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TYPES OF SLABS
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Introduction

A slab is a structural element whose thickness is small compared to its own
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length and width.

t<<L,S

S

Slabs in buildings are usually used to transmit the loads on floors and roofs to the

supporting beams.
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Slabs are flexural members. Their flexure strength requirement maybe expressed by:
7.5.1.1ACI code318M-14

Mu <dMn
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Types of Slabs:

1- Solid slabs :- which are divided into

- One way solid slabs
- Two way solid slabs
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2- Ribbed slabs :- which are divided into

- One way ribbed slabs
- Two way ribbed slabs
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One-way solid slabs
A one-way solid slab curves under loads in one direction only. Accordingly, slabs
supported on two opposite sides only and slabs supported on all four sides, but L/S = 2
are classified as one-way slabs. Main reinforcement is placed in the shorter direction,
while the longer direction is provided with shrinkage reinforcement to limit cracking.
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Two-way solid slabs

A two-way solid slab curves under loads in two directions. Accordingly slabs
supported on all four sides, and L/S < 2 are classified as two-way slabs. Bending will
take place in the two directions in a dish-like form. Accordingly, main reinforcement is
required in the two directions.
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Minimum thickness of one way slabs

7.3.1 Minimum slab thickness ACI 318M-14

Table 7.3.1.1—Minimum thickness of solid nonpre-
stressed one-way slabs

Support condition Minimum 7!
Simply supported £/20
One end contmuous £/24
Both ends continuous £/28
Cantilever £/10

(MExpression applicable for normalweight concrete and £, = 420 MPa. For other
cases, mumimum /4 shall be modified i accordance with 7.3.1.1.1 through 7.3.1.1.3,

as appropriate.

7.3.1.1.1 For fy other than 420 MPa, the expressions in Table 7.3.1.1 shall be multiplied
by (0.4 + fy/700).

Minimum Cover
20.6.1.3 Specified concrete cover requirements ACI 318M-14

Table 20.6.1.3.1—Specified concrete cover for
cast-in-place nonpresiressed concrete members

Specified
Concrete exposure Member Reinforcement COVET, TR
Cast agamnst and
permanently in Al Al 75
contact with ground
MNo. 19 through No. s0
Exposed to weather 57 bars
or In contact with All MNo. 16 bar, MW200
ground or MD200 whire, and 440
smaller
Mo 43 and No. 57 40
Slabs, joists, bars
Mot osed to and walls Mo, 36 bar and 70
I i smaller
weather or in
contact with ground Beams, Primary reinforce-
col > ment E.iirru'ps ties 44
pedes._tals.: _and spirals, and h;::-::ps-
tension fies
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U.5. rebar size chart

Imperial Linear Mass Density Nominal diameter Nominal area
bar size Metric size Ib ; — 2
Y (kg/m) (in) (mm) | (in*) (mm?)
#2 #b 0.167 0.249 0.250 = 2;’{3 6.35 0.05 | 32
#3 #10 0.376 0.561 0.375 = 3;’,'3 9525 | 011 |71
#4 #13 0.668 0.996 0.500 = 4;"3 12.7 020 | 129
#5 #16 1.043 1.556 0.625 = E‘;’{g 15875 | 031 | 200
#6 #19 1.502 2.24 0.750 = 5;’{3 1905 044 | 284
#7 #22 2.044 3.049 0875 = Txg 22225 | 060 | 387
#0 #29 2.670 3.982 1.000 25.4 0.79 | 509
#0 #29 3.400 5.071 1.128 2865 | 1.00 |B45
#10 #32 4303 6418 1.270 3226 | 1.27 | 818
#11 #36 5313 7.924 1.410 35.81 1.96 | 1006
#14 #43 7.650 11.41 1.603 43 225 | 1452
#18 #a7 13.60 20284 2257 ar.a 400 | 2581
#184 14.60 21775 2337 59 4 429 | 2678

Spacing of Reinforcement Bars

a- Flexural Reinforcement Bars  8.7.2.2 ACI 318-14
Flexural reinforcement is to be spaced not farther than three times the slab
thickness (hs), nor farther apart than 45 cm, center-to-center.

2hg
450m

Smax < the smaller of - for critical section

3hg
450m

Smax < the smaller of - for other sections

b- Shrinkage Reinforcement Bars 24.4.3.3 ACI 318-14
Shrinkage reinforcement is to be spaced not farther than five times the slab
thickness, nor farther apart than 45 cm, center-to-center.

S

Smax < the smaller of 150mm
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| oads Assigned to Slabs

W,=12D.L+16L.L

a- Dead Load (D.L):

1-Weight of slab covering materials
2-Equivalent partition weight
3- Own weight of slab

b- Live Load (L.L):

a- Dead Load (D.L)

1-Weight of slab covering materials =2.315 kN/m?
Tiles (2.5cm thick) =0.025%23 kN/m?

Cement mortar (2.5cm thick) =0.025x21 kN/m?

Sand (5.0cm thick) =0.05x18 kN/m?

Plaster (1.5cm thick) =0.015x21 kN/m?

tiles
cement mortar [ESs

sand

slab

plaster

2-Equivalent partition weight

This load is usually taken as the weight of all walls (weight of 1m span
of wall x total spans of all walls) carried by the slab divided by the floor area
and treated as a dead load rather than a live load.
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To calculate the weight of 1m span
Each 1m? surface of wall contains 12.5 blocks.

of wall:

A block with thickness 10cm weighs 10 kg = 0.1 kN.
A block with thickness 20cm weighs 20 kg = 0.2 kN.

Each face of 1m2 surface has 30kg plaster.

Load / 1m? surface for 10 cm block =12.5 x 10 +2x30=185 Kg/m* = 1.85kN/m?
Load / 1m2 surface for 20 cm block =12.5 x 20 +2x30=310 kg/m* = 3.1 kN/m?

Weight of 1 m span of wall with height 3 m:
For 10 cm block wt. = 1.85 KN/m? x 3 = 5.6kN/m.
For 20 cm block wt. = 3.1 KN/m? x 3 = 9.3 kN/m.

7
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3- Own weight of slab

Own weight of solid slab (per unit 1m2) =y * h = 25h kN/m?

*10cm
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b- Live Load (L.L):

It depends on the function for which the floor is constructed.

Type of Use Uniform Live Load
kNar

Residential 2
E.esidential balconies 3
Computer use 3
Offices 2
Warehouses
»  Light storage
»  Heavy Storage 12
Schools
=  (Classrooms 2
Libraries
" rooms 3
=  Stack rooms 6
Hospitals 2
Assembly Halls
»  Fixed seating 25
»  Movable seating 3
(Garages (cars) 25
Stores
= Retail 4
»  wholesale 3
Exat facilities 5
Manufacturing
»  Light 4
=  Heavy 6

oads Assigned to Beams

Beams are usually designed to carry the following loads:

-Their own weight

-Weights of partitions applied directly on them

-Floor loads.
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Design of one way SOLID slabs

One-way solid slabs are designed as a number of independent 1 m wide strips
which span in the short direction and are supported on crossing beams. These strips are
designed as rectangular beams.

= 51 >| S_f >|
B 1 " a 2mR
P =m fy
e JY
0.85f'c
M,
k= obd?

10
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Slab thickness h,
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Check on tension/compression control (maximum allowed steel)

Method 1: Check &

d—c
& = T(O.OOB) > 0.005

Method 2: Check pmax

A 0.003
max = 0.003 + 0.005
3
Cmax = gd
_ Asfy  phd

3
= T = e Cc = C = —d
a 0-85fc 0.85]_.(: ,81 ﬂl max 38 ,81

3 (0.85B1f,
Pmax = 3 T

12
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Shrinkage Reinforcement Ratio

According to 24.4.3.2 ACI Code 318M-14 and for f,, = 420MPa

Pshrinkage = 0.0018 —» As,shrinkage = 0.0018b * h

Where, b = width of strip, and h = slab thickness

Table 24.4.3.2—Minimum ratios of deformed
shrinkage and temperature reinforcement area to
gross concrete area

Reinforcement

type J,. MPa Minimum reinforcemesnt ratio
Deformed bars <420 0.0020
Deformed bars 0.0018x 420
orweldedwire | 2420 g,
reinforcement 0.0012

Minimum Reinforcement Ratio for Main Reinforcement

7.6.1.1 A mimmum area of flexural remnforcement. A pin.

shall be provided in accordance with Table 7.6.1.1.

Table 7.6.1.1—Ag min for nonprestressed one-way

slabs
Reinforcement
type fn MPa Az min
Deformed bars | =420 0.00204,
Deformed bars E-OOI 8x 420 A
or welded wire =420 fv ¢
reinforcement 000144,

As,min. = As,shrinkage = 0.0018b x h

Check shear capacity of the section

V,=0V.=0170 |f. b, d

Otherwise enlarge depth of slab

13
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Approximate Structural Analysis

ACI Code permits the use of the following approximate moments and shears for
design of continuous beams and one-way slabs, provided:
* There are two or more spans.
« Spans are approximately equal, with the larger of two adjacent spans not greater than
the shorter by more than 20 percent.
* Loads are uniformly distributed.
» Unfactored live load does not exceed three times the unfactored dead load.
» Members are of similar section dimensions along their lengths (prismatic).

M,, due to gravity loads shall be calculated in accordance with Table 6.5.2.

Table 6.5.2—Approximate moments for nonpre-
stressed continuous beams and one-way slabs

Moment Location Condition M,
Discontinuous end mtegral mith | £2/14
Endspan | support o
Positive Discontinuous end unrestramned | w,£,/11
et |an w216
spans
Interior face Member bult integrally with sup- wob.212A
of extenior RS spax?drfel bodt .
support Men_:xber buult integrally with sup- w,b.2/16
porting column
Exterior Two spans W £l
face of first
mtenor More than two spans w210
support
Negative"! | Face of
other All w211
supports
(a) slabs wath spans not
Faceofall |exceeding3m
supports (b) beams where ratio of sum w212
satisfying of column stiffnesses to beam e
(a) or (b) stiffness exceeds 8 at each end
of span

To calculate negative moments, £, shall be the average of the adjacent clear span
lengths.
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Vu due to gravity loads shall be calculated in accordance with Table 6.5.4.

Table 6.5.4—Approximate shears for nonpre-
stressed continuous beams and one-way slabs

Location I,
Extenor face of first intenor support 115w 62
Face of all other supports w62

Summary of One-way Solid Slab Design Procedure

1- Select representative 1m wide design strip/strips to span in the short direction.

2- Choose a slab thickness to satisfy deflection control requirements. When several
numbers of slab panels exist, select the largest calculated thickness.

3- Calculate the factored load W,

4- Draw the shear force and bending moment diagrams for each of the strips.

5- Check adequacy of slab thickness in terms of resisting shear by satisfying the

following equation:V, < 0.17@+/ f.b,,d

Where b = 1000 mm. If the previous equation is not satisfied, go ahead and enlarge the
thickness to do so.

6- Design flexural and shrinkage reinforcement.

