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The Principles of Discrete Modeling of Rod Constructions
of Architectural Objects

Petro Kulikov, Vitaliy Ploskiy, Volodymyr Skochko

Kyiv National University of Construction and Architecture
Povitroflotskiy prosp., 31, Kyiv, Ukraine, 03680, e-mail: vladimir-skochko@yandex.ru

Summary. This article describes the basic principles of rod spatial building constructions modeling
by means of discrete geometry. The mathematical dependence that form the basis of this approach
are the differential regularities between the geometric and physical parameters of the modeled con-
structions, as well as the parameters of the external loads which determine the final shape of the
model.

Key words: geometric modeling, discrete model, mesh structure, rod constructions, differential
regularities.

calculation of building constructions. Nu-
INTRODUCTION merical methods allow us to define the inter-
nal forces in constructions and even entire

As is well known, the most common ap buildings of almost any complexity level (in-
proach to the projecting of any building concluding underground constructions). As a re-
struction can be conditionally divided intcsult, the architects more and more neglect the

three stages: preliminary analysis of designed shapes and
1) determination of the shape of futurirely on engineering solutions of constructors.
construction; However, require special attention spatial

2) calculation of the internal efforts, actincrod constructions. In recent years, exactly rod
in the construction as a result of action of di construction form the basis for designing of
ferent loadings; most large-span erection truss as well as shell

3) selection of structural elements thécoatings and steel cable roof. Moreover, they
could be able to withstand the load actinare successfully used as load-bearing skele-
therein. Only after that, it is possible to carrtons of buildings and structures. Obviously,
out the architectural and construction dravthat engineering of rod structures requires a
ings. special responsibility and accuracy in per-

Very often, the disadvantage of this agforming the calculations.
proach is the need for frequent repeating  That is why in the design of rod construc-
the first and second stages in order to claritions it makes sense to perform the opera-
the shape, since the architect, which invertions of pre-shaping taking into account the
the concept of a newonstandarcconstruc- external influences that will act on these con-
tion, not always can to predict appearance struction. Apart from external loads, must be
it of excess tensions. These tensions mtaken into account the expected internal
cause a malfunction of the whole construcforces in the rods of the model.
tion, and even its destruction. Partially de As an effective tool to perform this pre-
scribed disadvantage is a consequence of shaping can be used the methods of geomet-
rapid development of numerical methods fcric modeling. The modeling process in this



PETRO KULIKOV, VITALIY PLOSKIY, VOLODYMYR SKOCHKO

case reduces to constructing of a discredefine the shape of discrete model (Fig. 1).
geometric model of the rod construction tak It is assumed directly proportional rela-
ing into account all the external loads antionship between the length of the individual
boundary conditions, as well as of its subsstraight line segments of threads or n&ts

quent analysis and correction. and the absolute values of internal forces in
themR;:
PURPOSE OF WORK R,/8, =%k, (,i=0n+Li=j), Q)

Separate methods of discrete geometi
modeling (such as static-geometrical methc
[1]) allow us to obtain the desired shape ¢
rod constructions based on information abou:
their topology, the value of nodal loads and
features of allocation of internal forces in the @S0
elements of the model. However, the result-
ing shape of the model do not always corre-
spond to the expected outward appearance, a
it is often the architects have to observe the
features of space-planning solutions of the P;
design object and the style of already existing
buildings. In consequence of this the shape of P
the model must be adjusted "by hand", which _ o _
entails the impossibility of the use of geomet-  Fig- 1. The multi-unit elastic thread
ric modeling methodsand the need to use ) , o
one of the well-known numerical method: 1he vector equation of static equilibrium

(such as finite element method, finite differ©f the i-th node of two-dimensional elastic
ence method, and others [2—7]) to further dthread with n free loaded nodes is as follows
fine the internal forces in the system. (Fig. 2):
All of the above defines the main goals ¢ _ _ _
this work: Ri-1+Ri+w+Pi = 0. (2)
1) to introduce universal algorithm of roc
constructions forming providing the possibil- AV
ity of local changes in its geometnysing the
same modeling methodology, ,
2) to demonstrate the mathematical regu-”"'{
larities necessary for the implementation of yi
this algorithm.

where:tk;; — adopted proportionality coeffi-
cient («+» — stretching, «—» — compression).

Yi+l

ANALYSIS OF MAIN PREVIOUS
RESEARCHES

. . . Xi-1 Xi Xi+1
One of the most variative and suitable for

shaping of rod constructions methods of dis
crete modeling is a static-geometrical methc:
(SGM). SGM based on constructing of inter
pretative models of multi-unit non-extensible
or non-compressible elastic threads and ne
The main idea is that vector loads;

(1=1,2,...,n), which are put in nodal points,

Fig. 2. The equilibrium of the-th node which
cut out from multi-unit elastic thread

In the projections, the system of equilib-
rium equations of SGM for theth node of
multi-unit thread with the same for all seg-
ments coefficients k-has the following form:

4
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-2 +s.,+s,,=-PR,/k, (3) additional discrete models, which character-
ize the current physical state of the model in

where: s — generalizing designation of coo its different areas. In this appr_o_ach hasn’t
dinates. been proposed to construct a unified geomet-

Forming process basically boils down tfi¢ model of the area of the medium or ob-
the selection of the external loads. TypicaII}JeCt' allowing at the same time to describe the

load vectors have a formal mathematic:Physical state of the elements of the model
sense and are the parameters of variation. and the character of external influence on its

However, the method does not require trN0des. _ N
formalization of these parameters and, if ne 1 ne mathematical regularities between the

essary, they may correspond to the act geometric and physical parameters. o_f the
physical vector quantities. network structures and the characteristics of
This approach was suggested to use in [,actlng on the nodes of model loads were pre-

This eliminates the need to establish a coSented in [9]. The influences of external

stant coefficient of proportionality, and it car/0ads, in accordance with [9], presented in

model. field O; must be a scalar and have a scalar

If we know the laws or properties of thepotential¢; at each point of the needed area
investigated process or object, it can be iof space:
terpreted by a set of vertices, which corre
spond to the parameters of the process or ¢ o, =¢(s)=¢(x,VY,2). (5)
ject in specific points of the space and form
grid. Then the equilibrium state of i-th verte>  The valuesD; and ¢; are related by the
of the grid, which connected to its other ifo|lowing relationship:
vertices, in accordance with the SGM can t
described by the following system of eque O, =09, /s . (6)
tions: Si '

N N The complete system of equations, which
_(zkm}gﬁ +> k5, =-R,. (4) describe the static equilibrium of theth

j=1 j=1 node of 3-dimensional network structure, and

deformed-stress state the acceding to this
This system can be used for static and dnode bonds is as follows:

namic processes and objects modeling, sin
the coefficientk; and the components of the
external influenceéPs; may be the non-linear
functions not only on the coordinates of vel
tices of the grid, but also on additional pe

rameters, for example, measures such
time. In [8] was proposed to use a genere
ized form of SGM for modeling of heat anc
mass exchange process occurring during t i
heating of the porous building materials witl n
electrocution, as well as for the numericc |2, R, B ;- +G =0,

modeling of the elements of stress-strai =

state of building structures, which are unde C _ _
the influence of external loads. ZR'i/éi'i (@/2)i(x..2)=0,
However, it should be noted that in the
above-mentioned work the solutions of prac
tical problems have been implemented on ti

basis of the control of parameteks using

(Xj _Xi)ER,j/5i,j +0, =0,

(yj - yi)ER,j/Bi,j +0, =0,

M iD- 1D

(Zj _Zi)ER,j/éi,j +U, =0, (7)

1l
[y

j=1

where: pi(x;, Vi, Z) — distribution function of
the density of the field sources,
d — constant of that reflects empirical prop-

5
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erties of the environment in which is locate the system solution.

a rod structure, in the case when it interpre  To allow adjustment of the model shape is
the physical process, necessary that the quantity of equations con-
G; — constant of integration. taining parameters of variation, corresponds

This system can be written in a more corto the amount of rods of the model. A
venient form, if the relations of effort ancmethod of producing of parametric equations
bond lengths will be replaced by paramete depend on whether the quantity of rods ex-
of the state of bonds (or rigidity parameterceeds the quantity of its nodes in the
of bonds); j: model [10]. Besides, there are two types of

parametric equations describing the state of
0,,=R,/3,. (8) the two types of rods:
1) the rods, which connect the two free
(loaded) node of the model (I type),

2) the rods, which connect one free and
one fixed (basic or reference) node of the
model (Il type).

If the number of nodes in the model ex-

Here we intentionally replace the coeffi
cientk; to state parametét;;, since the first
one is the constant in the process of influen
on the construction by various loads, whil

the second one can change its value, as in - .
. o ! ceeds the number of its rods, parametric
realworking conditions of rod constructions. . ]
eguations have the form:

As a result of this replacement, the syste .
(7) takes the following form: 1) for the rod,S; of | type:

m-1
z6§,i l:I:I:’a,i + 2 [éezl,b l:I:I:Ja,b +
(10)
+25b2,j M, _(¢a +¢b)+ D,y =0,
i1

(Xi _Xi)[mi,i +0, =0,

M- il

(Yj _yi)[mi,j +0, =0,

1l
kg

2) for the ro of Il type:
(Zj —Zi)l:l:[li’j +0, =0, (9) ) AdS:Set yp

2 + 2 —b +
6|21 D:Di,j _¢i +Gi :O, Zé D:D 2[6aref a,ref ¢a
(11)
+ (eref D(ref + Ryref I:yref + Rzref Qref)-*-
Di,j_(h/z)mi(xi’yilzi)zo' +D, . =0,

M- il- 104

1
[ey

a,ref

I

where:m andn — number of nodes adjacent
to thea-th andb-th (orref-th) nodes.

If the number of nodes in the model is less
than the amount of its rods, parametric equa-
tions have the form:

1) for the rodS,§, of | type:

The system (9) is important because
gives an opportunity not only to find the po
sition of free nodes of rod constructions, bt
also allows to use additional characteristic
of the field of external influence (such as th
scalar potentiap; and the density of the field
sourcesp;) to correct positions of the nodes m-1
and rigidity parameters of rods. [( 2 + D(b +

PARAMETRIC EQUATIONS OF THE
RODS

+
(o4
=N
k=3
’—\
><
=2
~—
+

]:

It is obvious that control of the shape of 4+ +(z - m. 1+
the rod construction should be carried out by (y yb)Ey ( Z")Q“) b'l]

6
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+ (DXb D(e‘t + Dyb Eya + Dzb Qa)-'-

_ 2 —
+ (Dxa D(b + Dya Eyb + Dza Qb)_ (X 2) |:6a ref aref aref O (15)
B (¢a + ¢b)+ D.p =0: where:x — some non-zero constant.
As a result, we obtain:
2) for the rodS,Ses of 1l type:
m-1
> 8% M, +Xx 82, [, +
Z[( ) s + T (16)
+> o0, M, — +B,, =0,
+(yi_ya) ref +(Z| _Za)ljref)m]a,i]-*_ ; > > ( ¢b) b
+ (Dxa D(ref + Dya |:yref + Dza IIref )+ (13) et
+(R><ref D(a_i_Ryref [ya-l_RZref @)-I_ ;6 D:D +X|:6aref a,ref _¢a+
X - (17)
* (eref " i Ryref Eyf&f * RZref ljref) + (R(ref Ryref [yref Rzref |1ref )+
- ¢a + Da,ref = O + Ba,ref 0’
where:

In the formulas (10) — (13)% andS, — arbi-
trarily connecteql fre@-th and b-th nodes, B,,=D,,—H,,, (18)
Sef — Some basic node of the modBles —
the vector of support reaction in the reference
node Ser; Dap 1 Daret — the total integration
constants.
The equations (10) — (13) have been olln (14), (15), (18) and (19}ap andHayet —
tained by differentiating the equations of thconstants, determined by the valugof
1-st — 3-rd type from the system (9), as we The ability to perform such a procedure is
as using algebraic operations on the eqLexplained as follows.
tions of the 4-th type from the same syste In the simplest case, the process of cor-
9) [9, 10]. recting the position of the model's nodes
These equations have a several disadvishould be to replace the current values of
tages. Thus, the identities (10) and (11) anode potentials to such that belong to a
bounded in the use of topological features (known isosurface of the scalar potential
the rod system. With solving the system cfield ¢. Form of these isosurfaces must take
equations (12) and (13) the matrix of coefficertain set of nodes and rods in the correcting
cients always have zero diagonal. If thof construction process. As a result should be
model has a large quantity of elements, th¢selected optimal distribution of internal
under certain its topological features the diforces and the state parameters of the model.
terminant the matrix of coefficients can tenin the beginning of the selection we need to
to zero. In this case, the system of the:calculate the values of the integration con-
equations will be degenerate. stantsB;; for all rods of the model, taking
The solution of the above-mentionetinto account the initial internal forc&;. Af-
problems can be a replacement of diagorter that, it becomes possible to solve the in-
elements or the non-zero. Since equatioverse problem of determining the internal
(10) and (11) have a simpler form of noteforces taking into account the previous val-
tion, it makes sense to modify exactly them.ues of the constants of integration and the
To do this, we add to the equations (1(corrected (at the current stage of the iterative
and (11) the following identities: computation) values of the scalar potengial
Clearly that the inclusion of additional
(x-2)®2,m,, -H,,=0, (14) terms in the parametric equations at the pre-

Ba,ref = Da,ref - Ha,ref ' (19)

7
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vious stage of the calculation will only leactors of the boundary conditions, which have
to a change in the value of the constats the following form:
in the next step of calculation, in no way ai
fecting the character of the potentgal This T L M
may change the rate of convergence of the it- {gx} = in RIAPY Z’ﬁ [,
i=1 i=1

erative calculation. As a result, the zero di- (26)
agonal elements of the matrix of coefficients i)ﬁ il }
will be replaced by(3;;. & K
T L M
{gy} =|:zyi l:I:Dll zyl DIJZl
ALGORITHM OF THE ROD i=1 i=1 27)
STRUCTURES SHAPE CONTROL N
ZYi D:Dk,i:|'
Recorded using the above equation, we ) M':1
formulate the order of adjustment of th T_
shape of the rod structure [11]. The approp {gZ} _LZ:;‘ 2 M, ;Zi 1Dz,
ate algorithm can be summarized to the ser N (28)
repetition of iterative cycles, each of which i .7 D]]k’i]
carried out before reaching the establishe i=1
calculation errors. In matrix form, this algo-
rithm has the following form: where: [J] — matrix of external influences

(with dimensiorkx3):

(=[] o [o7]-[o]),
(7)=[(&F] " o) -{or}+ 0

+[(6")2][ﬁDp‘1}. where: {04, {0y} and {0} — the column
vectors of the components of external influ-
ences, which have the following form:

M=o, o, o] 9

Here: ] — matrix of coordinates (with

dimensionkx3, wherek — the quantity of o) =[D 0o .0 ] (30)
nodes of the model): g e K
.
[=[x Y z], 21) {0y =, o, .0l @
where: X}, { Y} and {Z} — the column vec- {DZ}T = [Du 0, - O,/ (32)
tors of coordinates of the nodes, which hay
the form: where: [J] — matrix of stiffness parameters
. of rod structure (with dimensiokxk), di-
{x} :[Xl Xp Xk]’ (22) agonal elements of this matrix contain the
negative sums of stiffness parameters of the
(Y} =[y, v, . v.J, (23) rods connecting to those nodes of the model,

for which are made up the corresponding

{Z}T:[zl z, . Zk]’ (24) equations (according'to the topology), the

where: fj] — matrix of the boundary condi- other elements contain stiffness parameters
tions (with dimensiorkx3): of bonds, that connect the corresponding to
indexes nodes with the nodes, which corre-

sponding to the diagonal elements in that

lo]= [gx gy gz], (25) row, or zeros (operation "or" will be denoted

by «»), such a matrix has the following
where: {04, {9y} u {94 — the column vec- form:

8
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[ &P sponding to the current step of the iterative
_ZDm 0,00 - 0, 0o calculation.
= o The system (20) can be described by the
[D] _| U, 00 —ZDzyi -+ [, 00 ,(33) following order of operations:
i=1

i 1. Constructing of a system of equilibrium
. equations of the rod construction nodes,

0,00 0,00 - =>0, 2. Calculation of current nodal coordinates
= of the rod construction per approximately

given initial conditions(which include the

where: {1} — column vector of stiffness pa-initial values of external loads and stiffness

rameters of rod structure, which has the foparameters of rods),

lowing form: 3. Constructing oparametric equations of

bonds of the rod construction,

4. Determination of the current value of
the scalar potential field of external influ-
. ences,

where:h — the quantity of rods of the model 5 petermination of the constarg from

{¢} — column vector of nodal values of théthe parametric equations of bonds with the

scalar potential, which has the followin¢cyrrent model coordinates and scalar poten-

(0} =0, Ow, - Ou.l 6%

form: tials,
6. Solution of the system of parametric
{ ¢}T - [¢a1 +,, D, t Py, - equations with respect to stiffness parameters
N (35)  with pre-replacement of values of the current
¢ah ¢bh ' potential on the potential values, which are

. desired, and taking into account the previ-
{B} — column vector of constan®,p, which ously calculated values of the constaBits

has the following form: 7. Substituting of founded stiffness pa-
rameters into the system of equilibrium of the
{B}T :[B . B, B,, ] (36) rod construction nodes; solution of this sys-
B1en2 on tem relative to coordinates of the nodes of

the model,

[5’] — matrix of geometric parameters of ro 8. Repeating of the steps 3 — 7 until a
structure (with dimensiohxh), the diagonal gpecified level of absolute or relative errors
stantsx and squares of the lengths of thos |t should be noted, that in modeling of rod
bonds for which are made up the equatiorarchitectural constructions the external loads
corresponding to the specific row of the mécan be invariable in all nodes of a model,
trix; the other elements include squarerespective of the coordinates nodes. At the
lengths of bond, corresponding to the indicesame time, scalar potential field may not re-
of the given cell of this matrix, or zeros; sucflect the potential gravitational field of the

a matrix has the following form: Earth (as one might think). This is com-
) . pletely acceptable from a mathematical point
X@:bu a‘iblzmo Jiblhmo of view, as in the continuum (theoretically)
F 0 y L2 o can exist any number of scalar fields. Some

[52]: a2 22 ®2n 71 (37) of them can be mutually neutralized. There-

fore, if the construction has to take the form
of iso-surface of one of a pair of these "mu-
tually neutral" fields, the nodes of the model
; will not take the mechanical action of the
{¢’} — column vector of expected nodal pagradient vector from not one of these fields.
rameters of the scalar potential, which ha\™ Thatis why the offered algorithm for con-
the form of similar to ¢}, p — index corre-

9
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trol of the rod construction parameters allow
giving it almost any shape, admissible of it

topology.
CONCLUSIONS

On the basis of the generalized form of th
static-geometric method of discrete geom

Dissertation of the Ph. D. Kyiv, KNUBA,
269.

9. Skochko V., Skochko L. 2012/2013. The dif-

ferenttial laws between the geometrical and
physical parameters of the mashes and the
fields which balance them. Kyiv, Base and

foundations, Nr 33, 85-95.

10.Skochko V., Skochko L. 2013. The equation

of state and condition parameters of the mesh
structure relationships. Kyiv, Base and foun-

try, was developed a new approach to soh dations, Nr 34, 47-57.
the problems of shaping of rod spatial cor11Ploskiy O., Skochko V. 2014. Algorithm of
structions. This approach allows not only t meshwork’s communications controlling
determine the preliminary shape of a de¢ based on adjustment of the scalar potential of
signed construction by given conditions ¢ external influences. Kyiv, Energy efficiency
external influence, but also, if necessary, wlZIF’nItI‘Sf' CoonStrgfnor?k N(/G’Z%zli'z_?g- g
correct it by a system solution of parametri~<" 0!y ©., SKOCNKO V. - The discrete

. cages of surfaces constructing using equa-
equations of rods of the model.

Th d f | I det . tions of state’s parameters and conditions of
. € proposed formulas allows Oetermin,o megh structure’s communications. Lutsk.
ing the internal forces in the rods of th

building structure. This makes it possilse TIPUHIUITBI UCKPETHOT O
multaneously toattribute this method to in- MOJIEJIMPOBAHI S CTEPKHEBBIX
struments of architectural forming and to in KOHCTPYKIIM OFbEKTOB
struments of numerical simulation. APXUTEKTYPLI

AnHoOTanus. B myOnmukanuu pacKphIBalOTCS
OCHOBHBIC MPUHIUIIBI MOJCIUPOBAHUS CTEPIKHE-
BBIX TPOCTPAHCTBEHHBIX CTPOHUTEIHHBIX KOHCT-
PYKLMI CpeACcTBaMU JUCKPETHOM T€OMETPUH.
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Application of Generalized “Method of Lines”, for Solving Problems of
Thermoelasticity of Thick Plates

Valery Chybiryakov, Anatoly Stankevich, Dmitro Levkivskiy,
Volodymyr Melnychuk

Kyiv National University of Construction and Architecture
Povitroflotskyy prosp., 31, Kyiv, Ukraine, 03680, e-mail: dmitriylev88@gmail.com

Summary. In this paper, a new combined method of reducing dimensions of spatial
thermoelasticity problems was proposed; based on the “method of lines”, combined with Bubnov-
Galerkin-Petrov's projection method which significantly expands its capabilities. The generalized
“method of lines” can be used for plates of variable thickness, in problems of dynamics and
thermoelasticity. The basic idea is to reduce the dimension of the spatial coordinates using the
projection method, with a system of basis functions. This article is the first part of the work. It shows
the reduced differential equations and proposes a new way of modeling boundary conditions.

Key words: “ metod of lines”, method Bubnov—Galerkin—Petrov thermoelasticity, thick plates, struc-
tural mechanics.

lowering the dimension creates a combined

INTRODUCTION method for solving problems of mathematical

physics. Such methods include Vlasov—

One of the most effective methods oKantorovich’s method. These combined

solving multidimensional problems of strucmethods are alternative, compared to the

tural mechanics is the combination approaceneral numerical methods such as finite
In this approach a problem is solved in tw@lement method, finite difference and varia-

stages: tion—difference method.

1) decreasing the dimension of the input Mathematical methods of lowering di-

equations by one or two coordinates; mensionality are associated with the geomet-

2) the reduced problem is solved anafical characteristics of the considered objects.
lytically or numerically. It greatly res'trlcts'the geometry of the prob-
Traditionally in  structural mechanics,lems’ for which it is possible to use the com-

lowering dimensionality of input equations iéjme.d methods. However, limiting the com-
based on certain hypotheses. Accordingl _'Iexny of the geometry allqws the applica-
the first stage of the method was excluded e of very efficient numerical m?FhOdS' It
a separate researctheory of rods, plates Increases the accuracy and stability of nu-

and, shells. Applied hypotheses were Stroﬁ(‘erical calculation. It also significantly re-

enough but less accurate. It lead to creati (é)ens co:{n?#te[(gmenu?sgteﬁ ds of lowerin
of various theories of plates and shells. € ot the know €noas ot fowerng

- : : L _dimensionality input equations is the
Currently, lowering dimensionality is per "method of lines". In this method, the finite

formed using mathematical methods (for exs. .
ample, the theory of shells I.N.Vekua [19])d|fference method is used for one of the two

With the next soiution of reduced equationsc,oord'nates' This method will be effective, if
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the input equations are systems of ordinamgver, in order to reduce dimensionality, we
differential equations. In the case of constamlo not use method of finite differences, but
coefficients in these equations, it is possibllhe generalized method of Bubnov—
to use analytical solution of system of equasalerkin—Petrov. By coordinatg the un-
tions (Vinokurov [20], Shkelov L.T. [13]). In known functions f (X, y) is approximated in
this regard, the “method of lines” is used fothis manner:

the solution of static problems for plates and

Sh?_':’ls of constant thickness. . f (X, y) =~ f! (X)(Pi (y) 4 (1)

e authors proposed a new version of
lowering dimensionality in the application of
the method of lines. It is greatly expandin%.
the capabilities of “method of lines”. !

The constructed algorithm of lowering
mensionality formally resembles algebraic
transformations of tensor calculus. In this
connection, the generalized method of lines
essentially tensor symbols and relevant rules
are used. For example, by repeated indexes is
To generalize the “method of lines” anoassumgd summation. Resqlving equations
according to Bubnov—Galerkin method, after

its implementation in the solution of ther- bstitutin roximate rat f the form
moelasticity problems, dynamics and transf sttuting approXimaté ratios of the 1o
1) are scalar multiplied in Hilbert space for

to three dimensional equations. , )
basic functionsp, (y) .

The proposed generalized “method of It should be noted that in Bubnov-
lines” may be used for calculating the plateSalerkin method, basis functions must satisfy
of variable thickness, and also problems dhe homogeneous boundary conditions per
dynamics. The basic idea of generalize@OOl’dinatQ/. These basis functions do not
“method of lines”is lowering the dimension- satisfy such conditions. However, according
ality of input equations per the spatial coorto the generalization of Petrov [9] it is
dinate by projection method. The projectioenough that these functions satisfy natural
method includes the Bubnov—Galerkirboundary conditions. It should be noted that
method, generalized by Petrov [9]. in the construction of reduced equations for

In the case of thick plates with constanintensive unknowns (displacement in the the-
thickness for equations of plate deformationsry of elasticity) and extensive unknowns
per thickness, locally basic restricted discret@tresses) transformation of corresponding

AIM OF WORK

linear functions are chosen (Fig. 1.). components is performed differently. Here-
with we get two basic matricesG and B,
y which are recorded in an index form as:
do. .
. 1 9; = (¢, 9;), b = ((Pi'i)- This is the sca-
Al 1 dy
d 5 | ¥° lar product of two functions:
h 1 Q4
1 Qs "
1 (P2 . y
o L | X @.9)) = [ o, ()0, (y)d. 2
0
Fig. 1. Basis functions Conversion of components with derivative

y of the functionn — type displacement and
stresses—type functions is formed in different
Q/vays. This is the use of lowering the dimen-
sion of a plane problem using the theory of
elasticity:
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As in the traditional version of the
“method of lines”, a cross—section of th
plate is divided inton lines (including two
boundary lines) with an equal rangeHow-



APPLICATION OF GENERALIZED “METHOD OF LINES”, FOR SOLVING PROBLEMS
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tudes appear in the decomposition by basis

au(x, y) (Fig. 1.), they are called coefficients. Covari-
(T’ ¢, (Y) = ant magnitudes appear as a scalar product of
| the basis elements:
= J. aug; y)(Pi (y)dy = h,
. @ =0 = [ f(x Yo (V).
_ o ()9, (y) _ 0
== ey =
0 y they are called — moments.
N . Therefore, reduced equations can be writ-
:UJ(X)I@i(Y)(P'j(Y)dy:hiuj(X)’ ten in four ways:
0 - in moments, if displacement and stresses
in the moments,
00, (X, y) _ - in coefficients, if all unknowns are writ-
( 3 0 (Y)) : -
y ten in coefficients,
Y g (x.y) - two versions of combined record: dis-
=JX—’cpi(y)dy= placement in the moments, stresses in the
o 0y (4) coefficients or displacement in coefficient,
h, , stresses in the moments.
=0, (% V)i (y) l‘JGx(X’ y)oi(y)dy = After formulating the construction equa-
° tions, we need to formulate the reduced
= (0. (x. ), (hy) =0, (%, 0),(0)) = boundary value and initial — boundary value
—b;0,’ (), problem in index form.

The described technique can be applied to
solve the problem of thermal stresses in a rod
o _ _ _of rectangular cross—section (Fig. 2.), which

The peCU“arlty of this functional basis Occupies a three—dimensional region:
that thIS. basis is not Qrthogonal, and thuﬁ)s x<I]x[0<y<h]x0<z<h].
there exist two types of index valuet, and

f,. These magnitudes are different by rule

of conversion at transition on another basi:
Contravariant magnitudes denoted by upp:
index and covariant magnitudeslower in-

dex. Accordingly,{ gij} — two indexes mag-

{bji} IS a transpose matrix éhj} .

Z

nitude is twice covariant metric tensor an

. . _1_ ij . .
the inverse matrlx{ gij} —{g} is twice
contravariant metric tensor. Metric tenso.

provides a transition from covariant to con-

travariant components and vice versa: Fig. 2. Beam of rectangular cross section

fi=g;f' f'=9"f,. (5)  The problem about thermal stresses is
considered within limits of an important par-
The scalar product in this case is the intdition of the theory of elasticity — thermoelas-
gral of multiplication of functional factors. tiCity [6, 7]. In this problem we consider two
Therefore in mathematics, covariant and corphysical fields — thermal and mechanical.
travariant function magnitudes have an iden- Thermal field in solids is described by the
tified name. Because the covariant magnthermal conductivity equation. In the most

13
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general form, thermal field depends not only

on three spatial coordinates but also on timghen x=1:

coordinates. The corresponding problem in

determining the component of thermal field a.(,y,zt)=a (T -TL)+

is described by the equations of non- | ¢

stationary thermal conductivity. Components (L y,z).

depend on the time coordinate. As a system

of differential equations in partial derivatives The temperatures and heat flows of exter-
of the first order in the spatial and time coorf@l environment from the side of relevant
dinates, these equations are written in tHeart of boundary surface of beam are marked

form: as“C™
h =0:
o 299, 9% 09, wheny
ot ox oy o0z
L aT q,(x,0,z,t)=—al (T,(x,0,z,t)-
Q T X ©) —T,(%,0,z,t))-q, (x,021),
g, =1 2 o ®)
oy wheny=h :
oT
qZ :_XT_ _ hy
0z q,(x,h,,z,t) =a; (T (X% h,zt)-
Te(xh, zt)+a,. (xh, .2 1),

where: T =T(X, y, z) — temperature function,
g, d,, 9, — components of the heat fluxvhen z=0:

d(x, vy, z), — density of the materiak —
ax v.2), p y of C = g (% y,04) =—a (T,(x, v, 0,t)-
specific heat, A, — coefficient of thermal

_TZC (X’ y107t ))_qzc (X’leI )a

conductivity, Q — the quantity of heat gener- 9)

ated by internal heat sources. h .
To ensure unity of solution of the systen¥v enz=h,:
(6) we need to specify the initial and bound-
ary conditions. The initial conditions are in q,(x,y,h,,t) =aX (T (X, y,hz,t)—}

the form: T (X y,h, 1) +a. (x,y,h, ).

t=0, Tlx,y,2)=T, &x,y,2), In the next numerical calculations, such

~ form of boundary conditions allows to take
where: Ty(x, y, z) — temperature distribution into account the relevant part of surface

throughout the volume of the body at the iniboundary conditions of first ordes, — oo

tial time. N and second ordet, - 0.
The boundary conditions of the problem Changing temperature of solid body in

will be set as conditions of convective hea[t . _
transfer. ime practically does not cause dynamic ef-

fects. Therefore, mechanical fields (dis-
placement, stress and strain fields) are sta-

When x=0: tionary and are described by static equations.
o6 <o @) These equations are written as equations
0(0,y,z,t) =0, (Tye T, )_} in partial derivatives of first order:
_qu(O'y!Z!t)’

14
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aGX =_arxy _aTXZ -X (10) 1 0 ko o+
ooy oz B R ) A BN
0
ot Jo, Ot (11) + 10 > (x)x i S 320,
v = 2 _Te_y, 0 ¥ )
0Xx oy 0z
aTXZ - _aTyZ _0(52 —Z, (12) 1 kO
X oy 0z VO +
L+ (KS) g J1+(k° (20)
o’ M AoV 1 Ko 0_
ax (7»+2u) Termay | azy Q) " J1+(k3y)2
X A
(vt 2u) az (A +2u) o o 1 © kS et
Jl+(kfZ J1+(k (21)
ﬂ:r —ﬂ (14) + 1 qo + k>(<)Z e
ox ¥ ooy R () SR B (Ch B
ow _ - _ou (15) Whenx=1:
ox ¢ o0z

1 | kl I
The equations can be separately consid-— 2 BE +
ered: Jl+ (Ko J“ (ke (22)

1 I I
+ =0
_AOU (2w v, Ay «/1+(k' :

Gy

poOox poooy (16)

+&6W* — (3}‘+2H) (XT(T _To)l 1 | kl I +
w 0z u J1+(k' 2 J1+ (K.,)? (23)
o kO AN /1+(k' /1+(k' 7V =0
poox poy (17)
N (A+2p)ow (31 +2p) o, (T=T,)

u 0z

«/1+(k' o «/1+(k' )2 (24)

ow @ 18) + a, V\/C=O,
Ty, = (a—\z a_vzj (18) ¢1+(k'xz J1+(k'

where: f°=1(0,y,2), f'=1(,y,2).

Boundary conditions of stress—strain state [°' _construction of the boundary condi-

in general are written by the analogy of worklons (19) — (24) we write the sum of projec-
[16]. tions of all power factors that act on the

-n- boundary contour, on corresponding axis. In
When x=0: . :
X (Fig. 3.) on the planexOy, the magnitudes

which act on arex= @re shown.

where: f* =pf .

15
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The first index— signifies thenumber of of (x,Y,z,1)
the axis which is perpendicular to the area. (T
The second index shows the direction of dis-
placement or stress.

’(Pi(Y)j =

= [FL2 g (y)ay =
0 X

N 0
=— f X, ,Z,t i d = f X) Z!t .
x| FO0Y 200 )y =5 x 2)

Where f is a factor of stress, then

(—‘” (Xéy’z’”.wi(y)}
y
= [LONZD  (ay = 1 x,y, 2%

oy

0

hy h,
| , 5 xp () | = [ 0y, 2t)0i(y) =
Fig. 3. Modeling of the boundary conditions: I

u,, Vv, — displacement of points of the external = f(xh,,z,t)e (h) - f(x0,z,t), (0)-
environment;

hy
U,V — horizontal and vertical displacement of _J‘ f1(x,z,t)o. (Y)o!(y)dy =
points of object; 0 : '
O O, —€Xternal load on object; =30 (x,2,t) - L ' (x, Z,t) -

o, T,, —hormal and tangential (shear) stresses

along the contour inside the object;
K K,, —spring stiffness

-b, g™ f,(x,Z,1).

When f is a factor of temperature and

By changing stiffness we can specify an)c}llsplacement'(,u,v,w), then

standard conditions of interaction of the ob-

ject with the external environment. of (x,y,z,t) _ " of (x,y,zt )x
For Eg. (6) — (24) the procedure of lower- ay i (Y) _I oy

ing dimension is performed by coordinates ot °

. _ . . _ y X, Z,t )
Y, 2. At first r_eductlon byy. B.a5|c func X<Pi(y)dy=j ( )(P’(y)cpi(y)dy:
tions are applied ¢ =¢,(y)}, i=1,..,n, 5 oy
where the following rules are taken into ac- hy _
count: = [o,(V)o} (M (x 2 t)dy =

0
f(xy,zt)=f X,z (Y); =h;g" f,(x,z,1).

hy The first equation of system (6) is multiplied
(f(xy,z,t),0,(y) = jf(x, y,z,t)p,(y)dy=| as a scalar by¢f =¢,(y)}, wherei =1,...n,
0

and than integrated by coordingte
= f.(x,zt);

16
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((aqx + aqy + aqz _pca_T+ [Sa%yﬁu_g:‘[’ﬂ%yﬁu] =
ox oy 0z ot o T
=[a%TY 0 - 0 aXT3| -
+Q(x, Y, 2,t)) =0, ¢,(¥)), [ T5 5] :
) . . - OT 10 0O --- 0 hYT no +
%+Salﬁyl(x, )-8y, (x zt)-| (25 [0 Teh Oyr yCEkT]
+[qu$ 0 . 0 _qycgﬂ
ja 0q, T,
_bjig qy(l(XIZ!t)+ aZ _pCE
+Q (% 2,)=0. (8750, -8, ] =

— 0 a
- |:O'ZTTzi 0

In the next step — we perform the reduc-
tion by 2 of equation (25):

dq, niy i i
(%Hi[ﬁqy (x,z,t) =838, (%, z,t) -
oT,
c—L+

ot

The substituti
jou aqz
—b;9"q,, (X, Z’t)"'_az -p

+Q (X zt) = 0,9,(2)),

[a‘;TTy;F 0

[agTTyC%,E 0

0q, Ny i i
—+[ 850,500 -80,, (1) ] -
-b;g jaqyak (x,t)+ [qycﬁf 0
+ 850,500 =85, (x.t) ] - (26)
_bpk 970, (X%, t) = [GSTTZ?D 0
o o
—pcﬂ +Q, (x,t) =0, I:azTTzCi o O
ot
here: [qm:él? 0
noy i i — nO]|"
[SH%‘yEE - S%H%Iyﬂf} - [_qyél:(] 0 0 qukD
" : T
[SD(%IZ% - SJﬁB(DqZ%} - [_qz:JD 0 0 Z:]S

00, +

n — number of lines along the axys, m — 5
X

number of lines along the ax®. {
Indexesi, j,a,B,y — are related to reduc- .
tion by coordinatey, indexesk, p,s,& ¢ — ~0;9" 0y *
reduction by coordinate .
Taking into account the boundary condi-
tions (8) — (9):

|

_bpk g psqzis

17

_I:a‘gTTzCiElD 0 -

+|:qzCiElD 0o -

giaTayak - gksTCyiE +
+g'

T
0 - 0 T -

.
h
0 0Ty D:‘ +

T

0 _qzciDhD1
on:

0 a';YrTya(D]T =
=Tay$,

0 Wyt =| @)
=TC,4,

T .
nO —_ ig
0 _quEIk - qu[Ik '

T
— k
- Tazi o

:}, (28)

— . X
=0cin-

0 ofTm]
0 aZZTTzc:]S]T
=TC,*

0 _qzcgku}T

Taking into account the boundary condi-
tions (27), (28) in Eqg. (26):

gkgTaZis - gim-l-c:zmk +:| -

+9°0,g;,

o
quak

(29)

oT.
_Pca_t'k"'Qlk =0
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Similarly, the reduction of remaining dog _ i« s
equations of system (6) is done: ax =05 9" Ty + 09 T —
n |D_ g i0|_
0 = T 0 [5 Ty~ Oty (37)
Xlk ax [6 ch k 61[] ]_ Xik,
Oy = ~ArD; 9" T (X 1), (31)
O = ~ArBe 9 g™ T (X.t). (32)
_ A jo 4(h+p)
Substituting (30) — (32) in (29), Eq. (33) |s ijig %ﬁwx
formed: dx H H
xb j(‘l. BYV* ]“
car {g‘aTayak-gkchy“ ﬁ i B GV i A+ 2u b9
- e+ _ +
T oax? +gmquuk xl:h(pgpsjlw* Mb g (38)
+7‘Tbj|gjungBYT + (33) )\’+2
- Eey/!
+|:ngT0'zi£ _giaTCzuk +g qzCis]+ X(Tak Toak)+bpkg bs‘;g Vis +
+ gps 'gl“ W*as_
+1.b,. 9% b, g~T, —pCaT +Q, =0 [ i ] [Q }
ot —[§nts |D —§ 1D
[ o o y[lk}
The reduced initial conditions will look like [agﬂrm—sﬁkﬂrﬂfg]—xk
T (%,0) = Tg ().
The next step is the reduction of equations
of system (10) — (15). In this system, the dr,, A s A(\+p)
process of reduction expressions are substq- Ati 9 6Xi5+7\.+—2},lx
tuted for 6,,0,,7, (16) — (18), using the .
. - . S Eeva S
above mentloned operations: xb, 9%b. g% W, + "t on [bpkgp ]x
\ 39
duik _ n A x[b,gj“]v* —Ma b, g™ x (39)
= Gxik - bI X 1j as A+2 T ~pk
dx (A+2u) (A+2u) H
0 x x XT' _Tis + b'i ] x » V*as+
X'V o — b9 Wis + (34) ( o) [ 9 } [bkpg ] _
@ 2; 2u) +b,9"b,,0"W [S“Dc 'D—Smcyz'ﬂ—
ﬂ — m Elk _s1
* ()L+2p) aT(Tik Oik)’ [8 % 5 GZID} Zik
dvi _ -b,9"U"w, (35)  The reduced boundary conditions of
dx stress—strain state will look like:
dw ik _ ps, * ko
X T ik —bkpg Uis, (36) u o *ko
X 1+ (KS)? J1+(k° 2
(40)

U 0 K 0 _
+ * qxxi + uci -
N ST () S
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I R T N
/1+ (k)(()y)z xyik 1+ (kgy)z ik
kO
U 0 Xy 0 _
+ quik ck — O’
1+ (kg,)? 1+ (ky,)?
l”l' 0 —_ k)?Z W*O +
1+ (k0?7 k)

+ 3 0_ k)?z *Q —
\/1+ (kgz)z xzik X/1+ (k)?z)z cik ’
_ U I k>|<x ul+

1+ (k)2 " Lk
| [ kk 1=

+ 1+ (k)l(x)z QXXIk + 1+ (k)l(x)z ucik - O;
- B T - k>|<y v+

Xyi i
L (KL)? 1+ (KL)?
+ M e s 1. =0,
1+(ky)” (k)T
- “’ ,[l = k)I(Z | +
O R Y (S Ll
u [ k)l(z W

+ . =

X/1+ (k)l(z)z qxzuk X/1+ (k:(z)z cik

The next step- the problem numerically

Is simulated using the method of discrete o
thogonalization by S.K.Hodunov [4]. Differ-
ential equations in partial derivatives ar
solved using the method of Runge—Kuttag.
Merson. This problem is programmed by the
Fortran programming language. Dependina

2. The problem of setting boundary func-

tion is solved and this allows the solution of
problem of dynamics and thermoelasticity.
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A Finite Element Technique and Results
of Continual Fracture Process Modelling

Vietor Bazhenov, Sergii Pyskunov
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Summary. The techniques of modeling of continual fracture process for space circular and
prismatic bodies under long-term static or cyclic force loading condition and some results of
determination of responsible parts lifetime is presented in this paper. The scalar damage parameter is
used to describe the material continual fracture process. A stress-strain problem solution made with
semianalytic finite element method (SFEM). It's shown, that the value of residual lifetime could be
differ significantly for different loading condition and object configuration.

