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1. Introduction

At the foundations, there is a direct contact betwthe foundations and subsoil. The
contact surface (at the level of the foundationt)dbetween shallow foundation and subsoil
causes a change of the stress states. From poim@vef the structure, it is the main factor
of the "above ground structure and foundation'freis, stiffness of the foundation and
loading intensity. This paper analysed the eftédhe stiffness and bond at the level of the
foundation joint of the circular, square and stfijpundations on the intensity and
distribution of contact stresses.

2. Boundary conditions of the problem

The problem of the interaction between shallow ftations and subsoil is solved by
mathematical modelling using Finite Element Met(iBEM). Computer program ANSY'S
[3] was used to solve the problem. The contact issklved as a 3-D problem according to
assumptions of the linear elastic half-space theory
a) Geometrical shape and stiffness of foundation structure
Geometrical shape is one of the most general facthiich affect the relative stiffness of
the system. This factor can be relatively exactyedminate for all shallow foundations.
Geometrical parameters and stiffness of solvedilgrcsquare and strip foundation models
are given in Tab. 1.

Table 1. Geometrical characteristics and stifrefthe shallow foundations

Geometrical | Ratio Foundation dimensions Foungt?ft]jﬁgsfsemﬂve
shape§ of L/B Width Length | Thickness STN 731001 [2]
foundations | (-) | B (mm) | L (mm)| t(mm) i
k-)
SQUARE 1 200 200 2.5 to 100 0.0159 - 1009.6
CIRCULAR - 240 - 5 to 100 0.073 - 584.2
STRIP 010 65 630 5 to 100 0.004 - 32.3*

* stiffness in length direction “L* of strifpundations
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The foundation relative stiffness "k” is defineccaading to the formula [2]:

k= SRAN) 1
-Edd[fj (1)

where “E“ is the modulus of elasticity of a foundation antEge' is the modulus of
elasticity of subsoil. For assessments of stiffriesgidth direction then L=B. For relative
stiffness k1 the foundation is a flexible and forXk the foundation is a rigid.

b) Physical properties of the foundation and subsoil models

From the physical point of view, the model withedtioundation is considered. This model
is put on the dense sand subsoil (Fig. 1). The melwf subsoil under foundation is
modelled as the cylinder with diameter and heigl8n0 The physical properties of
foundations and subsoil are listed in Tab. 2. Moofefoundation was loaded by axial
forces of various values {'F which generate the average contact stress afevélom
omi=3.2kPa tao,,7=76.5kPa, i.e. in the elastic zone of dense sahsasiu

Table 2. Physical properties of foundations sunosoil

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

¢) Bond and friction at the contact surface
From point of view of the effects of bond and fiaet, two following cases were modeled:
- bi-directional bond (transmission of pressure amile forces, and shear forces at the
solid contact between foundation and subsoil),
- one-directional bond with friction (transmissionlypue to pressure forces, and shear
forces depended on the value of the angle of iatdrittion ¢=35°),
The disadvantage of the bi-directional bond mosi¢hé transmission of the tension forces
between foundation and subsoil. Model with onedaliomal bond describes more precisely
the behavior of real foundation.
d) Mathematical methods and calculation models
Soil-structure interaction is solved using the defation variant of FEM. Three-
dimensional finite element “SOLID45” is used. Orieedtional bond are modeled using
“CONTAL174” and “TARGE170" contact elements. The @oub theory [3] for friction
modeling between foundation and subsoil is useche®atic representation of the
computing models of rigid shallow foundation (t=1®@n) with a bi-directional bond with
resulting meshing of finite elements and the statiandary conditions is showed in Fig. 1.

3. Evaluation of numerical results

From the numerical results, a lot of qualitatived aquantitative knowledge’s of the
solved problems are obtained. Quantitative comparigesults of contact stresses for
different values of k is given in Tab. 3. Qualitatinterpretation of stiffness affecting on
the intensity relative vertical normav{c,,) and sheart(,/o,) contact stresses for centre
and corner of the shallow foundations are showrigs. 2, 3, 4.
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Table 3. Quantitative comparison of relative vedtioormal and shear contact stresses

in representative point of rigid and flexible foatidns on the contact surface
© ol § - Contact stresses calculated under average padensity o, = 50,0 [ kPa]
§ ;O: .§ E § 8 Bi-directional bond (with solid contact) One-dirextal bond (with friction if f=35°)
% %§ 23 “g Relative normal stregs Relative shear stresf Relative normal stregs Relative shear streds
% 3| Eco
@] Re] 8 o 0-zlo-m ['] Tyzlom ['] O-Z/O-m ['] Tyz/O-m [']
R (k>>1)| F(k=0.1)] R(k>>1] F(k=0.1) R (k>>1) F (k=0.1)R (k>>1) | F (k=0.1]
centre -0.489 -3.788 0 0 -0.507 -3.78 0 0
Squarg boundary -1.480 -0.553 0.338 0.39( -1.399 -0.630 0.243 .p5
corner -3.095 -0.515 0.569 0.103 -2.50D -0.022 0.437 0.032
Circulad centre -0.507 -2.815 0 0 -0.51§ -2.77 0 0
boundary -1.876 -0.372 0.404 0.342 -1.801 -0.413 0.332 D0.p2
centre -0.507 -1.244 0 0 -0.55(] -1.36 0 0
Strip corner -1.438 0.538 0.267 0.03d -1.04B -0.043 0.142 0.¢07
boundary (L] -1.035 0.449 0.226 0.014 -0.989 -0.043 0.235 .00D

Remark: R —rigid foundation &1, respectively k=30); F — flexible foundation (k£}
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1 Numerical models of rigid foundations (t=1@n) with static boundary conditions
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Fig. 2 Influence of rigidity and bonding on the @l stress under centre of foundation
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Fig. 3 Influence of rigidity and bonding on the nm@l stress under corner of foundation
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Fig. 4 Influence of rigidity and bonding on the ahstress under corner of foundation
4. Conclusion

Correct assessment of the values of the contatsss in the foundation bottom affect
significantly the reliable design of foundationse$ented calculations show that taking into
account the effect of stiffness, bond and frictionthe foundation bottom allows in
practical solutions the realistic and economicaligie of shallow foundations with respect
of the required reliability.
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NUMERICKA ANALYZA INTERAKCIE PLOSNYCH (KRUHOVYCH,
STVORCOVYCH , PASOVYCH) ZAKLADOV S PODLOZIM

Zhrnutie
V ¢lanku sa zaoberame numerickou analyzou kontaktnpelpdti pod tuhymi
a ohybnymi ploSnymi (kruhovymi, Stvorcovym a pasmyyzakladmi. Analyza je
zamerana na vplyv tuhosti a vazby nékest’ zvislych normalovych a Smykovych napati.
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