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The examples of recent developments of foundation thin-walled structures and their applications are presented. It is noted
that the purpose is to develop a method for conducting experimental studies of contact interaction between a folded shell
foundation and a deformed base. The purpose of the laboratory tray research is to determine the optimal characteristics of the
suggested foundation design. The article suggested a method for conducting a laboratory tray experiment to compare the op-
eration of two models of folded shell foundations. The main stages of conducting the scientific experiment have been de-
scribed and the basic principles of selecting materials, devices and equipment for carrying out the experiment have been con-
sidered. The conduct of the experiment including data recording for each foundation model has been described. As a result,
subsidence data for each foundation model have been obtained. The findings have been analyzed; subsidence graphs for each
foundation design have been built. It is concluded that better distribution of external load to the foundation system elements
is achieved due to the application of a hinged joint of prismatic folds with supporting beams. It has been found that the cho-
sen parameters of the second foundation model complied with the optimized results of the experiment planning and enabled
to demonstrate the properties of the foundation system load redistribution better.
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OOrpyHTyBaHHS BUOOPY MOJei CKJIAI4acTOro pyHramMmenry
i3 3acTOCYyBaHHSIM METOAMKH MPOBEACHHS JA0OPATOPHOI0 eKCIIEPUMEHTY
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B cratTi npoananizoBaHo JOCIHIIKEHHS BITUM3HIHHUX Ta 3aKOPJOHHUX BUCHHUX, IO 3aiMajIHCsl BUBUECHHAM podotu yHmame-
HTiB-000JIOHOK IIPU Pi3HUX IPYHTOBHX YMOBaX, Ta iX KOHTAKTHOI B3aeMOJIil 3 OCHOBOIO. HaBeeHo mpHKiIaay OCTaHHIX poO3-
po6oK (hyHIaMEHTHHX TOHKOCTIHHHMX KOHCTPYKILIH Ta cepH iX BUKOpUCTaHHS. 3a3Ha4eHO, IO METOIO € PO3pOOKa METOINKHI
TIPOBEAEHHS eKCIIEPUMEHTAIBHIX JOCIIKEHb KOHTAaKTHOT B3a€MO/IT CKIIaquacToro GpyHaaMeHTy-000I0HKH 1 neopMOBaHOT
OCHOBH. MeTol0 1a00paTOpHUX JOTKOBHX AOCHI/UKEHb OYJIO BU3HAYEHHS ONTUMAJIbHHX XapaKTEPUCTHK 3alpONOHOBAHOI
KOHCTPYKLIi ¢pyHaameHTy. B craTTi Oyiio 3anponoHOBaHO METOAMKY IPOBEACHHS Ja00PATOPHOTO JIOTKOBOTO EKCIIEPHMEHTY
JUIsl TIOPIBHSIHHS POOOTH JBOX MOJeNel CKiIaq4yacTux (pyHIaMeHTiB-0000HOK. Byno omnncano OCHOBHI eTamy MpPOBEACHHS
HAayKOBOTO €KCIIEPHUMEHTY 1 PO3IJIIHYTO OCHOBHI NPHHIMIIM NPU BHOOPi MaTepiaiiB sl BUKOHAHHS €KCIEPUMEHTY, MpHJIa-
IiB Ta ycTaTKyBaHHs. Byro onmcaHo Oe3nocepeHbo MPOBEACHHS SKCIIEPHMEHTY i3 (iKcallielo TaHuX Mo KOXHii 13 Moaerneit
¢ynnamenTis. B pesynbrari Oyia0 oTprEMaHO JaHi OciTaHb MO KOXHIIH 13 Mozgenel (yHIaMeHTIB, IPOAHATiI30BaHO PE3yIbTaTH
Ta To0ynoBaHO rpadiky ocimaHb Ul KOXKHOI pyHIAMEHTHOI KOHCTPYKIIii. 3p0o0JICeHO BICHOBOK, IO 3aBJSKH 3aCTOCYBaHHIO
MIapHIPHOTO 3’€IHAHHS MPU3MATHYHUX CKJIAJOK 3 OIIOPHUMH OaJKaMM HOCATAETHCS OUTBII PIBHOMIPHE PO3IOIIICHHS 30BHI-
ITHBOTO HaBaHTaKCHHS Ha eIeMEHTH (yHIaMEHTHOI cucTeMu. BeranosieHo, mo obpaHi mapameTpu Apyroi Mojeni GyHma-
MEHTY Y BiINOBIZHOCTI A0 pe3ynabTaTiB ONTHMIi3awii IJIAHYBAaHHS SKCIEPUMEHTY J03BOJIMIHA OLIbII MOBHOL[IHHO HPOSBHTH
BJIACTUBOCTI NEPEpO3NOAiTy HaBaHTaKEHHS (DyHIAMEHTHOT CUCTEMH.