Key words: long-term loading condition, creep, damage, continual fracture, lifetime, spatial
problem, semianalytic finite element method (SFEM).

Otevrel I. etc.). However, as noted in [10],
INTRODUCTION the most actual problem is the determining
the residual lifetime — time of fracture zone
Structural elements of responsible objecgrowth after the local loss of the material
function often under long-term static oibearing capacity. Solving of this problem in
cyclic force loading. The process of creep (the spatial definition is not reflected enough
fatigue, accompanied by the gradu:in scientific publications. On the other hand,
accumulation of scattered damage, tksuch as highlighted in [11], the residual
formation and growth of macroscopic defecilifetime value may be up to half of the total
(fracture zones) are occurs under such time of structure element operation. Thus, it
loading conditions. This problem, similarlyshould be taking into account for correct final
as well as other aspects of reliability analysdefinition of part’'s operating time.
[1, 4], is very important, for a reliable
determination of long-term strength an
lifetime. PURPOSE OF WORK
A description of above mentionec
processes, which took the name «continu The purpose of this paper is to highlight
fracture», may be fulfilled efficiently usingthe main provisions of the developed
phenomenological scalar damage paramettechnique for modeling of continual fracture
proposed in the works of V.Bolotin,zone growth of spatial bodies and
L.Kachanov and Yu. Rabotnov. Thispresentation of the results of residual lifetime
approach is developed and implemented fdetermination of responsible structural
different loading conditions in the elements under different loading conditions.
publication of M.Bobyr, V.Golub, G.Lvov,
Yu.Shevchenko [5, 7, 8, 9, 12] and ir
publication of foreign scientists (Chen G.
Hayhurst D., Lemaitre J., Murakami S.,
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INITIAL EQUATION

doo o, " 1
AND METHODS OF ANALYSIS —=C - w", 3)
d  |1-0 ] (1-w)°

Continuum fracture mechanics relations. )
The damage accumulation process describépere: ¢, m, g, ¢ p — experimentally
with kinetic equations using determined material constants, which are
phenomenological damage parameter (DEynctions of temperatureg, — equivalent
®, Wwhich changed in time from stresses calculated according to the chosen
w(t =0) = w,=0 to w(t*) =1, where: t* — is strength criterion.

the time of the local loss of material bearin% Semianalytic  finite element method
capacity. SFEM). The solution of evolutionary

The next view of kinetic equation for DPProblems of spatial bodies ~deformation

calculation is most simply for the multi-Process requires signi_ficant cor_nputational
cyclic force loading [13]: expences and special algorithms for

regarding of damaged accumulation process
and fracture zones growth simulation. It is

doo - o ' (1) not always possible to solve these problems

dN 0, 1-w) using modern powerful finite element
where: A and n - experimentally Software systems (ANSYS, ABAQUIS, etc.),
determined material constants, based on traditional three-dimensional finite
o, — tensile strength of the material. element problem definition.

it is expected, that under multioyclic, oct S At tate anc
loading condition process of material’ 9

deforms elastically and the loading proces%eformat'on process of canonical form

can be carried out with variable paramete rigtr;a;tigot?(l)?jises_ 'Il'nhr:eotrgfrgle"?r?r?:riom:ecrllioirs]g
of the cycle (mean middle stress anfl ) 9

amplitude). Therefore, it is provided for'S used in the sense of the variability of the

construction of DP value determiningphys'cal’. mechamcal properties  and
eometrical dimensions of the body along the

algorithm, that load process must be divide . X :

into a number of steps - steps for probler%rmmgi Being based SFEM’. a discrete

solving - S* Within each stages calcula_tlon model suggests the finite element

(=1, 2..S*1, S¥ load means constantme.‘Sh in the cross section of the examined

stress 0. and constant amplitudes _object, and one finite element (FE) to be ysed
_ Os _ @ in the orthogonal towards the cross sectional

during the some quantity of cycl@é,. Using plane (along the forming, i.e® coordinates.

this assumption, the DP value by previoushys, the FE size in the® direction is the

. _< . same as the body one (Fig. 1).
load history (upNs cycles, N _52:1: NS ) is SFEM allows significantly reduce the

determined by a formula which obtained iffomputational expenses for solving of spatial

[13] as a closed form solution of equatioroblem, particularly on the stages of
(1): stiffness matrix calculating and FEM linear

equations systems solving. The efficiency

s and accuracy of the method is shown for a

_ A Z(Gas)n N; - (2) wide range of linear and nonlinear problems

(n+1of <1 of mechanics [2-4], where readers can also

find a more detailed description of the

A DP value description under |0ng_terrrfneth0d features, its implementation and links

static loading condition (when a creef0 additional author’s publications.

process presence) conducted using the follow

expression [7]:

(L)S =1- (n+1)\/1—
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means of step-by-step algorithm on the
parameter of time. When starting each

iterationn of a stepm, stress valuew; are

calculated considering creep deformation
process by the formula:

(o )r=35(0, )+ @

Components of stress tenscarij are

defined in compliance with the Hook’s law
considering an increment of total
deformation:

(O_U)nm =(0ij )nm_l"'(A_Gij)nm '

while the components of stress deviator

i \M . .
(s”) relate to an increment in creep

n

deformationAeﬁ :

(oes )7 =(e5 1o,

Fig. 1. Circle (a) and prismatic (b)
inhomogeneous body (sij )m :(

I -els)r. ©

(Sij ):
(o)
de

of creep deformation rate tenscf; :a,

FINITE ELEMENT ALGORITHMS 2
FOR CONTINUAL FRACTURE  where: (£¢)" =[ec]"
PROBLEM SOLUTION 2

— components

A problem of stress-strain  state
parameters determinatiominder linear and
nonlinear deformation process performed b int val
the algorithm based on the use of the implicl me interval vaiue. .
integration over the time scheme with help of The DP values addition(da)y, and
Newton-Kantorovich iterative procedure: ~ accumulated DP valuesw, on a time

intervalm calculated with next relation

G, =E/(@-2y) — elastic constantsity, —

{AUI }:1 ={AUI }nm—1+ B [KII] B ({Ql}m _{ RI}:1 )’
| | O =Wy + (86, = 0, +[ 22| 1, )
where: is1< <2 — relaxation parameter, dt )

{Q}™ - vector of full loads in nodes on step o _
The criterion of local loss of the material

m, [K,] — FE stiffness matrix{R} "~ bearing capacity isa (t*)> « * where
vector of nodes reactions on iteration of  ; x~1 _ critical DP value. It's fulfillment in
stepm. the some point of studied obje&t with

Creep problem_ sc_)lutlop considering coordinates (Zi' )K e :{Zl'*, 2 7 }
damage accumulation is being executed by
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indicates the transition of the scattered
damages accumulation process, which
accounted integrally using DP, to occurrenc

of macroscopic defects — initial areas o©

continual fracture. This points in time

determining the value of the estimate

lifetime of studied object.

Continual fracture zone growth modeling
To simulate the initial macroscopic defect:
occurrence at the poinK the area with
volumeVj introduced there at the time point
t = t*+At (Fig. 2, a). The size of this area a

in plane z* -7* is the same of FE size, in
which conditionw > « * reached. The size  #* 2 L N

222 in the 22 direction defined as the sum of 2 Kt ¥
half the distance from the poinK to ; . AN A
1

neighboring integration points in FE (named
asK-1 andk+1 , AZ® =a,,/2+a, /2, Fig. ) -
2, ¢). Values of stress and elastic modulus of

the material taken as being equal to zero
within a specified area: z¥

7™ '
z 27

c)

E(zi =z *) =0. (7) Fig. 2. Stages of continual fracture zone growth
(a,b) and special finite element (c)

o;(t=t*+At, z =2*)=0,

Volume V,, the value of which is causec

inimum mrement of e Characiorisi sz RESULTS OF FINITE ELEMENT
u MODELING OF CONTINUAL

of the fracture zone in the course of it FRACTURE ZONE GROWTH

growth. . . . _ AND RESIDUAL LIFETIME DEFINITION
Implementation of (7) is carried out using

special FE V\_/ith adjusted values of physici The allowed approaches being spent to
and mechanical constants. The stress-_strasolving of practical problems of residual
state parameters and DP values determine jifetime definition of responsible structure

(3) - (6) during following point of time. This gjement — the connecting union under multi-
is accompanied by a gradual increase cyclic loading condition and the blade of a

fracture zone by_acce_dlng to it of a N€\gas turbine under creep.

volume V, at time intervalst, after The connecting union (choke) of valve

fulfilment of condition « > «w* in settings for high pressure polyethylene

appropriate  points. The procedure cSynthesis is a massive circle (cylindrical)

continual fracture zone growth modeling i:body loaded with cyclic internal pressure.

performed to achieve a zone of critical sizThe initial defect is available on the inner

(volume)V" (Fig.2, b). The appropriate timeSurface of the choke - an weakened area of
interval (number of cycles) determines thdegraded material physical and mechanical

residual lifetime (vitality) of the object after Properties. General view of the object and the
the of fracture zones occurrence. FE discrete model, used for solving and
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describing the defect presence, shown iepth 1-5 mm, which obtained in
Fig.3. The initial elastic stresses distributiomxisymmetrical statement, is half less than
in the absence of defect is uniform omne obtained in spatial statement. This
choke’s height ¢* axis).and variable along difference gradually decreases: at a zone
the it's radius. depth 12 mm (corresponding to half of the
wall thickness) it is only near 5%. But in any
case, the magnitude of the residual life after
the fracture zone growth is almost an order
greater than the time to zone occurred.
Wherein, it should be noted, that during all of
time of the fracture zone growth the detail
keeps tight and relevant performance
properties (Fig. 5).

RN

RN
AN
R

]| ®
i 2 <
g o 2 <+

(o]

M~ |

S -

T
I
N
'y

©

Fig. 3. The connecting union with initial defect S(AT : .

The description of the damage
accumulation process performed with eq.(z
using o, =1300 MPa,A = 1.5495 * 1¢ and

n = 4,267. The degradation of materia
mechanical properties within the defect are
performed with linearly change aof in the

range 4,267-4,4 (increase of the valoe
indicates more intensive damage
accumulation at the same level of stress
Estimated lifetime of the choke (until the
local loss of the material bearing capacity) i
the absence of the defect was 4.9%1C

cycles, and N*=389*10° for defect
presence. The obtained DP values rapid
decreases at choke wall thickness wit
distance from the inner surface and at tr
distance of 3 mm from it DP value is les:
then 0,1. Thus, after the local loss of the
material bearing capacity on the inner surfagqegg. 4. SFEM discreet model of connecting union
the wall remains virtually intact and thepipe with defects
choke may be used stay in operation.

The simulation of fracture zone growtt
was conducted in axisimmetrical and spatial
statement using FEM model, shown on Fig.4.
It is shown, that time for zone growth in the
radial direction (of the wall thickness) to

H=300
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: @

T NL109

-+ W 3.89 A

T 4.42 1

mEN :

**": 4.96

] 5.32 2 b)
] 1] Fig. 6. Gas turbine blade: general viexy (

/LH” and design scheme of blade fragment(b)
/2’2'7 The description of creep and damage

accumulation processes is carried out with
Fig. 5. Configuration of continual fracture zone the following equation:

after different number of cycles (b) q Bg" d m 1
I
._ Bo _w:c( o j 7 (8

Stationary gas turbine blade is a spatialdt (-w)"  dt 1-w w)q
body of complicated shape. The blade is
swirled at the vertical axis, has a variable at
height cross-sectional area. It is influencefynere: B = B(T), € = C(T), m = m(T), n =
by centrifugal forces in a heterogeneous, boffT): T = (1), a = de, T) — material

in height and in cross-section, temperatu@®nstantsI —temperature. o
field (Fig.6, a). Based on results of elasti The location of initial fracture zone within

deformation modeling of blade, based othe fragment corresponding to the maximum
three-dimensional FEM, a dangerous crovalue damage parameter was determined due
secton R was chosen. This sectiort® modeling of blade deformation under

characterized with combination of averagCr€ep: Its location is aligned With_the zone of
strainap and average temperaturg Twhich _maximum va_llues of the DP at h_elght of blade
leads to the most intensive creep process effagment (Fig. 7). It was required to use a
damage accumulation. Listed values &nd finite element models with a significant
To) are used further to describe the desig"Umber of nodes in a cross-section to
scheme and the results of the proble determine of fracture zone’s size and shape
solving. Creep deformation process modelirin the process of it's growth. The results
is made for a blade fragment with size 0,cfracture zone growth modeling up to
Ro < R < 1,06 B Fragment is loaded with its COMplete loss of bearing capacity showed,
own centrifugal loag. The simulation of the that the proposed facility value of residual
upper part of blade in section R = 1,06 lifetime is low and is about 5% of the
implemented with unevenly distributed loa®Stimated lifetime. This suggests that the

-2 .22) that meets stress values pecactual value of the blade lifetime is
a=dz .z ) T . . ’ determined by local loss of bearing capacity
applicated in this cross-section (Fig. 6, b). in fact (Fig. 8).
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2. The values of residual lifetime may differ

significantly for different objects and loading

conditions. Thus, it's need to study a problem
of extending of details operation time after
local loss of bearing capacity in each
individual case.

initial
fracture
zZohe
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Summary. The algorithm for finite element modeling of fatigue cracks growth in the spatial bodies
under cyclic loading using semianalytic finite element method (SFEM) is presented. The crack growth
process is described by Paris' equation, stress intensity factor (SIF) is determined by the direct
method. Testing of the algorithm is executed on the problem of the development of an elliptical crack
in a prismatic body under the action of cyclic loading.

Key words: cyclic loading condition, crack, fracture mechanic, lifetime, spatial problem,
semianalytic finite element method (SFEM).

determination [1, 2, 6, 8, 10, 11] or with wide
INTRODUCTION range exeperimental results of crack growth
[12]. Moreover, there is some simplified and
The determination of bearing capacity capproximated methodologies for prediction
responsible structure elements of differeiof crack growth process: several results are
industries of technique needs for the takirknown for plane (two-dimensional) problems
into account of initial cracks presence. At th[9, 13], three-dimensional problems has been
static loading a crack growth and furtheconsidered using boundary elements method
swift destruction takes place at exceedir[7]. The more accurate results could be
fracture mechanics parameters of their critobtained using numerical techniques for
cal values. The other mechanism of destrustress-strain state analysis, in particular finite
tion is a result of crack growth under cycliielement method (FEM). Therefore the
loading condition. A value of fracture me-development of algorithms of crack growth
chanics parameters (stress intensity fact(qprocess under the cyclic loading condition
SIF, in particular), arrived under externgand it's realization using FEM is important
loading can be substantially less than critic problem.
one in this case, but cyclic influence of load-
ing causes the gradual increase of crack. The
life-time of structure element with a crack i PURPOSE OF WORK
considered outspent when a crack sizes ¢
quires critical values. Thus, it is of interest it  The purpose of this paper is to highlight
this connection to model a crack growtlthe main feature semianalytic finite element
process under cyclic loading condition and tmethod (SFEM), of the numerical
determine the amount of loading cycles to tFrtechniques of crack growth process
achievement of critical size a crack. modeling for spatial prismatic bodies under
The most well-known results of research ccyclic loading condition, which has been
deformation of spatial bodies with cracks ardeveloped using SFEM, and to show an
limited of fracture mechanics parameters
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example of prognosis of shape and siz¢éhe forming. Being based SFEM, a discrete
changes of elliptical crack. calculation model suggests the finite element
mesh in the cross section of the examined
object, and one finite element (FE) to be used
EQUATION AND METHODS in the orthogonal towards the cross sectional
OF ANALYSIS plane (along the forming, i.e.
_ _ 2* coordinates). Thus, the FE size and
Fracture mechanics relations. The crack configuration in thez® direction is the same
growth process under the cyclic loading cong the body one (Fig.2).
dition is characterized with the diagram of The main distinctive feature of SFEM is
fatigue failure, that sets correlation betweeﬂsing of different approximation function in
crack incrementdl per number of loading . . C
cross-section of the body (in plang" - z?)

cycle dN and change of SIF (or SIF incre- 3 _
ment AK ). The most well-known approxi- and along z° coordinates. Thus, the most

mation to this dependence is so-called Parigniversal representation of displacement

relation [1, 12]: using local FE coordinate system is:
A k) D) Un= X 2 Unssy Lsu+lses
dN ’ S1=1S,=%1 2 2

12,1

where: C, m — constants, that is determined +SSXX +zj’

by material, temperature, environment and

other loading factors. L

Dependence (1) has some limitation con- Ug = zu;.q)(') ,
cerned with terms of loading, sizes of details 1=0

and other. Not looking on it, use of (1) allows

to solve a wide range of practical problenwhere: ¢ - is the coordination function
about crack growth and life-lime determinagysthems, presented with Laugrange-Michlin
tion of responsible spatial structure elemeniso|ynoms.
[12].

Semianalytic  finite element  method ot (o
(SFEM). The solution of spatial bodies 4=9(z')
deformation problems requires significant iy
computational expences. The presence of
crack increases it in times. Besides, a special
algorithms for calculation of criteria fracture
mechanic parameter (SIF in particular) and
for crack growth process modeling are
required. It is not always possible to solve
these problems using modern powerful finite
element software systems (ANSYS,
ABAQUIS, NASTRAN etc.), based on z3' i
traditional three-dimensional finite element -
problem definition. 22

SFEM is an effective instrument for
numerical modeling of stress-strain state arfelg. 1. Prismatic inhomogeneous body
deformation process of canonical form
spatial bodies - inhomogeneous circle and, in
particular, prismatic bodies (Fig.1). The term
"iInhomogeneous” is used in the sense of the
variability of the physical properties along

=27

30



MODELING OF CRACK GROWTH PROCESS IN SPATIAL BODIES UNDER CYCLIC LOADING CONDITION

where: Al— an increase of characteristic
crack’s sizes in the certain point of front for
the amount of cycles of loadinggN .

At implementation of numeral integration
of (2) provides calculation of follow values at
each step:

-the SIF valueK, (I') in each point of crack
front on the basis of results of the stress-
» strained state determination of body with a
léza crack:
47 - the corresponding values of increase of
characteristic sizes of crack aftAN cycles
Fig. 2. Prismatic inhomogeneous finite element N every point of front (i=1..k):

Km: Hm, (P3),,(P3),,

The stress-strained state parameters values Al = C(K| (|i))b AN . 3)
are calculated in integration poiHt, along " "

2% coordinates. The quantity of integration_th haracteristic i ¢ cratk at
point depends of heterogeneity distribution of € characteristic sizes of cralik at every

stress-strain parameters alomgjcoordinates stepm using sizes of crack on a previous step

and determined on the basis of study of thle— taking into account their increasak, :

convergence of obtained solution. Il=1  +Al . 4
SFEM allows significantly reduce the _ e new coordinates of nodes of crack

computational expenses for solving of spatig}ont are and of other nodes of FE model.

problem, particularly on the stages of stiff-  consider the above procedure for the case
ness matrix calculating and FEM linear equass ihree-dimensional body.

tions systems solving. The efficiency and ac- |, case of the spatial stress-strained state

curacy of the method is shown for a widne cyryilinear front of crack (shown on Fig.3
range of linear and nonlinear problems oy 5 thick solid line) is approximated by the
mechanics [3‘-5], where‘ rgaders can also fi gments of polygon (shown on fig.1 by a
a more detailed description of the methodigke Jing), that consistently connect the
features, its implementation and links t0 adygges of discrete model, that located on the
ditional author’s publications. crack’s front. Amount of this nodes is deter-
mined on the basis of convergence of nu-
meral decision of problem about the stress-
strained state of body with a crack and
achievement of necessary exactness of de-
termination of SIF distribution along front of

) . crack.
At the numerical decision of a crack |, case of consideration of curvilinear

growth problem under the cyclic loading. ks front, the SIF values and increases of
condition the loading process presentg,aracteristic sizes of crack, that is calculated
with the sequence of steps after the cycles, 5 formula (3), are variables along front.

of application of the external loading.accordingly, at every solution step the con-
Corre_spondlng dlscrete_ presentation (ﬁguration of crack front changes.
equation (1) for description of cracks

growth has a next kind:
Al

m=C(AK)m, (@)

FINITE ELEMENT ALGORITHMS
FOR FRACTURE MECHANIC'S
PROBLEM SOLUTION
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[orr u. G
K (u)=,— , (5)
r sineiz—zs—co%ej
2 2

where: r, 6 — point (nodes) coordinates
(Fig.4).

SIF calculations executes within the limits
of near-tip area of square form, with topologi-
cal sizes of 86 FE. The size of FE accepted as
1/10 of characteristic size of cratk The half
of the marked near-tip area is examined for the
Fig. 3. The FE element discritization of the craci€ase of the normal separation crack as a result
front and coordinates of front points:  front ofof symmetry of distribution of stress-strain pa-
crack (1) and near-tip area (2) on the stepnpf rameters in relation to the surface of crack. The
front of crack (3) and near-tip area (4) on a stegescription of crack location executed with
m+1 boundary condition - absence of displacements

_ in the nodes on plane of symmetry. Thus in

A calculation of the SIF valuK, (I') prismatic bodies with transversal cracks (sur-

executed by a direct method. It provides tface of crack is normal ta® coordinates) the
use of obtained with finite element solutiorsize of near-tip area in direction, normal to the
stress and displacement distribution ne&urface of crack is equal @3l,, (Fig.5).
crack front (tip at two-dimensional case). _
The stress and displacement components, z3 1"

T y I 0.31,,

2T’

being oriented along the normal to the sur-
face (front of crack) used in the most com-
monly sold type of fracture - normal separa-

F1
Q

! | P IoTeTe
tion crack, or crack of type 1, Fig.4 [8]. |L 4 X xD|0|E
x x x xoloje{ |
TP. 0.11 » .'-'"'2"
: vt Y3:,- Fig. 5. Thenear-tip aredor SIF calculation
;_:___ é B" .
Wy y2 SIF has been calculated after displacements
L - - — (K, (u)) in part of area, that borders from a
l 5 crack surface (in points, marked by crosses on

Fig.5). SIF has been calculated after stresses

Fig. 4. Crack of type | (the normal separatior K (0)) in part of area, that that is located af-
crack) ter front of crack (in points, marked by rounds
on Fig.5).
SIF calculation executed separately from Within the limits of each of the marked
the values of stres&’, (o) and displacement parts of near-tip area mean SIF value after

K, (u) using well-known dependences :  tensions K, (o) and after displacements
K, (u) are determined. Then this two values

B ar't' 2 averaged in turn for determination resulting

K, (0) = 9 30 SIF valuek, :
co&(1+ sin- sn%j
2 2 2
+
K[ — Klav(a-)2 Klav(u) . (6)
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At consideration of body with transversal (2%)*—(z2?)+t
crack SIF calculation is conducted in a cerd :%—a:%—arctg( A Ry injlj
tain amount of points along crack front. Their (Z)n = (20
location coincides with nodes of FE modelg” :gal'—%. (10)
Since SIF after displacements are calculated
at the nodes (for example, crossection 1-1,

E%gi]t.g)’sg(rjngrqt: azitreorsztéits;iss-|1r’1_§?e2?_ezr’1ter 8;(ecuted on identical dimensions, calculated
' .. by after correlations (9), (10) along the line,

Fig.6), it IS necessary .to account for SIF aft%at is normal to the front of crack. This line
stresses in the two adjacent to FE nodes. This

L i ) iS"passes through a point of front. It allows to
Fgﬁg@?nu;o'rsn:lﬁl]:gated in Fig. 6 and with th%ave the characteristic sizes of FE of near-tip
' area during a crack increase.

The change of location of nodes, that lie

[ K, av(o—)] . :[ K, av(U)] . (7) outside of near-tip area on the same distance
in the case of modeling of crack growth in
the finite size bodies leads to the formation

[Klav(a)] 1-+[Kl av(a')] , of degenerate FE at the boundary of the
[Ki ()], = (8) body, as illustrated in Fig.7,a. It was sug-
gested to overcome this problem, to displace
of nodes of a discrete model within near-tip
area size on crack increment and to displace
nodes outside of near-tip area to a distance
that decreases linearly inverse-proportional
to the distance from each node to the crack
tip (Fig. 7,b). This method is more complex
in terms of implementation, but it allows to
get rid of the problem of the formation of de-
generate FE.
crack

SIF calculation points
p a)

The change of all nodes of near-tip area

crack front

Fig. 6. Points of SIF calculation prismatic bodies | | [l]HH ‘ | | ‘ | ‘ | | ‘ | | | | ‘ | | |
b)

H H K"y i
. Calculation of coordinate¢z’),, of node Fig. 7. Type of fragment of discrete model after
i of crack front on the stem executed after crack growth: at the displace all the nodes on

the values of increases of crack Iengmjn identical distancesa); at the displace the nodes

(3) in front points after next formulas (Fig 3).on different distances with application of linearly
“““inverse-proportional reduction (b)

(2 = (Z) 1 + (BZ)
(0Z€) =l cos@' )., (9) RESULTS OF FINITE ELEMENT
MODELING OF FRACTURE

where: ¢/’ — a corner is between direction to DUE TO CRACK GROWTH

the axisz and by direction of movement of The approbation of algorithm of crack
points of crack front: growth modelling in spatial bodies was con-
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ducted on an example about growth of initic ;
elliptic crack in an endless prismatic body ur '
der the action of the cyclic loading. (Fig.8 os e
a=0.6, b=0.4). =T

086

1 = G.Cherepanov, [6]

| === SFEM

0" 10 20 30 40 50 60 70 80 906°

-
%’J' Fig. 10. Distribution of SIF along the initial front

of crack

The values of constant of Paris’ equation
for crack growth description were accepted
the next:b=4, C=1.63x10", that corre-
spondents to stell in normal temperature con-

Fig. 8. An endless body is with an elliptic crack dition.
During realization of algorithm of crack
As the examined object has three planes gfowth modeling two alternate variants of
symmetry, a discrete model is built for a 1/8hanging of configuration of discrete model

part of body (Fig.9). was studied. According the first one it is
. considered, that crack growth at every step
zZ A A A A oA takes place in ortogonal direction to current
N configuration of crack front. Realization of
=1 this supposition on a discrete model sug-
T 7 gested, that the value of crack increasis
' g is put aside along a line, which is ortogonal
'. A to the segment, that connecfsl), and
- .'..“ L (i+1)m points of front. According to the sec-
,'w“ ‘ - ond variant crack growth at every step con-
%‘\\X“\‘ ‘ >~z sidered after a perpendicular to front of initial
ET M}\&j}ﬁ?}‘\‘\l\“_‘,‘,‘l‘ 3 crack. In this case the value of crack in-
T ' creasesAl,, in points front is put aside along
Pl 3 L a line, ortogonal to the segment that connects

points /-1 and i+1 of initial front of crack.
Fig. 9. A discrete model of SFEM for an endless  Verification of authenticity of application
body with an elliptic crack of foregoing suppositions was made on the
basis of analysis of results convergence at
The distribution of SIF along the front ofsuccessive reduction to the step after the
initial crack, obtained with consideration ofsome amount of loading cycles and on it co-
SFEM solution convergence on quantity oincidence of final result with the data given
FE in cross-section mesh and on quatity o [6].

polynoms 4% in displacement distribution,  Resuits testify that convergence of step-
is snown on Fig.7. It well comports withpy-step algorithm of problem solution de-
standard values of with well-known analyticabending after the size of stel is more bet-
decisions [6]. Thus, it could be expected, thaér at application of the first variant. The dif-
firther modeling of crack growth would be corference between the characteristic sizes of
rect. crack, calculated after 24 and 48 steps of
problem solution, which corresponds
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30x10¢ cycles of loading is not significant z"
and folds 2.6% for the first variant and 1.1%
for second variant. However, the final char-
acteristic sizes of crack after 48 steps differ
on 14% for two variants. Dependence of er-
ror of length of crack calculation at M steps
of problem solution in relation to the charac-
teristic sizes of crack, certain at 48 steps for
the front points, that is located on lines along
axesz' (8=0').2%(8=90) for the first variant

shown on a Fig 11. The general view of con-
figuration of crack front and near-tip area

z?

N=0 (initial crack front)

after 30x 10 cycles by comparison to initial, r a)
shown on Fig.12.
B(%)
G
\ ‘ ‘ N=30%108
TN — 6=90
) \\ ----- 0=0
3 \.
5 ta, \\"--.._
- "--...,_‘““
1 - T
T==--_. ] 22'
0 M N=0 (initial crack front)
53 g 10 12 14 16 18 20 22 24
6)
Fig. 11. Arelative error of length of crack calcu- Fig. 12. Configuration of crack front and near-
lation tip area of discrete FE model at application of the

first (a) and second (b) variants of algorithms
As as can be seen from Fig.12 the selec-

tion of algorithm significantly affects not Further decision of problem has shown,

only the quantitative growth of the crack (théhat the crack front in future transformed to

number of cycles and the characteristic sizesiycle shape and the process of crack growth
but also on the final configuration of theoccurs rapidly (Fig. 13).

front. According to work [6] by conclusions,
growth of initial elliptic crack will come true
so that configuration of front will head for a —

circle. The marked reasoning is fully con- 1

firmed that the modeling of crack growth in

every point should be in a direction orthogo-

nal to current configuration of front (Fig.12, o \

z'

a). In another case, configuration of front

crack takes shape of ellipse, prolonged in di- ﬂ 5
rection orthogonal to the initial location of g
front of crack (Fig.12, b). R \

| Z

«

Fig. 13. Configuration of crack front afteN of
loading cycles: 1-initial crackNc0), 2 —
N=16*10"; 3—-N=20*1C%, 4—N=24*10% 5—
N=32*10%; 6-N=48*1C0°; 7—-N=56*1C"
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CONCLUSIONS plates under single-axis loading condition.
Tp. NGASU Proc., 2002, Nr 1, 22-31.
1. The developed algorithm of10.Savruk M.P. 1988. Fracture mechanics and

restructuring of FEM discrete model strength of r_naterigls: Right. l_\/IanuaI_, VoI._2:
provides the ability to reliably modeling The stress  intensity factors in bodies with
crack growth. Numerical results of solving cracks Kiyv, Naukova Dumka, 1988, 620.

L ; 1.Sharan Shailendra K. 2000. Elasto-plastic
the test problem coincides with the Calculate%i finite element analysis of a crack in an infinite

results of other authors. plate: Int. J. Fract. 2000. 103, Nr 2, 163-176.
2. Applied assumptions about thejpTroschenko V.T., Pokrovsky V.V.,
development of cracks in a direction Prokopenko A.V. 1987. Crack resistance of

orthogonal to its current configuration metals under cyclic loading conditioKiyv,
dozvolyayuye adequately simulate the Naukova Dumka, 1987, 257.

process of crack growth in spatial bodied3.Yonglin Xu. 1998. Self-similar crack
which are characterized by a curved crack expansion method for two-dimensional cracks

front configuration and variability values SIF ~ under mixed mode loading conditions: Eng.
along the crack front. Fract. Mech., 1998, 59, Nr 2, 165-182.
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Weakened by the Underground Mines Under the Seismic Load
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Summary. These article describes the researching results of the underground man-triggered cavi-
ties’ influence on the stress-strain state of the «soil base — foundation — structure» system elements
under the seismic loads using the numerical simulation.

Key words: non-uniform deformation, frame, numerical modelling, mine, underworked area, seis-
mic load, SFSI.

and other minerals underground extractions,
INTRODUCTION because they are related to the specific man-
triggered processes. The main question is
Today we need to increase the reliabilitythe necessity of the accounting the mutual
and the safety of the buildings and the faciliinfluence of the buildings and facilities on
ties usage (especially) in the seismic regionthe built up areas with the anthropogenic or
of Ukraine. It can be reached if we will do natural origin voids. All this can be con-
complex analysis with the numerical simula-cerned to the subway lines, underground
tion with the usage of the seismic affectiortransport tunnels, man-triggered premises,
on the buildings components. communications tunnels and cavities which
In the most cases there is the one specihistorically formed in these areas (the cata-
loading in force combinations is being con-combs, the underground passages and struc-
sidered at the designing [1]. At that time, a:tures). The solution cavities have their own
the other special loading can be added icharacteristics of the underground cavities
practice, and this also can lead to the informing.
creased (total) impact. The proposal of thc This paper describes the problem of the
additional effects accounting was made cinfluence of the man-triggered underground
the new edition of the design standards [2 cavities on the stress-strain state of the
which can arise during the construction orbuildings and soil base by the actions of the
the collapsible soils. There are a lot of theseismic loads.
scientists agree with this point of view. The
European design standards [3] give the d¢

signer opportunity to consider emergenc PURPOSE OF WORK
combinations of the loading at his own dis:
cretion. The purpose of the researching was the

The one of such problem is the task of thiqualitative and quantitative estimation of the
accounting the underground cavities, whictinfluence on the strain-stress state of the
can affect on the behavior of the soil baseframe structures from the presence mines in
This article doesn’'t describe the commorthe soil base and the consideration of their
problems of the surface treatment at the coipossible destruction.
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ANALYSIS METHODS ing on stress gradient in this zone and the
OF EXTRACTION character of loading (static or dynamic).
For discrete systems with many degrees of
The existing engineering calculationfreedom for FEM we have system of ordi-
methods strongly limit the possibility of the nary differential equations:
excluding the impact of the mines on de
signed and operated building or structure d? d ]
These tasks are difficult because of the ne!™1 gz (U3 + (€150} + KUY = {Q(0)} - q)
cessity of the verifying the theoretical
propositions; obtaining the detailed baselinwhere: M] — mass matrix, ] — dissipation
data for the materials and loads as well ématrix, [K] — rigidity matrix, {U} — vector
the time-consuming calculations. Such redisplacement, @(t)} — loading vector repre-
searches today are possible to carry out onsented as a time function.
by the numerical modeling. To estimate the stress-strain state of the
constructions under the seismic loads pre-
sented as three-component calculation accel-
NUMERICAL MODELING CONCEPT  erograms.
In the deformation of soil under the influ-
Modern development of the mechanic cence of dynamic oscillations, a significant
massive medium relies on the phenomencrole is played by the internal and external
ogical models for load and deformation deprocesses associated with energy dissipation.
termination in the soil base, oriented oFor structural constructions and bases, the
opening of deformation processes in the memain role is played by forces of internal re-
sive medium. Algorithms of the mechanic osjstance caused by the rheological character-
massive medium use mathematical set jstics of the material behavior.
theories of elasticity, plasticity and creer To describe the decay processes should be
based on the experimental parameters. To (used dependencies obtained from experimen-
termining baseline data and choosing defotal data. However, given the complexity and
mation models, soil base modeling is re|at€high cost, and in some cases impossible to
to the problem of the iterative solving oiconduct experiments using different models
high-order equation systems, which requireof damping. In this work one of the com-
massive computer resources. As a result, monly used Foight model, where dissipation

most cases, calculations on seismic impac[C] represented by the expression:
are limited to the use of simplified model

and computational methods, which prevents

consideration of the real properties of a soill [CI=RIK], (2)
base (e.g., the Winkler soil model and simile
models). where:p — damping coefficient with stiffness

Such approach requires the use of the nmatrix.
merical simulation methods of the processt To describe B damping the slide-

of soil deformation on various stages of loacdecrement oscillation$ used in standards
ing as a necessary condition for Prognosis 12]. To apply the parameter of the overall

stress-strain state of the soil base. The finiyjscosity ¢ should be determine due to dec-
element method (FEM), boundary elemen oment of oscillations:

method (BEM) and others are used success-

fully for calculation of stress strain state _ 6 _ B w
(SSS) of the soil base. Also it is necessary to Van? + &2 2
emphasize new problem of the identification _
of the functions defining change of parame'VNere:wo— natural frequencies.

ters that correspond to the soil state deper Value wy was adopted with first natural
(eigen) frequency of the construction.

3)
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INTERACTION STUDY OF THE FRAME BUILDING WITH FOUNDATION
WEAKENED BY THE UNDERGROUND MINES UNDER THE SEISMIC LOAD

External factors for energy dissipation inobject — the residential complex (Fig.1) the
clude the interaction of the system with eleerection of which was planned on the poten-
ments of the environment in which the osciltially underworked area.
lations occur — the surrounding soil, air, spe  The multistoried residential complex with
cial damping devices, seismic isolation systhe underground parking is the complex of
tems, and so forth, designed for oscillatiothree 23-storey buildings, and the last two
damping. These processes are not directly ifrom those building are the three-section
lated to deformation of soil or of the con-constructions, which have the expansion
struction’s material, but affects the overaljoints between the sections. The complex of
energy. In this paper we used one of the mcthe three buildings unites the solid two-storey
common options for incorporating energy reunderground parking under the entire area of
diation into outer space — the limiting dampthe complex (Fig. 1). Each section of the
ing method proposed by Lismer [14] anwresidential buildings is the multistory con-
based on the use of viscous damping of dstruction: two underground floors of the
grees of freedom on the boundary elemenparking, 23 aboveground floors and technical
The method provides absorption of enercattic floor. The frame of buildings is de-
approaching the border, and prevents tlsigned in a monolithic form. The foundation
processes of wave reflection at the boundof the residential complex is the pedestal
ries of the body corresponding with actuefooting with the jacked-in piles, the length of
conditions. piles is 13m, cross-section of piles is

To estimate the stress-strain state of tt350x350mm. The height of the grillage for
constructions under the seismic loads prthe altitudinal part of the building is 1.5 m,
sented as three-component synthetic calcu for parking — 1.0 m.
tion accelerograms the method of the dire
integration of incomplete spectrum of the
own pares is used. Vector of full displace-
ments can be factorized by forms of the ei
gen-oscillations and written through the am- »
plitude and eigen forms as a sum: 3

N

(v} =) at(x) (4)

i=1 y

where: A' — amplitude of the oscillations,
{X} — vectors of the eigen oscillation forms,
N — number of eigen oscillation forms.
Characteristics were defined through Du-
hamel integral for each component of thefig. 1. A multi-storey residential complex with
spectrum during the period of seismic oscil-underground parking:
lations validity. While the number of the own 1 — adult zone, 2 — children's area,
pares is increasing, their contribution to the3 - flowerbed,4 — border of the parking
displacement value is decreasing.
The geological structure of the site (Fig.2)
is represented by the quaternary settlement,
SOIL — FOUNDATION — STRUCTURE  the Neogene soils are located below. The en-
INTERACTION tire stratum of the surface is covered with the
filled solls.
Let us consider the research of the mutu
influence on the system elements «soil base —
foundation — structure» in the case of the real
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Odessa area. The structure of the limestone

P 1 1 strata is following: the lower part is repre-

L sented by the uniformly cemented saw lime-

TUIELATTTTT AT - stone, the top part is composed by the
L strongly recrystallized dense limestone -

@ coarse gravel. The sawing limestones are the

T % enough light formation (the volumetric

e weight is 1100...1500 kg/in

N O I@ T T T T3

I| \"A'J:ﬂ |\ !_  Fity \_‘ I_ll_‘l_ Jl_ J‘_ =
== I I I I I IU\ I I I I I I H=

[P filled soil: organic =——=+—— stiff fat clay
’:‘:‘Q’:‘% clay with waste =

[ | | =g li d d:
ITEITJ= (Farmeysers,
[ B

[ loess lean clay I_— []shell limestone
Hizm
III@]II loess lean clay @ stiff limestone
]III loess lean clay @ very stiff fat clay

Fig. 2. The geological conditions of the site

The presence of the underground mine:rig 3 | ocation of mines that were detected
which eventually possible can cause thenearby the pit of the residential complex:
crash of the ceiling coving is fixed near to1 — altitudinal part of residential complex,
the excavation of the building in the shell 2 — border of the parking3 — underground
limestone’s layer (EGY — 10). The planning cavities (mines)
and vertical characteristics of the mine are
shown in Fig. 3. This can cause the collap: The researches of the mine influence and
deformation and surface dips at the larger dthe residential complex are conducted by us-
structions. Some reasons of the ceiling coing the numerical modeling of the teamwork
ing collapse are the pressure from the neof the system elements «soil base — founda-
buildings and the dynamic load (seismic intion — structure», this model was made by the
tensity of territory is 7 balls). Therefore, thefinite elements method based on the auto-
researches of the mutual influence of trmated research system «VESNA» in the
building and the soil base with the minethree-dimensional model. The soil base was
were conducted with the considering emeconsidered as an elastic laminated soil ac-
gencies. cording to the geological section (Fig. 2).