Flexural reinforcement ratio is calculated from the following equation:-

_1 1 a 2mR
P =m fy

o JY
0.85f'c

R = M
pbd?

Where b =1000 mm

You need to check tension controlled requirement, minimum reinforcement requirement
and spacing of selected bars.

15
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Compute the area of shrinkage reinforcement, where:
Ag snrinkage = 0.0018 b * h
Where b = 1000 mm.

7- Draw a plan of the slab and representative cross sections showing the dimensions
and the selected reinforcement.

16
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Example 1

Using the ACI-Code approximate structural analysis, design for a warehouse, a
continuous one-way solid slab supported on beams 4.0 m apart as shown in Figure.
Assume that the beam webs are 30 cm wide. The dead load is 3kN/m2 in addition to the
own weight of the slab, and the live load is 3kN/m2. Use fc'=28MPa, fy= 420MPa

————amr—au= e r——————

| ] T T
I

R
I [ | |
! [ || l
S (. ! |
-J I L
% 1'% || 1 |
\l || li I
| 'l ll l
A\ || ll !

% % % %
| Lo I |
| [ | | [

-—40m —><«—40m —>=<=<—40m —>

Solution:

1- Select a representative 1 m wide slab strip:
The selected representative strip is shown in the figure below

2- Select slab thickness:

The clear span length, L,
l,=40-0.30=3.70m

For one-end continuous spans,
Ropin = 1124 =4.0/24=0.167m

Slab thickness is taken as 17 cm

17
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W,

3- Calculate the factored load wu per unit length of the selected strip:
Own weight of slab = 0.17x 25 = 4.25 kN/m?
W,,=1.20 (3+4.25) +1.60 (3)= 13.5 kKN/m?
For a strip 1 m wide, W},=13.5 kN/m

L

4- Evaluate the maximum factored shear forces and bending moments in

the strip:

W,,=13.5 kKN/m & [,,= 3.7m, Units of moment are in KN.m

"

*Te

wl,

.
11

w.l.

wi,

11

10

w.i’

/
vy

w, il

z"%
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w,l w1, 115wz,
2 2 3—\\\
\\-\\q. \\\\ \\__-‘\
J\ = — —
H\\‘x N \F
\\..\ - “:" 1{ \1"; 1 2
115 W, 1 " 4 2
. 2 2
2 087
25 L ®
S \
-""\ _\\\\ ._‘_‘-x _\\\
x\x\ H‘m\_\\h K\“\H\J
~.
25 25
28.7

Units of shear are in kN

5- Check slab thickness for beam shear:
Effective depth d = 170 — 20 -6 = 144 mm, assuming 12 mm bars.
Viax = 28.7 kN.

@V, = 0.170 [f.b,d = 0.17(0.75)v28 * 1000 * 144 + 1073 = 95.8kN

i.e. Slab thickness is adequate in terms of resisting beam shear. No need to shear
reinforcement.

6- Design flexural and shrinkage reinforcement:

Assume that ®=0.9, For max negative moment, M,, = 18.5 kN.m

m=-—22Y_ =220 _ 17647
0.85f'c 0.85%28

M,  185%10° 09913
~ @bd? 0.9(1000)(144)2

(| _zmR N1 [ | 2+17647+0,9913
P = A== 1= 17647 ( 420 )

= 0.00241

R

19
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Agy_ve = pbd = 0.00241 * 1000 * 144 = 347 mm?

__ Ay 347s420
¢~ 085£b, 085x28x1000 oMM
_a_6123_
C_ﬁ’1_ ogs = /-2mm
d—c 144 — 7.2
e = ——(0,003) = ———-(0.003) = 0.057 > 0.005

Tension failure and @ = 0.9

Agymin. = 0.0018bh = 0.0018 * 1000 * 170 = 306mm? < Ag)_y, OK.

2V~ 700 ey S = 227.5 mm

1000 S '

Smax = min.of (450mm or 3 * 170) = 450mm
use 10@ 200mm

For max positive moment, M,, = 16.8 kN.m

m=-—22Y_ =220 _ 17647
0.85f'c 0.85%28

M, 16.8 * 10
RI= = = 0.9
obd? ~ 0.9(1000)(144)2
B 1 " 2mR B 1 " 2x17.647 % 0,9
P = A== = 7ea7 20
= 000219

Agyive = pbd = 0.00219 * 1000 * 144 = 315 mm?

__Agy, _ 315s420
4= 085£b, 085%28x1000 >°TM
_a_5.56_654

6—31—0.85—. mm

144 — 6.54

—=;— (0.003) = 0.063 > 0.005

d—c
& = 7(0,003) =

Tension failureand @ = 0.9

20
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Agymin. = 0.0018bh = 0.0018 * 1000 * 170 = 306mm? < Ag)_y, OK.

20 = T00 e § = 250 mm

1000 S
Smax = min.of (450mm or 3 x 170) = 450mm

use 10@ 250mm

Calculate the area of shrinkage reinforcement:
Avrea of shrinkage reinforcement = 0.0018 (1000) (170) = 306 mm?/m

=20 = 72010 ¢ — 258 mm
1000 S

Shy
Smax < the smaller of 150

For shrinkage reinforcement use ® 10 mm @ 250 mm

Shninkage remft.
D10@25 Ddl0@2s ®10@20 d10@20 O10@25

Ii"\_\‘-‘TJ/'A'\ * ‘! R Sy s '>'- A 1%’01)

j‘—J ®10@ - l—r \'\ f

OlO@25

B10G@25

' —
7 7 7 7
A 2 7 é é
B I | l
' | | l
I | | |
| | (I |
\D10@25 D10@20 D10@20 D10@25
£ | | | ! 1 l |
& D10@25 | |  D10@25 | | ®10@25 |
|
| | | l i |
| | o |
A | || (. |
a7 2 %
74 |
| & I [
l || | | |
W gt
< 40m > 40m > 40m >
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Example 2:- A one-way single-span reinforced concrete slab has a simple span
of 3m and carries a live load of 5.75 kN/m? and a dead load of 0.96 kN/m? in
addition to its self-weight. Design the slab and the size and spacing of the
reinforcement at mid-span assuming a simply supported moment, given:
fe=28MPa and fy=420MPa

Solution

For simply supported span,

Ronin = 1/20 =3.0/20=0.15m

Slab thickness is taken as 150 mm.

Own weight of slab = 0.15x 25 = 3.6 kN/m?2

W,,=1.2(0.96+3.6) +1.6(5.75) = 14.7 KN/m?2
For a strip 1 m wide, W,,=14.7 kN/m.
The clear span length, 1,

[,=3.0m
W,=14.7 kN/m & L,,= 3.0m.

Check slab thickness for beam shear:
Effective depth d = 150 - 20 -6 = 124 mm, assuming ®12 mm bars.

Vitpax == = 22.05 kN,

OV, = 0.179 |f.b,,d = 0.17(0.75)v/28 * 1000 * 124 * 10~3 = 83.66kN

i.e. Slab thickness is adequate in terms of resisting beam shear. No need to shear
reinforcement.

Design flexural and shrinkage reinforcement:

Assume that ®=0.9, for max positive moment,

M, ==""=1653 kN.m

22
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m=-—22_ =220 _ 17647
0.85f'c 0.85%28

M,  1653%10°
~ @bd?  0.9(1000)(124)2

(|, _zmr ) _ 1
P = A== 1= 17647

= 000292

R = 1.195

1 2%17.647 * 1.195
420 )

Agyrve = pbd = 0.00292 + 1000 * 124 = 363 mm?/m

__Af, 3632420
4= 085£b, 085%28x1000 "
_a 6.4 _ 3
C_B1_0.85_ 53 mm
d—c 124 — 6.54
& = ——(0,003) = ————(0.003) = 0.046 > 0.005

Tension failure and @ = 0.9

Agymin. = 0.0018bh = 0.0018 * 1000 * 150 = 270mm?/m < Ag e OK.

363 113¢12— S =300mm

1000 S
Smax = min.of (450mm or 3 * 170) = 450mm

use 12@ 300mm

Calculate the area of shrinkage reinforcement:
Area of shrinkage reinforcement = 0.0018 (1000) (150) = 270 mm?/m

ﬂ=M5=29Omm
1000 S

S

450mm

Smax < the smaller of

Smax = min.of (450mm) or(5 * 150) = 750mm

For shrinkage reinforcement use @ 10 mm @ 290 mm.

23
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. 13 @450 mm center to canter o 13 @00 mm center (o centes

" & & & ® & e & & - &

Ta0mm

3000mm

L

Example 3:- Design the one-way slab shown in the accompanying figure to
support a live load of 12 kN/m?.Do not use the ACI thickness limitation for
deflections. Use p=pm,=28MPa and fy=420MPa

8 m e

Solution
Assume h slab=200 mm, Assume that ®=0.9.

Own weight of slab = 0.2x 24 = 4.8 kN/m2
W,,=1.2(4.8) +1.6(12) = 24.96 kN/m2

_ WI?  24.96x82

M, = =199.68 kN.m
8 8
pmax—z(w)—o 018
=3 1, =0.
bdz — Mu . 199.68 * 106
B B 420
opf, (1 —0.59p ]f_yc) 0.9(0.018)420(1 — 0.59 * 0.018 -~
= 34908341.48 mm3

24
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d? = 34908.34148
d = 186.8 mm

20
h =186.6 + 20 + > = 216.6 mm

Own weight of slab = 0.2166 x 24 = 5.2 kN/m2
W,,=1.2(5.2) +1.6(12) = 25.44 kN/m2

Wi 25.44x82

M, = =" =220 22035 kN.m

pmaxz%(w)zo.IS

y

M, 203.5 = 10°

= = 220

opf, (1 — 059 f_yc> 0.9(0.018)420(1 — 0.59 * 0.018 =)
= 35576159.31mm3

d2 = 35576.15931

d = 188.6 mm

20
h =188.6 + 20 + - = 218.6 mm =~ 220 mm

Check slab thickness for beam shear:
Effective depth d = 220 - 20 —10 = 190 mm, assuming ®20 mm bars.

_wl _ 25.44%8 = 101.76 kN.

Vum ax

OV, = 0.179 |f.b,,d = 0.17(0.75)v/28 * 1000 * 190 * 10~3 = 128.18kN

i.e. Slab thickness is adequate in terms of resisting beam shear. No need to enlarge the
section.

Design flexural and shrinkage reinforcement:
For max positive moment, middle span.
M, =203.5 kN.m

Agyyve = pbd = 0.018 * 1000 = 190 = 3420 mm?/m

25
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__Afy 34205420
= 0.85Lb, 085%28«1000 ~ oMM
_a_6035_
‘=B "0 -™M"
d—c 190 — 71
& = ——(0,003) = ————(0.003) = 0.00502 > 0.005

Tension failure and @ = 0.9(note we used maximum ratio of steel)

Agymin. = 0.0018bh = 0.0018 * 1000 * 220 = 396mm?/m < Ag,ye OK.

3420 31%20_ S=919mm
. .

