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Abstract. A numerical simulation of plate loading test, in order tadarines the
size effect on settlements and derived values of geoteghp&rameters, is shown. The
study is based on the comparison between the results otitaynEinite Element Method
(FEM) using the Mohr-Coulomb soil model and by some obsematfrom literature.
The obtained numerical results revealed that the subgesaiion coefficient is strictly
dependent on parameters like size of the loaded area anihdoathgnitude, and thus
completely general and generic, and not a fundamental rabpeoperty of soil that can
somehow be determined rationally, as often one claims to be.
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1. Introduction

The key aspect in the design of flexible structural elemamtsontact with
bearing soils is the way in which soil reaction, referred t@ldatively asp, is
assumed or accounted for in analysis. A magnitude andisioh of p might
be preliminary assumed, or some mathematical relatioreshiful be incorporated
into the analysis itself, so thatis calculated as part of the analysis.

In common practice, a simple and relatively crude matherahtnodel for
p, the well-known Winkler's Hypothesis, is (still) routinelised to eliminate the
bearing soil reaction as a variable in the problem solutiém.its basic form,
Winkler's Hypothesis assumes that the soil medium is a sys#é identical,
independent, closely spaced, discrete and linearly elagirings and ratio
between contact pressume, and settlementy, produced by load application at
an arbitrary pointi, on the contact surface, is given by the coefficient of sutbgra
reaction ks (or spring stiffness). Mathematically, this is expressed a

) ks

One critical shortcoming is the difficulty in evaluating tloeefficient of
subgrade reactiolkg, on a rational basék is by no means an intrinsic property of

_ pressure
~ settlement
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the soil. Its value depends not only on soil stiffness, &b ah various geometric-
mechanical factorse(g.geometry and stiffness of structural element/soil). Tgpic
ranges of subgrade reaction coefficient can be found intévature [1], but great
care is required owing to the problem-dependent natureeoptitameter. For a
given soil, appropriate values for beams, rafts, lateriaiyded piles and flexible
walls are all different [2].

Another approach to eliminatp as a variable in the problem solution, is
the elastic continuum idealization, were generally sodssumed to be linearly
elastic half space and isotropic for the sake of simplicitlyis approach provides
much more information on the stress and deformation withihrsass compared
to Winkler model, and it has the important advantage of sititplof the input
parameters, the Young’s modulus (and Poisson’s ratio).

Both approaches, Winkler and elastic continuum ideatiratiequires appro-
priate values for the input parameters, subgrade reactiefiicient and Young's
modulus (and Poisson’s ratiols and Es, v, respectively. A direct method to
estimate botlEs andks is plate loading test (PLT) that it is done with circular
plates or equivalent rectangular plates. PLT providesectimeasurement af the
compressibility and bearing capacity of soil and essdpnt@insists in loading a
rigid plate and determining the settlements corresponttirggach load increment.
The results of a PLT are presented as applied contact pesasigussettlement
curves (Fig. 1). The interpretation of results (deformatoperties) is usually
made using isotropic elastic theory because of its conmerieThus geotechnical
parameters as Young’s modulus and coefficient of subgraaetioa, may be
derived as follows.

2
3 ¢ Applied
pressure, p

Settlement, y
—
-
—

Fig. 1.— Typical presentation of results from a PLT.

Using elastic theory, the settlement of a rigid surfacegptdidiameteD, with
uniform loadp applied on a semi-infinite isotropic soil characterised loyig’'s
modulusEs and Poisson’s ratio, is given by [1],[3], ..., [8]

_ npD(1-v?)
@) W=
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from which Young’s modulus may be evaluated by [1]

_h

© Ee=

D(1-v?).

