 1489 38,26 19.37 2812 33.83 11.08
LixeR 9.96 254 18.9 AW 2242 8.13
MaxR 24,86 63.67 3827 49,39 56.25 19.23
MinR 14.41 4525 21,55 3343 43.3 10,02
Service
DeadR 1241 31.89 16.44 23.43 2819 9.24
LiveR 6,23 16,88 1.81 13.3 14,01 5.08
MaxR 18.64 47,76 21.95 36.73 422 1433
MinR 1241 36.25 115 26.56 2442 8.57
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% 4.6.1 Design for positive Moment for Rib (R37)

» Mu (max.positive moment) = 28.8 KN.m.
Assume bar diameter ¢12 for main positive reinforcement.

d 2
d = h — cover — dstirrups —-717 =320-20-10 -5 = 284 mm.

> Check if a>hs to determine whether the section will act as rectangular or T_
section,

. hy
My = 0.85.f.be.hy. (d = D)

80

Mi,p=0.85 x 25 x 520 x 80 x (284 — 2) x 1076 = 215.696 KN.m

M 28.8
M, —== =32 KN.m,
6 09

-The section will be designed as rectangular sectionwith b =520 mm.

o M _ 288X10° o0
"= 3bdZ 0.9 X 540 x 2862 pa.
m=-—22_=_%0 __ 4587

T 0.85f]  0.85x25

_af. [, _2mRy\_ _1 |4 _ 2x1882x07629)\ _
P=m (1 1= ) T 1882 (1 \/1 400 ) = 0.01943

As = p.b.d =0.001943 x 520 X 284 = 286.94 mm2.

» Check for Ag min.
Jf 1.4
f“bw.d >—b,,.d

As,min = 0.25 >
fy fy

V54
As,min = O.ZSW 120 x 282 = 106.5 mm?

1.4
As,min = 4—0-6120 X 284 = 119.28 mm? .... Control.

As,required =286.94 mm?’.> As, min = 119.28 mm?

72



Chapter 4 _ Structural Analysis And Design

» Check for strain:

As.f 307.9x400
=2 = = 11.139mm
0.85b f!  0.85%520%25

_a _ 11139 _
c= 5= 0ss 13.105 mm

= 0.003 (d — C) = 0.003 (284 — 13'105> — 0.062 > 0.005 Ok
g = 0. —)=0. 13105 = 0. 005 ...

> Design for positive moment Mu = 12.6 KN.m

_Assume bar diameter $12 for main positive reinforcement

d 12
d = h— cover — dstirrups —-z—b =320—20—-10— - = 284 mm.
Mys = 215.696 KN.m

Mnf>>£%=—%—-6*14 KN.m, the section will be designed as rectangular sectionwith
b =520 mm.
R = M, 12.6 x 10°
"7 @bd? 0.9 x 520 x 2842

f; 400
m= —-—y—, = ——=18.82
0.85f;  0.85%25

_ifq_ |q_2zmBRn) _ _1 |4 _2x1882x0334) _
p= m(l 1 > — <1 \/1 ETTE ) = 0.000842

— 0.334 Mpa

400 | 1882
As = p.b.d = 0.000842 x 520 X 284 = 124.35 mm?.

» Check for Asmin.

As,min 119.28 mm? .
As, required =124.35 mm*> As, min = 119.28 mm?

» Check for strain:-

Ast 157.08x400
=t = = 5.69mm
0.85b f]  0.85%520x25 )

a 5.69
c=—=—=6.69mm
B, 085
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d—c 284 — 6.69
& = 0.003 (——;—) = 0.003( 569 ) = 0.124 > 0.005 ...... Ok

Note: All spans with positive moments less than 12.6 KN.m will
bereinforced with 2$10

& 4.6.2 Design for negative Moment for Rib (R37)

» Mu = 22 KN.m.( maximum negative moment at the face of support —~ACI

8.9.3)

_Assume bar diameter ¢12 for main negative reinforcement.
. dp 12
d = h — cover — dstirrups — > = 320 —20-10— - = 284 mm.

R = M, 22 x 108
n T BbhdZz ~ 0.9 x 120 x 2842

o= _}_(1 _ - 2.m.Rn> _ 1 (1 B ﬁ_ 2x18.82x2.526> — 0.00674
m J 420 18.82 400

As = p.b.d =0.00674 X 120 x 284 = 229.699 mm?

= 2.526 Mpa.

» Check for Agmin-

As = 229.699 > As,min = 119.28 mm? — OK

» Check for strain:

As, 307.88x400
=y = — 48.269mm
0.85b f  0.85x120X25

48.269
0.85

= 56.79 mm

C"a"'
__.Bl

d—c 284 — 56.79
£, = 0.003 (T) — 0.003 ("—36—7?——) — 0.0149 > 0.005 Ok
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> DesignforMu = —14.0Kn.m

Assume bar diameter ¢p12
d 12
d = h— cover — dstirrups — —2-2 =320—-20—-10 -5 = 284 mm.
M, 14.0 x 10°
R, = 1.61Mpa.

= Dbd? _ 0.9 x 120 x 2842

_afg_ [y _zmRa) _ _1 [y _2assixi61) _
p= m<1 1 =00 > T 1882 (1 \/1 400 ) = 0.00419

As = p.b.d =0.00419 x 120 X 284 = 142.79 mm?

» Check for As minimum:-

» Check for strain:

Asf 157.08%400
=Y = = 24.64 mm
0.85b f]  0.85x120x25

c=—= 240% = 2899 mm
B, 085
d—c 284 —28.99
g = 0.003( ) —0. (—W—) — 0.0264 > 0.005 ... 0k
Note: All spans with Negative moments less than 14KN.m will be
Reinforced with 2610

& 4.6.3 Design of Rib for shear

Shear strength V., provided by concrete for the joists may be taken 10% greater that for
beams. This is mainly due to the interaction between the slab and closely spaced ribs.
(ACI, 8.13.8)

From shear envelope diagram: V,, = 28. 5 KN
1.1 1.1
Ve = —6—1{\/7;’de = ——é—-\/—Z—S— % 120 x 284 x 1073 = 31.24KN

gVec = 0.75 x 31.24 = 23.43 KN
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1 1
Ve.min = E—ﬁjbwd = -1-gx/2€ x 120 x 284 x 1073 = 10.65KN

1 1
Vsmin = —?;bwd =3z 120 x 284 x 1073 = 11.36 KN — control

g Ve <V, <o(Ve+ Vimin)

6 Vc=23.43 < V,=28.5< #( Ve + Vg in)=31.95 —Case3

minimum shear reinforcement is required (Aymin)

Use stirrups U — shape (2 leg stirrups ) $8 Av = 2 X 50.24 = 100.48mm?2.
If V, <V,

V=V, - V. =V,/ - V,=28.50.75-31.24 =6.76 KN

Then

N
N
0]
=

d
Smax <5 < 600 mm  Smax =

= 142 mm — control

» Check for Vs pmin: —
-Vsmin=11.36 KN

-Srequireq = Minimum of :

34,fye 3% 100.48 X 400

b, 120 = 1004.8 mm

16Apfyt _ 16X100.48X400
= = 1071.79 mm—.......cccu.....
by\25 120X+/25

Take S=140 mm

control
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°
°

4.7 Design of two Way Ribbed slab

°
°

4.7.1 Design of two way Ribbed Slab (S35)

.
A

3,146 [e.G,130

B A W W O B [ I

.-‘jj_,w,SZﬂJDﬁ DS

\

)4
~

r"t*
L.J

E]

M

{
[ —

Two way Rib slab plan.

o
°

Fig 4.14

4-7.1.1 Load Calculation

» Determination of Dead load

S2cm

e
Wozg

40cm

40cm

12cm
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Dead load from: W =qyxV KN
Tiles o0, 03x23x0. 522, 0487
 Coarsesand 0. 07x16%0. 52 0303
‘Topping o 0.08x25x0. 522 0541
_ Interior partitions 23x052> 0 0622
o RC rib - 0 24><25><0 12x(0. 52+O 49  0.662
~ Hollow Block 0. 24x9x0. 4x04 0.346
Plaster 0 03><22><() 522 S 0 179

Table (4.3)Calculation of two way dead load

Total Dead Load = 3.02 KN

3.02
B e z i = 2
DL = 052 %052 11.17KN/m Total live load = 5 KN/m

> Determination of factored dead & live load
Factored dead load = 12 % Dead load = 1.2 X 1117 = 13.404 KN/m?.

Factored Live load = 1.6 X live load = 1.6 X5 = 8 KN/m?

> 4.7.1.2Design for Positive and Negative Moment:-

Dircontinuous Edge

case 3

continnous Edge

Dicontinnons Edge

R N N R NN
continmonz Edge

feorrzisn

YR R R R R S RIS N
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> Moments calculations
Ma = Cawla®?bf and Mb = Cbwlb*bf

e Negative moments:_
la
Ca’neg(-l-l; = 0.95) =0
Ma,neg =0
la
Canea (ﬁ)— - 0.95) — 0.072

Mppey = 0.072 + 21.404 * 6.78%+%0.52 =35.8 Kn.m

e Positive Moments:-

la
Ca,dl (l—b“ = 095) = 0021

Maposar = 0.021 + 13.404 * 6.45% + 0.52 = 6.09KN.m

Cou (52 = 0.95) = 0.031

Mg posn = 0.031 % 8 « 6.45%+0.52 = 5.37KN.m
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la
Coar ('[E - 0.95) — 0.035

My posat = 0.035 % 8 + 6. 782 %0.52 =8.01 KN.m
Cout (5 = 0.95) = 0.029

My posy1 = 0.029 * 8 % 6.78% x 0.52 = 5.55KN.m

, , , 1 .
> Negative moments at Discontinuous edge (5 positive moment):

1
Mo negeage =7 * 11.46 = 3.82 KN. m/rib

1
My negeages =3 * 13.56 = 4.52 KN. m/rib

e Short Direction:
» Design for positive moment (Mid Span)Mu = 11.46 KN.m
» bf =520mm.

Assume bar diameter ¢p14 for main positive reinforcement.

. dp 14
d = h— cover — dstirrups -5 = 320—-20-38 -5 = 285 mm.

M, _ 1146X 106
~ @bd% ~ 0.9 x 520 x 2852

Ry = 0.30 Mpa.

_fy 400 _
M = G8src’  085:24 19.61.

p,__l.(l [ _El"._R__) =__1._<1_J1 _?.MEE) = 0.00076
m 400 19.61 400

As = p.b.d =0.00076 X 520 X 285 = 112.632 mm?
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e Check for As,min..

NI 1.4
by.d = —by,.d
fy w f;y w

As, min = 0.25

0.25% 120 x 285 = 104.72 mm?

e As,min
o As,min = ﬁmo % 285 = 119.7 mm? .. Control.

As,required = 112.632 mm?< As,min = 119.7 mm? OK

Use $10 with As= 78.54 mm? .

As 112632 _ 1o o

n

Asp10 785

e Check for strain:

_ Aspy 0 157x400
0.85b f/ ~ 085x520x24 5.92mm
a 592 _
c= %'1‘ =585 6.96 mm
= 0.003 (d - C) = 0.003 (285 — 6'%) = 0.119 > 0.005 Ok
b =V P A 696 /) :

e Check spacing :

S = 1zo—zox2~fx2—(2><10) =44mm>25 OK

> Design for Discontinuous edge

1
Ag = FAspos = 3+157 mm? = 67.48mm? < As,min = 119.7 mm?
Provide As, min = 119.7mm?
__As 197,
" Asplo . 785 -
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> (Design for negative moment), Mu = —35.8 KN.m
Assume bar diameter ¢14 for main positive reinforcement.
d 14
= h — cover — dstirrups — —-2-1-’- =320—20—-8— - = 285 mm.
M, 35.8 x 10°

Rn = GhdZ = 99 x 120 x 2857

= 4.08 Mpa.

__fy 400
T 0.85 fc’  0.85 * 24

1 2mB,\ 1 _ [, 2x1961x408) _
P‘E(l“ 1- 400 )_19.61<1 \/1 400 )"0'0115

As = p.b.d =0.0115 x 120 x 285 = 393.3 mm?

m

= 19.61

e Check for As,min..

As,min = 119.7 mm?  control .
o As,required = 393.3 mm? >A4s,min = 119.7 mm? ok

Used16 with As=201.1 mm? .

_ As 393.3=1.95z2.

n fusund
Asp16 2011

e Check for strain:

_ Asfy _ 402.2x400
a 0.85b f] ~ 0.85x200%x24 65.72 mm
_ _a_ _ 65.72 _
= =22 = 77.32mm
= 0.003 (d - C) = 0.003 (285 — 77'32) — 0.0081 > 0.005 Ok
& =0 c )Y 7732 )" '

e Check spacing :

g = 120-20x2-8x2—(2x16)
1

=32mm > 25 OK
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4.7.1.3 Design of Two way Rib for shear

l l
W, (l% - o.95) —0.20 Wb ({-;- - 0.95) — 0.80

e The total load on the panel being (6.45 X 6.78 X 21.404 = 936.09 KN)

e The load per rib at face of the long beam is (0.2 X 936.09 X 22'65278

7.18 KN)

Vud = 7.18 - 21.404 x 0.52 X 0.285 = 4.01 KN

11 - 1.1
Ve = —é-AJ?wad = —é—\/EE % 120 x 285 x 1073 = 31.35 KN

gVec =0.75 x 31.35 = 23.51KN.
05¢Vc =05x%2351=1176 KN
0.586Vc <V, <gVc —Case2

No shear Reinforcement is required ...............the the thickness of the slab is
adequate enough.
Even, if 0.5 Vc <V, < gVc for ribbed slab,the the thickness of the slab is adequate

enough.

4.7.2 Design of two way Ribbed Slab (S3):-
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4.7.2.2Design for Positive and Negative Moment:-

Discontinuous Edge

s

’

Z
@ Z
=5 7
~ 7 -
= S

7 oL
- 7]
= A
S A

7 -
= , A
E case 7 A
B s, -
= -
3 72
x 7 bt
= /?,: o

7

7

Discontinuous Edge

R

pasas
s

Di=12.44 KN. LL=8 KN.

> Moments calculations

> Ma = Cawla®bf and Mb = Cbwlb*bf

la 938 _

[ ———

b 1244

o Negaive moments:_

la
Ca'neg('[g =0.75)=0
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la
Ca,neg(-l-l; =0.75)=0

Mgneg = 0 Mpneg = 0

e Positive Moments:-
la
Coal (l_b = 0.75) =0.061
My posa = 0.061 % 12.44 +9.38% x 0.55 = 36.72KN.m

la
Can (—l-l-)- = 0.75) = 0.061

My pos st = 0061 % 8  9.38%  0.55 = 23.62KN.m

l
Cb,dl (i% - 075) = 0019

Mppos.a1 = 0.0019 * 12.44 12.44% % 0.55 = 20.12KN.m

la
Cb,ll (“ﬁ)‘ - 075) = 0019

My o5y = 0.019 * 8  12.44% x 0.55 = 12.94KN.m

, , , 1 v
> Negative moments at Discontinuous edge (5 positive moment):

1
Manegedge = 3 * 60.43 = 20.14 KN. m/rib

1
My negedges =7 * 33-06 = 11.02KN. m/rib
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> Design for Positive and Negative Moment:-

e Short Direction:

> Design for positive moment (Mid Span)Mu 60.34KN.m
» bf =550mm.

Assume bar diameter $18 for main positive reinforceme——=—"21.

, dp 18
d = h— cover — dstirrups ——== 400-20—-8—— o = 363 mm.
R = M, 60.34 x 106 0.93 M
n=0bdZ 0.9 x 550 x 3632 pa- "
0.85 fc’ 0.85 * 24

o= #(1 _ - 2.::).1;71) _ 191.61 (1 _ ’1 _ 2x19f01;<0.9g j — 0.00238

As = p.b.d = 0.00238 X 550 X 363 = 475.167 mE—==

e Check for As,min..

) Jre 1.4
As,min = 0.25+—by.d =Z=— ——by.d
y y
o V24 =
e As,min = 0.25-‘;’-0—0 150 X 363 = 166.72 mn —==—

o As,min = %150 363 = 190.58 mm? ..C—— ontrol.

As,required = 475.167 mm? > As,min = 190.58 —=—m* OK

Use $18 with As= 254.47 mm? .

As 475.167
= = =186~ 2.
Asd14 254.47 1 2

n

e Check for strain:

Asf 508.94%400
== = 18.14 mm
0.85b f  0.85X550x24
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o= & =B _ 21 34mm
B, 085
— 0.003 (d - C) — 0.003 (363 — 2134) — 0.048 > 0.005 Ok
& =T c )T n3a ) :

e Check spacing :

S = 150—20x2—f><2—(2><18) — 58 mm > 25 0K

» Design for Discontinuous edge

1
As = Aspos = 3 +508.94 mm? = 169.65mm? < As,min = 190.58mm?
Provide As, min = 190.58
As 190.58

= ol = 1.68

n

e Long Direction
» (Design for positive moment (mid span )) , Mu = 33. 06 KN.m
Assume bar diameter ¢16 for main positive reinforcement.

, dp 16
d = h — cover — dstirrups -——2-=400—20—8-——2—= 364 mm.
R = M, 33.06 x 10° 05 M
"= Ghd? — 09 X550 X364 P

_ fy 400
M =085fc 085 *24

As = p.b.d =0.00127 X 550 x 364 = 254.25 mm?