KonrouoBi cioBa: cximaguactuil pyHIaMeHT-000I0HKA, METOUKA TPOBECHHS eKCIIEPUMEHTY, IPYHT
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Introduction

Shallow foundations such as shell foundations are
studied and used to improve capacity of a foundation
structure under conditions of weak and water-soaked
soils. The practice of designing and constructing
buildings and structures using plate-shell foundations,
pier shell foundations, folded shell foundations, and
others, is rather common.

One of the main stages of research is to conduct an
experiment in laboratory or on-site conditions. The re-
sults of such studies enable to investigate nature and
character of a foundation structure operation. The de-
velopment of a full-fledged methodology for conduct-
ing an experiment is the basis for further analytical
and practical research.

Review of research sources and publications

Applications of shell foundations, diverse in form,
operating conditions and materials, are found in many
countries of the world. Modern investigations in the
field of foundation engineering, in particular applica-
tion of shell foundations, have common features
aimed at constructing such foundations in different
soil conditions and expanding the scope of their appli-
cation. The development of fundamentally new con-
structive solutions is one of the main goals of research
in this field.

Such domestic and foreign scholars of the industry
as Pronozin Y.O., Vannyshkin SG, Tetior O.N.,
Mahmoud Samir El-kadya, Essam Farouk Badrawi,
Kurian N.P. have studied the operation of shell foun-
dations of various types when interacting with a soil in
detail [1-9].

Poroshin O.S. in his study [2] solved the issue of in-
troducing in building practice the flat thin-walled cy-
lindrical binary shell foundations inverted to soil,
providing tensile strength within a slab foundation.
The purpose of such foundations introduction was to
reduce the time and cost of construction, improve the
reliability of structures erected on weak soils, solve a
number of geotechnical problems which have complex
engineering and geological conditions. As a result, a
new foundation design was developed and its interac-
tion with a base was studied.

Govorov D.V., under the supervision of
Goncharov Yu.M., developed and investigated the op-
eration of shell foundations in the form of spatial
folded slabs applicable for permafrost soils [6]. The
suggested foundation model was used for constructing
a four-story panel administrative building in industrial
area "Oganer" and a warm long-stay car park.

Mahmoud Samir El-kady and Essam Farouk
Badrawi conducted experimental and numerical stud-
ies using five square foundations; one of them was a
flat foundation as a reference sample and four founda-
tions of a composite form of shell type [7].
The method for conducting laboratory experiments for
studying shell foundations opration in order to deter-
mine their bearing capacity and stress-strain state of a
base was suggested.

Definition of unsolved aspects of the problem

The complexity of a laboratory experiment is due to
the lack of information on the correct algorithm of
conducting such experiments for a folded foundation.
Calculation and design of shell foundations require
careful study of behavior and nature of the foundation
model operation in laboratory conditions.

Problem statement

The aim of the research is to develop a method for
conducting experimental studies of contact interaction
between a folded shell foundation and a deformed base.

Basic material and results

One of the main engineering tasks is developing op-
timal constructive solutions considering specific op-
erational conditions. Laboratory experiments are car-
ried out using typical devices, special simulators,
stands, equipment, etc. These experiments enable to
conduct thorough and repetitive studying of some
characteristics impact under alteration of others, and
also provide relevant scientific information at mini-
mum costs if the experiment is well-grounded scien-
tifically.

Two types of foundations are considered: the first is
a folded foundation in the form of separate thin-walled
reinforced concrete folds that are joined together by a
steel or reinforced concrete beam [3]; and the second -
a folded foundation with an improved system of sup-
port beams and joints [10].

The basis for the experimental research is a labora-
tory tray experiment aimed at determining optimal
characteristics of the suggested foundation design and
identifying the qualitative patterns of interaction be-
tween a folded foundation and a base.

The set goal was achieved in two stages. At the first
stage, the bearing capacity of foundation models de-
pending on structural features of the foundations, their
geometric parameters, and characteristics of the soil
were investigated. At the second stage, it was neces-
sary to compare contact interaction between the first
and the second models of foundations.

The tray study was performed in a metal tray sized
600x650x680 mm. The metal frame was made of
80x80 mm angles and 50 mm wide steel stripes.
The front edge was made of plexiglass with horizontal
lines applied at 15 mm intervals. All other edges were
made of 16 mm chipboard. The dimensions of the tray
and the foundation models were specified in such a way
as to exclude the compression by the tray walls (Fig. 1).

Sandy soil was taken as a base. The amount of fine
sand necessary for the experiment was dried to a dry
state. After that, the sand was sifted through a sieve
with 0.5 mm axes diameter. The sand base model was
arranged in 15 mm thick layers and tamped.
This process was controlled with control horizontal
lines on the front of plexiglas. Physical and mechani-
cal characteristics of the soil were determined accord-
ing to a conventional method [11] in laboratory condi-
tions using a compression device of Litvinov system
(Fig. 2). The soil surface in the tray was thoroughly
planned.
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Figure 1 — Tray in a metal frame Figure 2 — Determination of physical-mechanical
to conduct the experiment characteristics of soil using PLL-9 device

Figure 3 — 3D modeling of the folded foundation structures:
a) the first model; b) the second model

Figure 4 — Models of the folded foundation structures in assembled state:
a) the first model; b) the second model

Figure 5 — Location of time-type indicators on elements of foundation models
a) the first model; b) the second model
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Two series of tray experiments were conducted. The
task of the first series was to study the impact of struc-
tural features of foundation models and ground char-
acteristics of the base on the bearing capacity of the
suggested foundation models.