The coefficient of subgrade reactidq, is the initial slope of the curve (Fig. 1)
until the limit pressurepy, is reached. The following equation, which is produced
by the theory of elasticity, comparaison of egs. (1) and (@xy be used to
determine the value d§ [1]:

4E,

@ =y

Eqg. (4) clearly demonstrates that the subgrade reactidfiaest is not a soil
parameter and it depends, for the same soil, primarly onieed$ the loaded
area . Thus, if ones uses results from a PLT to evaludtirigr full sized footing,
it is appropriate to adjust the value obtained from PLT. Terzaghi [2] proposed
that ks, for full sized footings, could be obtained from PLT using tlollowing
equations:

B .
(5) ks = kpgp, for clayey soils;

2
(6) ks = Kp (B+ Bp> , for sandy soils

2B
whereB, is the plate diameter (or side dimension of the square pleted in the
PLT to producek, (the value ofks for bearing plate) an® — side dimension of
full sized footing.

In the present paper, according to these uncertaintied) uge of finite
element (FE) software, the effect of side dimension of Ingdilate on settlements
and derived values of geotechnical parameters are ine¢stidor diameterd =
= (0.1,...,3.0) m. The plate is assummed to be rigid and smooth.

2. Finite Element Model

All FE analysis were performed with an axis-symmetric mdstcause of
the problem symmetry. The domain radius and height @e[%, [10]. A
total of 1,015, 15-noded triangular elements with a fourth order pakation for
displacements and twelve Gauss points for the numericiiation were used to
define the finite element mesh shown in Fig. 2. Near the edgadazded area
were stress concentrations are expected, mesh is refinediging the size of the
elements [10]. Analysis is performed under displacementrobby a prescribed
vertical displacement boundary condition applied to thié surface below the
position of the loading plate [11],[12].
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In order to prevent any rigid body motions of the whole prabldomain, it
is assumed that both the displacement in the horizontal artit&l direction are
zero for all nodes along the bottom boundary of the mesh. @rvéhtical side
boundaries, the horizontal displacement have been asstonimzero too [11],

[12].
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Fig. 2.— Mesh and geometry for finite element model.

Each FE calculation is divided in two phases. The behaviéuhe ground
depends on the current stresses and strains. It is therefsemntial to prescribe
the stress conditions which exist in the groyibr to the start of the event to
be analysed. Thus in the first phase the initial soil streasegenerated [11]. In
the second phase the displacement were set to zero and thegldmegins. The
loading is simulated by a prescribed displacement as destebove.

The soil behavior it is assumed to be described by the Mohigdab model,
having Young’s modulustEs = 30 MPa, Poisson’s ratio = 0.3, cohesiong =
=1 kPa and angle of shearing resistange; 30°.

3. Results and Discussions

Results from sixteen finite element analyses, using the sleslvn in Fig. 2
and with properties given above, are shown in Fig. 3. Dry ¢é@dwere assumed
and the soil had a bulk unit weight= 17 kN/m3,

The results from PLT can be used to directly estimate théesstnt of a
footing and some geotechnical parameters may be derived Aosnong them
the stress—strain modulus (Young’'s modulug), and the subgrade reaction
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coefficientks, are of most interest. These values are commonly used inutimyp
estimates of foundation settlements.

Making the assumption that the plate settlement is the sdnam @lastic
half-space, until the limit pressure is reached, the ststssin modulusks, can
be expressed from results of a plate load test in terms ofdtie of bearing
pressure to plate settlement, as stated in eq. (3). Thimiason is not truly
justified because under the edges of the loaded area a logah gailure may
occur and thus no more being an elastic equilibrium in alhfbeneath plate.
Therefore Boussinesq's solution may lead to erroneousomés especially in
case of cohesionless soils with low punch strength.

Load, [kPa]
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Fig. 3.— Numerical loadss. settlement curves.

To underline the foregoing, Fig. 4 shows the plastified zopaneans of
relative shearing stress, developed in bearing soil fordhse of plate with
diameterD = 100 cm that corresponds to an aapplied load by only KPa
(prescribed vertical displacement by)@ mm). The relative shear stress is defined
as

T
(7) Trel = —,

Tmax
were T is the maximum value of shear strese.(the radius of the Mohr stress
circle). The parametery,ax is the maximum value of shear stress for the case were
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the Mohr’s circle is expanded to touch the Coulomb failureetope keeping the
intermediate principal stress constant.
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Fig. 5.— Stress—strain modulws. p/w ratio.

