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Abstract. The paper presents the results of theoretical and experimental studies of structural
strength and strength at the age of 28 days of vibrovacuumized and vibrated concrete. Structural
strength is very important when moulding prefabricated or monolithic structures with immediate
dismantling.

Regularities of removal of a part of tempering water (liquid phase) from vibrovacuumized
concrete mix, having capillaries of various form (round, square, formed by three or four cylinders),
narrowing and expanding capillaries, and also capillaries of variable cross-section (with areas that
expand and contract), are established as a result of researches. In such capillaries, the value of the
capillary pressure is different and, accordingly, at different values of the external pressure, the liquid
phase is removed. Also the value of breakdown pressure at which the liquid phase is removed from
capillaries of variable section and with sites of small diameter is calculated.

The high structural strength of vacuum concrete is theoretically substantiated. The results of
experimental studies confirmed the theoretical developments and showed that the structural strength of
freshly moulded vacuum concrete is 7...8 times greater than that of vibrated concrete from rigid
concrete mix at the same W/C ratio, almost the same cement consumption and density. This
significantly affects the strength of concrete substantiated with immediate dismantling.

Due to the high structural strength, vacuum concretes do not show a decrease in strength at the
age of 28 days during the moulding of structures with immediate dismantling compared to concretes,
the dismantling of which was made in a day after moulding. Vibrated concretes from rigid concrete mix
have such decrease in durability in the range 12...15%. These data indicate the advantages of
vibrovacuumized concrete over vibrated concrete from rigid concrete mix.

Keywords: vacuum concrete, capillary pressure, moulding, immediate dismantling,
vibrovacuumizing, structural strength.

Introduction. Vibrovacuumizing of concrete mixes allows moulding structures with partial or
complete immediate dismantling, accelerating the concrete hardening, increasing its strength and other
properties. At the same time, the most important indicator of vacuum treatment of concrete mixes, on
which the properties depend, is the structural strength of vacuum concrete (the strength of freshly
moulded concrete). It is necessary to know and take into account the laws of removing the excess
tempering water from pores and capillaries of different shapes and the degree of compaction of the
concrete mix during vacuumizing to achieve its maximum possible value.

Analysis of publications. When using vibrovacuumizing as one of the methods of compaction
of concrete mixes at moulding concrete and reinforced concrete structures, it is possible to remove
excess tempering water from the concrete mix and thereby significantly increase the physical and
mechanical properties of concrete or reinforced concrete [1]. Studies have shown that even with
optimal moulding control, the vacuum coefficient (k. ) is less than one [2]:

kvac. = (Vck.)m. _Vcé.lm.) /Wext. '
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where V" V.2 —respectively the volume of the concrete mix before and after vibrovacuumizing;

W,,, — the amount of water extracted during vibrovacuumizing.

With this k.., not all the pore space of the compacted concrete mix is filled with the liquid

phase — part of the capillary (s) is filled with the liquid, and part with the gaseous phase.

These conditions are explained as follows. The tempering water (liquid phase) located in the
pores of the compacted concrete mix has a very complex free surface. This is due to the pore space,
which is characterized by the most incredible outlines. Capillary forces bend the surface of the liquid
phase and create favorable conditions for the occurrence of capillary pressure of different values,
depending on the type, shape and size of the capillary. Therefore, knowing the localization of the
menisci and their form in a variety of capillaries of the concrete mix is very important to ensure
maximum structural strength of vacuum concrete immediately after moulding of the structure.

In order to remove the liquid phase from the capillaries of the compacted concrete mix, it is
necessary to overcome the capillary pressure, which depends on the surface tension, the wetting angle,
the radius of the capillary and its shape. The simplest solution is for a round capillary, where the
meniscus has a spherical shape, and the capillary pressure is expressed by the dependence [3]:

P.=(2o0cosé)/r, 1)
where P, — capillary pressure;

o —surface tension;

6 — wetting angle;

r — the radius of the capillary.

In a round capillary, the gaseous phase and the liquid phase are sharply separated. On one side of
the meniscus, the capillary is completely filled with the liquid phase, and on the other — with the
gaseous phase.

Purpose of the work. To study and justify the conditions for obtaining high structural strength
of vacuum concrete, to determine its effect on the strength and other properties of concrete.