=19.61

e Check for As,min..

As, min = 190.58 mm?  control .
o As,required = 254.25mm?*>As,min = 190.58 mm?
OK
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Use $14 with As= 153.94 mm? .

g As_ _ 25425 _ 4 s o

Aspl4 15394

e Check for strain:

_Asfy 307.8x400
A7085b s,  085x550x24 10.97 mm
_a _ 1097
c= 5= o8 1291 mm
= 0.003 (d — C) —0 (364 _ 12'06) = 0.00875 > 0.005 0k
&= c ) 1206 /) '

e Check spacing :

<= 150—zox2-fx2—(2><14) =62mm>25 0K

> Design for Discontinuous edges

1

A = Aspos = 3 *254.25 mm? = 84.75 mm? < As, min = 190.58 mm?
Provide As, min = 190.58 mm?

_As _190.58

T Asd12 1131

n = 1.68

e

4.7.3 Design of -two-way Ribbed Slab (S5):-
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4.7.3.1Design for Positive and Negative Moment:-

Discontinuous Edge

case 7

Discontinuous Edge

N R R A N SRR

Discontinuous Edge

Di=12.44 KN.

> Moments calculations

» Ma = Cawla?bf and Mb = Chwlb?bf

la 742 0.80
b~ 922

e Negaive moments: _

la
Caneg (E = 0.80) =0

la
Coneg (EE = 0.80) = 0.051

90
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LL=8 KN
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Mp ey = 0.051 * 20.44 + 9.22%  0.55 = 48. 74KN.m

e Positive Moments:-

la
Coar (E = 0.8) = 0.045
Mg posar = 0.045 + 12.44 = 7.42% x 0.55 = 16.95KN.m

l
Can (Z% = 0.8) = 0.051

M =0.061+8+%7.42%2 x0.55 = 12.35KN.m

aposll —

l
Coar (i% - 0.8) = 0.022

Mpposar = 0.0022 + 12.44  9.222 x 0.55 = 12.79KN.m

z
Cou (i% = 0.8) = 0.023

Mpposu = 0.023 + 8 % 9.222 x 0.55 = 8.61KN.m

> Negative moments at Discontinuous edge (§ positive moment):

1
Monegeage = 3 *29-3 = 9.77 KN.m/rib

1
Mpnegedges =3 * 21.4 = 7.13KN.m/rib
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Chapter 4 structural Analysis And Design

> Design for Positive and Negative Moment:-

e Short Direction:
> Design for positive moment (Mid Span)Mu = 29. 3KN.m
» bf =550mm.
Assume bar diameter ¢ 14 for main positive reinforcement.
d = h— cover — dstirrups ——-C;—b = 400—-20—-8 ——1;- = 365 mm.

= M, 293X 106
n = Pbd? 0.9 x 550 X 3657

= 0.444 Mpa.

B fy 400
M=085fc 085 x24

o= }.(1 _h _2_-"1-511> = _1__(1 — \F_ ZEM> = 0.001122
m 400 19.61 400

As = p.b.d =0.001122 X 550 x 365 = 225.24 mm?

=19.61

e Check for As,min..

| JF 14
As,min = 0.25——Dby.d = —by.d
fy fy
e As,min = 0.25% 150 X 365 = 167.64 mm?

e As,min = %150 % 365 = 191.63 mm? .. Control.

As,required = 225.24 mm? > As,min = 191.63 mm? OK

Use $p12 with As=113.1 mm? .

As 225.24
n=————= =199= 2.
Asdp14 1131 1.99

e Check for strain:

_ Asfy _226.2x400

- = = 8.06 mm
0.85b f¢ 0.85X550%24
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=2 = 806 _ 95 mm
B, 085
d—c¢ 365 — 9.5
g, = 0.003 (—-—C-—) = 0.003 (-——-—9—5——) =0.112 > 0.005 0k

e Check spacing :

g = 150—20x2—fx2—(2x12) _70mm>25 OK

» Design for Discontinuous edge

1
As = —;-As,pos =3* 226.08 mm? = 75.36 mm? < As,min = 191.63mm?

Provide As,min = 191.63
_As__ 19163
= Asplz 1

1.69

e Long Direction
> (Design for positive moment (mid span )) , Mu = 21.4KN.m
Assume bar diameter $14 for main positive reinforcement.

. dp 14
d =h— cover — dstirrups ——== 400 —20—8 -5 = 365 mm.
R = M, = 214X 106
n = Bbd? 0.9 x 550 X 3657

= 0.324 Mpa.

oy 400
M =085fc 08524

g [ _zmBn) L [ _2x1961x0324) _
p= m(l 1==re ) = Tom <1 Jli e ) = 0.000817

As = p.b.d = 0.000817 X 550 X 365 = 164.012 mm?

=19.61

e Check for As,min..
As, min = 191.63 mm?  control .
o As,required = 164.014 mm? < As, min = 191.63 mm? use As, min

Used12 with As= 113.1 mm? .

0= As 19163 _
Aspl2 1131

1.69 ~ 2.
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=
i

e Check for strain:

_ Aspy _226.2%x400

- = = 8.06 mm
085D fi _ 0.85X550%24
a 8.06
c=—=—=9.5mm
. T 085
d—c 365 — 9.5
£, = 0.003 (-—C—-) - 0.003( — ) 0112 > 0.005 Ok

e Check spacing :

S = 150—20X2—;3><2—~(2X12) - 70 mm > o5 0K

>
» Design for Discontinuous edges

1
As = Aspos = 5+22608 mm? = 75.36 mm? < As,min = 191.63 mm”

Provide As, min = 191.63 mm?

> (Design for negative moment ) , Mu = —48.74K N.m
| Assume bar diameter ¢p14 for main positive reinforcement.
d 14
d = h — cover — dstirrups —-21—’- =400—-20-8 -5 = 365 mm.
R = M, 48.74 x 10°
n = 9bdz 0.9 x 550 X 3657

= 2.71Mpa.

_ fy 400
M=085fc 0.85x 24

=_1..<1_ 1_2-_%>=_1_.(1_J{._M>=0.007297
| m 400 19.61 400

As = p.b.d =0.007297 X 550 X 365 = 399.5 mm?

=19.61

e Check for As, min..
As,min = 191.63 mm?  control .
o As,required =339.5 mm? > As,min = 191.63 mm* ok



Il

1

Chapter 4  Structural Analysis And Design

Used16 with As=201.1 mm? .

n=25_ - 35 _160~2.

e Check for strain:

_Asfy  401.92x400
A= 085b s,  085x150x24 52.54mm
o= 2 =323 _ 6181 mm
B, 085
365 —61.81

d—c
& = 0.003 (*"C—') = 0.003 (—m-) = 0.0147 > 0.005

e Check spacing :

<= 150—2ox2~f><2—(2><16) =62mm>25 0K

4.7.4 Design of two way Ribbed Slab (S7):-

95

Ok



i

Chapter 4  Structural Analysis And Design

4.7.4.1Design for Positive and Negative Moment:-

N Discontinuous Edge

- A
Ak 2
| B Zfﬂ
r T
i@ case 3 A
- 2
P 2
48 és
| continuous Edge Z

7.

e A

f‘7///////f’f//x.
=8

DL~=12.43 KN. LI=8KN.

> Moments calculations

> Ma = Cawla®bf and Mb = Cbwlb®bf

la _63 _ 472 ~080
80 T

e Negaive moments:_

la
Caneg (E = 0.80) = 0.061

Mgpeg = 0.061 x 20.44 * 6.32%0.52 = 25.73KN.m

la
Chneg (Tl; = 0.80) =0

M bneg = 0
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e Positive Moments:-

la
Coal (ZE - 0.80) = 0.034

My posar = 0.034 % 12.43 6.3%2+0.52 =8.72KN.m

la
Cout (TE - 0.80) — 0.045

Mg posit = 0.045 8 + 6.3% x 0.52 = 16.99KN.m

l
Cb,dl (i% = 080) = 0.02

Mp pos,ar = 0.02 x 12.43 = 82+ 0.52=8.32KN.m

z
Cou ('i% - 0.80) = 0.022

My pos i = 0.022 + 8+ 82+ 0.52 = 5.86KN.m

> Negative moments at Discontinuous edge (% positive moment):

1
Monegeage =3 * 1418 = 4.727 KN.m/rib

> Design for Positive and Negative Moment:-

e Short Direction:
> Design for positive moment (Mid Span)Mu = 16.15KN.m
» bf =520mm.

Assume bar diameter ¢p14 for main positive reinforcement.
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d 4
d = h — cover — dstirrups ——Ell =320—20-8 -5 = 285 mm.
M, 16.15 x 10°

= = = 0.4 .
Rn = Ghaz = 0.9 x 520 x 2852 0425 Mpa
= fy = 400 = 19.61
Mm=085fc 085+24
— l‘(l _ 1 _ Z.m.Rn> — ___1_<1 _ \/1 _ 2X19.61X0.425> — 000107
m 400 19.61 400
As = p.b.d = 0.00107 x 520 x 285 = 158.57 mm?
e Check for As, min..
, Ji'e 1.4
As,min = 0.25 by.d =—hby.d
fy fy
o As,min = 0.25;/:—23 120 285 = 104.72 mm?
e As,min = :}1—(';%120 % 285 = 119.7 mm? .. Control.
As,required = 158.57 mm? > As, min = 119.7 mm? OK

Use 12 with As= 113.1 mm? .

As 158.57 _ 1.40 ~ 2.

n-—— =
Asdp14 113.1

e Check for strain:

_ Asfy 2262x400
0.85b f,  0.85x520x24 8.52mm
_a _ 852
c= 5= oo = 10.02 mm
—~ 0.003 (d — C) = 0.003 (285 — 10'02) — 0.082 > 0.005 Ok
& =5 c ) 1002 /) ‘
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e Check spacing :

g = 120—20x2-fx2—(2><12) =40mm > 25 OK

> (Design for negative moment ), Mu = —25.73KN.m
Assume bar diameter ¢14 for main positive reinforcement.

. dp 14
d = h — cover — dstirrups -5 = 320—20—8 -5 = 285 mm.
M, 25.73 x 10°

Rn = 3pd? = 0.9 x 520 x 2852 . 2 23Mpa-
Sy A0 5m
Mm=085fc  085+24
_af. oy _zmRy\ _ 1 . [ 2x1961x293) _
P="n (1 1 400 ) T 1961 (1 \/1 400 ) = 0.0079
As = p.b.d =0.0079 X 520 x 285 = 270.18 mm?
e Check for As, min..
As,min = 119.7 mm?  control .

e As,required = 270.18 mm? > As,min = 119.7 mm? ok
Used14 with As= 153.94 mm? .

As 270.17
n= = =176~ 2.
Aspl4  153.94 76

e Check for strain:

_ Asfy _ 307.9%x400

= =50.3mm
0.85b ff  0.85X520%24
a 50.3
c=—= = 59.188 mm
B, 0.85
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= 0.003 (d - C) = 0.003 (285 — 59'188) = 0.011 > 0.005 Ok
& = c )T 59188 /) '

e Check spacing :

- 120—20x2-f><2‘(2><14) =32mm>25 OK

e Long Direction
> (Design for positive moment (mid span)), Mu = 26.33KN.m
Assume bar diameter ¢ 14 for main positive reinforcement.

. dp 14
d = h— cover — dstirrups -5 = 400 —20—-8— - = 365 mm.
R = M,  2633X 106 04l M
"= BbdZ 09X 5503652 P
fy 400
=19.61

M =085 c 08524

N

pzi(l_ ) _m> =_1_.(1_J1_?.>i.1.?.-.6_12£9ﬂ) — 0.0011
m 400 19.61 400

As = p.b.d =0.0011 x 550 x 365 = 200.75 mm?

e Check for As,min..
As, min = 191.63 mm?  control .

o As,required = 200.75 mm?>As,min = 191.63 mm?

Used12 with As= 113.1 mm? .

As_ _ 20075 _ 4 om0

n

Asdp12 1131

e Check for strain:

Asy 226.2X400 |
L= = 8.06 mm
0.85b f§  0.85X550x24
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c= 5‘1' = 6?5- = 9.5 mm
d—c 365 —9.5
£, = 0.003 (—C—) = 0.003 (——53——) =0.112 > 0.005

e Check spacing :

150—20%2—-8%2—(2%x12)
1

=70mm > 25 OK

S =

4.7.5 Design of two way Ribbed Slab (S33):-

Ismainsabampe - i -

-

o238 B273 [EHajpge L
O T

XF‘} mtgkgﬁgﬂf@‘?r”fﬂm -

[]HD.H_;:EL‘
auﬂuﬂﬁﬁuuumgg
| O I
}LJE ar‘w ‘"TL uﬁ@é 1
zi s’ \\L_JL ,Jz.__)u Lj‘”'[
UDB ]
JL,J‘ 1mD

ﬁDE‘lﬂ“u:’T
I O O S,
L O [
c259 B,2.72

bt £L‘z‘0

4.7.5.1Design for Positive and Negative Moment:-

Discontinuous Edge

B $
= =
w

£ case 1 5
= E
] e
2 2
a (=]

Discontinuous Edge
.

o2 /

101

0k



Chapter 4  Structural Analysis And Design

DL=12.44KN. LL=8KN.

> Moments calculations

» Ma = Cawla®bf and Mb = Cbwlb?bf

e Negaive moments:
la
Caneg G = 0.95) =0

la
C“'“eg(l_b =0.95)=0

M aneg — 0 M bneg — 0

e Positive Moments:-

la
Caal (iE = 0.95) = 0.036

Mqposar = 0.036 + 12.44 6,912 x 0.52 = 11.12KN.m

la
Can (TE = 0.95) = 0.036

Mg posy = 0.036 % 8 % 6.912 x 0.52 = 7.15KN.m
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la
Coar (ﬁ; - 0.95) ~ 0036
My posat = 0.036 * 12.44 + 7.227 x 0.52 = 12.14KN.m

la
Cou (75 - 0.95) — 0.036
My posy = 0.036 %8+ 7. 22%2%0.52 =7.81KN.m

> Negative moments at Discontinuous edge (% positive moment):

1
Mg negedge = 3 %*18.27 = 6.09 KN.m/rib

1
My negedges =3 * 19-95 = 6.65KN.m/rib

> Design for Positive and Negative Moment:-

e Short Direction:
> Design for positive moment (Mid Span)Mu = 18.27KN.m
» bf =520mm.
Assume bar diameter ¢p14 for main positive reinforcement.
d = h— cover — dstirrups —Elzﬂ =320—-20—-8- }—; = 285 mm.

_ M,  1827X 106
T @bdz 0.9 x 520 x 2852

R, = 0.481 Mpa.

fy 400
0.85 fc'  0.85 * 24

_ _1_(1 _ 1= Z.m.Rn> _ 1 (1 B ﬁ_ 2><19.61><0.481) — 0.001217
m 400 19.61 400

As = p.b.d =0.001217 x 520 x 285 = 180.359 mm?

=19.61

m =
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e Check for As,min..

o fe 1.
As,min = 0.25 by.d = —by.d
fy fy
o As,min = 0.25% 120 X 285 = 104.72 mm?

o As,min = ;1-3‘%120 % 285 = 119.7 mm? .. Control.

As,required = 180.359 mm? > As, min = 119.7 mm? OK

Use 12 with As= 113.1 mm? .

As 180.359
= = =159~ 2.
Asd14 113.1

n

e Check for strain:

Asf 226.2%400
e — : = 36.94mm
a0 8sp ! 0.85x520%24 6.9

a 3694
c=—= = 43.46mm
B, 085

d—c 285 — 43.46
&, = 0.003 (-—-C—-—) — 0.003 ("_4—37{6-—) — 0.0167 > 0.005 Ok

e Check spacing :

_ 120—20x2—fx2"(2><12) =40mm > 25 OK

S

> Design for Discontinuous edge
1
Ag = %As,pos =3 508.94 mm? = 169.65mm? < As, min = 190.58mm?
Provide 4s, min = 190.58
As 190.58

N aseiz - 1131 o8
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e Long Direction
> (Design for positive moment (mid span ), Mu=19.95 KN.m
Assume bar diameter $14 for main positive reinforcement.

d
d =h— cover — dstirrups ——211= 320 ~20 -8~~~ = 285 mum.