Applying the relation (3) for each one load-settlement ewkiown in Fig. 3,
the result's dependencys. p/w ratio is shown in Fig. 5; one can easily observe
that the error in evaluation of stress—strain moduligsby PLT is larger for plates
with diameter less than 100 cm. The explanation is that the g soil under the
loaded area consume its elasic strain more quickly (alnmssamtaneously) then

b—
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in case of the plates with larger diametBr% 100 cm) because of small contact
area. For example, in case of plate with diam&et 10 cm, to an applied load
by 10 kPa (prescribed vertical displacement by on350mm), the soil beneath
the plate is almost completely plasticized (Fig. 4).
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Fig. 6.— Relation between plate diameter and settlement under ket @er unit area.

As it is known, the bearing capacity of cohesionless soitsekses with the
increase in size of the loading area and thus is essentiafigriedent of the size
of the loading area. Therefore the scale effect is anoth@aeation for the larger
error in evaluation of stress—strain modulls, by PLT with (relatively) small
plates. In Fig. 6 this is illustrated by plotting the settiamversusplate diameter
relationship for various loading magnitude. As it can benseamly for large
diametres D > 100 cm) the settlement increases proportional with the aize
the loading surface.
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Fig. 7.— Variation of subgrade reaction coefficietst plate diameter.
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As it shown forward, subgrade reaction coefficidqat,can be obtained from
PLT results by means of elastic half-space solution. Teeefapplying eq. (4),
the derived values for subgrade reaction coefficient aregulon Fig. 7 for plates
having diameter® = 100,...,300 cm.

It is evident from Fig. 7 that the value of the coefficient obgtade reaction,
ks, varies according to the size of the plate used in PLT. TRausas no unique
value and depends on the size of the loaded area, it decrgdkéscreasing size
of plate. The use of values fdg, usually recommended in literature.g.[3]),
seems to be, therefore, meaningless.

4. Conclusions

Results of an numerical analyses of plate loading test tluateasettlements
and derived values of geotechnical parameters are prelseAtéotal of sixteen
finite element analyses were performed using rigid and gmoiotular plates
having diameter® = (0.1,...,3.0) m.

Due to the fact that soils under loading exhibit elastopddsthavior, the use
of derived stress—strain modulug, through the PLT, can lead to misleading
outcomes.

The obtained relation between plate diameter and settlemneter same
load per unit area is in good agreement with some observatiesented in
literature [1],[5],[8].

A common question asked by a structural engineer to a getitadlengineer
is “What is the subgrade reaction coefficieky) @t this particular site?”. Unfortu-
nately, it has no direct, let alone a simple answer. As inditiae obtained results
ks is not a intrinsic soil property. Is just a response to a gilead over a given
area and depends not only on the deformation charactsristithe soil but also
on the size of contact area between plate and subgrade.
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MODELAREA NUMERICA A INCERCARII CU PLACA
(Rezumat)

Este prezentata o simulare numerica a ncercarii coaplau scopul evidentieirii
influentei dimensiunilor asupra tasarilor si parantetrjjeotehnici derivati. Studiul face
comparatie intre rezultatele obtinute prin metoda eletului finit, utilizand pentru teren
modelul de comportare elasto-plastica Mohr-Coulomlngle observatii din literatura.
Rezultatele numerice obtinute arata ca valoarea ceefigiui de pat este strict dependenta
de parametri ce fin de forma si dimensiunile suprafegiincarcare si intensitatea
incarcarii. Astfel, coeficientul de pat este o0 marimaey&a si nu o proprietate mecanica
a masivelor de pamant, asa cum se pretinde adesea.