Materials and methods of research. First a freeform capillary was considered. In such a
capillary, the part filled with the gaseous phase may contain a certain amount of the liquid phase
located in the sharp corners of the capillary. In this case, a kind of liquid "whiskers" is formed, which
gradually passes into the meniscus [3, 4]. In that event, it is possible to find the capillary pressure based
on such considerations.

Let the created pressure difference displace the liquid phase from the capillary of the concrete
mix, thus forming additional surfaces of the "solid phase — gaseous phase™ and "liquid phase — gaseous
phase"”, and the "solid phase — liquid phase” surface decreases. In this case, the surface energy in the
compacted concrete mix increases.

From this condition, the patterns of changes in capillary pressure in the compacted concrete mix
can be found. Let the meniscus move a distance Ax under the influence of the pressure difference P.
The gaseous phase will complete the work:

A=P-S, -Ax,
S, —the cross-sectional area of the capillary (away from the meniscus) filled with the gaseous phase.

Liquid "whiskers™ cause this area to differ from the cross-sectional area of the entire capillary.

The perimeter that limits the gaseous phase in this section separates it from the solid phase in some
places, and from the liquid phase in others. The lengths of the corresponding sections are denoted by

l, and 1. The resulting surface energy is equal to:
G, =[ oy + (0, — 0yl |AX.

If the movement of the meniscus was reversible and isothermic, then the change in free surface
energy is equal to the work expended. Then the general regularities of changes in capillary pressure in
capillaries of arbitrary cross-section will be:

P, = oly+(0y—03)ly |1 Sy =0 (ly +1y,-C0SO) [ S, )
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Next, a specific type of capillary — a capillary of square cross-section with a side of size a will be
considered.

&

Fig. 1. Regularities of liquid phase removal from a square-section capillary

Fig. 1 shows the cross-section of such a capillary away from the meniscus. The cross-section of
the liquid "whiskers" is shaded. The free surface of the "whiskers" is cylindrical. The radii of curvature

of the meniscus R, = % and R, =oo. The intersection of the free surface of the "whiskers" with the
C

walls of the capillary passes at an angle 6. Based on this, and taking into account the work [5], the
dependence is obtained for the length of the boundary between the liquid and gaseous phases:

l, = 80-(%—6’)/Pc. 3)
From this dependence, it follows that the "whiskers™ can only exist under the condition 8 < % .

Under this condition, a concave arc at an angle @ can be entered in the corner of the square.
Further, taking into account the work [5], we find:

I, =8a—8\/§% sin(7/, - 0), (4)
2 .
S, =a’—40 2 (cosze—smecose—%+9). (5)

Substituting dependencies (4) and (5) into equation (2) and solving it with respect to P, and
taking into account the results of research [6], the capillary pressure in a square capillary can be found:

P :Zaa(cose+\/”4—0+sinecose) . (6)

c

If % >0>7 4 then "whiskers™ are not formed and from equality (6) we get:
P, =(4ccost)/a ()

Thus, all other things being equal, the capillary pressure in a square capillary is 2 times greater
than in a round capillary. Therefore, when vacuuming the concrete mix in this case, a large pressure
difference at the ends of the capillary is necessary to remove the liquid phase.

For practical applications, another type of capillaries is very important, which in a simplified form
is the space between three parallel cylinders of radius R. The cross-section of such a capillary is shown
in Fig. 2. Such a cross-section of the capillary is very common in the study of porous materials and, in
particular, compacted concrete mixes.

Fig. 2. Regularities of liquid phase removal from a capillary formed by three cylinders of radius R
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When vacuumizing the concrete mix in the corners of such a capillary, the liquid phase is
retained under any conditions. Unfortunately, the analytical dependence for capillary pressure in
this case has not yet been obtained. Fig. 3 shows the experimental dependence of the capillary

pressure expressed in units % on the wetting angle for the capillary under consideration [4]. From

this relationship, it can be seen that with an increase in the wetting angle, the capillary pressure in
such capillaries decreases sharply.

If the cylinders forming the capillary are located at a certain distance from each other (Fig. 4),
then other regularities are observed when the liquid phase is removed.