M, 19.95 x 106

R = Gba? = 59 x50 % 2852 — 0-25 Mpa.
__fy 400
=085~ 085:22

p= _1-<1 - 1= 2.m.Rn) _ 1 (1 — |1 2X19.61X0.525) — 00013298

=19.61

m 400 | 1961 400

As = p.b.d =0.0013298 x 520 x 285 =197.1 mm?

e Check for As, min..
As,min = 119.7 mm?  control .
° As,required =197.1 mm? > As,min = 119.7 mm?2 OK

Use $p12 with As= 113.1 mm? .

n=2%_ - 171 _ 4., o

Asd12 T 1131

® Check for strain:

_ Asfy _ 226.2x400

= = 8.529
0.85b f]  0.85X520x24 8.529 mm
e=—=22_19 mm
T B, 085

285 —-10

—0003(d—c)—0003(
& =0 ¢ /T 10

) = 0.0825 > 0.005 Ok

® Check spacing :

g = 120-20x2-8x2-(2x12)
- 1

=40mm > 25 QOK
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> Design for Discontinuous edges

1
Ay = %As,pos =3 2262 mm? = 75.4 mm? < As,min = 119.7mm?
Provide As, min = 119.7 mm?

_ As 1197
T Asd10 785

= 1.52

n

4-7.6 Design of two way Ribbed Slab (S43):-

4.7.6.1Design for Positive and Negative Moment:-

Discontinuous Edge

case 3

continuous Edge
continuous Edge

A R D T Ry

$ confinuous Edge

7 e T

L

;

> DL=13.33 KN. LL=
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» Moments calculations

» Ma = Cawla®bf and Mb = Cbwlb*bf

la 9.38 _

b= 1244 075

e Negaive moments:_

la
Camea (TE - 0.75) —0

Ma,neg =0
la
Ca’neg(-i-é' = 0.75) = 0.044

Mppey = 0.044 % 21.33 * 12.44% % 0.6 = 87.14KN.m

e Positive Moments:-

l
Cout (l—% - 0.75) — 0.051

Mg posar = 0.045 % 13.33 + 9. 382 0.6 = 35.9KN.m

l
Cout (1% - 0.75) —~ 0.056

Mg posi1 = 0.056 + 8% 9.38 % 0.6 = 23.65 KN.m
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l
Cb,dl (‘l—g‘ B 075) = 0.02

M posar = 0.002 + 13.33 + 12.44% x 0.6 = 24.75KN.m

la
Cb,ll (‘ZE = 075) = 0.022
Mpposs = 0.022 % 8+ 12.44% + 0.6 = 14.86 KN.m

> Negative moments at Discontinuous edge (-;- positive moment):

1
Monegedge = 3 * 59.55 = 19.85 KN.m/rib

1
Mpnegedges =3 *39.61=13.2 KN.m/rib

> Design for Positive and Negative Moment:-

e Short Direction:
> Design for positive moment (Mid Span)Mu = 59.55KN.m
> bf =600mm.
Assume bar diameter ¢ 14 for main positive reinforcement.
d = h— cover — dstirrups — %2 =600—-20-8 —% = 565 mm.

M, 5955 106
T @bd?~ 0.9 X 600 X 5652

R, = 0.35Mpa.

_fy 400
T 0.85fc’  0.85*24

p=1<1 — _Zﬂlﬂn) =_1_(1 "\/1 _w> = 0.0009
m 400 19.61 400

As = p.b.d =0.0009 x 600 X 565 = 299 mm?

m = 19.61
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e Check for As,min..

NIz 1.4
f"bw.d >—b,.d

As,min = 0.25
fy v

o As,min = 0.25%L 200 X 565 = 345.99 mm?

e As,min = %(')%200 X 565 = 395.5 mm? .. Control.

As,required = 299 mm? < As,min = 395.5mm?  use As,min OK

Use $16 with As=201.1 mm? .

As 395.5
n = ——=197= 2.
Asple 2011

e Check for strain:

_Asfy  402.2x400

0.85b f; ~ 0.85x600x24 = 13.13 mm
=2 = 1313 15.44 mm
B, 085
—ooos(d_c>—o (565_15'44)—011>0005 0k
s = U c ) 1544 ) '

e Check spacing :

__200-20x2-8X2—(2X16) __
1

S 112mm > 25 0K

> Design for Discontinuous edge

1
Ag = 3Aspos = 3 * 4022 mm? = 1341 mm? < As,min = 395.5mm”

Provide 4s, min = 395.5
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e ILong Direction
> (Design for positive moment (mid span )) , Mu = 39. 61 KN.m
Assume bar diameter ¢p14 for main positive reinforcement.

. dp 14
d = h— cover — dstirrups -5 = 600 —20-8 -5 = 565 mm.

M, 39.61 x 106

Rn = 3hdz = 0.9 x 600 x 5652

= 0.23 Mpa.

_fy 400
T 0.85fc’  0.85 %24

p= i(1 . Z-m-Rn) _ ...1__<1 _ J1 — w) = 0.00058
m 400 19.61 400

As = p.b.d = 0.00058 x 600 X 565 = 196 mm?

= 19.61

m

e Check for As,min..
, As, min = 395.5mm?  control .
e As,required =196 mm?* <As,min = 395.5 mm? use As, min

Used16 with As=201.1mm? .

e Check for strain:

_ Asfy __ 395.5x400
0.85b fi  0.85X600x24

¢ _ 1313 _ 1544 mm

c=— =

B,  0.85

a =13.13mm

= 0.003 (d-c) — 0.003 (565—15'44)—-011>0005 Ok
& =0 c )T 1544 ) :
e Check spacing :

g = 200~20x2-fx2-(2><16) =112mm >25 0K
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> Design for Discontinuous edges

1
Ag = %As,pos =3 402.2 mm? = 134.1 mm? < As,min = 395.5 mm?

Provide As, min = 395.5 mm?
As 395.5

T Aspl6 2011

= 1.97

n

> (Design for negative moment ), Mu = —87.14KN.m
Assume bar diameter ¢p14 for main positive reinforcement.

d
d = h — cover — dstirrups ——Eb-= 600—-20—8—-—2—=565 mm.

M, 87.14 x 10°

Rn = 3bdZ = 0.9 % 600 x 5652

= 0.51Mpa.

_fy 400
T 0.85fc’ 0.85*24

_1f, [ _2mRs\_ _1 |, _2x1961x051) _
p= m(l 1= ) 19.61 (1 \]1 400 ) 0.0013

As = p.b.d =0.0013 x 600 X 565 = 440.7 mm?

=19.61

m

e Check for As,min..
As,min = 395.5mm?  control .
e As,required = 440.7 mm? > As, min = 3695.5 mm? ok

Used18 with As=254.5 mm? .

As 440.7
= = —=173= 2.
n Asd18 2545 7 2

e Check for strain:

_ Asfy __ 509x400

0.85b f] ~ 0.85%200%24
a 49.9
c=—= = 58.7mm
B,  0.85

= 499 mm

d—c 565 — 58.7
e, = 0.003 (=) = 0.003 (_'Eﬁ_') = 0.026 > 0.005 Ok

111



Chapter 4 _ Structural Analysis And Design

e Check spacing :

= zoo—zoxz—fXZ—(wa) =108mm >25 OK

4.7.7 Design of two way Ribbed Slab (S44):-

Discentinnons Edge

comtinnens Edge

R T T TR T U DR Oy

T T NN
continusus Edge

case 5
. Discontinuous Edge
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DL~=16.68 KN. LL=8 KN.

> Moments calculations

> Ma = Cawla®bf and Mb = Cbwlb*bf
la 1279

e Negaive moments:_

la

Camneg (TE = 0.9) = 0.08

Mg neg = 0.08  24.68 + 12.79? + 0.6 = 193.79KN.m

la
C“'”eg(TE =09)=0

M bneg = 0

e Positive Moments:-

la
Coar (1”5 = 0.9) =0.029
Mg posa1 = 0.029 + 16.68 * 12, 792 % 0.6 = 47.48KN.m

la
Cann (—— = 0.9> = 0.037

Ib
Mgposyy = 0.037 8+ 12.79% x 0.6 = 29.05 KN.m

la

Chal (ZE = 0.9) =0.013
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My posar = 0.013 * 16.68 * 14.04 x 0.6 = 25.65KN.m

!
Cou (Tg‘ = 0.9) = 0.021

Mpposut = 0.021 + 8 x 14. 042 +0.6 = 19.87 KN.m

> Design for Positive and Negative Moment:-

¢ Short Direction:
> Design for positive moment (Mid Span)Mu = 76.53KN.m
> bf =600mm.
Assume ba:f diameter ¢14 for main positive reinfofcement.
d = h— cover — dstirrups -—-% =600—20-8 —-}; = 565 mm.

M, 76.53 x 10°

Rn = Ghd?z = 0.9 x 600 x 5652

= 0.44Mpa.

_fy 400
T 0.85fc’  0.85%24

_1fy [y _zmRa\ _ 1 [, [q _2x1961x044)
p= m<1 1 400 > T 1961 <1 \[1 400 ) = 0.001121

As = p.b.d =0.001121 x 600 x 565 = 380.091 mm?

=19.61

m

e Check for As,min..

’ 1.4
f“‘b d>~—b,.d

As, min = 0.25 .d=
[ fy

o As,min = 0.25% 200 X 565 = 345.99 mm?

e As,min = %200 X 565 = 395.5 mm? .. Control.
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As,required = 380.091 mm? < As,min = 395.5 mm?  use As,min
OK

Use $16 with As=201.1 mm? .

As 395.5
P 1. ~ .
N se16 2011 97~ 2

e Check for strain:

_ Asfy _ 402.12X400 _
085b S,  0.85X600x24 13.13mm
=& BB _ 1545mm
B, 08
= 0.003 (d — C) = 0.003 (565 _ 15'45) = 0.106 > 0.005 0k
E e c ) 1545 /) '

e Check spacing :

S = 200—20x2~f><2-(2><16) =112mm>25 OK

> (Design for negative moment ) , Mu = —193.79KN.m
Assume bar diameter ¢p14 for main positive reinforcement.
d 14
d =h— cover — dstirrups ——21-’- =600—-20—8 -5 = 565 mm.
M, 193.79 x 10°
" Pbd? 0.9 x 200 X 5657

R, = 3.37Mpa.

_ fy 400
T 0.85fc'  0.85%24

[ _zmRa\ 1 ([ o 2X1261X337)
p= m(l 1 =0 ) T 1961 (1 \/1 400 ) = 0.00927

As = p.b.d =0.00927 x 200 X 565 = 1047.51 mm?

=19.61

m

e Check for As,min..
As, min = 395.5 mm?  control .
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o As,required = 1047.51 mm? >As,min = 1047.51mm? ok

Used20 with As= 314 mm? .

QoS 1075134y,

Asd20 314

e Check for strain:

_Asfy _ 1256%400

0.85b f] ~ 0.85x200x24

a 12314
C= =08 144.87 mm

= 0.003 (d - C) — 0.003 (565 — 144'87) — 0.0087 > 0.005 0k
&= c )= 14287 )~ '

= 123.14 mm

e Check spacing :

§ = 20020203 _ 91.33mm > 25 Not 0K

e Long Direction
> (Design for positive moment (mid span)) , M = 45. 52 KN.m
Assume bar diameter 14 for main positive reinforcement.
d = h— cover — dstirrups -—%13- =400—-20— 8 ———1; = 365 mm.
My, 45.52 x 10°
" @bd?z ~ 0.9 x 600 X 3652

R = 0.264 Mpa.

oty M0 61
0.85 jo' 08524

o~ _115<1 [ z.m.Rn> _ _1__(1 _ Jl __z__}w) — 0.000664

T 1961 400

As = p.b.d = 0.000664 x 600 X 365 = 225.096 mm?

e Check for As,min..
As,min = 395.5mm?  control .
o As,required = 225.096 mm? < As, min = 395.5 mm? use As,min
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Used16 with As=201.1 mm? .

n=2s_ = 3695 _197 x2,

Asple 2011

e Check for strain:

Asfy _ 402.12X400 13.13 mm

0.85b f! ~ 0.85X600x24
a 13.13
c=—=——=1545mm

B, 085
0003 (d — C) . (365 — 1545
&= 0 c ) 15.45

) = 0.106 > 0.005

e Check spacing :

S = 200—20X2—fx2—(2><16) =112 mm > 25 0K

4.7.8 Design of two way Ribbed Slab (S45):-
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o As,required = 1047.51 mm? > As,min = 1047.51mm? ok

Usep20 with As= 314 mm? .

As _ _ 104751 _ s34 g

n

As20 314

e Check for strain:

Asy 1256X400
=2 = = 123.14 mm
0.85b f/ ~ 0.85x200x24

o= =131 14487 mm
B, 085

= 0.003 (d - C) = 0.003 (565 — 144'87) — 0.0087 > 0.005 Ok
& = U c ) 14487 )" :

e Check spacing :

§ = 20202 B2 _ 21.33mm > 25 Not 0K

e Long Direction
> (Design for positive moment (mid span)), Mu = 45.52 KN.m
Assume bar diameter ¢14 for main positive reinforcement.
d
d = h— cover — dstirrups -—717 =400—-20—-8— - = 365 mm.

. M, _ 45.52x10°
"7 @bhd? 0.9 x 600 X 3652

= 0.264 Mpa.
_fy 400
T 0.85fc’  0.85%24

_ifs _2mRy | _ 1 _ _ 2x19.61x0.264 | _
- m(l 1 400 ) T 1961 (1 \ﬁ 400 ) = 0.000664

As = p.b.d = 0.000664 x 600 x 365 = 225.096 mm?

= 19.61

m

e Check for As,min..
As, min = 395.5 mm?  control .

o As,required = 225.096 mm? < As, min = 395.5 mm? use As, min
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Used16 with As=201.1 mm? .

e Check for strain:

_ Asfy  40212x400
0.85b f!  0.85x600x24 13.13 mm
=2 =181 _ 1545 mm
B, 085
= 0.003 (d _ C) ~0 (365 _ 15'45) — 0.106 > 0.005
& =5 c ) 1545 )~ '

e Check spacing :

g = 200—20><2—fx2—(2x16) =112mm>25 0K

4.7.8 Design of two way Ribbed Slab (S45):-

117
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4.7.8.1Design for Positive and Negative Moment:————

Discontinuous Edge

case 6

Discontinuous Bdge

*(\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘\\\\\
continuous Edge

Discontinuous Edge

DL~=16.68 KN. LIL=8KN

> Moments calculations

» Ma = Cawla?bf and Mb = Cb wlb?bf

la 12.07

RO

b~ 14.04

e Negaive moments:_

la
Caneg (—l-b- = 0.90) = 0.079

Mgpeg = 0.079 * 24.68 x 12. 072 % 0.60 = 170. 42 femmm——— N.1M

la
Coneg (l—b - 0.90) —0

118



Chapter 4  Structural Analysis And Design

4.7.8.1Design for Positive and Negative Moment:-

Discontinuous Edge

case 6

Discontinuous Edge

A NN
continuous Edge

Discontinuous Edge

27

DI~=16.68 KN. LL=8KN.

> Moments calculations

» Ma = Cawla®?bf and Mb = Cbwlb*bf

la 1207 _
b~ 14.04

e Negaive moments:_

la

Caneg (2—5 = 0.90) = 0.079

Moneg = 0.079 « 24.68 * 12.07% » 0.60 = 170.42KN.m

la
Chneg (Tb— = O.90> =0
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M bneg = 0

e Positive Moments:-

la
Coal ('13 = 0.90) = 0.039

Mg posar = 0.039  16.68 » 12.07%  0.60 = 56.86KN.m

l
Ca»”,(% = 0.90) = 0.042

Mg posu = 0.042 8 x 12. 072 % 0.60 = 29.37KN.m

l
Cb,dl (“l% = 090) - 0.021

My, posat = 0.021 + 16.68 * 14.04% + 0.60 = 41.43 KN.m

I
Cou (Z—Z = 0.90) — 0.025

M posu = 0.025 8  14. 042 % 0.60 = 23.652KN.m

, . , 1 i
> Negative moments at Discontinuous edge (3 positive moment):

W/ =

Manegedge = 5 * 170.42 = 56.80 KN.m/rib

¥ 65.08 = 21.70 KN.m/rib

W =

M bneg.edge =
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> Design for Positive and Negative Moment:-

e Short Direction:
> Design for positive moment (Mid Span)Mu = 86.23KN.m
> bf =600mm.

Assume bar diameter ¢ 14 for main positive reinforcement.
d 14
d = h— cover — dstirrups -——él-’- =600—-20—8 -5 = 565 mm.
M, 86.23 x 10°

Ru= G = 09 % 600 x 5652 _ 00 MPe-
__fy M 961
Mm=085fc 085%24
o= i<1 _ |- 2.m.Rn) _ _3_(1 _ Jl _ Z><19.61><0.50) — 0.0013
m 400 19.61 400
As = p.b.d =0.0013 X 600 x 565 = 440.70 mm?
e Check for As,min..
A 1.4
As,min = 0.25——]-0-5bw.d >—b,.d
fy fy
e As,min = O.ZSZ_—(Z)% 200 X 565 = 346 mm?
e As,min = 22200 x 565 = 395.5 mm? .. Control.
As,required = 440.70 mm? > As,min = 395.5 mm? OK

Use $18 with As=254.5 mm? .

n= A= w=1.73%2.

Asp18 2545
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Chapter 4 Structural Analysis And Design

e Check for strain:

_Asfy _ 509x400
0.85bf,  0.85X600x24 16.62 mm
a 1662 _
c= -371- = —6-8—5— = 19.60 mm
= 0.003 (d — C) = 0.003 (565 _ 19'60) = 0.083 > 0.005 0k
BT c /7 1960 / '

e Check spacing :

g = zoo—zoxz—fx2—(2><18) =108mm >25 0K

> (Design for negative moment ), Mu = —170.42KN.m
Assume bar diameter ¢ 14 for main positive reinforcement.

d
d = h — cover — dstirrups ——2b-= 600-—20—8-——2—= 565 mm.

o My _ 17042105 _ oo
n = GpdZ ~ 0.9 x 600 X 5652 pa- ; 200
y

M =085 fc 085+ 24

1 ZmRp\ _ 1 [ _2x1961x0988) _
P= E(l 41 00 ) ~ 1961 (1 Jl 400 ) = 0.0025

As = p.b.d = 0.0025 X 600 X 565 = 847.5 mm?