Odessa mines are the underground quiThe soil parameters are the following: the de-
ries, where the stone buildings formerly dicformation modulusE, the specific gravity,
There was the widespread in the central pithe Poisson coefficient, the specific cohe-
of Odessa region shell limestone layer e:sion c, the angle of the internal frictiah
tracted in that place for the building purThe minimal value of the deformation
poses. It was only durable and affordab/modulus for the limestone layefs=50 MPa
building material in the steppe zone of soutthas been accepted for the ensuring the reli-
ern Ukraine. At the present time the Pontigability of the calculations. This value corre-
shell limestone cover all the central part csponds to the low compressibility soils (the
Odessa region. The average stratum of tuniaxial compression strength is
limestone layer varies from 5 to 12 m ne¢Rc=0,8...1,0 MPa according to the research).
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The solution of the problems on the effecmestone, where the mine is made.
of the static and seismic loads were provide
for the consideration of the interference be:
tween the construction of the residential
complex and the parking in terms of the po-
tentially underworked territory based on the
emergency situations: f

— the interaction between the building anc
the soil base does not taking into account th
presence of underground mines,

— the interaction between the building anc
the soil base including the presence of un
derground mines,

— the interaction between the building anc
the soil base forced by the destruction of the
catacombs,

— the interaction between the building
with the soil base under the action of the
seismic loads.

The part of the complex (Fig. 4), which is
located closer to the underground mines cor
sidered for the evalua?ion o_f the coIIaborativefor solving the problem of teamwork structure
framework and the soil, which has the under ., <oil base by using «VESNA»:
ground cavities. _ _ 1 — altitudinal part of residential complex,

The results of the numerical modeling col-o _ parking, 3 — laminated soil base,
laborative system «soil base — foundation -4 — underground cavities (mines)
structure» do not taking into account the
presence of the underground mines based The stress-strain state soil mass on the
the following: the predicted settlement belovweight of the building with taking into ac-
the center of the gravity of the building iscount the presence of the workings in the vi-
expected to be not more than 4.8 cm; the sicinity of the pit complex was accepted for the
tlement of the last row of the piles — is ncassessing the relative subsidence of the resi-
more than 1.57 cm. Wherein, the settlemedential complex, with the possible ceiling
of the soil base in the area of undergrourcoving mines’ collapse. At the same time the
cavities is not more than 2...5 mm. stress and strain of the previous stage were

The comparison of the bearing structure:considered.
strains of the building and the soil bases el The numerical modeling of the disaster
ments showed that the presence of the undcollapse of the catacombs ceiling coving was
ground mines near the excavation compleshowed that the deformation of the soil base
actually doesn’t cause changes. The calcufragments are expected in the area which
tions were made for the soil base does ndoes not cover the foundation of the altitud-
taking into the account the presence of ttinal part of the residential complex. At the
underground mines, and with taking into acsame time, the predictable additional dis-
count their availability. In this case of theplacements of the parking foundation (Fig.5)
vertical stresses in the elements of ceilinthat are causing the destruction by the emer-
coving of the underground mines (zone neggency mines are not essential. The corner
by parking’s corner) are expected not moizone of parking received the additional set-
than 50 kPa by the results of the calculationtlement by 0.2 ... 0.8 mm. The settlement of
This is not more than the domestic pressuthe piles on the contour is expected maxi-
and is perceived easily by the layer of the Imum value 0.8 mm. In this case the predicted
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Fig. 4. Three-dimensional finite element model
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relative difference of the settlements at grilseismic loads were performed using three-
lage’s corners (Fig.5) iASL=0,00003 (the component calculation accelerograms.
maximum value by Code [4] is Seismic load was modeled using special
(AS/L),=0,002). accelerograms designed especially for this
The numerical modeling for the systensite and derived from the actual earthquake
«soil base — foundation — structure» werecords of Vrancea zone and local regions.
made by the direct dynamic method in ord¢ The oscillation amplitude for the designed
to research the strain stress state of the beearthquakes from the Vrancea zone is much
ing structures of the residential complex frormore intense so the results using these accel-
the effect of the seismic loads. The Voicerograms will be determined.
model is used as the model for the ener¢ According to the results of the numerical
dissipation for the soil and structures foSimulation we got contour plots of the enve-
solving this task. The own couples (for buildlopes of the maximum and minimum pres-
ing structures with the soil base) were calcisure for the frame structures of parking in the
lated to select the seismic loads and to ddirectionsX, Y, Z, which must be considered
termine the modes and the frequencies of tas the extra possible changes to the static
oscillations. These own couples were calcistress state.
lated in an amount which corresponds to a < The analysis of the results showed that the
of the modal mass in the directioXs Y, Z additional vertical forces in the piles of the
accordingly 85%, 85% and 75%. parking are expected #8=10...184 kN (ex-
treme values). The efforts in the cover plate
0.8 mm Uz mm W52 parking from the seismic load can
.:  reach values Mx=52..9,3  kNi/m,
%o My=5,2..11 kNm/m. The increase
fgﬁ; efforts in the grillage of the parking lot is ex-
o pected to Mx=33...112 KNm/m,
g My=52..148 KNm/m (momentary extreme
m°> Vvalues). Expected gain of the vertical pres-
m*  sure under the action of the seismic loads
~ m®¢ (dynamic composes) does not exceed
100 kPa in the walls and the ceiling coving
of the underground mines near the complexes
excavation. In this case, the total value of the
vertical pressures in these elements is ex-
pected not more than 200 kPa, which does
not exceedrc.

The damping parameter was adopted a The trac_king r_noving of the cpntrol points
cordingly to the higher frequency oscillation:Vere provided in the calculations for the
of the system «soil base — foundation — stryS€iSMic loads. These points are: the grillage
ture», which amounted tooy=2,67 & corners and the cover parking (Fig.6); the

(n=0,425 Hz), ), that corresponds to the p'point on _the ceili_ng c_oving of the unde_r-
riod of natural oscillationsT;=2,353071 s. ground mines, which situated near the build-
The logarithmic decrement of the oscillation'N9’ the bottom and pile head Wh!Ch is lo-
was assumed such that correspond&=a% cated closest to the underground mines.

of the critical damping of the oscillations The “analysis - of 'the received resul_ts
(5=0,3145). Thus damping parameter WEs_howed that the maximum expected devia-
£=0 637 ' tion of the pile head i&/x=37,3 mm (on 83

The calculations of the system «soil bass)’ Uy=42,8 mm (on 71s)jz =7,8 mm (on

: ) 68 s).
— foundation — structure» on the action of th ™", oo displacement of the gril-

Fig. 5. The increase of settlement on the result:
of solving the problem of “soil-foundation-
structure interaction” for the forced destruction
of the catacombs
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lage with the soil projected by the amount care situated,
Ux=38,0 mm,Uy=45,6 mm,Uz =9,7 mm. * The settlement of the mines’ ceiling
According to the results of the numericacoving, relatived to the floor in the loads
simulation from the action of the seismiittransmission from the building did not ex-
loads the slope roof slab parkingus=37,8 ceed 5mm and did not exceed the soll
mm, Uy=43,0 mm,Uz =8,0 mm. The control strength,
point on the ceiling coving of the under- <« The research of the emergency destruc-
ground mines get displacemés=37,6 mm, tion of mine influence showed that the de-
Uy=44,1 mm\Uz =7,8 mm. formation occur within the radius 23 m and
do not affect at the soil base of the altitudinal
P—— 2) part of the building. However, due to the
possible heterogeneity of the soils in such
circumstances the usage of the pile founda-
tions is justified,

» The influence of the mines destruction
on the parking’s foundation may lead to the
additional settlement of the small amount of

f , the piles, which situated near the mines due
20,06 ] to low soil deformability. The usage of the
grillage with cross straps enables the saving
of the parking operating properties meet the
requirements of standards [4],

» It is established that the seismic loads
can lead to increase the pressure in the ceil-
ing coving of mines up to 2 times, do not

X ; - lead to exceed the strength of the soil and do
the results of calculations using the calculatior . .
accelerograms for th& — magnitude earth- hot cause t'he destruction of the mine,
quake from Vrancea zone in directions: * We find that under the action of the
a— alongX, b — alongY, c— alongZ seismic influence prevails rigid building
foundation moving along with the soil. The

Thus, the simulations were performed fcmaximum displacement of the grillage in the

the case of an emergency in order to be atspace was 50,4 mm at 71 s of load.

to draw conclusions about the interaction ¢  The numerical modeling results confirm
piles of soil base and the impact of their bethe fact that the stress-strain state of the soil

havior catacombs. base and the load-bearing elements of the
building significantly react to the impact of

each element of the system: its own stiffness

CONCLUSIONS of the building, the components and the

foundation stiffness, the characteristics of the

According to the results of the research £Soil base, the presence of the underground
using the numerical simulation was found: natural or man-made cavities, etc. All this

« The presence of the underground min¢confirms the necessity for a detailed study of
in the soil base near the apartment Comphthe interference system «soil base — founda-
almost does not cause the stress-strain sttion — structure» in the designing for the reli-
changes of the building load-bearing eleable operation of the structures during the
ments and the soil base. At the same tinusage in the future by the numerical simula-
vertical stresses in the soil (the ceiling covintion considering the action of the seismic
and the walls of mines) do not exceed 1(loads. This approach makes it possible to ap-
kPa. This pressure is sensed by the layer preciate the character of the building interac-
the limestone where the underground min¢tion with the having cavities soil base: to as-

S0 SEos So=os
o cooo ooomo
E& EOR=o—ORnESR

Fig. 6. Displacements of grillage corners on
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sess the impact of the building load of th
building on the underground structures; t
assess the impact from the presence of 9
cavities on the stress-strain state of the loa
bearing elements of structure.
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Calculation of Deflection of One- and Two-layer Slabs
Supported on Four Sides

Dmytro Smorkalov

Kyiv National University of Construction and Architecture
Povitroflotskyy prosp., 31, Kyiv, Ukraine, 03680, e-mail: smorkalov@i.ua

Summary. Presented method and results of experimental research of deflection of one-layer and
two-layer slabs influenced by short-term lateral load. Proposed method of calculation based on the
limit equilibrium method, calculation of slab deflections values by LIRA-CAD bundled software. The
comparison of experimental and theoretical results of the calculation of deflections slabs.

Key words: slab, deflection, steel fiber concrete.

cant reduction of strength and value of the
INTRODUCTION primary concrete and reduction of the num-
ber of reinforcement rod. Thus, there are pre-
Layered constructions are increasinglconditions for obtaining high indices created
applied in building recently. When appropriwhile their cost drops.
ate composition of separate layers is selecte
multi-layer constructions with perfect con
struction properties may be created [9]. La' PURPOSE OF WORK
ers are mostly composed of heavy concre
and effective steel fiber concrete. Such col The main purpose of proposed work is the
structive decisions have a widespread use comparison of proposed method of deflection
road and airfield pavements, logistics areacalculation for layered slabs under lateral
heavy-weight industrial floors, etc. [13, 15load with the results of experimental
16]. Among the most promising trends oresearch.
reasonable usage of steel fiber concrete is
application in composite structures, as a rul
in combination with concrete or ferrocon EXPERIMENTAL RESEARCH
crete, with distinct partition of functions of
every material. In particular, the steel fibe According to the set purpose of research,
concrete that is rather thriftily applied alon(slabs of 4 series were produced, two slabs for
the construction outline, in a thin layer, proeach series. The scope and outline of experi-
vides high crack resistance of constructionmental studies is set in Table 1 [5].
as well as well as its high durability due tt The total size of single-layer slabs
high indices of tensile strength, frost resicamounts to 800x800x60 mm; the thickness
tance, corrosion resistance, and high rates of each layer of reinforced concrete (concrete
other types of resistance of the steel fibiand steel fiber concrete) in two-layer slabs is
concrete [14]. At the same time, this solutio30 mm.
provides necessary preconditions for signifi-
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Series | (PF) represents a slab made ®#fble 1. Scope of experimental studies
steel fiber concrete.

Series Il (PZ) represents a single-layer ré-se. | sjab _ Composi-
inforced concrete slab with single-layer rein- ries | grade Section tion
forcement @4 Bp-I laid at the bottom of the .

. . 1-steel fi-
slab with protective concrete layer 10 mm PF-1 A ber con-
thick with 75 mm pitch | 7 Q| crete

Series Il (PBF) represents a two-layer PF-2 800
concrete slab, the top layer of which is made T
of unreinforced heavy concrete and the be- pPz-1 e ~

. - (| reinforced
low one — of the steel fiber concrete. N 1 |ssssassss %{ concrete

Series IV (PZF) of studied samples repre- P72 800
sents slabs consisting of an upper layer of
steel fiber concrete and a heavy concrete PBF- ; " - _

. . . e & concrete;
layer reinforced with metal reinforcement " 1 ———— 1 2_steel fi-
mesh @4 Bp-I set with 75 mm pitch. e vy 2 ber  con-

Slab concreting was carried out in two 2 1 crete
stages. Slabs of PZ grade and concrete layers — T—steel i
of PZF and PBF slabs were concreted at the 1 4 s | ber con-
first stage. Siliceous sand and gaint gravel of,, 7 | crete;

) I Frarsrererareren .
5...10 mm fraction; Portland cement of PZF- | ~ 2 s00 ) 2-
M400 grade was used as binding material; 2 L‘z'gifg‘igd

water-to-cement  ratio amounted @t
WI/C = 0,4. Plates of PZ and PZF grade we
reinforced with binding wire mesh of Bp-I
grade, 4 mm in diameter and 75 mm pitch
two directions. Concrete protective layer we
10 mm. The surface is bush-hammered whi
the concrete is immature.
At the second stage, after 4 days, slabs
PF grade were concreted and steel fiber cc
crete layer slabs of PZF grade were additio}
ally concreted.
Steel fiber concrete contained steel fib¢
with diameter di= 1.0 mm and length
ls = 36 mm; volume percent of reinforcemer
was s = 1%. Fine concrete without coars:
aggregate was used as a concrete matrix; \
ter-to-cement ratio equaled to W/C = 0,4.
General appearance of testing bench
showed on Fig. 1.
The same calculation model was applie
for both the one- and two-layer slabs exposed
by lateral load: a slab is hinge-supported oRig. 1. General appearance of testing bench
four sides and influenced by evenly distrib
uted load (Fig. 2)
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130 180 180 180 I3 The load was applied by two hydraulic

jacks of 250 kN united by common oil circuit
lpA)/lp/up/ connected to a common pump station.

130 Before testing the slabs, physical and me-
JSV/ ot 1o 1o chanical ties of used material
\ 1l N | properties of used materials were
180/ L Ei PJ; P}; determined: those of heavy concrete, steel fi-
180 Py 1 i 1

ber concrete and reinforcement (Table 2).

1307 bbb
Mauma - 7 7 A Table 2. Physical and mechanical properties of
50 /$ 700 %) 30 concretes and reinforcement

a Strength,
Type of MPa Tensile |Starting elas-
concrete o C
fitting strength, | ticity factor,
& o = o— & i ) MPa MPa
% | e cube| prism
| | ~
2\‘? PITAT
| | b=
1\\|I| ] =y concrete | 16,3 11,9 1,5 22500
| | i
S &|——u
: : 0 Steel fiber
(o —o -~ =1 o0 o =y concrete | 19,8| 14,5 1,63 24600
<
50 ‘175 175 175|175 | |50
b Rein-
forcement — - 393 192000

Fig. 2. Distribution of load 4), and supporth) Bp-1

upon slab:

1 - hinged support2 - cylinder support According to results of experimental stud-

ies with regard to nature of destruction [10],

It is suggested that 16 concentrated forc 5| sjabs collapsed according to normal sec-
evenly allocated on the slabs surface show tjgns.

significant difference during the operation, a

compared to evenly distributed load, that |

why in further theoretical study of strength AL CULATION OF DEFLECTION

crack resistance, and deformation of studie

slabs a design model was adopted for sla e proposed method based on the limit
supported by hinged bearings on four sidtgqyjlibrium method, which may be repre-
and influenced by evenly distributed loacsented — during the state of limit equilibrium
The load was applied by degre@s2,0 kN _ py the system of disks united along the
with 15-minute timing at each stage to tak|jnes of fracture with plastic hinges.

rgadings 'fro_m devices. The value of load wi¢ g proposed by A. A. Gvozdev [4], it is
fixed by indices of model forcemeter of hy yossible to make use of characteristic points

draulic pumping station. Before testing thj ang 2 on the diagram (Fig. 3).
hydraulic system consisting of a pumpin

station, jacks, and model forcemeter was
calibrated using model forcemeter of Toka-
rev system.

During the application of load in the cen-
ter of the slab deflections and deformations
over supports were recorded using time indi-
cators with 0.01 mm scale graduation value.

a7
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P fracture, cracks are formed and significantly

tot . .
increased on a slab. At the same time, areas
with cracks will be especially distorted that
will mostly determine the maximum value of
slab deflection.

If insignificant curvature of slab areas ne-
glected bearing no cracks, but rigidity is
high, the slab calculation model may be rep-
resented as stiff disks connected by yielding
bracing with widthA. Bending rigidity of all
joints is  calculated according to

f V.M. Murashov theory [7], though the coef-
ficient y is taken as a one, as the reinforce-
Jfo S o ments reaches instability the influence of
stretched concrete between cracks disappears
Fig. 3. Design diagram of slab deflection: or becomes insignificant. This assumption

1 - cracking 2 - appearance of the plastic hinge Substantially simplifies the calculation.
For further simplification the angle frac-

/

Py

2
P. ***’*****ar/
\
|
\
\
\
\
|
\
f

Deflection values in the areas betwdgn
and fu are determined by interpolation.

The general view of the formufaof slab if concentrated along the lines of fracture.
deflection of slab supported on four sides arThe calculated deflection surface prior to ex-
bearing a cracks, may be obtained from tthaustion of the bearing capacity turns out to
following ratio: be similar to the surface used in calculating
by limit equilibrium method for the calcula-
tion of works on possible movements.
Though such likening is not accurate, it al-
lows determining the maximum deflection at
a rather decent level.
where: g, and g — load at destruction and There is a calculation model of square slab
crack formation, presented on Fig. 3 and a diagram of angle
fu andfe — slab deflection at the moment orotation at slab center deflection that is equal
destruction and crack formation correspontto f,. Owing to symmetry, the fracture dia-

ture between discs equal 1% is assumed as
r

- f,— f
qu qCI’ —_u cr , (1)
q - qcr f - fcr

ingly. gram of valueA for all plastic hinges is the
same.
It should look as follows: Rigid discs of the slab will turn in relation

to supports by angle:

a-q
f=f +97% f 5y, (2
Gy~ O ¢_2f @3)
2

The valuef,, is determined based on elas

. . ) Mutual angle adjacent discs:
tic system calculation according to logg, g )

which in turn may be obtained by bendin 5 /2t
factor, when first crack appeared in a sle ¢:7U:A1 , (4)
area with the highest tension. | r

The deflectiond at the moment of forma- Where:
tion of plastic hinges may be determined ¢ B IAf
foll 1:u - ’ (5)
ollows. 2./2E(d - x)

Until the conditional yield point of rein-
forcement achieved along all the lines o
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here: 1 ¢ itivlicati fvalue of current deflection by introducing the
where. —— cuhvature-mutiplication - ot cajculated value of width of deformed area

which byA equals to reciprocal angle of rota
tion of adjacent discs:

b\ 2 /
N,/
1 _ fym (6) \ i Y j7/
r E(d-x) ~ /’/’ ‘\3\

. ///;\\
——~— — factor derived from geometrical con- l ,
2/2 o
siderations, which is transition to the angle « 7.
rotation of the disk relative to the support, v

For fiber reinforced structures (such as f a
ber concrete) the valug andE;s at the point ,
of critical steel stress is replaced by the valt
for and elastic modulugs suitable to the ma- o
terial. For two-layer slabs the given geome 4 r
ric, strength, deformation properties of twi T 5
materials are used. S \ /

By the combination of Eq. (2)-(6) we car - 2 4
define a final ratio for the calculation of cur: ,f" b i

rent deflection of the slab supported by fol

sides influenced by evenly distributed load: b

Fig. 4. Calculation diagram of square slab influ-
f=f + 97 (EA —f), (7) enced by evenly distributed load:
“g,-q, r o a — fracture diagramb — diagram of disc rotation
angle rate

where: fe; — slab deflection at the moment o The value of fcr and gcr can be calculated
of formation of the first cracks in stretche(if the combine Eq. (7) with the formula

area of the element, B.H.Galerkina [2] for square plates, sup-
der — load, when first cracks were created, ported on four sides, the deflection at the
Qu — load corresponding to the limit of thecenter of slabs:

slab bearing capacity.

Thus, the calculated width of deforme ql*
areaA remains unknown in the Eq. (7); as f= 0,04706ﬁ : (8)

result it is not possible to calculate the vall
f. _ _
In order to solve such problem the follow 10 determine the width of the deformed

ing method of finding the desired value 0Z0n€A slabs a series of isolated points on
boundary value of the slab deflection is si@ré usually prescribed in the operational

according to the standards for that class (working) load range: often — is 0,7..0,8
structuresf,=[ f ] apply it in the Eq. (7) from destructive load. To find the valaeus-

f=f,=[ f]. The Eq. (7) is settled with respecind Ed. (6) and (7), taking into account the
to valuea and then obtained result is applie SPecific slabs construction.

to the Eq. (5), therefore obtaining the deflec Results of calculation of one- and two-
tion at the time of formation of plastic hinge:/ayer slabs by the limit equilibrium method

with regard to real-specified parameters. /aré shown on Fig. 7, 8.
the same time, the result of Eq. (7) shows the
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Considering complexity of mathematica
calculations for slab deflection due to ane
lytical methods [6] and unsatisfactory preci
sion of results, a decision was made to ¢
calculations on computing machine with
help of LIRA-CAD bundled software [3, 8].

The basis of LIRA-CAD is represented b
the calculation of components and structur:
by finite element method [3].

The calculation model of a slab (Fig. 5) i
built out of tridimensional finite elements
(type CE-36). The slab is separated into 144
finite elements according to plan. The sel
tional area of the slab is composed of 12 la
ers 5 mm each. The load is applied in tt...
form of 16 concentrated forces. The distribu
tion of load and supports is accepted as per

w

.

Fig. 6. Diagram ofCE-36 finite element

Fig. 2.

b

Fig. 5. Calculation model of slab in LIRA-CAD:
a —general viewp — side view

The assumed calculation model makes it
possible to change the rigidity of materials
for both one-layer and two-layer slabs.

The slab calculation was performed in lin-
ear position for loads corresponded to load-
ing pitches at testing. Non-linear physical-
mechanical properties were taken into con-
sideration by means of changing the elastic-
ity modulus.

Initial values of elasticity modulus for
concrete and steel fiber concrete were as-
sumed according to [1], that s

.= 22,516 MPa Ey = 23,8-16 MPa.

In accordance with recommendations [11]
the nonlinear behavior of construction is rec-
ommended to consider by means of introduc-
ing decreasing coefficients: 0,2 — in case of
any cracks, or 0,3 — in case no cracks re-
vealed.

That is why during the calculations the
decreasing coefficient was 0,3 before appear-
ance of any cracks and 0,2 — after the first
cracks appeared. Reduction of slab rigidity as

The CE-36 finite element is a universala result of crack was also considered by
tridimensional eight-node isoparametric fimeans of introducing zero rigidity elements
nite element, designed for the calculation af the tensile area within height of the crack.
tridimensional constructions. There is a diafhe rigidity of slab supports was not reduced

gram represented on Fig. 4. Each of finitg avoid forcing through the slab thickness
element nodes has three degrees of varianceas a result of calculation of one-layer

U, V, Wdefined with regard to global coor-

slabs in LIRA bundled software, diagrams of

dinatesX, Y, Zand are linear displacementsieflection of the slab centdr of the total

according to axis, whose positive directiofpressureP,=16P; were obtained, which are
coincides with the direction of coordinatepresented on Fig. 7.

axis. As a result of modeling, there are

19,773 nodes and 17,328 elements.
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the total pressurd®,=16P; were obtained,

Proy, kN which are presented on Fig. 8.
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Fig. 8. Calculation results for deflection of two-
layer slabs of seriell gradellb® (a) and slabs
or seriedV gradell3® (b):

1 - experimental;2 — calculation by the limit
equilibrium method3 — calculated in LIRA bun-
dled software

Fig. 7. Calculation results for deflection of one-
layer slabs of seridsgradell® (a) and slabs of
seriedlI gradel13 (b):

1 - experimental2 — calculation by the limit
equilibrium method3 — calculated in LIRA bun-
dled software

When calculating the two-layer slabs, re-
levant elasticity modulus of material was af

plied for each slab layer. The value of de : , .
creasing coefficients and zero elasticity ele. 1. Given that today's construction industry

ments were applied similar to the calculatio'™ rep_resented by the vigorous Process of n-
creasing the strength of construction materi-
of one-layer slabs. als, particularly concrete and reinforcement
As a result of calculation of two-Iayerdué I?o achievgments in chemistry, there is:';l
slabs by means of LIRA bundled software Y:

diagrams of deflection of the slab centerf strengthening of quality indicators of build-
ings and constructions, in particular bearing

construction arrangements. Thus, systems
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making it possible to work in a multi-axialdefinition of deformation modulus and the
load state (shell structures, slabs, wall-beanheight of crack creation to set the zero rigid-
etc.) are getting more popular. There is ¢ity elements.

opportunity to significantly reduce the cos
by reduction of cross-section operation:
overcuts at the expense of increased stren
of materials. The new technologies make

possible to perform the most complex desicl-

elements made of any materials. Consideri
the current trends, it should be noted that tl
issue of performance reliability for buildings
and structures is not about the strength r
quirements, but the rigidity of elements an

buildings in general. Therefore, the study (o

rigidity (most commonly the deflections) of

examined slabs seems to be a topical issue 3.

2. Another question this work bears an ai
swer to is the feasibility of using multi-layer
slabs. From the point of view of rigidity
(bending) of slabs, the two-layer slabs ha\

an advantage: they show 10% less defle™

tions, than the one-layer ones. Considerir
the higher level of crack resistance of tow
layer slabs, the use of two-layer slabs is abs
lutely justified.

3. Calculation on computer using LIRA
bundled software provides wide opportuni
ties to determine rigidity (deflection) for botr
single-layer and multi-layer slabs owing t«

computing technologies. However, the calct6-

lation results obtained indicate deficiency i
accuracy compared with the experiment:
data. The fact is that compliance with regulz
tory guidelines, implemented to conside
nonlinear structure operation by introductio

of decreasing coefficients, sometimes dog,

not match the actual conditions of slab de
formation. Furthermore,
doubts as to the correctness of defining tt
depth crack distribution along the slab heigh
which determines its actual rigidity.

4. The comparative analysis of experimer
tal and theoretical diagrams of slab deflectic
evidences good matching of results. Devi:
tions at maximum loads were as follows: fc

one-layer slabs of serids(PF) — 26%, for 14

slabs of seriedl (PZ) — 13%; for two-layer
slabs of seriell (PBF) — 11%, for slabs of

serieslV (PZF) — 2%. Such deviation in cal-12.

culations may be explained by complexity c
defining the real rigidity of slabs, i.e. the

52

there are somo.

REFERENCES

Barashykov A.Ya., Smorkalov D.V. 2014.
Calculation of solidity of one-layer and two-
layer reinforced concrete slabs supported on
four sides. Resource efficient materials, struc-
tures, buildings, and constructions: Collected
studies. Rivne, 2014, Issue 28, 127-134 (in
Ukraine).

Galerkin B.G. 1933. The resilient thin plate.
M, Gosstroiizdat, 1933, 458 (in Russian).
Gorodetsky A.S., Schmukler V.S, Bon-
darev A.V. 2003. Information Technology of
calculation and design of building
konstruktsy: Proc. Manual. Kharkiv, NTU
"KPI", 2003, 889 (in Russian).

Gvozdev A.A. 1949. Calculation of bearing
capacity by limit equilibrium method. Mos-
cow, Stroyizdat, 1949, 280 (in Russian).

5. Zhuravskyi O.D., Smorkalov D.V. 2002.

Methodology and results of experimental
studies of two-layer slabs. Steel reinforce-
ment concrete constructions. Research, de-
sign, construction, operation: Collected re-
search papers, Issue 5, Krywyi Rig, KTU,
2002 (in Ukraine).

Korolyov A.N. Calculation methods for slab
deflections supported on four sides at short-
term load. Concrete and reinforced concrete
Vol. 3, 1960, 9-11 (in Russian).

7. Murashev V.l. 1950. Crack resistance, stiff-

ness and strength of concrete. M, Mashstroy-
izdat, 1950, 230 (in Russian).

LIRA-CAD. 2011. Tutorial: Electronic Edi-
tion , 2011, 396 (in Russian).

Rudenko N. 2010. The development of con-
ception of new generation concretes. TEKA:
Kom. Mot. Energ. Roln, 2014, Vol. XB, 128-
133.

Smorkalov D.V. 2003. Crack resistance and
fracture modes for two-layer slabs. Resource
efficient materials, structures, buildings, and
constructions: Collected research papers.
Rivne, 2003, Issue 9, 323-330 (in Ukraine).
Snyder M. 1972. Factors affecting the flex-
ural strength of steel fibrous concrete. ACI
Journal, 1972, Vol. 69, No. 2, 96-100.

SP 52-103-2007. 2007. Code of practice on
design and construction. Reinforced concrete
cast-in-place constructions of buildings. Mos-
cow, 2007 (in Russian).



CALCULATION OF DEFLECTION OF ONE- AND TWO-LAYER SLABS SUPPORTED ON FOUR SIDES

13. Stages A. 1981. Ring fiber reinforced con- PACYET IIPOT'BOB
crete. ACl Journal. 1981, Vol. 78, No. 5, 369 OIHO- 1 IBYXCJIOMHBIX ITJINUT,
373. OIIEPTBIX I1O KOHTYPY

14. ACI Journal. 1973. State-of-the-art report on
fiber reinforced concrete, 1973, Vol. 70, 729  Aunoraumsa. IIpuBeacHBI METOAMKA H pe-
744, 3YIBTATBl DKCIICPUMEHTAIBHBIX HCCIIEIOBAHMIMA
15.Tarasov V.P. 1974. The use of fiber- mporuboB ogHOCIOMHBIX ¥ JABYXCIOWHBIX IUIAT
reinforced concrete in construction. Industrienox aefcTBUEM MONEPEYHOTO KPATKOBPEMEHHO-
construction. 1974, Vol. 7, 44-45 (in Rusro Harpysku. PaccunuTansl POrHOBI IJIUT CIIOCO-
sian). 00M, OCHOBAaHHOM Ha METOJI€ TIPEAEIBHOTO pPaB-
16. Tattersall G.H. 1974. Bond strength in steel- HoBecust, ¥ METOZOM KOHEYHBIX JJIEMCHTOB, C
fibre-reinforced concrete. Journal of Concretmomonipio mporpamuoro komiurekca JIMPA. Bor-
Research. 1974, Vol. 26, No. 87, 105-113. mojHEeHB CpaBHEHHUS OKCIIEPUMEHTAIBHBIX |
TCOPETUUCCKUX PE3YJIbTATOB pacyera MmporuOoB
IUTAT.
KiaioueBble cjioBa: IUIMTa, MPOTUO, cTaje-
¢udpodeToH

53



54



MOTROL. COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE - 2014, Vol.16, No. 8, 55-66

Progress in Cement Science - Why Alkaline Activation?
Pavel Krivenko
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Povitroflotskyy prosp., 31 Kiev, Ukraine, 03680, e-mail: pavlo.kryvenko@gmail.com

Summary. Fifty years ago just an idea of the presence of free alkalis in a cement matrix was con-
sidered by the ordinary portland cement (OPC) people as an absurd one and this was a basic postu-
late accepted in the chemistry of cements. In 1957 a scientist from Ukraine (USSR) Victor Glukhovsky
put forward an assumption which was taken as a base for development and bringing into practice of
construction a principally new class of cementitious materials which first appeared in the art under a
name of “alkaline cements” (how also known under a general name of “alkali-activated cements
(AAC)". A validity of these ideas is confirmed by more than 50 years of evolutional development and
vast experience collected from practical use of new materials in a variety of large-scale applications. A
present review covers theoretical views on role played by alkali in cement stone structure formation.
Examples of compositional build-up of the alkali- activated cementitious materials as a function of
quantity of alkali and type of aluminosilicate component are reported as well as the results of inspec-
tion taken over the AAC concrete structures made with these cements.

Key words: alkali- activated, aluminosilicate, cements, durability, hydration products.

A strategy of sustainable development
INTRODUCTION predetermines actions to be taken by the in-
dustry of building materials and, in particu-
The alkali metal compounds were exiar, by cement industry.
cluded from traditional hydraulic cement The OPC-based cements are not able to
constituents due to their high solubility. Atmeet today’s requirements due to:
the same time, the studies held in order te not high enough physico- mechanical
reveal the reasons for excellent durability o properties and required durability resulted
ancient cements together with the data co from low- effective strength of the OPC
lected on stability and composition of natura stone:
mineral formations testified that this postu- « metastability of the hydration products

late was not correct. resulted from transformation ob8H
According to the data reported in [1-7], into CSH(B),

excellent durability of the ancient structures . relatively high solubility of the phases,
is attributed to considerably greater quantities . |ow corrosion resistance in the pres-
of the alkali metal compounds contained in ence of Ca(OH)and

the ancient cements compared to contempo-  3Ca0-Ab0s-3CaSQ 31H0,

rary portland cements. This was found to re, high consumption of energy (7500 J/1t),

sult in the formation of alkaline hydroalumi- , high carbon dioxide emissions (0.5 metric
nosilicate compounds- analogous to natur: t CO,/1t OPC) '

zeolites in a cement stone structure alon

: ; -, » depletion of natural resources.
with the calcium hydrosilicates. P

That's why the cement science should
evolve in the direction of the cements alter-
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native to OPC. One of such cement that ap- In 1981 Josef Davidovits [13] from France
peared in the art 50 years ago is an alkalimpeiblished his results on making binders by
cement with a number of building productsnixing alkalis with burnt mixture of kaolin-
made from it. This paper covers theoreticate, limestone and dolomite. He called these
principles laid down in the creation of theséinders “geopolymer” for their polymeric
cements, history and experience collectestructure. He also registered several trade-
from large-scale application. marks such as Pyrament, Geopolycem and
Geopolymite. These materials belong to the
alkaline binding system M©-Me,03-SiO,-
HISTORICAL ASPECTS H,O, as was discovered by Victor Gluk-
AND OVERVIEW hovsky.
In 1986 Pavel Krivenko published the re-
First attempts to use an alkali in cementisults of his research on principles of regulation
tious materials goes back to 1930s, wheof technological and physico- mechanical
H.Kuhl reported [8] about his studies on seproperties of the AAC and ACC concretes in
ting behaviour of the mixtures of ground slagrder to achieve the required properties [14].
and solution of caustic potash. R..Feret [10] Malek and Roy at al. [15] identified alkali-
reported on necessity of study to be taken @ctivated cement type materials as the matrix
slags as cement constituent. In 1940, A.@ormed in the solidification of certain radioac-
Purdon [19] reported on the results of firstive wastes, while Roy and Langton [16]
extensive laboratory study on the cemenshowed some analogies of such materials with
without OPC clinker consisting of the slagancient concretes.
and caustic soda and the slag and caustic
kalis produced by a base and an alkaline s:Table 1.Important historic developments of the
Important historic developments of the alAAC
kali-activated cements (AAC) are summa-[yeajNamdCountny Work/impact
rized in Table 1. Investigated setting behaviour of
Later, in 1957 Victor Glukhovsky [12] was 193(@ slags in the presence of caustic pot-
. . i ash
the first who discovered the possibility of
making binding materials using low basic cal-
cium or calcium-free aluminosilicate (clays)
and solutions of alkali metalsle called these
binders “soil cements” and the corresponding consisting of slag and caustic sod
concretes “soil silicates”. Depending on the'®4q slag and caustic alkalis produced|by
composition of starting materials, the binders a base and an alkaline salt.
can be divided into two groups: alkaline bind- Sgﬂg‘gﬁ'ﬁ;ﬂrggdzﬁrﬁiﬁggi”hcﬁ;?s
ing system MgD-Me,0s-SiO,-H,0 and alka- (glassy rocks, clays, metallurgical
line-earth alkali binding system M@-MeO-  [1951 slags, etc.) and alkalis, propose
Me,0s-SiO-H,0. Also, a variety of the alka- Me;0-MeO-MeOs-SiO, H,0 ce-
line binders which used other metallurgical binder “soil cement”.

Measured reactivity of slags using

1937 caustic potash and soda solution.

Investigated clinker-free cements

Purdon |Chassevent Kihl
Belgium | unknown |German

Glukhovsky
USSR
j®N

mentitious system, and called the

slags, clays, aluminosilicate rocks, fuel ashes § | , | Mixedalkalis with a burnt mixture
and other consituents have been proposelys| £ | £ |3 dsed several tademarks such as
Extensive researches and developments gn 2 | I | Geopolymer, Pyrament, Geopoly-
alkali-activated cements (AAC) and AAC- e cem, Geopolymite.
based concrete started since then. Trief ce- | g Developed principles of regulation

. . o of properties of the system M-
ments and F-cements from the Scandinavianggg § 9 MeO-MeOs-SiO,-Al ,05
countries (Forss 1983a, 1983b) and alkali < | ~ | Proposed name “alkaline cements”
activated blended cements are more recent and its particular case- "geocemept’
E)églmlpglgz)'(Dawdowts 1988, Roy and Sils avel Krivenko [17] further showed that

alkalis and alkali metal salts similar to sili-
cates, aluminates, and aluminosilicates enter
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into reaction in the alkaline aqueous mediurposition of natural mineral formations testi-
under condition that alkali concentration idied that this postulate was not correct.
sufficient. Such interaction takes place with Professor Glukhovsky has made a discov-
clay minerals, aluminosilicate glasses oéry that compounds of alkali metals (Li, Na,
natural and artificial origin, in which calciumK, Rb, Cs) - the elements of the first group of
is absent, as well as with calcium-based cé&ie Periodic Table- exhibit hydraulic binding
mentitious systems under natural conditioproperties similar to those of the alkali earth
with the formation of water-resistant alkali ormetals (Mg, Ca, Sr, Ba)- the elements of the
alkali-alkaline-earth  hydroaluminosilicates,second group.

which are analogous to natural zeolites and The idea itself of using these systems as
micas. cementitious ones was based, first of all, on

Kiev National University of Civil Engi- collected geological data that sodium- potas-
neering and Architecture organized two insium- calcium aluminosilicate compounds,
ternational conferences on alkali-activated/hich are known to have the higher stability
cements and concretes in 1994 and 1999 amd resistance to atmospheric reagents, are
Kiev, Ukraine [Krivenko, 1994, 1999] andpresent in the Earth crust. Secondly, this idea
the third conference was held in 2007 in Pravas based on the results of experimental
gue, Czech Republic (sponsored by the EWtudies which proved that alkali hydroxides
Government of the Czech Republic and thand salts of alkali metals entered into interac-
City Government of Prague). Professor Josébn with clay minerals, aluminosilicate
Davidovits from France organized three inglasses and crystalline substances of natural
ternational conferences on geopolymer iand artificial origin with the formation of wa-
1988, 1999 and 2007. Professor Jannie vaer resistant alkaline and alkaline- alkali-
Deventer from the University of Melbourne earth aluminosilicate hydration products that
Australia, organized the conference on geavere analogous to natural minerals of the
polymer in 2002. The fourth internationalzeolite and mica types.
conference and a workshop on geopolym
were held in France and Austrialia, respe: ALKALISIN NATURE
tively, in 2005. Geological data on conditions under

which sedimentary and metamorphic silicate

rocks occur and on constituent composition
WHY ALKALI ACTIVATION? of basic rock-forming minerals along with

the above reported data can serve as a theo-

The alkalis are known to play an impor+etical substantiation of a possibility to pro-
tant role in the processes of artificial stonduce and use in practice of construction of
synthesis which take place in nature, amhe concretes made using alkali metal com-
found in the concrete of ancient structuregounds along with those made using only
and are contained in contemporary cementscalcium compounds.

