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1. Introduction

In this contribution we shall deal with numericaladysis of the vertical deformation
(settlement), deflection and relative deformatioelgtive settlement, relative deflection,
flexibility) of rigid and flexible rectangular (sque and strip) shallow foundations.
Presented analysis is oriented on the effect fietis of system “foundation — subsoil” and
bond (bi-directional bond and one-directional bevith and without friction) on the values
of the deformations. In the foundations design asgEssment according to the limit states
we have to know their deformation&enerally, we expect that the deformations depend o
the relative stiffness of the foundation in contadth subsoil. To the most significant
factors affecting the relative stiffness of fouridatbelong:

» geometrical shape, dimensions and deformation ptiepeof the foundations,
* non-homogenity, anisotropy and deformation propsrtif the subsoil,

» bond and friction on the contact area between fatiod and subsoil,

* type, intensity and distribution of loading.

These factors significantly influence the deterrtioraof the input data in the numerical
calculations and pre-determinate complexity of twundary conditions of the solved
problem. From the mathematical point of view, thi®blem is solved by deformation
variant of the Finite Element Method (FEM). The rmrvally obtained results are
presented in graphical and tabular forms. Resulés qualitatively and quantitatively
analyzed. Complex numerical analyses of the intema®f shallow (circular, square and
strip) foundations with subsoil were publishedih [

2. Boundary conditions

The problem of the interaction between rectang(dguare and strip) foundations and
subsoil is solved by mathematical modelling usiitMF Computer program ANSYS[4]
was used to solve the problem. In the solutiorheffroblem it was important to observe
the physical principles. The contact task is sohaxl a 3-D problem according to
assumptions of the linear elastic half-space theory
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Geometrical, material and static boundary cond#tiosed in numerical calculations are
described in detail in [2]. Brief description ofetithosen boundary conditions (taken from
[2]) is as follows:

a) Geometrical shape and stiffness of foundation structure

For solved strip foundation, rate of length “L" awitith “B* is L/B[1L0. The foundation
relative stiffness "k” is defined according to tteemula [3]:

k=t (L)

Ew \L
where “E" is the modulus of elasticity of a foundation ane . is the modulus of
elasticity of subsoil. For assessments of stiffiaswidth direction L=B. For relative
stiffness k1 the foundation is considered as flexible and Kot the foundation is

considered as a rigid. Geometrical characteristins stiffness of rectangular (square
and strip) shallow foundations are listed in Tab. 1

(1)

Table 1. Geometrical characteristics and stiffrafsgectangular shallow foundations

Geometrical | Ratio Foundation dimensions Foungt?ft]jﬁgsfsemﬂve
f ;Sr?gaet?o(r)]l I(_/B) E\,Nidth Length | Thicknesg STN 73 1001 [3]
(mm) | L (mm)| t(mm) k -)
SQUARE 1 200 200 2.5 to 140 0.0159 - 1009.6p
STRIP 010 65 630 5 to 100 0.004 - 32.3*

* Stiffness in length direction “L* of strifpundations

b) Physical properties of the foundation and subsoil models
The physical properties of foundations and sulmeillisted in Tab. 2.

Table 2. Physical properties of foundations andsilb

Physical properties
Model Material [Modulus of elasticity Poisson’s ratio| Relative density
E (MPa) v (-) b (-)
Foundation Steel 210 000 0.20 -
Subsoil Sand 26 0.28 0.7

¢) Bond and friction at the contact surface
From point of view of the effects of bond and fiaet, on the contact surface
between the foundation and subsaoil, three followdages were modeled:
- bi-directional bond (transmission of pressure ardile forces, and shear forces at
the solid contact between foundation and subsoil),
- one-directional bond with friction (transmissionlyue to pressure forces, and
shear forces depended on the value of the angieavhal frictiong=35°),
- one-directional bond frictionless (transmissionyodue to pressure forces, and
shear forces depended on the value of the angiegeshal frictiong=0°).
The disadvantage of the bi-directional bond modethie transmission of the tension
forces between foundation and subsoil.
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d) Mathematical methods and calculation models
Soil-structure interaction is solved using the defation variant of FEM. Three-

dimensional finite element “SOLID45” is used for sheng continuous region of the
foundation and subsoil model. Bi-directional borgl modeled using "SOLID45”
element between foundation and subsoil. One-doeati bond are modeled using
“CONTA174” and “TARGE170" contact elements. The @oub theory [4] for friction
modeling between foundation and subsoil is used.

