C h apte I 1 Introduction

1.1 Introduction

A reinforced concrete slab is a structural member, usually horizontal whose depth h, is small
compared to their length, L and width, S. It may be supported by reinforced concrete beams,
by masonry or reinforced concrete wall, by structural steel members, directly by columns.

The structural systems designed in third year (junior year) involved one-way slabs that carried
load to beams, which, in turn, transmitted to column, and two way solid slabs by method -3,
this method is no longer available in ACI code.

1.2 Loads

Loads that act on structures can be divided into three broad categories: dead load, live load,
and environmental loads.
1.2.1 Dead loads
e Are those that are constant in magnitude and fixed in location throughout the lifetime
of the structure.
e Usually the major part of the dead load is the weight of the structure itself.
This can be calculated with good accuracy from the design configuration, dimensions
of the structure, and density of the material.
e For buildings, floor fill, finish floor, and plastered ceilings are usually included as dead
loads.
1.2.2 Live loads
Consist chiefly of occupancy loads in buildings and traffic loads on bridges. They may
be either fully or partially in place or not present at all, and may also change in
location. Their magnitude and distribution at any given time are uncertain, and even
their maximum intensities throughout the lifetime of the structures are not known with
precision for values for live load to be used in building are found in ASCE 7-10.
1.2.3 Environmental loads
Consist mainly of snow loads, wind pressure, earthquake loads, soil pressures on
subsurface portions of structures, loads from possible ponding of rainwater on flat
surface, and force caused by temperature differentials. Like live load s, environmental
loads at any given time are uncertain in both magnitude and distribution.
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Example: For the flat plate system shown below in figure below is proposed for a hospital
building. Almost all floors to be patient rooms.
e According to requirements of ASCE 7-10, select an appropriate value for floor live

load.
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Solution:
According to Table 4-1 from ASCE 7-10 Hospital
Minimum live (W) load for hospitals for patient ~ Uperuing o, bborstries 0
rooms is equal to 1.92 kN/m* ® l[::rrllul.lll.ur:-.;.'m-.' e foar Iy

Lec. Hasanain M. Al-Musawi Reinforced Concrete Design 11



1.3 Types of slabs
1.3.10ne Way Slabs

Slab may be supported on two opposite sides only as shown in Fig. 1.1, in which
case the structural action of the slab is essentially one-way, the loads being carried
by the slab in the direction perpendicular to the supporting beams the design of one-
way slab was discussed in junior year.

Fig.1.1 One way slab supported on two opposite sides only.

There may be beams on all four sides, as shown in Fig. 1.2 and of the ratio of
length to width of one slab panel is larger than about 2, most of the load is carried
in short direction to the supporting beams and one-way action is obtained in
effect, even though supports are provided on all sides.

Fig.1.2 One way slab supported on four sides with length to width larger than 2.
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e For large column spacing, load may be transferred from the slab to the floor beams,
then to larger beams (usually called the girders) and in turn to the supporting columns.

1.3.2 Two Way Slab
1.3.2.1 Two Way Slab with beams

When slab supported on four sides with ratio of length to width equal or less than 2, so
that two way slab action is obtained as shown in Fig. 1.3.

Fig.1.3 two way slabs supported on four sides with length to width equal or less than 2.

1.3.2.1Flat plate

Concrete slabs in some cases may be carried directly by columns, as shown in Fig. 1.4.
Without the use of beams or girders, such slabs are described as flat plates, this type of
slab maybe used when the spans are not large and loads particularly not heavy.
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Fig.1.4 two way flat plates.

1.3.2.2 Flat Slab

Flat slab is also beamless but incorporates a thickened slab region in the vicinity of
the column and often employs flared column tops. Both are devices to reduce the
stresses due to negative bending and shear around the columns, they are referred
as drop panels and column capitals respectively. Fig. 1.5a and b is showing the

flat slab.

Fig.1.5a two way flat slabs with both drop panels and column capitals.
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Fig.1.5b two way flat slabs with both drop panels and column capitals.

e Slabs may have only drop panels, this type of slab commonly used in parking garage
as shown if Fig. 1.6.

Fig.1.6 two way flat slabs drop panels only.

e Slab may be constructed with capital column without drop panel as shown in Figl.7;
this type of slab is rarely.

Fig.1.7 two way flat slabs column capital only.
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e Very often slabs built without interior beams between the columns but the edge
beams running around the perimeter of the building as shown in Fig. 1.8. These
beams are very helpful in stiffening the slabs and reducing the deflections in the
exterior slab panels.

e The stiffness of slabs with edge beams is expressed as a function of as This
expression is used to represent the ration of flexural stiffness of a beam ( Ecb*1b)
to flexural stiffness of the slab (Ecs*Is). If no beams are used as in the case for the
flat plate aswill equal to 0.

_ EcbxIb _ EebxIb _ E

Ecs*ls Eesxls Is

e In which Ecb and Ecs are the moduli of elasticity of the beam and slab concrete
(usually the same) and Ib and Is are the moments of inertia of the effective beam
and the slab.

e The moment of inertia of a flange beam about it is own centroid axis can be
computed based on simple definition of centroid or by approximate method.
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£s=is the width of the frame in the direction perpendicular to the beam
required to calculate o.
hy.= thickness of slab
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Types of frames in slab

1. Longitudinal frames
e Exterior frame
e Interior frame

2. Transverse frames

o exterior frame
e Interior frame
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Example: for the slab showing below calculate s for B1, B2, B3 and B4
All beams dimensions are (300 x 600) and columns dimensions
(300 x 300) mm and slab thickness is (180) mm.