Less than a century ago just an idea of Some of the processes of formation of the
presence of free alkali in a cement compossedimentary stone-like rocks take place under
tion was considered by cement people as aemperatures and pressures close to those
surd one and this was a basic postulate which take place in production of materials
fundamentals of exhibiting hydraulic properof hydraulic hardening and, hence, can be
ties by mineral systems. The alkali metadimulated in the building materials industry.
compounds were excluded from traditionaFor example, zeolites of sedimentary origin,
hydraulic cements because of their higbuch as analcime NaAl®d] HO, phillip-
solubility. site (K;, Ca) [ALSIO;9]x4.5H,0, mordenite

At the same time, the studies held to r§Ca, Na, Kj) [Al:SigO2]x6H,0, natrolite
veal the reasons explaining excellent durabiNa,  [Al;Siz01]x2H,0  scolecite  Ca
ity of the ancient concretes in combinatiofAl ,Si;O10]x2H,0 and other occur in the re-
with the data collected on stability and comsidual soil as a result of low-temperature
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hydrothermal reactions. So, analcime ikardening of the alkaline and alkaline- alkali-
formed on the bottom of sea basins at a terearth cementitious systems [18].
perature lower than 30 C as a result of inter- According to their flowability in the zone
action between volcanic ash which deconof weathering the alkaline elements can be
poses into a silicic acid and alumina and akrranged as the following: calcium (with the
kali metal salt dissolved in water. An occurhighest flowability), sodium and magnesium
rence of this or other type of zeolites dependsd at last potassium. For example, potas-
upon chemical composition of the hydrosium feldspars tend to decompose slower
thermal solutions. For example, in the richthan the calcium and sodium ones, out of
calcium solutions mainly calcium varietieswhich an albite was found to be the most sta-
are known to occur and with increase in corble mineral. For plagioclases, an inverse rela-
centration of the alkalis the alkali- earthtionship of resistance of the minerals upon
cations are partially or completely replaceduantity of the anorthite component: the cal-
with sodium or potassium resulting in thecium plagioclases decompose with a greater
formation of zeolites of alkaline and alkalinetate.
alkali-earth composition. The alkaline hydrates such as muscovite
Analysis of the data on sedimentatiorand paragonite feature the increased resis-
processes indicates that chemical decompognce to weathering compared to the calcium
tion of the rocks under action of alkaline soenes.
lutions is a reason of their chemical and con- These data provide evidence of durability
stituent compositions. Hydroaluminosili-of the AAC hydration products containing
cates: muscovite, sericite, zeolites, etc. aswdium and potassium hydroaluminosilicates.
the products of chemical decomposition of tend to reduce a basicity of the hydration
the widely spread rocks of alkaline and alkgsroducts compared to initial anhydrous min-
line- alkali- earth aluminosilicate composi-erals in cements used in construction also is a
tions such as plagioclases and sodium- pproof of analogy between the processes tak-
tassium feldspars/ The most characteristing place in natural and man-made sub-
process of decomposition of the plagioclasedances of alkaline and alkaline- alkali-earth
(alkaline- alkali-earth hydration products) isaluminosilicate compositions. In general case
a process of sericitization- a replacement dese processes have such basic stages con-
plagioclases with muscovite, that is a convenected with changes in an alkalinity of the
sion of anhydrous aluminosilicates containenvironment: hydration of the alkali metal
ing anorthite into hydrous alkaline alumi-and alkali-earth metals, partial replacement
nosilicates. of the alkalis and alkali- earth metals. With
Finally, as a result of interaction of thethe ions of hydrogen or hydroxon, the occur-
feldspar RO Al,O3 6SiO, nH,O with water rence of the less alkaline almost not dissolu-
two reactions may take place which can blele hydroaluminosilicates of the,@x(1 - 3)
schematically represented (with approximaAl,O3; x (2 - 6) xnH,O type and low basic

tion), they are: alkali-earth hydrosilicates of the RO x $iO
0.33(ROx3Al,03x6SiIgxmH,0)+0.67(RO  x nH,O type as well as soluble hydrates of
xB6SIOxxH,0) or the R(OH); ROH; RO x SIQ x nH,0O x

R,OxAl,03%x4Si0x2H,0+2SiGx(n-2) H,O.  AL,O3 x nHO type in amorphous or submi-
Their essence can be explained as hydrerocrystalline state.
tion of the anhydrous alkaline aluminosilicate Under conditions of low temperature
and formation of a system of hydrates, inhydrothermal metamorphism which occurs in
cluding an aluminosilicate of the muscovitehe Earth crust at relatively low temperatures
or analcime type. In its essence this proceasd pressures, the processes of transforma-
is similar to the process of portland clinketion of the rocks are accompanied also by
minerals hydration and an assumption can Ilgydration of the feldspar minerals and forma-
put forward that it may take place and unddion of water resistant and not water resistant
alkaline hydration products. In their essence
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and orientation they are similar to the prodaydration products. These data serve as a
esses taking place in the zone of accumulprerequisite for the synthesis of analogs to
tion of the sediments and to the hydrationatural aqueous sodium- potassium-calcium
processes of building cements. Side by sideinerals through hydration of alkaline- al-
with this the aqueous non-alkaline or low irkali-earth systems, they are: alkaline- alkali-
alkali substances convert into more basiearth cement concretes which contain in gen-
ones, for example, clay minerals- into zeceral case: slags, intrusive and effusive rocks,
lites, hydromicas- into micas, etc., similar telay minerals, silica, etc. In the process of
that taking place under conditions of automnteraction of these substances with alkali
clave treatment- a low basic hydrosilicate iBydroxides, the processes of formation of the
formed from lime-siliceous mixtures and tri-minerals of the Earth crust and stone-like
calcium hydrosilicate- from a mixture of [3—+ocks.
C,S and lime. In both cases the natural pro
esses of metamorphism lead to changes in- MODELLING OF ROCK- MINERAL
mineral hydration products as a result ¢ FORMATION PROCESSES
bringing or loss/removal of the alkaline sub- Taken as a base for modeling was a
stances by circulating overheated agueossheme of formation of sedimentary rocks
solutions. They are reflected in removal obased on rock weathering products [18].
binding of the alkalis, crystallization of the It was established that alkali hydroxides
zeolites, hydromicas, micas, which undeand salts of alkali metals producing in a
conditions of thermal metamorphism lateaqueous medium an alkaline reaction, under
recrystallize in albite, orthoclase, feld-condition of their high concentration, come
spathoids, etc. into interaction with the clay minerals (Fig.
Worthy mentioning is the fact that a spei, 2), aluminosilicate glasses (Fig. 3, 4) with
cific feature of the metamorphism stage ithe formation of water resistant alkaline and
more higher pressures compared to thosékaline-alkali-earth aluminosilicate new hy-
used in the building materials production thatration products like minerals of zeolite and
is why simulation of this process is compliimica types.
cated. However, the works of the scientists of
the Scientific Research Institute of Binder:
and Materials (Kiev, Ukraine) suggested ti
establish that by using the aluminosilicat
substances of metastable structure and acti,

kaolinite montmorillonite hydromica

1273

Na,0+ALO,*SiO, Na,0+ALO,+6Si0, Na,0+ALO+6Si0, Na,0+ALO,+6Si0,
1173
1073
973
873 TA B

Na,0AL0,+2Si0,

Na,0+ALO,+2Si0, Na,0°ALO,#2Si0,
@ - tridymite - ymite

a- tridymite a- tridymite

alkali metal non-silicate or silicate com-;
pounds in quantities required for synthesis ¢

IS
B

6

Na,0+ALO,+2Si0,°H,0

Na,0+AL,0,+4Si0,-2H,0

Na,0+ALO,+3Si0,*nH,0

Na,0+AL0,+2Si0,*H,0

Na,0+AL0,#4Si0,+2H,0

Na,0+ALO,+4,38i0,+3,5H,0|

[Na,0°ALO,+4Si0,+2H,0)|

the alkaline hydroaluminosilicates, similal
processes might be simulated in the larg
volumes and under curing regimes (temper:
tures and humidity) used in the production c.
traditional concretes.

390
373

Na,0AL,0,-28i0,"H,0

323

71 71 Tape - layered
r

structure

rEig. 1. Conditions of formation of various

By summarizing 'the above a conclusio zeolites based on clays and sodium carbonate
may be drawn that in the Earth crust and on

its surface the continuous stage-by-stage The study results suggested concluding
condensation and dispergation processes tﬂfa

the silicate substances accompanied by my t basic composition of the cement stone
: ydration products depended upon type of
tual transformations of hydrous and anh y P P P P

. Yhe alkaline activator/admixture/used:
drous mineral systems, take place and they _ (addition — HO) — RO-SiG-H,0

fIO\(/jv mlilir}!y WiEE par_gcipation I(t)'f the "?"kf’;‘"“‘i | — (addition — hydroxides of alkali metal)
and alkali-earth oxides resulting, similar to ~ RO-SiG-H,0. RO-ALO+-SiOrH,0,
processes of hydration and hardening of the R,0-RO-ALOs-SiOs-H,0

building cements, in synthesis of stone-like 2 23 2
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Ei-
<l

[l — (addition — hydroxides of alkali earth
metal) — RO-Si@H-0,

IV — (addition — carbonates of alkali metal) —
RO-SiG-H,0, R.0-Al;03-SiO-H,0,

:
R,0-RO-ALO3-SiO,-H20, [
V — (addition — carbonates of alkali earth 7 ////
metal) — RO-Si@H0, T
where: RO - CaO, SrO, BaO, MgO;aR— el
K20, N&O, Li,O. S~
kaolinite montmorillonite hydromica palygorskite 2130 KOH NaOH LiOH Ba(OH), Ca(OH), K,CO, Li,CO, CrCO, —Mg_C(%
lzn.K:()-AIZ();ZSi(): K,0°ALO,+6Si0, K,0°AL0,%2Si0, K,0+ALO,#6Si0, SHOM),  Mg(OM),  NaCO,  BaCO, caC0s
. KoALOpsio,  [1-ALO: o Fig. 4. Compressive strength of the A
1073 4 K,0+ALO+4Si0, MgO - ALO; K,0°ALO,+4Si0, HS 1 1
o] KOALOL250, KOALOL250; compositions vdype of alkaline activator a
. //\\\B composition of hydration products:
g 1K,0+ALO,2Si0,nH,0| ;32:832:83;3 K030 | 0ISK.O025MgO- 1 and 1* - Slag withMb=1.13 (ALOS:
K,0°ALO +4Si0,*H,0 ALO,*3.55i0,+H, 1,15A1,0,°3Si0,*H,0 0, * H - [
£ ol T e oossomio [comomsom 6.75%), 2 and 2* —slag with Mb=0.8¢
R T A e i (Al;05=15.85%), 1 and 2 — steacorec
R R e specimens (T= 90+&° 3+7+2 hrs.),1* anc
ggg: K,0+ALO,#28i0,*nH,0|K,0A1,0,+2Si0,*nH,0 illite * . i .
p-sio, 2* — specimens cured in aatave (T=173C;
o L1 21 21 Tape - layered structure 3+7+2 hrs)
Fig. 2. Conditions of formation of various « physico- chemical processes taking

zeolites based on clays and potassium carbonate place during hardening of the conven-
tional building calcium-based cementi-

"% (G = @) tous marerals are similar to those o
stean ) Steam | chemical weathering of rocks and forma-
s 8¢ tion of structure of the stone-like sub-
8‘0’% o stances of sedimentary and metamor-
i Dy | phous origin,

i 1508 | «  being similar in essence, these proc-
22‘;‘% ‘ 222’% esses take place at different rate, since
= starting materials vary in basicity and
$i0,/AL,0,

physical state,
*  hydration processes in the calcium-

. based cements due to a higher ba-
e sicity and metastability of the con-
| stituent minerals take place more ac-
sg‘: tively compared to those of the alka-
curing, line rocks of stable structure; their
w2 | hydration products are water resistant
noe hydrosilicates and aluminates as well
$i0,/ALO, as soluble hydroxide of calcium,
Fig. 3. Geocement composition (source of «  acceleration of these processes both
aluminosilicate): in natural rocks and artificial alkaline

a — metakaolin, b - fly ash 1, c- fly ash 2 vs cur-
ing conditions and hydration products. An — . . o
analcime, A — zeolite Na-A, P — zeolite P, R — nos!l!cates which a.re.S|m|Iar in com-
zeolite R, HN — nepheline hydrate, HS — hydrox-  POSition up to the limits, under which
ysodalite, Z — trona, T — sodium carbonate hy-  they can be used in a form of hydraulic

and alkaline- alkali-earth alumi-

drate cementitious materials can be done
through conversion of a substance

The studies held allowed to draw the fol-  from a stable crystalline state into
lowing conclusions: more active metastable one, including
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a glassy one, and, when necessary, by
introduction of the alkaline oxides or
hydroxides from outside. As a result,
the hydration processes of high-basic

PRINCIPLES OF COMPOS TIONAL
BUILD-UP OF THE ALKALI-ACTIVATED
CEMENTS

The following postulates have been laid

alkaline substances will be similar in  down in their creation:

their character to natural processes of
formation of the stone-like sediments

of feldspar and nepheline rocks, and in
activity — to portland cements. The hy-

dration processes of low-basic or al-
kali-free substances in their character
will be similar to natural processes of

step-by-step conversion of pozzolana,
lime-clay, lime- slag and slag (port-

land) cements,

hydration products of high- basic and low-
basic substances are similar to natural minera

formations are water- resistant hydroalumi

nosilicates- micas, zeolites and low-basic cal-

cium hydrosilicates, as well as soluble hy

droxides or silicates of sodium and potas-

sium.
ALKALI- ACTIVATED CEMENTS

Simulation of the naturally occurring proc-
esses of transformation of the hydrous alurr
nosilicates into anhydrous ones allowed to d
velop systems of binding materials, the hydre
tion products of which are capable to chanc
their chemical composition and crystal lattice
from hydrous to anhydrous one dependin
upon temperature curing conditions unde
which the concretes will be in service.

As a result, an idea of creation of cement
tious materials was transformed as the fo
lowing:

“OLD” scheme (OPC), high-alumina ce-
ment)

}+H20—>

“NEW” scheme (alkali- activated ce-
ment)(AAC)

Ca0-Si0,
Ca0-ALO,

Ca0-S$i0, —H,0
Ca0-ALO, -H,0

ALO, -Si0,
RO-ALO, - SiO,

R,0-ALO, -Si0, —H,0

+R,0+H,0> .
RO-R,0-ALO;-Si0, -H,0

where R- Na, K, Li, Rb, Cs.
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alkalis act not only as activators
but as structure- forming elements
included into the formed phases as
well,
the formed hydration products
phases are characteristic of the pres-
ence of new formations of the,®-
Al,03- SIO- H,O and RO- CaO-
Al,03- SiO- H,0 types;
quantities of alkalis to be intro-
duced are caused by a necessity to
meet a stoichiometric composition/
stoichiometry requirement/ of the al-
kaline and alkaline-alkali-earth hy-
droaluminosilicates analogous to
natural zeolites.
In compliance with these principles the
alkali content of the cement will be deter-
mined by an AIO; content of the alumi-
nosilicate component (Fig. 5).

SiO,
100 %

R,0=10- 20 %

0=5-10 %
\

® "

- R,0=1-5 %
D <o

100 %
0%

Ca0
ALO;

0, 0,
WD R,0 - K;0, Na,0, Li,O 0

Fig. 5. Comparative chemical analysis of
different types of OPC and AAC.
Abbreviations:OPC- ordinary Portland cement,
AOPC - alkali- activated ordinary Portland ce-
ment, SAC - slag alkali- activated cemeAC

— ash alkali- activated ceme@C — geocement

The introduction into a cement composi-
tion of the alkali metal compounds in much
larger quantities than was allowed in compli-
ance with the principles of compositional
build-up of the traditional cements based on
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calcium and magnesium compounds sughosilicate has, as a rule, a basicity exceeding
gested to consider that the alkali metal coni-.

pounds acted not only as activators of hard-

ening but as self- functioning components of CLASSFICATION

the binding system MO©-MeO-MeOs- A classification proposed in [19] is based
SiO—-H0, the main structure-forming prod-on the characteristic features of the products
ucts of which were low-basic calcium hy-of hydration and hardening of the alkali- ac-
drosilicates and zeolite-like products. A lowtivated cements, the “edge” variants of which
basicity of the hydration products is attribmay be represented by the compounds of two
uted to specific features of the structuretypes: alkaline hydroaluminosilicates of the
forming processes taking place in case of thgstem RO-Al,0s-Si0,-H,0 and earth metal
slag alkali- activated cements, namely: a hyydrosilicates.

drolytic destruction of the solid phase of the A variety of blended alkaline- alkali- earth
low-basic phases is caused, first of all, by thieydroaluminosilicates may fall within these
break of the covalent bonds Si-O-Siranges. A phase composition of the hydration
Me*-O-Me™*, Si-O-Me" according to a products of a cement stone is determined by
scheme=Si-O-SE < [=Si-O-SE]- « =Si- a kind of starting raw material (Table 2). De-
OH + =Si-O- with protonization of the ion pending upon these starting materials the best
Me®*-O bonds taking place in parallel, as it ispplication of the alkali- activated cements is
known to happen in the high-basic systents be chosen (Fig. 6).

14].

[ g\n alkaline cation promoting flow of hy- Table 2. Mir_1era|ogica| composition of the ce-
drolytic destruction of the low-active low- ment hydration products vs type of starting alu-

basic phases acts at early stages of struct(fpigiosilicate component

formation as a catalyst of destruction. Latet _
as far as the condensation processes evolve,Cement Initial solid C’g'nkf‘;'m Hydration
it takes an active part as a co-partner of'Ca ~ tpe phase RO, % | Product
and Md" in the structure formation proc-
esses, thus facilitating its modification due tp opC OPC <06 0% 1?/"
formation of the alkaline and alkaline-alkali- clinker '
earth hydroaluminosilicates that are morphg-
logically homogeneous with the low-basi¢ ayajine opc| ~ ©FC 1-5
calcium- magnesium hydrosilicate phases. clinker+ RO Q

At early stages of hydration an_d har_dening OPC dlinker+ E 2
(for example, of the slag alkali- activated lended alka{ additive (slag, o5 YR [o)
cements), the structure formation is caused, line OPC | ash, basalt)+ S
mainly, by the formation and crystallization +*Me0 S‘i =
of the low- basic hydrosilicates and hydror _ «
gamnets. The alkaline and alkali- earth hydro-or o2 | Metallurgical |, o
aluminosilicates, as a result of their slowar ment slag+ RO
crystallization, occur at the later stages. Be- N7
ing formed, mainly, in the pore space, they ,, 100% 0%
fill it and promote strong crystallization conykali- activated"S" “Productol ¢ 14
tacts with the primary phases to occur, ds cement |oC2 combustion
well as initiate the formation of more homo
geneous and dense structure. Geocement|  Clay+® 10-20

Besides, high pH-values of the medium at

which the hydration process takes place tend
to block a transfer of the Ca-ions into solu-
tion, thus explaining the absence of Ca(®H)
and the fact that the resulted calcium hy-
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ALKALI- ACTIVATED MATERIALS hardening, corrosion resistant, frost resistant,
— ~a heat- and fire resistant and low exothermal
CEMENTS GEOCEMENTS cements [21].
Y v Table 3. Properties of different cements
CONCRETES COATINGS, ADHE-
SIVES BONDS < > T O
> = LS
= i) ES
Cement type 3G @ 5o
w s 5 c 0
. . L . o A og
Fig. 6. Fields of application of the alkali-
activated cementitious materials Portland cement i s i
Blended cement + +++ ++
High alumina cement +++ + +++
INDUSTRIAL USES High sulphate cement + + 4
: Ikali-activated cemenft ~ +++ +++ +++
The experience from the small- and Iargéulphoalummate cemdnt 737 — —

scale industrial uses of the alkali- activated
cements gained starting the 1960s in con-
struction (hydropower engineering, road, ag- TECHNOLOGY

ricultural, industrial, civil engineering, MiN- More than 50 years practical experience of
ing, etc.) gave proofs to high performancg,g kiey school is connected with a manufac-
properties ef the concretes on them. The Uf&,ing technology under which the alkaline
of the alkali- activated cement- based matertiyator was introduced into a concrete in a
als was found to be especially effective ONRm of aqueous solution- so-called CON-

f(_)r specially int_ended use in many fields becreTE technology. Now there are two tech-
sides construction [20]. nologies, they are:

Below are given some fields of the Manus,_called toncrete’ technology— under
facture and use of the alkali- activated a'“m(/'vhich all raw materials, they are: alumi-

nosilicates. nosilicate component, alkaline activator and

modifying additives/admixtures are intro-

EFFICIENCY duced in a dry form or in a form of solution

More than 50 years passed since the &y ing mixing concrete ingredients similar to

kali- activated cements appeared in the field, ., entional concrete technology [22]
and their efficiency and potential have been '

proved by extensive researches held not on" ;
in the Soviet Union but in many countries
over the world: Poland, Finland, The Nether
lands, Germany, Czech Republic, Romanit
Slovak Republic, Bulgaria, Japan, China
USA, Canada, India, Brazil, Spain, the UK.
The experience collected for this period o 3 3 3 , ‘
commercial- scale manufacture and use ¢ Opc  AcRe sAC FAC ee

1. Durability

2. Ecological friendliness

3. Energy saving

4. Wider range of raw
materials

5. Universal properties

structures and articles made from the sla o Cal - Si0; —H.0 0%
alkali- activated cement concretes in variou .. RO — ALO, - S0, — H,0 100%

fields of construction testifies to their higher
service properties as compared with those Efg 7.Benefits of the AAC as compared to
Portland cement concretes (Table 3). OPC-based cements

These materials were found to be the most
highly effective ones when used in extremel  go-called “cement” (all-in-one) technol-

severe COﬂdItIOﬂS as We” as in non- C|V|| erogy_ under Wh|Ch a" raw materia's: a|umi_
gineering fields (Fig. 7). Moreover, com-nosilicate component, alkaline activator and
pared to traditional cements, the AAC potmodifying additives/admixtures are ground
sess polyfunctional properties and can ttogether and packed in bags for further use
successfully used as high strength, quitsimilar to other know-in-the-art cements for
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the use in concrete under traditional OPC
based concrete technology (Fig. 8). Thi
scheme in general features is given beloy
As to required equipmenthe best available
techniques (BET) can be successfully ex-
plored in it.

.r",—
.
1
1
i
i
1
i
1
i

&=
} 3
1
i

L 3

i

]l el il ] ] ] il el Y
b i el ] el ] e e el el ] il e el WY

e

Fig. 8.“Cement” technology for the ACC manu-
facture. 1 — blending bed for slag, 2 — blendin¢
bed for clinker, 3 — dust collector, 4 — belt con-
veyer, 5 — vertical roller mill, 6 — fabric filter,

— metering equipment for water repellent, 8 -
heat generator for drying, 9 — elevator, 10 — silo

for cement constituents, 11 — bunker for addi-g|ag alkaline cement, alkaline Portland ce-
tives/admixtures and alkaline activator, 12 ~ment, alkaline pozzolana cement, alkaline
mixer for dry cement constituents, 13 — readysIag ,Portland cement. alkaline éomposite
product storage silo, 14 — packer for bags, 15 - .o hont “which differ in combination of such

Fig. 9. The first residential house made with-
out nay OPC from alkali- activated cement
concrete (Lipetsk, Russian Federation)

palletizer : -
aluminosilicate component as granulated
blast furnace slag, OPC clinker, ashes from
STANDARDISATION AND TEST coal combustion, and basalt taken in combi-

PROCEDURES nation with the alkaline activator (Table 4).
In order to bring a newly delevoped prod-Compressive strength classes under the
uct into a commercial-scale production itstandard are: 300, 400, 400R, 500, 500R,
should pass all standardisation procedure ag00, 600R, 700, 800, 900, 1000. The stan-
cording to national rules. In the formerdard is applicable to making concretes for
USSR, the commercialization of the ACCSCommon app]ication_
was possible through its full- scale standardi- petermination of mechanical and physical
sation: a variety of national and industryyroperties of the AACs is carried out in com-
standards have been issued [23]. As a resigfiance with Ukrainian standard DSTU B V
the AACs were officially approved by the2 7-24-95 and US standard ASTM C 109/C
governmental bodies of the USSR for the usgyoMm. According to these standards, a water
in construction for all structures along withto cement ratio (W/C) is to be chosen to pro-
OPC (Fig.9). vide a flow value (measured on cone) =106 —
The latest achievement in Standardisatiq[l]_5 mm. In case of using these test methods
of the ACCs is a newly issued national stargccording to EN standards (EN 196-1, 196-3,
dard of Ukraine covering some ACC typegind 196-6, under which the W/C is restricted
[24]. Similar to the EN-196, the standardgp a value of 0.5), the following amendments
specifies only strength classes and compreshould be introduced: in determination of
sive strength after 2, 7 and 28 days. In comlowability of the cement/sand mortar the
position and strength at an age of 28 daygkaline solution/ solid constituents or water/
the ACCs are classified as the followingsolid constituents ratio should be chosen ex-
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Table 4. Cement types according to National Standard ofloker DSTU B V.2.7-181:2009 “Alkaline

Cements”
Content, % by mass
) . Aluminosilicate constituent Alkali metal com-
Cement type Designatiog - nulated blast- OPC Flv ash| Basalt| POUnds (sodium of
furnace slag | clinker y potassium)

Slag alkaline cement ACEM | 90-100 0-10 1.5-12
ACEM | Slag _alkallne cement with ACEM | -3 55-90 0-10 10-35 15-12

additive of fly ash
ACEM II Alkaline portland cement ACEM I 100 - - 5-12

. ACEM lII-3 36-80 -

ACEM IIl Alkaline pozzolana cement ACEM B < > - 36-80 1.5-12
IACEM IV Alkaline slag portland cement ACEM IV 36-89 164 - - 1.5-12
IACEM V |Alkaline composite cement | ACEM V 30-50 5-100 0-85 1.5-12

perimentally in such a way that to provides.
the flow values between 160-180 mm.

CONCLUSIONS

Now Ukraine has all normative documen
tation required for a large-scale application
of the alkali-activated cementitious materials
into practice of construction.

In order to bring this technology into a
large-scale world-wide application, theS.
RILEM Technical Committee “Alkali Acti-
vated Materials” was organized in 2007
(www.rilem.net). Its tasks are: to collect and-
summarize the experience on raw materials;
cements; concretes; structures; productiog;
test procedures; durability; intended use and
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Penetrability Waterproofing Mortar Based on Slag-contain
Compositions, Modified by Zeolites
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Summary. Investigated waterproofing penetrability mortars inflicted on concrete structures to im-
prove their water resistance, durability, frost resistance. Optimized binder composition. Investigated
performance of the mortars was confirmed increased water resistance of coatings after 1.5 years of
operation.

Key words: waterproofing mortar, coatings of penetrating action, slag-contain cement, natural zeo-
lite, salts-electrolytes.

know-how of the company, also define the
INTRODUCTION main difference between compositions the
waterproofing materials. However, the dura-
It is known that the problem of protectionbility and reliability of coverings of penetrat-
for massive designs is solved with the use @ig action cause certaiquestions and not
thin layer coverings which are put on availalways satisfy the consumer [3].
able places of a construction and create a Besides, the maintenance of a large num-
strong layer, impenetrable for water and adser of penetrating chemical additives is ac-
gressive environment [1]. Cementations maompanied by salting-out, formation of
terials which are put on a surface in the diferacks, flaking of coverings that leads to re-
ferent ways: plaster, smear, injection arpeated destruction of a design and demands
widely use. To the smear coverings whiclthe increasing costs of its restoration [4].
were widely adopted recently in construction, It is known that replacement of part Port-
drawing coverings of water proofing of peneland cement with the blast-furnace granulated
tration action [2]. The principle of work con-slag promotes full binding of free Ca(GHiy
sists in ability of active chemical componentthe low-main hydrosilicates of calcium. It's
of a covering to get into a pore and emptinegsovided that the slag-content cements have
of concrete, to enter interaction with free hyhigh water resistance in the fresh and miner-
droxide of calcium and to form needle-alized water [5]. Besides, the artificial stone
shaped water insoluble new formationsn the basis of such cement is characterized
which fill free space in concrete and conby high water resistance, frost resistance, sul-
dense structure, without allowing water tdate resistance [6].
pass through an artificial stone. Application as modifying additives in ce-
Materials of penetrating action irrespecments of natural zeolites justified itself from
tive of manufacturing firm have similar com-the point of view of possibility to change the
position: Portland cement, quartz sand of cestructure of new formations towards creation
tain fractions and active chemicals compadhe zeolite-likes combinations of the in-
nents. These active additives which arereased durability and water tightness and
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ability to occlude the anions which are prewith the help of non-destructive measure-
sent in aggressive environment, in difficulment of compressive strength by sclerometer,
inorganic complexes [7]. and water tightness - by Karsten's tube.
Composition of producthydration was iden-
tified, using physical and chemical methods
PURPOSE OF WORK of researches: X-ray phase, differential and
thermal methods of the analysis and elec-
The purpose of work is development ofronic microscopy.
durable waterproofing coverings of penetra
action with the increased operational prope
ties on the basis the slag-contain ceme RESULTS AND DISCUSSION
modified by additives of natural zeolites an
a complex additive of salts-electrolytes. The Researches on optimization of composi-
last will allow to synthesize ettringite liketion of slag-contain materials with an addi-
combinations which will serve as the crystaltive of natural zeolite was made with use of a
lization centers for the low-main hydrosili-mathematical method of planning experi-
cates of calcium. ment. As varied factors were accepted hy X
amount of slag: 20; 30; 40% of weight bind-
ing and X-amount of natural zeolite 5; 10;
MATERIALS AND METHOD 15%. As functions of a response chose com-
OF TESTING pressive strength (Rst) of samples in different
terms of curing of 3, 7, 28 days and capillary
Experimental researches were conductedater absorption of the covering with putting
on the basis of cementitious compositioon a glass plate and 24 hours sustained in wa-
which consisted of Portland cement M 50Qer. Results of researches are presented in
the blast-furnace granulated slag of KrivoFig. 1.
rozhsky plant (Ukraine) and natural zeolite- The analysis of the received isoparametri-
clinoptilolite (Ukraine). cal diagrams of change functions of a re-
As components of chemically active comsponse from factors of a variation allowed to
plex action salts of alkaline metals were astablish the optimum content of slag and
cepted: sodium nitrates, sodium carbonatestural zeolite in binding system which pro-
and sodium sulfates. vides at the same time high compressive
Mixture for receiving a waterproofing strength and low water absorption of water-
covering consisted of mineral binding angbroofing coverings.
quarts sand with size less than 0,63 mm. The The obtained data show that the optimum
ratio a cement:sand made 1:1,5. The amourtintent of natural zeolite is in limits of 5,5-
of water selected resulted from need of e,5% at the content of slag as a part of a Port-
suring sufficient mobility and spreadabilityland cement about 22-25% for ensuring the
of mix. Taking into account these requiremaximum strength of samples (for 3 days -
ments the water:cement ratio was withif7,5 MPa, for the 7th days - 17,0 MPa; for the
W/C=0,45-0,5 and flow table test with using28th days - 34,8 MPa). Water absorption of
of Vick's ring reached 200-210 mm. optimum composition makes 0,11-0,12
As compositions of comparison widelykg/sg.m.
known waterproofing materials of penetrat- Thus, it is established that the optimum ra-
ing action (the Penetron and Kalmatron, prdio of slag as a part of cementitious composi-
duction of Russia) were chosen. Physicdion makes 22-25 % and natural zeolite of
mechanical researches were made accordif@-7,5 %.
to standards on dry construction mixes The received binding composition is ac-
DSTU B.V.126:2011. Durability of the cov- cepted as basic for its further modification by
erings put on a concrete basis, was definedcomplex additive of alkaline metals salts
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[8]. The last raises a concrete waterproofingorption of a covering (with application of a
to create additional amount of crystalline hyKarsten’s tube) and by the greatest strength
drates new fotmations of the needle-type filllabout application sclerometer). Ratio be-
ing a pore, capillaries and cracks of a coriween salts of sodium changed within
crete stone, and creating dense, inaccessild,6,8,10 parts from total quantity of entered
to a water filtration structure. salts-electrolytes.

Tests by determination of strength and
water absorption of coverings were carried
out in 7 days after drawing. Coverings were
maintained at first 3 days in water, and then 3
days in dry conditions.

Water absorption was defined in 24 hours
after filling of a Karsten’s tube with a way of
fixing the amount of water (in ml) which was
absorbed by a covering at a definite time.
Also for the purpose to check the ability of
materials to carry out hydroprotection func-
tions throughout a long time strength and wa-
ter absorption oftudied coverings and com-
parison compositions in 365 dayere stud-
ied. Results of researches are given in Fig. 2.

Compression strength, MPa
Y

7 days

=
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0,25 %;, 8 i
g 6 +— 11 [
g
020 o ‘B a +
=) H
= a 2+
s £ ;
015 §> S 0 d
% 1 2 3 4 5 [}
Lo10 ; Composition coatings
a)
a7 days
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Fig. 1. Isoparametrical diagrams change o *33 3
compressive strength of cementitious 0 -
composition after hardening of 7 days (a) an 1 2 3 4 5 6
water absorption changes in 24 hours (t Composition coatings
depending on a ratio of components; X the b)
content of slag; X — the content of natural Fig. 2. The compressive strength (a) and water
zeolite absorption (b) coverings on the basis of slag

contain cement with an additive of natural zeolite
The maintenance of a complex penetratir (composition 4) and with additives of sodium
additive makes 10% of the mass of the binsalts (carbonates, sulfates, nitrates), taken in
ing. The chosen saltef sodium (NaCQO;, Vvarious ratios (composition 1,2,3); comparison
NaxSQy, NaNQ;) used invarious ratios, and compositions_ of Penetron and Kalmatron
their necessary contents were determined (5. 6) respectively
criterion of the smallest capillary water ab-
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Comparison of the above-stated datéFig. 3) and given to electronic microscopy
shows that introduction of salts- electrolytegFig. 4).
significantly doesn't influence the strength of At identification of products hydration of
binding systems (when curing within 7 daysan artificial stone in 365 days of hardening it
which makes 8,17 MPa and concedes is established that at long hardening of
comparison composition — the brand Kalmabinding composition (Fig. 3, the curve 1) are
tron, the brand Penetron and the compositiggresented by hillebrandite (d=0,301; 0,275;
without salts. 0,237; 0,205; 0,196; 0,192; 0,181; 0,174

The analysis of results shows that them) and ettringited= 0,301; 0,256; 0,234;
compressive strength of coverings decrea®e220; 0,215; 0,206; 0,197; 0,175; 0,166;
after 365th days hardening, except compog162; 0,157 nm).
tion 3. The greatest loss of strength have ana-
logs of compositions (the brand Kalmatron o
and the brand Penetron) after 1 year of hard- o

ening. Their strength decreased approxi- |, " " = i {
mately about 1,3 - 1,6 times. %MWW ‘MW W‘T
Thus, impregnation of cement-sand sam- WV&W '
ples by waterproofing solutions on the basis
of slag contain mineral binding with an addi- 0
tive of natural zeolite and an optimum com-
plex chemical additive, allows to reduce the
valume of water absorption by 17,7-21,4
times (after 7 days of curing) and by 2,5-4,4
times (after 365 days of hardening). Gener-
alization of the received dependencies shows
that the smallest size of water absorption as
for the 7th days (0,5 ml), and for the 365th
days (2,9 ml), at strength preservation, char-'"*,
acterizes coverings of composition 3. And %
IS Vls!ble that IO.VY water absorption remain f the artificial stone received after 1 year of-cu
for_ this Cpmp05|t|0n after 365 days_of hard|'ng on the basis of binding compositions: "port-
ening while other structures show bigger Waang cement+slag+water” (1), "portland cement
ter absorption, not to mention the comparisofsjag+zeolite+water"  (2),  "portland  ce-
compositions which waterproofing propertiesnent+slag+zeolite+complex of salts + water" (3)
after 1 year decreased almost by 10 times,
and permeability of the bases covered with In the course of composition modification
them increased in comparison with the urby natural zeolite there is it decomposition,
protected surface of concrete (compositioand then — in late terms synthesis analcime
4). (d=0,241; 0,221; 0,190; 0,185; 0,178; 0,168;
The developed coverings are characterizeJ165; 0,160 nm) and gmelinete (d=0,455;
by much higher reliability in comparison0,332;: 0,259:; 0,207; 0,195: 0,187; 0,178:
with traditionally applied materials of the0,168; 0,166 nm) - analogs of natural zeolites
similar mechanism of action and appointare observed [4]. Also as a part of hydration
ment, and their ability to a waterproofing ofproducts after 1 year of hardening (Fig. 3,
concrete doesn't decrease even after 1 yearigt 2), are present ettringite (d=0,240; 0,223;
operation as it was recorded for analogs ©212; 0,197; 0,166; 0,162 nm) and hille-
comparison [9]. brandite (d=0,301; 0,275; 0,224; 0,196;
The obtained data of physico-mechanica,192; 0,186 nm).
tests are confirmed by results X-ray phase At introduction of salts in bindng compo-
sition (Fig. 3, line 3), in addition to the

20 30 40 50 60

ig. 3. X-ray difractograms products of hydration
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above-established substances as a part of newwWhile microphotos of this composition
formations are recorded: low-sulphatic fornrmodified by a complex additive of salts (Fig.
hydrosulphoaluminate calcium 3CaO«®@}s 4,c) show formation of solid solutions et-
3CaSQe12H,0 (d=0,287; 0,260; 0,235; tringite and the modified hydrosilicates and
0,206; 0,190; 0,187; 0,166; 0,155 nm), fourealcium hydroaluminates.
calcicum monocarbonate hydro-aluminate In microphotos it is visible that crystals
3Ca0+AbOzCaSQ-12H,0 (d=0,346; 0,330; are presented by long thin prismatic needles
0,286; 0,217; 0,201; 0,186; 0,166; 0,16020-30 mm). Ettringite takes place in all vol-
0,155 nm), calcium hydro-nitroaluminateume of a cement stone, especially in a pore
CaO+ALO3z*Ca(NO3)2*10H,0 (d=0,187 nm). and has an appearance of rather evenly dis-

Thus, the analysis of results of RFA contributed grid in which crystals of hydrosili-
firms existence as a part of hydration prodzates of calcium are chaotically located.
ucts of an artificial stone of a large number It is experimentally established that when
hydrosulphoaluminate type of ettringitedrawing a covering up to 2 mm thick, depth
structure (AFt that Afm), the occlude hisof penetration of a waterproofing material in
pore space both reducing water absorptiagiructure of concrete makes some tens of cen-
and water penetration in time. timeters, and introduction of a zeolitic addi-

The microstructure of the artificial stonetive in structure cementations compositions
hardening throughout 1 year is presenteare provided by binding of free alkaline con-
(Fig. 4). nections in insoluble hydroaluminosilicate
connections, the amount of the salts-
electrolytes getting to structure of protected
concrete, doesn't exceed 0,04% for’l m

Thus, introduction of salts-electrolytes ac-
celerates crystal hydrate of connections crys-
tallization, but also initiates the directed crys-
tallization of the low-main hydrosilicates of
calcium. There is a reduction of a macrotime
to simultaneous increase in the micropores,
caused by formation of more uniform dense
structure of a cement stone. Replacement of
Portland cement part with the blast-furnace
granulated slag promotes full binding of
Ca(OH} in hydrosilicate substances which
are more durable and resistant to the influ-
ence of aggressive environment. At the same
time, introduction in slag-content systems of
natural zeolites gives the chance to connect
excess alkalis (Na K") in insoluble hydro-
ol | aluminosilicates and to occlude anions ¢50

0) SO%, NO;) as a part of inorganic com-
Fig. 4. SEM micrograph of sample, hardening foPl€Xes.
1 year, on the basis of binding compositions: The established features of modification
"portland cement + slag" (a), "portland cement #he slag contain cements by natural zeolites
slag + zeolite" (b), “portland cement + slag 4and a complex of salts allow to receive wa-
zeolite + complex of salts" (c) at increas&000, terproofing coverings of penetrating action
x3000. The presented microphotos of an artificigljith rather high physico-mechanical proper-
stone on the basis of slag contain cement with &s which don't concede to domestic and for-

adlditive of natl:ra]! tZ;JO"tE é‘?ﬁtigyhto dfO"T;.ati?n %feign analogs, but differ from them during the
a farge amount of the moditied nydrosilicales of, ~raased term of exploitation.
calcium and analcime (Fig. 4, b)
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Summary. This article report analysis of the major space planning and design solutions to contem-
porary cottages. Also considered the land on which built or being built these cottages. Realized statis-
tical processing of the results. Definitely, a line of research of technical parameters of the device bear-
ing structures cottages. Inspected the 68 modern houses and land plots for them in Kiev and Kiev re-
gion. Based on these data the histogram parameters most significantly influence the choice of process
parameters erection. The results of analysis are a set of body-planning and design parameters that
significantly affect the technological solutions.