P,
o/R
T

1
T
30 60 90 6

Fig. 3. Dependence of capillary pressure Fig. 4. Regularities of liquid phase removal
in a capillary formed by three cylinders from a capillary formed
on the wetting angle by four cylinders of radius R

It should be noted that this configuration of the capillary is also most likely in the compacted
concrete mix and is completely determined by the radius of the cylinders R, as well as the width of the
capillary I in the middle part. When the liquid phase is removed, the "whiskers" may remain not only in
the corners of the capillary, but also in its middle part, if the value of | is small enough. In this case, the
gaseous phase is separated by a bridge from the liquid phase into two separate sections. If | is large
enough, then there will be no such bridge in the middle part of the capillary and the gaseous phase will
occupy the entire space, except for the corners, when vacuumizing the concrete mix.

In compacted concrete mix, there are always capillaries of variable cross-section in addition to the
capillaries considered. In order to simplify the process, first the laws of liquid phase movement in
expanding and narrowing circular capillaries will be considered. Let the capillary be narrowing if the
bulge of the meniscus of the liquid phase is directed towards narrowing (Fig. 5, a), and expanding —
towards the expansion of the capillary (Fig. 5, b).

a) b)

Fig. 5. Liquid and gaseous phases in narrowing (a) and expanding (b) capillaries:
1 — gaseous phase; 2 — liquid phase

If the cross-section of the capillary is circular with a radius r at the location of the meniscus,
then in a narrowing capillary, the capillary pressure is:
P, =20,cos(0—a)lr. 8)
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Accordingly, in an expanding capillary, it will be:
P, =20,cos(0+a)lr. ©))

In an expanding capillary, the meniscus is not stable. Indeed, let the meniscus be in a state of
equilibrium in any position. This is possible if the capillary pressure P, balances the external pressure

(more precisely, the pressure difference at the ends of the capillary). If the external pressure is increased,
the meniscus will move to a wider part of the capillary (Fig. 5, b). In this case, the capillary pressure will
decrease; therefore, it will no longer be able to balance the external pressure. As a result, the gaseous
phase will completely displace the liquid phase from the expanding capillary. For the same reason, a
decrease in external pressure should cause the liquid phase to move towards the narrow part, until the
entire capillary volume is completely filled. In contrast, in the narrowing capillary meniscus stable, since
the movement of the liquid phase with increasing external pressure is accompanied by a decrease of the
radius of curvature of the meniscus and as a consequence — increase in capillary pressure.

Be aware that in most cases in the capillaries of the compacted concrete mix there are some
narrowing and widening sections (Fig. 6). To move the liquid phase in these capillaries it is necessary to
determine the breakdown pressure Py, required for complete displacement of the liquid phase from the
narrowing part in the expanding capillary. In this case, it is necessary to overcome the maximum
capillary pressure (P¢)max €qual to Py, Which corresponds to the meniscus with the minimum radius of
curvature Rpin.

b)

\ e

Fig. 6. Variants of the location of the meniscus of the liquid (liquid phase) in a capillary of variable
cross-section:
a — in the narrowing part of the capillary; b — in the narrowest part of the capillary;
¢ — in the expanding part of the capillary

As is known [7, 8], the capillary section which is described by the function r=r(x), the
curvature of the meniscus is determined by the relationship:

%2 = (cos @ + d%Xsin 0)/r.[1+ (d%x)2 . (10)

For the origin made the narrowest part — the neck of the capillary (Fig. 6). It is assumed that
the cross-section of the capillary on both sides of the constriction is an arc of a circle with radius R,.

Then:
%:L/Rc‘f —x? cos @ + xsin 9J/lb+ R, —+/RZ —XZJ, (11)

where b —the radius of the capillary neck.
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This ratio allows determining the breakdown pressure in two extreme cases.
The radius of rounding at the transition from the neck to the expanding part is very small

(Ro<<b). Then:
%:L/Rg — x? cos¢9+xsin49J/Rob. (12)

The maximum curvature of the meniscus is reached at x =R, -sin& and is equal to % [9, 10].