@ 5.0 m @ 6.0 m @ 6.0 m @

. Bl . BL ) 81 | _J@
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| I B1 | a1 R
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ForBl ] PR 720 -
Min(h-hf,4hf)=min(600-180,4*180) .~
Min(420,720) use 420 mm 1%;0
De=300+420=720  correeeereermmemsmmrsss
_Ib
0Lf_Is
Ib :k*bw_'h3
12
Check
be 720 \
# 5, Tan T 24 -300-~420-
h 600

Section for B1 (exterior beam)

k=1+0.2(;%) =1+0.2*2.4=T1.48
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Beam (B2) has the same moment of inertia of (B1) because the beam has the

same dimensions.
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Cl idth _ 6000 300 = @
ps=22 4 oMY 0303150 mm 5 | | E
I -
en) 1 T I
3.15m -— 82§ | | E
© Q
= ; ‘ [
- Le 1 1 1
T
% I ﬁ 1 | | g
- -l O
1 é = "I_
g
= :
S
S
8 — =<
X .
|
6.00 m [
£s¥h3, 3150%1803
|s=—""slab = 222727 —1 53%10° mm*
12 12
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For B3

Min(h-hf,4hf)=min(600-180,4*180) [ 1140 |
Min(420,720) use 420 mm = e
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_Ib
%= Is
3
I =k* 2
Check 1450 _| OJ_ 42 |
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o o 0.k Section for B3 (interior beam)
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Is 2.916%10°
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For B4

Beam (B4) has the same moment of inertia of (B3) because the beam has the

same dimensions.
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Example: For the slab with beams shown below calculate o; for B1, B2, B3 and B4. All beams
and columns dimensions are (600 x 400) mm (400 x 400) mm respectively, and slab thickness

Is (150) mm

O 5m O 5m O 5m @
= B3—

2, 3 2

_I_ - _84_ I_ 54 _I
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Bl
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Solution:
Calculating a,for B1
_Ib
% =1g
Check
o< De _ 830 _ 5195«
bW 400
02< 150 _25<05
60
k= 1+o 2( ) 140.2*%2.125=1.425
b =k 2wl —q 425*400 600°_1 026*10%

£s= 2500+200 2700 mm

¢sxhslab3 2700%1503
Is= = =7.59*10% mm*

12
Ib _ 1.026%x1010
oy =—=——=13.52
Is 7.59%108
l 2.7 m—=28s |
|
£
| O‘ﬂ = ‘
2.5 m

Slab section for B1 transverse exterior frame
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Beam section for B1 in transverse exterior frame
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Calculating afor B2

Ib
(Xf IS 5m (;) 5m ?Q 5m ?Q
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Slab section for B2 in transverse interior frame

Calculating ofor B3
Ib
Is

Ib=1.026*10%

£5=2000+200=2200 mm

¢sxhslab3® 2200%1503
ls=————="—— =6.18*10°% mm*

Ib 1.026%1010
ag=—=——""-=16.6

Is 6.18%108

Of =

Calculating ofor B4
Ib
Is

Ib=1.188*10%

£s=2000+2000=4000 mm

¢sxhslab3 4000%1503
Is= = =1.125*10° mm*
12 12
Ib _ 1.188+101°

a = —_— -
7 1s T 1.125+10°

Of =

=1056 H
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Beam section for B2 in transverse interior frame
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e For slabs with beams between columns along exterior edges os for the edge beams
may not be <0.8.

Y S S S AP ) R i

Fig.1.8 two way flat slabs with edge beams.

Example: Check whether if the slab below is considered as a slab with or without edge beam
according to ACI requirements. Edge beams dimensions are (600x250) mm and
slab thickness is (150) mm, Column dimensions (250 x 250) mm

PRI
== ——— 0

I Y S, N R @

6 m

B e e e O,

Solution:
e According to footnote in table 8.3.1.1 of ACI Code for slabs with beams between columns along
exterior edge os for the edge beams shall not be less than 0.8, otherwise the slab will be
considered as slab without edge beams.

_Ib £s
U =15 | 3125
2< 2e =0 _ 28 <4 | |
by 250 1$O
0.2< X =20 925<05
R 600 600

k=1+0.2(;) =1+0.2*2.8=1.56

L250-—450—
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b =k* 2w _1 56 2502"" 220+6007_7 32%10° mm*

{’s—3000+125—3125 mm
¢sxhslab3 _ 3125*1503:8.78*108

Is=
12 12
b 7.02%x10°
o = —=———=7.995> 0.8
Is 8.78x108

Then the slab is considered with edge beams.
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1.4 Behavior of two way slab
Two-way slabs bend under load into dish-shaped surface, so there is bending in both
principal directions. As a result they must be reinforcement in both directions by layers

of bars that are perpendicular to each other.
The ACI Code specifies two methods for designing two-way slabs. These are the

direct design method and the equivalent frame method.
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e The direct-design method is emphasized in this course because an understanding of
the method is essential for understanding the concepts of two-way slab design. In
addition, it is an excellent method of checking slab design calculations.

1.5 Minimum thickness for Drop panel
Flat plates present a possible problem in transferring the shear at the perimeter of the
columns. In other words, there is a danger that the columns may punch through the
slabs as shown in Fig 1.9. Then the slab can be strengthened by thickening of the slabs
around the columns (drop panels) as shown in Fig 1.6.

Fig 1.9 punching of two-way flat slab.
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They are provided for three main reasons:

1. The minimum thickness of slab required to limit deflections may be reduced by
10% if the slab has drop panels, the drop panel stiffens the slab in the region of
highest moments and hence reduces the deflection.

