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Summary. In the article is examined the modified
cementing system at vibro impact compact method of
compression. It is solving the task of system’s movement
taking into consideration relax processes. It has been
considered the physical sense of relax processes taking place
at vibro impact compact deformation and it is defined the
character of the internal parameters. It has been received
complete system of equations describing the course of
modified cementing system of concrete mix in the process of
vibro impact compact compression.
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ACTUALITY OF RESEARCH AND
PROBLEM DEFINITION.

The course of modified concrete mix at vibro
impact compact deformation in comparison with
the course of Newtonian liquids has definite
peculiarities [11, 14, 16]. Particularly at a simple
move there are normal stresses in a modified
concrete mix, which is not observed in Newtonian
liquids. At a simple move the viscosity of modified
cementing systems, as a rule, is decreasing and a
simple extension it is increased and it depends both
on applied stresses (or gradients of velocity) and
the type of the flow [2, 18]. It is also observed the
range of “non classical” effects while considering
the non-stationary movement of the system [4, 7,
15,21, 22, 23].

PURPOSE AND OBJECT, MATERIALS
AND RESULTS OF INVESTIGATIONS.

If known internal parameters characterizing
the system, the constitutive equation can be
defined with a necessary precision. But in general
case we cannot define the universal connection
between the tensor of stresses and tensor of the
gradients of velocity neglecting the internal
parameters.

It should be marked the evident properties of
a liquid phase of cementing system of zero range
which constitutive equation in the first order has
the view [15]
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As the liquid phase of cementing system has
only scalar internal parameters which change with
the change of the system density [15] the viscosity
is not changing at a shift deformation
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Non-Newtonian behavior can be discovered
at the other types of deformations [9-11, 15]. Shift
viscosity of a liquid phase of cementing system of
zero rank of the second order depends on the
gradient of the velocity as the shift in the second
order leads to the appearance of diagonal
components of tensor of stresses and at the same
time to the change of the volume; this in its turn
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leads to the change of indexes of internal
parameters defining the measurable value of the
viscosity [8, 12, 19-21]. The peculiarity of a liquid
phase of a zero rank is its isotropy in the process of
the flow.

The peculiarities of a liquid phase of a zero
rank do not answer the peculiarities of a modified
cementing system because in the process of the
flow the cementing system becomes anisotropic
and it’s necessary to appeal to the systems of
higher rank for its description.

Without the analysis of the obtained system
of equations for the system of the second rank in
the general aspect [15], let’s clarify the physical
sense of relax process on the ground of the views
of building of cementing system taking place at
vibro impact compact deformation and define the
character of internal variables [5, 6, 13, 14, 16].

While building the theory of the behavior of
cementing system of compressed modified
concrete mix was used that circumstance that
hydrated cement grain is the macrosystem which
can be described with the help of
phenomenological concerns: free energy, index of
friction [1-3, 17, 18].

Let considered system consist of hydrated
grains of the cement with the equal density. In the
cementing system of a modified concrete mix in
the balanced state the hydrated grains of the
cement together with the chemical modificator
form floccules the sizes of which let’s take as the

equal to mean squared radius of inertia R?. It can
be also taken the effective radius of floccules r*,
having defined it as the distance from the center of
the floccules on which the density in comparison
with its index is decreasing twice in the center.
The effective radius is connected with the mean
squared radius by the ratio:

A\
r* = 0,64 (R2 )A . 3)

The sizes of the floccules in the cementing
system depend on the character of intermolecular
interaction and differ from the sizes of floccules
which are in the cement-water paste of a usual
concrete mix. But as intermolecular interactions in
a modified cementing and general cement-water
paste do not differ fundamentally, it can be
supposed that in the equilibrium the indicated sizes
do not differ considerably i.e. coincide according
to the order of an index.

There are forces of different nature between
the hydrated grains as it leads to the appearance of
labile floccules having final life cycle and
connecting all the grains into uniform system in

which can be the floccules of different type (which
differ by the time of life) connected by a definite
type of interaction.

