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Interaction of foundations with undermining subsidenced soil
Interaction des fondations avec les terrains travaillés en mineur et affaissés

A.Z.Zhusupbekov & B.A.Bazarov - Department of Civil Engineering, Karaganda Metallurgical Institute, Kazakhstan

ABSTRACT: Model and field experiments together with numerical analysis of bearing capacity and pliability of conical foundations
were carried out for soil ground where the initial tensile strain was developing. The theoretical results are compared with practical
investigations and test data. These results should be taken into consideration when designored foundation on coal territories.

RESUME: On était passé des expériences modéles et naturelles en commun de 1'analyse numérique du pouvoir porté et de la flexibilité

du bati des fondations coniques sous le developpement de la formation de traction relative. Les résultats théoriques se comparaient avec
les données pratiques et modelés. Ces résultats peuvent étre utiliser aux projets des fondations sur les terrains de charbons.

1 INTRODUCTION

At present a considerable amout of coal and other natural
resources are conzerued in some undermined regions in
Germany, Poland, China, USA, Australia, Russia and
Kazakhstan.

Upper rock layer subsidences when under coal and other
resources layers were excavated. Thus, the upper soil layer is
horizontally stretching and pressing. This horizontal strain
causes uneven settlements to building foundations and the
building will be damaged. That is why the effect of initial
horizontal should be taken into consideration for designing
foundations on undermined coal territories (Zhusupbekov 1989;
Aitaliev et al. 1990; Kleshev et al. 1986). This study is
performed to investigate the effect of initial strain on the
bearing capacity and pliability of conical shape foundations by
both model and field tests numerical analysis by with FEM. s

2 NUMERICAL ANALYSES OF FEM deformations: RRY - elastic (string), 4] - plastic
Calculations were being made by scheme on Figure 1. Owing to Figure 1. The total scheme of finite clements and plastic
symmetry of the foundation section about vertical axis in a deforman:ons zone with different horizoma! tension
calculation scheme it was examined only the half of the ground deformations. Curves I, 2, 3 ... correspond to Jhonzomal
massif and of the foundation which were being divided tension deformations £ =(0,3,6,9,12) * 107,

automatically into triangular finite elements, accounting nets

thickenning in places of expected raised gradients. The massif

was broken into 510 elements; the foundation - into 36 o 20 40 60 80 100 120 F.N

clements. The total knots quantity was 288, and the number of \

elements types was 4. F e
It was considered by step the conical foundation loading on 2- > - ; s \ B

layers ground taking into account undermining wihout mining B~ =R

works influence. g
In the task without mining works influence for knots on the ‘|

nght and left vertical boundaries of the region it is taken the 2 Fl N

absence of displacements; for knots on the lower boundary - the Y R

absence of vertical displacements. For consideration the € : T= RSN

undermining over the right boundary there were given knots I J\

displacements in the horizontal direction,which imitate the soil S.mm

tension in the conical foundation ground.

In Figure 2; 3 there are charts of “load - settlement”

dependence received from the rough-plastic solution of FEM Figure 2. “Load-settlement” graphs of conical and isolated

(axes-symmetric task) for conical and columnar foundations foundations by different horizontal strains of laboratory

without ground undermining influence and with force conditions: 1,2 -by £ = 0; 34-by £ =3%10".

influence of earth surface horizontal deformations.
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Figure 3. “Load-settlement” graphs of conical foundations by
different horizontal strains of field conditions: 1,2 -by ¢ = 0;
34-by £ =2*10".

3 RESULTS

The analysis of “load-settlement”charts dependence shows that
the conical foundations plunge into the undermined ground
rises as far as horizontal deformations of tension increase. With
findings we determine the functional dependence of conical
foundations subsidence when undermining:

S.S,1+Deg), D=378 1)
where & - horizontal tension deformations of ground

o< & <12*10°

S, .S, - - settlement of conical foundation in undermined

and non-undermined massive.

As it can be seen from Figure 1. electronic computer draws a
plastic zone when any horizontal tensions, which covers the
bearing ground layer under the foundation, and the building out
of the ground doesn’t appear.

The comparative analysis of “load-subsidence”charts shows
that the limited bearing capacity of columnar foundation
actually is not limited for conical one. The same difference in
these foundations performance with an equal diameter in an
area of the ground thickness can be watched when running
themn on the undermined base in tension zone.

The obtained results confirm the main principles of
undermined conical foundations perform.

From stated it follows that FEM is one of the perspective
methods on solution the system “Base-Foundation”
combined work, and its modern mathematical apparatus gives
the possibility to get the regularity of undermining influence on
plunge and sofiness of conical foundations undermined bases.

4 THE SYSTEM OF NATURAL INVESTIGATIONS

The analysis of buildings on traditional foundations (strip,
pillar, pille) has shown that foundations have some defects. In
particular pile foundations have increased cutting-in and low
bearing capacity due to undermining. Pillar and strip
foundations (under the action of undermining) cut into soil base
less intensively that pile ones. However bearing capacity may
be exhausted as horizontal strains increase by Aitaliev et al.
(1990), Bazarov et al. (1990). So, we suggest a new principle of
conical foundation exploitation which eliminates above-
mentioned defects and by using ball bedding between
foundation planes and foundation belt compensates additional
horizontal efforts.
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Figure 4. Scheme of conical foundation loading.