Therefore, to bring the meniscus to the neck, it is necessary to create pressure P =2a0,,c0s8/b,

and to completely displace the liquid phase from the sharply expanding capillary, you need a higher
pressure (Ppr):
P, =20,1b. (13)

From the above, it is obvious that a material, which solid phase consists of tiny particles, and the
pore space between them is filled with liquid, during the formation of menisci and, accordingly, the
occurrence of capillary pressure, the latter has a significant effect on the adhesion (convergence) of solid
phase particles. Due to this, the material acquires greater structural strength. This fully applies to the
concrete mix compacted by vacuumizing. In this case, due to the removal of part of the tempering water,
menisci of different curvature are formed depending on the type, shape and size of the capillary,
capillary pressure occurs, which contributes to the compression of solid phase particles by the liquid
phase, which ensures high structural strength of freshly moulded vacuum concrete and further
improvement of its properties over time in comparison with vibrated concrete, in which capillary
pressure is practically absent immediately after moulding. Such regularities in freshly moulded vacuum
concrete are clearly demonstrated on two parallel plates, between which there is a liquid layer of very
small thickness (Fig. 7) [11].

Fig. 7. The phenomenon of capillarity between two parallel plates

Along the perimeter of the plates, the liquid comes into contact with air (the environment), so the
meniscus of the liquid is concave and the pressure inside the liquid is less than the air pressure; as a
result, the atmospheric pressure acting on the plates tends to bring them closer, so they will be attracted
to each other. If the distance between the plates is small enough, the meniscus of the fluid can be
considered as part of a cylindrical surface of some radius r. This radius is related to the distance x
between the plates by the equation:

X =2rcosé. (14)
Based on this, the "lack™ of pressure in the liquid that is located between the plates is equal to:
P,, =20c0sf/X. (15)

The force of mutual attraction of the plates F is determined by multiplying this value by the area
of contact of the liquid with the plates S, :

F =205, cosd/x. (16)

144  Bulletin of Odessa State Academy of Civil Engineering and Architecture, 2020, no. 81, page 139-148



BUILDING MATERIALS AND TECHNIQUES

This force is inversely proportional to the distance between the plates. At small distances, it can
reach large values — the plates are pressed together with a pressure of about 0.15...0.2 MPa [11].
Experimental data on the effect of capillary pressure on the structural strength of vacuum concretes are
presented below.

Results of experimental studies. The following materials were used in carrying out these studies:

— Portland cement M400 (Krivoy Rog);

— Dnipro sand, Ms;jz=1.52;

— crushed granite, 10...20 mm fractions (Dnipro, Rybalsky quarry).

The strength of concrete was determined on samples 150x150x70 mm, which were tested
«edgewise» (to reduce the influence of the scale factor). When moulding samples duration of
vacuum processing at vacuum 0.7 (absolute vacuum is taken for unity) was 6 min. In order to
destroy directed capillaries and free formations during vacuumizing, short-term periodic vibration was
performed (5 ... 10 s every 2 min). For comparison, a rigid mix was prepared from a concrete mix of the
same composition, from which the same samples were moulded with a load of 0.006 MPa, using
vibration during 55...60 s.

The test results showed (Table 1) that the structural strength of freshly moulded vacuum concrete
IS 7...8 times greater than that of vibrated concrete from a rigid concrete mix at the same W/C ratio,
almost the same cement consumption and density. Thus, in our experiments, the structural strength of
freshly moulded vacuum concrete was 0.24...0.37 MPa, and that of vibrated concrete from rigid
concrete mix was 0.03...0.05 MPa. This is the most important feature of vacuum concrete. In concrete
from a rigid mix, structural strength is provided by the adhesion of solid phase particles and vandervaals
forces, which are characterized by a very small value. In vacuum concrete, high structural strength is
achieved by capillary compression of the solid phase by the liquid phase, i.e. by straining the tempering
water in the capillaries.

Table 1 — Density and structural strength of concrete depending on its composition and compaction

method
W/C ratio of concrete Density, kg/m’ Structural strength, MPa
Concrete - : -
o . vibrovacuu . vibrovacuu . vibrovacuu
composition vibrated . vibrated . vibrated .
mized mized mized
1:1.2:28 0.33 0.33 2464 2471 0.033 0.24
1:22:38 0.44 0.44 2439 2448 0.040 0.28
1:258:4.52 0.52 0.52 2394 2410 0.050 0.37
1:36:54 0.56 0.56 2375 2452 0.041 0.32

Such high strength of freshly moulded vacuum concrete according to R. Lermit allows building
structures up to 6 m high with immediate dismantling [12].