Key words: cottage, parameters, technological solutions, mechanization, statistics.

INTRODUCTION PURPOSE AND STATEMENT
OF THE PROBLEM RESEARCH
Improving the efficiency of the construc-
tion of modern cottages is not possible with- To conduct the analysis, evaluation and
out the constant improvement of technologisynthesis of space planning and design pa-
cal processes on the device support stru@ameters of modern houses and land plots for
tures. Analysis, evaluation and synthesis @hem, which act as a factor in determining the
the features of space-planning and desigimganizational and technological parameters
decisions that have a significant impact oof the device monolithic structures [2].
the change in the parameters of technology of
construction of buildings allows for more
detailed study of the relationship between MAIN SECTION. RESULTS

design decisions and process parameters. AND THEIR ANALYSIS
To date, in a residential building, there is
ANALISYS OF PUBLICATION, similarity space planning and design solu-
MATERIALS AND METHODS tions while maintaining and, if necessary, an

individual approach to specific conditions
Features space planning and design soland construction requirements [6]. For this,
tions cottages disclosed in Getun G., Velikwe used the methodology of statistical re-
ovsky L. and other [3, 15]. However, weresearch presented in the works of Wentzel E
not present statistical analyzes to address [86] Gmurmana V. [4] and other [7, 9, 17].
sues of mechanization and organization To accomplish this, inspected the 68 mod-
building processes that relate to modern coern houses and land plots for them in Kiev
tages [8, 11, 18]. and Kiev region. Based on these data the his-
togram parameters most significantly influ-
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ence the choice of process parameters erec-To date, the Ukrainian family, on average,
tion [5]. According to the analysis identifiesconsists of no more than five people. In addi-
the main space planning and design charaien, for this family enough to the house was
teristics (geometry, weight, quantity) ofa 2-storey.

buildings [1, 10, 12]. The characteristics se- The length of the vast number of buildings

lected for analysis shown in Table 1.

Table 1. Characteristics that the affect the
parameters of technological process

(ML=86%) of 11m to 20m (Fig. &).
Width—from 9m to 16,5m (82 %)
(Fig. 1,d).

The most common buildings with floor
height within 2,7...3 m, constituting the bulk

__. o of the population (86 %), less common is a
Classification of characteristics group of buildings with a floor height within
Formalizing | 31 3 5m (Fig. 23).

Groups Subgroups The values of the span of the building are
Built area under within 4_,0...10,5 m with an average of —
the cottage S 6,2 m (Fig. Z.b)' . _

Soace Quantity of As seen in the histogram, the helg_ht of
pl':mmng oer- | floors n the cap ranges from 0,05 m to 2,0 m with an
formance of | Lan average value of 0,5 m and depends not only

e gth of the . L ;

buildings building L on the architecture of the building (Fig.&3,
Width of the In K_lev and region, thickness of the snow
building B cover is 0,84 m. This is one reason why Most
of the buildings, namely 87 %, has a height
Construc- Floor height H of 1,2 m to the cap.
g??ﬁé fg&}gfes The distribution of the thicknesses of the
ings Span length | bearing members has an average value of
: 380 mm at a low level of variation indicates
. The thickness of the relative homogeneity of this factor.
Geometric f 'tsr;reuitjuegortmg t (Fig. 3,b).
EsLiE?tezrso . _ The histogram, you can see that the land
Plinth height h in Kiev and Kiev region, with an area of up
Distance from to 8 acres is 41 %, from eight to twelve
c i the boundary of b acres — u= 45 % and more than 12 acres only
p:r‘;Tneetgfs of :Ee bu”d'n? tlt? 14 %. House with a large plot of land can be
the land plot [Pty ne found in extremely rare because of the high
Land plot area S cost of land (Fig. 4a).
The second reason for the popularity of

small and medium-sized sections depends on

The histogram shows that the investigateghe unwillingness to live in extended families

houses with area up to 20¢,nfrom 200
to 300 nf and over 300 fmare in the same

with relatives in the big houses.
Respectively, due to not large areas of

range with a standard deviation 63.0%and, distance from the boundary of the

(Fig. 1,a).

building to the property line, in most cases

The number of floor buildings, most in the@@3 %), limited to 10 m. More than 10 meters

range one and two floors, is rarely possible @ just 17 % of all study sites (Fig. @),
find 3-storey cottages. A substantial share

(u=55 %) are the building height of two

floors (Fig. 1,b). Reducing the frequency of

buildings for more than two floors due to

lack of demand for such buildings [13, 14].
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Fig. 3. The distribution of geometrical parameters:
a — plinth height, mb - thickness of the load-bearing elements, mm
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Fig. 4. The distribution of geometrical parameters of tand
a-land area, b — free place, m

Due to the fact that 47 % of the sites hasMe (median) - the value of a random vari-
distance between the building and the boundble, separating variation series into two
ary portion to 5 m, such that during construgarts of equal number of values,
tion of the house is very difficult to use ac (standard deviation) - evaluation of the
crane. Therefore, it is necessary to choose theattering has the dimension of the random
larger capacity crane and boom to couldariable,
work outside the station on the road or v (variation coefficient) - a dimensionless
neighboring property, which not always perguantity that is used to compare scattering
mitted, especially in those areas where pewvariational series, the values of which have
ple living. different dimensions,

In such areas, you need to move away Q; (lower quartile) - separates the 25 % of
from the use of a crane. It will be saferthe population with the lowest values,
solves the problem of transport, transporta- Qs (upper quartile) - separates the 25 % of
tion, loading and unloading. the population with the highest value.

Using the methods of probability theory The variation in economic statistics is
and mathematical statistics performed analyarely used as an independent measure of the
sis and evaluation of the data (Table 2). Faleviation. It is part of the expression of the
describing these variables, the following charariance and standard deviation. The devia-
racteristics: tion is used in some sections of statistical
m (the arithmetic mean of the sample) physics, in particular in the evaluation of the
evaluation of the expectation, the most imfluctuations of random thermal motion of the
portant exponent of the random variable, particles as an independent measure of varia-
Ax (margin of error) - the range of feasibldion.
values for the error level is 95 %, Result: it computes the average linear de-

viation of a data set.
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The average sampling error gives som&ze. Therefore, it is important that the re-
representation of the error, i. e. the error witQuirements to accuracy of sampling is always
which the sample mean is the actual value dictated by the objectives and content of the
the general average. That it shows what widitudy. In this example, such goal was to jus-
be the error on the average, if one makesy the meaningful scientific hypothesis.
many samples of the same volume out of one Median function computes the value of
and the same population. However, in eadhe sample coming into the middle of the or-
actual sample, the error may differ signifidered sample. If the sample has an even
cantly from the average error, i. e. there is nmumber of the elements, then the value of the
guarantee that the error that really was madienction is equal to the average of the two
in the particular sample study does not exsalues that are in the middle of the ordered
ceed the average error. sample.

Therefore, it would be much more useful The median is used instead of the arithme-
to know the boundaries within which the actic mean, when extreme variants of the
tual error in this particular sample is "almostanked series (the smallest and the largest
certainly". These boundaries (limits) arevariants) compared with the rest are too big
specified by limit sampling error (denoted byr too small [17].

dx). Limiting accuracy of the sample indi- The deviation of the mean square in prob-
cates that limit, which the actual error is alability theory and statistics is the most com-
most certainly will not exceed. In othermon measure of dispersion of values of a
words, the maximum erroA shows really random variable with respect to its mathe-
committed error in abundance, with exces®atical expectation. With limited sample ar-
(possibly very high) and thus ensures that thays, the arithmetic mean of aggregate sam-
actual error is less thad. ples is used instead of the expectation value.

Therefore, the required sample size in- The standard deviation is measured in
creases as the square of the desired accurasyits of the random variable and is used in
which follows directly from the formula. As calculation of the standard error of the arith-
the squares of the numbers with increasingetic mean, in the construction of confidence
numbers themselves increase very rapidlintervals, in statistical hypothesis testing, in
then increasing accuracy requirements cdhe measurement of the linear relationship
lead to immoderate increase of the sampleetween random variables. It is defined as

Table 2. Factors analysis results

S, nt L, m B, m n H, m I, m t, m h, m b, m 5 I1¥

m 250,64 15,25 12,11 1,73 2,90 6,19 383,26 660,00 27,0 927,91

Ay +13,52 +0,77 +0,63 +0,13 10,03 0,34 +13,16 +09,0p 1,19 +91,28

Me 247,50 14,67 11,95 2,00 2,90 6,00 380,00 500,00 05,

o

800,00

o) 63,05 3,61 2,94 0,62 0,15 1,58 61,38 462,23 5,5

~

5,882

v 0,25% | 0,24%| 0,24%| 0,36%  0,05% 0,25%0 0,160 0,700  9%.,7| 0,46%

Q 191,25 | 12,76 9,92 1,00 2,80 5,00 350,00 350,00 3,25 650,00

Qs 316,00 16,59 13,85 2,00 3,00 7,08 400,00 1000,00 60 7,/ 1050,00

78



ANALYSIS OF SPACE PLANNING AND DESIGN DECISIONS MODERN COTTAGE

the square root of variance of the randorh.

variable.
Variation coefficient is the relative value

that is used to characterize the fluctuationy

(variability) of the sign. It is the ratio of stan-

dard deviation to arithmetic mean and is ex-

pressed as in percentage.

variation series by into two equal parts, the
find the median in each of them. For exam=’
ple, if a sample consists of 6 elements, then
the initial point of a sample is the second

element and the bottom quartile is the fifth g
element.

The coefficient of variation is used when

it is necessary to evaluate the variability of
object attributes that are expressed in differ-
ent units.

The variation is considered weak ¥ 8.

<10% if v varies from 11-25%, the average
and significant whern> 25%.

To calculate the quartiles one must divide

11.

CONCLUSIONS

. The results of analysis are a set of body-
planning and design parameters that sig-
nificantly affect the technological solu-1
tions.

. To further investigate the parameters arg;
defined as the main factors.

. Realized statistical processing of the re-

sults. Definitely, a line of research of14.

technical parameters of the device bearing
structures cottages.

15.
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MAKSYM KLYS

AHAJIN3 OBbEMHO-IINTAHUPOBOYHBIX
1 KOHCTPYKTHBHBIX PEITEHUN
COBPEMEHHBIX KOTTE/IDKEN

AHHoTauusi. B cratbe mpeicTaBieH aHAIU3
OCHOBHBIX OOBEMHO-TIAHUPOBOYHBIX M KOHCT-
PYKTUBHHX DEIICHUA COBPEMEHHBIX KOTTEIKEH,
a TaK}¥OKEe pacCMOTPEHBI 3eMEIbHBIC YUacTKH, Ha
KOTOPBIX TOCTPOCHBI WIIH JOCTPAWUBAIOTCS 3TH
KOTTEJIKH. IIpoBenena CTaTUCTHYECKAS
o0OpaboTka pe3ynbraTtoB. OIpeneIcHHO Hampas-
JICHUE WCCIICAOBAHMS TEXHUUYECKHX ITapaMeTPOB
YCTpPOMCTBA HECYIIUX KOHCTPYKIIMU KOTTEKEH.

B  pesynbTare  BBIOJNIHEHBIX  OOBEKTOB
npeacTaBUTeNneH 68-Mu COBPEMEHHBIX
KOTTEDKEH W 3eMENbHBIX YYaCTKOB IO HUX B
Kuese u KueBckoil o0macTd, 1 Ha OCHOBaHHH
MOJIYYCHHBIX JaHHBIX MOCTPOCHBI TUCTOTPaAMMBI

80

pacrpeneneHus IapaMeTpoB, . HaunboJee
CYLIECTBEHHO BIIMSIONINX Ha BBIOOp IMapamMeTpoB
TEXHOJIOTHYECKOro Tporiecca Bo3peneHus. llo
pe3yibTaTaM aHajiu3a ONPEICICHBl OCHOBHBIC
00BEMHO-TINIAHUPOBOYHBIE U KOHCTPYKTHBHEIE
XapaKTePUCTUKH  (TeOMETPUYECKHE, BECOBBIC,
KOJINYCCTBEHHBIC) 3TaHUM.

Hcnone3ys MeToasl TEOpUH BEpOSTHOCTEN M
MaTEeMaTHYECKOM  CTATUCTUKH  BBITIOJHEHBI
aHaJIN3 U OLIEHKA MOJyYEHHBIX JaHHBIX.

PesynpTaThl aHanmuza cTadM COBOKYIIHOCTh
00BEMHO-TNIAHUPOBOYHBIX W KOHCTPYKTHBHBIX
MapaMeTpoB, KOTOPHIE CYIIECTBEHHO BIUSIOT Ha
TEXHOJIOTHUYECKUE PEIICHNUS.

KuarueBble cjoBa: KOTTEIX, MNapaMeTphl,
TEXHOJOTHYECKHE  PEIIeHHs,  MEXaHHM3aIlus,
CTaTHCTHUKA.
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Statistical Research of Retaining Walls Displacement on the Results of Geodetic
Measurements by Analysis of Variance
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Summary. The analysis of geodetic measurements of retaining walls displacements in the residen-
tial quarter of the city of Kyiv is executed. For processing the observations, it was suggested to use a
method of analysis of variance (ANOVA). The influence of changes displacement depending on the cy-
cles of observations by one-factor analysis of variance is investigational. Method of one-factor ANOVA
allowed also defining that for different retaining walls, a deformation process has a different dynamics.
The relationship between cycles and retaining walls placement was determined using two-factor
ANOVA. Method three-factor analysis of variance allowed additionally defining influence of location of
deformation marks on the value of displacement. It was confirmed that the variance analysis method
has great potential for the analysis of geodetic measurements, especially at the large volumes of ob-
servations.

Key words: ANOVA, displacement, dispersion relation, the level of significance, retaining wall,
landslide, deformation prediction.

INTRODUCTION situation is the use of statistical research
methods such as regression analysis [2, 13].
At observing the displacements alwayln the geodetic practice have spread predic-
arises the problem of correct interpretation (tion models based on polynomial and expo-
measurement results. After many yearnential functions [10], Kalman filtering [5]
many mathematical models for approximeand fuzzy systems modeling [3]. However,
tion and prediction of engineering structurefor landslide and retaining walls it is neces-
displacements were developétbwever,for sary at first determine the nature of the dis-
modern engineering buildings often imposs placement distribution.Get single models
ble to find a single model that will fully de- predicting a deformation of retaining walls is
scribe the deformation process. Actual sudmpossible.In such case, it is necessary to
problem is for observations on landslide:divide the landslide or landslide structures on
which have a difficult multisectional struc-individual blocks within which to perform
ture and hold out different retaining wall<the construction of appropriate models of de-
[7]. Observations of the retaining walls otformation [8]. This problem is quite com-
the landslides are complex [1, 6]. The natuiplex. Even for landslide structures, which are
of displacements on landslide and retainirstructurally divided into separate blocks de-
walls caused by many factors, which is corformation process can have the same nature
firmed in researches [1, 6]. In such circunfor several blocks or changed within one
stances, the construction of a predictivblock. Application of multivariate analysis of
model is a very difficult task. Way out of thisvariance methods gives the opportunity to
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explore the distribution and nature of disanalysis of variance for research of nature
placements and highlight landslide areas and connection of retaining walls displace-
landslide structures within which can be usements that hold the landslide slope. A general
a single model of deformations predicting. view and placement of retaining walls are
shown on a Fig. 1.
Landslide slope has a height of 30 meters
PURPOSE OF WORK and a width of 20 meters. Landslide is held
by four retaining walls (PS-1, PS-2, PS-3,
The task of work is research of one-factctPS-4). The height of retaining walls is in the
and multivariable analysis of variance possrange of from 8 to 14 meters. Location plan
bilities at determination of various factors in of retaining walls is presented in figure 2.
fluence on the nature and distributing of dic  All retaining walls have a pile foundation
placements during observations retaininwith piles at depth of 20 meters.
walls on the example of the observations r
sults of the retaining walls in the residentie

quarter of the city of Kyiv. RESULTS OF MEASUREMENTS
To measure the displacements a spatial
DESCRIPTION THE OBJECT geodetic network was built. The network
OF RESEARCH consists of 5 points from which executed

minimum twice coordinating deformation
Analysis of variance as a method of remarks on retaining walls. According to the
search data is known for a long time [4, 11lresults of adjustment, the root mean square
In geodesy this method is used recently at rerror along the coordinate axes were: for
search of GNSS measurements and solvireference pointsn, = 1,5 mm,m, =3 mm,
navigation tasks [8, 12]. We will apply the

Fig. 1. A general view of retaining wallsacement
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m, = 4 mm. The main requirement was tdisplacements only along the axis, which

determine with the accuracy of 3 mnare shownin Fig. 3.

displacements in the direction of thé axis.

For the rest coordinate axes th

displacements are not critical and does n STATISTICAL RESEARCH
affect the stability of retaining walls. The OF DISPLACEMENTS

measurements were performed weekly in tl _ _
flow of six months. The total number of The first necessary step of geodetic meas-
cycles is 27. Fig. 3 shows the measureurements analysis is to check the form of the

displacement in theéX axes direction for all distribution law. We used three nonparamet-
marks on the four retaining walls in 23fic tests: Kolmogorov-Smirnov, Anderson-
cycles. Darling, x2 [4]. The results of testing the
hypothesis of normal distribution of the re-

e sults of measurements are shown in Table 1.
i 52 Table 1.Testing the hypothesis of a normal dis-
12500 - tribution
, 49
ok Kolmogorov-Smirnov
o 7 - Sample Size | 1188
' &3 Statistic 0,0982
“ g 0,05 | 0,02 0,01
i1 Critical Value | 0,039 0,044 0,047
11500 - - Reject ‘Yes Yes Yes
42 Anderson-Darling
i Sample Size | 1188
- Statistic 24,874
s 11000 - P53 q 0,05 | 0,02 0,01
- 28 Cri_tical Value | 2,502 3,289 3,907
P2 Rezzject Yes Yes Yes
10500 - | = X
20 Deg. of free- | 10
4 dom 186,670
10000 Statistic
24 28 q 0,05 0,02 0,01
> [ 25 Critical Value | 18,307 21,161 23,209
PS-4 27 Reject Yes Yes Yes
8500 - T t
Hypothesis testing showed that the data
did not submit the normal distribution law.
9600 1 _ This is not a hindrance to the analysis of
1120,0 1170,0 1220,0 variance, but confirms the necessity for sta-
X m tistical check. Deviation of the distribution
Fig. 2. Location plan of retaining walls andlaw of the measured displacements from
deformation marks numbers normal indicates the presence of systematic

o _ factors and confirms that all the measured

In the d|reCt|0n Of the COOt‘dInate ax¥s d|Sp|acement cannot be Considered as a
and Z the maximum displacement were réywhole. The displacements for different re-
corded at 10 mm. Such displacements are Iaining walls are different and need to ana-
critical and therefore we perform analyS|S C|yze them Separately. For C|arity’ we present
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Fig. 4. Histogram and normal probably density function

the histogram and the probability densitvary between cycles of measurements. To de-

function of the statistical analysis results.  termine whether the actual deformation proc-
For establishment of factors, which influ-ess occurs perform one-factor ANOVA.

ence on the nature of the displacement dist The first stage of analysis of variance is to

bution perform analysis of variance of mea:calculate basic statistical characteristics.

urements results. If there arek cycles of measurements of

displacements;, i =1,...,k . According to
the results of measurements adjustment

known that all measurements have the same

Analyzing the charts in Fig. 3 itis difficult \5rjance and distribution centers are differ-
to establish whether the displacement marks

ONE-FACTOR ANOVA
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ent. In each cycle performed observinde-

formation marks. In theth cycle, we have: If we assume that facter is the presence
of displacements between the cycles, then in
AXi1,0%2,...,M%n the absence of this displacement the most

probable value of the measured value is the

Total number of observations: arithmetic mean of displacements:

k
N = ZHi : Q)
i=1
Table 2. Statistical characteristics of displacement measarg
cycle| Mean | RMS 95% interval for the mea Max | Min
Lower limit | Upper limit
1 0,000 | 0,000 0,000 0,000, 0,000 0,000
2 0,002| 0,000 0,002 0,002| -0,000 0,004
3 0,003| 0,000 0,002 0,004 -0,004| 0,007
4 0,002| 0,000 0,001 0,003| -0,005/ 0,006
5 0,000; 0,000 -0,001 0,001 -0,008| 0,007
6 0,001 0,000 -0,000 0,002| -0,008| 0,006
7 -0,002| 0,001 -0,004 -0,001] -0,011{ 0,004
8 -0,002| 0,001 -0,003 -0,001] -0,010[ 0,006
9 -0,004| 0,001 -0,007 -0,002| -0,023| 0,010
10 -0,008] 0,001 -0,009 -0,006] -0,018 0,002
11 -0,006| 0,001 -0,008 -0,004| -0,022| 0,004
12 -0,005| 0,001 -0,007 -0,003] -0,020[ 0,004
13 -0,004| 0,001 -0,006 -0,003] -0,020[ 0,005
14 -0,005| 0,001 -0,007 -0,003] -0,018 0,006
15 -0,004| 0,001 -0,006 -0,003] -0,018 0,005
16 -0,006| 0,001 -0,008 -0,005| -0,022| 0,002
17 -0,007| 0,001 -0,009 -0,005| -0,023| 0,008
18 -0,007| 0,001 -0,010 -0,005| -0,024| 0,006
19 -0,009| 0,001 -0,012 -0,007| -0,029| 0,002
20 -0,009| 0,001 -0,011 -0,006] -0,030[ 0,003
21 -0,008] 0,001 -0,011 -0,006| -0,030[ 0,004
22 -0,009| 0,001 -0,011 -0,006| -0,033| 0,003
23 -0,009| 0,001 -0,012 -0,007| -0,034| 0,004
24 -0,010| 0,001 -0,013 -0,008] -0,034| 0,003
25 -0,011] 0,001 -0,014 -0,008] -0,033| 0,002
26 -0,011] 0,002 -0,014 -0,008] -0,036| 0,003
27 -0,012| 0,002 -0,015 -0,009| -0,038| 0,004
Total | -0,005] 0,000 -0,006 -0,005| -0,038| 0,010
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meam\x =

k N

PV

i=1j=1

(@)

N

2
F>Fq, where:F =19 (g)
my

A value Fq selected on the basis of the

If the values of displacements is signifi accepted significance levgl and the number
cant, then the mean values:

nj

mear\x; :i_ ZAX”' ,

N o

@)

of degrees of freedom (DoF)kyq =k-1,
kr = N - k .
Perform ANOVA in which we establish

the dependence of the displacement from
measurement cycle. The results are shown in

differ considerably from the overall averag:'2Pl€ 3.

).

By the criterion to confirm the hypothesis

For analysis, calculate deviation using e>@20ut the change displacements between cy-

pressions (2 (3):

(4)

(6)

cles is the level of significance. At confi-
dence probability 95% level of significance
should not exceed 0,05. Thus, the fact of dis-
placements between cycles can be regarded
as established. Figure 5 shows a graph of the
average displacement the whole complex of
retaining walls.

To check the influence factor numbers re-
taining wall on the displacement values per-
formed one-factor ANOVA. A hypothesis
was tested that displacement of deformation
mark depends on what retaining wall it is lo-
cated.

The analysis found that the magnitude of
the displacements depend on the retaining

Dispersions according to expressions (4-iwall which is deformation mark is located

(7)

k N
Q:iz Z(Axij —meamx)z,
N — ~—
i=1j=1
K
Qq = D nj (meamx; - mea\x)? , (5)
i=1
K N 2
Q=) Z(Axij —meamxi) :
i=1j=1
will be:
2_ Q 2_ Q
TIN-T T Tk
m’ = < :
N -k

on. The construction of deformation models
process must be carry out for every retaining
wall separately.

The results of analysis push on an idea
about dependence of displacement size si-
multaneously on that in what cycle and what

The critical region is defined as the disfetaining wall, displacement was fixed on.

persion relations:

For verification of such hypothesis the two-
factor ANOVA was applied.

Table 3.0ne-factor ANOVA (Displacement - Cygle

Feature |Sum of squarq DoF The mean squar F S'g?éf\';;?nce
Between group 0,023 26 0,001 20,010 0,000
Within groups 0,050 1161 0,000

Total 0,073 1187
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95% interval for the mea .
Wall N Mean | RMS Min Max
Lower limit | Upper limit
1 594 | -0,003]| 0,000 -0,004 -0,003 -0,018] 0,010
2 270 | -0,011( 0,001 -0,012 -0,009 -0,038]| 0,006
3 216 | -0,007( 0,001 -0,008 -0,006 -0,030] 0,008
4 108 | -0,001( 0,000 -0,002 -0,000 -0,007]| 0,007
Total | 1188 -0,005( 0,000 -0,006 -0,005 -0,038] 0,010

Table 5.0ne-factor ANOVA (Displacement - Retaining wall)

Feature Sum of square| DoF | The mean squai F Significance leve
Between groups 0,013 3 0,004 86,672 0,000
Within groups 0,060 1184 0,000

Total 0,073 1187
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TWO-FACTOR ANOVA

Under the hypothesis of the presence
several influencing factors used multivariat
analysis of variance. We investigate the ir
fluence of the factora (cycle observations)
and B (number of retaining wall) on the
measurement results. Measurement series
be represented as:

a1B1 AX111, 8% 12 DX 1k - DX 1514
0182 AX121,8%122,...,80%1 2k » - - "AX]-ZS’.I.Z

1B Axq1, A% 2, DXk - AX gy
0oB1 AX211,M%212,.. -'AXZJK’---’AXZISZJ_
a2B2 AX221,8%222,.... A%k -1 AX22s,,

aB| AX9i1, 8% 2,.... A%l -, AXD) 559

OnB1 AXn1 1, %12, - DXk s - - - MXnis g
anB2 AXn21, A%Xn22,- -, AXn2k - - AXn2s, 5

APy AXnj1, AXp| 2, DXl - DXy
Total number of measurements will be:

n |
N=> Zsij . 9)
i=1j=1
Overall arithmetic mean would be:
n | Si
mearn\x = %\I DD > A - (10)
i=1j=1k=1

Determine the arithmetic mean on the fac-
tors for considering factay; with (12):

I
meamxq -1 > sjmean;j , (12)
Nio j=1
where:

|
Nio = X_sij -
j=1
for factorp;:
1 d
meamxpj = ——— > §jmean;j , (13)
Noi 2

where:
n
NOj = Zsij .
)

To determine the general empirical dis-

persion found fluctuations:

empiricabjjx = Axjjk — meax. (14)
General deviation using (14) is calculated:

n | Sij
Q=Y 3 Zempiricaﬁﬁk , (15)
i=1j=Xk=1
and proper dispersiorm2 :Nil'

Fluctuations of factors. andp are calcu-

lated using formulas (10), (12), (13):

Ojp = mearxjg — meamx,
Opj = meamxpj — meard,
(16)
Ojj = mearxj; — mearmx,

empiricabjj = AX;; —(6i0 —6oj)

Deviation of factors calculated by the

fluctuations (16):

Particular arithmetic means by the serie
of measurements calculating:

1
mearx;; =; ZAXijk-
] k=1

(11)
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Qa = 3 NioBig Qg = Y. NojBG;.
|=1n | =1 (17)
Qup = 2. Zsjempiricabﬁ.
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Dispersions of factors using deviation (17 mo% mBZ
will be: Fo=—7, Fg=—. (22)
mr mr
2_ Q 2. % Critical areas are defined as before on the
M n-1' M | -1’ (18) basis of accepted significance lexghnd the
me = Qup number of degrees of freedonky =n-1,
(n-12)( 1) kg =1 =1,k =N -nl.

Perform two-factor ANOVA to test the
hypothesis according to the value of dis-
placement at the same time from the cycle of
observations and numbers of the retaining
wall.
and deviation: Two-factor analysis confirms a hypothesis

about dependence of displacements size si-
| Sij multaneously on the cycle of observations

n
Q=22 Zéﬁk . (20) and number of retaining wall. The valug

i=1j=k=1 in the table shows the percentage contribu-
tion of each factor in the total dispersion. The
Suitable dispersion is: stake of joint influence of observations cycle
and number of retaining wall is equal to 17%.
2 Q Such index indicates the presence of sys-
M = N-nl" (21) tematic factors, the nature of which must be
found by further analysis of the results of
Thus, we obtain the total contribution omeasurements and observations of the slope,

Next, calculate the residual fluctuations:

Ojjk = AXjjk —meamxjj , (19)

each factor to the total variance: retaining walls and atmOSpheriC parameters
(air temperature, soil temperature and humid-
Q=0Qy +Qg +Qug +Q, ity, a_lmount of precipitation). .
TR TR T Fig. 6 shows the values for each dis-
(N -2)m? = (n-2)mZ + —1)m§ + placement on every retaining wall, and in
) ) Fig. 7 the average displacement values for re-
+(n-2)(1 —1)mq[3 +(N = nl)m¢. taining walls.

Influence of factorsy andp is determined
from the dispersion relations:

Table 6. Two-factor ANOVA (Displacement-Cycle-Number of rigiag wall)

The mean Significance 2
Feature| DoF square F level n
o 26 0,001 22,494 0,000 0,351
B 3 0,004 152,875 0,000 0,298
o* 78 8,1E-5 2,823 0,000 0,169
Error | 1080 2,9E-5
Total | 1188
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Table 7.Three-factor ANOVA (Displacement-Cycle-Number ofaiaing wall-Mark
position)

Feature | DoF | The mean squaf F Significance leve r]2
o 26 0,001 21,40 0,000 0,364
B 0,004 145,42 0,000 0,310
vy 1 0,000 10,339 0,001 0,011
oa*p 78 8E-5 2,686 0,000 0,177
o*y 26 7E-6 0,259 1,000 0,007
B*y 3 0,000 6,740 0,000 0,020
a*p*y| 78 5E-6 0,193 1,000 0,015
Error 972 3E-5
Total | 1188
This result is very important, it confirms 2 2 2
the complexity of the deformation process. Fo =%,Fﬁ =ﬂ;,FY =ﬂ2,
From cycle to cycle different retaining walls my my
change model of their displacement. Two- _mg g,
factor ANOVA  (Displacement-Cycle- Fop ‘?’ Foy =—5 (23)
Number of retaining wall) shows the funda- 2r ;nr
mental impossibility of the use of models de- L = :M.
formation like a [3, 10], and speaks in favor By m2 opy m?2

of the use of models based on the theory ~*
random functions.

At the analysis of the observations wa
paid a regard to circumstance that the di
placement for marks, which is placed on tk
same vertical top and, bottom of each retai
ing wall differ. A hypothesis was pulled ouf
that the displacement in the upper and low
parts of each retaining wall should be inte
preted differently. According is pulled out
hypothesis about necessity of verification
complex impact Displacement-Cycle:
Number of retaining wall-Mark position. To
test this hypothesis has been applied a thre
factor ANOVA.

In (23) factors areo (cycle observation),
B (number of retaining wall)y (mark posi-
tion).

Three-factor analysis showed that signifi-
cant is the contribution of the following
groups of factors: Displacement-Cycle
36%, Displacement-Number of retaining wall
— 31%, Displacement-Mark position 1%,
Displacement-Cycle-Number of retaining
wall — 18% Displacement-Number of retain-
ing wall-Mark position- 2%.

Summarizing the results it is possible to
pass to the conclusions about the executed
research.

THREE-FACTOR ANOVA CONCLUSIONS

When the three-factor analysis of varianc
implementation checkup the following dis-
persion relation by analogy with (8) and (22)

Analysis of variance was a powerful in-
strument to explore the displacements. Using
analysis of variance revealed the following
features of the measurements were made:
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1. When unclear picture of nature of dis-
placement found that displacements occurs
between cycles of the whole landslide,

2. In different parts of the landslide retain-
ing walls respond differently to each of thenf"
should be built its deformation model,

3. It is necessary to execute the detailed
analysis of observations after every cycle be-

Symposium on Deformation Measurement
and Analysis, 4th |IAG Symposium on
Geodesy for Geotechnical and Structural
Engineering Lisbon May 12-15.

Mentes G. 2008. Investigation of Different
Possible Agencies Causing Landslides on the
High Loess Bank of the River Danube at
Dunaféldvar, Hungary. 13th FIG Symposium
on Deformation Measurement and Analysis,

cause there is dependence between the cyclesith |AG Symposium on  Geodesy for

of observations and displacement of retaining
walls, which indicate on the possible differ-
ent terms of operation between cycles fof.
every wall,

4. It is necessary separately consider dis-
placement deformation marks at the top an
bottom of each retaining wall. 8.

The obtained results are more fully ex-
plained to the results of geodetic measure-
ments and perform a correct construction of a
predictive model of the deformation process.
In future we plan to use the results and oly-
servations of atmospheric parameters (air
temperature, soil temperature and humidity,

Geotechnical and Structural Engineering
Lisbon May 12-15.

Morozov V. 2012.Work the front membrane
of the membrane retaining wall at different
angles of inclination. Motrol: kom. Mot.
Energ. Roln., OL PAN, Vol. 14 (1), 42-46.
Pavlovskaia 0O.G. 2012. Analysis and
Evaluation  Geodetic Data Landslides
Dynamics in the Blasting and Unloading
Slopes 25.00.32 - "Geodesy" dissertation for
the degree of candidate of technical sciences,
Novosibirsk.

Pirt A. 2012. Evaluating The Repeatability
Of RTK GPS Measurements Using Analysis
Of Variance Geodetski vestnik 56/3, 427-442

amount of precipitation) to build a model ofL0.Pytharouli S.I., Kontogianni V.A., Nicki-

deformations by the regression analysis.
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MIEPCUOHHOTO aHanmu3a. MeTox 0JHO()aKTOPHOTO
MACTIEPCHOHHOTO  aHAM3a TIO3BOJIMJI  TaKKe
OTIPENICTTUTh, YTO JUISI PA3IMYHBIX ITOAIOPHBIX
CTCHOK  Je(QOpPMAIMOHHBI  TPOLECC HMMEET
PasTUYHYI0 JWHAMHUKY. 3aBHCHMOCTH MEKIY
[IUKJIAMA HaONIOACHUN M pa3MEIICHUEeM I101-
MOPHBIX CTEHOK OBLIO OMpPEIEICHO C MOMOIIBIO
JBYX(haKTOPHOTO TUCIICPCUOHHOTO aHAIH3a.

93

Meton Tpex(aKTOPHOTO JIHUCIIEPCHOHHOTO
aHaJM3a IO3BOJIMII JIOTOJIHUTEIHHO OIPEACINUTh
BIUSHUAC  PACIIOIOXKEHUS  IedopMaIimOHHbIX
MapoK Ha BeauuuHy nepemeiieHuit. IloaTsep-
JKIEHO, YTO METOJA IHUCIICPCHOHHOTO aHajau3a
nMeeT OOJbINHEe TEPCHCKTUBEI TPH  aHAN3E
TCOJIC3NICCKUX M3MEPEHUil, OCOOCHHO TpH
0OoJIBIINX 00beMaX HAOIIONEHUH.

KuroueBble cjioBa: JUCIIEPCUOHHBIA aHaJuU3,
TepeMeITIeHNs, JUCIEPCHOHHOE  OTHOIICHHE,
YPOBEHb 3HAYMMOCTH, MOANOPHAs CTEHKA, OMOJ-
3€Hb, IPOTHO3UPOBAHHUE JAchOpMAaIIHiA.
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Spiral Method of Concretion Mining from the Bottom Waters
Mykhailo Sukach

Kyiv National University of Construction and Architecture
Povitroflotsky prosp., 31, Kyiv, Ukraine, 03680, e-mail: msukach@ua.fm

Summary. These features occurrence and distribution of deep-sea nodules. A development of the
bottom of fossil spiral manner. Scheme is shown floating and complex trajectory carriage bottom of the
unit. The basic technological calculation unit that moves around the base module and given recom-
mendations on its use.

Key words: floating complex, iron-manganese minerals, spiral method of extraction, trajectory of
motion, hose-cable.

ANALYSIS METHODS
INTRODUCTION OF EXTRACTION

The researchersonducted by oceanolo- The main element of the exploration min-
gistsand marine geologists in the past decing complex for concretion mining, given
ade have revealed patterns of occurrence the significant depth of development (4...6
nodules based on landforms, direction okm), is a system of concretions raising
flow, sediment character, hydro chemica[l, 4]. Based on the results of tests in natural
conditions and other factors [15, 17]. Usu-conditions, conducted by leading foreign
ally deposits are elongated shape with cormrcompanies, to be implemented in the first
pact placement areas where the concentrphase accepted as the most simple pipeline
tion of nodules in 2...3 times the average [7system recovery or airlift pump type [5].
10, 11]. Nodule deposits are characterized iKnown technical solution patented by
terms of patchy structure with discrete zone"Lockheed” (USA), which includes craft;
of high placement concentrations [2, 3]. Thedescent gear unit pipeline; bottom platform
above makes it necessary to justify the melocated on its lower end; hose-cable flexible
thods of ocean exploration, technology testcommunication and data collection unit [6].
ing, research and industrial mining exploita- In such a system is extremely difficult to
tion [9, 16]. manage the orderly systematic treatment of a

loose plot, given the significant difference in

the length of the pipeline (6 km) and the
PURPOSE OF WORK width of the working body of the unit fee (a

few meters), the masses craft (several hun-

In order to save of resources need to stdred thousand tons) and aggregate collection
up a floating complex in such a way that the(several tens of tons), the power of influence
original data obtained in the pilot mining of natural factors (wind, flow rates of up to 2
exploration mining complex would be repre-m/s) on the pipeline during its movement by
sentative for complex industrial exploitation. floating means (the pressure is several doz-

ens, hundreds of tons) and the aggregate fee
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(perturbation effects turbid bottom flows orbase module, which fixes the lower end of
submarine slopes inhibitory effect of flexiblethe pipeline to the processing area deposits
communications and ground soil) [8, 13, 14](unit) includes a guided coil connected
Deprived of such deficiencies on shortthrough hose cable Actuated of carriage, the
term fixation of the lower end of the pipelatter performs a circular motion around the
when lowering the bottom of the bottomspiral path by bottom base module (Fig. 2).
platform — bottom base module interacting Efficiency of up moving in spiral
with flexible communication with the trajectories with respect to the bottom of the
bottom end of the pipeline andcoil is determined as follows (Fig. 3).
shvydkoruhomoyu carriage carrying the tooCarriage with free automatichose-cable
"carrier" absorption (analog— cleaner rewinder hose cableya coil describes involute
containing unit and dust extraction headcircle, defined by equations in polar
interconnected corrugated hose). coordinates in the parametric form:
R 2]
SPIRAL WAY NATURE p=Rofl+ (0 +1o/Ro]*|
a =¢-arctdp +1o/Ro),
The proposed technical solution is show
in a design setup is shown in Fig. 1. Bottorwhere: p — polar radius of the point of at-

tachment to the carriage hose-calite:- po-
lar angle (phase) point of attachmeRy —

radius of the coil;l; — length of the initial

segment hose-cable, pulled codl; — phase
separation of the coil hose cable.