= 19.61

e Check for As, min..
As, min = 395.5 mm?  control .

o As,required = 847.50 mm?>As,min = 395.5 mm? ok

Used25with As= 490.9 mm? .

As 847.50 =173~ 2.

Asd25  490.90

n=
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e Check for strain:

Asfy __ 981.8x400

= - = = 32.1mm
0.85b fc 0.85%X600X24
_a _ 321 _
c= " oBs = 37.76 mm
= 0.003 (d - C) = 0.003 (565 — 37'76) = 0.0419 > 0.005 Ok
& = U c )T 37.76 ) .

e Check spacing :

= 200—20><2-f><2-(2><25) =144mm >25 OK

e Long Direction
> (Design for positive moment (mid span )) , Mu = 65.08KN.m

>
Assume bar diameter ¢p14 for main positive reinforcement.
d 14
d = h— cover — dstirrups -——23 =600—-20-8 -5 = 565 mm.

M, 65.08 x 106

= Gbd® — 09 x 600 x 5652 _ C oo Mpa.

Ry
_ fy 400
T 0.85fc’  0.85%24

Pz_l_(l_ 1 _Zﬂ_-&z) =__1__<1 _\/1 _w> = 0.001
m 400 19.61 400

As = p.b.d =0.001 X 600 x 565 = 339 mm?

m = 19.61

e Check for As,min..

As, min = 395.5mm?  control .

e As,required = 339 mm? <As, min = 395.5 mm? use As,min

Used16 with As=201.1 mm? .
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As_ _ 3955 _ 19709

Asple 2011

e Check for strain:

Asfy _ 401.92x400

= =13.13mm
0.85b f;  0.85X600X24
__a __ 1313

™ =——= 15.44 mm

565 — 15.44

d—c
&, = 0.003 (T) - 0.003( — ) — 0.11 > 0.005 Ok

e Check spacing :

S = 200—20><2—f><2—(2><12) 112mm > 25 OK

> Design for Discontinuous edge

As = %As,pos == 401.92 mm? = 133.97mm? < As, min = 395.5mm?
Provide As, min = 395.5

"= Aspi6 2011~ -7

61?1'?'@

n'g 9ETVDE

SL‘#‘E[ eETr D
3 e e

Uj :r mm&gw

] B4 ‘”W”J,
[ o e L

= ==iniuinin s iy
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4.7.9.1 Design for Positive and Negative Moment:-

Discontinuous Edge

case 4

Discontinuous Edge

ntinuous Edg

\\\\\\ g BN RN NNy \\\ \\ NSNS

DL~12.44 KN. LL~=8KN.

> Moments calculations

> Ma = Cawla?bf and Mb = Cbwlb®bf

la 7.75 0.90
852

e Negaive moments:_

la
Caneq (TE - 0.90) — 0.06

Mgpey = 0.06  20.44 * 7.752 % 0.52 = 38.30KN.m

la
Cameg (G = 0:90) = 0.04

Mppeg = 0.04 % 20.44 + 8. 522« (0.52 = 30.86KN.m
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e Positive Moments:-

l
Coar (T% ~ 0.90) =0.033

M posar = 0.033 * 12.44 x 7.75%  0.52 = 12.82KN.m

la
Coul (TB - 0.90) = 0.039

Mg posi = 0.039 % 8 * 7.752%0.52=9.75KN.m

la
Co,a1 (E = 0.90) =0.022

Mpposar = 0.022 + 12.44 + 8. 522 % 0.52 = 10.33 KN.m

la
Cb,ll (TB = 090) = 0.026
My posu = 0.026 8 + 8. 522 %0.52 =7.80 KN.m

> Design for Positive and Negative Moment:-

e Short Direction:
» Design for positive moment (Mid Span)Mu = 22.57KN.m
> bf =520mm.
Assume bar diameter ¢ 14 for main positive reinforcement.
d = h— cover — dstirrups —%2 =320—20-8— —1-2% = 285 mm.

My 22.57 x 106
T @bd?~ 0.9 X 520 x 2852

Ry = 0.59 Mpa.
fy 400

= 085fc  085%24 19.61

m
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[y _zmRe\_ 1 [, [y _2x1961x059)
p= m<1 1= > 1961 (1 \/1 400 ) = 0.001496

As = p.b.d =0.001496 x 520 X 285 = 222.30 mm?

e Check for As,min..

' 1.4
As,min = 0.25 fcbw.d >—by.d
fy fy

o As,min = 0.25% 120 X 285 = 104.72 mm?

e As,min = %120 % 285 = 119.70 mm? .. Control.

As,required = 222.30 mm? > As,min = 119.70 mm? OK

Use $12 with As=113.1 mm? .

_ As  _ 22230 _ _
N =se1z — 1131 197~ 2.
e Check for strain:
_Aspy 2262x400 8.53
0.85b f;  0.85x520x24 mm
_a _ 853
C= 3 =085 10.05 mm
= 0.003 (d — C) ~ 0.003 (285 _ 10'05) — 0.082 > 0.005 Ok
& =0 c )T To0s )= 00ee 20

e Check spacing :

g — 1zo~zo><2—f><2—(2><12) =40mm >25 OK
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> (Design for negative moment), Mu = —38.30 KN.m
Assume bar diameter ¢14 for main positive reinforcement.
d
d = h— cover — dstirrups —-—23 =320-20-8 -5 = 285 mm.
_ M,  3830X 106
" @bd? ~ 0.9 x 120 x 2852

R, = 4.36 Mpa.

_ fy 400
7085 fc’  0.85*24

1 2mRy\ _ 1 [ 2x19e1x436) _
- E(l N Ky ) ~ 1961 (1 \/1 400 ) = 0.0124

As = p.b.d =0.0124 x 120 x 285 = 424.08 mm?

m =19.61

e Check for As, min..
As,min = 119.70 mm?  control .
o As,required = 424.08 mm?>As,min =119.70mm? ok

Used18 with As= 254.5 mm? .

As

__ 42408 =167~ 2.

n = -
Aspl8 2545

e Check for strain:

_Asfy  208.9%x400

0.85b f/ ~ 0.85X120x24
a 85.15
=—= =97.8 mm
c B, 085 8

= 83.15mm

d—c 285 — 97.8
£ = 0003 (=) = 0.003 (5555—) = 0.00574 > 0.005 Ok

e Check spacing :

§ = 120200022 @AY _ 28 mm > 25 Not 0K
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e Long Direction
> (Design for positive moment (mid span )), Mu =18.13 KN.m
Assume bar diameter ¢p12 for main positive reinforcement.

d 2
d = h— cover — dstirrups ——i?—z 320—20—8~—2—= 286 mm.

M, 18.13 x 10°

Rn = 3bdZ ~ 0.0 x 520 x 2862

= 0.47 Mpa.

_fy 400
T 0.85 fc'  0.85%24

o= }.(1 _|1- Z-m-Rn> - .._1_<1 - J1 — wﬂ) = 0.001189
m 400 19.61 400

As = p.b.d =0.001189 X 520 x 286 = 176.80 mm?

m = 19.61

e Check for As,min..
As,min = 119.70 mm?  control .
o As,required = 176.80 mm? > As,min =119.70 mm? OK

Used12 with As= 113.1 mm? .

As 176.80

n= = =1.56 = 2.

Asp12 ~ 1131

e Check for strain:

_Aspy = 22620%400 _ g g3 0
0.85b fc 0.85X520%x24
_a_ 853 _
C B o085 10.05 mm
= 0.003 (d _ ) 0 (286 _ 10'05) = 0.083 > 0.005 0k
&= = 005 )" :

e Check spacing :

S = 120'20"2‘;3”"(2"12) =40mm>25 OK

» (Design for negative moment), Mu = —-30.86 KN.m
Assume bar diameter ¢p16 for main positive reinforcement.
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) dp 16
d = h — cover — dstirrups -5 = 320—20-8 -5 = 284 mm.

M, 30.86 x 10°

= GbdZ 00 x 120 x 2842 3.54 Mpa.

Ry
_fy 400
T 0.85 fc'  0.85x24

o _1_(1 - z.m.Rn) _ ___}_<1 _\/1 _W) = 0.009789
m 400 19.61 400

As = p.b.d =0.01009789 x 120 x 284 = 333.60 mm?

=19.61

m

e Check for As,min..
As, min = 119.70 mm?  control .

e As,required =333.60 mm?>As,min =119.70mm? ok

Used16 with As=201.1 mm? .

As 333.60

n=——= =1.66= 2.

Asdpl6 2011

e Check for strain:

Asy 402.12x400
=2 = = 65.71 mm
0.85b f,  0.85x120x24

@ _ 5571 _ 7731 mm

c=— =

B 0.85
1— 0.003 (d _ C) = 0.003 (284 _ 77'31) — 0.00800 > 0.005 0k
& =5 c ) 7731 ) :

e Check spacing :

= 120—20x2—f><2—(2x16) =32mm>25 Not OK
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4.7.10 Design of two way Ribbed Slab (S57):-

Chapter 4

I3pH snonunuossIq

y u 2
RIW ¥ =
I0E P 2 :
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4.7.10.1Design for Positive and Negative Moment:-
SRS
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broorss:
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DL~=12.44KN. LL=8KN.

> Moments calculations

» Ma = Cawla®bf and Mb = Cbwlb?bf

la 691

E-—:m:O.‘)S

e Negaive moments:

la
Caneg <Zl; = 0.95) =0

la
Cameg (5 = 0.95) = 0.067

Mpeg = 0.067 * 20.44 % 7.222  0.52 = 37.12KN.m

e Positive Moments:-

!
Caai (2% = 0.95) = 0.031

My posa1 = 0.031 % 12,44 % 6.914% % 0.52 = 9.57KN.m

la
Cou (25 = 0.95) = 0.036

Mg 050 = 0.036 %8 %6.91%2 «0.52 = 7.15KN. m
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la
Coal (ﬁ)- = 0.95) = 0.031

My posar = 0.0031 + 12.44 % 7. 222 % 0.52 = 10.45KN.m

l
Cout (l—% = 0.95) = 0.032

My posu = 0.032 % 8 * 7.22%2 % 0.52 = 6.94KN.m

, , , 1 s
> Negative moments at Discontinuous edge (-3- positive moment):

1
Mgnegedge = 3 %29.3=9.77 KN.m/rib

1
Mpnegedges =3 * 21.4 = 7.13KN.m/rib

> Design for Positive and Negative Moment:-

e Short Direction:
> Design for positive moment (Mid Span)Mu = 16. 72KN.m
» bf =520mm.
Assume bar diameter ¢ 14 for main positive reinforcement.
d =h— cover — dstirrups — %—b =320—-20—-8-— }; = 285 mm.

- M, _ 1672X 108
n = Bhdz 0.9 x 520 x 2852

= 0.44 Mpa.

fy 400
0.85 fc'  0.85 % 24

o= 1(1 _ - 2-*“-’*71) = _..1__<1 - JI_ w) = 0.00111
m 400 19.61 400

As = p.b.d =0.00111X 520 x 285 = 164.5 mm?

m = =19.61
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e Check for As,min..

N 1.4
f”bw.d >——by.d

As,min = 0.25—— >
fy fy
e As,min = 0.25%—% 120 x 285 = 104.72 mm?

o As,min = ;1'55120 % 285 = 119.7 mm? .. Control.

As,required = 164.5 mm? > As,min = 119.7 mm? OK

Use $p12 with As=113.1 mm? .

== o455~ 2.

Asp1l4e 1131

e Check for strain:

_ Aspy _2262%400
085b [l  085x520x24 8.53 mm
_a _ 853 _
C= 3 =085 10.04 mm
—0003(d*6)—0 (M)—0082>0005 Ok
g = 0. = 0. 1004 = 0. .

e Check spacing :

S = 120—20x2—fx2—(2><12) =40mm>25 0K

» Design for Discontinuous edge

1
Ag = -;—As’pos =3* 164.5 mm? = 54.83 mm? < As,min = 119.7mm?

Provide As, min = 119.7
153.3

n = = 7 5=1.52
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e Long Direction
> (Design for positive moment (mid span )) , Mu = 17.39 KN.m
Assume bar diameter ¢p14 for main positive reinforcement.

) dy 14
d = h— cover — dstirrups -5 = 320—20—-8-— - = 285 mm.

R = M, _ 17.39% 106
n = $bdz 0.9 x 520 x 2852

= 0.46 Mpa.

= fy 400
T 085 fc’  0.85%*24

o=t (1 _ 1= z-m-Rn> = _._1._(1 — J;.- .%112_6.1}.2.‘.*.9) = 0.00116
m 400 19.61 400

As = p.b.d =0.00116 X 520 x 285 = 171.9 mm?

=19.61

e Check for As,min..
As,min = 119.7 mm?  control .
o As,required =171.9 mm? < As,min = 119.7 mm? use As, min

Used12 with As=113.1 mm? .

p=As = 1o 5~2.

e Check for strain:

_Aspy _ 2262X400
085bJ  085x520x24 8.53 mm
o= 2 =823 = 10.04 mm
B, 085
= 0.003 (d _ C) = 0.003 (285 _ 10'04) — 0.082 > 0.005 0k
s =5 c )T 1004 /) '

e Check spacing :

S = 120—20x2—fx2—(2><12) =40mm>25 OK
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> Design for Discontinuous edges

1
As = FAspos = 3+226.08 mm? = 75.36 mm? < As,min = 119.7mm?

Provide As, min = 119.7 mm?
As

= Asp10

n

> (Design for negative moment ), Mu = —-37.12m
Assume bar diameter ¢p14 for main positive reinforcement.
d
d = h — cover — dstirrups — —-ZP— =320—20—-8~- -5 = 285mm.
M, 37.12 x 10°
T @bd? 0.9 x 520 x 2852

R, — 4.23 Mpa.
fy 400

T 0.85fc  0.85 * 24

_ 1(1 _ - Z.m.Rn> _ 1 (1 _ \/1 _ 2><19.61><4.23) — 0.0119
m 400 19.61 400

As = p.b.d = 0.0119 x 520 x 285 = 406.98 mm?

m = 19.61

e Check for As,min..
As,min = 119.7 mm?  control .
e As,required = 406.98 mm? > As,min = 119.7mm? ok

Used16 with As=201.1 mm? .

As 406.98
= = =2.02= 2.
Asp12 2011 2.0

n

e Check for strain:

_ Asfy  4022X%400
0.85bf]  0.85x120x24 65.72 mm
_a _ 65.72
c= B = oss 77.32 mm
— 0.003 (d _ C) = 0.003 (285 _ 77'32) — 0.008 > 0.005 O
g = 0. —)=0 =732 = 0. . 4

e Check spacing :
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120—20x2—8%2—(2X16) — 52 mm > 25

S
4.7.11 Design of two way Ribbed Slab (S59)

Chapter 4
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4.7.11.1Design for Positive and Negative Moment
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DL=12.43KN. LL=8KN.

> Moments calculations

> Ma = Cawla?bf and Mb = Cb wib?bf

la. 63 _ 472~ 080
b 80 7

o Negaive moments:

la
Coneg (1_15 - 0.80) — 0.061

Mg peg = 0.061 % 20.44 6.3% +0.52 = 25.73KN.m

la
Coneg (TB = 0.80) =0

Mpneg = 0

e Positive Moments:-

la
Ca,dl ('l—b" = 080) = 0034

Mg posa1 = 0-034 * 12.43 + 6.3% x0.52 = 8.72KN.m

la
Can (iE = 0.80) = 0.045

Mg posu = 0.045+ 8 * 6.32 +0.52 = 16.99KN.m
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la
Cb,dl (’l_b’ - 080) = 002
My posar = 0-02 % 12.43 * 8% + 0.52 = 8.32KN.m

la
Cb,ll (’ﬁ)“ = 0. 80) = 0.022
My post = 0022 %8 * g2 « 0.52 = 5.86KN.m

» Negative moments at Discontinuous edge (-13- positive moment):

1
Monegedge =3 * 1418 = 4.727 KN.m/rib

» Design for Positive and Negative Moment:-

o Short Direction:
» Design for positive moment (Mid Span)Mu = 16.15KN.m
» bf =520mm.
Assume bar diameter $14 for main pos1t1ve reinforcement.
d = h— cover — dstirrups — —i— =320—20—-8-— —1-;- = 285 mm.

My _ 16.15 x 10°
= ¢bdz 0.9 x520 % 2852

R, = 0.425 Mpa.

fy 400

M =585 fo  0.85 %24 19.61

o= 1(1 _ ’1 .__2_72_‘3.11.> = .__1__(1 - le) = 0.00107
m 19.61 400

As = p.b.d = 0.00107 x 520 X 285 = 158.57 mm?

e Check for As,min..
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Jf 1.4
fcbw.d >—bhby.d
y y

As,min = 0.25

. As,min = 0.25% 120 x 285 = 104.72 mm?

o Asmin = 7:-('-)%120 % 285 = 119.7 mm? .. Control.