1000

3420 _ 4904,5

— S =143 mm
1000 S

Smax = min.of (450mm or 3 x 220) = 450mm
use p25@ 140mm

Calculate the area of shrinkage reinforcement:
Area of shrinkage reinforcement = 0.0018 (1000) (220) = 396mm?/m

396 _ 113p1,

= S =285mm
1000 S

S5hg
450mm

Smax < the smaller of

Smax = min.of (450mm) or(5 * 150) = 750mm
For shrinkage reinforcement use @ 12 mm @ 280 mm.

q y —
= —Ho 13 E290 mm cenler o cenbe Mo 25 @140 mm center 1o cener

240mm

-

26
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GENERAL CONSIDERATIONS
The ACI code provisions for control of deflections are concerned only with deflections that occur

at service load levels under static conditions and may not apply to loads with strong dynamic
characteristics such as those due to earthquakes, transient winds, and vibration of machinery.
Note:
Two methods are given in the Code for controlling deflections:-
- For nonprestressed one-way slabs and beams, including composite members, the minimum
overall thickness required by ACI-318M-14 7.3.1 and 9.3.1 is considered to satisfy the
requirements of the Code for members not supporting or attached to nonstructural elements

likely to be damaged by large deflections.

7.3.1  Minimum slab thickness
7.3.1.1 For solid nonprestressed slabs not supporting or attached to partitions or other construction likely to

be damaged by large deflections, overall slab thickness h shall not be less than the limits in Table
7.3.1.1, unless the calculated deflection limits of 7.3.2 are satisfied.

Table 7.3.1.1—Minimum thickness of solid nonpre-
stressed one-way slabs

Support condition Minimum Al
Simply supported £/20
One end continuous £/24
Both ends continuous £/28
Cantilever &1 OI

[NExpression applicable for normalweight concrete and f, = 420 MPa. For other
cases, minimum / shall be modified in accordance with 7.3.1.1.1 through 7.3.1.13,

as appropriate.

9.3.1 Minimum beam depth
9.3.1.1 For nonprestressed beams not supporting or attached to partitions or other construction likely to be

damaged by large deflections, overall beam depth h shall satisfy the limits in Table 9.3.1.1, unless the
calculated deflection limits of 9.3.2 are satisfied.

Table 9.3.1.1—Minimum depth of nonprestressed

beams
Support condition Minimum A"
Simply supported £/16
One end continuous £/18.5
Both ends continuous £/21
Cantilever £/8

NExpressions applicable for normalweight concrete and Grade 420 reinforcement.
For other cases. minimmm / shall be modified 1n accordance with 9.3.1.1.1 through

9.3.1.1.3, as appropmnate.



Dr. M%lﬂp@s’ﬂ@s@ﬁmembers that do not meet these minimum thickness requirements, for
nonprestressed one-way members that support or are attached to nonstructural elements likely

to be damaged by large deflections, and for prestressed flexural members, deflections are
required to be calculated by 24.2.3 through 24.2.5. Calculated deflections are limited to the
values in Table 24.2.2.

Table 24.2.2—Maximum permissible calculated deflections

Deflection
Member Condition Deflection to be considered limitation
1
Y " Rects s ‘L. S goll
Flatroofs | Not supporting or attached to nonstructural elements likely to Immediate deflection due to maxinmm of L. S, and R (180
Floors be damaged by large deflections Inunediate deflection due to L £/360
Likely to be damaged by | That part of the total deflection occuming after attachment of (/4800
Roof or Supporting or attached to non- | large deflections nonstructural elements, which s the sum of the time-depen-
g !
floors structural elements Not likelv to be damaged | dent deflection due to all sustamed loads and the immediate 0
v o m (24084
by large deflections deflection due to any additional live load™

(MLt not mtended to safeguard agmnst ponchng. Ponding shall be checked by caleulations of deflection. mcluding added deflections due 10 pondad water. and considenng tune.
dependent effects of sustmnied loads, camber, construction tolerances, and rehabulity of provasons for dramage

FiTune dependent deflection shall be calculated m accordance wath 24 2 4, but shall be permutied to be reduced by amount of deflaction calculated to occur before attachment of
nonstructural elements. Thas amount shall be calculated on basis of accepted enneenng data refating to tume-defiection charactenstics of members simslar to those bewg considered

PiLimut shall be pernutted 10 be exceeded 1f measures are taken 1o prevent damage 1o supported or attached elensents

MLummt shall not exceed tolerance provided for nonstrisctusal elements

1-Immediate Deflection of Beams and One-Way Slabs (Nonprestressed)

Initial or short-term deflections of beams and one-way slabs occur immediately on the application of
load to a structural member. The principal factors that affect the immediate deflection of a member are:
a. magnitude and distribution of load,

b. span and restraint condition,

c. section properties and steel percentage,

d. material properties.

e. amount and extent of flexural cracking.

2-Long-Term Deflection of Beams and One-Way Slabs (Nonprestressed)

Beams and one-way slabs subjected to sustained loads experience long-term deflections. These
deflections may be two to three times as large as the immediate elastic deflection that occurs when the
sustained load is applied. The long-term deflection is caused by the effects of shrinkage and creep, the
formation of new cracks and the widening of earlier cracks. The principal factors that affect long-term
deflections are:

a. stresses in concrete

b. amount of tensile and compressive reinforcement

c. member size

d. curing conditions

e. temperature

f. relative humidity

g. age of concrete at the time of loading

h. duration of loading.

Note:

Total deflection = Immediate Deflection + Long-Term Deflection
2
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The idealized short-term deflection of a typical reinforced concrete beam is shown in Fig. below.
There are two distinct phases of behavior:

(i) Uncracked behavior, when the applied moment (M.) is less than the cracking moment
(Mer).
(ii) Cracked behavior, when the applied moment (Ma) is greater than the cracking

moment (Mc).
Two different values for the moment of inertia would therefore be used for calculating the deflections:
the gross moment of inertia (lg) for the uncracked section, and the reduced moment of inertia for the
cracked section (lc).

7

-

Deflection

Note

For the uncracked rectangular beam shown in Fig. above, the gross moment of inertia is used
(I3 = bh3/12). The moment of inertia of a cracked beam with tension reinforcement (ler) is computed in
the following manner:

| b |
| |
kd
N.A.
h
nA Ee
I - —
Tension




Dr. wgn@m&aareas about the neutral axis
kd
b x kd X —- = nA,(d - kd)
Find “kd”
Use B =—

Vv2Bd+1-1

B
Moment of inertia of cracked section about neutral axis,

kd =

b(kd)?
I, = % + nd,(d — kd)?

Expressions for computing the cracked moment of inertia for sections with
compression reinforcement and flanged sections, which are determined in a similar manner,
are given in Table below.

Gross Section Cracked Transformed Section Gross and Cracked Moment of Inertia

b b n= B

I Ec

[« e 3

(nAg)
h d n.a. b - Ph—g
A /-nAS 12
_s — Without compression steel
kd = (J2dB+1-1)B

Without compression steel g 5
ler = b(kd)“/3 + nAg (d-kd)

b (n-1A 5'\ b With compression steel

— Ik_d]_‘: ;3——-%30 r = h-1A/l0A)
4 a. kd = [JZdBHHd’/dHHfr)Z—(1+r)}/B

;
A na

=

nAg ler = bikd)?/3 +nAg (d —kd)? + (n — 1)A’s(kd — d)?
A, ] i
=== = ]

With compression steel

b - 5B

o . _ l e
i kd @ C = by/(nAg), f =hgb—by)/(nAs).
h d e o = h=1g(b-by)h? +byh?]/(b-by by +byh]
nA
é 3 ly = (b-by ) 12+ b,h3/12+ (b b, hyh—hy2-y,)* +
) _.lb_.._ Without compression steel bhly;—h/2f
w

Without compression steel

kd = [f0(2d+h,f)+n+n2—(1+n]/t

le = (b—byh? /12+ bykdP[3+ (b—by Jhylkd —he/2 f +
nAs(d - kd’

kdl B id | With compression steel
d

na | kd = [JC(2d+h,f+21d']+(l~.r+1)2 -(mn)]/c

E”AG le = (b—by h?/12+ by(kdP/3+ (b—by hkd —hy2 ) +

2 [ —
With compression steel NAsK= k) "+ {a-1A(d —a 2
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Effective Moment of Inertia for Beams and One-Way Slabs (Nonprestressed)

The flexural rigidity EI of a beam may not be constant along its length because of varying amounts of
steel and cracking at different sections along the beam. This, and other material related sources of
variability, makes the exact prediction of deflection difficult in practice.

The effective moment of inertia of cantilevers, simple beams, and continuous beams between
inflection points is given by:

M
I = &=

MCT

Bl +[1- C2| 1, <1, (242350)

Where:
M, =% (24235a)

Yt

f = 0.62\/2

M, = maximum service load moment (unfactored) at the stage for which deflections are being
considered.
Y= the maximum distance from the tension side to the neutral axis.

NOTE 24.2.3.6
For continuous one-way slabs and beams, I shall be permitted to be taken as the average of
values obtained from Eq. (24.2.3.5a) for the critical positive and negative moment sections.

NOTE 24.2.3.7
For prismatic one-way slabs and beams, I, shall be permitted to be taken as the value obtained
from Eq. (24.2.3.5a) at mid-span for simple and continuous spans, and at the support for cantilevers.

The initial or short-term deflection (A; ) for cantilevers and simple and continuous beams may
be computed using the following elastic equation given below. For continuous beams, the mid-span
deflection may usually be used as an approximation of the maximum deflection.

5kM,1?

A= 48E,1, (#1)
Where:
M, = the support moment for cantilevers and the mid-span moment for simple and continuous
beams.
| = the span length.
E. = 4700y, (19.2.3.1)

For uniformly distributed loading w, the theoretical values of the deflection coefficient K are
shown in Table below. Since deflections are logically computed for a given continuous span based on
the same loading pattern as for maximum positive moment, Eq. (#1) is thought to be the most
convenient form for a deflection equation.



. K
-l AN eflection due to rotation at supports AC
Dr.-Majid albanaicrection a 2.40
not included)
2 Simple beams 1.0
3. Continuous beams 1.2-0.2 Mg/Mg
4. Fixed-hinged beams (midspan deflection) 0.80
5. Fixed-hinged beams (maximum deflection using 0.74
maximum moment)
6. Fixed-fixed beams 0.60

o 2 w
Mg = Simple span moment at midspan [ e ]
S

Mg = Net midspan moment.