Thus, the cementing system in the process of
physical modification can be introduced by
effective system with labile floccules the number
of which depends on the temperature, pressure and
applied stress. Let’s consider the law of the change
of the number of floccules of one of the types in
detail. Let it set K —a maximum possible number
of floccules. Let it set the possibility of destruction
and possibility of the formation of floccules for the
unit of time p~ and p". Then the change of the
number of floccules in the unit of time can be
found as the difference between the number of the
formed and destructed nodes:

L pze(K-2)p. @)

For the stationary case we found:

+ +
z0=—2 K~ x. (5)
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The equation (4) can be written as:
dz 1
—=——(z-2,), 6
_ Losy) ©
1 .
where: 1=——— —time of relax
p +p

depending on the applied gradients of velocity (or
stresses).

At small gradients of the velocity the time of
relaxation can be decomposed according to the
gradients of velocity. Then from the formula (6)
with the accuracy to the members of the first order
according to the gradients of the velocity we got
the equation (2).

Thus, one of the relaxing processes in a
physically modified cementing system introduces
itself the destruction and formation of floccules.
The definition of the possibility of the formation of
floccule is connected with the consideration of its
nature.

Thus, at the first approach the building of a
cementing system is described by the following
indexes: mean squared index of radius of inertia

<R2>0 of hydrated cementing grain; by the type of

floccules differed by their mean life cycle; number
of floccules taken as a unit of volume. Let’s
suppose that the considered system consists of
cementing grains of an equal diameter and all the
floccules have the same nature and, thus, the equal
life cycle.
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Let’s consider the change of sizes and the
form of the floccules in the stream at vibro impact
compact way of compression of concrete mix.

Let’s enumerate all cementing grains from 0

Let set s —the distance between the

1

to z.

neighbor grains with the numbers o—1 and o; r* —

= _rocl

Let’s formulate, first of all, the kinetic
equation for the function of the possibility of
finding coordinates z+ 1 of a floccules in the
space at the given index of tensor of the gradients
of velocity vik. The spring force acts on each of
floccules:

the coordinate of a-floccule, thus, s!*

2T [0 =5 )= —2 TrA 17 )

And the force of hydrodynamic resistance:

X=¢ (e -we), (8)

where: v

1

= vy 1o —the velocity of the
system in the place where is a-floccule on
condition that as it would not be there,

w —medium velocity of the movement of
o-floccule,

k — elastic ratio of the phase between the
floccules,

§=6mn)o — frictional coefficient of the
floccules of the radius (o) in the medium with the
viscosity m).

The matrix A,, is given by:

1 -1 0 . . . 0
-1 2 -1 . . . 0
0o -1 2 . . . 0
I I ©9)
0 0 0 . . . 1

The velocity of movement of hydrated grains
of cement is defined on condition of the
equilibrium of forces acting on a grain moreover,
to real forces it should be added the effective force:

Faq):—Taan. (10)
51}0‘
Then continuity equation:
zm (11)

for the case of many particles leads to the desired
equation.

Considering the viscosity of a cementing
system a considerable, we drop the force of inertia
and, setting equal to zero the sum of forces (7), (8)
and (10), we find the expression for the medium
velocity of movement of a-floccule:

o o 2Tx o T O0lnW
Wi =V ——Aayri - .
C ¢ o

(12)

From the continuity equation (11) with the
usage of (12) we find the kinetic equation for the
plastic modified cementing system:

T ®°W . 2Tk W
P —Z{ (Vikrk _TAowriyJ_]"_

oy o] a3)
12Tkz W,
4
By the orthogonal transformation of
coordinates t* =R,,p! u p/ =R 1 the matrix (9)

can be taken to the diagonality with approximate
22

chief indexes A, = . In view of properties of

ZZ

transformation it is true the ratio:

{pror) =2 (). (14)

Let’s copy out the sums of different degrees

of characteristic numbers:
2 4
Ay =2z; Yol =2 syt
%’ ¢ %: ¢ 6 %’ ¢ 90

The equation (13) has the following view in
the new coordinates:

—Z T o*°W (V_pa_zTKxaquaﬂ+
at Sl U a5

N 6Tk,

PURPOSE AND OBJECT, MATERIALS
AND RESULTS OF INVESTIGATIONS

Multiplying the equation (15) by p!/p{ and
integrating to all variables, we find the following
system of equations for the moments of
distribution function of the second order

<p?‘pf§ > = [Wp{'pidp:
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d{pipt) :_%(<p?p%>_<pgpg>oj+

dt o (16)
+ Vij<pﬁ‘p?> + Vi <p?‘pj?‘>,
¢

K

— time of relaxation,

where: 1, =
4TkA,,

1 ey .
o _ o - 5. _
<pi Pr >0 vy 8y —equilibrium index for

the moments of distribution function.
If the gradients of velocity disappear
suddenly, the moments relax according to the law

(proi)—(pepp), et/

Thus, here the internal variables are tensor
moments <p?pﬁ>, the law of change of which is
defined by the system (16). The system (16) has

the same structure as a phenomenological equation
[15]:

de. 1
dé;k - _?(éik - ‘t:?k)“L Bi8ikVss +Bavix) +

+ B3&ssv(ik) +B4dikEisVis T BsEi0ik Vs T P6Sik Vs T (17)

+ B7 (&isvsk + E.’ksvsi)'i_ BS(&ists + éksvis

However, some members
disappear in this case.

Let’s find the solution of the system (16) for
simple shear flow (v, = 0). At this the system (16)
is given by (index of a grain for the simplicity of
writing is dropped):

of equation (17)

) 15, )2l
A o)

dﬁ& ~—{(p3)-(3), ) (18)
d(ﬁztpz) = Loipa) + viap2):

Uor0s) L)+ v

d(p;tm) _ _%<p2p3>.

The solution of introduced system (18) is
given by:

<p12> = <p12>0{1 + 21570 [l —e'" —ie“rﬂ ,
T

<P1P2> :<p12>orvlz(l_eft/r), (19)
<p§> - <p%> = <p§>0 = <p§>0 ; <PIP3> = <png) =0.

The expression for <pf‘p{f> can be calculated

directly after the definition of distribution function.

The final result for the stationary case accurate to

the members of the second order in accordance

with the gradients of velocity:
1

<ptlxplo<l> = —[611( + ZTaV(ik) +

20, (20)

+ 21:§ (2V(Si)V(Sk) = V(si)V[sk] ~ V(Sk)V[Si])+

The characteristic of a floccule of deformed
cementing system as the whole can be served diad:

(RR) =2 (i), 1)

o

which is after (14) and (20), is written by the
gradients of velocity in the stationary case by the
following way:

V4 22
<R1Rk> :E|:8ik +3%?V(ik) +
(22)
+i(2v IV(sk) ~ V(i) VIsk] = V()Y »)+
1260722 - 6)¥ls) ™ ¥(s) [sic] = Vsto) VIsi] ) T+ |

The distribution function of density of
cementing system, obviously, answers the
conditions Jp(r) dr= mjp(r) 1 dr = m(RiRk> ,
where m — the weight of hydrated cementing
particle. Approximating p (r) as Gaussian function,
from the formulas (22) in the system of coordinates
where diad (RiRk> is diagonal, we get:

) e

It is obvious that the distribution function of
density can be approximated by triaxial ellipsoid.
Defining the effective sizes of ellipsoid as per the
decrease of density in two times, we find the semi-

2 1/2
axes a) :1,10<Ri>

2
5

1<Ri2

M

_1
m 2i
e

)23

and effective volume of

/2
hydrated cementing grain Q= 5,6(<R12><R§><R§>) ,
which depends on the gradients of velocity. The
decomposition of effective volume in the gradients
of velocity do not contain the members of the first
order as vy =0. It follows that at the smallest
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gradients of velocity the floccule is deformed in
the flow without any change in the volume, and
then the volume of a floccules is increasing with
the increase of the gradient of the velocity.