Special natural investigations of pillar foundation (was imitated
by metallic stamp) and conical foundation were carried out for
comparison. Stamp with diameter d=0.56 m was sunk up to
undermining to full exhausting of bearing capacity due to the
action of undermining. Conical foundation was sunk to the
certain depth (Figure 4), foundation diameter on soil day level
being equal to stamp diameter (imitating pillar foundation). Then
foundation was sunk up to full exhausting of bearing capacity.
Natural investigations consisted of the following series: 1-natural
investigations before undermining, 2-natural investigations while
primary undermining in tension zone of soil massif, 3-natural
investigations while primary undermining in pressure zone. Earth
strains caused by displacement of soil datum mark installed on
3x3 m net at a depth of 1.5 m. Each experimental plot is inside
one of 3m intervals of soil datum mark net when pegging out net.
Specific load on stamps is transferred by plates having 10000 N
mass. Stamps settlement is measured by 6 PAO Aystov type
flexometer with 0.01 mm divisions located at end points along
axis passing through their centres . To confirm field and model
investigations we carried out experiments with building fragment
measuring 6x6 m with undermined base. Figure 5 shows the
scheme of foundations location. The depth of building
installation on base is 0.5 m. Load is fixed by dynamometer.
Horizontal strains are measured by ICH clock-type indicators.
Building settlement is measured by 6 PAO Aystov type
flexometers installed in box angles (we dug a ttench measuring
9x9 m with height h=0.5 m). It should be noted that cone acute
angle is 90° (optimization of this angle was proved by numerous
model experiments on the stand of original construction which
allowed to imitate tension and pressure and any curvature of
undermined base (Figure 6). We carried out investigations of
building imitated by beam with length /- 6.10 m fixed on
three conical foundations (Figure 7) and building fragment
measuring 6x6 m on undermined base (Figure 7). Box measuring
7x4 m (Figure 7) is used for transferring load. This box is loaded
by monolitic material.

Ball bedding consisting of balls with d=18 mm is installed
between foundation belt and upper plane of conical foundation.
Efforts between foundation belt and foundations were measured
by DS-17 type string dynamometers. Effort changes were
automatically fixed by CHST-30 device measuring frequency.

4.1 The results of natural experiments

The results of natural experiments with stamp (imitating pillar
foundation) and conical foundation have shown (Figure J,
graphs | and 3) that settlement dependence on load is the
same for both kinds of foundations at elastic stage of soil
foundation since initial load sites were equivalent and were
equalto: A=n d*/4, where d - diameter

of conical foundation on day level. The character of

base straining by experimental foundations greatly differs as
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Figure 5. Scheme of foundations location section 1-1 and
scheme of string dynamometer DS-17: 1 - metallic plate

measuring 400 x 400 mm; 2 - cavity for installation of
string dynamometers; 3 - foundation.
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Figure 6. Scheme of conical foundation: a
experiment, b - after experiment.
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Figure 7. Technology of building fragment with measuring

devices: 1 - concrete box for transferring load; 2 - ball
bedding; 3 - foundation; 4 - base; 5 - dynamometers; 6 -
flexometer; 7 - clock type indicators; 8 - monolitic
material.
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Figure 8. Epures of soil reactive efforts settlement

(cutting-in) along experimental beam footat ¢ =1.9*10 % I -

before undermining; 2 - after undermining.

we increase loads. This accounts for the fact that when
conical foundation cuts-in, base bearing capacity increases
simultaneously due to directly proportional increase  of
contact area with soil. One can't observe such phenomenon
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in case with traditional stamp due to constant contact
with soil massif .

All these properties are repeated when we test above-mentioned
foundations in tension zone of soil massif. = Epures of
settlement  (cutting-in)  and reactive efforts have shown
fragment (cell measuring 6x6 m in Figure 8) loaded evenly is
the same for central and side part of building as horizontal
tension strains increase.

arca

Epure of reactive efforts doesnt change and this
testifies that vertical foundation displacement is fully
compensated. Natural investigations have shown  that

beam and foundation planes displacement are equal to
horizontal shifis of earth surface. This testifies that

horizontal efforts are compensated due to ball bedding. We
have established conical foundations settlement S,
dependence on horizontal straings, tension expressed by:
Su=S. * (1+K*£) )
where K - empiric coefficient equal to 35.7
S, - conical foundation settlement on non-strained
base, €- horizontal tension strains, 0 < ¢ < 12*107
5 CONCLUSION

1. The mathematical apparatus of FEM lets to reveal the

influence regularity of tension horizontal deformations of the
ground thick layer on conical foundations plunge when
undermining.

2. The calculations were held with invariable characteristic of
strength ¢ and o; the increase of the base bearing capacity
is limited exclusively by the contact area increasing of the
conical foundation with the undermined base.

3. The stated theoretical mechanism of changing the stressed
condition of the ground thickness and of conical foundations
interaction with the undermined base, confirmed by numerical
analysis, defines the programme of mode] and field experiments.

4. Numerical analysis of FEM of conical foundations
interaction with the undermined base allowed to get the
functional foundations plunge dependences on horizontal
tension deformations.

String dynamometers are very effective devices
to investigate  foundations on  undermined temritory.
Complex of additional measuring devices ( flexometers,
clock typeindicators, geodetic instruments, devices measuring
frequency) and DS - 17 type dynamometers allow to get a
vivid picture of building (on conical foundation) interaction
with undermined base. Technology and exploitation
principle of suggested conical foundation construction allow
to use it when constructing buildings on temitories
exposed to horizontal strains of earth surface.
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