As,required = 158.57 mm? > As,min = 119.7 mm? OK

Use $12 with As= 113.1 mm? .

nm= —1_-131—:1'4()%2'

e Check for strain:

 Aspy . 2262¥490_ _ g 59 mm
085b [, 0.85X520x24
=2 =82 _10,02mm
By 0.85
—0003(‘1'6)—0003(M)~0082>0005 0k
& = c ) 002 /) :

e Check spacing :

g = 120—20x2—fx2-‘(2><12) — 40mm>25 OK

> (Design for negative moment ) , Mu = —25. 73KN.m
Assume bar diameter ¢14 for main positive reinforcement.
d
d = h— cover — dstirrups -—--2?— =320—20—8 -5 = 285 mm.
R = M, 25.73 x 10°
n = Pbdz 0.9 x 520 x 2852

= 2.93Mpa.
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- fy 400
~ 085 fc'  0.85%24

o= 3.(1 — 1= Z-m-Rn> = __1__<1 — J?.. M) = 0.0079
m 400 19.61 400

As = p.b.d =0.0079 X 520 x 285 = 270.18 mm?

= 19.61

e Check for As, min..
As, min = 119.7mm?  control .
o As,required = 270.18 mm? > As,min = 119.7mm? ok

Usedp14 with As= 153.94 mm?® .

As 27017
n=——-m—= =176 = 2.
Aspl4  153.94

e Check for strain:

_ Asfy __307.9x400

- = = 50.3mm
0.85b fc 0.85%120%24
c= e _303 _59188mm
B,  0.85
——0003(d—c)—ooos(w)—oo11>ooos Ok
& = 000\ T t9188 / '

e Check spacing :

g= 120—20x2~f><2—-(2><14) =32mm>25 0K

e Long Direction
> (Design for positive moment (mid span )) , Mu = 14.18KN.m

Assume bar diameter $14 for main positive reinforcement.

d
d = h — cover — dstirrups —-—él= 320——20-—8———-2-= 285 mm.

R = M,  1418X 106
n = Bpd? 0.9 x 520 X 2852

= 0.37 Mpa.
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- fy 400
~ 085 fc 08524

_1fa_ “amRa) _ 1 (1  2x19.61x037\ _
"m(l 1 400) 19.61(1 \]1 400 ) 0.000933

As = p.b.d = 0.000933 x 520 X 285 = 252.28 mm?

=19.61

e Check for As,min..
As,min = 119.7mm?  control .
o As,required =252.28 mm? > As,min = 119.7 mm?

Used14 with As= 153.94 mm? .

As 252.28
n=—-m—= 24P =164% 2.
Asple  153.94

e Check for strain:

_ Aspy __307.9x400

0.85b fi  0.85%x520%24
a 11.6
c= - === 13.65mm
B,  0.85

=11.6mm

d—c 285 — 13.65
£, = 0.003 (——&——) — 0.003 (”"ﬁ"é?—) — 0.059 > 0.005 0k

e Check spacing :

< = 1zo—zoxz—f><z—(2><14) =36mm>25 0K

» Design for Discontinuous edge

1
As = Aspos =73 * 3079 mm? = 102.63 mm? < As,min = 119.7mm?
Provide As, min = 119.7
As 119.7

= 1310~ = 1.52

n
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4.8 Design of One Way Solid Slab....2os. L

SolidSlab (SST

i 3
B < & il
e :._ -~ L 3
£ £ i
L 8 ) -
S 2 e .0
.A'
7 i B
l' i
s 1%
b A ) o B— %!
/ - 9,..1(*"",’ P ey i i

Fig. (4-15): one way solid slab
NOTE:

» Code UBC: ACI 2008.
» Material:-

Concrete: B300 ........
section.
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> Reinforcement steel :-
The specified yield strength of the reinforcement {fy = 400N /mm? (MPa)

Live load(KN/m2) fc fy

L =5KN/m2 fe=24Mpa ~ fy=420Mpa .

16.11

> Factored Loads :-

The factored loads for members in our project are determined by:
Wu = 1.2DL + 1.6LL ACI — code — 318 — 08(9.2. 1).

4.8.1 Determination of The thickness of one way Solid slab -

_________________________________________________________________________________________

=

1

|

1

1

1

|

!

i

|

! & 5] & 9 @

?

|

UI. - - - L |

,%,05 L 40.8 1408 , 0.8 0.8 L 40.8

1

III ) G D ] kA

|

!

|

|

: ) @ ] fesd &

|

i

i

1 S T P [ IR T I I I i
A — ) R T S I IO U 1 I—
o AB8 o 7.79 e 4TS, S5 e AIR s 481

Fig. (4-16): section in one way solid slab
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The overall depth must be satisfying ACI table (9.5.a) for nonprestressed beams or one
way slabs unless deflections are computed.

The minimum required thickness is:-
~“Maximum span length for one-end continuous : L=4.88 m =488 cm.
- Iiin for one-end continuous = 1./24.
Rpin== L/24 =488/24 = 20.33 cm.
-Maximum span length for both —end continuous : L=7.79 m =779 cm.
Hin for both-end continuous = L/28.

Poin = L/21 =469/28 = 27.82 CIML. cevvnncones control.

- The controller slab thickness is 27.82 cm.

But by deflection checked it was controlled at 30 cm thickness.

Thickness of slab provided Thickness of slab required

4.8.2 Determination of The Loads of one way Solid slab

~For the one-way solid slabs, the total dead load to be used in the analysis and design is

calculated as follows:

Determination of Dead Load and live load :
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b

RCslab 25 0.3 4 75
Live Load 1.3 1 1.3

Reaction Support from ( 54 )

DL=9.84 KN\m ;LL=1.56 KN\m

Geometry Units:meter,cm
1 2 23
1 2 3
\ Al Al
L A e TTL A _TL A
’ A 4
|0'5| 4.23 , 0.8 , 6.99 \ 0.8 , 3.95
1 4.88 e 7.79 o 4.75
— t !
4 5 6 7
4 5 6
Al ]
—1 A B A TL . ‘j
0.8 4.78 0.8 4,98 0.8 4.16 0.5
— +—— +—— F
5.58 5.78 4.81
1 1 1 —
| T ) 1
30
100.
A-A

For One way solid slab , as shown in fig.
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Loading
Toad groupno.1
Dead load - Service Upits:kN,meter,
7.0 7.50 7.p0
4 p P u
4.88 7.79 4.75
7.50 7.50 7.60
7 3 ¥ N i .
5.58 5.78 i 4.31
Liveload - Service Load factors: 1.20,1.20/1.60,0.00
5.00 5.00 5.p0
§ 4.88 7.79 i 4.75
Loading
o 5.00 5.00 5.00 [}
[ ) \
i5.58 | T 5.78 4.31

Fig.(4-17): Spans Length of One way solid slab (S6) -

* Moment and Shear Diagrams:-

The Development Moment diagrams for beam has width =1m , and the thickness is 35

cm as following :

79.9
581 A 53.8 551 51,
-34-N5-4 2T A 318
1 '19I1' — | I |2. 6 | i | 86 |
[ % 1 : L \l /1'5|2 FE N |f{‘917: fl ' ' '6;‘? 1 : ]
'\k/1.1‘3'1‘.n i o 11093 "o, \/‘
7. ' X 172 057 d% .95 8.
29.1 36.1 31.9 34.2
62.1
| 195 203 | 389 389 261 244 | 251 307 | 289 289 | 289 . 1.0 |
| . 1 T i ¥ T ] T ¥ 1 T
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=

| 67.3
-57.9 -56.4 -54. 51.6
AT, . A1, % % 3441
i %
H 1 HH -t - -t t
; r/ 23.2
i ‘ 3.3 424 378 416 406
57.7 53.3 487 5.5 51.5
| ~ 68.6
Factored
H- HH H+ HH - +HH -+
DeadR 13.54 66.04 60.29 40.03 53.28 52.72 16.41
LiveR 17.96 60.39 60.28 49.63 53.22 50.32 17.71
Max R 31.49 126.44 120.57 39.66 106.5 103.04 34.12
MinR 7.61 87.46 73.23 48.42 72.06 72.74 13.28
_ Service
DeadR 11.28 55.04 50.25 33.36 4.4 43.93 13.67
LiveR 11.22 31.75 37.67 31.02 33.27 31.45 11.07
MaxR 22.5 92.78 87.92 64.38 77.66 75.38 2475
MinR 7.58 68.42 58.33 38.6 56.13 56.45 11.72

(4-18): Solid (S6) envelope

% * Design of slab:-

-check whether thickness is adequate for shear;

Ve =577 KN/ 1m strip

. dp 10
d = h— cover — dstirrups -5 = 300 — 20 -5 = 275 mm

DdVe= %*@* fc' *bw*d

%*0.75*\/52*1000*0.275 =168.4KN / 1 m strip
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[}

% dVe= L6—28—£ = 84.2 KN/1m strip

il

®Ve=168.4>V, _ =57.7KN/ Im strip >—;— dVe=1284.2

u,max

The thickness of the slab is adequate enough.

7

u,max

dVe

 168.4KN

Assume bar diameter @10 for main reinforcement

d=h—-20~-db=300-20-(10/2) =275 mm

h db

Mu=-58.1 KN.m

m=—P =40 _q96
085% o 0.85%24
_Mu /¢
EPE

-3
Rn= 3817107 /0.9 _ ¢ g54 N/mm? (Mpa)
1.0 %(0.275 )°

p=—(l- i 2m R
m Vg
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—:1): dVe= l%;ﬁ = 84.2 KN/1m strip

®Vc=1684>V __ =57.7KN/ 1m strip >% dVc=_84.2

1,max

The thickness of the slab is adequate enough.

Vu,max (DVC
114 T KN 168.4KN
Assume bar diameter @10 for main reinforcement
d=h-20-db=300-20-(10/2) =275 mm
h db d

Mu=-58.1 KN.m

m=_ B = 490 _496
0.85* fo  0.85%24

Rn___Mu /?
b*d-*

-3
= 38.1*10 /0.9 _ (854 N/mm? (Mpa)
1.0%(0.275 )

p:..l_(l_ I_Zm*Rn)
m \ Jy
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p=——(1- Jl_g@g%%@_u): 0.00505 > p_,, =0.0018 ok

As=p *b* d=0.00505% 1000 * 275= 1388.75 mm?®

As (mm2) m Rn(Mpa) p —
14549 2059 2 o 0.00529 0 - k

Check Minimum Reinforcement A g min...(ACI- 318M-08 - (10.5.1))

Asmin=p_ *b*h =0.0018*1000%300 = 540mm*>  (control)

=
— Use ®14/10 cm , As prov = 1538.6 mm’/cm

step ( s) is the smallest of :-

280

<380 (22)-25* G,
2 9

<380 * (22— 2.5% 20 =380 * (10— )-25%20=33C s

3l 3+ 420 ?/y/’

280 280 280
< P foem % et — %k —
< 300 (22) =300 * (£2) = 300 (5= 300 mm

<3 *h=3*300=900 m

<450 mm.

- Check for strain:
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% dVc= —1—%%—{ = 84.2 KN/1m strip

e}

OVe=168.4>V, ., =57.7KN/ 1m strip >—12— OVe=184.2

The thickness of the slab is adequate enough.

|4 PVe

u,max

o 1149 KN - e GRING

Assume bar diameter @10 for main reinforcement

d=h-20—db=300—-20—(10/2) =275 mm

h db d

Mu=-58.1 KN.m

m=_ B =40 _y96
085* fc  085%24

Rn:Mu ! ¢

b*d®

-3
Rn= 38:1%10 /0.9 _ ¢ 854 N/mm® (Mpa)
1.0%(0.275 )

p:..l._(l_ 1_2m*Rn)
m \ g
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li

[ b= —1 (- \F—w)=0.00505 >p. =00018 ok
= 19.61 400

As = p * b * d=0.00505* 1000 * 275= 1388.75 mm?

As (mm?2) m Rn(Mpa) p
4549 2059 0 . 21 0 ~0.00529

Check Minimum Reinforcement A s min...(ACI- 318M-08 — (10.5.1) )

Asmin=p__ *b*h =0.0018*1000*300 = 540mm*  (control)

— Use ®14 /10 cm , As prov = 1538.6 mm’/cm

step ( s) is the smallest of :-

5380(3);8;9)~2.5*Cc

280 _ 0
r—-)-25%20=33 <
3 a’f”
C&

<380 * (222)_2.5%20 =380 *(
3ly

< 300(-%") =300*(§i—2)“ 300 * (2, ) =300-mm
3 3

<3 *h=3%300=900 m

<450 mm.

- Check for strain:
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p=—(1- \/1——2@:-6—1)—(049 )=0.00505 > p_. =0.0018 ok
19.61 400

As=p *b*d=0.00505% 1000 * 275= 1388.75 mm?

As (mm2) m Rn(Mpa) p Mu

1454.9 T 2059 21000529 I3 KNm

Check Minimum Reinforcement Ag min...(ACI-} 318M-08 — (10.5.1))

Asmin=p_ *b*h  =0.0018*1000*300 = 540mm>  (control)

= Use ®14/10 cm , As prov = 1538.6 mm?*/cm

step ( s) is the smallest of :-

<380(?ﬂ) 2.5 % C,

<380*(@) 25*20—380*(2280) 2.5 * 20 = 330mm

< 300(359) 300 * Zi‘))— 300 * (228" ) =300 mm (control)

37y

<3*h=3%*300=900m

<450 mm.

- Check for strain:
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Tension = Compression

A *fy =0.85% fc' *b*q
1538.6*400 = 0.85*24*1000 *a
a=30.17m
c= 4 _ M = 35.49mm
B, 085
e = 275-35.49
: 35.49

g, =0.02>0.005—— o0k

*0.003

( Temperature and Shrinkage ) :

— p = 0.0018

Asmin=p_ *b*h =0.0018*1000*300 = 540mm’ (control)

Use @8 @ 200 mm
step ( s) is the smallest of :- '

<5*h=5*300=1500 mm

<450 mm. . (control)-

¢
Assume bar diameter ®10 for main reinforcement - » / 3 i
d=h-20-db= 360 ~20—(10/2) =275 mm ) §
h db__ d |
o 300mm e e 1 0mme : : 275 mm

Mu=+62.1 KN.m

m=_ B =400 _y96
085* fo  0.85%24
Rn=Mu ¢
EPE
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" -3
R = 62:1%107 /0.9 — 0,92 N/mm” (Mpa)
1.0%(0.275)°

p=-1—(1— 1_Zm*Rn)
m V iz
_ 1. ;1_2(19.61)(0.92 = 0.00235
19.61 400

As=p*b*d= 0.00235* 1000 * 275= 646.25 mm?*

As (mm?2) m Rn(Mpa) p

Check Minimum Reinforcement A ¢ min...(ACI- 318M-08 — (10.5.1) )

As min=p, *b*h =0.0018*1000 #300 = 540mm*  (control)

Use ®14@100 mm

step ( s) is the smallest of :-

5380(-2?8;9)——2.5*&

280 _y_ 9520 =330mm
420

<380 * (222 -2.5% 20 =380 *(
3y

2
Zx
3

280
%* 420

< 300(%‘1) =300*(_§_—81;z-)= 300 * (
3

)=300 mm (control)

< 450 mm.

- Check for strain:
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Tension = Compression

A * fy =0.85*fc' *b*a
1538.6 %400 = 0.85*24*1000*a

a=30.17m
c= 4 - -3—9—11 =35.49mm
B 0.85
5 = 275 -735.49 £0.003
35.49

g, =0.0202 > 0.005——> ok

4.9 Design Of Flat Plate :_

4.9.1 Determination of Thickness for flat plate :

The structure may be exposed to different loads such as dead and live loads. The value of

the load depends on the structure type and the intended use.

The overall depth must satisfy ACIL:

For the slab plan as shown in fig (4.1).
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=3

20 OMINg 1WEEIC

ETHD T
By

HTTED 2

Depaazs TPV

\

Fig. (4-19) flat slab in Basement 2 floor

For flat plate without drop panels with no edge beams, minimum slab thickness

equal:

o hmin=1In/30=9.1/30= 0.3033 m

4.9.2 Load Calculation:

D.L. wm = 1¥0.3%25 = 7.50 KN/ m’.

Live load = 5.00 KN/m’.

Factored dead Load = 1.2%7.50=12.00 KN/m”.

Factored live Load =1.6*5= 8.00 KN/m?.
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4.9.3 Design of Flat Plate of Basement 2 Floor Slab.

* Basement Flat plate Shape in Safe program:

Fig. (4-20) Flat Plate Shape in Safe Program.

* Deformed Shape of basement Flat plate floor in Safe program:
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Fig. (4-21) Deformed Shape Basement floor.

*Reinforcement of Basement Flat Plate:

finite element method has been used to analysis all slabs in this project , because slabs

contains many opening

s and the shapes un regular ,S0 its difficult to'take strip and use

equivalent frame method .

*(bottom- reinforcement flat plate of basement ) from safe :

1) In horizontal direction :
Basic reinforcement @ 14 @15 cm
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Fig. (4-22) bottom reinforcement in X-dir. Basement floor.

2)in Vertical direction :

Basic reinforcement @ 14 @15 cm

Fig. (4-23) Bottom reinforcement in Y-dir. Basement floor.

*(Top - reinforcement flat plate of basement ) from safe :
1) In horizontal direction :
Basic reinforcement @ 12 @15cm
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Fig. (4-24) Top reinforcement in X-dir. Basement floor.

