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Abstract — As a result of the literature sources analysis, it was
concluded that the geometrical parameters offered in the scientific
and technical literature to determine the deformed shape of
buildings and defence stores and to restore the operational
reliability do not fully characterize the object state. The article
presents the basic geometric parameters. We have considered the
peculiarities of determining the total roll of the protective
structure in such situations, when the rolls of the edges (vertical
sections) of defence stores are not equal. It is shown that the angles
of curl of the edges (vertical sections) of defence stores can be
changed both when twisted and at a steady inclination of the
object. The article suggests different ways of determining the roll
components depending on the configuration of defence stores
(simple or complex), caused by the inclination and twisting of the
object, as well as ways of determining the angles of twisting the
edges and walls of the zone, the general roll of the buildings of
complex configuration, the definition and calculation of the
designed to eliminate the values of the rolls, including the possible
crushing of foundation at the beginning of lifting.

Keywords — buildings and stores; deformation; twisting;
absolute roll; roll; geometric center; center of gravity; real
coordinates; roll removal.

. INTRODUCTION

As a result of a number of causes, primarily of technogenic
and seimotectonic nature, defence stores are subjected to
various types of deformation processes [1, 3, 5, 7, 10-12].

The scientific and technical literature describes a number of
methods for determining the deformation characteristics of
defence stores and restoring their operational reliability [2, 4, 6,
7-9]. The most controllable and accurate of these methods is the
method of levelling using flat hydraulic jacks (figure 1). The
tasks of both stopping the deformation process and levelling the
object can be solved here.
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However, in the scientific and technical literature there are
no researches on revealing the components of defence stores'
rolls, which should be disposed in the course of restoring the
operational reliability of defence stores. We have developed
and tested on real objects the methods that allow revealing the
necessary for elimination parts of roll values. Let us consider
this issue in more detail.

Il.  MAINPART

Geodetic work to control the geometry of the building to be
leveled can be divided into three blocks:

e preparatory works — works to be carried out prior to the
start of levelling of defence stores;

o works during the levelling period,;
o works after levelling defence stores.

At the stage of preparatory works, the stress-strain state of
the basement floor of the object and the stress-strain state of
defence stores are to be determined.

Fig. 1. Hydraulic system for leveling defence stores

We organize geodetic observations of possible changes in
the location and geometry of the object as a result of sediment
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or other types of deformation. The possibility of defence stores'
sliding down from the jackpins during the alignment is
assessed. The values required to align the vertical movements
of the jackpot points are determined. At the stage of levelling,
the geodetic control over the change of spatial position and
geometry of defence stores is performed.

The main types of defence stores' deformations are
sediments and twists. As a result of sedimentation there is an
inclination of defence stores, the consequence of such
inclination or twisting is the emergence of edges' rolls (vertical
sections) of defence stores. There may be cases when the
general roll of defence stores has almost zero value at different
from zero values of the rolls of the edges (vertical sections).

We will consider the question of determining the total roll
of a simple configuration (figure 2), as a result of which there
was a shift of horizontal sections — ACBD shifted to the position
AB'CD!

We will find the geometric center of the section — the

0
intersection point of the diagonals AC and BDs coordinates X

and yff .
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Fig. 2. Scheme for determining the components of rolls in a simple
configuration

We will calculate Axl, Ayi from the coordinates of the
centers of different levels’ sections

) i ) 1
AX, =X, —AXY M

. . . 2
AYe = Yo AV ®

Values Axi, Ayl can also be calculated using coordinate
increments (rolls) of edges

oo o 3)
A =D A Ayl =D Ay,

i=1 i=1
We will determine the real coordinates of the section
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vertices by the coordinates of the lower level edge points and
the center coordinates increments

: i : )
Xp  =Xpb +AX;

. i1 .
yI&OUfSe = yt&.’DUVSE + Ay[l:.
Let us determine the specific relative rolls of the edge,
caused by the inclination by the following formulas
i i1

i i-1
QI — X&OUISG &UUYSE - QI — y'%OUfSE y&curse
Xasourse H ! Y asourse H '

)

In order to obtain the values of the coordinate increments of
the points under consideration due to the twisting, we will take
the difference between the actual and real values of coordinates
(6)