Calculation of long-term deflections (time-dependent deflections)

According to 24.2.4.1.1, additional long-term deflections due to the combined effects of
shrinkage and creep from sustained loads Ap+sh) may be estimated by multiplying the immediate
deflection caused by the sustained load(Ai )sus by the factor Aa ; i.e.

i Wtotal

Lous B Waead T+ Wiive * % sustained live load
Acp+shy =long term deflection= A(Ai )sus

p— -

1+ 50p
Values for & are given in Table 24.2.4.1.3 for different durations of sustained load. Figure
R24.2.4.1in the commentary to the code shows the variation of & for periods up to 5 years. The
compression steel (p = As / bd) is computed at the support section for cantilevers and the mid-span
section for simple and continuous spans. Note that sustained loads include dead load and that portion

of live load that is sustained.
2.0

Table 24.2.4.1.3—Time-dependent factor for 16+
sustained loads

Sustained load duration. months | Time-Jependent factor 3 $1.04

10

1 14 o

: : 1 1 | 1 1 I
0136 12 18 24 30 36 48 60
Duration of load, months

TR o o
OV 0 e

Deflection Limits

Deflections computed using the preceding methods are compared to the limits given in Table
24.2.2. The commentary gives information for the correct application of these limits, including
consideration of deflections occurring prior to installation of partitions.
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Example

A simply supported beam with span of 6 m carry a dead load of 15kN/m and live load
of 10kN/m. Find the total maximum deflection, consider that 30% of live load are
sustained.f’ . = 20.7MPa

l _?Do |
| i
w=Ww, +W—15+10—25kN ' |
=Wp 1= =— '!’
M _ W 256 = 112.5kN
«= g = 3 = . .m
500 i
_ bh* 300(500)° R ,3',¢, .
9T 12 - 12~ mm o
i B . |
M, x 10° X ¢,
cr —
Ig
M., x 10° x 250
62v20.7 = M. = 35.26kN.
0.6 0 3125 X 10° - M, = 35.26kN.m
Mcr Mcr
M, > M., calculate I, = (M_a)319 + [1 — (M_a)3] llen & 1l |
_Eg 200000 9
E. 470020.7 E
. 2 _ NA_
Ag = 3 X 28%2— = 1847 mm?
* E
B = b _ 300 = 0.01804 °
- nd, 9x1847
]
V2Bd+1—-1 +/2x001804x430+1—1
kd = = =170mm
B 0.01804
b(kd)? ,_300(170)* 5 .
I, = 2 + ndy(d — kd)? = —————+ 9 x 1847(430 — 170)? = 1.615 x 10°mm
I (35'26)3 3.125 x 10° + |1 (35'26)3 1.615 x 10° = 1.661 x 10°mm*
=|——=]) 3. X =|—— : = 1.
e~ \1125 112.5 mm
S5W 4 5% 25 x 6000

= = =11.87mm
" 384E., 384 x 4700v20.7 X 1.661 x 10°
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To find long term deflection first we find 4;_

A;=11.87mm 25kN
A; =?7mm 15+10><ﬂ
sus 100
A; .= 8.54mm
E=2
& 2

/1 =] - = =2
1+50p 14 (50)0
Aeprsh) =long term deflection=Ag, ;= A4; = 2 X 8.54 = 17.09mm

Total deflection = Immediate Deflection + Long-Term Deflection

Drorar=D; + Agys= 11.87 + 17.09 = 28.96 mm

Example

A simply supported beam with span of 7.5 m carry a dead load of 29kN/m including
self-weight and live load of 20.5kN/m. Find the total maximum deflection,
considerf’ . = 27.6MPa.

e— 355mm —>
49.5kN
W=Wp,+W,=29+205=
£
WI2  49.5 X (7.5)2 & E
M, = g = 3 = 348 kN.m 3 3
bh3  355(635)3 l ® 5535 ©
I, = = = - = 7.574 x 10°mm* ®e o o

M., X 10° x Ct
cr = I
g

M, x 10° x 317.5

0.62v27.6 =
7.574 x 10°

- M., =77.7kN.m
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M, > M, calculate I, = (M")3I + [ M") ]ICT <I | . b ,
Eg 200000
n=—=———=~8 T
e 4700v276 | ) AL
T
Ag = 5 X 30%— = 3534.3 mm? =
4 L
©
B = b _ 355 = 0.012555
T nA, 8x35343 ]
V2Bd +1-1 2x0.012555 X546 + 1 —1
kd = = v = 225.83mm
B 0.012555
b(kd)3 , _ 355(225.83)* , o 4
=———1 nAg(d — kd)? = — ¢ 8 x 3534.3(546 — 225.83)% = 4.2616 x 10°mm
I, = (77'7)3 7.574 x 10° + |1 — (77 7)3 42616 x 10° = 4.3 x 10°
e=\348) " 348 mm*
5Wi* 5 % 49.5 x 7500%
A= = = 19.2mm

384E.I, 384 x 4700v27.6 X 4.3 x 10°

To find long term deflection first we find 4;_

A;=19.2mm 49.5kN

A

lsus

=?mm 29kN

A; = 11.25mm

f:

__5 & _
14500 1+ (50)0
Acprsh) =long term deflection=Ag, = A4; = 2 X 11.25 = 22.5mm

Total deflection = Immediate Deflection + Long-Term Deflection

Dporar=D; + Agys= 19.2 + 22.5 = 41.7 mm
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Example
A simply supported beam carries a dead load of 10kN/m including self-weight and

concentrated load in the middle of the span as shown in the figure below.

Consider f'_ = 21MPa, f, = 400MPa and n = 9

1- Find the maximum concentrated load (P.).
2- Find the instantaneous deflection at the middle of span due to dead
and live loads.

PL
= % "
Ll ® 2025 @
am T
S le PL
I<— 250 —>|
A
4925 T 23
—|eo @@ @ Kad ‘ | y
© v v
| 250 | x
| mm | nAS ‘,'3_
’n
As =4 = 1936mm?
) 521
Ag=2 7 = 982mm?
b
B = = 0.01434
n S
A's
r=02n—-1) = (0.958
nA;
[J2d3(1+r%)+(1+r)2 —(1+r)
kd = = 182mm

B
b(kd)?
lo =—5—+ (2n — DA s(kd — d')? + nAs(d — kd)? = 2.952 x 10°mm*
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Me _ o 45(21) MRS 2 M = 153.27kN
= —_—= . = - == . .
fe=1- 2.952 x 10° m
Me_ oo MX 106 x (535 — 182) V= 158N
= _— = —_ = .
fs=nT" 2.952 x 10° m
oM 70 = g x oM (D7 X (G2 — G0) M = 228.7kN
= — = - = . .
flo=2n— 2.952 x 10° m
Chose M=153.27kN.m
WIi? PL 10x 8% P, x8
Mo = ——+ - = 15327 = ——+ ——— > P, = 36.635kN

bh?®  250(600)3 o 4 [e— 750 —
g = = = 4.5 X 10°mm 4
12 12 -
. Kd—;f N
M, x10° X ¢ X
5 = Iy i
nA '3'

M,, x 10° x 300

0.62V21 = T - M, = 42.6kN.m
B = = 0.01434
nA;
=(n—-1)— =045
r=(n )nAS

[J2d3(1+r%)+(1+r)2—(1+r)l
d=

k = 198mm
5 B
Ir = 52 4 (n = DA s(kd — d')? + nA,(d — kd)? = 2.803 x 10°mm*
Mcr)® Mcr)®
I, = (M_a) I, + [1 _ (M_a) I
( 42.6 )34 5x10% + |1 ( 426 )3 2.803 x 10°
= | —— O X = 0
153.27 153.27
= 2.84 x 10°mm*
sWi* PL3 5X10x8000% 36.635x103%80003

U 384E.l, 48E.,  348Xx4700v21x2.803x10°

48X4700v21x2.803x10°
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CHAPTER9

9.1 INTRODUCTION

When the slab is supported on all four sides and the length,L , is less than twice the
width,S , the slab will deflect in two directions, and the loads on the slab are transferred to
all four supports. This slab is referred to as a two-way slab. The bending moments and
deflections in such slabs are less than those in one-way slabs; thus, the same slab can
carry more load when supported on four sides. The load in this case is carried in two
directions, and the bending moment in each direction is much less than the bending

TWO-WAY SLABS

moment in the slab if the load were carried in one direction only.

-——1 s/2 be—5——»i
| A |

(a) one-way direction, L/s > 2;

%

m

t

"

—

g

—

§

Slab loads on supporting beams:

(b)

r—— § ——]

(b) two-way direction, L/s < 2.
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9.2 TYPES OF TWO-WAY SLABS

Structural two-way concrete slabs may be classified as follows:

1. Two-Way Slabs on Beams: This case occurs when the two-way slab is
supported by beams on all four sides. The loads from the slab are transferred to all
four supporting beams, which, in turn, transfer the loads to the columns.

2. Flat Slabs: A flat slab is a two-way slab reinforced in two directions that usually

does not have beams or girders, and the loads are transferred directly to the
supporting columns. The column lends to punch through the slab, which can be
treated by three methods

a. Using a drop panel and a column capital.

b. Using a drop panel without a column capital. The concrete panel around the
column capital should be thick enough to withstand the diagonal tensile stresses
arising from the punching shear.

c. Using a column capital without drop panel, which is not common.

(a) Flat plate.

o

< Drop panel

™ capita!

(c) Flat slab. (d) Two-way siab with beams.
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3. Flat-Plate Floors: A flat-plate floor is a two-way slab system consisting of a
uniform slab that rests directly on columns and does not have beams or column
capitals (Fig. a). In this case the column tends to punch through the slab, producing
diagonal tensile stresses. Therefore, a general increase in the slab thickness is
required or special reinforcement is used.

i 4_ | Slab
8 8 [
t |4
Column
—_— e — i —
(a) Section 8-8

Section A-A Section A-A Section A-A
Without drop panel With drop panel Without column capital

(b)
Two-way slabs without beams:

(a) flat plate floor and section; (b) flat slab floor and sections; (c) ribbed slab and sections.

4. Two-Way Ribbed Slabs and the Waffle Slab System: This type of slab consists
of a floor slab with a length-to-width ratio less than 2. The thickness of the slab is
usually 5 to 10 cm and is supported by ribs (or joists) in two directions. The ribs are
arranged in each direction at spacing of about50 cm to 75 cm, producing square
or rectangular shapes. The ribs can also be arranged at 45°or 60° from the
centerline of slabs, producing architectural shapes at the soffit of the slab. In two-
way ribbed slabs, different systems can be adopted:

a. A two-way rib system with voids between the ribs, obtained by using special
removable and usable forms (pans) that are normally square in shape. The ribs are
supported on four sides by girders that rest on columns. This type is called a two-
way ribbed (joist) slab system.
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b. A two-way rib system with permanent fillers between ribs that produce horizontal
slab soffits. The fillers may be of hollow, lightweight or normal-weight concrete or any
other lightweight material. The ribs are supported by girders on four sides, which in
turn are supported by columns. This type is also called a two-way ribbed (joist) slab
system or a hollow-block two-way ribbed system.

c. A two-way rib system with voids between the ribs with the ribs continuing in both
directions without supporting beams and resting directly on columns through solid
panels above the columns. This type is called a waffle slab system.