It is natural to assume that the immediate dismantling of moulded structures will have some effect
on the strength of concrete at the age of 28 days. When testing this assumption, the materials for
preparing the concrete mix, the moulding modes, and the sample sizes are assumed to be the same as in
previous experiments.

At the same time, a batch of vibrated and vibrovacuumized samples was moulded, and then
dismantled in a day after moulding. All samples hardened for 28 days under normal conditions. The
results of the experiments are shown in Table 2.

Vibrated samples from rigid concrete mix with immediate dismantling have strength lower by
12...15% in comparison with the strength of the same samples, but dismantled in a day after molding.
This decrease in the strength of vibrated concretes moulded with immediate dismantling is explained by
the partial destruction of their structure during the initial period of hardening under the influence of
gravitational forces due to insufficient compression by capillary forces of the solid phase.
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Vibrovacuumized concrete moulded with immediate dismantling does not show a decrease in
strength in comparison with the strength of concrete samples dismantled in a day after moulding. In
addition, it should be noted that the strength of vibrovacuumized concrete was 15...20% higher,

compared with the strength of vibrated concrete from a rigid concrete mix.

Table 2 — Density of freshly moulded concrete and strength in 28-day age of vibrovacuumized and
vibrated concrete

Concrete wiC Densit Ultimate
Type of concrete . ratio of Dismantling ;}/ " | compression
composition kg/m
concrete strength, MPa
1:22:38 | 043 Inadayafter | 5, 38.7
. . moulding
Vibrovacuumized immediate
1:22:3.38 0.43 . i 2448 39
dismantling
1:22:38 | 043 Inadayafter | g, 25.8
. moulding
Vibrated Immediate
1:22:338 0.43 . i 2373 22.6
dismantling
1:19:41 | 043 Inadayafter | 49, 271
. moulding
Vibrated Immediate
1:1.9:41 0.43 . i 2386 24.2
dismantling

These data indicate the advantages of vibrovacuumized concrete over vibrated concrete from rigid

concrete mix.

Conclusions. Regularities of removal of a part of tempering water (liquid phase) from
vibrovacuumized concrete mix, having capillaries of various form (round, square, formed by three or
four cylinders), narrowing and expanding capillaries, and also capillaries of variable cross-section (with
areas that expand and contract), are established as a result of researches. In such capillaries, the value of
the capillary pressure is different and, accordingly, at different values of the external pressure, the liquid

phase is removed.

The value of breakdown pressure at which the liquid phase is removed from capillaries of variable

section and with sites of small diameter is calculated.

The high structural strength of vacuum concrete is theoretically substantiated. The results of
experimental studies confirmed the theoretical developments and showed that the structural strength of
freshly moulded vacuum concrete is 7... 8 times greater than that of vibrated concrete from rigid
concrete mix at the same W/C ratio, almost the same cement consumption and density. This
significantly affects the strength of concrete moulded with immediate dismantling.

Due to the high structural strength, vacuum concretes do not show a decrease in strength at the
age of 28 days during the moulding of structures with immediate dismantling compared to concretes,
the dismantling of which was made in a day after moulding. Vibrated concretes from rigid concrete mix

have such decrease in durability in the range 12...15%.
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AHoTauisg. Y poOoTi HaBeleH] pe3yJbTaTH TEOPETUYHUX 1 EKCIIEPUMEHTATBHHUX JTOCIiKEHb
CTPYKTYPHOI MIITHOCTI 1 MiITHOCTi y 28-Mu J000BOMY Billi BiIOpOBaKyyMOBaHHX 1 BIOPOYIIIIbHEHUX
6etoHiB. [Ioka3HUKYU MO CTPYKTYpPHIM MIIHOCTI € HallBaJIMBIIIUMHU IpU popMyBaHHI 30ipHUX abo
MOHOJITHUX KOHCTPYKIIHM 3 HEralHOIO PO3MaTyOKOIO.