2. A drop panel can be used to reduce the amount of negative-moment
reinforcement required over a column in flat slab.

3. A drop panel gives additional slab depth at the column, thereby increasing the
area of the critical shear perimeter.

e According to ACI Code 8.2.4 a drop panel shall be project below the slab at least
one-fourth of the slab thickness.

e And shall extend in each direction from centerline of support a distance not less than
one-sixth the span length measured from center to center of supports in that direction
as shown in Fig1.10.

hslab

N
I e

oe
®
A—_‘
|
®

Fig 1.10 Dimensions of Drop panel.
e |f drop panels do not satisfy the length requirements given in ACI Code 8.2.4 still
can be used for added shear strength and are sometimes referred as shear capitals or
shear caps (ACI Code 8.2.5).

1.6 Column Capitals
Occasionally, the top of a column will be flared outward as shown below, then this called
a column capital and it located directly below the slab or a drop panel that is cast

monolithically with the column.

Slab

Column Capital

This is done to provide a larger shear perimeter at the column and to reduce the clear
span {,, used in computing the moments.
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Example: check the dimensions of drop panel shown in figure below according to ACI code.
Column dimension is (600 x 600) mm, slab thickness is (200) mm, drop panel thickness is
(400) mm.

alm

a0m

|
i
|
==
-
|
S

—_ ) - —
| .
| |
| | E | |
I | o I |
L}

. + 1\—33;\ .
E - P | L | ,de: I~ I ] |
v, —13m £ i i

i o~ |- i
L A:
] _7';I_ f
50m 50m . 50m

Solution:

e Check the projected thickness for drop panel
According to ACI Code 8.2.4 a drop panel shall be project below the slab at least one-fourth of the slab thickness.

hslab
200

hdrop:200 mm ? e
Narop=200 mm> 50 mm the projected thickness is ok.
e Check the length of drop panel

ACI Code state that each direction from centerline of support shall extend a distance not less than one-sixth the
span length measured from center to center of supports in that direction

1372%
6
13922
6
1.3 m>0.83 m ok

All requirements are satistfying for a drop panel
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Example: check the dimensions of drop panel shown in figure below according to ACI code.
Column dimension is (600 x 600) mm, slab thickness is (200) mm, drop panel thickness is
(500) mm.

50m @ 50m @ 50m @

L L L L
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| | | =
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0’.3‘m g

| I - i
Solution:
e Check the projected thickness for drop panel

hslab
200

Narop=300 mm ? v
Narp=300 mm> 50 mm the projected thickness is ok.
e Check the length of drop panel

0623

0672
6

0.6m<0.83mnotok H

20

Lec. Hasanain M. Al-Musawi Reinforced Concrete Design 11



1.7 Minimum Thickness for two way slab

1.7.1Minimum thickness for flat and plate slabs.
To ensure that slab deflections is service will not be troublesome, the best approach is
to compute deflections with limiting value, methods have been developed that are both
simple and acceptable accurate of predicting deflection of two-way slabs.
Alternatively deflection control can be achieved indirectly by adhering to more
or less arbitrary limitation of minimum slab thickness, limitations developed from
review of test data and study of the observed deflections of actual structures.
ACI Code Table 8.3.1.1 establishes minimum thickness for two-way slabs;
simplified criteria are included pertaining slab thickness for flat and plate slabs
(without interior beams).

Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams

( mm )[1]
Without drop panels? With drop panels?!
Interior Interior
Exterior panels panels Exterior panels panels
Without | With Without | With
s edge edge edge edge
MPal¥ | beams |beams! beams | beams!!

280 £,/33 £,/36 £,/36 £,/36 £,/40 £,/40
420 £,/30 £,/33 £,/33 £,/33 £,/36 £,/36
520 £nl28 £n/31 £n31 £n/31 £n/34 £n/34

01¢, is the clear span in the long direction, measured face-to-face of supports (mm).

BlFor /f, between the values given in the table. mummum thickness shall be calculated
by linear interpolation.

FIDrop panels as given in 8.2 4.

MSlabs with beams between columns along exterior edges. Exterior panels shall be

considered to be without edge beams 1f o,1s less than 0.8. The value of o, for the edge
beam shall be calculated in accordance with 8.10.2.7.

In all cases, the minimum thickness of slabs without interior beams must not less than

the following:

For slabs without drop panels: 125mm
100 mm

For slabs with drop panels:

£, = is the length of the clear span in the long direction of two way slab, measured face

to face of the supports (column and capital column) is slabs without beams and face of
beams or other supports (like walls) in other cases. See the Fig.1.11.

Lec. Hasanain M. Al-Musawi
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Fig 1.11: £, in two-way slab.
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Example 1: Find the minimum required slab thickness according to ACI Code for building
shown below in Fig. below, use f,=420 Mpa, the slab is without edge beams, Columns
dimensions are (300x300) mm.

5000 5000 5000
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R
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S
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I S = SO I
R
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Solution:
For exterior panel
£,=5000-150*2
£,=4700 mm
By using ACI code Table 8.3.1.1
Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams G e 5 (5
[ [ 4000 [ 4000
(mm) | — o
(Without drop panels”! J) With drop panelst! |7 - i7 - - 7|
e Tiferior Interior 2 | swterior pamel | exterior pansl | exicrior pancl |
/E@Npauels panels | Exterior panels | panels - | | | |
Without || With Without | With — - —— - - — - 7—( 23
e edge |/ edge edge | edge - ! ! T X
MPa® \beams A heams!! beams | beamst = | exterior panel | interior panel | exterior panel |
~ _ ‘_ ‘_ ‘_ ‘. ! ! ! !
f‘ZEE ) f’ﬂii £/36 | £/36 | £/36 | £40 | £40 77| L |7 . 4‘» I {:: 3
4200 W,,Bo) 633 | 433 | 633 | 436 | /36 = | . u | . a | ) |
% exterior pan exterior pan exterior panel
50 | G286 | LB | 481 | 634 | 634 77‘ o ‘7 - 4 - :—:4
fn _ 4700
Nin=— = —— = 156 mm =160 mm.
30 30
23
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For interior panel

_fn 4700
min—

33 33

e In common practice we use same thickness

for all slab panels

e Use the larger h=160 mm > 125 mmo.k ™

— = —— =142 mm =150 mm.

Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams

( mm )[l]
Q\Vithout drop panels!! ) With drop panels?
nterior Interior
Exterior panels\ | panels J) Exterior panels | panels
Without | With - Without | With
s edge edge : edge edge
MPall | beams |beamsH! : beams | beamsH!
280 £,/33 £,/36 {, ,! 6 £,/36 £,/40 £,/40
7 \
{420 )" Rtk ?,,5! £,/33 £,/33 £,/36 £,/36
V.
520 £n/28 £/31 £nl31 /31 £n/34 £a'34

Example 2: resolve the previous example by assuming fy:350 Mpa

Solution:

By using interpolation

For exterior panel
33-30 _ X

420-280 420-350

X=1.5

Total factor=30+1.5=31.5

4700
31.5

For interior panel

36-33 _ X
420-280 420-350
X=15
Total factor=33+1.5=34.5

4700

Nimin = —— =136 mm~140mm
34.5

/ 3

30

420

350

280

36

33

420 350

For all panels use the larger h=150 mm > 125mm O.K H

Lec. Hasanain M. Al-Musawi
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Example 2: Check the slab thickness and drop panel dimension according to ACI Code for
building indicated in Fig. below, use f,=420 Mpa, slab thickness is 200 mm, drop panel
thickness is 420 mm.

000 | 000 000
T — T T - - _ _|
8 | 1 1 I
= 2500
| 1 o 1 |
- _ =L L —
L
-l
o | | | I
=
=
L
I I I I
! ! ! I
L]
=
=
L
| | | I
L a
L [ <
| |
t I 1 | I N | L |
I } | D
I ! I | ‘ ‘

Solution:
Check drop panel thickeness and dimesntions

2500 _#1 4000
— ?7— =—— =666.66 mMm
2 6 6

1250 mm > 666.66 mm

2500 . f2 =5000 —833.33 mm

2 22
2 6 6

1250 mm>833.33 mm

The thickness is 0.k.

25
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-According to ACI Code 8.2.4 the project part of drop panel shall be below the slab at

least one-fourth of the slab thickness.

-200

200
220 ? hsiab == =50

220 mm > 50mm O.K.

Check slab thickness

For exterior panel
£n = 5000-150*2=4700mm

¥ 00
hinm s =270 —1 49mm=145 mm
33 33

200>145 the thickness is O.K.

For interior panel

£n = 5000-150*2=4700mm
?

hmin=—n —4700 =130.5mm~=135 mm
36 36

200>135 the thickness is O.K. m

26
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Drop Panel
Thickness

Slab Thickness

The projected

part

Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams

(mm)iH

e e———
Without drop panelsP] k__‘yith drop pauelEE]_)
Interior Interior
Exterior panels panels éxterior panels 2 panels
Without | With (Without™, With
S edge edge ( edge edge
MPal?! beams | beams!! nbeams A beams!
—
280 €n/33 £,/36 £,/36 1 £,/40 £,/40
7
l\ 420') LA T A R A £,/33 £./36 £./36
——
520 £n/28 £a/31 /31 £n/31 £y/34 /34

Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams

(mm)[l]

e
‘Without drop panels? Q__‘&’ith drop panelEEL)
Interior [ nterion,
Exterior panels panels Exterior panels panels
Without With Without With
S edge edge edge edge -
MPal?l beams | beamsl! beams beams!! -
280 £,/33 £,/36 £,/36 £n/36 €040 {,,.-'O
e
( 420)- (R RN R R WY Cens )
I 4 n'
A M
520 £n/28 €n/31 tn/31 tn/31 n34 £n'34
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-According to ACI Code 8.10.1.3 circular or polygon-shaped supports (Columns and
column capitals) shall be treated as a square supports with same area.

Example 4: the architectural engineer assumes 200 mm slab thickness, check weather if this
thickness is satisfying the deflection requirement of ACI Code, use f,=420 Mpa.

M 5000 ‘ 5000 ‘ 5000 ‘
¢fn = 6000-0.89*800=5288 mm = —f—t-—-—+ ‘— -—- —‘ ————— + -
M=o =208 =176 26mm~180 mm  &| | | | |
30 30 S | | !
200 mm>180mm the thickness is O.K. m S S .
Note: we check the thickness for exterior z| | | | |
panel only, because it gives the largest i i i i
thickness for deflection control. T ‘ ***** ‘ T ‘ T ‘ -
1 | | |
I I R T
6000
Ln=6000-0.89*800=5288
L L
7 7
e - T
800 800
A AT
27
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Example 5: Check the slab thickness according to deflection requirement if the slab thickness
IS (180) mm, and the slab is supported by edge beam (300*600) mm, columns (300 x 300) mm

f,=420 Mpa.’

