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Calculation of Voided Slabs Rigidities
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Abstract—A theoretical study of the rigidities of slabs with

circular voids oriented in the longitudinal and tihe transverse
direction is discussed. Equations are presentedpffedicting the
bending and torsional rigidities of the voided slalhis paper
summarizes the results of an extensive literateggch and initial
review of the current methods of analyzing voidEbsThe various
methods of calculating the equivalent plate pararsetwhich are
necessary for two-dimensional analysis, are alsoewed. Static
deflections on voided slabs are shown to be in gagréement with
proposed equation.

Keywords—voided slab, bending rigidity, torsional rigidity,

orthotropic plate.

. INTRODUCTION

N orthotropic plate is defined as one which hagediint

rigidities in two orthogonal directions. In generalo
forms of orthotropic plate are identified, nametyaterial
orthotropic plate and shape orthotropic plate. Mdshe actual
orthotropic plates are of the latter type, as tikbed slabs and
voided slabs. As voided slabs, voids running inlgmgitudinal
direction are frequently in traduced into concr&ébs in order
to reduce their self weight. Such voids are oftérciccular
shape because they are simple then to fabricatk,itais
relatively easy to ensure that compaction of thecoete under
the void takes place during casting. Circular vdidkabs of this
nature are used both for floor slabs and for medipam slab
bridge.

An approach commonly used is to assume the con@ete
the

uncracked and linearly elastic, and thus ignore
reinforcement. This approach has the advantagémylisity
and of closely modeling the behavior of a slab. #relconcept
of converting an actual slab into an equivalentatropic plate
for the purpose of determining the distributionsstiesses is
well established. Numerous investigators have sitgde
expressions of the determination of these bendgidities but
few have compared them. In this paper, the bendgidities
are derived from finite element analyses of crasgiens of
voided slabs, with the voids symmetrical with retyie the slab
middle surface. And this paper summarizes the tesof
literature research and the review process, gitetgils of the
various methods of analysis and calculating thep@riies of
simplified mathematical models.
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Il.  GOVERNING EQUATION OF PLATE

The governing equation of the plate ignoring thieesibility
of the middle surface is given by

d*w d*w d*w

Dxa7+(ny +DYX+D1+D2)0X273)/2+DVW

In which D, and D, denote the bending rigiditie®),, and

=p(xy) (1)

D, are the torsional rigidities anD, and D, are the coupling

rigidities. The values of solid slab are defineda®ws;
Bending rigidity is

Et®
D=—— 2
12(1-v?) @
Torsional rigidity is
Gt®
= 3
=1 ®3)

The elasticity modulus, shear elasticity modulusd an
Poisson’s ratio are denoted Iy, G and v respectively.

It becomes necessary to calculate the equivaleanpsers
for a two-dimensional analysis. The various paransemnay be
required for all two-dimensional analyses of voidgab. The
orthotropic plate rigidities are required for thhetropic plate
and two dimensional finite element analyses.

The cross section and the notation of voided siabas
shown in Fig. 1.
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Fig. 1 Section of voided slab
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[ll. BENDING AND TORSIONAL RIGIDITIES
Bending rigiditiesD, and D, ) in the longitudinal direction
and in the transverse direction and torsional itigis( D,, and
D,,) can be obtained by treating the structure asvetgrit

stiffnesses.
For uncracked concrete voided slabs, [1] propoded t
following equation for calculation ob, and D, .

3 4
D, =E r_m 4)
12 64,
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(13)

Bending rigidities in the longitudinal directiongpecified in
the Ontario Highway Bridge Design Code (1975).

Elliott (1975) concludes that the spacing of volids little
effect onD, and D, . These rigidities can be obtained by the [5] have recommended formulate which give good
following equation without incurring any significgerror. comparisons with numerical and experimental studidse

equations for stiffnes8, , D,, Dy and D, are given by

where nis the number of holes.