B?om
- e A
Column H 'l.L H ' :' M E
imon owoou
g [ S | SR | W | S | W | .
N W T W
g ] B0 e S WY R Y B
== '-_l"-""_-ll'- s | Pe
o 1 H ] |
Ab=d =it JdLadl_Jt_Ji_ 1 L _
[~ e [ eeda | ot | gree | amee W eape:
ion A-‘ﬂ--] 1)
5 | Sl el [ & o Aol il
= o= i@
= ) BB, e ot | NS 64 ) 0 f OO
b= s e a e n e = e =q =
‘i it 1 I [
A L) W— —
e ;;,jf:
A --—
300 mm

s \/vmb \Beom[ Void \ Rb o] blb‘?
\_/ “—’{’BSmm

500-750 mm
Section A-A
No fillers
Skb\
=) e [V — oty [ o | =) [ —
6[][/"[]!] ool ol | a7
\ias
B B jio” Filer] ko
Section A-A
With fillers
(c)
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9.3 ECONOMICAL CHOICE OF CONCRETE FLOOR SYSTEMS

Various types of floor systems can be used for general buildings, such as
residential, office, and institutional buildings. The choice of an adequate and
economic floor system depends on the type of building, architectural layout, aesthetic
features, and the span length between columns. In general, the superimposed live
load on buildings varies between 4 and 7 kN/m?2. A general guide for the
economical use of floor systems can be summarized as follows:

1. Flat Plates: Flat plates are most suitable for spans of 6 to 8 m and live loads
between 3 and 5 kN /m?. The advantages of adopting flat plates include low-cost
formwork, exposed flat ceilings, and fast construction. Flat plates have low shear
capacity and relatively low stiffness, which may cause noticeable deflection. Flat
plates are widely used in buildings either as reinforced or prestressed concrete
slabs.

2. Flat Slabs: Flat slabs are most suitable for spans of 6 to 9m and for live loads
of 4 and 7 kN /m?. They need more formwork than flat plates, especially for
column capitals. In most cases, only drop panels without column capitals are used.

3. Waffle Slabs: Waffle slabs are suitable for spans of 9 to 15m and live loads
of4 and 7 kN /m?. They carry heavier loads than flat plates and have attractive
exposed ceilings. Formwork, including the use of pans, is quite expensive.

4. Slabs on Beams: Slabs on beams are suitable for spans between 6 to 9m and
live loads of 3 and 6 kN/m?. The beams increase the stiffness of the slabs,
producing relatively low deflection. Additional formwork for the beams is needed.

5. One-Way Slabs on Beams: One-way slabs on beams are most suitable for spans
of 3 to 6m and a live load of 3 and 5 kN /m?. They can be used for larger spans
with relatively higher cost and higher slab deflection. Additional formwork for the
beams is needed.

6. One-Way Joist Floor System: A one-way joist floor system is most suitable for
spans of 6 to 9m and live loads of 4 and 6 kN /m?. Because of the deep ribs, the
concrete and steel quantities are relatively low, but expensive formwork is expected.
The exposed ceiling of the slabs may look attractive.
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9.4 MINIMUM THICKNESS OF TWO-WAY SLABS.

The ACI Code, Section 8.3.1 specifies a minimum slab thickness in two-way
slabs to control deflection. The magnitude of a slab's deflection depends on many
variables, including the flexural stiffness of the slab, which in turn is a function of the
slab thickness h . By increasing the slab thickness, the flexural stiffness of the slab is
increased, and consequently the slab deflection is reduced. Because the calculation
of deflections in two-way slabs is complicated and to avoid excessive deflections, the
ACI Code limits the thickness of these slabs by adopting the following three empirical
limitations, which are based on experimental research. If these limitations are not
met, it will be necessary to compute deflections.

1-For 0.2 < @ < 2.0

fy
1 (08 + 1£5)

h = e (1
36 + 5B(asm — 0.2) ()
but not less than 125 mm.
2-For asp, > 2.0
fy
- 36+98 "

but not less than 90 mm.
3- For asy, < 0.2
h = minimum slab thickness with out interior beams table 8.3.1.1

Where:

ln = clear span in the long direction measured face to face of columns

(or face to face of beams for slabs with beams).

,3 = the ratio of the long to the short clear spans.
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Qfm = the average value of@ for all beams on the sides of a panel.

Qf = the ratio of flexural stiffness of a beam section E ;I to the flexural stiffness of the

slab E I, ,bounded laterally by the centerlines of the panels on each side of the beam.

a EcbIb
f =
ECSIS
Where:
E., , and E_ are the modulus of elasticity of concrete in the beam and the slab,
respectively.

I, =The gross moment of inertia of the beam section about the centroidal axis (the
beam section includes a slab length on each side of the beam equal to the projection
of the beam above or below the slab, whichever is greater, but not more than four
times the slab thickness).

I, =The moment of inertia of the gross section of the slab.

However, the thickness of any slab shall not be less than the following:
1. For slabs with a,,, < 2 then thickness > 125 mm.

2. For slabs with ¢, > 2 then thickness > 90 mm.

If no beams are used, as in the Table 8.3.1.1—Minimum thickness of nonpre-

case of flat plates, then ar = stressed two-way slabs without interior beams
0and ap, = 0. The ACl Code (mm)”
equations for Ca|CU|ating slab Without drop panels®! With drop panelsP!

: : Interior Interior
thICkneSS’ h take into account the Exterior panels | panels | Exterior panels | panels
effect of the span length, the panel Without | With Without | With
shape, the steel reinforcement fn edge | edge edge | edge

MPal?! | beams |beamst beams |beamst

yield stress,f,, , and the flexural
stiffness of beams. When very stiff
beams are used, Eq. (1) may give 420 £/30 | £33 £33 £33 £,/36 £,/36
a small slab thickness, and Eq. (2) 520 | ens | em | et | es1 | ens | o4

may control. For.flat plates and flat S ma Tt e T e
slabs, when no interior beams are  eiror /, between the values given in the table. e - L
used, the minimum slab thickness by mear mterpolation.

may be determined directly from ~ Beembmemmiad -

4 5 W ams between columns along exterior edges. Exterior panels =
Table 8.3.1.1 of the ACI Code, onsidered to be without edge beams i a s less than 0.5, The value of a, for the edge
Wh|Ch iS Shown here_ beam shall be calculated m accordance with 8.10.2.7.

280 £33 £4/36 £4/36 €n'36 £,/40 £x/40
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(a) Section for lp—Edge beam.

(b) Section tor Is—Edge beam,
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(c) Section for lp—Interior beam,

|
CYZZ2ZZ 7777727,
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(d) Section for ls—Interior beam.

Beam and slab sections for calculations of (X f

hy, but not more

/ than 4h

:
x

ﬂ—7‘

by, + 2hy, but not more
than by + 2(4h)

o -
f.‘

5/: B
1N
N\

Cross section of beams as defined
in ACI Code Section 13.2.4,

Other ACI Code limitations are summarized as follows:
1. For panels with discontinuous edges, end beams with a minimum arequal to 0.8

must be used; otherwise, the minimum slab thickness calculated by Egs. (1) and (2)
must be increased by at least 10% (ACI Code, Section. 8.3.1.2.1).
2. When drop panels are used without beams, the minimum slab thickness may be

reduced by 10%. The drop panels should extend in each direction from the centerline
of support a distance not less than one-sixth of the span length in that direction
between center to center of supports and also project below the slab at least h/4.
This reduction is included in Table 8.3.1.1.

3. Regardless of the values obtained by Egs. (1) and (2), the thickness of two-way
slabs shall not be less than the following:

(1) For slabs without beams or drop panels,125mm.

(2) For slabs without beams but with drop panels,100 mm.

2.

8

)
)
(3) For slabs with beams on all four sides with, a,, = 2.0 ,90mm and for a;,, <
0, 125mm (ACI Code, Section 8.3.1.1(a) and (b)).
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The thickness of a slab also may be governed by shear. This is particularly likely if
large moments are transferred to edge columns and for interior columns between
two spans that are greatly different in length. The selection of slab thicknesses to
satisfy shear requirements will be discussed later. Briefly, it is suggested that the trial
slab thickness be chosen such that V;, == 0.5 to 0.55(@V;,)at edge columns and
I, == 0.85 to 1.0(@V;,) at interior columns.

9.5 SLAB REINFORCEMENT REQUIREMENTS.

Placement Sequence.
In a flat plate or flat slab, the moments are larger in the slab strips spanning

the long direction of the panels. As a result, the reinforcement for the long span
generally is placed closer to the top and bottom of the slab than is the short-span
reinforcement. This gives the larger effective depth for the larger moment. For slabs
supported on beams having ay greater than about 1.0, the opposite is true, and the

reinforcing pattern should be reversed. If a particular placing sequence has been
assumed in the reinforcement design, it should be shown or noted on the drawings. It
also is important to maintain the same arrangements of layers throughout the entire
floor, to avoid confusion in the field. Thus, if the east-west reinforcement is nearer
the top and bottom surfaces in one area, this arrangement should be maintained
over the entire slab, if at all possible.

Concrete Cover.
ACI Code Section 8.7.1.1 specifies the minimum clear cover to the surface of

the reinforcement in slabs as 20mm for @36 and smaller bars, provided that the
slab is not exposed to earth or to weather.
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Spacing Requirements, Minimum Reinforcement, and Minimum Bar Size.
ACI Code Section 8.6.1.1requires that the minimum area of reinforcement

provided for flexure should not be less than (Table 8.6.1.1—As,min):

1. For slabs in which grade 280 (f;, = 280MPa ) or 350 (f, = 350MPa )
deformed bars are used p = 0.002 .
2. For slabs in which grade 420 (f;, = 420MPa) deformed bars or welded bars or

welded wire fabric are used p = 0.0018.

The maximum spacing of reinforcement at critical design sections for positive and
negative moments in both the middle and column strips shall not exceed two times
the slab thickness (ACI Code Section 8.7.2.2), and the bar spacing shall not exceed
at any location (ACI Code Section 24.4.3.3).

Although there is no code limit on bar size, the top steel bars add steps in slab
should be enough to give adequate rigidity to prevent displacement of the bars under
ordinary foot traffic before the concrete is placed.

Bar Cutoffs and Anchorages
For slabs without beams, ACI Code Section 8.7.4.1.3 allows the bars to be

cut off as shown in the figure below (ACI Code Fig. 8.7.4.3.1a). Where adjacent
spans have unequal lengths, the extension of the negative-moment bars past the
face of the support is based on the length of the longer span.

ACl Code Section 8.7.4.1.1-a requires that the Positive moment
reinforcement perpendicular to a discontinuous edge shall extend to the edge of slab
and have embedment, straight or hooked,150mm at least in spandrel beams,
columns, or walls.

ACI Code Section 8.7.4.1.1-b requires that all negative-moment steel
perpendicular to an edge be bent, hooked, or otherwise anchored in spandrel
beams, columns, and walls along the edge to develop f,in tension. If there is no
edge beam, this steel still should be hooked to act as torsional reinforcement and
should extend to the minimum cover thickness from the edge of the slab.