Fig. 2. Trajectory of motion of carriage:
denotationl —11 as on Fig. 112 — carriage
way

It is assumed that the vallig depends on

Fig. 1. Scheme complex floating: the_ size of the foundatio_ns of the bottom caill,
1 - craft, 2 - descent gear uni8 — pipeline  Which prevents the carriage freely maneuver
transport artery4 — compressor Station (airlift Close to the coil; apparentlyg = Ry. It is
system recovery (ESR) or diesel generator also assumed that the width of the carriage is
with pumping system recovery (PSR3)- pip-  connected with coil radius ratib = 21R, to

‘N9 f.or compressed air at'ESR or cable at FESR, ensure complete overlap of the treated area
— mixer (ESR), submersible pumps (PSR); between the two coils

bottom base module8 - flexible pipe, 9 -
donna coil 10 — hose-cablell - drive carriage
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Fig. 3. Diagram spiral trajectory of up bound hose cabik co
| = coll, Il ... IV — caret positionl{ — original,lll — end,IV - intermediate)V - trajectory
of the carriageyl — hose-cabld/ — overlay zone adjacent blocks

Square shapeAyaA; (uncultivated space
inside the helix)S, consists of the area cov-
ered by the polar radiys from the pointA,
to point A when deploying hose-cable
(S;A@A), and the area of a triangle

S(B)=2RE (b+1/R,)"
we obtain:

SoAgaA; = Ry’ = S(a)

(SoAoA): SpApaA; = 3(21-[— S(o))’
_ S = g2n- 5, + S(a)).
= +
0 = A2+ ShA Let processed space is limited circle of ra-
where dius R", associated with the maximum
@ 2 2 length hose-cablé,, , by ratio:
SoPoaty =7 [ p’an = [p’a’ap = ”
o 0 R = Ry[(Ly /R, +2n) +1]".
1,2 1) o )’
:_Rg (T-'-_OJ a'[:_('[+_oj A . a.. . .
2 £ Ry Ro . Limit setting R~ will be determined from

Denoting:

97

the expression:

¢D = (ch _Io)/Ro +2m.
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Note: ¢Dmin =2m, corresponding?mmm :
Therefore, the number of complete rotatior
a carriage:

p

K= [p"/2m-1).

The area that is maintained carriage, in
which case:

T
s=1 [pPatat +S,-5; =
2 g
T-21

= S(t") - S(1” - 2m) - S(2m) + Sy).
The area of a circle of radiug":
sP=mR"%.
Percentage of area processed,
E = (s/s")009%.

Trajectory, which makes the center of the
carriage (see Fig. 2), is described by the equ-
ations:

T, hour

P, mill.ton/year

1M1
10 T

L[]
I
T

O — kM = MmO~ Qo
[ TR TN TR R SR R

2 348867 8 910 Bm

Fig. 4. Graph of the performance
of the enterpris® from the widthB
and speed of pickup

=R[1+foto/r) ) |

= ¢ —arctd +(lo/Ro)+ ).
The path of movement of the carriage:

¢D—2T[

1% 2 1
L=3 [ pfay = [ pa'ap=
a (L) 0

| 2
2om ((I) + R(:) + T[j

]
\/1+(¢+'R(;+n2j

0
Denoting:
z=¢+(lo/Ro)+,

ad .

we obtain:

Fig. 5. Dependence term treatment ar&as

from the widthB and speed of pickup
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chassis up (caret) must be reversed at a small

T+ 2-m
Ro 72 angle (~ 7 °) at the outer side of the coil to
L=Ry | \/jaz = create a constant tension fse-cablethat
lo, V1+Z has neutral or slightly positive buoyancy.

=%R0[z 72 +1—|g(Z+ 72 —1)]

Then:
L:L(¢D+(|0/Ro)_")‘ L(lo/Ro)+ . AN
Specific treatment area, id the area that is é é

treated as a unit path traversed by carriage:

Fig. 6. Scheme working in field plots spiral
D=S/L. circular trajectory carriage:
| — processed] — uncultivated land
Using the computer program calculated

the valuesR", ¢, K, s, S, E, L, D for Moving the complex area of the new unit
different lengths of hose-cable L= Should be carried out by the pendulum

. ., _ movement of the lower end of the pipe at
100...200m) and radiuses of the colRy = elevated above the bottom of the base mod-

0,2...1wm) for a given width of the working yje at a time when the craft is in the distance
body (8 = 2,0...10m) and the length of the petween the centers of adjacent range blocks
initial segment of hose-cable, pulled by cowhen included with the drivers, taxiing).
(I, = 1...5m). According to our calculations, pore economic office hours at moving of
built feasibility dependency mining companfloating means taking into account influence
(Fig. 4 and 5). of superficial flows and wind without includ-
ing of main propulsion engines.
Lowering the bottom of the module
GUIDELINES FOR POOL should be performed at the time of stay of the
DEVELOPMENT craft center of a new unit (including the
effects Angle undercurrents in trubop-rovid).
Move the bottom platform bottom base Control mode switching engines, taxiing,
module in the next section area (block) is atcarried out by the display location of the
distance equal to twice the length hose cabbottom base module based on signals
Thus, the deposits are processed by succreceived from the bottom sonar beacons.
sive overlap of circular blocks in circuits As can be seen from the graph in Fig. 4
where excavation is performed spireaand productivity of industrial enterprises 1...3
(Fig. 6). The variant of the carriage passemillion tons of nodules per year can be
through it forward and in reverse on the irachieved with acceptable parameters of the
side back-spiral. speed range up 0= 1...2 m/s and the width
To improve the efficiency of nodules sloof the working bodyB = 2,5...3 M. And
scheme can be used with the trajectory of tlworking land area 0,Zw” depending on
carriage for reciprocal trajectories with ¢these parameters extended from a few hours
fixed rotation angle ( 210, 240, 270 ° etc. to 1,5 days (see Fig. 5). Losses in between a
by operation of reversing switches or prcblock areas can be substantially reduced by
gram laid down in the onboard memonroverlapping the blocks in slot pitch contours,
computer bottom base module. Thus skafor example in the area ofl” (see Fig. 3).
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CONCLUSIONS

1. A block diagram of practicing deep de-
posits of ferromanganese nodules sedenta
set of fixed at the bottom of the base modul
and quickly by a movable collector. The lat-
ter has a coordinating communication vie
hose cable with a drive carriage and perform
a circular motion around the base module o
a spiral trajectory.

2. Productive area of minerals in circular
overlapping blocks, where excavation occur
spiral steps. Moving to the next set of traffic
control unit and a collector carried by the in-
stalled program automatically includes dat:
from sonar beacons.
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CHHPAHLHJ:IPI CIIOCOB 1ObbIY N
KOHKPEIIMU CO JTHA AKBATOPU

AnHoTanmusi. OTMeUeHBI 0OCOOCHHOCTH 3alie-
aHUS U PacIpOCTpaHEHUs TITyOOKOBOHBIX KOH-
kpermid. [IpemmokeHa pa3paboTka JTOHHBIX HC-
KOITAEMBIX CHUPATBHEIM criocodoMm. Ilokasana
cXeMa IUIaBy4yero KOMIUIEKCAa U TPaeKTOpHS
JBIDKEHUS KapeTKH JOHHOTO arperata. IIpuBe-
JIEHBl OCHOBHBIE TEXHOJIOTHYECKHE pacydeThl ar-
perara, IBHXKYIIETOCs] BOKPYT 0a30BOT0 MOJTYJIS,
a TakKe JaHbl PEKOMEHJIAIUN OTHOCUTEIBHO €T0
MIPUMCHEHUS.

KuroueBble cji0Ba: 1iaBydynit KOMIUIEKC, XKe-
JIE30MapraHIeBble  KOHKPEUWH, CIUPATbHBIN
Croco0 AOOBIYM, TPACKTOPHUS IBMIKEHUS, IIAH-
roxkaoesb.
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Arthur Onischenko, Mykolay Kuzminets, Sergiy Aksenov

National Transport University, str. Suvorova |, Kyiv, Ukraine, 01001
e-mail: Artur_onish@bigmir.net, Vectral 6i@i.ua, Kabysik@bigmir.net

Summary. An important step in the preparation of modified bitumen is selection of the composition
and verification of various polymers’ effectiveness. Therefore, paddle mixers are widespread in both
industrial and laboratory conditions for efficient mixing of bitumen with polymers. The developed me-
thod allows to determine the completion time of modification process at various process parameters
(temperature, mixing speed and content of the modifier) to complete stabilization of the properties and
the homogenization of bitumen. The results of studies showed that optimal time for bitumen modifica-
tion at wich take place both stabilization of the properties and homogenization, ie astringent take the
necessary level of uniformitywith latex Butonal NS198, is about 3 hours.

Key words: cracking resistance, rutting resistance, shear resistance, water resistance, polymer-
modified bitumen, laboratory blade mixer, homogenization.

bitumens in compliance with sole preparation
INTRODUCTION technology, whereby it is possible to get no
reliable laboratory test results [2-4].

Roads of Ukraine are characterized by The most simple and quite effective
high traffic volumes and intensity, and sig-technical means of mixing low-viscosity lig-
nificant dynamic load on pavement ofuids and liquids with solids that are in a state
bridges and airfields require increased reef near suspension are blade mixers. There-
quirements to asphalt concrete, and, corrdere, blade mixers are widely used, in both
spondingly, to bitumen. The most commonindustrial and laboratory conditions for effi-
and effective way to increase quality of as<cient polymer bitumen modification.
phalt is use of bitumens modified with po-
lymers which significantly improve the
properties of asphalt, namely cracking resis  ANALYSIS OF RECENT RESEARCH
tance, rutting resistance, shear resistance and
water resistance, etc. [1-3, 7-14]. Objective to develop methodology for

An important step in the preparation opreparation of polymer modified bitumen with
modified bitumen is selection of the composiuse of laboratory blade mixer with the pur-
tion and verification of various polymers’ ef-pose of selection of its composition and estab-
fectiveness. These issues require availabilitishment of requirements to the process of
of appropriate laboratory mixers for makingmixing.
polymer-modified bitumens. Modern practice  The authors developed method of prepa-
of laboratory tests of modified bitumen showsation of modified bitumen using laboratory
lack of standardized procedures in the laborblade mixer Fig. 1. [1]). Method to determine
tory mixing and related laboratory equipmenthe time of completion of modification proc-
which does not allow to get polymer-modifiecess at different process parameters (tempera-
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ture, mixing speed and amount of modifier) t0 Taple 1. Technical peculiarities of laboratory
complete homogenization and stabilization plade mixer

properties of bitumen.

The technique is to set a time during Peculiarities (conditions) Technical ddta
modified bituminous binder, wherein the star Metal - zinc  container, dm3 7
bilization properties will, and homogeniza- (DSTU 3277)

. . : . . .| Number of agitator blades 4
tion, i.e. binder acquires desired level of uni

. A . ... | Angle of the blades, degrees 90
formlty. At the beginning Qf bitumen m.OdIfI- Helix angle of the blades, dé- -
cation process polymer is fed and time of grees.
modification completion is set. Estimation off Dimensions of blades, mm L = 100,
bitumen stabilizing properties and homogt H=20

enization when feeding polymer is carried The minimum distance betwegn
out by the following crteia e T, T e &

- rate of penetration change (with addit o
tional 1 hour of bitumen modificatios) 2x0, [Frequency of rotation of blade
1 mm / hour (modified bitumen acquired pe; shaft, rot/ min.
netration stabilization), Electric motor with speed cor 5

- rate of elasticity change (with additional ol Power, kw : :
1 hour of bitumen modification 2% / h | Ol electric tensor with electrig

e : : - ... | temperature range, ° C (GO§Tfrom O to 250
(modified bitumen acquired elasticity stabili- 13228) g (

10...30

zation), Thermocouples GOST R8.584 o\ 200
- variation coefficient in terms of penetra-| with temperature range, ° C
tion and elasticity (with additional 1 hour of| Heating of the oil thermostat to 220

bitumen modification)< 2% (modified bitu- |2 temperature T,°C

; . - Heat-resistant oil (GOST 18852
][grerrr:it?/():quwed penetration and elasticity un permissible temperature

Sampling schedule of modifying bitumen

polymer is set taking into account stabiliza- m 5
tion properties of the binder and its homog-

~

250

enization. If the nature of such rates is not 3
known for certain polymer-modified bitu- !

men, it is recommended to carry out a trial

modification, to establish nature and pace of | 5
modifications to select the appropriate sam- ./
pling schedule. >

Modification completion time is assumed
to be the time at which all the processes of = =
bitumen stabilization and homogenization | 7;;:’-78
have taken place. In order to define this time "' 1= W — | | # -~
laboratory tests for definition of penetration =
and elasticity, their coefficients of variation .
at different sampling times are held. Based =
on the results changes of these indicators in
each period between the time the mixing of
sampling are assessed. Completion of therig. 1. Laboratory blade mixer (side-view)
modification time is defined on the basis of 1 - tripod, 2 - control unit3 - electric motor4
the achievement of stability and uniformity - blade agitator5 - oil thermostat 6 - oil tank
properties of polymer-modified bitumen, in 7 - electric tensgr8 - thermocouple in the oil

accordance with the scheme shown in (Fig. 2thermostat,9 - thermocouple for modified
-5). bitumen, 10 - Metal container according to

DSTU 327711 - bitumen binder

‘
I

[l
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s mers will be when the stabilization time for
penetration 4"2° will be equal to or exeed
mixing time ty".

Fig. 3. presents a case where homogeneity
of asphalt binder is reached faster than stabi-

s(t) lizing of penetration properties. In this case,

t the time to achieve maximum coefficient of

variation for penetratioiks'(t) corresponds
to time bauKs. It is smaller than the time

\ which corresponds to the completion of

. penetration stabilization. Therefore, the proc-

s e S ess of completing of bitumen modification

. with polymers will be when mixing time is

. . . . . equal to or greater than penetration stabiliza-
Fig. 2. Defining t,, — time for mixing bitumen tign time t nzgs P

with polymer, using laboratory blade mixer on L . .

the basis of changes in penetratioa(t) and co- A Similar scheme is used to determine

efficient of penetration variatiol{B“gQ depend- Process of completing of bitumen modifica-

ing on mixing time 4, when t,,“*>t," tion with polymers according to elasticity
(Fig. 4 - 5).

JUEZES

Ex%02

%15 (t)

v

Fig. 3. time for mixing bitumen with polymer, o o _ _
using laboratory blade mixer on the basis dfig. 4 Defining time for mixing bitumen with
changes in penetratiof,s(t) and coefficient of Polymer, using laboratory blade mixer on the

penetration variatioi, (t) depending on mixing basis of changes in elasticif(t) and coeffi-
time t,, when g,/ <t "2 cient of elasticity variatiorK, gt) depending on
mixing time t,, when "<t ,"

Fig. 2. presents a case where penetration

stabilization properties of bitumen are The developed method of modified bitu-
achieved faster than uniformity. In this caséNen preparation using laboratory blade mixer
the time to achieve maximum coefficient ofllows to determine accurately time and ac-
variation for penetratiork,'(t) corresponds curate information concerning completion of
to time t . It is larger than the time which stabilization properties and homogenization
corresponds to the completion of penetratiodf the modified asphalt binder. After each
stabilization. Therefore, the process of confampling test results are input into record
pleting of bitumen modification with poly- book and test results are processed [1-6].
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PROCESSING OF TEST RESULTS IS
CARRIED OUT ACCORDING TO
FOLLOWING RULES

25,9
L& Ez:‘(t)

e

Average value and elasticity measure-
ment of penetration for a given stage of the
modification of the formula:

E

K4 )
\/KE(I) n
- ana
. e e = S
. n
}Ié“&'lct?;x‘___‘_ and
) I n
‘ o ZEZSi
— izl
Fig. 5. Defining time for mixing bitumen with Eas =- n_ 1)

polymer, using laboratory blade mixer on the
basis of changes in elasticies(t) and coeffi-

cient of elasticity variatiork (t) depending on . T12s, E2s— mean value and flexibilit
mixing time t,, when ">t CTEze( where: g y
for penetratlon measurements,

The authors conducted tests on Mozyr- /25 Exs,— the value of penetration and
skogo bitumen BND 90/130, using differentesilience of each measurement,
amounts of cationic polymer latex Butonal = n —number of measurements.
NS198. The test results are shown in Table 2. Standard deviation values measured
from the mean value determined by the for-

Table 2. Physico-mechanical properties of bitu-mma:

minous binder according to amount of polymer
and modification time

i (11,5 — ﬁzs)

Initial 7. =
bitumen|Mix-|[Penett R&B |Elasti{Ducti{Varia-| Varia- 25 n-1
type, typq ing |ration| T, | city | lity | tion | tion
and ftime] s, | °C. | Ens | Days|coeffi coeffi- |@Nd
amountd T,| mm %, cm| cient| cient n _
poly- |houq * K,",%]| K,5,% Z(E25i - E2)
mer,% E. =12 2
BND | - | 97,0] 47,00 - | >85 - - 25 = n-1 : (2)
90/130
1 | 80,0] 52,00 62,0 >8d 5,73 3,34 o o
BND 2 | 73,0] 53,00 67,0 77 334 3,00 The coefficient of variation for penetra-
90/130+ [ 3 173,0] 54,00 69,0 75 2,74 2.2Rion and elasticity is determined by the for-
2% 4 172,00 550 690 77 1,39 14bmula:
Butonal 577 0[ 55,00 69,0 71 1,41 0,84
NS198 6 70,0 55,00 69,0 71 0,82 0,72
177,00 56,0, 660 74 6,29 3,79 K = s oo
BND 2 | 67,0] 57,00 70,6 61 4,45 35b B I
90/130- [ 3 [ 64,0 57,00 71,0 59 3,13 2,8p E
4% 4 1620] 60,00 71,7 59 2,48 2,18 and K2 =Z25100% . (3)
Butonal 5 1760,0] 61,00 72, 5§ 1,67 1,30 5 Eas
NS198 6 59,0 61,0 72,3 58 1,30 0,80
1 | 75,0/ 63,00 67,0 60 6,67 448
BND 2 1 69,0/ 650 71,0 44 251 4,28
90/130- [ 37| 61,0| 67,00 72,3 44 410 3,48
6% 4 | 570] 67,5 72,6 43 351 2,86
Butonal 554 0[ 68,00 72,4 49 2,34 1,67
NS198 6 53,0 68,00 725 43 1,89 1,38
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CONCLUSIONS

1. Relative deviation of penetration bitumen

at modification time (1-6 hr.) with feeding

2% Butonal NS198 varies from 1 to 6%, g

with 4% Butonal NS198 varies from 2 to
12% and with 6% Butonal NS198 from 1
to 13%, respectively.

. Similarly determined relative deviation of 7.

bitumen elasticity at modification time (1-
6 hr.) with feeding 2% Butonal NS198 va-

ries from 0.5 to 8.0%, with 4% Butonal g

NS198 from 0.5 to 7, 0%, and with 6%

Butonal NS198 varies between 0.5 and
6.0% respectively.

. Test results are shown in Table 1 indicate
that the obtained bituminous binders from

initial material using series of different

amounts of latex Butonal NS198 have dif-
ferent penetration parameters, but very
similar parameters of softening tempera-

the properties of modified bitumen used in
road construction. Bulletin of Prydniprovska
State Academy of Construction and Archi-
tecture. Dnepropetrovsk, PSABA, Nr 6-7,
14-17.
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MOIU(MUIUPOBAHHOTO OUTYMHOTO  BSXKYIIETO.
Pe3ynpratel nccieqoBaHUil OKAa3any, YTO ONTH-
MajgbHOE BpeMs MOAM(PHUKAIIANA OUTYMHOTO BS-
JKYIIETO, IPU KOTOPOM COCTOSITCS KaK CTaOMIIU-
3aMs CBOWCTB TaK W TOMOTE€HH3AIWH, TO €CTh
BSDKYIIEE IMPHOOPETET HEOOXOAWMBIN YPOBEHB

omHopoaHocTu Jatrekcom Butonal NS198co-
CTaBIISIET OKOJIO 3 YacoB.

KiroueBble ci10Ba: TPEIIMHOYCTOMYMBOCT,
KOJIEEyCTOMYNBOCTh, CIABUTOYCTOMYUBOCTH, BO-
JIOCTOMKOCTh, OUTYM MOIUGHUIUPOBAHHBINA II10-
JIAMEPOM, TabOPaTOPHBIN JIOTACTHOW CMECHUTEIb,
TOMOTEHHU3AIIHS.
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Summary. Motion control of machines and mechanisms with a mechatronics control is now recog-
nized as a key technology in mechatronics. The robustness of such motion control will be represented
as a function of stiffness and a basic for practical realization, for example, in the precise agriculture.
Target of such motion is parameterized by control stiffness which could be variable according to the
task reference. However the system robustness of motion always requires very high stiffness in the
controller. The paper shows that control of acceleration realizes specified motion simultaneously with
keeping the robustness very high. The acceleration is a bridge to connect such robustness and vari-
able stiffness. For practical applications, a technique to estimate disturbance is introduced to make
motion controller to be an acceleration controller of machine/mechanism. Optimization of motion con-
trol of flexible structure and identification of mechanical parameters are also described.

Key words: optimization, motion, machines, mechatronics, control.

prove the performance of motion regimes.
INTRODUCTION For example, vector controlled induction
motor has higher cut-off frequency almost up
One of the most important elements imo three times in the speed control loop com-
mechatronic technology is undoubtedly mopared to the same-sized dc motor. Following
tion control (of machine/mechanism). Howthese results, the novel theories of control
ever, the word ,mechatronics”, registered asere tested in such mechatronic systems. In
a trademark by Yaskawa Electric Co., irthe later 1980’s and the early 1990’s, mecha-
1971 did not always include a concept of mdronic seemed slow case of various applica-
tion control [1]. tions of control theories and of optimization
In the 1970’s, industries began to replactneories of control as well.
mechanical elements with electronic ones to The phenomena observed in the early
achieve higher reliability and less mainte1990’s [2] also came from the so-called
nance. Also the mechatronic devices wergoftware-servo technology”. Generally ma-
designed to occupy smaller space in the fingr of software applied to motion control car-
products. Totally junction of reliability, ries out the indispensable routines for diag-
availability, and serviceability has been veryostics and sequential procedures. Only
much improved in relatively more compacsmall area is assigned for programming con-
products (and, for example, in the agricultrol algorithms. The area was hardly suffi-
tural machines and mechanisms). cient for conventional PID controller. Re-
In the 1980’s, a remarkable progress inently the fast processor has gradually en-
mini- and micro- computers and power eleabled more complicated algorithms within a
tronics technology made it possible to imshorter sampling time. Since the software-
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servo technology has generated more roobe some intelligent process with composite

for control algorithms, higher performancestructure in the reference generator. The gen-

and flexibility have been realized withouteral motion control totally consists of the mo-

additional investment. Than the novel algotion controller and the reference generator.

rithms have gained high evaluation from thélowever, the paper lays stress on the motion

practical viewpoint because the quality otontroller.

motion was improved (in precise agricultural From the control point of view, the output

technologies as well). The motion control i®f the motions will be position and/or force.

now recognized as an important area in mé simple case is continuous path tracking

chatronics [3]—[6]. however, the need for force control is in-
This paper intends to show recent ad:reasing because the industrial demand to the

vances in motion regimes of ma-dexterous motion is growing up. A simplified

chines/mechanisms control covering controhdex which covers various motion is prefer-

and energy conversion [7] for a tutorial purable, though, there are various candidates of

pose. The physical meaning is emphasizedotion representation. One of such indices is

rather than mathematical exactness. As sdiffness.

well known, control and estimation are twin Suppose that is a position of motion of a

aspect of system design. The fact holds controlled object (machine/mechanism) and

motion control of machines and mechanismg. is a totally imposed force on that. From the

The robust control and the estimation of painematic and the dynamic equation, the fol-

rameters have the same basic. The sevel@hing holds:

example shown later seen different ap-

proaches; however, the single interpretation f =g(X x,X) 1)

is possible from the physical viewpoint. '
The paper, at first, defines the stiffness in

relation to various motion control. This CONzq(

cept leads to both the meaning of robustness

and the general structure of motion control of of

machines and mechanisms. Then the paper k=— 2
. . e ox

points out the necessity of modification .

against flexible structure. Several examples

will assure the concluded remarks at the end ' he ideal position control inhibits any de-
of the paper. viation of position against any deviation of

force. That meank will be infinite in such a
case. Naturally an integrator in the forward
MATHERIALS AND METHODS loop compensates the steady error &naill
be zero at infinite time. However, such func-
A mechanical system governed by the Ldion does not reflect in (2). On the other
grange equation is represented both geom8@nd, the ideal force control inhibits any
rically and dynamically. The kinematics isforce deviation against any position devia-
represented as a set of algebraic equatioifdn- Thereforek is zero in the ideal force
which gives constrains of motion. The dy_control. In the compliance control, there must
namics is a set of differential equations bas&¥f & relation between position and force. For
on dynamic equilibrium of force. A motioninstance, a virtual compliance control will
controller generates a set of inputs to the ag@ve mechanical impedance computed in the
tuators according to motion reference. A mgzontroller according to the specified dynam-
tions reference is synthesized in the referenes- Table 1 shows thatis a good parameter
generator. The sensor signal, the databa@s a@n index which represents a target of mo-

and the commands from other motion sydion.
tems and/or human operators are input sig-
nals for the reference generator. There will

108

The stiffnesxk is defined in the partial dif-
entiation:



OPTIMIZATION OF MOTION REGIMES FOR MACHINES AND MECHANISMS WITH A MEHATRONICS CONTROL

Table 1. Stiffness as a motion index Most of power converters use switching

device for power control. The regulation of

t;anrgt(-i:‘(t)r?f StlffEeSS torque highly depends on the switching fre-
position - quency. Since the recent power converter
compliant finite uses !GBT’S, FET's, and so on, for fa_lst

force 0 switching, the current feedback includes high

gain inside the feedback loop and the torque
current follows the current reference with
delay of less than from 50 pus to 1 ms. The
torque itself is produced by electronic inter-

Various specifications for motion in in_ference of current and magnetic flux.
SP : e There are three types of the interference as
dustry require versatile ability in the control-

ler. An efficient way to overcome this rob-ShOWn in Table 2. The stepping motor, which
- - y . IS Prods not in Table 2, is widely used for simple
lem is to divide the function of motion con-

trol into two parts. Control flexibility is suit- positioning. [t has similar characteristics of

: : . synchronous motor, however, it generates
ably realized in the motion reference gener

: : . ) L Righ torque ripple and is not appropriate for
tor since a kind of intelligence is |nd|spensaﬁnge andqsmooF?[E motion. Each rﬁgtofin Table

retin et St o, SETeTaES orgue be he produc o torue
alely 1O rrent by field. The field and the torque cur-

control part. The more intelligent a motio ent is controlled to be orthogonal to each

reference generator becomes, the more rob ?ﬁer [8]. Then by integrating all the torque

a motion controller should be. Th'.s IS a .km ar small piece of surface of rotor, the total
of master-slave structure. There is an intel-

pretation on robustness of motion controlle ,enerated torquenis given simply as:
which makes the conception visible in mind.
Suppose the moving body whose position is m t—a
controlled along the predetermined path.

Such a rigid body should knock down okwhere:K; is a function of flux position and
break any obstacles on path and go forwagkpanded in Fourier series and is called a
to the end of part, if a motion controller isorque coefficientl, is torque current. Fast
ideally robust. So called obstacle avoidanagwitching devices make the power converter
issue is solved in the motion reference gewvith feedback of torque current as a virtual
erator by synthesizing an appropriate refecurrent converter. In most cases, it is possible

ence of trajectory. The robustness of the Mgy regardl, as 17/ (torque current reference).

tion controller assures for the utmost thg\S a result, this chapter concludes that the

“high-fidelity” to the input reference. : . . :
) . i ._actuation part is schematically represented in
The dynamical equation is excited by int. P y Tep

put force. Most of mechatronic systems adopl):tlg' 2.

electrical ac;tuator fo.r thfe purpose. Fig. ¥, e0 Typical Electric Actuators
shows a typical electric drive system.

RESULTS AND DISCUSSION

3)

induction| synchronous
Power Sourse dc motor
motor motor
field cur- | rotating per-
Electric Motor , permanent rentby | manent mag
field e
magnet vector | net with field
() Power Converter control | orientation
torque
current by ac current
Torque Current Feedback torque| dc current with orienta-
vector tion
Fig. 1. A typical electric drive system control
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to output in robust control. At first, the pa-
Torque coefficient rameters 'variation is evaluat.ed. Supposg that
et T the variation of system matri& and the dis-
2 . K T, tribution vectorb is additive to the nominal
state denoted by lower suffix:

Fig. 2. Block diagram of actuator {Az Ay +AA

, _ | , b=hy + Ab. 6)
It is necessary to define the equivalent dis-

turbance in order to consider the robust cop-, . .\ A is 2 variation oA andAb is a var-
trol of motion actuated by electric motor. Th jation of b. The variation of dynamic matrii

explanation and the interpretation of robus s the same to the variation of the coefficients

ness and stiffness in motion control lead t o .
definition of disturbance. The general defini-8f the characteristic equation of (4). An ex-

tion for single-input and single-output (SISOi)efr}g)e_d disturbance is defined by modification
linear system is discussed. Such system has' "

the following transfer function between input %= (Ag +DA) [x+ (b + Ab) [u+eld =

U(s) and outpuiY(s): ~ (7
= Ap X+ by [+ (AAX + Ab [ + e[d).

Yo _ K o Cn B"+c , B" +..+cs+C

u. +a 3"'+a_ @ 2+.+as+a (4) The third term in the right side is an ex-

P P ST tended disturbance defined to have the di-
Herey(t) is output variable and(t) is in- mension of torque of force:

put variable. If the disturbanad(t) is addi- - :

tive in the input side, the system is repre- d =d+e [AATX+Ab). (8)

sented in the following state equation:

(s)

By introduction of the extended distur-

x=Ax+bu+eld bance, (5) is transformed to (9):
{y:cx ®)
{)‘(:AODHbOEHed, ©)
X, 0O 1 0 - 0 y=cX
X 0O O 1 -~ 0
Herex=| |, a=| : : : .. ]
' 0 0 0 1
Xn
ma T& & —&,
0 0]
0 0
b:g’e=3’C=[ClC2' c, 0 ..0,
0
K 1)

Fig. 3. Companion form of linear system

X is a state vectoA is a system matrixy ) _
is a distribution vector of inpug is a distri-  There are various proposals to estimate
bution vector of disturbance, amds an ob- the disturbance. There chapter introduces a

resented in Fig. 3. turbance is the function of time, it is ap-

The parameter variation and the distuRroximated by polynomials of (p-1) order
bance should not give any significant effed®]- Then (10) holds:
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d”d which estimates state variables. The mini-
dt® =0. (10)  mum order of observer is, therefore;p-m.
Gopinath’s method is a systematic way to

By putting (10) into (9), an augmentecconstruct such an observer [10]. Onde is
equation is obtained:

_~

estimated a€l , the input will be sum of two
{)..(. _ "50)..(_ + BOU (11) parts:
Yy =CpX. u= uref + udis. (12)

Here, the order of the matrix is#p) and The first term in the right side is a driving

X'is as follows: input to excite the system. The second term is
a compensation to suppress the equivalent
disturbance (and, by the way, to optimize the

% system as well), the compensation input is
% made by using the estimated equivalent — dis-
: -~ _ turbance:
X, , Ay, 1, Gyare as follows
x=|d i e 5 1% 13
! w9 = ~(bipy) Hefed =- =d. (9
d Ko
d .
3~ Since d will be delayed by the lag poles
1d®? | in the disturbance observer, the compensa-
tion of the equivalent disturbance will be also
(np) delayed by the same amount. It is possible to
o0 1 0 0O 00 - O] design such delay as small as possible not to
o o 1 0 00 : O make robust st%its)ility deteriorate. The com-
. . — - 0 0 pensation input> will change the original
(‘) (‘) (‘) ' 1 (‘) 0 0 system without any disturbance.
A= : Fig.4 visualizes a schematic diagram of
% & "&; " & 1 0 @ 0] the total system including the disturbance
o 0 0O - 0 00°:0 observer it is noted that the design uf
: : A : comes from the motion reference generator.
|0 0 0 0O 00 - 0
o %= Ax+bu+ed y
0 _ >
y=CX
0
(+p) X measured
~_|0 G= .G, 0..0.
520 lnep, &0 & G 0
Ko
v
0 2 .
: d disturbane
_6 | observer

Fig. 4. Robust control based on disturbance
In (11), an equivalent disturbance defined observer
by (8) seems a state variable. Clearly the sys-
tem is uncontrollable, however, is observ- Generally total controller will have cas-
able. It is possible to construct an observezhde of the outer loop to bring the desired
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output and the inner loop by disturbance ob-

server. The former will be a nest of the latter -kk,6
as shown in Fig. 5. d[ } [ _ki}{ } o Kool A7)
The previous design method is applied tdtLz] [1 ~klz] |(k-k)o+-~1

0

the motion system described by (14):

Equations (16) and (17) lead (18):
IV e (1)
dt a:_: kl _Kﬂ re')_ -

Sk, et a9

Herel — inertia;K; — torque coefficient of

electric motor;T| — load torque.
Two poles of the observer arand S

yoou oo u4'+> o _y  Which are arbitrarily allocated in the complex
g’ e ’ g plane. They satisfy (19):
y dis
u measured
1X a+p=-k,, aB=k. (19)
Inner loop based or i . . .
disturbance observer It is worthwhile reconsidering (19). The
parameters in (14) are the inertia and the tor-

que coefficient. The inertia will change ac-
cording to the mechanical configuration of
motion system. The torque coefficient will

vary according to the rotor position of elec-

The disturbance is load torque. The p
e . ric motor due to irregular distribution of
rameter variations are the change of |nert|a
magnetic flux on the surface of rotor:

and the change of torque constant of motor.
The output is position detected by position

Fig. 5. Total system with robust control

detector. The equivalent disturbance defined I=lo +Al, (20)
by (8) is:
y(@)is K, =K, +AK,. (21)
~ T, K (15)
d =—|—|+(|—t— to) I By substituting (20) and (21) into (14),
(22) holds:
Suppose the first derivative af is zero. dw K, Iref (T +A dw _ AK, 1), (22)
An augmented state equation corresponding ® dt dt
to (11) is:
The second term of (22) is the disturbance
] 01 ole 0K torqueTy;s:
—|w|=[0 0 1|w(+ ‘v [IF. (16) dw 23
ke o+ A, i @)
il 1o o of; 0 T, = T+A|Olt AK, 1.

0

Comparing (14), (15), and (23), the fol-

By Gopinath’s method, the following es'lowing equation holds:

timation process is obtained:
- T = o(—d). (24)
d=ké+z, e 0
Tgis contacts: 1) mechanical loadiF
7 should satisfy (17), whetg andk; are free
parameters:
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Fig.8. Therefore, the robust motion controller

. . . dw
2) vari If-inertia tor s ha
) varied self-inertia to qu%Al(dt)}, eliminates steady state error.

3) torque ripple from motor< AK, I ).

T
The robust motion controller is designed = N l
to cancel the disturbance torque as quickly as
possible. o Diurbane ]
The estimated disturbance torque is ob-
tained from the positiord and the current :
reference as shown in Fig. 6.

TI
1 l “ 6

+
to

Fig. 8. Equivalent block diagram of Fig.7

Equation (18) shown that disturbance is
estimated through low-pass filter. Generally
there is such a low-pass filter in the observer
structure. The poles of the observed deter-

mines the delay of the low-pass filt& ().
G; (S)gives a certain effect to the control per-
formance. Fig.6 is also transformed into

According to the result of(12) and (13)F19-9.
compensation input is as follows:

Disturbane
observe

Fig. 6. Disturbance observed in motion
system

Tdis
: (25)

G/(5)

ref + -
| i g

Robust motion controller has the sche-—*,8
matic block diagram as shown in Fig.7.

Fig. 9. A robust motion controller as an
acceleration controller

Fig.9. transformed from Fig.6 clarifies the
feedback effect of the disturbance. If there is
no delay in the estimation process, the dis-

i, turbance is completely canceled out. In fact,
since there is definitely some time-delay in
high frequency range determined by 1 —

Disturbane S+k

observer : + Gr1(5)=G4(Ss). G«(s) is called a sensitivity func-

tion which shows a performance limit of ro-
bust control in high frequency range. In most
Fig. 7. A robust motion controller of low frequency area covered I&#(s), the
motion system is robust.
There exists an integrator with high gain Fig. 9 shows another interpretation. It is

equivalently in the forward path as shown igossible to select nominal inertia and nomi-
nal torque coefficient as unity. This case
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shows that a current reference is also an ac- g K N
celeration reference. ¢ 1 N =

The chapter reaches that robust motion (32+k2 E$+k1) kt%cﬁ /|0 (27)
controller makes a motion system to be an ky Texternal
acceleration control system. The result im- (2 )
plies a versatility of rogust motion controller (S the[5+ kl) 'o
for both position and force control. If posi-
tion signal is fed back, a high-gain feedback
in the robust controller makes stiffness very
high. On the contrary, only pure force error
feedback makes total stiffness zero since
there is no gain to the position. g,rad

The disturbance estimated by (18) is used -4¢ -20 20 40
for a realization of robust mechanical system. 1-10
In the actual application, the estimated dis-

turbance is effective fir not only the distur- 1-20

bance compensation but also the parameter

identification in the mechanical system. AsFig. 10. An example of identified friction effect
defined in (15), the equivalent disturbance

d, which is estimated by the disturbance ob- The identification process of the external

server, includes the load torqde and the f_orce IS summarize_d in Fi_g. 11. The identi-
parameter variation torquefled external force is applicable to senseless

[(K /1) = (K, /1)1 . Here the load torque O/Ce feedback control in mechanical system

_ o [12] and is utilized for a realization of me-
Ty consist of friction and external force efthanical vibration control as shown in the

fects in the mechanical system as follows: pext section.
As described before, the progress of ro-

o9

T.N
+ 20

— fricti fricti . . .
T =T.""" +T,"" " w+ Text (26)  pust control technologies makes it possible to
Coulombandviscosity forcasttect realize high performance motion control of
friction effect .

machines and mechanisms. In the industrial

Thi . hat th ¢ drive system such as a still rolling mill sys-
di It? equatlgn mea(ljn_st atlt im;tpu_t OFMth@m and so on however , the development of
Isturbance observed is only the rlct!on et'echnology Is not enough to obtain the stable
fect under the constant angular velocity m

%nd high speed motion response since the
tion. This feature makes it possible to ide 'an sp ! P '

"fhechanical vibration arises under the high

tify the friction effect in the mechanical Sys'accuracy positioning control. One may say

]E_erg.fF_ig_. 10 ?fhows an _examp:]e (;f_th_e idefnté'uch words about crane’s systems as well. To
led friction effect. In Fig.10, the friction ef- 44 ess above issue, the mechanical vibration
fects are well identified as Stribeck friction

control is also taken up in the field of the mo-
model [11].

ion control [13-15]. In particular a vibration
The external force effect is also identifiecL [ ] P

beforehand by the above identification Procs yibration control strategy based on the ex-

ess. By |rEpIement|ng the angurall ac_:celzratqgmal force feedback called “resonance ratio
motion, the system parametéi/lo IS ad- control” in multiple resonance system. In this

JlfSted n ;he obs?rvelr d/elsgn SO tlhath't 'Case, the external force may be obtained by
close to the actual valu&y/l. As result, the | qjnq the identification process shown in

disturbance observer estimates only the ex;
ig. 11.
ternal force effect as follows:
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P . b=
1,5 Kl Kn

wl-

Kto + :7 9'0 +-|—anc1ion lt—] a)
 friction +
9
S+g
Fig. 12. A mode of mechanical resonance
! gl +T,fieion || systemK;. Equivalent Total Stiffness of Load
A | side;
Tex = i+ + .+ 1
Fig. 11. Identification process of external force
W‘ Treaﬁ] “;
In general, the dynamical behavior of the ] |
mechanical resonance system is described as | _____ }
multiple mass s_pri_ng mo_del. Fig. 12 _(a) gl } i i . 6
shows a schematic illustration of the multiple S 1 O K N n
mass spring system and Fig. 12 (b) is a block 1 ! 1,05
diagram. !
In the vibration control, the disturbance Acceleration

effect imposed on the motor portion is sup- Controlle

pressed by applying the robust control tech-
nique, which is based on the disturbance ob19. 13. Acceleration controller based on
server in this section. Then, the motion sygxternal force feedback

tem seems an acceleration controller. Fur-

thermore, the identified external force is fedéref 1 <] 8 ) 9
back through the feedback gad. Fig. 13 =~ — H‘":l((suw‘)) n ﬂ”(‘sﬁﬂ) ”
shows the total block diagram of the accel- = o -
eration controller based on the external force v : .

otor portion Arm portion

feedback. Fig. 13 is transformed into Fig. 14
without any approximation. In the latter dis-F
cussion, Fig. 14 is used for the analysis and
the design of the vibration control for various

mechanical systems, machines and mecr}%’rnal force feedback, PD control is applied

nISMS. to the motor position controller and the ex-

In Fig. 14, the following issues are CONternal force feedback gain is determined so

sidered to obtain the vibration SUPPressiof,,; the aphove conditions are satisfied. To

controller. ensure the effectiveness of the external force

The controller of the motor portion is de'feedback, the system stability is analyzed. In

signed so that the poles of the system do Nse PD control is applied to the motor por-

cancel the zeros by the motor state feedbaclﬁ.