3. Evaluation of numerical results

From the numerical analyses of rigid and flexi@etangular (square and strip) shallow
foundations a lot of qualitative and quantitatiméormation about the effects of stiffness,
bond (bi-directional, one-directional) and friction the vertical deformations
(settlements), deflections and relative deformatifmelative settlement, relative deflection,
flexibility) are obtained. Deformations were evdkdh for representative points (axis,
boundary and corner) of rectangular foundationsijtipm of which is given in Fig. 3.
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Fig. 3 Position of representative points on rectdang(square and strip) foundations
and designation of vertical displacement (settlejneadculated for rigid and flexible
foundations

From the calculated vertical displacements (setles) of foundation models calculated
by FEM in representative points (Fig. 3) followedative characteristics were evaluated:

a) deflection calculated by formula: As=s. . —S.., (2)
b) relative settlement for boundary of foundatiafcalated by formula: s /s, (3)
c) relative deflection in length direction calc@dtby formula: As/ L (4)
d) flexibility calculated by formula: Asls,,, (5)

Graphical interpretation of the stiffness, bond &mtion effects on the size of deflection,
relative settlement, relative deflection and fléliyp for rectangular foundations (for
boundary points in length direction) are shown iigsFk 4+7. Isosurfaces of vertical



66

displacements (settlements) calculated for rigid #iexible rectangular (square and strip)
foundations (with bi-directional and one-directibband with friction) for average contact

stresso,,,=50kPa are shown in Figs. 8 and 9.
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Fig. 5 Effects of stiffness, bond and friction tie trelative settlement in boundary points
(for strip foundation evaluated for boundary paimtength direction)
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Fig. 6 Effects of stiffness, bond and friction dwe trelative deflection of rectangular
foundations (for strip foundation evaluated in léndirection)
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Form the presented results we can see that effectlative stiffness on deformations
(deflection, relative settlement, relative deflenti flexibility) of square and strip
foundations is very significant (in practical cdfions non-negligible). The same value of
relative stiffness "k" determined according to Hg), the deformations of square
foundations are less than with strip foundatiortsineans that square foundations are
“shapely” stiffer. Square and strip foundations may be considereedisaly rigid for the
relative stiffness k>10. Bond and friction effeare for square foundation relative low. In
the case of strip foundations the bond and frictedfects are significant (in practical
calculations non-negligible) when relative stiffads<0.1.
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Fig. 7 Effects of stiffness, bond and friction dwe flexibility of rectangular
foundations (for strip foundation evaluated in léndirection)
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Fig. 8 Isosurfaces of settlements calculated fgidrit=100 mm; k=1009.6) and
flexible (t=2.5mm; k=0,0159) square foundationstMbi-directional and one-directional
bond with friction) for average contact stregs= 50 kPa

4. Conclusion

The application of FEM modeling allows to determawrectly the size of the vertical
deformation (settlement), deflection and relatiedodmation (relative settlement, relative
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deflection, flexibility) of rigid and flexible reangular (square and strip) shallow
foundations. Presented calculations show that gakito account the effects of stiffness,
bond and friction in the foundation bottom allowspgractical solutions more realistic and
economical design of rectangular foundations wetspect of the required reliability.
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Fig. 91sosurfaces of settlements calculated for rigid @& mm; k=32.3) and flexible
(t=5mm; k=0,004) strip foundations (with bi-diresntial and one-directional bond with
friction) for average contact stresg = 50 kPa
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NUMERICKA ANALYZA DEFORMACIi PRAVOUHLYCH
(STVORCOVYCH A PASOVYCH) PLOSNYCH ZAKLADOV

Zhrnutie

V ¢lanku sa zaoberdme numerickou analyzou deformaefiych a ohybnych
pravouhlych (Stvorcovych a pasovych) ploSnych zédda Modelovanie pomocou MKP
nam umoznilo vystiznejSie &ir velkost' zvislej deformécie (sadnutia), priehybu
a pretvorenie (pomerné sadnutie, relativny priehytthybnos) zakladovej konstrukcie.
Vysledky vypdatov preukézali, ze pri zdadneni vplyvu tuhosti, vazby atrenia na
kontaktnej ploche zakladu s podlozim dosiahnemelneg a hospodarnejSi navrh
pravouhlych plosnych zakladov pri zachovani pozadey sp&ahlivosti.
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