2)In Vertical direction "

Basic reinforcement @14 @15 cm

Fig. (4-25) Top reinforcement in Y-dir. Basement floor.
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4.10.1 Load calculations
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Dead load from: W = 8xyxb

T TR
Interior partitions 2.3x0.8

e ey L TRk U 5

Mortar  0.0322x08

Plaster  0.03x22x08

>

>

>

>

>

>

Total Dead Loadwithin the beam width = 10.774KN /m

The live load within the beam width =5%0.52=4 KN /m

The support reaction ( service ) from Dead loads of Rib (R21 ) upon beam ( B54G)

is(16.14 KN). The distributed Dead load from Rib (R21) on Beam ( B54G):

16.14
DL from nis—asy = 31.038KN/m

The support reaction (service ) from Live loads of Rib (R21 ) upon beam ( B54G)

is(11.81 KN) . The distributed Live load from Rib (R21) on Beam ( B54G):

11.81
LLfrO‘m Rib™ "6;2“ = 22. 712KN/m

The support reaction ( service ) from Dead loads of Rib (R22 ) upon beam ( B54G)

is18.95 KN). The distributed Dead load from Rib (R22) on Beam (B54G):

18.95
DL from Rib™ 052 = 36. 442KN/m

The support reaction (service ) from Live loads of Rib (R22) upon beam ( B54G)

is(11.72 KN) . The distributed Live load from Rib ( R22 ) on Beam ( B54G):

11.72
LLfrom Rib™ E‘i‘ = 22. 538KN/m

The support reaction ( service ) from Dead loads of Rib (R23 ) upon beam (B54G)

is(20.95 KN). The distributed Dead load from Rib ( R23 ) on Beam ( B54G):

20.95
DL from Rib="6"5_'2— = 40. 288KN/m

The support reaction (service ) from Live loads of Rib (R23 ) upon beam ( B54G) is

(12.27 KN) . The distributed Live load from Rib ( R23 ) on Beam ( B54G):

12.27
LLfrom Rib™ _(-)_5; =23. 596KN/m
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» The support reaction ( service ) from Dead loads of Rib (R24) upon beam ( B54G)

1s(16.14 KN). The distributed Dead load from Rib (R24) on Beam (B54G):

16.14
DL fyomris=gs; = 31.038KN/m

» The support reaction (service ) from Live loads of Rib (R24 ) upon beam (B54G)

is(11.81 KN) . The distributed Live load from Rib (R24 ) on Beam (B54G):

11.81
LLjrom rit= ooy = 22-712KN

«» beam system

1 2 3 4
1 2 3 4
LS | Lol
A A A

025 3.5 025 447 025 447 025 5.07

3.75 o 442 H 472 o 532
1 1 1 ] |
»f-f T T L
32

20.

AA

< Loading

Toad group no. 1

Dead load - Service Units:kN,meter
31.0 402 3{"‘ 310
i 4 i3 @
y 7l 10.72 r 1&7 167\
3.75 442 4.72 N 532
Live load - Service Load factors: 1.20,1.20/1.60,0.00
227 23.6 225 227
R \
3 i b3 5492
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> The support reaction ( service ) from Dead loads of Rib (R24) upon beam ( B54G)

Is(16.14 KN). The distributed Dead load from Rib (R24 ) on Beam ( B54G):

16.14
DL fromrin=g 5y = 31.038KN/m

> The support reaction (service ) from Live loads of Rib (R24 ) upon beam ( B54G)

is(11.81 KN) . The distributed Live load from Rib ( R24 ) on Beam ( B54G):

11.81
LLfrom Rib™ E_Z- =22.712KN

s» beam system

1 2 3 4 5
1 2 3 4
a Al T ﬂ I g o N T ﬂ j
L L Ll Ll
A A A
025 35 025 447 025 447 025 5.07 0.25
T 375 o 442 H 472 H 532 '

32

80.
A-A

+ Loading

" Toad group no. 1

Dead load - Service Units:kN,meter
3.0 402 364 310
/. ! i 4 4 i
10.7 107 167 167
375 442 ¥ 472 532
Live load - Service Load factors: 1.20,1.20/1.60,0.00
22.7 23.6 225 227
|/ A
5 3 % §
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o
o

» Moment/Shear Envelope (Factored):

Moment/Shear Envelope (Factored}

Units:ki, meter

Moments: spans 1to 4

-278.3

2454 2416
ATTS -181.6
505, 147.9 A452.7 1532
L Aytes A
" ! ! s
14 1L L
}_{__40'86'6'69 s_!——-{l '6.66\/
W Xl
11, 1155
| 16 | 226 | 212 | 242 | 242
| B i 1 T i

Shear

-221.5
%
Uil

.238.3 8.2

231.7 28
% / 62 =
H o /j

[
‘1 107.9

. L/
202.7

195.8

243.3 234. 263.7
289.4
+» Reaction:
Reactions
Factored
" tH H al —H
DeadR 68.34 255.85 256.78 305.87 105.87
LiveR 7443 219.81 226.09 262.02 99.53
MaxR 142.46 475.66 482.87 567.89 205.4
MinR 54.21 337.23 322.05 398,65 97.36
Service
DeadR 56.95 213.21 213.99 254.9 88.22
LiveR 46.33 437.38 143 163.76 62.21
MaxR 103.28 350.59 355.29 418.66 150.43
MinR 4812 264.07 254.78 312.88 82.9
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4.10.2 Design of positive and negative moments.

» Design for maximum positive moment, Mu = 226.8KN.m
Assume bar diameter $18 .

. dp 18
= h — cover — dstirrups -5 = 320—40-8 -5 = 263 mm
Check whether the section will be act as singly or doubly reinforced section:-

Maximum nominal moment strength from strain condition &; = 0.004

Cmax = —=d ==+ 263 = 112.7mm.

N w
g w

a = B,C = 0.85 % 112.7 = 95.79mm

Mypmax = 0.85. £ a.by.(d - %)

95.79
2

Mpyae = 0.85 * 25 % 95.79 * 800 ( 263 — ) «10~6=350.28KN.m

D = 0.82 covrvvrrererrirennes @M, max = 0.82 * 350.28 = 282.23 KN.m

M, < @M, = 2268 KN.m < 282.23KN .1 err eve ver vue e ere vee oo deSiGM S SINGLY
M, 226.8 X 10°

R, = 4.554 Mpa.

= Gbd? _ 0.9 x 800 X 2632

__fy _ 400 _
gm—m—l&BZS

1 2mR,\ _ 1 [ _zxissaaxasse) _
P= :r_n-(l 1 a0 ) ~ 18.823 (1 \/1— 400 ) = 0.01236

As = p.b.d = 0.01296 x 800 X 263 = 2726.78 mm?

e Check for As,min..

. Jf'e 1.4
As,min = 0.25 b,.d =—by.d
fy fy

o Asmin = 0.25% 800 X 263 = 657.5 mm?

o As,min = 215%800 % 263 = 736.4 mm? .......Control.
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As,required = 2726.78 mm? > As,min = 736.4mm? ... 0K

Use $18 with As= 254.34mm? .

_As  _ 272678 _ ~
Asp18  254.34 10.72~ 11.

n

e Check for strain

Asf 2797.74%400
=t = = 65.83mm
0.85b f;  0.85x800x25

a 65.83
C=— =—= 7.4 m
5 = o085 77.45m

(263 — 77.45

d—c
£, = 0.003 (———C——) = 0,003 (2 ) — 0.0072> 0005 ok

usedp = 0.9

Mn = Asf, (d —5) = 2797.74 x 400 (263 - =7

) +1076 =257.49KN. m

dMn = 0.9 * 257.49 = 231.74 KN.m > Mu = 226.8KN.m ... ... v OK

e Check for spacing:

800 —40%2—8#%2—11%18
s= 10 =50.6 > 25 .o ee.. 0K
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> Design for positive moment, Mu = 126.5 KN.m

Assume bar diameter $18 .

. dp 18
d = h— cover — dstirrups ——-—2—=320-—40—-8——:2—=263mm

My 126.5 x 10°
~ Pbd% 0.9 X 800 X 2632

R, = 2.54 Mpa.

m =LY —_200_—18.823

_afq_ [;_2mRy)_ _1 [ _2xass23x254) _
p= m(1 1= ) T 18823 <1 \/T 400 ) = 0.00678

As = p.b.d =0.00678 X 800 % 263 = 1426.5 mm?

e Check for As,min..
o As,min = %800 % 263 = 736.4 mm? .......Control.

As.required = 1426.5 mm? > As, min = 736.4mm?>.

Use ¢$18 with As= 254.34mm? .

As 14265 _

5.6~ 6.

n oo e g
Asp18 25434

e Check for strain

Asf 1526.04%x400
=2 = = 3591 mm
0.85b fJ  0.85x800%25

a 3591
c= — = == =42.25mm
B, 085

d—c 263 — 42.25
£, = 0.003 (T) — 0.003 ("71—27?7—) — 0.0156 > 0.005 ok

usedp = 0.9
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Mn = Asf, (4 —5) = 152604 400 (743 - 3591) 4 1076 = 149.58KN.m

dMn = 0.9 * 149.58 = 134.6 KN.m > Mu = 126.5KN.m ... ... ... OK

o Check for spacing:

800—40*2—8*2——6*18
s= z =119.2 > 25... ... 0k
Design for maximum negative moment, Mu = —277.3 KN.m

Assume bar diameter $18

18
d = h— cover — dstirTups — —29 =320—40—-8— - = 263mm

Check whether the section will be act as singly or doubly reinforced section:-

Maximum nominal moment strength from strain condition & = 0.004

3 3
cmax = —7—d = = x 263 = 112.7mm.

a=B,C=085% 112.7 = 95.79mm

7 a
M, ax = 0.85.f-a.by. (a-5

M, = 0.85 % 25 * 95.79 * 800 (263 - 579 1 10-6=350.28KN.m
(X 7 R OM, gy = 0.82 % 350.28 = 282.23 KN.m

M, < ®M, = 277.3 KN.mM < 282.23KN. T o svecee v oevee o ...design as singly
R, = My 2773 x10°__ 5.568Mpa.

GbdZ _ 0.9 x 800 x 263
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m=—JY - 400 18873

0.85fc/ 0.85%25

_af, |y _z2mRe\_ 1 |4 _ 2x18.823x5568) _
p= m(l L ) T 18.823 (1 \/1 400 ) = 0.01647

As = p.b.d = 0.01647 x 800 X 263 = 3465.29 mm?

e Check for As,min..
As,min = 736.4mm? .......Control

As,required = 3465.29 mm? > As,min =736.4mm? oK

Use $18 with As= 254.34mm? .

As 3465.29= 13.624~ 14.

n = frsnad
Asd18 25434

e Check for strain
Asfy _ 3560.76x400
0.85b f/  0.85x800%25

= 83.78 mm

a 83.78
¢c= — = —— = 98.56mm
B, 085

<263 —98.56

e ) — 0051 > 0005 ok

d—c
g = 0.003(——) = 0.003
c
usep = 0.9
83.78

Mn = Asf, (d —2) = 356076 « 400 (263 = 257) + 107° = 314.93KN.m

dMn = 0.9 * 314.93 = 283.44 KN.m > Mu = 277.3 KN.m ....... v OK
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o Check for spacing:

_800—-40%2—-8+2—-14+18

= =34.77 >25......0k

S

4.10.3 Design Beam( B54G )for Shear .

Vumax = 263.7 KN
d =263 mm

1 1
Ve = Eﬁ?bwd = gx/ﬁ X 800 X 263 X 1073 = 175.33 KN

gVec =0.75x175.33 = 131.5 KN.

v Ty Z 2587 e 17627KN
ST g ¢T 075 YT A

Check for section dimension:-

© Vimax = 2+/f{bwd = V25 x 800 X 263 X 1073 = 701.33KN

Vs < Vsmagx «s- e o-- the section is lar ge enough.
Find the max stirrups spacing:-

2 0r  Spax < 600mm

[fV; VS o VS' =2 [fibyd then Smax <

o Vs =32fibyd =3V25 X800 x 263 x 1073 = 350.67KN

Vy = 176.27KN < Vs' = 350.67KN 0K

d 263
Smax < 600 mm Or Smax < 5 < - = 131.5mm .....control

Check for section dimension:-

1 - 1 -
® Vomin = —/fibwd = —-25 X 800 x 263 x 10~ = 65.75KN
® Vomin =3byd =% 800 x 263 x 107 = 70.13 KN — control
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#( Ve + Vymin) = 0.75(175.33 4+ 70.13) = 184.1 KN

vu> 8(Ve + Vomin)

g(Vc+Vs") =0.75(175.33 + 350.67) = 394.5 KN

#( Ve + Vomn) <Vu < (Ve +Vs') ..o wee eee oo . CaSE 4 StirTUps are required
Smax = 131.5mm

Use stirrups U — shape (2 leg stirrups )$10 Av =2 x 785 = 157mm?.

G Ayfyed 157 % 400 * 263
TV, 176.27 %1000

=93.7mm
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4.11.1 Design of Longitudinal Reinforcement :

> Selecting column dimensions:
Pu =4922.7KN
pg=1.7%
As=pg *Ag=0.017Ag
¢ Pn,max = Pu
¢ Pn,max = ¢ *0.8 [ 0.85*fc'(Ag-As) + As*fy ]
¢=0.65 — for tied column.
4922.7%10% = 0.65*%0.8 [ 0.85*24(Ag-0.017Ag) + 0.017*400 ]

%103
Ag = w =352628.94mm’>
13.96
Ag=a? —a =,/Ag =V352628.94 = 593.8 mm.
Try a = 600mm, Ag = a® = 6002 = 360000 mm?.

> Check for Slenderness :
b= 600 mm , h= 600 mm

Mu aq_ppML ACT —(10.12.2)

r M2
Lu: Actual unsupported (unbraced) length.
K: effective length factor (K= 1 for braced frame).

R: radius of gyration = \/—j]; =030 i For rectangular section.
Iy == 0.3*¥0.6 = 0.18
Lu=3.68m

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.
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Ku _qy oML ACI —(10.12.2)
r M2
1x3.68 _50.4<22

0.18

> Selecting longitudinal bars:
4Pn = 0.65%0.8 [ 0.85*(c(Ag-As) * As*fy |
¢Pn=0.65%0.8 [ 0.85%24(600>-As) + As*400 ]
4902.7%10° = 0.65%0.8 [ 0.85+24(6007-As) *+ As*400 1

As = 4922.7x10° 044000 1 5592.019 mm?
S =170.65 = 0.8 3796 ALmm

g = A5 359201 _ g 0155>0.01
Ag 360000

So, Take pg = 0.0155

Use @ 20, with As =314 mm?

_ 5592.019

n = 17.8 bars,
314

> Design For Ties : 2
Use ties® 10 With Spacing of ties shgll not exceed the smallest of:
1) 48*d;=48%10 = 480 mm
2) 16*dy =16%20=320 mm - Control

3) Least Dimension of Column = 600 mm
So,Use @10 @ 200 mm.
» Check For Code Requirements :

1) Clear Spacing between longitudinal bars
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. 600—40+2—10%2—6%20
spacing = S =76 mm > 40mm

>1.5*db=30mm - OK
2) Gross Reinforcement Ratio:
0.01< pg =0.0155 <0.08 - OK
3) Number of bars 18 > 4 —for square section - OK
3) Minimum ds : @ 10 for ® 16 Bars - OK
4) Spacing Of Ties : $=200 mm - OK

Figure (4-27) : Details Of Column ( C33)
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. 600—40+2~10%2—6%20
spacing = S =76 mm > 40mm

>1.5*%db =30 mm - OK
2) Gross Reinforcement Ratio:
0.01< pg =0.0155 <0.08 - OK

3) Number of bars : 18 > 4 —for square section - OK
3) Minimum ds: ® 10 for ® 16 Bars - OK
4) Spacing Of Ties : S=200 mm - OK

$10@20
L=228

Figure (4-27) : Details Of Column ( C33)
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4.12 Design of Long Column (C106)

o0

50

Column (C106)

Figure (4-28) : Geometry Of Column ( C106)

4.12.1 Design of Longitudinal Reinforcement :

> Selecting column dimensions:
Pu =3500.4KN
g =122%
As=pg *Ag=0.0122Ag
¢ Pn,max = Pu
¢ Pn,max = ¢ *0.8 [ 0.85*fc'(Ag-As) + As*fy ]
¢=0.65 — for tied column.
3500.4*10° = 0.65*0.8 [ 0.85%24(Ag-0.0122Ag) + 0.0122*400 ]

% 3
= 35004710 =258658.8mm’
13.016
Ag=a? —a = \/[Ag =V258658.8 = 508.5 mm.
Try a = 500mm, Ag = a? = 5002 = 250000 mm?.

173



il

Chapter 4  Structural Analysis And Design

» Check for Slenerness :
b= 500 mm , h = 500 mm

@<34—12M—1— ............... ACI —(10.12.2)
M2

r

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

R: radius of gyration = \E'— =03h i, For rectangular section.
Iy =1,= 0.3*0.5=0.15
Lu=3.68m

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.

klu M1

MU _3q 1902 ACT - (10.12.2)
7 M?2

1x3.68 _ 54 53520

0.15

> Selecting longitudinal bars:

EI
EI=04 £
1+ 5,

E, = 4750,/ f¢' = 4750* /24 =23270.15Mpa
_12DL _12*1876.49

ba =gy = 35004

_b*h’> _500*500°

£ 12

_ 0.4%23270.15%5.208

- 1+0.6443

=0.6433

I =5.208*10° mm*

EI =29188.89KN.m*

174



I

Chapter 4 _ Structural Analysis And Design

2
P = /4 EI2
(KLu)
_3.147 *29188.89
¢ (1.0%3.68)°

=21251.09KN.

