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K. Boryak, DSc, O. Aftanyuk, PhD, A. Limarenko, PhD

TESTING THE STRENGTH OF STRUCTURAL ELEMENTS VNKU-60

The authors propose to supplement the verification standard weight measuring instruments with a new 
auxiliary verifier Non-automatic Weighing Calibration Device with maximum weighing range of 60 tons 
(VNKU- in which hydraulic jacks and ballast weight for applying the load forces on the load carrier are 
used. Several design options of VNKU-60 have been worked out each of which has its own advantages and 
limitations for using in practice. In the article the results of strength calculation of the main structural ele-
ments of the first design option of VNKU-60 are considered in which as a ballast weight a gandola car type 
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rail car is used into the body of which the construction of the device is arranged.
Keywords: non-automatic weighing calibration device, load carrier, weight-transmitting device, 

weighting bridges, weightless verification, calibration of large-load scales, standard weight measuring in-
strument.

Tomislav Koprek, Bo o Soldo, PhD, Aleksej Aniskin

CONTACT PROBLEM OF COMBINED FOOTING RESTING ON ELASTIC BASE

The contact problem of combined footing resting on elastic half space, or stratified elastic base has 
been analyzed. Unlike simplified common assumptions and design methods of such foundation, here the 
analysis was carried over a two rigid footings connected by elastic flexible foundation beam, taking into ac-
count different characteristics of individual footing parts (rigid vs. flexible) and continuity conditions at their 
joints, with emphasis on their mutual interaction related to underlying soil load transfer. The numerical 
analysis has been performed by combined finite difference and boundary element method on the identical 
quadrilateral mesh.

Keywords: combined footing, interaction, elastic half space, layered elastic medium, FEM, BEM, set-
tlemet.

Introduction.
Combined footings are common form of shal-

low foundations. A system of two rigid footings 
connected by a foundation beam are often referred 
as strap footing, but this term implies a special case 
of combined footing loading, which is exclusively 
used for compensation of highly eccentric concen-
trated loads [1], [2]. However, there are many other 
situations where the combined footings consisting of 
foundation beams and rigid footings are applicable, 
and actually used, and they are subject of this analy-
sis in some broader sense.

Traditionally the use of the of shallow founda-
tions is principally restricted to the relatively light 
structures due to limitations that are mainly related 
to two main reasons: the first being restrictions re-
lated to the shallow soil properties, their intrinsic
non - homogenous nature and complex stress - strain
behavior, and the second lack of correct assessment 
of foundation structure alone and soil - structure in-
teraction effects, which makes predictions of real 
structure behavior unreliable and consequently can
result in their inadequate design [3].

There are many publications considering vari-
ous analytical and numerical methods and solutions 
for contact problems of simple-shaped foundations 
like flexible foundation beams, rigid or flexible 
plates of basic shapes. Some of them are reviewed 
and discussed in [4], [7] monographs [8], [9] and
more related to the presented problem [10], [12] as
well as their experimental verification [13]. But 
there is a lack of those deliberated to the more spe-
cific ones such as combined foundations, due to in-

herent complexity of any thorough analysis of such 
problems due to lack of accurate, i. e. closed-form
analytical solutions for any but the simplest founda-
tion shapes.

Consequently, in standard geotechnical engi-
neering literature and engineering practice combined 
footings are treated on simplified way and designed 
almost solely on the basis of bearing capacity analy-
sis, rather than considering influence of settlements 
and soil structure interaction effects.

As an example, in case of strap footings, in cur-
rent design and construction practice the influence of 
beam-soil interaction is disregarded, and such possi-
bility purposely prevented for compliance with de-
sign assumptions, and such approach is embedded in 
current design codes [14]. 

In common engineering practice this approach 
is not limited to the mentioned case, but it is widely 
used in most cases of combined beams with rigid 
footings on deformable bases.

Flexural rigidity of the structure can have sig-
nificant influence on distribution of load and mo-
ments transmitted to the foundation of the structure, 
and the load redistribution may modify the pattern of 
or mitigate settlement [15].

So for safe and rational application of combined 
footing systems, better understanding their behavior, 
it is necessary to provide estimation of it s load dis-
tribution and resulting contact stresses and settle-
ments [16].

In this paper to a numerical analysis procedure 
of combined footing resting on elastic base has been 
presented, taking into account different characteris-