. . fm of Fig. 14, the total block diagram of the
The feedforwarc! compensator is de_5|gn echanical system is rewritten as slows in
so that the location of the zeros is NGE;

. 15. Fig. 16 shows the root loci of Fig.
changed. 159 5. Fig. 16 shows the root loci of Fig

ig. 14. Equivalent transformation of Fig. 13

In the vibration controller based on the ex-
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From Fig.16, starting angle of each oscil- p(s)=s* + K, [&° + (Kp +W|?n)[$2 +

lation poled.is obtained as follows: ) 5 (31)
: + K, V] B+ K, T2,
6=270-2a,;, 6,=270-2a,,..6,,=270-2a_,, (28)
Observer and PD conrol
f<a, <90 90°<@ <270 (29) G K Mo 6,

—» » ? > >
. K S+K, 54K, [(5'+Q)

The above equations mean that the con-
troller based on the external force feedback
mares the oscillation poles stable. This is a K] (S +4r)
basic concept of the proposed approach to
obtain the stable motion response in the mé&ig. 15. Total block diagram of vibration
chanical resonance system. In the actual d@PPression controller
sign of the controller, only the first oscilla-
tion pole is considered to construct the vibra- 9
tion suppression controller (for example, for \C‘: n
the crane’s system). Then the controller gains
Ko, Ky, Kr are determined according to the Q,
resonance ratio which shows the ratio of the
natural frequency of the motor side and the 7/
load side. The vibration control strategy /
based on the resonance ratio is called “reso- /
nance ratio control” for machines, mecha- /
nisms and other mechanical systems.

As described before, all pole — loci of the
mechanical resonance system move to the / ..
stable direction by the external force feed- / oo
back. In the next step, the controller gains are /N
determined according to the resonance ratio. /

Here it is asumed that the dominant oscilla- / \Clel_
tion pole of the mechanical system is the first / L 01Q
oscillation pole. Then the transfer function of o . 7~

the system is described as follows: /R”?ﬂ(
2 ) a
em = ﬁs\:—lz—vvg) E(B_I_(S) [GZ(S) [(chd, 'y 1

_ cmd. _ ﬁ ¢ —
9 = Gu(9) Go(9 B o=, (30) Q

K .
W, :,/Tf [@+K 0,) =Ky,; K=y1+K I,. Fig. 16. Root locus of Fig. 15

1 . To simplify the controller designG:(s)
Here w, _and ‘_fﬂ are the qulval_ent_ fre- and G;(s) are defined as second order system

Wi andK is the natural frequency of the mothe motion performance in each system. Then
tor side and the equivalent stiffness of thgy(s) s also given us follows:

load side, respectively(is the resonance ra-

tio. The denominatoD(s) of the transfer D(s) = (s &

function ofGy(s)-Gy(s) is given as follows: (SZ (520 B Ts+ o) ¢
X (s +20, [, 3+ aB).

A

(32)
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From (31) and (32), the following rela- flrad] L 16ld]
tions are obtained: 1
Ky = 2({g [0y +{; [0y), Kp=u§§§,
(, 44
(33) ¢
%z\/_(‘igﬁ +0f +u5+4G, (45 (69 (00, el
(271
The important goal in the vibration control t (g
is to suppress the vibration, so that R m— HLILL :

1000 200( S0 00 2000 3000
¢, ={,=10in (33). Also W =w, =), to ob- ( (

tain the high speed motion response in therig. 18. Resonance ratio control in mechanical
load side. Finally, the following control gains resonance system

are obtained with resonance ratio\ﬂ_f:

Ky =4/, CONCLUSIONS
Kp = W3, (34)
K, =4w,. 1. The paper intends to give a tutorial of

motion control technology in mechatronics
By using a set of the gains shown in (34and in various machines and mechanisms as
the vibration of the mechanical resonanceell. The robustness of the motion control
system is well suppressed. Fig. 17 and 18 ameakes the mechanical system more flexible.
the experimental results of PD control andhe stiffness of the motion, which corre-
resonance ratio control respectively. Thesspond with the forward gain of the position,
results clearly show that the resonance ratis defined to be a good index of robustness.
control is effective for the vibration suppresThe motion controller acquires robustness by
sion in the mechanical resonance systergstimating disturbance. The robustness and
various machine and mechanisms as well. the identification is both sides of an optimal
flrad] control each other. The resent — modern tech-
0.64 nique including two-degrees-of freedom (op-
timal) control, H* - control has proved the

0.4+ same structure from physical point of view
[16]. The estimated disturbance includes re-
action force from the environment. The in-
— ‘ . t[mg formation is used for estimation of mechani-
0 1000 2000 3000 - cal parameters. By direct use of reaction
a) force, an antivibration (optimal) control
b Gg] called a resonance ratio control for flexible
i structure is realized.

2. The paper little describes the reference
generator. An intelligence in the reference
0 generator is another key for intelligent me-
chatronics for mechanical systems, machines
and mechanisms, however, it presuppose the

0.2+

t[mg robustness of the motion controller (for ex-
25 100¢ 2000 3000 ~ ample, for crane’s systems). From such point
b) of view the role of robust motion controller
Fig. 17. PD control in mechanical resonance will be more important in modern mecha-
system tronics.
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3. The further development, particularly in ~ manipulator, IEEE Trans. Ind. Electron, vol.
the connection of reference generator and 40, Nr2.
controller of motion for crane’s systems, fod3. Murakami T. 1995. Eds. Robot Soc. Jpn.,
agricultural machine and mechanisms, for SPecial Issue on Advanced Motion Control

; : .1 in Vibration System, Vol. 13, Nr 8.
various mechanical (resonance) systems, wijll n . ’ -
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The Hydraulic Quencher Dynamic Vibrations

Leonid Pelevin, Mykola Karpenko

Kyiv National University of Construction and Architecture
Povitroflotskyy prosp., 31, Kyiv, Ukraine, 03680, e-mail: karpenko_knuba@ukr.net

Summary. Carried out a review and analysis of the developed hydraulic system for quenching dy-
namic oscillations. Made the mathematical model for determining the time delay operation of the hy-
draulic system of the dynamic quenching of oscillations. Performed a period’s calculation of cleavage
of the soil and the time delay operation quencher dynamic oscillations from which it is possible in the-
ory to establish the ability of the hydraulic system of dynamic quenching oscillations to operate in time.
Developed hydraulic system dynamic quenching oscillations that occur inside the working unit to pre-
vent the transmission of vibrations to the base of the machine. Conducted the analysis of the damper’s
means and the method of dynamic damping on which developed hydraulic system for quenching dy-
namic oscillations. Was built mathematical sequence for determination of the time delay operation of
the quencher. Parameters allow you to construct experimental model hydraulic system quenching of
dynamic oscillations.

Key words: quencher, the dynamic oscillations, hydraulic system, the time lag response, period
cleavage soil.

model for determination of the one of the
INTRODUCTION main characteristics of the new system,
namely: determining the time delay in the
The construction often includes works thabperation of the hydraulic system dynamic
cannot be performed by conventional maguenching oscillations for evaluation, timeli-
chines. In this case, using a special techess, triggering of on specified dynamic fluc-
nique, which is equipped by active actioriuations.
engines and used for ground operations ¢
be consider as a solution.
One of the disadvantages of this speci PURPOSE OF WORK
technology — transmission of vibrations from
the working body to base machine, accompa- Based on the results of the analysis of the
nied by the premature wearing down of thenethod of the dynamic analysis and vibration
parts of the basic machine which do not pacushioning devices to develop:
ticipate in the destruction of the ground. — A mathematical model for determining
To solve the problem mentioned abovéhe time delay in the operation of the hydrau-
will help amortizable equipment to isolatdic system dynamic quenching oscillations;
vibrations from the movement of the working — Own hydraulic construction for extin-
body to the base machine. guishing dynamic oscillations that arise in-
Given that the current cushioning deviceside the working organ for impossible their
are not effective enough and demand a cotransmission to the base machine.
struction a new hydraulic system dynami
quenching oscillations and mathematic:
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THE MAIN MATERIAL we talk about the dynamic quencher of fric-

. o tion [7, 16].
In engineering is often necessary to damp . : .
L9 . , When implementing dynamic quencher
the vibration transmitted to the machine from . . . :
: . : . o counteraction fluctuations the object carried
its working equipment. Basically — it is ma-

chines with dynamic (active) working tools by reactions that are passed to it attached

. . bodies.For this reason, considerable efforts
As a result of work, the vibrations can be .., |~ . ) )

. . with limited amplitudes masses adjusted, can
transmitted to the machine and cause destr%:-

tion. For impossibility transmit the vibrations. e achieved only by large mass (moment of

: ; . o
from the working body to the base machin'enert'a) connected bodies, typicatys...20%

used so-called springy elements that are trOf the reduced mass (moment of inertia) pri-

ing to put out vibrations transmitted to th(i41 ary system appropriate form_ of V'b'fa“of‘s
. . . .. within the frequency quenching which is
base machine. The main method of vibration :
rformed respectively [3].

C _pe
damping is called — a method of dynamlg Typically, dynamic quencher is used to

vibration damping [3, 4, 5, 15, 19]. achieve a local effect: a reduction of the ob-

The method of dynamic vibration damp-_~,~ > ~ =~ . ;
. . . " Ject’s vibration in parts where the quencher is
ing is based on the accession to the objec{(s

S : - . astened. Often it may be associated even
vibration protection additional devices to . . : .

A " with the deterioration of the object’'s vibra-
change its vibration’s condition. A work of

the dynamic quencher is based on putting o't'-pn N the_other — less appropriate pIace;.
Dynamic quencher can be constructively

the force transmitted to the object. This dy. .
. ; i implemented based on the passive elements
namic quenching differs from another metr

od of reducing vibration, characterized b'(F'g' 1) (masses, springs, shock absorbers,

imposition of the additional kinematic Objecdar_npers) and the active ones, which have
.their own power sources.

linkages, such as fixing some of its points [z, In the last case, we are talking about the
19]. :
._use of the automatic control systems that use

. o . glectric, hydraulic and pneumatic driven el-
condition when joining a dynamic quencher

can be achieved by the redistribution of v
brational energy from the object to th
quencher and in the direction of the incres
ing energy dissipation fluctuations [13, 20
The first from mentioned is implemented b
changing the system'’s settings of the obje
quencher over the frequencies of the vibr
tion excitation by correcting the elastic
inertial properties of the system. In this cas a
attachable to the object devices are called

inertial dynamic quenchers. The inertic g 1 The overall look of shock absorbing
quencher is used to suppress harmonic mc¢ passive elements:

or narrowband random fluctuations. a — spring (of vehicle)p — spring

During a vibration’s load of the wider fre-

quency range the second method is preferregnents. Successful is their combination of
It is based on increasing dissipative propepassive devices, an example of which is the
ties of the system by attaching to the objechock absorber shown in Fig. 2.

additional specific damping elements. Dy The utilization of the active elements ex-
namic quencher dissipative types are callipands the possibilities dynamic vibration's
absorbers vibrations [3]. The combined waygyppression, because allows to conduct con-
of the dynamic quenching using both correttinyous adjustment of the parameters of dy-

tion elastic-inertial and dissipative propertienamic quencher as a function of excitation
of the system are also possible. In such cases
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acting, and thus perform quenching in conddynamic characteristics of systems, which, in

tions of changing vibration load# similar particular, the transfer speed signals and the

result can be achieved sometimes by meatwtal system performance, pressure fluctua-

of passive devices with nonlinear characterigions in various points of the system (includ-

tics. ing hydraulic shocks), sustainability and
guality of system transients [1, 11].

I
o | o ﬁ

A I

Fig. 2. General view of the shock absorber
Fig. 3. Liquid dampers adjusting screw

Shock absorber — the device which con
verts the mechanical energy in the thermal Movement of actuating mechanism al-
and is used for vibration damping (dampingyvays comes with some delay in relation to
and shock absorption and bumps acting ahe input signal. The identification of the
the casing (frame). Shock absorbers are usgdlay’s amount allows to perform the dy-
in  conjunction with elastic elements:namic system’s, the total response time and
springs(of vehicle) or springs, pillows, etc. the need to introduce appropriate units to

Hydraulic shock absorbers became theompensate for the delay calculation, de-
most commonly used. In hydraulic shoclpending on the frequency control signal and
absorber the resistance force depends on et when the corresponding pulses [8, 17, 9].
speed of movement of rod. Working medium To perform the system’s calculations it is
— oil. The principle of operation of the shockecessary to know the basic system parame-
absorber is based on the reciprocatingrs, including the size of pipelines, hydraulic
movement of the piston shock absorbesnd mechanical resistance properties of the
which through a small hole puts an oil fronworking fluid and hydraulic machines, hy-
one chamber to another, converting mechardraulic power source characteristics [6].
cal energy in the heat energy. Total delay time of the system’s response

Today, the generally used solutions focan be defined as a first approximation by the
vibration damping devices are those whicformula:
utilize the hydraulic elements. Hydraulic
dampers as opposed to friction ones, have the AV +Vy
longer duration of work and can dempfering ty :m' 1)
a small oscillation amplitude. ’

In Fig. 3 is shown the design of the damp-
er, which contains the adjusting screw. Thighere:AV — reduces the volume of liquid in
allows to increase the resistance value of thee system by increasing the pressure on the
flowing liquid through the channel and thusjalue of Ap, m®, Vi — volume of fluid re-
governed by a calming according to [9, 124uired to filled-tion of additional volumes in

13]. S the system, i Q, — leak in the system for
Nowadays, the most promising is the hy-

draulic vibration damping system, which izvvorkmg pre;sure, WE’?%‘ — the nominal

designed based on hydraulic shock absorbd[@W rate in the system, ffs.

and dampers. In this caseQ, andV; determined from the
In the design of hydraulic systems blankormula:

ing dynamic fluctuations must be considered
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171N,
== (2)
31 K — i 61,Z\|h
b= P2

Gh

: 9)

where:Ny — hydraulic drive power, KWR, — _ o
nominal pressure hydraulic system MPa. ~ Where: | — coefficient of that changes the
The volume of the fluid required to fill the units of measurement of I/min in“fa and
additional volume in the systenv,, is 0.278 matter.
5..10% of the total volume of fluid in the In this case, reduce the volume of liquid in
hydraulic systemV, m’. The total volume of the system while increasing pressure on the
fluid in the hydraulic system is calculated a¥alue ofApis calculated as follows:
follows:
AV =3SL, (10)
V=V, +V, 3)
where:é — coefficient of decrease of the lig-

_ . ., uid, which depends on the operating pres-
where: Ve — the amount of hydraulic fluid sure; S, — cross-section inner diameter hy-

that is equipped in hydraulic systent, Mc —  graulic of the pipeline, f
the amount of hydraulic fluid that is in the Moreover,S, is calculated as follows:
pipeline hydraulic system Eg. (3), which is

calculated by the equation: D2
) S=—-. (11)
m 4
V. = 4 L, (4)

In the final order determining equations

o will get simplified the delay triggering, per-
where:L — total length of pipelines, D =  formance, which will look like:
internal diameter hydraulic of the pipeline,

m?, calculated by the formula: OSL+V;

d= —Qh Z0,5¢.P (12)

D=4,5/Q,/W, (5)

where:W — speed liquid is in the hydraulic From dependence is obvious that to re-

system at a prescribed pressure, m/s. duce the delay’s time triggering it is neces-
sary:

V, =(0,05...0,y (6) 1. Working channels and pipelines
should be as short and rigid,
At first approaching the delay operation of 2. Volume losses should lowered to a
the system Eg. (1) we obtain the equation: minimum,
3. Pump capacity should be significant.

_AV+V) 1 In general, the performance of the
ta = Q, = Q (7) guencher dynamic oscillations is determined
1= 20, for each a particular system, provided that

the signal can be transmitted with a specific
delay, but performance must be such as not
to violate the stability of the all circuit [18].
Q =KpP, (8) To achieve the stated conditions, we need
to know period the cleavage of soil that need
where:P — operating pressure in the systentp find the time at which the dynamic work-

MPa, K, — the coefficient of leakage of lig-Ng organ ripper makes one complete cycle of
uid, received from the equation: the movement, [14], and is inversely to the

In the view of that:
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average oscillation frequency maxima of \V; =(0,005% 0,0549)1 0,2 0,0 m’, (21)

cutting the soil, and is given by:

T=" (13)
nm
o 15, (14

mo=—9
™ 0,63...0,87

where: Ny = (2, 0...2,8)% 1/s —the aver-

age oscillation frequency of cutting sbil—

loosening depth, M4, — speed of the work-
ing body.

_ 3,140,018

S =0,0002¢ m?,  (22)
Ky, =0, 278%0: 1,8¢kW/MPZ, (23)

_ 30CD,00026128 0,006

0,004's. (24)
68,1- 0,571,881 30

From the resulting example we can con-
clude that the system performance satisfies

Determine the dependence of time the dgcillation quenching specified condition of
lay triggering quencher dynamic fluctuationgp;g dynamic organ as triggering delay is less

of hydraulic parameters [2, 19].

than 15 % of the period shearing soil.

Suppose that a dynamic body of work in - gy changing parameters of the hydraulic

rocky soil at a depth dfl = 0,3 m, in which
case the rate of dynamic body is

W= 2 m/s.

system dynamic quenching fluctuations —
namely the supply hydraulic fluid in the sys-
tem and reduce fluid volume ratio, and sub-

First of all determine the period shearingtituting in the present calculation, we plot

soil:

(15)
Determine a relationship Eq. (14) middl

frequency oscillation cutting forces:

__m 133
Ay = =
0,63..0,87 0,8

15,3 /s, (16)

M=2032=1331s.  (17)
0,3

Initial data hydraulic system blanking dy-
namic oscillationsN, = 100 kW,P, = 25
MPa,P = 30 MPaL = 20 m,W = 4.25 m/s.

Carry out a calculation:

17,1100

= =68,1m%s, (18)

25
D=4,50/68,1 4,25 1mm, (19)
Veon, = 3.14m,018 [20= 0,005 m®, (20)

the dependence of the delay in operation of
the hydraulic system dynamic quenching
oscillation (speed) of hydraulic fluid supply
system (Fig. 4) and from coefficient reduc-
dion of fluid (Fig. 5).

3

Qh m’/s
10

80
60
40

20

0 * + ‘ + ‘ + ' + 5 )
000 002 00z 0028 0036 1, s

Fig. 4. Graph of the time delay operation hydrau-
lic blanking dynamic fluctuations of supply of
hydraulic fluid

The hydraulic quencher dynamic fluctua-
tions was developed to improve the effi-
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ciency of dynamic quenching of oscillations,
it is based on the use of the system men- Quencher dynamic oscillations (Fig. 6, 7)

tioned above. works as follows [10].
o Vibrations that are transmitted from the
w 't working body to the base machine blanked

with the help dynamic fluctuations quencher
1. At active work oscillatory body ro8 tries

to reproduce vibrational motion in the hous-
ing 2. However, when the direction of the
! vibrational motion is reproduced, for exam-
ple, left by movement of fluid through the the
holes throttledé plunger4, 8 rods blocking
valve and plunger valv&l moving blocking
right. Thus blocking rod$ pressed to valve
rods washef7. Meanwhile blocking plunger
valve 11 pressed to plungék; blocking throt-

_ _ _ tling holes6, so that the liquid begins to flow
Fig. 5. Graph of the time delay operation hydraufhrough passage the hol&g, which extin-

lic blanking dynamic qu_ctuations of coefficientguished the movement of the radeft. Once
reduce the amount of fluid

0 1
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Fig. 6. Quencher dynamic fluctuations
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Fig. 7. The hydraulic circuit control quencher dynamiciltations a and electrical circuit control
distributorb
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the plunged reaches the reed switdd, the CONCLUSIONS

magnetic field of the magnet constant skep

shut reed contact$¥4 (Fig. 7,b). The signal 1. Based on the analysis of dynamic cush-
will go to detention relay22, which shut ioning devices for vibration in the hydraulic
normally open conta@3. He, in turn, turned system, the mathematical model of the proc-
on the delay relay exclusion 24. After thaess of determining the delay’s time of their
delay relay exclusion shu®4 contact25, operation, which allows you to design these
which starts the electromagnetic control 2lsystems.

The electromagnetic contr@dl toggles the 2. Based on the values built dependency
distributor 18 in the left position. Hydraulic graphs: time delay operation of the hydraulic
pump 15 through a variable orifice with system dynamic oscillations on quenching
check valve26, which regulates the supply ofkoefitsiyenta reduction of fluid and supply of
hydraulic fluid distributor18 and pressure hydraulic fluid. By changing these parame-
line 19 takes an additional portion of the flu-ters the system designed adjustable hydraulic
id in the plunger cavity quencher dynamidamping system dynamic oscillations.
fluctuationsl. Excess fluid flows out of rods 3. A new design of hydraulic blanking dy-
qguencher dynamic cavity oscillationd namic fluctuations with the ability to change
through the drain lin@0 and distributod8 to the parameters of the filing.

a tank of hydraulic fluidl6. When plungef3 4. The design provides adjustable vibro
moves to the right by moving the workingbase machine from vibrations attachments.
fluid through the throttling hole$, 8 rods

blocking valve and plunger valvil block-

ing move left. Plunger blocking valve plung REFERENCES

er 11 pressed to washé&f and rods blocking
valve 8 pressed to plunget blocking throt-
tling holes6. As a result, the liquid begins tc
flow through passag@ the holes, putting the ,

Bud'ko V. 2003. Dynamics and regulation
hidropnevmosystem. Kyiv, NAU, 64 (in
Ukraine).

Candea 1., Popescu S2003. Theoretical

movement of the rod right. Once the plung- and experimental study on soil vibrators
er4 moves away from the reed switth and used for the germinal layer preparation. Mo-
the magnetic field of the magnet constar  trol: kom. Mot. Energ. Roln., OL PAN, vol.
step5 stops to influence the reed switth 3. (6), 55-62 (in Poland).

(reed switch contacts open @g), the signal 3. Chelomej V.N. 1981.Vibrations in Tech-
ceases to be submitted normally open contact nology: Handbook: in 6 volumes. Red. So-
23. He, in turn, relay switching delay open up ~ Vet: (pre_zd.). Moscow, Mashinostroenie, Vol.
exclusion24. It will work for a while, allow- A grr?tigv(mBRijggﬁm'l)'échnical hydromechan
ing the hydraulic pum@d5 to submit several =~ "=~ = ==%"" : . N
additional porions of the iquid inthe phungrg 5,4, SSThestoene, 39 (n ussan
er cavity oscillations quenchésfor-4 plung-

) . drive. Moscow, Mashinostroenie, 240 (in
er removal of reed switch4. After exclusion Russian).

of 24 delay relay contact will turn off5, 21 g, Gijom M. 1964. Investigation and calcula-
control the electromagnetic switch distributor  tion of hydraulic systems. Moscow, Mashi-

18 in the far right position, then feed addi-  nostroenie, 387 (in Russian).

tional portion of the liquid to the quenche7. Korobochkin B. 1976.dynamics of hydrau-
dynamic fluctuationsl end. Hydraulic fluid lic machines. Moscow, Mashinostroenie,
is fed to the quencher through the pige 240 (in Russian).

Because of the dynamic quctuation:8' Lewis E., Sterh H.1966.Hydraulic control
quencherl reduced dynamic fluctuations in  SYStém. Moscow, Mashinostroenie, 407 (in

: . ) . Russian).
the_ base _machlne, during the working bOdI(9. Nagorniy V., Denisov A.1991.Devices of
active action.

automation and hydro pneumatic. Moscow,
Mashinostroenie, 367 (in Russian).

125



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

THE HYDRAULIC QUENCHER DYNAMIC VIBRATIONS

Patent UkraineNe 90197 from May 12.2014 20. Zipkin Ya. 1977.Foundations of the theory
(in Ukraine). of automatic systems. Moscow, Mashinos-

Popov D.1987.Dynamics and regulation of troenie, 560 (in Russian).
hydraulic and pneumatic systems. Moscov

Mashinostroenie, 464 (in Russian). I'MAPABJIMYECKNU TACUTEJIb
Schokdemper. 2014 Available at: ANHAMHWYECKUX KOJIEBAHMSX
http://nl.wikipedia.org/wiki/Schokdemper,

accessed 20 Jul. 2014 (in Nederlands). Annoranus. IIposenen 0630p u aHanus cy-

Shorin V. 1980.Elimination of fluctuations IECTBYIOIMX aMOPTH3UPYIOIMX  YCTPOKCTB.
in air pipes. Moscow, Mashinostroenie, 156’aCCMOTPEH METOI JMHAMUYECKOrO TallICHHs
(in Russian)_ konebaunii. CocTaBieHa MaTeMarHyeckas MoO-
Vetrov Ju., Vlasov V. 1995. Machines for A€JIb ONPEACICHNSA BPEMEHU 3alla3/bIBaHUsA Cpa-
excavation. Sample calculation: Teach. usePaTbiBaHis  THAPOABTOMATHYECKON  CHCTEMBI
Kyivl ISDO, 304 (m Russian). ralmceHusd AUHAMHWYCCKUX KOH66aHI/If/’I, 3HA4YCHHUC
Vilde A., Cesnieks S_’ Rucins A2004. KOTOPOI'O IO3BOJIACT CO3aBaTh T'MApOaBTOMAaTHU-
Minimisation of Soil Tillage. Motrol: kom. 9€CKHE CHCTEMBI TalICHHs KONCOAaHWH BOBpEMs
Mot. Energ_ Ro|n_’ OL PAN, VO|. 4. (30), pearupyrommnx Ha JUHAMHUYCCKUC BHCIIHUC BO3-
237-243 (m P0|and)_ MYIICHUA. HpOBeI[eH pacueT nepuoaa CKajlibIBa-
Vilde A., Rucins A.2004. The Impact of HHMI IPyHTa Ipu paboTe PHIXIMTENS H BPEMCHHU
Soil Physica| and Mechanical Properties opRana3abIBaHUA Cpa6aTBIBaHI/I}I TacuTeisl JUHAMHA-
Draft Resistance of Ploughs. Motrol: kom€CKHX KOIeOaHWH, Ha OCHOBE KOTOPBIX yCTa-
Mot. Energ_ R0|n_’ oL PAN, V0|. 4. (31), HaBIIMBAETCS CIOCOOHOCTH THapoaBTOMATUYC-
243-249 (in Poland). CKOW CHCTEMBI TallleHNs MUHAMUYECKHX Kojeba-
Vilde A., Tana W. 2005.Determination of HH# BoBpems cpabarhiBaTh obecredmBas mpe-
the soilfriction coefficient and specific adhe-10TBpalieHue nepegadn Konebanuii Kk 6asoBoM
sion. Motrol: kom. Mot. Energ_ Roln.’ OL MamuHe. Pa3pa60TaHa TUApOaBTOMAaTHU4YCCKast
PAN, vol. 5. (24), 212-217 (in Poland). chUcTeMa TalleHds AWHAMUYECKHX KoJeOaHuH,
Walusiak S., Dziubiski M., Pietrzyk . BO3HHKAIOIIMX Ha paboueM Opraue, Jis IpeioT-
2005.An analysis of hydraulic braking sys-BPallIeHHs Iepeadn dTHX KoneOaHuii Kk 6a30Boit
tem reliability. Motrol: kom. Mot. Energ. MallHHE.

Ro|n_’ OL PAN, vol. 5. (25), 217-226 (m KuaroueBble cjioBa: raCcuTeiib, JMHAMHUYCCKUC
Poland). KoJeOaHusl, THUAPOABTOMATHYECKAs CHCTEMA,
Zakharchuk B., Telushkin V. 1987. BpeMs 3amasjblBaHus cCpabarblBaHus, MEPUOL
Bulldozer and rippers. Moscow, MashinosCKalblBaHusA IPyHTA.

troenie, 240 (in Russian).

126



MOTROL. COMMISSION OF MOTORIZATION AND ENERGETICS IN AGRICULTURE - 2014, Vol.16, No. 8, 127-135

Development of Ukraine Territory Flooding Processes;
Its Parameters and the Influence on the Environmental Safety Level

Olena Voloshkina, Julia Bereznitska
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Summary. Shows the present state of development of flooding processes of Ukraine territory.
Given filtration stages in the flooding the process of and methods of their calculation. The method of
filtration resistance for calculating of the filtering in flooding process is analyzed. Shows the depend-
ence between the development of flooding process and intensifying processes of landslides on
Ukraine territory.

Key words: environmental safety, flooding process, groundwater level, method of filtration resis-
tance, process of landslide.

THE CURRENT STATE
INTRODUCTION OF UKRAINE'S TERRITORY
FLOODING PROCESS
Spread areas of flooding is one of the m:
jor environmental problems on the territon From data of Government geological ser-
of modern Ukraine, in connection with whiclkvice the general area of flooding for 20 last
there is a need to study the causes of its athe on territory of Ukraine grew twice. Gen-
gin and determine the level of environmenteeral data about the number of the impounded
safety with regard to the factors that cause iisettlements and flooding areas in the
Essential factors of the regional floodin(Ukraine's administrative regions are listed

development are: in Table 1.
- increase of rainfall in the last decade as a Depending on the main source of flooding
result of global climate change, and the complex of influential factors, the

- almost total underregulation of the riveflooded areas of Ukraine’s territory are di-
network on plain areas with groundwatevided into three types:
level's skids from 1,5-4 m to 8-10 m and a - flooding in natural conditions, according
substantial reduction in the volume of wateto the source natural — precipitation (thawed
unsaturated rocks above soil water-bearirgnow, flood and rainwater), when balance of
horizon, which increased the rainfall influ-groundwater is not broken. This type pertains
ence on the above-lying rocks water satur&olissya (Volyn, Zhytomyr, Rivne areas and
tion, the northern part of Kyivarea), as well as the
- forming of zones of an increase tech-northern part of Lviv and Ternopil areas,
nogenic feed of subsoil waters within the - naturally-technogenic flooding when
limits of the irrigatory systems etc. groundwater balance slightly disturbed or
disrupted due to increase their power, which
is associated with a decrease in the natural
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Table 1. The flooding areas in the administrative regionsdifie

No Administrative area Area of flooding, ths. ki The ratio indicators,
j 1980 2010 2013 1982 to 2013
1 | Vinnytsia 0,3 0,005 0,005 2,96
2 | Volyn - 9,14 9,14 -

3 | Dnipropetrovsk 1,04 7,29 7,29 7,0

4 | Donetsk 0,35 0,23 1,66 8,67
5 | Zhytomyr - 0,04 0,04 -

6 | Zakarpattia - 0,001 0,001 -

7 | Zaporizhia 0,73 0,01 0,01 4,37

8 | Ilvano-Frankivsk - - - -

9 | Kiev 0,21 0,02 0,021 -

10 | Kirovohrad 0,01 0,057 0,057 4,2

11 | Luhansk 0,48 0,02 0,035 0,34

12 | Lviv 0,15 0,25 0,261 1,43

13 | Mykolaiv 0,74 17,03 17,03 17,5

14 | Odessa 1,37 20,6 20,6 9,9

15 | Poltava 0,81 0,15 8,5 10,4

16 | Rivne - 11,7 11,7 -

17 | Sumy 0,4 0,07 0,07 1,8

18 | Ternopil - - - -

19 | Kharkiv 0,77 3,0 3,0 3,9

20 | Kherson 0,62 11,3 11,3 16,85

21 | Khmelnytskyi 0,01 0,06 0,06 -

22 | Cherkasy 0,35 0,06 0,06 0,22

23 | Chernivtsi 0,26 - 4,1 16,0

24 | Chernihiv 0,03 0,15 0,15 50

STAGES OF FILTRATION

territory drainage. This type occurs in th
Central and southern regions of Ukraine i
Dnipropetrovsk,  Zaporizhya, Kharkiv,
Lugansk, Donetsk and to the North o The forecast of raising of the ground wa-
Odessa, Nikolaev and Kherson areas, ters when flooding and a water loss estimate

- technogenic flooding with violation of on filtering from natural and artificial reser-
groundwater balance under the influence voirs on agricultural areas, requires study the
economic activity, when man-made sourcemain filtration stages with taking into ac-
of flooding are dominating (irrigation sys-count of the area hydrogeological conditions.
tems, canals, reservoirs, ponds, in settlementsThe first filtration stage is characterized
— water supply and sewerage network). Pldty conditions of the aeration zone water satu-
of technogenic underflooding exist on theation and achievement by a filtrational flow
almost all Ukraine's territory. The most im-of ground waters level. Conditions of the
pounded areas are: Kherson, Odesa, Myksuch schemes existence provides an esti-
layiv, Dnipropetrovsk, Zaporizhia, Poltavamated water level on a surface, which is set
Kharkiv and Donetsk areas. This type oin a fairly short time period and some time
flooding is one of the most dangerous, sinaemains variable.
even in years with a low rainfall, the situation The first stage of filtration is characterized
does not change. by the following parameters:

- time of the homogeneous soil saturation
to the ground waters surface:

IN THE FLOODING PROCESS
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U Filtration flow for such drain is calculated
t ‘E(he +H)p@), (1) by the equation:
where: the functiong(a) is defined by the q= ki(h« _hg) (5)
equation: AL
h hy where: AL - filtration resistance of the drain
¢(a):ﬁ—ln(l+ — j (2) imperfection according to the degree of
¢ ¢ x opening of the aquifer thicknesh, - water

where: k i ¢ — the coefficient of soil filtra- pressure (water level) in the drain.

. . o - Prediction of groundwater level rise is an
tion and the coefficient of soil insufficient Sa’important task in the calculations of territory

turation, H.—t he overall height of capillary fiooding process. This is especially concerns
water rise in the soilH — the height of cap- to the territories, where surface water bodies
_ the height of the soil &€ located, because they are the main source
of groundwater supply. One of the methods
of calculating the groundwater level rising
near canals and reservoirs is a method of fil-
(3) tration resistance, which allows to bring im-
perfect by the type of opening of the aquifer
The time of soil saturation by water dethickness aquifer reservoirs to perfect and
pends on the its type (height of aeration zoigreatly simplify the filtration calculation
in the soil) and the water level on the floodetechnique.
areas. In the case of the lateral outflow in open
In the absence of the outflow on thegrain transient filtering mode can be ob-
flooded areas, the time of soil saturation bgerved_ In this case, groundwater level lower-
water in general is pretty short. ing the in the soil slope at any moment of
In the outflow presence on the borders qfme can be calculated by the proposed sim-

the filtration area, groundwater motions stajified equation obtained by analytic solu-
bilization can ensue in the lower soil layerjons:

and groundwater level IIftIng to the bottom a) homogeneous aquifer soil |ayer:
border of an upper saturated soil layer may
not ensue. t

In the outflow absence and in condition of y(xt)=H _ZLS % e‘“”CpThtm" _1lx
infiltration stable mode presence the at the”\™ oL =
free soil surface, which may be defined by (6)
the equation:

illary soil vacuum,h,
surface flooding:

H, =(05-07)H,.

. X
Xsna——-—,
HO
he +h01 (4)

E=K : . :
Yoy b) two-layer aquifer soil structure:

soil aeration zone is observed for a long termy(xt):HO—

of the time and is characterized by the con-

tinuing drainage structures functioning or xsimnl,

natural outflow from territory. Ho
The estimated scheme of the given stage

is presented as the completely flooded terfyhere:

tory, within which is located a systematic

drain.