10
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MINIMUM - Ag
STRIP | LOCATION AT SECTION WITHOUT DROP PANELS WITH DROP PANELS
1'\ 0.304, 0304, |\ 033, 0.334,
500/ I | | | I
b e—— .
Top M o208, I 0204, | | |0204, i 0.20¢, | !l
REMAINDER r{—— P - b — !
COLUMN ~——- | ;,\%_A | S i
STRIP | 1 ! !
—+| ~—150 mm | ' | 150 mm—=| | #—
' 1 | 1 '
Corrom o 1l : ; :\ U
100% | 1 ST, | \LI |
: ! Splices shall be ! 3 !
| ’ tAt leasttwobars | ,ermitted in this region ! Gontinooog bars
- _\|\ML or wires shall [ T 1 LN
: conform to 8.7.4.2 H :
| | |
—\ 0.22¢, 10224, - —-JL - 0.224, 0.224,
-<—>| | ] i }<——
TOP 100% IJ—_ . |
} | \
MIDDLE I " |=—150 mm e
STRIP 50% ’ : _j—l— ﬁ{\
REMAINDER | | = \_|_ / |
_\l__ ' __\I}__
¢t ,—\. " fe— Clearspan-£, ©1 —;ﬁ{ i i Clearspan-4, ©1 _;—,#%;‘
! Face of support | Face of support I
— Center to center span *ﬁlp* Center to center span *ﬁlp*
€ € €
Exterior support Interior support Exterior support
(No slab continuity) (Continuity provided) (No slab continuity)

Fig. 8.7.4.1.3a—Minimum extensions for deformed reinforcement in two-way slabs without beams.

ACI Code Section 8.7.3.1 requires that at exterior corners of slabs supported
by edge walls or where one or more edge beams have a value of greater than , top
and bottom slab reinforcement shall be provided at exterior corners in accordance

with 8.7.3.1.1 through 8.7.3.1.3.

11
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8.7.3.1.1 Factored moment due to L iong —
corner effects, Mu, shall be assumed to
be about an axis perpendicular to the
diagonal from the corner in the top of . !
the slab and about an axis parallel to
the diagonal from the corner in the = ———~~"g 3~~~
bottom of the slab.

(LLong)/5

8.7.3.1.2 Reinforcement shall be .
provided for a distance in each l
direction from the corner equal to one
fifth the longer span. l

8.7.3.1.3 Reinforcement shall be placed m-—
parallel to the diagonal in the top of the

slab and perpendicular to the diagonal

in the bottom of the slab. Alternatively, L

reinforcement shall be placed in two [ ... Y
layers parallel to the sides of the slabin (Liong)/5
both the top and bottom of the slab. |

OPTION 1

R8.7.3.1 Unrestrained corners of two-
way slabs tend to lift when loaded. If
this lifting tendency is restrained by
edge walls or beams, bending
moments result in the slab. This section
requires reinforcement to resist these
moments and control  cracking.
Reinforcement provided for flexure in
the primary directions may be used to
satisfy this requirement. Refer to Fig.
R8.7.3.1.

{LLong)/s

L Short

OPTION 2

Notes:
1. Applies where B-1 or B-2 has as >1.0

2. Max. bar spacing 2h, where h = slab thickness.

12
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9.6 SHEAR STRENGTH OF TWO-WAY SLABS.

In a two-way floor system, the slab must have adequate thickness to resist
both bending moments and shear forces at the critical sections. To investigate the
shear capacity of two-way slabs, the following cases should be considered.

9.6.1 Two-Way Slabs Supported on Beams
In two-way slabs supported on beams, the critical sections are at a distance

from the face of the supporting beams, and the shear capacity of each section
is @V, = @% /f ' by, d. When the supporting beams are stiff and are capable of

transmitting floor loads to the columns, they are assumed to carry loads acting on
floor areas bounded by 45°lines drawn from the corners, as shown in the figure
below. The loads on the trapezoidal areas will be carried by the long beams
ABand CD, whereas the loads on the triangular areas will be carried by the short
beams AC and BD . The shear per unit width of slab is highest between E and F in
both directions, and Vj, = W, 1, /2, where is the uniform factored load per unit area.

A S S SSASSSN AN AN ASANNNY

Areas supported by beams in two-way slab floor system.

13
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If no shear reinforcement is provided, the shearing force at a distance d from the
face of the beam,V,,; must be equal to

1
Via < OV, = ¢gﬂ'\/ febwd
Where:

9.7 ANALYSIS AND DESIGN OF TWO-WAY SLABS.

An exact analysis of forces and displacements in a two-way slab is complex,
due to its highly indeterminate nature; this is true even when the effects of creep and
nonlinear behavior of the concrete are neglected. Numerical methods such as finite
elements can be used, but simplified methods such as those presented by the ACI
Code are more suitable for practical design. The ACI Code, Chapter 8, assumes
that the slabs behave as wide, shallow beams that form, with the columns above and
below them, a rigid frame. The validity of this assumption of dividing the structure
into equivalent frames has been verified by analytical and experimental research. It
is also established that factored load capacity of two-way slabs with restrained
boundaries is about twice that calculated by theoretical analysis, because a great
deal of moment redistribution occurs in the slab before failure. At high loads, large
deformations and deflections are expected; thus, a minimum slab thickness is
required to maintain adequate deflection and cracking conditions under service
loads.

14
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The ACI Code specifies two methods for the design of two-way slabs:

1. The direct design method. DDM (ACI Code, Section 8.10), is an approximate
procedure for the analysis and design of two-way slabs. It is limited to slab systems
subjected to uniformly distributed loads and supported on equally or nearly equally
spaced columns. The method uses a set of coefficients to determine the design
moments at critical sections. Two-way slab systems that do not meet the limitations
of the ACI Code, Section 8.10.2, must be analyzed by more accurate procedures.

2. The equivalent frame method, EFM (ACI Code, Section 8.11), is one in which a
three-dimensional building is divided into a series of two-dimensional equivalent
frames by cutting the building along lines midway between columns. The resulting
frames are considered separately in the longitudinal and transverse directions of the
building and treated floor by floor, as will be shown later.

The systems that do not meet the requirements permitting analysis by the
"direct design method" of the present code, has led many engineers to continue to
use the design method of the 1963 ACI Code (The coefficient method) for the
special case of two-way slabs supported on four sides of each slab panel by
relatively deep, stiff, edge beams. It has been used extensively here since 1963
for slabs supported at the edges by walls, steel beams, or monolithic concrete
beams having a total depth not less than about 3 times the slab thickness. While
it was not a part of the 1977 or later ACI Codes, its continued use is permissible
under the current code provision (ACI Code 8.2) that a slab system may be designed
by any procedure satisfying conditions of equilibrium and geometric compatibility, if it
is shown that the design strength at every section is at least equal to the required
strength, and that serviceability requirements are met.

15
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9.8 SLAB ANALYSIS BY THE COEFFICIENT METHOD.

The coefficient method makes use of tables of moment coefficients for a
variety of conditions. These coefficients are based on elastic analysis but also
account for inelastic redistribution. In consequence, the design moment in either
direction is smaller by an appropriate amount than the elastic maximum moment in
that direction. The moments in the middle strips in the two directions are computed
from

M, = C,wl?
M, = Cywl?
Where:
C,, C, = tabulated moment coef ficients.
w = uniform load kN /m?
lg, 1, = length of clear span in the short and long directions respectively.

The method provides that each panel be divided in both directions into a
middle strip whose width is one-half that of the panel and two edge or column strips
of one-quarter of the panel width (see figure below). The moments in both directions
are larger in the center portion of the slab than in regions close to the edges.
Correspondingly, it is provided that the entire middle strip be designed for the full,
tabulated design moment. In the edge strips this moment is assumed to decrease
from its full value at the edge of the middle strip to one-third of this value at the edge
of the panel. This distribution is shown for the moments M, in the short span
direction in figure below. The lateral variation of the long span moments M, is
similar.

16
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Variation of
M, along |-|

1
=M
3 Vo, maxt 0, mox

Variation of
Mp, max QCross 2-2

Variation of moments across the width of critical sections assumed for design.

The discussion so far has been restricted to a single panel simply supported
at all four edges. An actual situation is shown in next figure, in which a system of
beams supports a two-way slab. It is seen that some panels, such as A , have two
discontinuous exterior edges, while the other edges are continuous with their
neighbors. Panel B has one edge discontinuous and three continuous edges, the
interior panel C has all edges continuous, and so on. At a continuous edge in a slab,
moments are negative, just as at interior supports of continuous beams. Also, the
magnitude of the positive moments depends on the conditions of continuity at all four
edges.

17
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Plan of a typical two-way slab floor
with beams on column lines.

Correspondingly, Table 1 gives moment coefficients C , for negative moments
at continuous edges. The details of the tables are self-explanatory. Maximum
negative edge moments are obtained when both panels adjacent to the particular
edge carry full dead and live load. Hence the moment is computed for this total load.
Negative moments at discontinuous edges are assumed equal to one-third of the
positive moments for the same direction. One must provide for such moments
because some degree of restraint is generally provided at discontinuous edges by
the torsional rigidity of the edge beam or by the supporting wall.

For positive moments there will be little, if any, rotation at the continuous
edges if dead load alone is acting, because the loads on both adjacent panels tend
to produce opposite rotations which cancel, or nearly so. For this condition, the
continuous edges can be regarded as fixed, and the appropriate coefficients for the
dead load positive moments are given in Table 2. On the other hand, the maximum
live load positive moments are obtained when live load is placed only on the
particular panel and not on any of the adjacent panels. In this case, some rotation
will occur at all continuous edges. As an approximation it is assumed that there
is 50% restraint for calculating these live load moments. The corresponding
coefficients are given in Table 3. Finally, for computing shear in the slab and loads

on the supporting beams, Table 4 gives the fractions of the total load that are
transmitted in the two directions.

18
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TABLE 1
Coefficients for negative moments in slabs“

M, aneg

S 2
- C“-’“‘KWIG

M bneg = Cb.nfs W’Z

where w = total uniform dead plus live load

Ratio Case]l | Case2 | Case3 | Case4 | CaseS | Case6 | Case7 | Case 8 | Case9
m = L] Fli_El1 ] SN
ly
1.00 Cins 0.045 0.050 | 0.075 | 0.071 0.033 | 0.061
7 Chg 0.045 | 0.076 | 0.050 0.071 0.061 0.033
0.95 Cuiéa 0.050 0.055 | 0.079 | 0.075 0.038 | 0.065
= Chnug 0.041 | 0.072 | 0.045 0.067 | 0.056 | 0.029
0.90 Conig 0.055 0.060 | 0.080 | 0.079 0.043 | 0.068
" g 0.037 | 0.070 | 0.040 0.062 | 0.052 | 0.025
0.85 Ciniz 0.060 0.066 | 0.082 | 0.083 0.049 | 0.072
" Chneg 0.031 0.065 | 0.034 0.057 | 0.046 | 0.021
0.80 Coansg 0.065 0.071 0.083 | 0.086 0.055 | 0.075
T Chang 0.027 | 0.061 0.029 0.051 0.041 0.017
075 Caney 0.069 0.076 | 0.085 | 0.088 0.061 0.078
7" Chineg 0.022 | 0.056 | 0.024 0.044 | 0036 | 0014
0.70 Cones 0.074 0.081 0.086 | 0.091 0.068 | 0.081
7 Cheg 0.017 | 0.050 | 0.019 0.038 | 0.029 | 0.011
0.65 Coont 0.077 0.085 | 0.087 | 0.093 0.074 | 0.083
R 5 7 0014 | 0.043 | 0.015 0.031 | 0.024 | 0.008
0.60 Cines 0.081 0.089 | 0.088 | 0.095 0.080 | 0.085
e ks 0.010 | 0.035 | 0.011 0.024 | 0.018 | 0.006
0.55 Caii 0.084 0.092 | 0.089 | 0.096 0.085 | 0.086
= Cines 0.007 | 0.028 | 0.008 0.019 | 0.014 | 0.005
0.50 Cunig 0.086 0.094 | 0.090 | 0.097 0.089 | 0.088
S 0.006 | 0.022 | 0.006 0.014 | 0.010 | 0.003