B pe3ynbpTarTi BUKOHAHHS JOCIHIPKEHb BCTaHOBJIEHI 3aKOHOMIPHOCTI BUIAJEHHS YacCTHHU
BOJM 3amilnyBaHHA (piakoi ¢azn) 3 GETOHHOI CyMillll, IO YIIIJIBHIOETHCS BIOPOBAKYYMYBaHHSM, 3
Kal'IlJ'IflplB pizHOI dpopMu (prerx KBaJIpaTHUX, YTBOPEHUX TPHOMA abo qoTHpMa HI/IJ‘IIHI[paMI/I) 3
KanlnﬂplB 10 3BYXKYIOTHCS 1 POSLIMPIOIOTECA, & TAKOK 3 KamnﬂplB 3MIHHOTO nepep13y (3
JUITHKaMU, 110 PO3IMIMPIOIOTHCS 1 3BYXKYIOThCA). Y TaKMX Kamiaspax pi3Ha BeJIWYMHA KaUIIPHOTO
TUCKY 1, BIANOBIJHO, NP PI3HINA BEJIMYMHI 30BHIIIHBOTO THUCKY BHJAAISETHCS piaka (asza. Takox
po3paxoBaHa BEIMYMHA THCKY MPOOO0I0, IPH AKOMY BHUIAISETHCS pika (asza 3 KaniaspiB 3MIHHOTO
nepepizy 1 3 AUTBHULSIMU MaJIOTO JiaMeTpa.

TeopernyHo OOrpyHTOBaHa BHCOKAa CTPYKTypHa MIIHICTh BakyymOeroHy. Pesynpratu
eKCTIEPUMEHTAIBHUX JIOCTI/DKEHb MIATBEPIWIN TEOPETHYHI PO3pOOKM 1 MOKa3aiM, L0 CTPYKTYpHa
MIIHICTh CBIXKOBiA()OPMOBAHOTO BakyyMOETOHY B 7...8 pa3iB Ounbllla, HDK y BIOpOYIIUIBHEHOTO 3
KOPCTKO1 OETOHHOI CyMIiIlI ITPpU OIHOMY 1 ToMY 3k B/LI, mpakTHYHO OJTHAKOBHMX BUTpATax LIEMEHTY 1 Iii-
npHOCTI. L]e icToTHO Mo3HAaYaeThest Ha MIITHOCTI OETOHIB, BiI)OPMOBAHUX 3 HETAWHOIO PO3MATyOKO¥O.

VY BakyyMOETOHIB i3-32 BHMCOKOi CTPYKTYpHOi MIIIHOCTI HE CIIOCTEPIra€ThCsi 3HUKCHHS
MirHOCTi y Bili 28 110 npu (opMyBaHHI KOHCTPYKLIH 3 HEraifHOIO PO3MaIyOKOI0 MOPIBHSIHO 3
O6eToHamH, po3nanyOka SIKMX BUKOHYyBasacs yepe3 A00y micias GopMyBaHHS. Y BIOPOYLIUIbHEHUX
OETOHIB 13 JKOPCTKOT OETOHHOT CYyMIIII TaKe 3HMKEHHS MIIIHOCTI ckiafae 12...15%.

Hagezeni naHi cBijjuath Mpo mepeBard BiOpoBaKyyMOBAaHOTo O€TOHY mepes BIOpOYIIUIEHEHUM 3
KOPCTKOi OETOHHOI CyMIILI.

KurouoBi cioBa: BakyymMOeTOH, KamiIsipHUN THCK, (QOpMyBaHHS, HETailHa po3maiyOka,
BIOpOBaKyyMyBaHHS, CTPYKTypHa MiLIHICTb.
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3AKOHOMEPHOCTH ®OPMHUPOBAHUA CTPYKTYPHOIN NPOYHOCTH
BAKYYMBETOHA NP YINIOTHEHUM BETOHHBIX CMECEM
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'rBy3 «IIpuonenposckas cocyoapcmeennas akademusi CmpoumensCmea U apxumexmypvl»
yi1. YepHsbleBckoro, 24-a, r. J{nenp, 49600, Ykpanna