Solution: — I____J _____ L

e The slab is with edge beam. . \ \ \ |

£1n =6000-2*150=5700 mm : i i i i
hmm=§—: =222 =172.73mm=175 mm B A il

180 mm>175 mm the thickness is O.K = g ‘ ‘ ‘ |
B | - o

Il 1 |

| | | | |
=

6000
Ls

3150 1

Ls=3000+150

Example 6: Check the slab thickness according to deflection requirement for example 5 by
assuming there are no edges beams if and slab thickness is (150) mm,. f,=420 Mpa.
Solution:

£1n =6000-2*150=5700 mm

fn _5700 _

150 mm < 190 mm the thickness is not O.K.

e Slab thickness is needed to be increasing to 190 mm or larger. =

28
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Example 6: Find the thickness of the slab shown below, the slab is supported by edge beams

and column capital diameter (1000) mm fy=420 Mpa

1
Solution:
For exterior panel 8
e According to ACI Table 8.3.1.1
Table 8.3.1.1—Minimum thickness of nonpre- /
stressed two-way slabs without interior beams 1
(mm) ———————
'Q\ithout drop panel_s[*‘b‘ With drop panels?
TN w—— Py .
Interior Interior
Exterior papgls panels Exterior panels panels
Withoutg” With N Without | With 8 m
S edge § edge |J edge edge
MPal? beams | Dewmans ¥’ beams | beams!!
280 G/33 | Arsemy 6/36 £,/36 £,/40 £,/40
" J
420 £,/30 \\(,,_33_" 6,/33 £,/33 £,/36 £,/36 ' .
520 €n/28 /31 €n/31 €n/31 /34 /34 -

(1¢, is the clear span in the long direction, measured face-to-face of supports (mm).
thick shall be calculated

BIFor f, between the values given in the table,
by linear interpolation.

GIDrop panels as given in 8.2.4

n
h=—
33

#n=8000-0.89*1000=7110 mm
h = fn_ 7110

abve ?2215.4 mm~220 mm>125 mm O.K

For interior panel

Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams

(mm)[ll
g W W Ry,
<\\'ilhou( drop pauelsr’rl’ With drop panels®®
S ———— nterior‘\ Interior
Exterior panels 4, panels # Exterior panels panels
Without With = ‘Without With
i edge edge edge edge
: d d d dg
MPal? | beams |beams!! beams | beams!
280 €,/33 €,/36 £,/36 £,/36 £,/40 £,/40
- -
~ - ~
( 420 |Y 4/30 £,/33 < 6,/33 ) 6,/33 £,/36 6,/36
- - -_
520 €n/28 €n/31 €n/31 /31 /34 /34

11¢, is the clear span in the long direction, measured face-to-face of supports (mm).

BIFor f, between the values given in the table, minimum thickness shall be calculated
by linear interpolation.

BIDrop panels as given in 8.2 4.

HISlabs with beams between columns along exterior edges. Exterior panels shall be
considered to be without edge beams if a,is less than 0.8. The value of a, for the edge
beam shall be calculated in accordance with 8.10.2.7

£1n=8000-0.89*1000=7110 mm
h= i—’g‘z %=215.4 mm~220 mm>125 mm O.K

Use =220 mm W
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Lec. Hasanain M. Al-Musawi

€£n=8000-2*0.89*500

=8000-0.89*1000
=7110 mm

Reinforced Concrete Design 11



Example 6: Find the thickness of the slab shown below, the slab is without edge beams and

column capital diameter (1000) mm fy=420 Mpa
Solution:
For exterior panel
e According to ACI Table 8.3.1.1

Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams

(mm)[ll
Without drop panelst! With drop panels?!
Interior Interior
Exterior panels panels Exterior panels panels
Without With ‘Without With
S edge edge edge edge
MPal®! | beams |beamsH! beams | beams!
280 €,/33 £,/36 £,/36 £,/36 £,/40 £,/40
420 €,/30 €,/33 €,/33 €,/33 £,/36 €,/36
520 €,/28 €n/31 €n/31 /31 &n/'34 /34

[11¢, is the clear span in the long direction, measured face-to-face of supports (mm).
BIFor f, between the values given in the table, minimum thickness shall be calculated
by linear interpolation.

BIDrop panels as given in 8.2 4.

HSlabs with beams between columns along exterior edges. Exterior panels shall be
considered to be without edge beams if a,is less than 0.8. The value of a, for the edge
beam shall be calculated in accordance with 8.10.2.7

h="

30
#1=8000-0.89*1000=7110 mm
h= = 7110 537 5 125 mm

30 30

For interior panel

Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams

(mm)[ll
Without drop panels®! With drop panels®®
Interior Interior
Exterior panels panels Exterior panels panels
Without | With Without | With
i edge edge edge edge
MPal? | beams |beamsH! beams | beams
280 €,/33 €,/36 £,/36 £,/36 €,/40 £,/40
420 €,/30 €,/33 €,/33 €/33 £,/36 £,/36
520 /28 €n/31 €n/31 €n/31 /34 €,/34

011¢, is the clear span in the long direction, measured face-to-face of supports (mm).
BIFor f, between the values given in the table, minimum thickness shall be calculated
by linear interpolation.

BIDrop panels as given in 8.2.4.

HISlabs with beams between columns along exterior edges. Exterior panels shall be
considered to be without edge beams if a,is less than 0.8. The value of a, for the edge
beam shall be calculated in accordance with 8.10.2.7.

h=
33
£1=8000-0.89*1000=7110 mm
h= &= 7119 515 4Amm > 125 mm
33 33

Useh=240mm H

30

Lec. Hasanain M. Al-Musawi

6 m

Reinforced Concrete Design 11



H.W 1: Find the minimum required slab thickness according to ACI Code for the slab
shown below Fig. use f,=420 Mpa.

4000

4000

4000

5000

S000

4®

H.W 2: Find the minimum required slab thickness according to ACI Code for the slab
shown below Fig. use f,=420 Mpa. Beam Dimensions are (300x600) mm.