Cm = 0.6+0.4(-M—3—)
M2
Cm=0.6+.04%1=1
5. = Cm >1.0
1-(Pu/0.75P,)
S = ! =1
T 1-(3500.4/0.75%21251.09)

28>1

=15+0.03*h =15+0.03*500 =30mm =0.03m

emin

e=e, . x5, =0.03*1.28 =0.0384m
e _ 0.0384 _ 0.0768

h 0.5

¢P, _ 3500.4*10’

= %0,145=2.13 Ksi
A, 500%500

500—2%40—2+10—18
= 0.764
500

Use @18 >>y =

From Interaction Diagram:_

Diagram A-9b (Fory = 0.75) ,pg = 0.012

Diagram A-9c (Fory = 0.9),pg = 0.0116

0.012 —0.0116
0.9 -0.75

A& p * Ag = 0.01196%500%500 = 2990 mm’

pg(y = 0.764) = 0.012 — ( ) (0.764 —.75) = 0.01196

2990

Use ®18 >>n = = 11.76

254.34
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> Design For Ties :

Use ties® 10 With Spacing of ties shall not exceed the smallest of:

1) 48*d;= 48*10 = 480 mm
2) 16*d;, =16*18=288 mm - Control
3) Least Dimension of Column =500 mm
So,Use @ 10 @ 200 mm.
» Check For Code Requirements :

1) Clear Spacing between longitudinal bars
500—-40%2—10%2—4*18

spacing = = 109.33 mm > 40mm

3
>1.5*%db =27 mm - OK
2) Gross Reinforcement Ratio:
0.01< pg =0.01196 <0.08 - OK
3) Number of bars : 12> 4 —for square section - OK
3) Minimum ds: ® 10 for ® 12 Bars - OK
4) Spacing Of Ties : S=200 mm

NINB N 10
o t\ ° 10
0 o )
4
] B L L4

12618

210020
L=188

910020
L=136 |

Figure (4-29) : Details Of Column ( C106)
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4.13 Design of Isolated Footing....Pos. (F21):-

Figure (4-30) : Details Of isolated footing (F21)

> Design of Isolated footing (Under Col. 36):
f ' Vi ;
24 Mp 400 Mpa

> 4.13.1 Load calculations:

1911 | Bi11.]224.38 ] 209.11: 224.38 | 20911 1. B11: | 224.38 ]°209.41 ] B11 - | 224.38 | 209.11 224.38_ | 20911
635 | B23: X 35 | B23 [ 11072 | 3535 | B23 | 11072 | 3535 | B23 | 11072 | 3535 | ~B23 | 11072
E : S P2 vice] 3 7 244 35 S 33

306 | 25677 | B13 | 39606 | 25677 | T 256 06 | 256, 1 77 , .
3908 | 25 | B9 | 3998 | 329 SXE 18 329

B9 | 1022 | 159461 B8 1 - ;
| B20 | 0ra9 | tieaz | B20 | aor. 3 | B0 118, 20735 [ 1Bz | - ~ )
& v m Vs 37 . 82» ' - L
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- From column (36): (DL &LL)

*Total Service dead load ( DL) = 1200.52 KN
*Total Service live load (LL) = 1066.93.8 KN
* Column dimensions =50 cm*50 cm

* Allowable soil pressure = 400 KN/ m?

* Soil Density= 18 KN/ m?

DL(KN) LL(KN) Column dimensions  all. soil pressure
170052 106693 (50*50)cm. 400 KN/ m?

» 4.13.2 Calculating the weight of footing , soil, and the surcharge
floor load:

im

h-footing

-Weight of footing(assume;

W footing = 0.7%25 = 17.5 KN/m?

-Weight of soil:

W= 1%18 = 18 KN/m?

-Weight of surcharge:

Wsurcharge _5 KN/m?
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-Total surcharge load on foundation:

W = Wieoting™ Wioit + Waurcharge=17.5 +18+5=40.5 KN/m?*

Net soil pressure,(qa net) -
(allow,net™allow= Wr
=400-40.5=359.5 KN/m*

> 4.13.3 Determination of Footing Area:

- Required sizes of footing:
g=P/A , A=P/q

p, _ 1700.52+1066.93 _

= 7.698 m
q,, 400-5-(0.7*% 25)

A required =

A= b=(A "0 ... b=(6.307)* % =2.77m

Assume Square footing , where is b=a= 2.8 m

h footing w footing D et A,requlred

70em 175 KN/m* 359.5KN/m?> 7.698m>

> 4.13.4 Determination of the depth of Footing based on shear
strength:
- Pu =12DL+ 1.6LL = 1.2*¥1700.52 + 1.6%1066.93 = 3747.712 KN

u= STATTI2 _ 47e 004 KN/m

-1 7.84

TeamaRm.... BAERN. . AIs02MKNme
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> -4.13.5 Check for One Shear Strength

]

.\

Inclined crack ? T

Tributary area for

Critical section for I
—
one-way shear

one~way shear

Column

One-way shear.

Figure (4-31) : Tributary Area of one way shear

Critical section at ( a/2+d)

Z.018t

WL

Critical Section for
one -way shear __

[
N\

NN

Tributary area for___
one- way shear

J

t+—>
115
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Triputary area for
one- way shear "

¢Vc=9'-67—5-ﬁi*2.8*d*103

Let, Ve =Vu
d =0.515m

Assume cover =75 mm and db=20 mm

it AL

h=515+75+20=610mm

Take h =650 mm............. then d = 650 - 75 -20 = 555mm

P d (mm)k _ h (mm)

Try h(mm)

Try d (mm)

>
>
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-4.13.5 Check for Two-way Shear (Punching Shear) :

~

!
Inclined crack

Tributary area for
two-way shear

Critical section
for two-way shear ~

Two-wav shear.

Figure (4-32) : Tributary Area of two way shear

Let Vu= ¢ Vc ,where ¢ =0.75

Vu = 476.08%( 2.8%2.8 - (0.6 +.561 )° =3090.734 KN

According to ACI , The punching shear strength (Ve) is the smallest value of the
following equations: '

1 2 !
¢.Vc = ¢—6‘(1 + —[}"-J fc bod

4

bV, = ¢.i(——‘3’—&—+ 2)\/}7@,01

12\ b,/d
1 ’
oV, = ¢.§\/ f.b,d

Where:

_ Column Length (a) 500 -1.0
¢ = " Column Width (b) 500

b, - Perimeter of critical section taken at (d/2) from the loaded area

b, =2(d +al)+2(d +a2) = 2(100+50.5)+2(30 +30.5) = 4.32m
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=4 * (0.5+0.555) = 4.22m.

o =40 for interior column

s

PV = ¢%—(l+-§—] £, b,d= 0’25 *(1+—ﬂ* 24 %4.22%0.555*10° = 4302.71kN

0.75, (40*0.555

+ 2) % J24%4.22%0.555%10° = 5206.76kN
12 422

Y (b;d+2]fbd

]\/'j 075* 24%4.22%0.555%10° = 2671.9Kn

oV, —2671.9Kn Control

Vu =478.024%{(2.8%2.8) - (0.5+ 0.555)*(0.5+0.555)} = 3215.66kN
¢Ve=26T1.9Kn <V, = 3215.66Kn.......not  satisfied

B b, (m) @, ¢V (KN)

Try h=800mm...........then d=3800-75- 20 = 705mm

b, = 4(0.5+0.705) = 4.82 m
V. =9 1\/‘cb a= 75 U-73 & [24+4.82%0.705%10° = 4161.81Kn

oV = 4161 81Kn .. Control

Vi =478.024%{(2.8%2.8)—(0.5+0. 705)*(0.5+0.705)} =3053. 61kN
¢Vc=4161.8Kn>Vu, = =3053.61Kn....... satisfied

(Two Way Shear is OK)

h (mm) d (mm) b, (m) Vu (KN) ¢V, (KN)

800 705 482 305361 41618

> -4.13.6 Design for Bending Moment of both direction :-

h (mm) _ d@m bm)
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d = 800-75-20 = 705 m
Mu = wi2/2 = 478.024%1.15% *2.8/2 = 885.06 KN.m
Mn=885.06/0.9 = 983.31 KN.m
Mn
bh-d?

-3
= 98331107 _ 4 7066 Mpa
2.8%(0.705)?

R, =

m = Sy
0.85x f¢!

= _400 19.607
0.85x24

1 2mR,
p=—|1- /1—_-—
& &
_ 1 1_\[_2 19.607 *0.7066 | _ 4 50179
19.607 400

ASeq = 0.00179%2800*705 = 3533.46 mm’
As min = 0.0018*b*h = 0.0018%2800%800 = 4032 mm”

ASiq = 353346 mn’ <Aspin = 4032 mnt
ASmin =4032mnt’ .....control

= 2800-75*2-17*18 = 146.5 mm

16

- Step(S) is smallest of:

1. 3h =3*800 = 2400 mm
2. 450 mm - control
S = 146.5 mm <S,max = 450 mm — OK

Mu(KN.m) m Rn p

AS req( n’lrn2 )

ASmin( mm’ )

S(mm)

1885.06  19.607 0.706 Mpa _ 0.00179

3533.46

4032

- 146.5
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- Check strain

Tension = Compression
A x fy=0.85x f.xbxa
4324%x400=0.85x24x2800x a

a=30.28mm
c=3—0’%§=35.62
0.85
g, = 70523562 4003 = 0.0564 > 0.005...0k
35.62
As (mmni’ ) a (mm) ¢ (mm) g,
. 353346 3028 356 00564

> 4.13.7 Development length of flexural reinforcement:-

Ld for © 18:
C L, =-9—>< fy Xaxﬁxyx/lxdb
— 10 fe'
[#4

[k,, + c)
db

Ktr = 0 (Nostripes)ch =75+ 9 = 83cm

ktr+cb__0+83

b 18 =4.61>25
ktr + cb
—ap

9 400 1x1x0.8
— % *
10 1 x+/24 2.5

Ldavailable = ((2800-500)\2—75= 1075mm

ldyeq = +18 = 423.27 mm

Ldavai]ab]e= 1075 mm >ld7«eq - 4‘23-27mm

not required hoo
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> -4.13.8 Load transfer at the column-foundation interface(Dowels
design in footing):-

®Pnb = ®(0.85 fc'4, x -3‘2‘)
1

A;=05%05= 025m
Az— 2.8%2.8=7.48 m’

/74 S5 AT > e =2 =547
0.25 4,

CDPn b =0.65x%(0.85x24%x0.25x5. 47)%1000 =18133 .05KN
®Pn =18133 .05 > Pu =3747 712 .ccccene . ok

= But use the minimum reinforcement of dowels:
As,. =0.005*Ag = 0.005* 500 * 500 = 1250mm”

Use the column bars as a dowels
Select 20020

AS e ovided = 6280cm® > Asg,, = 1250cm®

b
024fy db= 0247400 2.0=39.192cm .

Ldtyreq™

NIz V24

Ldyreq = 0.043 xfyxdb = 0.043 x400 x2.0 =34.4cm
Ld@)req =34.4cm <Ld(1)req=39- 192¢cm =» control

Ls = 0.071xfyxdb = 0.071x400 x2.0 = 56.8 cm >28.81cm
Ls =56.8cm

Available Ld =80—7.5—2%2.0= 68.5 cm.

Available Ld = 68.5 cm >Ls = 56.8cm

Using hook > 16* ¢
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Required length of hook> 16% ¢ > 16*2.0=32cm

Isolated Footing Detail:

3] —
Tt L/
g 30
Tp)
J
i
Y
@
o o o T FTTY 2
S Qg L = )
K TIEL o
70820 NiR
&
Tp)
. i s
I 285 9
16818 L=345
P |
O X
i
10, 125 30 125 10
10 300 10
320
T | 20m20
. T onettm
-t [1]
o] 210 @20cm  B10 @ 20cm
= «% %F //v v i i}@
«© F— v g g G T
e i ] e YT :: : —ﬁ%ﬁ
[} —
= DPM L H Dt 16018 L=345
e s o g gl o o 4 o 1018@165 cm  {om
at T e e 16018 L=345 Y%—
1018@16.5 cm
10 125 .50 125 10
10. 300 10

320

Figure (4-33) : Isolated Footing details
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4. 14 Design of Basement Wall ( BW1 ) :-

SKN/me
. [T
7 NN

¥
42

32
N

AN

A

AN

440
368
AN

|+

TRRTRI L

A
/
4

BN

A

=

10 30

O

Figure (4-34) : Basement Wall
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3.84

Wsu=2.5 Ws=34.56

Figure (4-35) : Geometry Of Basement Wall (BW1)

Fc’= 28 MPa, Fy =400 MPa, Y's=1 8KN/m’, qal 1= 400 KN/m?, ¢ = 30°, surcharge = 5
KN/m?

Wall Thickness =25 cm
Consider at rest pressure
C,=1-sin¢ =1-sin30=0.50
W,=C,*h*y=0050%384+18= 34.56 KN /m?
Wiy = Cq * P =050 %5 = 2.50 KN /m?
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From Atir we have moment and shear envelop :

Lt

Geometry Units:meter,.cm
1 2
1
o A P
- ﬁ L]
0.3 3.54 0.3
| ; —
3.84
1 —
F 1
25,
100.
A-A
o
Leading
Toad group no. 1
Total loads Units:kN,meter
———
- [ ————
= 34.6 Tﬁ”—‘“‘“
-—--q.‘_7~‘_._
L’ 4 q g \ \ g W
! 7 a [ T 00 0 T i ¥
3. i
lMMomentiShear Envelope (Factored) Units:kimelsr
—fi6ments: _spans 110 1
| + t {
8.6 57
lr 1.73 48:-1 2.41 A!
ltomentiShear Envelope (Factored) Unijts:klmeter,
T Shear
_35. -38.4
t t
46.5
60.6

’ Figure (4-36) : Loading and Envelope of Basement Wall (BW1)

190




B —

Chapter 4 _ Structural Analysis And Design

4.14.1 : Design Of Shear :

Check for wall thickness
d =250-75-20/2 = 250 mm

0.75
PV, = %ﬁ? xhxd= —6—@1 +1000 * 250 * 1073 = 122.50 KN
Vu (At face of support ) = 46.50 KN
¢V, > Vu at face of support , So ¢V will be greater than Vud - OK
The thickness of Wall is Adequate Enough

4.14.2 : Design for Flexure :

Mu =48.1 KN.m

Mn = 53.44
R = Mno
b-d?
44%10°
_ B340y s ampa
1000%200”
m = ——-—————ﬁ}
0.85x% fc'
m o=—20___1961
0.85 x 24
1 2mR
p=tli- - | 1 1—J1— 2*19.61%2.495 | _ 1 10347
m S 19.61 400
As req = 0.00347%1000%200= 694 mm’/m ...........control
As min ( for bars < 16 = 0.0012*1000%250 =300 mm2/m
Asmin=2 (bwiy(d) = V24 (1000)(200) = 583.21.mm> / m
4(f) 4(420)
A's min =—1—f}~(bw)(d ) =—1—'i(1000)(200) = 666.67mm* | m (control)
() 420
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As = 694.00 mm%m > As min = 666.67 mm>/m

For horizontal bars use the half of the min. in each side
0.5%Ash,;;=0.5%0.0025*250*1000 = 312.5 mm?>/m
Use ¢ =8

Check for strain:

Tension = Compression

A * fy =0.85*%fc'*b*a
753 .9* 400 = 0.85 *24 *1000 *a

a=14.78 mm
c:-ﬁ-_—: M:l7.39mm
B, 085
g, =200 =17-39 4 003 = 0.0135 )0.005 ok
17.39

g, = 0.01108 > 0.005 —> ok

Check for step
Smax = 450 mm , 3*h = 3*250 = 750mm

note : all steps are less than Smax , So its OK
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Figure (4-37) : Reinforcement Detail of Basement Wall (BW1)
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Chapter 4

4 -15 : Design of shear wall :-

To design shear walls we use (CSI ETABS) Software, and this diagram from ETABS:-

Figure (4-38) Diagram From ETABS
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manual example of shear wall design :

\ 49304

Figure (4-24) Shear and Moment Diagrams of Shearwall

Fy (MPa) t (cm) LW(m) HW(m)

4 .15.1: Design of shear
Y Fx=Vu="T804KN

4.15.2: Design of the Horizontal reinforcement:

The critical Section is the smaller of:

lv_v_z §~'§-= 2.7m... ... control
2 2

w20 _om

2 2

storyheigh t = 4m
d=08xw=08%x54=4.32m
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5
DVumax = wg fc'hd

= 0.75 % 0.83 * V24 % 250 * 4320 = 3293.6KN >V,

1 1
Ve=zVf'hd = gm‘ 250 % 4320 * 103 = 881.8KN ....cont

N,d

Y 0.27v24 = 250 * 4320 * 1073 4+ 0 = 1428.5KN
w

V. = 0.27\/f.'hd +

4930 — 3152 _ M, — 3152
4 T 4-27
M, 1, 3729.85 5.4

7804z ~08

L, (o.1ﬁ§’ +0.2 l”—’;l)
v, = [0.05/F, + et

vy 2

54(0.1v24 4+ 0
=[o.os¢z—4+ ( 2‘38— )

= M,, = 3729.85KN.m

_u_w
2

Vu

hd

] 250 * 4320 * 1073 = 1638.14 KN

Vs =Vn - Ve
Vs =(780.4/0.75) — 881 .8 =158 .7KN

AV _1587%10°
S " f,d 4004320  O09184mm?/mm
As

0.09184
= = 0.000367 < 0.0025

p=s*h 250

_ 2%113.04

p = —g—*—zs—o— = 0.0025 = S = 361.73mm
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® Max. Spacing is the least of:-

Ly 5400 1080
5 5 - mm

3h =3 %250 = 75 mm

4.15.3 : Design for Vertical reinforcement :-

=

Y

w .4 7\/

hwY/
Pomin > 0.0025 + 0.5 (2.5 L T) (p¢ — 0.0025) > 0.0025

i
.
\-,

° Max. Spacing is the least of:-

|

~

=—— = 1800mm

4.15.4 : Design of bending moment :

5400 ,
Ay = (250 ) %2 % 113.04 = 4883.3 mm

A 48833 \ 400
w=( “)-’—Si,=( ) = 0.0603

L, £~ \5400 % 250) 22

B
a = T 0

LA,
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w+a 0.0603 + 0

C
Ly 2w+0858, ~ 2700603 1 0.85+0.85 _ 0072

B, _c
Ak, )1 lw)]

= 0.9[0.5 * 4883.3 * 400 * 5400(1 4+ 0)(1 — 0.072)] = 1076

oM, = ¢ [O.SAstfylw(l +

= 4404.8KN.m
OM, = 4404.8KN.m < My = 4930KN.m

Not Ok
Try $14@200 mm

5400
o= (EE) *2 % 153.86 = 6646.75mm?