The purpose of the second series of experiments was
to compare subsidence and bearing capacity of the
foundation models.

The foundation models were created using the
technology of 3D modeling and 3D printing. The
foundation elements were printed on a 3D printer
XY Zprinting da Vinci 1.0 Pro from plastics with typi-
cal characteristics (thread diameter — 1,75 mm; oval
shape — +/- 0,03; density — 1250 kg/m’; melting vis-
cosity — 2000Pa-s; melting point — 230 C°; bending
resistance — 20 times; printing technology — FDM).
Computer modeling of foundations was carried out via
Kompas 3D V16 software application (Figure 3).

All elements of the foundation were glued with the
special glue; the parts which required preservation of
hinges were joined with metal rods of the required di-
ameter.

The first set of parts was made to simulate the first
type of foundation. Here the supporting beam is to be
rigidly joined with all six folds of the foundation. The
second set was made to simulate the second type of
foundation (Figure 4).

The quantitative values of foundations subsidence of
were recorded using IT-10 time type indicators. Loca-
tion of the indicators on the shelves of foundation
folds is shown in figure 5. They were installed on a
specially made metal frame which was rigidly secured
with the experimental tray (Figure 6). The indicators
fixed folds vertical movements. The data on the indi-
cators were entered in a journal and based on the aver-

age indicators; the graphs of subsidence were drawn.

A special device was created for simulating a real
load transfer of a power transmission line to the foun-
dation. It consists of a metal plate which joins four
metal rods through which the transfer of external load
to the supporting beams and, accordingly, to the folds
of the foundation (Figure 6) takes place.

The loads were applied in levels of 1 kPa, each pres-
sure level was kept until conditional stabilization of
soil deformation. The speed of foundation models
subsidence (not more than 0.1 mm per 30 minutes)
was taken as a criterion of deformation conditional
stabilization [12]. Each subsequent level of pressure
also lasted during the time of conditional stabilization.

As a result of a series of tray experiments, subsi-
dence graphs for two foundation models were drawn.
In order to facilitate further analysis, the subsidence
graphs were separately drawn for the three front and
three rear indicators (Figure 7, 8).

Additionally, the trend lines (linear type) were con-
structed on the subsidence graphs as a geometric rep-
resentation of the mean values of the analyzed pa-
rameters obtained via any mathematical function. This
is a graph of the approximating function. The R2
value shows the accuracy of the approximation. When
this value approaches a unit, the approximation error
is equal to zero [13].

Thus, it is possible to predict future behavior of the
subsidence graphs. This type of the trend line (linear)
was chosen as the alteration of the indicators that oc-
curs almost linearly (increases at constant speed). Ac-
cording to the approximation values (within 0.95-
0.99), chosen linear approximation provided high ac-
curacy and a well-predicted result.

b)

Figure 6 — Preparation of the laboratory equipment and conducting the experiment:
a — metal device for transferring external load to foundation structure;
b — loading the foundation structure and fixing the indicators
of subsidence using IT-10 time type indicators
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Analyzing the subsidence graphs of the first founda-
tion model (Figure 7), it is possible to see almost simi-
lar values of subsidence on indicators 2 and 3 (4 and
5 are similar) caused by external load. While the val-
ues of the indicators 3 and 6, following the same lin-
ear law, have considerably less values of subsidence.
This indicates the uneven distribution of load in this
system. The type of load transfer through a solid sup-
port beam does not ensure full and even operation of
the entire soil under each fold at a time.

At the same time, in the graphs of subsidence on the
second foundation model (Figure 8) it is evident that
the curves of subsidence of the front indicators 1-3 are
of the same nature and the value of the final subsi-
dence is almost identical. The rear indicators 4-6 be-
have similarly. It shows that this foundation model is
performed due to the peculiarities of co-operation of
the structural elements of the folded foundation. More
even distribution of external load to the elements of
the foundation system is achieved through the use of
the hinged joint prismatic folds with support beams.
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Figure 7 — Subsidence graphs based on indicators values
of the first foundation model
a — for indicators Ne 1-3; b — for indicators Ne 4-6
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of the second foundation model
a — for indicators Ne 1-3; b — for indicators Ne 4-6

Conclusion

The methodology was developed and the laboratory
experiment was conducted to determine subsidence of
the foundation structures; two models of folded shell
foundations were compared. The advantage of the
second foundation model in terms of the conditions of
interaction with a base was shown. As a result, it was
found that the chosen parameters of the second foun-
dation model complied with the optimized results of
the experiment planning and enabled to demonstrate
the foundation system load redistribution properties
better.
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