Lec. Hasanain M. Al-Musawi
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1.5.2Minimum Thickness for Two-Way Slab with Interior Beams.
The parameter used to define the relative stiffness of the beam and slab spanning in either
direction is o it can be calculated by equation below:

af

Ecb = Ib

B Ecs x Is

In which Ecb and Ecs are the moduli of elasticity of the beam and slab concrete (usually
the same) and Ib and Is are the moments of inertia of the effective beam and the slab.
The moment of inertia of a flange beam about it is own centroid axis can be computed

based on simple definition of centroid or by approximate method.

e According to ACI code, the two-way slab with interior beams can be found by

Table 8.3.1.2

Table 8.3.1.2—Minimum thickness of nonpre-
stressed two-way slabs with beams spanning
between supports on all sides

O] Minimum /r, mm
gy = 0.2 83.1.1 applies (a)
b [G'8+ I:I?JD] [21.53]
02 <am=20 Gm;‘“ — (b)=
of: 36+ 5B (o, — 0.2)
125 ©
6| 0.8+ 7y -
. Greater 1400 (d)13-E
Wi = 2.0 s
of 36+9p
90 ©

[Uegy, is the average value of ayfor all beams on edges of a panel and ayshall be calcu-

lated in accordance with 8 10.2.7.

(21§, is the clear span in the long direction, measured face-to-face of beams (mm).

31 is the ratio of clear spans in long to short directions of slab.

Notes:

__clear span in the long direction _{n

B

clear span in the short direction sn
e Both of tn and Sn are measured from face of beams.

® sy IS the average value of asfor all beams on edges of a panel.

Lec. Hasanain M. Al-Musawi
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Example: For the slab with beams shown below in Figure is satisfactory, use fy=420 Mpa,
beam dimension (300x600) mm ,ay, for each beams are indicated in figure below.

@ 6.0 m @ 6.0 m @ 6.0 m @

. _ 7.64 _ _ _7.64 _ _ 7534 _| . @
I &
5.22 13.26 | 3.26 5482
.q_'
1 _ 4.89 _ _4 89 _ _ 4 89_ _ o @
| I i
5.22 3.26 3.26 5.20 g
| | | | q_
4.89 4.89 4.89 @
| | | |
F.zz 3.26 .26 532 g
| [ [ I tl'
‘ 7.64 7.64 7.674 | Jr@
| - - - _ - _ L = _
Solution:
Find o5, for each panel: 6.0m C? 6.0m Q? 6.0 m C?
Panel 1 T F— T o
4.89+4.89+3.26+3.26 | Panel3  Panel2 ) =
gy = 4,075 || [ e
> 2 ! Panel 4 ! Panel 1 ! ! g
fm =~
| — — I e
e By using the equation in ACI Code Table 8.3.1.2: i i i i E
| | 1 1 ‘C.I'
fy
mos+22y o e -H3)
h=———=2% or 90 (choose larger) | | + -
3 6 + 9B “.Mm Minimum /4, mm
? _ 5 Oy <02 8.3.1.1 applies (a)
B = = 3000300 ~ 3700~ 1% T el om
02<0m=20 :;m 36+ 5B(0, - 0.2)
fy 420 N
n(0.8+22)  5700(0.8+—>) :
= 1200 — 1200~ =125 75 mm> 90 mm O.K — “
36+9ﬁ 36+9%x1.54 . — a‘os—ﬁi @
Use h=130 mm B o _
33
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Panel 2

_7.64+3.26+3.26+4.89

Olm= ” =4.76

Ofm > 2
_#n(08+"12L

1400~ or 90
36+9f

_fn_6000—300 _ 5700
sn 4000—300 3700
420

fy
:{’n(o.8+m) B 5700(0.84+—)

B =1.54

36498 36+9x1.54
Use h=130 mm
Panel 3

7.64+3.26+5.22+4.89
Olfm= =5.25
4
Ofm > 2
fy
#n(0.8+—==
=—————20% 0or 90
36+98

fn_6000—-300 _ 5700
= =5700_1 g4

sn_ 4000—-300 3700
rn(0.8+12)  5700(0.8+222)

B

1400

36+9p 36+9%1.54
Use h=130 mm
Panel 4
4.89+3.26+5.22+4.89
Olfm= =4.565
4
Ol > 2
fy
£n(0.8+-22)
=——1200 0or 90
36+98
fn_ 6000—300 _ 5700
f=—= = =1.54
sn 4000—300 3700
rn(0.8+L2)  5700(0.8+=22%)
T 36498 36+9+1.54

Use h=~130 mm for all slab panels ®
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Example: Find slab thickness for the
following panel, as for each beams are _.
indicated in Fig. below, Fy=420 Mpa.

Beam dimensions are (400x600) mm. £

Solution: S

Find oy, for the panel:

Panel 1 —
0h‘m=1+1.1+2+1.2 _ 1375

0.2<am <2

e By using the equation in ACI Code Table 8.3.1.2:

fy
1,071(0.8+T00)

" 36+58(afm—0.2) or 125
_ #n_8000—400 _ 7600

B = =——=1.357
sn 6000—-400 5600
fy 420
_ n(0.8+5 _ 7600(0.8+, )
36+58(afm—0.2)  36+5%1.357(1.325—0.2
Use h=200 mm H

2000 mm
1. 2
1 2
1.1
gl Minimum /#, mm
A, <02 8.3.1.1 applies (a)
f f \
G| 08+—=L i )
N § Greater o\ 1400) ()3
02<am< -
’ of: 36+ 5P (e, —0.2)
125 (©
¢, 08+ A .
Greater 1400 (d)l—l 31
> 2.0 .
of 36+98
%0 (e)

=191.6 mm > 125 mm O.K

Example: Find slab thickness for the interior panel that showing if figure below, a; for all
beams are 0.1, fy=420 Mpa. Beams and columns dimensions are (300x300) mm.