__(Ast)fy_( 6646.75 )400
w = 7= 3

Lok 400 « 250/ 24 ~ 0-082

B, _
Lyhf!

wta 0.082 +0 0,093
2w +0.858;  2+0.082+0.85+085 _

0

c
Ly

B,

oM, = @ [O.SAst Folw(1 +

C
Astfy)(l - E—)J

= 0.9[0.5 * 6646.75 * 400 * 5400(1 + 0)(1 — 0.093)] * 10~6

= 6510.89KN.m
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4.16

4.16.1 Design of stairs (ST A)

<
<
™
1.58 3.3 1.8
6,68
(4-40) : Stair (ST1A)
NOTE: (Material)
> *B300.... fe'=30N / mm*(MPa) For circular section
but for rectangular section ( fc'=30*0.8 =24MPa ).
height =4.0 m
Rise =4.0/22=18 cm
height rise run LL Iz fy
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- Minimum slab thickness for deflection is (for simply supported one way solid slab)

h,min =1/ 20

h,min =(0.79+3.3+0.9) /20=24.89 cm ............. take h= 25 cm.

= Useh=25cm.

0 =tan"(18 /30) = 30.9°

h,min (cm) 0

Dead Load calculations of Flight :
0.03 x 23

Plaster = m = (0.81 KN/m

concrete = P—ZS—X-Z—S =7.28KN/m
cos 30.9
mortar = 0—3—8_—3(—)2 0.02 X 22 =0.748 KN/m
0.3+0.18
stair = 03 %2 25 =225KN/m
0.33+0.18
=—3

Total load (DL) = 12.21 KN/m
Live load (LL) = 5 KN/m

Tile 0.03 x22=1.122KN/m

Dead Load calculations of Landing
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Total Factored load,,,, (W = 1.2DL + 1.6LL)

For W, , W=12%12.21+ 1.6*5 = 22.652 KN/m

For W, » W=1.2%8.03+ 1.6*5 = 17.64 KN/m

Wﬂight (KN/III) PV}anding (KN / m)

ULHLITTTITTITITTITIT 22.652

T 37.38

37.38]
0.79 33 09

(4-41) : structural system of flight

CheckforshearstrengthFothght
Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20—14/2 =223 mm

Vu =32.1KN at distance d .

_ 0.75%24 %1000 * 223
6

#ve =136.56KN / m
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Vu=32.1 KN < 0.5* ¢Vc=68.28 KN.

Thickness is adequate enough

db (mm) h(mm)
250

d (mm)

- Design for Flight:

Mu = 62.365 KN.m
Mn =Mu/0.9=62.365/0.9=69.29 KN.m/m
d=h-20-db/2=250-20-14/2 =223 mm

R, = Mn
b-d?

_ 69.29%10°

. —M=1.27Mpa .

m - ___Q____
0.85x fc'

400
m =—
0.85%24

1 2 * *
PYLE P L 1_\/1_3-19—'91—1—'21 - 0003278
m f, ] 1961 400

As,,, = 0.003278*1000%223 = 763.957 mm”/m > As,,;, = 450mm’ /m.... OK

=19.61

As. =0.0018*b*h = 0.0018 ¥1000 * 250 = 450mm” /m

Use @ 14 then,
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ASreq . Aspmin( mm?) S(mm

6

)

5,

- Mu(KN.m) m Rn
. 6929 1961 = 127Mpa

.

Use ® 14 @ 20 cm c/c , As = 769.6 mm2/m strip

1. 3*h=3%*250="750 mm

2. 450 mm

5380(%)—2.5*&

<380 * (282) _2.5% 20 =380 * (7o) —2.5 * 20 = 330mm
3ty S+ 420
280 _ x (280 _ x (280 \_
< 300 (57) =300* (72) = 300 * (£225) =300 mum ... (control)
- Check for strain:

Tension = Compression

A * fy=085%fz *b*a
769.6* 400 = 0.85*24*1000 * a

a=151m
e= Bl o mm
B 0.85
£, = _2_23___1_7'_’_7_6_*0'003
17.76

g, = 0.0346 > 0.005——> ok

> Temperature & Shrinkage reinforcement:

AS grimage = 0-0018x bx ki = 0.0018 x 1000 250 = 450mm’ /m
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- Step ( s) is the smallest of :-

1. 5%h = 5% 250 = 1250 mm

2. 450 mm — control

ASShrinkage (mmz ) S(mm) db (mm)

WRA _ 38.2

Load For Landing = Tz 'i-;é = 24.18 KN/m

24.18| | 24.18

17.64

/

60,312T T60.312

1.4 0.2 1.4

Structural System Of Landing (L1A)

Vu=60.312 KN/m
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Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20-14/2 =223 mm

0.75* 24 ¥1000* 223
gVe = P

=136.56KN /m

Vu=60.321 KN /m < 0.5% ¢Vc=68.28 KN/m .

- Thickness is adequate enough

Mu = 43.5 kN.m/m

Mn =Mu/0.9=43.5/0.9 =48.38 KN.m/m
d=h-20-db/2=250-20—14/2 =223 mm

_ Mn
" b-d?

_ 48.38*10°

= =0.973MPa .
1000*223

__ P
0.85x fc'

400
M == e =
0.85x24

1 2 * *
petlio 2R 1 1—,/1-—9——1-9'—60—'97—3- = 0.00249
m f, | 196 400

As,, = 0.00249%1000%223 = 556.04 mm*/m> 4s,,,, = 450mm” /m.... OK

19.6
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As,;,=0.0018 *b*h = 0.0018 *1000 *250 = 450mm* /m

ASreq( mm2 ) ASm_[n( mm2 )

- Step (s) is the smallest of :-

1. 3*h=3* 250 = 750 mm

2. 450 mm

5380(2—;‘;‘3)-2.5*cc

<380 * (222 - 2.5%20 =380 * (7o) —2.5 * 20 = 330mm
Efy 5* 420
280

Ry ) =300 mm (control)
3

280 280
< e = % PR = *
< 300 ( 75 ) =300 -ﬁ-fy) 300 * (
- Check for strain:

Tension = Compression

A *fy=085%fc' *b*a
615.7*400 = 0.85%24*1000 *q
a=12.07m

a 12.07

c=—=——=142mm
B, 085

223-14.2

g ="
: 14.2

g, =0.044 > 0.005——> ok

*0.003

Temperature & Shrinkage reinforcement:

=0.0018x bx h = 0.0018x1000x 250 = 450mm” /m

AS Shrinkage

- Step ( 5) is the smallest of :-
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1. 5%h = 5% 250 = 1250 mm

2. 450 mm — control

ASShrinkage (mmz ) S(mm) db (mm)

(4-42) : section of Landing
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4.16.2Design of Stairs....Pos. (ST B):

& S P S— -
N —
O
@
3

\
|
<

4.20

i
ERERENEE B MO

Rred
- I
I!ILI ]
WIIII
I
e T T N Tt Y
1.2 24 042
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NOTE: (Material)

> *B300....J¢'=30N/ mm*(MPa) For circular section
but for rectangular section ( fc'=30%*0.8 = 24MPa ) .

height =4.0 m

Rise =4.0/22=18 cm

- Minimum slab thickness for deflection is (for simply supported one way solid slab)
h,min =L/ 20

h,min =(0.6+2.4+.38) /20 = 16.9 cm ............. take h= 25 cm.

= Use h=25cm.
0 =tan(18 / 30) = 30.9°

h,min (cm) 0
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Load Calculations
Dead Load calculations of Flight :
Plaster = 003 X23 _ 61N

st = 05309 /m

to = 0.25 x25 798 KN
concrete = ———oo= = 7. /m
0.3+0.18

mortar = o3 0.02 x22=0.748 KN/m

rai _03+0.18 28 = 2.25 KN
stair = ——=—- = 2. /m

) 0.33 +0.18
Tile = ———6‘5‘*‘—" 0.03 x22=1.122 KN/m

Total load (DL) = 12.21 KN/m
Live load (LL) = 5 KN/m

Dead Load calculations of Landing

Total load (DL)

Total Factored load,,,, (W = 1.2DL + 1.6LL)

For W, , W=12%1221+ 1.6*5 =22.652 KN/m

For W7, W =1.2*%8.03+ 1.6*5 = 17.64 KN/m

landing

Wﬂight (KN/m)

VVIana’ing (KN/m)
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Design of Flight(FL1):-

1.e 2.4 0.42

- Structural System Of Flight (FL1) :

254 |

0.6 24 0.21

Check for shear strength For Flight:
Assume @ 14 for main reinforcement:-

d=h-20-db/2=250-20-14/2 =223 mm
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Vu =28.95KN at distance d .

_0.75%+/24 ¥1000 * 223
- 6

Ve =136.56KN /m

Vu=28.95 KN < 0.5% ¢Vc=68.28 KN.

Thickness is adequate enough

d (mm) Vu (KN)
223 2895

> Design of Flexure:

Mu = 27.85 KN.m

Mn =Mu/0.9=27.85/0.9=30.95 KN.m/m
d=h-20-db/2 =250-20—14/2 =223 mm

Mn
" p-d?

sk 6
=290 6o0pa .
1000*223

__ b
0.85x fc'

m o= _ 19,61
0.85x24
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1 2 19.61%0.
p=tlio -2k, ! 1—\/1—2—-19—6—1—99—2— = 0.00157mm2
m £, | 1961 400

As,,,= 0.00157*%1000%223 = 350.9 mm?/m < As_. = 450mm” /m.. use Asmin

As,;,,=0.0018 *b*h = 0.0018 *1000 * 250 = 450mm’ /m

Use @ 14 then,

Mu(KN.m) m Rn p ASqu(mm) Aspin(mm?)  S(mm)
3095 19.61  0.62Mpa  0.00157  350. s (

Use @ 14 @ 30 cm ¢/c , As =450 mm2/m strip

- Step (s) is the smallest of :-

1. 3*h=3*250=750 mm

2. 450 mm

<380(3§9) 2.5%C,

<38O*(280) 25*20—380*(2280) 2.5 *20 = 330mm
3 y
< 300(@) -300*(3—89)— 300*(2280 ) =300 mm ... (control)

33’
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Tension = Compression

A * fy=085*fc' *b*a
450*400 = 0.85*24*1000 * a
a=28.82m
c=—a-=§-'~8—%=10.4mm
B, 0385
~223-104

g, *0.003
10.4

g, =0.06 > 0.005——> ok

AS gurintage = 0-0018x bx /1 = 0.0018x 1000 250 = 450mm” /m

Use @ 14 @ 300 cm c/c, As prov = 461.8.33 mm2/m strip

- Step ( s) is the smallest of :-

1. 5%h = 5% 250 = 1250 mm

2. 450 mm — control

ASShrinkage ( mm 2 ) S(mm) db (mm)
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12 2.4 042

21.17
17.64

23.29 | 2329
1.2

Structural System Of Landing (L1A)
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Vu=23.29 KN/m
- Check for shear strength (S1):
Assume @ 14 for main reinforcement:-

d=h-20-db/2=250-20—14/2 =223 mm

_0.75%/24 ¥1000 *223

Ve
¢ 6

=136.56KN /m

Vu=23.29 KN/m< 0.5*% ¢gVc=68.28 KN/m .

- Thickness is adequate enough

- Calculate the maximum bending moment:
Mu = 6.99 kN.m/m

Mn =Mu/0.9=6.99/0.9="7.77 KN.m/m
d=h-20-db/2=250-20-14/2 =223 mm

_ Mn
" b-d’

% 6
LT
1000*223

m =———-——-———ﬁ}
0.85x fc'

400

m =———=19.6
0.85x24
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2 * &
pz_l, 1— 1_._’21_1_?1 __ 1 1_\/1_2M =0.000391
m f, | 196 400

As,,,= 0.000391*1000*223 = 87.3 mm*/m< As,_, = 450mm® /m..use As,,,

As,. =0.0018*b* = 0.0018 *1000 * 250 = 450mm* /m

Mu(KN.m) m Rn p ASpeqmm®)  ASmin(mm®  S(mm)

- Step ( s) is the smallest of :-

1. 3*h=3%*250 = 750 mm

2. 450 mm

§380(%)—2.5 * Cy

280 280
< ¥ () — % — %k
<380 % (£7)-2.5%20 =380* (£2

) —2.5* 20 = 330mm

< 300(?}‘53—‘3) =3oo*(§8];‘y’—)= 300*(332‘;0
3 3

) =300 mm (control)

No need to check for strain since As=Asmin.

AS grntage = 0-0018x bx 1 = 0.0018x 1000 250 = 450mm” /m

Use @ 10 @ 20 cm c/c, As prov =471.2 mm2/m strip

217



Chapter 4 __ Structural Analysis And Design

- Step ( s) is the smallest of :-

1. 5%h = 5% 250 = 1250 mm

2. 450 mm — control

ASShrinkage ( mm ? ) S(mm) db (mm)

4.20
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Check for shear strength For Flight:
Assume @ 14 for main reinforcement:-
d=h-20-db/2=250-20—-14/2 =223 mm

Vu =588KN at distance d .

_0.75%4/24¥1000% 223

v
gve p

=136.56KN /m

Vu=158.8 KN < 0.5% ¢Vc=68.28 KN.

Thickness is adequate enough

db (mm) h(mm) d (mm) Vu (KN) Ve (KN)
i ; _ — e

- Design for Flight:

Mu = 75.84 KN.m
Mn =Mu/ 0.9 =75.84/ 0.9 =84.27 KN.m/m
d=h-20-db/2=250-20—-14/2 =223 mm

R = an
b-d

_ 84.27*10°

= =1.69MPa .
1000*223
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m =—————-ﬁ]
0.85x fe'

m =—290 1961
0.85x 24

1 2 ¥19.61*1.
p=—|1- [1- mR, |_ 1 1..\/1_—2-—1-9--6-1—1—ég = 0.00441mm2
m f, 19.61 400

As,,, = 0.00441¥1000%223 = 984.8 mm*/m > 4s,,,, = 450mm’ fm... OK

As,. =0.0018*b* /2 = 0.0018 ¥1000 * 250 = 450mm’ /m

Use ® 14 then,

Asl*eq( mmz ) ASym'n( n’ln’l2 ) S(mln)
984.8 45 50

Use ® 14 @ 15 cm c/c , As = 450 mm2/m strip

- Step ( ) is the smallest of :-
1. 3*h=3%250=750 mm

2. 450 mm

5380(%)—2.5*00

<380 * (222)_2.5%20 =380 * (1) — 2.5 * 20 = 330mm
50 S 420
< 300 ( > ) =300 (‘;‘fy )= 300 (g* 70 ) =300 mm ... (control)

220



k

Chapter4 Structural Analysis And Design

- Check for strain:

Tension = Compression

A ¥ fy=0.85* fc' *p*g
1077.6 %400 = 0.85%24*1000 * 4
a=21.1m
c=2 2 -—8'82 =24.86mm
B, 0.85
223 -24.86
& =—"_""""

: *0.003
24.86

&, =0.024 > 0.005—— ok

AS $1yistage = 0.0018x b x = 0.0018 x 1000 x 250 = 450mm? /m

Use @ 14 @ 300 em c/c, As prov = 461.8.33 mm2/m strip

- Step ('s) is the smallest of :-

1. 5*h= 5% 250 = 1250 mm

2. 450 mm - control

AS Shrinkage ( mm2 ) S(mm) db (mm)
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Appendix A: Architectural Drawings4.5

Appendix B : Structural Drawings 5.5
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1. American Concrete Institute (A.C.I),
2. Building code Requirement for structural concrete (ACI-318M-08).

3. Uniform Building Code ( UBC).
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5-4 Appendix A: Architectural Drawings
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