The next filtration stage after saturation of H2 k —anamnﬁ
“0 Z(Rz 2 %} HHo o
Ll "~ Kk 7)
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_ £ . _ (2n—1)nHO
C—1—k—, a, RS - for the case of two-layer aquifer soil
1 Z(L + 2) structure:

a) under condition oKz 'k 210,

where: L — the distance from the drain to the

filtration area boundaryR, and R — dimen- AL = k,m,m, @)
sionless quantities, which depend on the pa- k,
rameters of the filtrationH,— groundwater
level on the flooded territory. b) under condition ofi<k, /k;(10:
AL =05(h, +m, + m, }ﬁ ,  (10)
FEATURES OF FILTRATION K,
RESISTANCE CALCULATING FOR K, <1
FLOODING PROCESS Lk
c) under the condition of:™?
Definition values of the filtration resis- d)
tance in the case of enclosed drains and small AL = 05(h, +m, +m, ﬁ) . (11)
canals are pretty detailed researched, and cY !

there is the defined methods of their precise
calculation. However, for cases of wide open - for the case of three-layequifer soil

: . . B :
reservoirs when there is a disparity=)2 structur_l? T T o
_ _ AN =—AL -05-2B +-2(1-cBAL). (12)
(where: B, - width of the reservoir on the T T TC

bottom, m - aquifer layer thickness), the va In these equationsAL - filtration resis-
ue of the filtration resistance offered to actance of water reservoim, - upper aquifer
cept by the approximate dependencies, t.klayer thickness;m, - the thickness of the
overstate the real value of the filtration resis _

tance, which in its turn lead to a decrease S€cond aquifer layerh, - the depth of the
the calculated values of the groundwater le'water in the reservoirk,, Kk, - filtration coef-

els. _ _ ficients of the first and second aquifer layers.
Thus, there is a need of delineate of re  On the basis of the analysis of existing
ommended in the literature formulas usimethodologies for determining filtration re-

depending on hydrogeological conditions csjstance have been constructed dependences,
the filtration area, for which it is necessary tpresented in Fig. 1-3.

investigate the changing values of the filtre
tion resistance of the drain imperfection ac

cording to the degree of opening of the aqui- ENVIRONMENTAL SAFETY LEVEL
fer thickness calculated by the recommended OF FLOODED TERRITORIES

formulas (1)-(4) under different hydro- IN DEPENDENCE WITH
geological conditions of filtering for the fur- LANDSLIDE PROCESS

ther their use in forecasting groundwater

level on the flooded territories. Development of the territory flooding

The equations for filtration resistance calprocesses is one of the leading factors of re-
culating the in cases of wide water reservoduce of the bearing capacity of soil slope up-

are next: per part, which activates landslides. In recent
- for the case of homogeneous aquifer sojfears there has been a rapid increase of land-
layer: sliding processes on the territory of Ukraine
— up to the 23100 objects with the doubling
AL = 044m, (8) of its number in the last 30 years.
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Fig. 1. Value of the filtration resistance for caseFig. 3. Value of the filtration resistance for the
of homogeneous aquifer soil layer case of the three-layer aquifer soil structure with
the different ratios of filtration coefficients
In this figure: zone | - water flow is calcu-
lated by analogy with round drain for a cas When considering the risk of landslide
of open channels with the small width of th processes in time, it should be noted that un-
channel on the bottom under condition of thder the condition of other immutable weight
B, /m<05; zone Il - for medium-sized coefficients the largest impact on the slopes
channels  under  condition  of Esustalnablllty has a process of regional water-
05(B, /m(5; zone IIl - for channels with balance equilibrium breaking in the upper
zone of the geological environment, i.e. the
large sizes for under condition of the¢regional revitalization of flooding processes .
B, /m))5. There is a direct dependence between the ge-
neralized data about progress of landslips de-

pending on progress of territory flooding
120 processes.
i The Table 2 shows data on areas of flood-
“+{Kt=000 ing and landslides on the administrative dis-
0T - 12k1=04 tribution on the Ukraine territory of for 1982-

; - s 2013.

i \ Vakt=1 The annual probability of dangerous geo-
il . =5 logical processes such as landslides, within a
" & \‘\ I ey 1 km2 is defined by the formula:

] T T T T hf—_.\ l Kdgp =K. K, (13)
T 11 . 11 O 1
AL where: K., — the factor of spatial areas con-
tamination (% of total landslide aregf,

_ o _ within the general area that is considered):
Fig. 2. Value of the filtration resistance for the

case of the two-layer aquifer soil structure with _ fa

the different ratios of filtration coefficients B = ?’ (14)
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Table 2. The data on areas of flooding and landslides erattministrative distribution on the
Ukraine territory of for 1982-2013

1982-1984 199Pik 2006pix 2013pik
S o) S o)
= G ) g = g ) g
= - = = = = = =
o e) S o o o E®) o
Ne | Administrative area ,—%E % § §N§__ g é ,—%E g é §N§__ g §
ISl 3| B2 D T2 ® | ©Q D
g (2 | g |2 | g% |2 |§g”|¢2
< 2 < 2 < 2 < 2
[ ~ ~ ~
1 2 3 4 5 6 7 8 9 10
1 | Vinnytsia 0,3 234 0,895 225 8,96 338 0,05 339
2 | Volyn - - 12,9 - 13,91 - 9,14 -
3 | Dnipropetrovsk 1,04 214 7,28 303 7,3 382 7(29 382
4 | Donetsk 0,35 123 3,03 125 3,04 188 0,23 189
5 | Zhytomyr 0,02 10 19,75 11 20,13 10 0,04 10
6 | Zakarpattia - 1278 3,02 1596 3,02 2880 0/01 3274
7 | Zaporizhia 0,73 244 3,19 218 3,2 205 0,01 206
8 | Ivano-Frankivsk - 487 0,008 100b 0,008 769 - 805
9 | Kiev 0,21 764 8,1 816 8,1 79( 0,02 814
10 | Kirovohrad 0,01 99 0,14 95 0,142 143 0,01 140
11 | Luhansk 0,48 564 0,16 593 0,164 1188 0,03 769
12 | Lviv 0,15 421 0,21 524 0,116 1289 0,25 1347
13 | Mykolaiv 0,73 707 12,82 985 17,767 1150 17,3 8114
14 | Odessa 1,37 93§ 13,52 5167 19,685 5885 20,6 5835
15 | Poltava 0,81 732 8,5 761 8,5 824 0,15 824
16 | Rivne 0,01 - 12,79 - 12,8 - 11)7 -
17 | Sumy 0,4 397 0,42 49Q 0,474 567 0,07 567
18 | Ternopll - 54 - 119 - 117 - 117
19 | Kharkiv 0,77 518 3,02 851 3,02 1659 0,12 1605
20 | Kherson 0,62 37 10,45 63 11,945 48 11,3 43
21 | Khmelnytskyi 0,02 364 - 203 0,014 425 0,06 420
22 | Cherkasy 0,35 685 0,08 810 0,08 1034 0,06 1033
23 | Chernivtsi 0,03 1272 0,42 1435 0,4 1622 - 1468
24 | Chernihiv 0,4 8 4,4 11 4,4 11 0,15 9|
t - the coefficient of the temporal landslides K, = % (16)
development dynamics, or frequency aCt'Va'here:T’ — small cycle of landslides activa-

tion processes for a specific period of time

determined by the formulfl. For the conditions of the development of
K =1 (15) geographically distributed dangerous exoge-

and depends on the complex of effects ambus geological processes should be taken

anthropogenic factors within territory that isnto account the density of the building on

considered. Taking into account the impac¢he landslide territorie,,, and population

of stabilization systems and engineering prqtensity within the territorial estimation.

tection measures (which are calculated, as awhen calculating the individual risk of

rule, for a period of up to 30 years), in for{andslide processes activisation on built-up

mulas also introduced the corresponding c@ooded territories it is necessary to consider

efficient: to consider differentiated approach of build-

tion
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ing density landslide areds,,,, in the areas.
Its value is offered to be taken by the forRma = d X Koo X K X Kppp X Ko /(K N)
mula:

Kot = =L , (17) where:d i N — the density of population and
where: S — the areasrod;" flooding in the lo- the total citizen number in the territory which
calities of the oblast, S total area of the 'S, considered&s, - the activation of land-
flooding area. slldes_ due to floodlqg process.

The value of the coefficienk,o built in Using the data givenin Tabl_e 3, were cal-
Table 3. culated the rates of increase in the flooded

Individual life risk from dangerous ex-&'€as and landslides in years for those Ukrai-
ogenous processes is calculated by the f(nian areas, where landslide process is most
mula: active (Table 4). Based on these calculations,

Table 3. The value of the coefficieriy

No Administrative area The value (I)<f the coefficient
320
1 Vinnytsia 0,1
2 Volyn 0,012
3 Dnipropetrovsk 0,013
4 Donetsk 0,04
5 Zaporizhia 0,22
6 Kirovohrad 0,0065
7 Luhansk 0,61
8 Mykolaiv 0,03
9 Rivne 0,018
10 Khmelnytskyi 0,96
11 Chernihiv 0,005
12 Ukraine 0,014
Table 4. The rates of increase flood areas and landslides
© oo
o 2 8 | 8 | 2
Administrative area g IS = s
o > < )
= < >
N
Increasing the area of flooding, attitude indicat®®97. indica- 0.89 | 17.56 3 13.6

tors in 1982, times

Increasing the number of landslides, attitude iaidics 1997
indicators in 1982, times

Incrgasmg th(=T area of flooding, attitude indicat®®06. indica 1,46 1,38 1 1,01
tors in 1997, times

Increasing the number of landslides, attitude iaidics 2006
indicators in 1997, times

Incrgasmg th(=T area of flooding, attitude indicat®®13. indica 104 | 0,96 1.0 0.6
tors in 2006, times
_Inc_reasmg_ the number of landslides, attitude iamhs 2013 1.0 0.99 1.14 0.99
indicators in 2006, times
Increasing the area of flooding, attitude indicat2013. indica-

tors in 1982, times 150 23,33 3.0 8,26
_Inc_reasmg_ the number of landslides, attitude iamhs 2013 6.22 1.62 256 21
indicators in 1982, times

55 1,39 1,25 1,58

1,14 1,17 1,8 1,32
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it is possible to deduce dependence betweenThe process of regional flooding in its
an increase of landslips quantity and an inurn is one of the leading factors boosting
crease of the flooding area through coeffilandsliding processes on the territory of
cientKpa. The coefficient of landslips activi- Ukraine. Analysis of annual monitoring data

zation of due to flooding proceskKsk is
determined separately for each area.

of flooded territories and activating of land-
slides on the administrative areas allowed to

enter an additional factor, which takes into

account the
caused by raising the groundwater level in

CONCLUSIONS

increased risk of landslides

built-up areas.

Progressive development of the floodin
process on the Ukraine territory leads to
further study of the causes of its occurrenc
as well as the impact of this process on tt

quality of the major life-supporting resources?-

in order to increase the level of environ-
mental safety.

The analysis of existing methods of calcu:
lating filtration stages of flooded territories

indicates the need for further and more de,

tailed study of this process.

A method of filtrational resistance useds.

for calculation of filtering on flooded territo-

ries in detail studied for closed drains anc
narrow channels, whereas for broad channe
this method amounts to a simplified formula
According to the calculations on these for

mulas with increasing the width of the chan*

nel increases the filtration resistance, an
thus the value calculated levels of groundwe
ter will fall.

In the case o*(% <1 the simplify of ag- >.
1

uifer structure to the homogeneous leads fc
inflating the values of filtration resistance
which is undesirable, because when calcula
ing the level groundwater it will lead to un-

derestimated values of them; in the case ¢

k2%)1 the simplify of the aquifer structure
1

to homogeneous leads the understatement
the value of the filtration resistance and ir
such cases groundwater levels are calculat:
with some margin.

A preliminary analysis showed that taking

into account the magnitude of the filtration "

resistance for coastal areas flooded by wat:
reservoir requires further studies under dif
ferent hydrogeological conditions and differ-

ent modes of filtration. 8.
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The Risk Assessment of Threats from Biological Objects
in Environmental Safety

Tetiana Kryvomaz, Olena Voloshkina
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Summary. Necessity to present results of scientific research in an accessible form for proper inter-
pretation by public and environmental safety experts has been shown. Myxomycetes ecology and me-
tabolism to verify their safety for human health has been evaluated as an example. Bayesian methods
for probability analysis is proposed to be used for risk assessment. The "Environmental safety pass-
ports of species" are recommended for evaluation of impact of each species on the environment, hu-
mans and other living organisms.

Key words: environmental safety, risk assessment, myxomycetes, ecological passport.

base about pathogenic internals of myxomy-
INTRODUCTION cetes, so scientists are unlikely to perceive
such information seriously. But because
Improvement of methods for evaluationthese organisms are poorly-known by pub-
and display of environmental risk is neceslic, people were very amazed by the idea
sary for operational changes analysis in thabout a new causer of “all illness” and
environment, to show the dynamics and prewrong information is quickly spread through
dict the possible consequences on the healmass-media and Internet. As a result some
of the population. Living organisms play apatients take treatment against “very dan-
key role in the transformation in nature, theygerous” myxomycetes, insist to found the
are able to enhance and reduce the impact real cause of their illness and have a proper
negative factors on the environment, humatreatment. This example shows the necessity
and other natural objects [6]. Also living or-to present results of scientific research in an
ganisms can be of danger for environment caccessible form for public display in order to
people health so it is very important to make¢avoid ambiguity. The proper interpretation
correct evaluation of threat from them. Theof investigations is especially important in
problem is that biological scientific informa- environmental safety, because it may affect
tion not always has correct interpretation irthe accuracy of decision-making measures
ecological safety study. For example, the arto ensure the safety of the population and
ticle about dangerous properties of slimeenvironment.
mold for human health [13] was surprising
for all scientists who study myxomycetes.
Slime molds (myxomycetes) are fungus-like PURPOSE OF WORK
protozoa, which is mainly associated with
remains of woody microhabitats [4], but was The objective of this study is found the
never found in human body. That article haway of evaluation of threats from biological
not presented verification of reliable proofobjects to environment, human and other
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living organisms. According with this pur-
pose, myxomycetes are used as a model (where:
ganism to find the way of risk assessment ca > 0 is the smoothing parameter= 0 cor-
environmental safety threats. For assessmeresponds to no smoothing). Additive smooth-
of their danger for human health Bayesiaiing is a type of shrinkage estimat@s the
methods are usetbr probability analysis resulting estimate will be between the em-
that studies their distribution, ecology ancpirical estimate / N, and the uniform prob-
metabolism. ability 1/d [18].

The control action generally is represented

in the form of a functional:
MATERIAL AND METHODS
_ dx dvy,

Material for this study is result of myxo- R= F()ﬁ'Vi'E""E""J-th"'f"idtj' ©)
mycetes research for more than 20 years
their native habitats in Ukraine: 1643 samr
ples from field collections, herbarium of
M.G. Kholodny Institute of Botany NAS of
Ukraine and literature sources about distribt
tion of myxomycetes in Ukraine (278 spe
cies total) [4]. There are near a thousar
species of myxomycetes total known in ove
world.

Bayesian rule is used for analysis prok
ability to find species of myxomycetes or
reputed substratum used:

where:

X — a controlled variable,

v — parameter of external influences,

dx/dt and dv/dt — derivatives on a time from
parameters of regulating and external influ-
ences, accordingly, that is velocities of a
modification of parameters,

integrals on a time from parameters of regu-
lating and external influences, that is the ac-
cumulated modifications of parameters [14].

PM|E) = EIM)___ py () RESULT OF RESEARCH

> PEIM,)P(M,)
Myxomycetes (slime molds) in different

where: stages of their life cycle are presented as

spores, myxamebaes, flagellate cells, plas-

~ a conditional given probabilty, Eodium and fruiting bodies. Myxomycetes
e

E - the evidence corresponds to new da

that were not used in computing the prio nd to be rather inconspicuous in their

probability occurrence. This stage also includes myx-
M - event ’represented model a_mebaes and fla_gellate ceII;. From plasmo-
' dium after a period of feeding and growth
P (E| M) - the conditional probabilities arethen fruiting bodies develop in a drier and
specified to define the models, more exposed location. Fruiting bodies of
P (Mm) — the degree of belief iNm. most species are relatively ephemeral and do
For discover possibility to find myxomy- not persist in nature for very long. These
cetes on before unknown substratum ade fruiting bodies containing numerous spores
ditive Laplace smoothing is a technique use@hich can be dispersed by wind and will
to smooth categorical data. Given an obsegventually germinate and develop into a
vation X = €, ...,Xs) from amultinomial plasmodium under suitable conditions.
distribution withN trials and parameter vec-Myxomycetes spend a portion of their life
tord = (61, ..., 04), @ "smoothed" version of cycle in a state where le their very presence
the data gives the estimator: in a given habitat can be exceedingly difficult
if not impossible to determine.
5 =% +0 (i=1..d) ) A_nalyses of substrat_um Where fruiti_ng
' N+ad s bodies of myxomycetes in Ukraine were find
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show the following distribution: 42% - onfore unknown substratum. Also the same fre-
destroying dead wood (xylophilic), 20% - orquency added to the each substratum types
forest floor litter (litterophilic or deciduo- where myxomycetes sporocarps were really
philic), 20% - on bark of living trees (corti-found. Calculation according to Bayesian
colous), 7% - on mosses (bryophilic) and 2 %analysis (1) gives around 2@robability for
—on living herbal plants (herbophilic). Someall unbelievable substrates for myxomycetes.
times myxomycetes fruiting bodies (until 1%This probability includes volcano, vacuum,
of total biota) possible to found on dung ohuman body and other millions of habitats,
herbivorous animals (coprophilic), on fungwhere fruiting bodies of myxomycetes were
fructifications  (mycophilic), on lichen never found before. Each of hypothetical mi-
(lichenophilic), and even on soil or stonerohabitats reduces such events probability
(geophilic). Also 8% of myxomycetes spe-by exponentially. So chance to find myxo-
cies belong to nivicolous ecological groupmycetes sporocarps on or inside human or-
occurring at the edge of melting snow irganism is negligibly small. Even this tiny
mountain high altitude in the Carpathians ichance can't be used, because for creating
early spring [5]. This ecological group di-fruiting bodies myxomycetes need more or
vides by phenology and physiology, but subdess dry substratum and sun shine, but inside
stratum preference show nivicolous myxohuman body there are no suitable conditions
mycetes as deciduophilic and herbophilidor this. Any organism can’t become parasitic
The diagram of myxomycetes fruiting bodiesvithout effective reproducing strategy inside
distribution by type of substratum was madef host body, so myxomycetes can’t be dan-
according with these data (fig. 1). Nivi-gerous for people. For hundreds of years of
colous myxomycetes were divided equallynyxomycetes study only a few very exotic
between deciduophilic and herbophilic, thesases were registered of finding myxomy-
substratum groups of herbophilic and bryoeetes sporocarps on living animaysarum

philic were integrated. pusillum on lizard, Arcyria stipata on snalil

05 shell andDiderma effusum on aquarium fish.

The Corytophanes cristatus belongs to the liz-

0.4 ard who most part of their life don't move

03 waiting for prey and as a result on the skin of
’ this animal not only myxomycetes sporangia
0.2 1 is found, but also moss and other vegetation

014 [21]. Sporangium ofrcyria stipata on shell
' ] can’'t make damage to snail, because it even
o+ . . . — doesn’'t touch the body of snail. Phanero-

£ wl it <cor hb other unk Plasmodia of Diderma effusum were ob-
SUBSTRATES served feeding on green algae and diatoms

submerged in water in an aquarium as result
Flg 1. The distribution of myxomycetes fructifi- of a |aborat0ry experiment_ This Species
cations by type of substratum: xyl — Xylc’ph”ic-submerged in water and growing on agar cul-
lit - litterophilic (deciduophilic and half of nivi ture. Portions of the plasmodium were also
colous), cor — corticolous, hb - herbophilic (i, 50\ eq adhering to the skin surface of an
clud bryophilic and half of nivicolous), other “ecel-like fish in the aquarium [19]. Al these

coprophilic, mycophilic, lichenophilic, geophilic ,
et al.: unk — unknowsubstratum up to noval — exceptional cases only prove the rule that

real dataf] - data withadditive Laplace smooth- Myxomycetes don't have a habit to create

ing fruiting body on living animals and it is abso-
As we can see, myxomycetes sporocarpgtely impossible for them to do it inside hu-

have never been found on or inside humanan body. _

body. Additive Laplace smoothing (2) gives Sporocarp stage is short and ephemeral for

1% probabilities to find myxomycetes on beslime molds. Most part of their life cycle
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myxomycetes exist as vegetative stage prhave no chance to become real dangerous al-
sented by mobile free-living plasmodium andergen.

as spores. Myxomycetes are fundamentally Almost 100 natural compounds were de-
terrestrial organisms and they have sacribed from myxomycetes including their
significant impact on the species diversity oEhemical structures and biological activities:
soil microorganisms. Plasmodium typicallyipids, fatty acid amides and derivatives, al-
lives in cool and shady moist places and feddloids, amino acids and peptides, naphtho-
on bacteria, protozoa, yeast cells, fungi, oguinone pigments, aromatic compounds, car-
ganic remains, and etc. It is veryohydrate compounds, terpenoid compounds
inconspicuous in their occurrence insid¢§2]. Myxomycetes plasmodia and sporocarps
destroyed wood and in soil and it is rathenave biological activity against micro-
difficult to find plasmodium in nature. pathogensCandida [8]. Red colored sporo-
Plasmodium can’t crawl into human bodyhores ofA. denudata contain major pig-
itself being unnoticed, only if people eaimments alkaloids arcyriarubins and ar-
them especialy. In Mexico people prepareyriaflavins, which are new lead structures
exotic food from big plasmodiufauligo sep- for the synthesis of biologically active sub-
tica [16]. In 4 Amazonian communities ofstances and show highly potent biological ef-
Ecuador mythical, food, medicinal and recfects. Arcyriaflavin derivatives have antim-
reational use of 3 myxomycetes species rerobial activity againsBacillus cereus and
corded:Arcyria denudata, A. cinerea andLy- antitumor activity against leukemia cells [2].
cogala epidendrum. They are usedlycogala Arcyriaflavin analogues are currently being
epidendrum medicinally by rubbing the evaluated in human clinical trials as antican-
myxomycetes aethalia in skin infections ander drugs [15].

also they call this species “fungus for eating” All these dates show that myxomycetes
and is eaten raw [3]. The plasmodium cantan be classified to the group of the living
live and give fructification in human body,organisms with lowest danger probability for
because it is quickly destroyed by enzymesuman health.

On myxomycetes feed insects, fungi, slim

and invertebrates. Some spores go throu

beetles guts and it is example of mutual ad- DISCUSSION

vantage, because it help to myxomycetes dis-

tributions. But slime molds spores never This research is to show that myxomy-
grow up in guts of living animals [10]. A few cetes are not dangerous for humans. Also on
myxomycetes spores can be got by breathiitigis example we can see that even such in-
with air, but human immune system has vemyocuous organisms can be under distrust.
strong protection against bioactive metabduch situation is not unique only for myxo-
lites of myxomycetes. It was confirmed bymycetes and can happen with any living or-
allergy prick testing, which shows sensitizaganisms. Wrong evaluation of dangerous
tion to myxomycetes [7]. But myxomycetedevel can have unpredictable and far-reaching
can't become strong allergen, because coeffects on safety of human, other living or-
centration of their spore in air is so low, thajanisms and on environment in general. It
it is very difficult to inbreathe enough num-shows necessity of scientific information to
ber of spores to cause allergy reaction. THee presented in the way which can be under-
best focus group for study allergy fromstandable for all stakeholders of groups to
myxomycetes is myxomycetologists, peoplavoid improper interpretations. For this rea-
who permanently work with these organismson we propose to implement a system of
in the field and in laboratories. Preliminarysafety certification of all living organisms.
study of their allergy reaction on myxomy-The myxomycetes were proposed to be used
cetes spores found is only one real case a$ model objects to develop patterns of envi-
sensitization. It confirms that myxomycetesonmental safety passports of species. The
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reason of such a choice is justified by morecosystems worldwide from Antarctica to de-
phology, physiology, biochemistry and physert. Approximately 30% of the species are
logeny of myxomycetes and by their widecosmopolitan, but they are the most common
distribution in different habitats of differentin temporary zonesf North Hemisphere,
regions of the world. where moisture and decaying organic matter
These organisms combine inherent feare available [17]. Temperature and humidity
tures of fungi and protozoa, but now there iare the main factors that regulate myxomy-
general agreement that their true position tetes distribution and abundance. They are
among the protozoa. However they are cowidespread in various habitats in the world,
ered by the same nomenclatural code, and avlich is also a significant argument for
listed in mycology's main reference work. Sehoice slime molds as a model object for en-
it is give possibility to work out of certifica- vironmental certification.
tion structure for both kingdoms. The role of myxomycetes role in ecosys-
It is possible to see most myxomycetegems is not studied enough yet. They help to
species by naked eye, but special equipmekgep bacterial levels and are important for
is needed for studying details of their morautrient cycling and forest productivity.
phology and for discovering species of th&lime molds have ability to decompose plant
size less than 1 mm. So they have intermednatter and absorb nitrogen and heavy metals.
ate position between macroscopic and micrd-is shows their potential use for bioreme-
scopic organisms. This factor also supporgiation and pollutant removal. Myxomycetes
choosing myxomycetes as a model organisoan be used as air quality indicators of natu-
for certification, because it helps to find theal ecosystems and urban areas. Also they are
universal common model for certification. indicators for evaluation of forest ecosystem
Myxomycetes are easy to be cultivated inondition. As we can see from this research,
a laboratory on agar and other substratasiyxomycetes are not dangerous for human
This gives possibility to study their reactiondealth and it gives possibility to discover
on different influences. Their full life cycle their internals, which can be useful for peo-
takes rather short time and transformatiople.
from plasmodium to mature sporocarps can Myxomycetes are excellent model for
last for just a few days. These features makgnetic, biochemistry, biophysics, bionic,
myxomycetes excellent model objects, whichioengineering and other researchest. ex-
are very often used for a wide range of sciemmple, Physarum polycephalum is an exten-
tific researches. sively studied system in biophysics. The
Myxomycetes occur in all spheres of naplasmodial stage is of particular interest,
ture on different stage of their life cycle: soilsince it exhibits, despite the relatively simple
air and less in water. Study DNA from soilorganization of this unicellular organism
shows that myxomycetes (including protosgiven an external stimulus, the plasmodium
telids and dictyostelids) are  dominatingptimizes its cell shape, vein network and
group of protists in this habitat, where thegrowth with respect to transport efficiency,
are presented as spores, plasmodium arabustness with respect to link deletion and
myxamoebas. DNA analyses show also preavoidance of unfavorable conditions. Also
ence of myxomycetes in water, probaply imemarkable phenomenon is the synchroniza-
stage of spores [17]. Lower atmospheric lewion of the contraction patterns in the tubular
els with vegetation give best condition for theein network that generates shuttle streaming
development of myxomycetes fruting bodyo distribute nutrients efficiently throughout
and to distribute their spores by air. So dathe organism. From the perspective of bio-
for environmental certification of slime physics it is natural to consider these phe-
molds can be extrapolated to other organisnm®mena in the framework of self-organized
living in soil, air and even water. Myxomy-complex systems [11].
cetes are distributed nearly in all terrestrial
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The plasmodium oPhysarum polycepha- rier. Drawn into the trap, the organism must
lum changes its shape as it crawls overraly on other methods than gradient-
plain agar gel and, if food is placed at twdollowing to escape and reach the goal. The
different points, it will put out pseudopodiaspatial memory enhances the organism’s
that connect the two food sources. Plasmodability to navigate in complex environments.
were able to find the shortest path betwedh is a unique demonstration of a spatial
two food sources placed at the exits of a lamemory system in a nonneuronal organism,
byrinth. Here we show that this simple orsupporting the theory that an externalized
ganism has the ability [9]. spatial memory may be the functional pre-

Plasmodium creates networks to connecursor to the internal memory of higher or-
food sources with incredible efficiency to reganisms [22].
produce public transport networks on the All these examples show that myxomy-
scale of a petri dishPhysarum polycepha- cetes are very popular model objects in vari-
lumforms networks with efficiency, toler- ous researches. Their unique characteristics
ance and cost comparable to those of reaive possibility for slime molds to be used
world infrastructure networks (Tokyo railfor working-out with structure of “Environ-
system). The core mechanisms needed forental safety passports of species” as a bio-
adaptive network formation can be capturelbgical system model. This structure can be
in a biologically inspired mathematical mod-adapted for certification of other groups of
el that may be useful to guide network conerganisms, in accordance with their mor-
struction in other domains [20]. phology and characteristics of metabolism.

Recently an interest in technological de
velopments started to move away from soli
materials to soft matter implementations ar ENVIRONMENTAL SAFETY
bio-inspired and hybrid implementations PASSPORT OF SPECIES
bio-mimetic sensors which employ a conduc
tive fluid encapsulated in elastic containe “Environmental safety passports of spe-
and use deformation of the elastic containcies” (ESPS) are necessary for effective
in transduction, carbon nanotube filled elasmonitoring and management of environ-
tomers, polymer hair cell sensors. An ermental safety. Implementation of species cer-
perimental laboratory implementation otification will increase the level of control in
Physarum polycephalum was designed basecthe system of ecological safety and effective-
on tactile bristles. The plasmodium responcness of protection actions for environment
to repeated deflection of bristle by an immeand humans. The main purpose of the intro-
diate high-amplitude spike and a prolongeduction of passports is to systematize scien-
increase in amplitude and width of its oscillatific information for determination of effect
tion impulses. The signal strength of myxcof this species on the environment, humans
mycetes tactile bristle sensor averages neand other living organisms. The new system
six for an immediate response and two for will enhance control level of species metabo-
prolonged response [1]. lism and improve the effectiveness of envi-

Myxomycetes use an externalized spatironmental protection. ESPS is a comprehen-
memory to navigate in complex environsive document which is necessary for all spe-
ments.Physarum polycephalum constructs a cies of living organisms. Such passport de-
form of spatial memory by avoiding areas iscribes relationship between these species,
has previously explored. This mechanism gother organisms and human with evaluating
lows the slime mold to solve the U-shapethreatens from all sides. There are also analy-
trap problem — a classic test of autonomotses of impacts of abiotic factors from habitat
navigational ability commonly used in robotto species vital activity to show range of tol-
ics requiring the slime mold to reach ierance, optimum, minimum and maximum
chemoattractive goal behind a U-shaped bevalue of each factor. The conclusion will be
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made about real and potential risks assot 4. For proper interpretation of results of
ated with this species for other organismbiological research in environmental safety
human and environment. The recommendthe implementation of “Environmental safety
tions will be designed for reduction or prepassports of species” is proposed, which in-
vention of such risks. Also threats will beclude veracious scientific information about
evaluated for this species from other orgaithese organisms and evaluation of risk prob-

isms, human and different environmental facability.

tors. According to them the strategy plan ¢
species protection will be developed.

5. Myxomycetes are suitable for being

used as a model organism in process of de-

ESPS summarize data of scientific revelopment of “Environmental safety pass-
searchers from different fields of science iports of species” structure.

any accessible way. Certification will pro-
vide the most comprehensive informatio
about safety aspects of the species from re
able sources of information. All available da

be conveniently structured in such passpo
ESPS will have an open structure for additio

tific information becomes available to a wide

range of stakeholders and it helps to avoid
wrong interpretations and systematization (3.

environmental safety will be reinforced.

This minimizes the possibility of incorrect
interpretation of scientific data and the cond
tions for constructive interaction betweel
scientists and managers.

Introduction of ESPS will improve the *

system of environmental safety for the effec
tiveness of measures enhancement to prot
the nature and people. 5

CONCLUSIONS

6.

1. Correct evaluation of threats from bio
logical objects to environment, human an_

other living organisms is very important for-

environmental safety.

2. Analysis of myxomycetes habitats,
ecology, distribution and metabolism shov;
that these organisms can’t be really dange
ous for health of people.

3. In environmental safety Bayesial

methods for probability analysis is perspec.

tive methodology for evaluation of risk as-

sessment of threats from biological objects to
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Protection of Building Materials Against Biodeterioration
Using Energy Saving Nanotechnology

Nataliya Zhuravska

Kyiv National University of Construction and Architecture
Povitroflotskyy prosp., 31, Kyiv, Ukraine, 03680, e-mail: nzhur@ua.fm

Summary. The advances in energy-efficient nanotechnologies in construction has been considered.
The harmful effects of building materials, the impact of pollution in violation of indoor climate on human
activity have been analyzed. The author has proposed a hypothesis that has been confirmed for using the
method of concrete protection from biological damage.

Key words: nanotechnology, biological damage, concrete strength, indoor climate, life safety.

taking into account the examined further
problems.
INTRODUCTION

High rates of urban development require THE MAIN PART
a recovery, "wellness" works for buildings
conservation, with safe conditions for The European citizens spend more than
people’s life, using effective ways of dealing@0% of their time in a confined space. More
with biodeterioration of building materialsthan 40% of people in enclosed spaces
and structures. Energy saving nanotecltomplain of the worsening state of health and
nologies allow to solve these tasks. various inconveniences (European Construc-

Nanotechnologies are developing verytion Technology Platform, 2005). Scientific
rapidly in construction. From a present-daystudies have shown that the deformation
perspective nanoscience is the creation girocess of nonmetallic building materials
nanomaterials and nanosystems, modificasuch as concrete, plaster, dry mixes of
tion of objects that include components withdifferent origin is connected with the action
size less than 100 nm in at least on®f microorganisms. These structures damage
dimension [9]. Energy saving nanotech-s caused by the influence of microorganisms
nologies are aimed at creating more durabléeading to a synergy of different types of
affordable building materials of interest,corrosion.
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Microbiological corrosion of concrete is on the floor, ceiling and walls the presence
found in residential and industrial buildings.of dark spots (Fig. 1, 2). Often these
The external manifestations of damage c¢phenomena are accompanied by a variety of
building materials, products and designs bclimatic  conditions  (high  humidity,
microorganisms are blistering, crackingtemperature extremes). Air pollution can
delamination of entire fragments of plastercause respiratory and cardiovascular

e

Fig. 1. The microbiological corrosion in industrial builgin

Fig. 2. The microbiological corrosion in residential buiidi
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diseases, cancer, premature birth, increased - use innovative approaches, software
infant mortality, neurological and psychiatric(Autodesk, Graphisoft) effectively for

disorders, decreased immunity. 72% ofarious tasks, in particular, the calculation
residents of contaminated areas suffer frorand optimization of the environmental

chronic  bronchitis, diseases of thebuildings profiles already at the early stages
respiratory system. There is a clear linkof architectural design.

between air pollution and extensive At residential, public and industrial

myocardial infarction [9]. buildings and structures, agricultural
For prevention and creating a safuildings, meat and dairy and livestock
environment it is necessary to: complexes the use in the operation of too

— reduce consumption of energy andhigh or low indoor temperatures, humidity,
material resources throughout the life cycléghting, air quality (carbon dioxide, smoke,
of buildings and structures, ranging from théazardous fine and coarse particles,
manufacture of materials for buildings (basedangerous radiation, microorganisms, etc.),
on strength increase) and materialsoise, allergens, harmful gas, the improper
biodegradation problems, site selection andisposal of waste water (Fig. 3), a solid or
further during design, construction andiquid waste have a detrimental effect. They
operation  (creation of mircroclimateare dangerous to human health and adversely
conditions, including in the working area ofaffect the quality components in the
buildings and structures), operation of building materials [8, 15, 16].

- expand and complement the classicdlhe adverse effect on the human body is
building design with concepts of savingcaused by a set of interactions between the
serviceability, durability, impact on thematerial, environment and man, according to
environment and human health due to thdée dynamics of possible current state of
resource saving (electricity, water and otheelations "environment-man” [9, 11].
resources usage taking into accour About 20% of the European citizens have
progressive methods, including nanoteclan allergic reaction to the mites and lower
nologies as well), fungi (caused by biodegradation of materials

and structures, and others.). The dominance

Fig. 3. Biological corrosion in animal farm
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of asthma and allergies in residentiamaterials, on which they grow, causing the
buildings is also increasing [17, 18]. Inbiological damage and biodegradation of the
Europe one of seven children suffers frorntatter. They can cause mycetogenic allergy,
asthma and in Western Europe the number ofycoses, mycotoxicosis and other diseases.
such children is ten times higher than ifEverything is connected with high risk to
Eastern Europe (European Constructionuman health and life in general [8, 9, 12].
Technology Platform 2005). The main The possibility of concrete corrosion is
factors of concrete deterioration or corrosiodetermined by its initial porous structure and
are the environmental effect, aggressivihe presence in it of so-called capillaries on
atmosphere, changes of the indoor climatechich the moisture and other substances can
At the same time the main threat to concrefgenetrate into concrete causing destructive
Is the same thing that contributes to concretgocesses. Therefore, the main task to
hardening — water and gas. Today it iprevent or stop concrete corrosion is to
accepted to distinguish several types qirotect its pores from potentially harmful
concrete corrosion depending on thelements. This can be done at various stages,
characteristics of its triggering processes [Mcluding using nanotechnologies.
13, 10]. Measures of protection against corrosion
Chemical corrosion of concrete is mostan be divided: passive and active. Passive
widely spread. Most often it is caused by thprotection measures are intended to protect
interaction of the surface layers of theoncrete from the damaging effects of
concrete with atmospheric moisture antiarmful carriers (application of coatings and
carbon dioxide contained in the air. Ensurinteveling compounds, synthetic lining films
an effective response to biological corrosioand plates, the use of energy-efficient
of various building materials, products andhanotechnologies (magnetic water) to
structures caused by the vital activity ofncrease concrete strength and biological
them or in them of various microbes andtability during production) [13]. Special
fungi [14], is becoming more and more acutprotective additives for water resistance and
scientific and practical problem in the field othigh density concrete structure may also be
construction and operation of residential anieshcluded in its composition at the time of
industrial buildings and structures (biologicamanufacture. The technology of concrete
corrosion). Currently, more than 40...50% omanufacture may include the addition of
the total number of recorded in the worldpecial protective layers, providing it with
injuries are related to the activity of micro-additional protection, and after its
organisms [13]. manufacture processing its surface with
In  Kiev National University of special hydraulic, vapor and gas barrier
Construction and Architecture variouscompositions, applying the protective coating
buildings, including recently renovated onegmembrane) by sputtering products against
have been examined for over 17 years. Théacteria, mold and other microorganisms.
have shown that 80...90% of buildings ar@he goal of active protection measures is to
struck by various organisms, bacterianinimize the conditions leading to the
protozoa and other microscopic fungi, algadormation of harmful carriers (compliance
lichens and even higher plants. Inside manyith indoor climate requirements
buildings (hospitals, kindergartens, schoolgyentilation, drying, waterproofing buildings,
institutions state) the pollution of the areamonoblock devices out letting condensate,
with, for example, a variety of microscopicmechanical cleaning and etc.).
fungi (micromycetes) exceeds ten or over Active researches on the use of various
hundred times the maximum permissibl@anomodifiers in the production of concrete
limits, if you focus on the regulations of theare of much interest for developers. The
European Union. Microscopic fungi tend tabtained results show a significant increase
degrade the performance of constructiom consumer characteristics, such as strength,
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Fig. 4. The dependence of the strength of concrete sarsptes "6" on time:

Series "6" W/C = 0.76;H1, 6b — samples prepared by classical technology, resgdgtiising
steaming and without it; 80 O41; 61, O42; 60, O41; 60, O42 — samples prepared using
magnetic water respectively using steaming andowitlt; 091, O42 - installation modes with
different characteristics
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Fig. 5. Dependence of the strength of concrete samplessS&i' on time:

Series - "O", W/C = 0,77 (with a broken structufeement); Q2 — setting mode; T,

O-b — samples prepared by classical technology, reyagtiusing steaming and without -
OIT; O-0 - samples prepared using magnetic watergodisgly, using steaming and without it
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Fig. 6. Dependence of the strength of concrete samplessS&1 and "4" on time:

Series - "3", W/C = 0,66; B-— samples prepared by classical technology; -3-Samples
prepared using magnetic water®- setting mode), Series - "4", W/C = 0,74 (with dicahi of
bischofite 0,14%); ¥ — samples prepared by classical technology; 3-€amples prepared
using magnetic water @ - setting mode)
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from 10...20%, fracture resistance of conwhich leads to the reduction of the
crete blocks energy to fracture, its hardeninganufacturing processes and increase in the
acceleration (Fig. 4, 5, 6). Energy savingroducts strength [3]. Since the process with
nanotechnologies help considerably save eordinary water can be insufficiently effective,
ergy resources, reducing the time spent mur goal is to develop technologies to
grinding clinker [9]. activate this process by the method of using
Currently the technology based on thenagnetic water.
practical implementation of biocidal materi- According to current scientific hypotheses
als (Kimry city) is quite widely applied. Our|[1, 2, 3, 4, 14], the magnetic field affects the
energy-efficient nanotechnologies thanks taater molecules. There is a spin flip of
the ultra small particle size reach the higprotons of these molecules’ nuclei with the
strength and resistance of the coating to erelease of the molecular energy. This leads
ternal influences to maintain the indoor clito water clusters destruction and turns
mate. On the basis of biochemical methoohagnetic water into liquid with unbalanced
the technology of synthesis of silver nanopaiH20 molecules that tend to interact with
ticles with a broad spectrum of antimicrobiabther active substances. Due to the small size
action, etc. has been created. of the monomolecules, this leads to a strong
The kinetics, mechanism and nature afpeed growth of diffusion processes of such
materials hardening are complicated and thveater transfer, including in ultramicropores
action of magnetic water treatment is showeoapillary-porous bodies, in which ordinary
not only in the process of samples setting arvdater can not penetrate.
strength development, but also in the quality The hypothesis about nanotechnologies is
of obtained products [19]. According toused by the author to solve the problem of
industrial tests, the strength of concrete ammbncrete biodeterioration as a capillary-
other building materials has growing byporous body. For this a series of experiments
10...30% (We take into account this fact irhave been conducted and 150 samples of
recommendations  for biodeterioratiorcubes have been analyzed.
mitigation of building materials, products The author investigated and presented
and structures during their operation). I{Fig. 4, 5, 6), the samples with dimensions
becomes possible to reduce the consumpti@x70x70, series "6", "O", "3", "4". The
of cement and water during manufacturenagnetic water was prepared during the tap
[20]. water flow through the pipeline using
1962, the USSR, B.A. Neimamr the magnets “llios-M", company "Votali",
beginning of magnetic water application irbonetsk. The filed characteristics were
the production of concrete in construction230...430 mT operating at setting mode:
Now magnetic water is used by the leadingleaning— 1, 2 (G11, O42 — with different
manufactures of concrete, cement, plasteservice programs).
tiles using gypsum binders. Samples in the forms of cubes were
The effectiveness of water treatment bprepared in batches (with or without
the magnetic field, starting from the firststeaming (up to 28 days.) The steaming
devices of the Belgian company EPURQ@hamber was used for steaming=(80°C,t
brand Cepi, is determined largely by the 6 h).
magnetic field intensity in the gap, water The determination of the samples
velocity, the angle between the watecompression breaking strength  was
directions and the magnetic field lines, angerformed on the press in accordance with
the number of intersections and the contactrrent standards.
time of water with magnetic field. On the 7...11th day samples prepared with
It is described in literature that the initiathe magnetic water (characterized by
use of magnetic water contributes to thdecreased pore  structure  uniformly
intensity of the components interactiondistributed in the material) gain strength
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while the samples with ordinary water — on

the 28th day. On the 7th date the strength of
the samples prepared with the magnetic
water is 20...40% more than the strength of
samples prepared with ordinary water. The
samples prepared with the use of magnetj

water on the 14th day gain strength equal ttgo? Zhuravskaya N.E. 2014. Ways to create a
the strength of the samples with steaming

with ordinary water on the 28th day. On the

28th day the strength of the samples prepared
with magnetic water is 7 ... 12% more than

that of the samples prepared with plain

water. Further series of experiments on th&
physico-chemical characteristics of concrete

are planned.

CONCLUSIONS

Our studies confirm the practicability of

the magnetic water use as an activator in the
production of construction materials, which
will let use energy-efficient nanotechnologied1.
in the production. This requires a deep study
of complex physical and chemical systems,
which is scheduled by the author in thé2:
following series of experiments.

13.
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