If the gradients of velocity are absent, all
non-diagonal components (RiRk> are equal to zero

and the diagonal ones become equal one to each
other. At this the distribution function of density
transforms into spherically symmetric function:

3/2 3 r2

24

The additional dissipation of energy in
deformed cementing system takes place because of
the connection of punctiform centers of friction
into unified whole. This means the presence of
additional punctiform forces in the liquid phase
distributed in volume.

The averaged tensor of stresses of a system
oix can be calculated by the average index of a
tensor of the flow of impulse [4] o =pv;v, -1, .
All the indexes are average here. We define non-
averaged ones by the stroke.

In the linear as per the velocity (stokes)
approximation:

Gy = % [ohdV . (25)

Let the density of volumetric forces acting
on deformed cementing system o;(x), then the law
of conservation of momentum is given by:

—a(pVi) +al;l = Gi(x).

e (26)

The substitution of the expression for the
tensor of flow of impulse leads to the formula:

opvi) , olpvivi) _ 955
at ox,  ox, &)

1

27

Neglecting in the equation (27) inertial
members, we obtain:

’
ooy B

ox, = —Cj(y) - (28)

To find the averaged value of tensor of
stresses, we multiply both parts of the equation
(28) by x, integrate over the volume
j%xkd\/ =—[o;x, dV and describe the left part of

1

the last ratio

I%V — [} dV =—[o;x,dV . 29)

1

The first integral in the left part of the
equation (29) we convert into the integral over the
surface of the frame and obtain
46;1Xkdfl - jG;de = _IGiXde .

Thus, we find the average value of tensor of
stresses:

1 1 1
6y =— |64 dV = —dP.x, df +— [o:x,dV . (30
ik VI ik V(j‘l k VI ik ( )

where: P —the force acting on the unit
surface area of volume.

The first integral which is to the right in the
equation (30) and which is the tensor of stresses
connected only with the surface forces and, thus,
the expression (30) can be rewritten as:

€2))

1
Oy = ng)+vj6ixde ,

where: cgg) — tensor of stresses at the absence

of volumetric forces and the last member in the
expression (31) describes additional stresses
appearing while adding volumetric forces with the
density ;.

The forces acting on a liquid phase in the
considering case of a cementing system can be
defined as punctiform. Thus, the density of forces:

Gi(x)=z\l/?°‘5(%i+f1?“ —Xk), (32)
a(l

where: g — coordinate of center of masses
of a-floccule of a cementing system,
r.* — coordinate of a,-floccule,

Wf * —a force acting on a-hydrated grain of
a cement of a,-floccule.
Calculating with the help of (32) the integral
in the expression (31), we obtain:
JoixidV =Yg v + X vl

a

(33)

o

In the frames of one floccule > yi* =0.

Further, as all the floccules we consider the equal
ones and in the last summand the summation by
the floccules can be substituted by the
multiplication by the number of floccules and,
thus:

Sloxdvonsui, G4
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where: n —the number of floccules in the
unit of volume.

The obtained expression describes the
additional stresses caused by the presence of
connected centers of friction at their momentary
location.