Solution: ) _
Find o4, 1 7m I
0.14+0.1+0.1+0.1 - T S
afm: = 0.1 < 2 \
ol Minimum /, mm
O, <02 8.3.1.1 applies (a)
i —
(,[o.erL] . o = (E
02<an<a0 | Gt 1400 BB
- of: 36+ 5B (e, - 0.2)
125 ©
5
Y Greater ‘ [”*m} (@PB . _
am > 2.0 of: 36+9B - 01 —
x (e) ) Y
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beams and ACI Table 8.3.1.1 must apply

e Since osy, for the panel is less than or equal to 0.2 ,then the slab us considered without

Table 8.3.1.1—Minimum thickness of nonpre-
stressed two-way slabs without interior beams

( mm )[1]
Without drop panelst! With drop panelst!
Interior Interior
Exterior panels panels Exterior panels panels
Without | With Without | With
= edge edge edge edge
MPal® | beams |beams! beams | beams!
280 £,/33 £,/36 /36 /36 /40 £,/40
420 £,/30 £n/33 £n/33 /33 £y/36 /36
5 2-[] 'Fn."llzg 'F;r]."l..a ]. 'fn."llj ]. {._rp."l.j ]. 'f_r p.'lllj 4 'E_rp'llljil'
tn
h=—
33
¥n=7000-300=6700 mm
_ 6700 [

h= ¥:203 mm =210 mm > 125 mm

Note: According to ACI Code 8.3.1.2.1 at discontinuous edges of slabs, if an edge beam
with o < 0.8 then the minimum thickness required by (b) or (d) of Table 8.3.1.2 shall be
increased at least 10 percent in the panel with discontinuous edge.

Example: Find slab thickness for the 8000

following panel, af for each beams are _y_ = = = 2 -

indicated in Fig. below, Fy=420. Beam 4

digestions are (400x600) mm.

Solution: 2 'os 2
44+2+5+0.5

ofp=————=2.875 5

O =2.875 > 2 L IR

36
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By using the equation in ACI Code Table (8.3.1.2).

ﬂﬂ[l] Minimum /%, mm

Op < 0.2 8.3.1.1 apphies (a)

fy
. fn(0.8+m ,A{DS‘L]

Greater 1400
h = 36495 Or 90 (greater) o2canszo | S | O

(o)

125 (c)

/ £y
608+ |
Greater \ 1400
of. 36+9p

)M
am > 2.0 @

90 (e)

e Since osfor edge beam 0.5 < 0.8, then the equation shall be increased by 10

percent.
n(0.8+-LL) | o
h = " 711400 _ clear spaninlong direction _ 8000—400 _ 7600 136
36+9p0 ' P clear span in short direction ~ 6000—400 5600
7600(0.8+-—0)
h=1.1=% Teroiiag  —190.63>90 use h=200 mm m

H.W: Find slab thickness for the panel 1, o for each beams are indicated in Fig.
below, Fy=420. Beam digestions are (300x600) mm.

8000

2

Panel 1

g000

15

37
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General Examples for calculating slab thickness

Example 1: Find the minimum thickness of a slab for an interior panels due to
deflection control for the following: Use fy=350 Mpa
a. Slab with beams (8.1 x 8.2) m clear span with asm=2.3
b. Flat plate (4.4 x 4.6) m clear span.
c. Flat slab with drop panels (6.2 x 6.2) m clear span.

Solution:
Slab with beams (8.1 x 8.2) m clear span with a¢,=2.3

O =2.3 > 2
fy 1Y

_ #n(0.8 + 1400
36+ 90

fn 8200_1 012

B:—_
350

Sh 8100
8200%(0.8+——
h = 2220087450 ~190.87 mm > 90 mm O.K
36+9%1.012

Flat plate (4.4 x 4.6) m clear span.
From ACI Table 8.3.1.1

Without drop panels!] With drop panelst!
Interior Interior
Exterior panels panels Exterior panels panels
Without | With Without | With
s edge edge edge edge
MPal? | beams | beams!! beams | beams!!
280 £,/33 £,/36 £n/36 £,/36 £,/40 £,/40
350 === | | | | |
420 £,/30 £,/33 £ £,/33 £,/36 £,/36
5 2 l:] 'Fn .-".2 8 'Fn ."l.j 1 'fn ."..3 1 { _|-|."l-3 1 { _|-|.";3 4 { _|-|.";3 4
_ n
For fy=280 Mpa v
n
For fy=420 Mpa P

For fy=350 Mpa ﬂ (by linear interpolation)

h="t = @_13333mm>125mm0k

34.5 345

38
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c. Flat slab with drop panels (6.2 x 6.2) m clear span.
From ACI Table 8.3.1.1

Without drop panelst! With drop panels!]
Interior Interior
Exterior panels panels Exterior panels panels
Without | With Without | With
s edge edge edge edge
MPall beams | beams! beams | beams[
280 £,/33 £,/36 £,/36 £,/36 £,/40 £n/40
350 m—y
420 £,/30 £,/33 £y/33 £,/33 £,/36 £n/36
5 2 l:] 'Fn .-".2 8 'Fn ."l.j 1 'fn ."..3 1 { _|-|."l-3 1 { _|-|.";3 4 { _|-|.";3 4
n
For fy=280 Mpa 0
n
For fy=420 Mpa P
n

For fy=350 Mpa — (by linear interpolation)