AHHoOTauusi. B paboTe mpuBeneHBI pe3yabTaThl TEOPETHUECKHMX M OIKCIEPUMEHTAIBHBIX
UCCIICOBAHUM CTPYKTYPHOM TIIPOYHOCTH M IIPOYHOCTH B 28-MHM CYTOYHOM BO3pacTe
BUOPOBAKYyMHPOBAHHBIX U BUOPOYIUIOTHEHHBIX O0eTOHOB. [lokazaTenu CTpyKTYpHOH HMpPOYHOCTH
ABIISIIOTCSL BaKHEMIIUMHM 1pu  (GopMOBaHMM COOPHBIX MJIM MOHOJHMTHBIX KOHCTPYKLHUH C
HEeMEUICHHOW pacnanyOkoi. B pe3ynabTaTe BBINOJTHEHUS  HMCCIEIOBAHUNA  yCTAHOBJICHBI
3aKOHOMEPHOCTH YAaJ€HHUsS YacTH BOJAbl 3aTBOpeHHMs (Kuakod ¢(as3bl) M3  yIIOTHAEMOH
BUOpPOBAKYyyMHPOBaHHEM OETOHHOH CMECH M3 KalMUIIPOB Pa3HOM (OpMBI (KPYTIIBIX, KBaAPATHBIX,
00pa30BaHHBIX TpeMs WIM 4YeThIpbMS IWIMHApPAMM), M3 KaOWUIAPOB, CYXAlOIIUXCS U
paciIupsIoIXcs, MEPEMEHHOI0 CeYeHMsI (C y4acTKaMM pacIIMpSIOLIMMUCS U CyKaromuMmucs). B
TaKMX KalWUIApax pasHas BEJIMYMHA KalWLIAPHOTO JaBJIEHUS U, COOTBETCTBEHHO, IIPU Pa3IMYHOM
Pa3HOCTH BHEIIHEro JaBlIeHHs ynamsercs kunkas (asza. Takke paccunTaHa BEIWYHHA JIABICHUS
po0osi, IpU KOTOPOM yhassieTcs Kuakas ¢a3a U3 KanwuisipoB MEPEMEHHOI0 CEUeHUsS U C IeHKaMu
Majioro amamerpa. Teopermueckn OOOCHOBAaHA BBICOKAs CTPYKTYpHAsh MPOYHOCTh BaKyyMOETOHA.
Pe3ynbTarhl SKCHEPUMEHTAIbHBIX HCCIEIO0BAHUNA IMOATBEPAUIM TEOPETHUYECKUE pa3paboTKu U
MOKa3aJii, YTO CTPYKTYpHAasi MPOYHOCTh CBEXKEOT(HOPMOBAHHOTO BakyyMOeToHa B 7...8 pa3 Ooiblie,
4yeM y BHOpOYIUIOTHEHHOTO U3 KECTKOM OETOHHOM cMmecH mpu ofHOM U ToM ke B/L], mpakrtuuecku
OJIMHAKOBBIX PAacX0/laX [EMEHTA U IJIOTHOCTU. DTO CYHIECTBEHHO CKa3bIBAETCS HAa IIPOYHOCTH OETOHOB,
OT(OPMOBAaHHBIX C HEMEUICHHOW pacrnanyOkoi. Y BakyyMOETOHOB H3-32 BBICOKOM CTPYKTYpPHOH
MIPOYHOCTH HE HAOMIOAeTCsl CHIKEHHS MPOYHOCTH B Bo3pacTe 28 CyroKk mpu (HopMOBaHHU
KOHCTPYKIIMA C HEMEUIEHHOM pacrnanyOKo B CpaBHEHHMM C OeTOHaMH, pacnanyOka KOTOpPBIX
MIPOM3BOAMIACE 4Yepe3 CYTKHU Tmocie (opMoBaHUs. Y BHOPOYIUIOTHEHHBIX OETOHOB M3 JKECTKOM
OETOHHOW CMecH Takoe CHIKEHHE NpodHocTH cocrapisier 12...15%.  IlpuBeneHHble aaHHbIE
CBHJIETEIBCTBYIOT O MPEUMYIIECTBAX BUOPOBAKYYMHPOBAHHOIO O€TOHA Iepe BUOPOYIUIOTHEHHBIMU
13 KECTKON OETOHHOM cMecH.

KuaroueBble cioBa: BakyyMO€TOH, KaNWUIIpHOE JaBiieHHE, (opMOBaHME, HEMeIJIEHHas
pacnanyOka, BUOpOBaKyyMHPOBAHUE, CTPYKTYpHas IPOYHOCTb.

Crarrts mamiima go pemakiii 08.10.2020
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