N o B T
Ay, = Xn =X AYA =Y, =Y,

Asourse
If edge A is subject to twisting, its specific relative rolls are
determined by the following formulas
i AXIAS i Ay, @
Q=1 Q. ="+

Xas H Yas H
We will look at the algorithm for calculating the total roll of
a building of a complex configuration. We assume that the
horizontal section of ACBDEF has shifted to A’B'C'D'E'F'. For
the vertical axis, we will take the axis passing through its center

of gravity (figure 3 a, b).
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Fig. 3. a — The scheme of complex configuration of a defence store; b — roll
and twist of a defence store.

We will calculate the coordinates of the center of gravity
Xcg, ycg, ch according to the following formula:
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Fig. 4. Scheme of twisting angles of the edges and walls of the building

Using formulas (1-3) we determine the increments of the
center coordinates of each level. The points of intersection of
the Z-axis with sections at different levels are taken as the
centers of horizontal sections. Using formulas (1-3) we
determine the real values of coordinates of section vertices
(points of edges)

1

Ye

X Y, y
Asourse ’ ASOUI’SE ’ BSOUI’SE ’ CSOUI’SE >
Xi yi Xi yi Xi yi
Dsourse ’ DSDUFSE ’ Esourse ’ ESOUI’S& ’ FSOUI'SE > FSOLII'SE

Using formula (6), we determine the increments obtained as

B. s s
sourse sourse

a result of twisting a defence store AX:A\S; Ayks ; AX:BS ;
i i i i i
AyBs;AXCs ;Ast; AXDS; Ast;
i i i i
AXES; AyEs; AXFS; AyFs'

Using formulas (7), we determine the edge rolls and the
general roll of a defence store at some level.

We will look at the case of a steady inclination, when there is
no twisting, which is characteristic of rigid objects. In this case, the
angles of twisting the walls will not change their values, but the
values of the angles of twisting the edges will change.

It is notable that the angles of twist of the edges (vertical
sections) of defence stores can be changed both when twisted
and at a steady inclination of the object. If there is no roll, the
angle of twisting of the edge will be equal to the angle of
twisting of the wall.
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It is easy to prove that the twisting angles of the wall Qi

, the longitudinal axis of symmetry P and the angles
between the longitudinal axes of symmetry and the diagonals of
the sections under consideration Y 5 and Y 5, are equal (figure

4).
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Figure 5. Scheme of twisting angles of edges and walls of complex
configuration

Then, for the typical case of edge A twist angle is defined as
SAi :(PPiKi +YAi _’YAH; SAi :(pPiKi ©

When designing the leveling of a defence zone, the
recommended for the removal of the twisting angle of the edge
is calculated as the difference between the measured angle of
twisting and the angle of twisting of the longitudinal
(transverse) axis of symmetry or the wall of the defence zone,
that is, it determines the value of twisting of the edge, which
characterizes the actual inclination of the defence zone.

(10)
SAL :SA; ~ P
We will consider the deformed AS of a complex
configuration. Figure 5 shows the horizontal sections
A'B'C'D'E’F! and A’B°C°D°E°F° of such an object.
We will determine by the above algorithm the coordinates of
the center of gravity, as well as the projection of the center of
gravity on the horizontal section of the zero level.
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At the angles of the walls twisting we apply the upper
horizontal section to the scheme. As seen in figure 5 edge A is
twisted.

i = 3, =i :

Y =V , A Peiciv _ as the corresponding angles of
equal triangles P’OA” and P'OA', In case of restoration of
operational reliability, the recommended value of the edge twist
angle for removal will be determined as the difference between
the value of the edge twist angle and the value of the wall twist
angle.

Fig. 6. Schematic curve of the edge coordinate
increments as a result of twisting

Ai

When deriving formulas for determining the recommended
for the removal of specific rolls (coordinate increments) of
defence stores, we use the values of the angles of twisting of
defence stores (figure 6).

AXy =X, —AX, =X, —[(X2+Y2)yzcos(Qi9&,)—X]};
Ay, =AY, —AY, =AY, _[(XZ+Y2)Uzsin(Qi9N)—Y1].