For the connected floccules with the total
volume ¢ the volumetric forces disappear when the
velocities of floccules and the velocity of the flow
in the point where is the floccule coincide. This
will happen only then when the connections
between the floccules disappear, the system
thixotropic thins down, and the tensor of stresses
of which can be defined and, thus, for such
cementing system:

01(1?) =—pdj + 211(5)(1 + I’S(P)V(ik)- (35)

The force acting on a liquid phase is equal in
value and reciprocal in sign of force with which
the liquid phase acts on the grain of the cement:

i = v - w?) (36)

And, thus, the extra term after averaging-out is
given by:

-nex (v -wike). (37)

where: the brackets as previously define averaging-
out in coordinates of all floccules with the help of
the distribution function. Using the expressions
(12) and (15), we calculate the value (35) and write
the tensor of stresses for deformed cementing
system as:

Oy = POy + 2(1 + 1,5(p)T](S)V(ik) +
+~%ncg;;%{<p?pﬁ>—<p?pﬁ>0}

The obtained constitutive equation is a
private case of general expression (1) with tensor
internal parameter.

Gk (stsat): —pdi +a&;0 +H(§ik —5&)+
+ G180y Vs + CaV(ik) + 8384 V(ik) +
+C40ik&isVis +CsEiidik Vs + CeCik Vs +
+ G (EigVar + EreVsi )+ Gy (i Vi + ExsVis )+
+ 8o (EigVak = Eis Vi )+ G10 (GisVis —ExsVis )~
‘%(@9 + Qlo)issV[ik}

(38)

(39)

The ratio (16) and (36) together with the
equations of movement and continuity form
complete system of equations describing the flow

of modified cementing system of concrete mix in
the process of vibro impact compact compression.

CONCLUSIONS

On the ground of the results of the
experimental theoretical investigations:

1.1t has been defined the physical sense of
relaxing processes and the character of internal
variables in the process of vibro impact compact
deformation.

2.1t is built the theory of the behavior of
cementing system of compressed modified concrete mix
where the hydrated cementing grain is the macrosystem
which can e described with the help of
phenomenological terms: free energy and index of
friction. The cementing system of concrete mix in the
process of physical modification is introduced as the
effective system with labile floccules, the number of
which depend on the temperature, pressure and applied
stress.

3.1t has been obtained the constitutive
equation which is a private case of a general
expression with tensor internal parameter. The
obtained equations together with the equations of
movement and continuity form complete system of
equations describing the flow of modified
cementing system of concrete mix in the process of
vibro impact compact compression.
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two-phase

MATEMATHUYECKOE MOJIEJIMPOBAHUE
PEJIAKCALIIOHHBIX ITPOLIECCOB,
TTPOMCXO/IAIINX B BETOHHOV CMECH
TIPY BUBPO-YIAPHOUMITY JIbCHOI
JEEOOPMALINN

Braoumup Iununenxo

AHHOTaAnuA. B CTaThbe paccMaTpHUBaeTCst
MOAN(UIVPOBAaHHAs IEMEHTHAs CHCTeMa @pu  BHOpO-
YIAPHOUMITYIBCHOM ~crocobe e ymioTHeHus. Pemaercs
3a7aqa JBIDKCHUSI CHCTEMBI C YIETOM pelaKCallMOHHBIX
IIPOLIECCOB. Paccmorpen (usIIecKuit CMBICTT
pETaKCalMOHHBIX TPOIECCOB, MPOUCXOMAIINX MHPH BHOPO-
YIapHOUMITYJIbCHOM JedopMaliy, U ONpelenéH XapakTep
BHYTPEHHHX TepeMeHHbIX. [lomyueHa momHas cucrema
ypaBHEHMIi, ONMCBHIBAIOIIAs TEUeHHE MOTUPUIHPYEeMOii
LIEMEHTHOH CHCTeMBbl OCTOHHOWH cMecH B Iporecce BHOpO-
YIapHOUMITYJIbCHOTO YIUTOTHEHHUSL.

KnoueBsie cnoBa. MomudummpoBannas OeToHHas
CMeCh, BHOPO-yZapHOMMITYJIECHBIH ~CITOCOO  YIUIOTHEHHS,
penaKcanuoHHbIe TIPOIIECCEI, (heHOMeHOIOrMueCcKue

YpaBHCHUA NBUXCHUA.