“ A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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TABLE 2
Coefficients for dead load positive moments in slabs®
Ma,pax,dl - Ca.dl”'lg

" where w = total uniform dead load
My posat = Coawli

Ratio Case ] | Case2 | Case3 | Cased | CaseS5 | Case6 | Case7 | Case8 | Case9
la
SR S 1 e s
b
1.00 Coar | 0.036 0.018 0.018 0.027 0.027 0.033 0.027 0.020 0.023
" Cpar | 0.036 0.018 0.027 0.027 0.018 0.027 0.033 0.023 0.020
0.95 C.qr | 0.040 | 0.020 | 0.021 | 0.030 [ 0.028 | 0.036 | 0.031 | 0.022 | 0.024
T Crar | 0033 | 0016 | 0025 | 0.024 | 0.015 | 0.024 | 0.031 | 0.021 | 0.017
0.90 Coar | 0.045 0.022 0.025 0.033 0.029 0.039 0.035 0.025 0.026
7 Cpar | 0.029 0.014 0.024 0.022 0.013 0.021 0.028 0.019 0.015
0.85 Coar | 0.050 0.024 0.029 0.036 | 0.031 0.042 0.040 0.029 0.028
7 Crar | 0.026 0.012 0.022 0.019 0.011 0.017 0.025 0.017 0.013
0.80 Coar | 0056 | 0.026 | 0034 | 0.039 | 0.032 | 0.045 | 0.045 | 0.032 | 0.029
7 Cpar | 0.023 0.011 0.020 | 0.016 0.009 0.015 0.022 0.015 0.010
0.75 Coar | 0.061 0.028 0.040 | 0.043 0.033 0.048 0.051 0.036 0.031
"7 Cpar | 0019 | 0009 | 0018 | 0013 | 0.007 | 0012 | 0.020 | 0.013 | 0.007
0.70 Coar | 0.068 0.030 0.046 0.046 0.035 0.051 0.058 0.040 0.033
7 Cpar | 0.016 0.007 0.016 0.011 0.005 0.009 0.017 0.011 0.006
0.65 Coar | 0074 | 0.032 | 0.054 | 0.050 [ 0.036 | 0.054 | 0.065 | 0.044 | 0.034
7 Cpar | 0.013 0.006 0.014 0.009 0.004 0.007 0.014 0.009 0.005
0.60 Coar | 0.081 | 0.034 | 0062 | 0.053 | 0.037 | 0056 | 0.073 [ 0.048 | 0.036
= Cpar | 0.010 0.004 0.011 0.007 0.003 0.006 0.012 0.007 0.004
0.55 Coar | 0.088 0.035 0.071 0.056 0.038 0.058 0.081 0.052 0.037
=7 Cpar | 0.008 0.003 0.009 0.005 0.002 0.004 0.009 0.005 0.003
0.50 Coar | 0.095 0.037 0.080 0.059 0.039 0.061 0.089 0.056 0.038
T Cpar | 0.006 0.002 0.007 0.004 0.001 0.003 0.007 0.004 0.002
@ A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates|
a support at which torsional resistance is negligible.
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TABLE 3
Coefficients for live load positive moments in slabs”
Ma,pos,H - Ca.(lwkg2

s where w = total uniform live load
Mb.pox.ll an Cb.llWl),

Ratio Case ] | Case2 | Case3 | Cased | CaseS | Case6 | Case7 | Case8 | Case9

n=t |OIITO|O|IOIDO|I |3

Con | 0036 | 0027 | 0.027 | 0.032 | 0032 | 0.035 [ 0.032 | 0028 | 0.030

1 Cou | 0036 | 0027 | 0032 | 0032 | 0027 | 0.032 [ 0035 | 0030 | 0.028

Con | 0.040 [ 0.030 | 0.031 | 0.035 | 0.034 | 0.038 [ 0.036 | 0031 | 0.032

093 Cou | 0033 | 0025 | 0029 | 0.029 | 0.024 | 0029 [ 0.032 | 0.027 | 0.025

Cou | 0045 | 0.034 | 0.035 | 0.039 | 0.037 | 0.042 | 0.040 | 0.035 | 0.036

020 Con | 0.029 | 0.022 | 0.027 | 0026 | 0.021 | 0.025 | 0.029 | 0.024 | 0.022

Con | 0050 [ 0037 | 0.040 | 0.043 | 0.041 | 0.046 | 0.045 | 0.040 | 0.039

083 Con | 0.026 | 0.019 | 0.024 | 0.023 | 0019 | 0.022 [ 0.026 | 0.022 | 0.020

Conn | 0056 | 0.041 | 0.045 | 0.048 | 0.044 | 0.051 | 0051 | 0.044 | 0.042

U5 Con | 0.023 | 0017 | 0.022 | 0020 | 0016 | 0019 [ 0.023 | 0.019 | 0.017

Cou | 0061 | 0.045 | 0.051 | 0.052 | 0.047 | 0.055 | 0.056 | 0.049 | 0.046

%33 Cou | 0019 | 0014 | 0019 | 0016 | 0013 | 0016 | 0020 | 0.016 | 0.013

Cou | 0.068 | 0.049 | 0.057 | 0.057 | 0.051 | 0060 | 0.063 | 0.054 | 0.050

079 Coy | 0.016 | 0012 | 0016 | 0014 | 0011 | 0013 | 0.017 | 0.014 | 0.011

Con | 0074 | 0.053 | 0.064 | 0062 | 0.055 [ 0.064 [ 0.070 | 0.059 | 0.054

0.65 Cyy | 0013 | 0010 | 0.014 | 0011 | 0009 | 0010 [ 0.014 | 0011 | 0.009

C.u | 0.081 | 0058 | 0071 | 0.067 [ 0.059 | 0.068 | 0077 | 0.065 | 0.059

e Cou | 0.010 | 0.007 | 0.011 | 0.009 | 0.007 | 0008 | 0.011 [ 0.009 | 0.007

Cop | 0088 | 0062 | 0080 | 0072 | 0063 | 0073 | 0.085 | 0.070 | 0.063

055 ¢ | 0008 | 0006 | 0.009 | 0.007 | 0.005 | 0.006 | 0.009 | 0.007 | 0.006

0.50 Con | 0095 | 0066 | 0.088 | 0.077 | 0.067 | 0078 | 0.092 [ 0.076 | 0.067
Y Cpy | 0006 | 0.004 | 0007 | 0.005 | 0.004 | 0.005 | 0.007 | 0.005 | 0.004

4 A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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TABLE 4
Ratio of load W in /, and /; directions for shear in slab and load on supports”

Ratio Casel | Case2 | Case3 | Case4 | Case5 | Case6 | Case7 | Case8 | Case9
m= 7 [ O ) I N N Y R D
b
1.00 W, 0.50 0.50 0.17 0.50 0.83 0.71 0.29 0.33 0.67
W 0.50 0.50 0.83 0.50 0.17 0.29 0.71 0.67 0.33
0.95 W, 0.55 0.55 0.20 0.55 0.86 0.75 0.33 0.38 0.71
T W 0.45 0.45 0.80 0.45 0.14 0.25 0.67 0.62 0.29
0.90 W, 0.60 0.60 0.23 0.60 0.88 0.79 0.38 0.43 0.75
= We 0.40 0.40 0.77 0.40 0.12 0.21 0.62 0.57 0.25
0.85 W, 0.66 0.66 0.28 0.66 0.90 0.83 0.43 0.49 0.79
Wy 0.34 0.34 0.72 0.34 0.10 0.17 0.57 0.51 0.21
0.80 W, 0.71 0.71 0.33 0.71 0.92 0.86 0.49 0.55 0.83
T Wy 0.29 0.29 0.67 0.29 0.08 0.14 0.51 0.45 0.17
075 W, 0.76 0.76 0.39 0.76 0.94 0.88 0.56 0.61 0.86
T W 0.24 0.24 0.61 0.24 0.06 0.12 0.44 0.39 0.14
0.70 W, 0.81 0.81 0.45 0.81 0.95 0.91 0.62 0.68 0.89
W, 0.19 0.19 0.55 0.19 0.05 0.09 0.38 0.32 0.11
0.65 W, 0.85 0.85 0.53 0.85 0.96 0.93 0.69 0.74 0.92
W 0.15 0.15 0.47 0.15 0.04 0.07 0.31 0.26 0.08
0.60 W, 0.89 0.89 0.61 0.89 0.97 0.95 0.76 0.80 0.94
W, 0.11 0.11 0.39 0.11 0.03 0.05 0.24 0.20 0.06
0.55 W, 0.92 0.92 0.69 0.92 0.98 0.96 0.81 0.85 0.95
W, 0.08 0.08 0.31 0.08 0.02 0.04 0.19 0.15 0.05
0.50 W, 0.94 0.94 0.76 0.94 0.99 0.97 0.86 0.89 0.97
= W 0.06 0.06 0.24 0.06 0.01 0.03 0.14 0.11 0.03

@ A crosshatched edge indicates that the slab continues across, or is fixed at, the support; an unmarked edge indicates
a support at which torsional resistance is negligible.
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Example (Design of two-way edge-supported solid slab):

A monolithic reinforced concrete floor is to be composed of rectangular bays
measuring 6.5 X 8 m, as shown. Beams of width 30 cm and depth 60 cm are
provided on all column lines; thus the clear-span dimensions for the two-way slab
panels are 6.2 x 7.7 m. The floor is to be designed to carry a service live load
5 kN /m? and a dead load on the slab due to self-weight plus weight of :

* Tiles=3 cm.

* Mortar =2 cm . | 6.5m

« Sand =7 cm. | |

* Plaster=2 cm. S ﬁ-}i—}}iZZZZI:ZZZ::ZZZI‘T """
« Partitions=5 kN /m?.

Given.f', = 20 MPa and f, = 400 MPa.