38
h==82%0 16315 mm> 100 mm Ok M
38 38

Example 2: Find the minimum thickness of a slab for an interior panels due to
deflection control for the following: Use fy=420 Mpa
a. Slab with beams ( 8.2 x 7.7) m clear span with a,=2.3
b. Slab without drop panels ( 5.4 x 4.8) m clear span with a¢,=0.18
c. Flat plate (4.2 x 4.6) m clear span.
d. Flat slab with drop panels (6 x 6.2) m clear span.
e. Slab with beams (5.8 x 5.8) m clear span with a;,=1.5

Solution:
a. Slab with beams ( 8.2 x 7.7) m clear span with as,=2.3

ofm=2.3 > 2
fy
#n(0.8 + 1400)
36 + 98

£n _ 8200
——=1.065
sn 7700

8200+(0.8+—22)

h = 1400- =197.87 mm > 90 mm O.k
364+9%1.065

Use h =200 mm

h =

p=

39

Lec. Hasanain M. Al-Musawi Reinforced Concrete Design 11



b. Slab without drop panels ( 5.4 x 4.8) m clear span with as,=0.18
aim=0.18 < 0.2

Then the slab is considered without beams, use ACI Table 8.3.1.1
hzi—;‘:% = 163.65 mm > 125 mm O.K
Use h= 170 mm

c. Flat plate (4.2 x 4.6) m clear span.
From ACI Table 8.3.1.1

h=2=2690 _ 139.4 mm > 125 mm O.K
33 33

Use h= 140 mm

d. Flat slab with drop panels (6 x 6.2) m clear span.
From ACI Table 8.3.1.1

h=2=629 — 172 2 mm > 100 mm O.K
36 36
Use h= 175 mm

e. Slab with beams (5.8 x 5.8) m clear span with os,=1.5
0.2<o0sn=15<2

_ {’n(0.8+%)

36+58(apm—0.2)
_n _5800_

B 28901

sn 5800
420

~ 5800*(0.8+—

= 1‘“’0) =150.12 mm > 125 mm O.K
3645%1%(1.5—0.2)

Useh~160 mm H
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Example 3: Find the minimum thickness of a slab for an interior panels due to

deflection control for the following: Use fy=420 Mpa (60000 psi)
a. Flat slab with drop panels (6.4 x 6.4) m clear span
b. Slab with beams (6.0 x 6.0) m clear span with as,=2.7
c. Slab with beams (5.4 x 4.5) m clear span with a4,=0.7.
d. Flat plate (4.6 x 4.6) m clear span.

Solution:

a. Flat slab with drop panels (6.4 x 6.4) m clear span

From ACI Table 8.3.1.1

h=2=6400 _ 177 78 mm > 100 mm O.K
36 36

Use h =180 mm
b.Slab with beams (6.0 x 6.0) m clear span with os,=2.7

fy
_ #n(0.8 + 1400

36+ 90
_#n _ 6000_

=—r=1
P= 5 = 5000

6000%(0.8+—22)

h = 1400° — 146.77 mm > 90 mm O.K
36+9x1

Use h=150 mm
c. Slab with beams (5.4 x 4.5) m clear span with a:,=0.7.
0.2<0sm=0.7<2

_ en(o.8+1{‘%)

" 36+58(afm—0.2)
_ n _ 5400

p=2=20-17

sn 4500
5400*(0.8+42—0

1‘“’0) =152.3 mm > 125 mm O.K

T 36+5%1.2%(0.7—-0.2)
Use h=160 mm

d. Flat plate (4.6 x 4.6) m clear span.
From ACI Table 8.3.1.1

h:{)—n:@ =139.39 mm > 125mm O.K
33 33

Use h=140 mm W

41

Lec. Hasanain M. Al-Musawi Reinforced Concrete Design 11



Example 4: Find the minimum thickness of a slab for an interior panels due to
deflection control for the following: Use fy=280 Mpa (40000 psi)

a. Slab (2.5 x 3.5) m clear span with 05,=3.2

b. Flat plate (6.5 x 7.0) m clear span.

c. Slab without drop panels (6.5 x 5.5 ) m clear span with 0,=0.12

d. Slab with drop panels (6.0 x 7.5) m clear span with a¢,=0.15
Solution:
a.Slab (2.5 x 3.5) m clear span with a,=3.2

=3.2 > 2
fy
. #n(0.8 + 1400)
36 + 98
_fn _ 3500

P= sn 2500_:L 4

5 280
h=1 026(:):11400) =72.01 mm < 90 mm Not O.K
Use h=90 mm

b. Flat plate (6.5 x 7.0) m clear span.
By using ACI Table 8.3.1.1

h= {’—” %_19444mm>1250|<

Use h~200 mm

c. Slab without drop panels (6.5 x 5.5 ) m clear span with o¢,=0.12
0sn=0.12 < 0.2
Then the slab is considered without beams

By using ACI Table 8.3.1.1

h= £ 28590 _ 180 55 mm > 125 mm O.K
36 36

Use h=190 mm

d. Slab with drop panels (6.0 x 7.5) m clear span with 0,=0.15
0sm=0.15< 0.2
Then the slab is considered without beams

By using ACI Table 8.3.1.1

h= 22 =759 _187 5 mm > 100 mm O.K
40 40

Use h=190 mm H
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Home Work
Find the minimum thickness of a slab for an interior panel due to deflection

control for the following. Use fy=420 Mpa (60000 psi)

a. Flat slab with drop panels (6.4 x 6.0) m clear span

b. Flat plate (4.4 x 4.0) m clear span.

c. Slab with beams (5.8 x 5.6) m clear span with with a¢,=1.7

d. Slab with beams (8.0 x 6.5) m clear span with with a;,=3.4

e. Slab without drop panels (5.5 x 4.8) m clear span with a5,=0.19
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