3
p, =2 [1 0.958 )“} ©)
D, :% (14)
-V
ny(voided ‘:1 0 84& )4j| xy(solid) (7) y( 3 )
Et d
v:m[l‘(?"‘} =
[2] proposed the following equation for calculatiohD, ,
D, and D,, . It has been assumed that voided region is D, = [ 85& )4} (16)
equivalent to a solid region of the same overalé $iut with 24(1+V)
reduced elasticity modulus in the longitudinal difen and in
the transverse direction. [6] proposed the following equation for calculatioh D,
and D, for orthotropic plate with rib.
I X
Dx - DSI_ (8) D)< = El X (17)
I 5
D,=D,-t 9 3
v @) D, = Et (18)
D =v.DD (10) 12(Py—tv+tv(t/((t—d)/2f))
Xy Xy

Kim(2002) proposed the following equation for cédtion
of D, and D, . These rigidities can be obtained by the moment

of inertia of voided section.

where | is moment of inertia of solid sectiom, is reduced
moment of inertia in the longitudinal directioh, is reduced

moment of inertia in the transverse direction @hds bending
rigidity of solid region.

- El, 19
[3] proposed the following equation for calculatioh D, , D, = ) (19)
D, andD,, . g
El
D, =2 (20)
Et® 1- 3rr(d /t)* (t/d,) (11) x
*12(1-v?) 16(1+ d /d,))

Park(2011) proposed the following equation for akdtion

) o of D, and D, . These rigidities can be obtained by the ratio of
For certainrange ofl /t, n, t/t,, the flexural rigidity in the

o i ] ] deflection.
transverse direction can be obtained by treatiag/tfided slab
as an equivalent Vierendeel frame. E 3
= R (21)
3 12(1-v?)
_ Et d.
D, = W—VZ) -) (12) where Exis the deflection ratio of voided slab with solldis

In case of without bending of the web§, can be Table | presents the rigidities of voided slab thatve

. ) ) suggested by literature research.
approximated in equation (12)
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TABLE |
RIGIDITIES OFVOIDED SLAB
Unit: kN/mn?

Aster Elliott Jofriet Pama
Dx 1.637E+07 1.637E+07 1.684E+07 1.684E+07
Dy 1.636E+07 1.569E+07 1.563E+07 1.461E+07

Elliott & .

Clark Ugural Kim Park etc.
Dx 1.684E+07 1.637E+07 1.637E+07 1.298E+07
D 1.605E+07 3.525E+02 1.520E+07 1.298E+07

IV. EVALUATION OF RIGIDITIES
Static defections are compared in order to vehigyrigidities
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| N Park etc. %
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Fig. 4 Static deflection on the transverse liné-seight

proposed by numerous investigators. Numerical ejamp Deflections of the proposed methods are in remdykabse

voided slab is shown in Fig 2.

Fig. 2 Numerical example voided slab

agreement with those obtained by using 3D solichel. It is
noted that the analysis utilizing simplified methptbduces
results similar to those obtained by using 3D seliement.
Thus it can be concluded that the analysis methdth w
simplified idealization possess any advantage. &hase
considerably more efficient so far as computer tiise
concerned. These simplified methods are apparestgily
applicable to design office use.

V. CONCLUSIONS
As there is an infinite number of possible voidshand sizes,

The dimension of numerical example voided slab i@ comprehensive tabulation of rigidities is not ible. To
3000 4006 21(and the properties are shown in Table Ildetermine rigidities parameters of a general csession, the

With the slab fixed supported at four edges, theceatrated
load is applied at center point of example slab.

TABLE Il
PROPERTIES OINUMERICAL EXAMPLE VOIDED SLAB

L Lt d t Py
(mm) (mm) (mm) (mm) (mm)
4200 3150 120 210 210

ty E
mm)  (kNmm2) v n B

100 2.263E+01 0.167 9 0.70

The results are presented in the form of defleciisishown
in Fig. 3 and Fig. 4 which are the deflection oa fibngitudinal
and transverse center line. By comparisons withd#fkection,
the validity of the proposed method for rigiditieaculation is
demonstrated.
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Fig. 3 Static deflection on the longitudinal linelfsveight

simplified method can be used. The various methiaishave
been used during so years for analysis of voidatissIThe
equivalent plate parametersy,, D, and D, ) could have

significant effects on the accuracy of the analySikese
parameters should, therefore, model the actuattsies as
closely as possible without their requiring compteaiculations.
The methods appear to be the most appropriateafoulating
the various equivalent plate parameters. From shigly the
following conclusions can be drawn concerning theice of
elastic rigidities of circularly voided slabs fosauin orthotropic
plate theory. With this suggested expressions afdiog,
coupling and torsional rigidities, the deflectionad stress
resultants in circularly voided slabs predicted dsthotropic
plate theory show good agreement with results pbthiby
using 3D solid element
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