Find the required slab thickness and

reinforcement for the corner panel shown. - 6.2m _
Solution:
1. Minimum thickness (deflection requirements): Comer &

I~

For slabs of this type the first trial thickness is
often taken equal to
panel parameter 2(7.7 + 6.2)
B 180 180
=0.154m take h=16 cm. -
Check for the minimum thickness of the slab:

8m

® FExterior beam:

h’slab
hw=44cm <4h=4Xx16 =64 cm OK Uﬁ%ﬁ
.bom

16 44

. 16(30 + 44) (44+7)+30><44><7: wen | aten

c 16(30 + 44) + 30 x 44
f
=36.2 cm } ‘ '
16 c:ni E 5
L (30 + 44)(16 + 7.8)3 44 x 7.83 ! ;t S
b — 3 3 I ‘\-._‘ _____ 1 —— ,/'
36.23 Men| € 3
+30 — 799957 cm* “”’l S /
3 o ,"
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e Interior beam: | adem | 30m | aacm

b,, + 2h,, =30+ 2(44) = 118 cm | ‘ ‘

16em

b, + 8h = 30 + 8(16) = 158 cm

4.3 Em

|

b, +2h, =118 cm < b,, + 8h = 158 cm OK .
44 cmis

39.7cm

bt
-
-
-

16(30+44><2)(44+%)+30><44><42—4

_ =397
Ye 16(30 + 44 x 2) + 30 x 44 L7 G

(30 + 44 X 2)(16 + 4.3)3 2 X 44 X 4.33 39.73
i = - + 30
3 3 3
= 952416 cm*

® Slab section for Exterior beam:
30cm | /2

16 cm

44 cm

620 3
- +30)16

Short direction I = 6.2 m = 620 cm, I, = ( = 116053 cm*

12

770 3
. +30)16

Long direction [ = 7.7 m = 770 cm, I, = ( = 141653 cm*

12

24
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e Slab section for Interior beam:

{-'ru't/z 30cm lrl.th/z

Y
16cm

——

_——d

44cm

Short direction
_ (620 + 30)16°

Light = liefr = 6.2m =620 cm, I W = 221867 cm*
Long direction
770 + 30)16°
Lignt = liefe =7.7m =770 cm, I ( W ) = 273067 cm*
= % = Il—b where E., = E_ 5 6.5m X
CS*S S | |
| i
I, 799957 S Sy L e 1 & |
%= T 141653 i Urq i
_ Iy _ 799957 _ ii N
%2 =7 T T1e0s3 = b o
L 6.2m N i
I, 799957 J 0 N
% =1 T 273067 = 110f2 J dra
L Corner I~ Lo
I, 799957 | N
Yt =T, T 221867 | -
Yar 5.6+69+35+43 ! B
Offm = ) = 1 ]

=51>20

fm = 5.1 > 2.0 the minimum slab thickness will be:
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g - e o _ 7.7 _ o
ln,short 6.2 '
/i
Ln (0-8 + T{)o) 7700 (0.8 + 1590
h = = =177mm > 90mm OK

36 + 98 36 + 9 x 1.24

First trial thicknessh = 160mm < 177mm.

Take slab thickness hg;,, = 200 mm.

2. Loads calculation:

' ' W=y-h
Tiles 22 22 x 0.03 = 0.66
mortar 22 22x0.02=044
Sand 16 16 x 0.07 = 1.12
Reinforced Concrete solid slab 25 25x02=5
Plaster 22 22x0.02=044
Partitions 2 KN/ m? 2
Total Dead Load 9.66

Dead Load of slab DL = 9.66 KN/m?,

wp = 1.2-9.66 = 11.6 KN /m?

Live Load of slab LL =5 KN/m?, w; =1.6-5=8KN/m?
w=11.6 +8=19.6 KN/m?
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Discontinuous Edge

3. Moments calculations: 6.5 m
[ : |
Discontinuous Edge ) : :
/ _j ''''''' J:_—'g—_::r'_:_'_:_'_:_________ _______________________________ ;_T _I_T
; 11155m § 31m_ 11.55mil]
| [yt -t ]
v L % L
P Pl
C s | 1 3
- ! |
Case 4 V- | ! L]
- & N
725 - N
: i |
7 8 | !
o I I
~, g .
- o o
7 | Z N
5 B S I‘_‘i‘_ ““““““““““““ i“ﬂl'
PP IIT T AFI T T o
Continuous Edge 1= E 5
e e o
M, = Cowl? M, = Cywl a o c
l 6.2 5 E E
2 =2 =081 S . S
b .

The moment calculation will be done for the slab middle strip.
e Negative moments at continuous edge (table1):

! l
Caneg. (i = O.8> = 0.071 and Cy ey, (i = 0.85> = 0.066

C (la =0 81) =0.071 (0'071 _ 0'066) (0.81 — 0.8) = 0.07
aneg-\r, ) 7 0.85 — 0.8 ' R

m
Mg neg. = 0.07 X 19.6 X 6.2% = 52.7kN.—
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l l
Chneg. (i = 0.8) = 0.029 and Cp e, (i = 0.85) = 0.034

0.034 — 0.029
0.85-10.8

l
Chomeg. (i = 0.81) =0.029 — ( ) (0.81 — 0.8) = 0.03
2 m
My neg. = 0.03 X 19.6 X 7.72 = 34.9kN. —

® Positive moments (Table 2 and Table 3):

l l
Cab (i = 0.8) = 0.039 and C, p (i = 0.85) = 0.036

C (l“ =0 81) = 0.039 (0'039 _ 0'036) (0.81 — 0.8) = 0.0384
@D\, ' 0.85 — 0.8 ' ' '

m
Maposp = 0.0384 X 11.6 X 6.2 = 17.1kN.—

l l
Cal (i = 0.8) = 0.048 and C,; (i = 0.85) = 0.043

C (l“ =0 81) = 0.048 (0'048 _ 0'043> (0.81 — 0.8) = 0.047
e\, ' 0.85 — 0.8 ' ' '

m
Mgpos, = 0.047 X 8 X 627 = 14.5kN.—

m
Mapos = Maposp + Mapos,, = 17.1+ 145 = 31.6kN.—

l l
Cogs (i = 0.8) = 0.016 and C,,, (i = 0.85) =0.019

C (l“ =0 81) =0.016 (0'019 _ 0'016) (0.81 — 0.8) = 0.0166
AV 0.85 — 0.8 ' RO

m
My, pos,p = 0.0166 X 11.6 X 7.7% = 11.4kN.—
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l l
G (i = 0.8) = 0.020 and C,, (i = 0.85) = 0.023

C (l“ =0 81) = 0.02 (0'023 _ 0'02()) (0.81 — 0.8) = 0.023
AV ' 0.85 — 0.8 ' ' '

m

My pos., = 0.023 X 8 X 7.7% = 9.8kN.—
m
My,pos = Mppos,p + Mppos. = 114+ 9.8 = 212 kN.—

® Negative moments at Discontinuous edges (% X positive moments ).

a — short direction

1
Ma,neg. = § X 31.6 | 62m
= 10.5 kN.m/m L R
1 | ) '
Mb,neg. = § X 212 i Moments
! [KN -m/m]
=71kN.m/m :
4. Slab reinforcement: E .

e Short direction:
Assume bar diameter ©10 for

main reinforcement.

dy 10
d=h=20--"=200-20~—=175mm
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e Midspan:
M, 31.6
M, = 3~ 09 = 35.1kN.m/m
My, 35.1x10° _
Ry = bd?  1000x1752 1.15MPa
fy 400
= = = 23.53
" T 085f_ ~ 0.85 x 20
_ (1= |1 2Rym) 1 . 2 x 1.15 x 23.53
P=m\ """ "5 ) T 23s3\ 200

= 0.00298
A, = pbd = 0.00298 x 1000 x 175 = 521.5mm?
Ag min = Pminbd = 0.0018 X 1000 X 175 = 360 mm?
Ag = 521.5mm? > Ag pin = 360 mm? OK provide A; = 521.5mm?

Use @10 then :

NO.of b A 521.5
.of bars = = =
AS(Z)lO 79
1 1
the step of mainreinforcement S = = ee = 0.152m

10
use ® 10 @ 150 mm, or use 7(35

S=150mm < 2h =2 X 200 = 400mm < 450mm OK

Note that in the edge strips the positive moment, and the corresponding steel
reinforcement area, is assumed to decrease from its full value at the edge of the
middle strip to one-third of this value at the edge of the panel, which will not be
provided.
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® (Continuous edge:

Assume bar diameter @ 14 for main reinforcement.

d, 14
d=h=20-~-"=200-20-—=173mm

M, 52.7
M, = 3 - 09 - 58.6kN.m/m
My 58.6x10° _
Ry = bdZ  1000x1732 1.96MPa
fy 400
= = = 23.53
" T 085f_ ~ 0.85 x 20
_ (1= |1 2Rym\ 1 . 2 % 1.96 x 23.53
P=m\ |77 fy | 2353 T 400
= 0.00522

A, = pbd = 0.00522 x 1000 X 173 = 903mm?
Agmin = Pminbd = 0.0018 X 1000 x 175 = 360 mm?

Ag = 903mm? > Ag pin = 360 mm?* OK provide Ag = 903 mm?

Use @14 then :
R0l Tt = Ag 5215
of bars = = 1539 =
1 1
the step of mainreinforcement S = ~=tg= 0.170m

14
use ® 14 @ 170 mm, or use 6(3%

S=170mm < 2h = 2 X 200 = 400mm < 450mm OK
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e Discontinuous edge.

The negative moment at the discontinuous edge is one-third the positive moment in
the span.

1 1
AsgAs,pos = §521.5 = 173.8mm?* < A i = 360mm? — not ok

provide Ag min = 360mm?

Use @10then :

360

NO b = 5 = =
of bars = 4 = 7554

4.9

1 1
the step of mainreinforcement S = =19 0.205m

10
use ® 10 @ 200 mm, or use SQ)E

S=200mm < 2h =2 x 200 =400mm < 450mm OK

® Long direction.

H.W-Design for positive and negative moment as in the short direction. Note that the
effective depth for the long direction will be:

dp
d=h-20- db,in the short direction — 7
5. Check for shear:

l l
W, (l—“ = 0.8) =0.71 and W, (z_a = 0.85) = 0.66
b b

W(la—081>—071 (0'71_0'66)(081 0.8) = 0.70
“\i, ) 7 085-08/" " R
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! !
w, (—“ = 0.8) = 0.29 and W, (—“ = 0.85) = 0.34

L L,
W, (l“—081)—029+(0'34_0'29>(081 0.8) = 0.30
P\, ” )T T 0.85—0.8/" T

The reactions of the slab are calculated from Table 4, which indicates that 70% of
the load is transmitted in the short direction and 30% in the long direction.
e The total load on the panel being (6.2 X 7.7 X 19.6 = 935.7kN)

e The load per meter on the long beam is(0.7 X zii;) = 42.5kN/m
e The load per meter on the short beam is(0.3 X 29i56;) = 22.6kN/m..

The shear to be transmitted by the slab to these beams is numerically equal to these
beam loads, reduced to a critical section a distance d from the beam face. The shear
strength of the slab is

1 ! 1 -3
Ve =22 /fcbwd=gx1xmx1000x173x10 = 129kN

OV, = 0.75 X 129 = 96.75kN

1 96.75
Vimax = 42.5 X 1m = 42.5 kN < 59V, = —— = 484 kN

The thickness of the slab is adequate enough.
Viumax = 42.5 kN at the face of support, I, at distance d from the face of support
will be smaller.

Even, if % oV, <V, < @V, for solid slabs, the thickness of the slab will be enough.
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