For the rolls of the same name (j-x) edges at different levels
will be equal to formulas (11) will look like

=0 (O] _qXJ(S) :qu) _[(XZ +YZ)UZCOS(QJ +91(f) _BZ)_ XJi|; (12)

i(r) ]

2 y2\ 2.
qyw) :qym _qym :qyl(') _[(X +Y ) Sm(Qi +Si(f) _BZ)_Y1:|'

Oy

An important component of the complex of works on
geodetic control of the geometry of the aligned hydraulic jacks
is the method developed by us to determine the values of the
necessary lifting of individual hydraulic jacks. The equation of
the inclined plane of the base is to be written in the form
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z,=q,%+q,y, +c+f, (13)

where f — the value of the two-dimensional parallel hoist,
z; — the value of the hoisting jacks; d, , d, — the recommended
for the removal of the specific rolls of the hoist during the
leveling process; X;, Y; — rectangular coordinates of each jack
niche (figure 7).
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Fig. 7. Directions of coordinate axes of the jack field

The number of levelling cycles N is defined as

(14)

The number of cycles can be easily determined by knowing
the M lift value of the paired jacks (120 mm) and the vertical
movements to be planned when levelling at the points of the
jack niches.

Taking into account the deformation properties of tall, rigid
buildings, in most cases the formula (13) can be used to
consider the slopes of the base instead of the rolls. The same
can be done in almost all cases for smaller buildings.

The designed values of vertical movements of the jackpot
points are presented in the form of

% ZH:AMX+LZn:AMy+ f.

max i=1

7l = (15)

X

max i=1

Given that the parameters Xmax, Ymax, Ix, Iy are known and
ratios are also known

% Zn:Aszlxxi; i SCTAM, = 1,%,  (16)

max i=1

X

max i=1
n n

It is easy to determine Y AM,, > AM. .
i=1 i=1

In view of the above, it is easy to determine the required
number of jacks for the individual jack niches.

We will consider the case when the removal of the
recommended rolls was planned in several cycles of recovery
(k cycles)
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Q 1 — nic + A(r)za + A(r)kc .
o H i H i H i ’
i i i (18)
Qi — A>/A(r)1c + Ayp(r)za + AyA(r)k(: -
o K, H, H,

) . . (19)
Qo =y(@L,) +(QU)

If the ground is compressed during levelling, the
recommended rolls in the X and Y axes will change by the

X! Ay
following values —“z - A
H, H.
In this case
AX Ax Ax Ax (20)
Qi = XA(r)lE —+ XA(')ZE + XA(f)kE + XA(r)z .
e H; H, H; B H; ,
A AV AV Ay @D
Qi _ yA(r)lc 4 yA(,)Zc 4 yAWC + yA(r)Z
YA(r) H. H. H. H. ’

— some of the recommended moves
ke

where Ay i
AXA(r)kc’ AyA(

when performing the k-th alignment cycle; AX,IA( , AYL( -
nz Nz

movement due to ground pressure on the base.

It is notable that the shifts AX';\ AyL( will increase as

nz nz

height increases, i.e. i. The recommended values of vertical
movement of the jackpot points will be changed when the

foundation is crushed Zo, (on AZHJ_)
Z, Az, =12, (22)
J J J

where j — are the numbers of the jack points; z, —are the
marks of the jack points after the pressure.

By controlling the operation of the jacks, it is possible to
control the process of removing the zones of abnormal
deformations in the process of alignment of defence stores.

Levelling of defence stores stops when the controlled
geometric parameters reach the recommended values, i.e. when
defence stores are brought to the vertical position. But there are
also possible cases of inclination of defence stores towards the
opposite side of the existing bias in case of resumption of the
process of sedimentation.
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I1l.  CONCLUSION

Thus, the methods developed by us allow to reveal a
component of roll values caused by inclination of buildings and
constructions of a simple and complex configuration. It is these
values that should be eliminated in the process of leveling the
object when restoring its operational reliability. When
calculating the values of rolls to be eliminated with the use of
hydraulic jacks, it is necessary to take into account the
phenomenon of crushing the foundations at the time of lifting
defence stores.
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