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TECHNOLOGICAL PECULIARITIES OF FORMING
OF AXISYMMETRIC UNREINFORCED CONCRETE PIPES

Vladimir Pilipenko

Donbass National Academy of Construction and Aecthitre

Summary. The results of experimental theoretic investiyadi of properties of modified concrete for
manufacturing of axisymmetric unreinforced prodwas introduced in this article. There have beepased
the ways of passage the main contradiction of telcigy of concrete with the aim to get special higlality
concrete.
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INTRODUCTION

The recovery of high effective artificial buildingpnglomerates is possible by
modifying the structure of cementing matrix and aete [Ramachandran, Feldman,
Boduen 1986, Batrakov 1998, Adylkhodzhaev, Soloma®93, Pilipenko 2010]. Thus,
the modification of concrete’s structure is deddine improve technologic and service
properties of material. It's possible the change kafetics of gain of physical
characteristics and final values of concrete stiebg modifying [Sviridov, Kovalenko,
Chesnokov 1991, Babkov, Sahybgareev, Kolesnik d@her®006, Kaprielov, Travush,
Karpenko and other 2006, Solomatov, Vyrovoi 199asdhenko 1991, Glukhovsky,
Runova, Maxunov 1991, Rudenko 2010].

At present only separate attempts of physical neatibn of concrete, for
example, at its vacuum processing are famous [Bemhe2005, Batrakov 1998,
Glukhovsky, Runova, Maxunov 1991, Sakai, Sugita5]9® this case the limited
qguantity of water of mixing is spiked in concretaxnproviding optimal response
execution of hydration of cementitious agent. Thibsgequent vacuum dewatering
changing the initial concrete composition leadsh® deep modification of its structure
formation. In particular, the density and strength a material is considerably
increasing. It should be marked that the physicadlification of concrete leads to the
change of character of fixation of particles of esritious agent [Hewlett 1998, Glekel,
Kopp, Akhmedov 1986, Adylkhodzhaev, Solomatov 198@&nosawa 1997].
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OBJECTIVE AND SUBJECT OF RESEARCH

The objective of present research is the developmwiescientific and technical
foundations of technology of modified concrete fbe production of unreiforced
axisymmetric goods.

The limited quantity of produced and applied uni@iced concrete pipes is
explained by the circumstance that the resistafi@@mcrete by intensity of tension is
not considerable and makes up only 7...11 % of stheoafjconcrete under compression
[Gvozdev 1987, Ruben 1986, Trifonov, Dodonov, Kugoe 1998]. This problem is
complicated by the main contradiction of technologgoncrete:

- for the elevation of strength of concrete undsston is necessary the decrease
of water-to-cement ratio (WC) up to the values near to the normal densityeohent-
water paste at simultaneous fiscal cement restraint

- for the elevation of placeability of concrete mix necessary the contrary
condition which — the elevation Y, the increase of water content and, thus, the
cement content.

The development of scientific foundations of tedbgyg of high quality concrete
for the unreinforced pipes is possible by the camplsolution of specified
contradictions. For this is necessary to accept ftllewing initial statements of
developing technology of high quality concrete:

1. The properties of concrete mix must be defingdelbhnological conditions of
products’ forming;

2. The concrete composition is defined by predesigproject properties of
material in the product and, if necessary, it c#ferdfrom the initial concrete mix
composition;

3. The process of vibro impact impulsive comprassd concrete of forming
product must provide the recovery of utmost compaetcture of material, especially
on coating surface of a product.

RESULTS OF EXPERIMENTAL RESEARCH

As the result of experimental theoretic researchkvioere have been developed
the scientific foundations of the recovery of extiigh quality concrete, technological
foundations of forming axisymmetric products, irdihg the new installation for
forming the concrete unreinforced pipes by vibrgpamt impulsive pressing. The
installation is destined for forming pipes withlétlift having a nominal inside diameter
from 500 to 1500 mm and length up to 2000 mm. Fogwif pipes can be done in plant
and testing area conditions, on outdoor area, direutemporary placing.

As it was supposed to achieve maximum strengthveatdrproofing of concrete
by unwatering of concrete mix in the process ofwilnpact impulse pressing, the great
attention has been paid to the definition of optic@nditions of removal the surplus
amount of water of mixing out of it [Pilipenko 2010

Intensive unwatering of concrete mix by vibro impanpulse pressing can be
achieved at optimal quantity of cement-water pastd mixture which is not only filling
the gapes between grains of carcass, but also esritnem from each other on the
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minimum distance. Thus, the concrete compositiahragime of vibro impact impulse
pressing were defined under the condition of theovery of concrete with the
minimum remnant W/ C and maximum strength. Théede of full compression of
concrete mix are the given level of extraction ofrpdus water of mixing and
achievement of average density of molded concretar nto the theoretical
(Kc =pc / ptheor> 0,97).

Experimental investigations of voluminal state tess have been made on the
special laboratory installation. The special devig@ve the opportunity to realize
pneumatically the impulsive air-feeding on cylindgston. That has been imitating
vibro impact impulse compression of concrete mig aancrete with the simultaneous
modification in the developed technological proce$sproduction of axisymmetric
products.

The concrete mix of the product between pressirgmping device and
perforated timbering wall turns out to be in congsed state. Stress and strain state of
concrete mix leads to the motion of filler raw §taEment and water one from another
under condition of the elevation of strain of uléita strength to shearing. The great
meaning for the process of compression of mixtuae the cycling of application of
stress from impulsive waves of compression andtlghoiovements of moving form
[Fedyaevsky, Ginevsky, Kolesnikov 1993, Shlikhti®89].

The advantage of technology of vibro impact impulsmpression of concrete of
pipes is:

- the combination of laying, compression and madiiion of concrete mix and
concrete in one process, including floating of ineindrical surface of a product;

- a high accuracy of geometrical dimensions of fogyproducts;

-an increased degree of mechanization of productd minimal metal
consumption of equipment;

- a high productivity at a low energy consumption;

-an immediate demoulding operation at products ingakmetal saving of
technology.

The installation is also equipped with measurind eagistering apparatus for the
analysis of the value of inner pressure and motions

It was established by the research work that asiphl modification of concrete
mix with the usage of vibro impact, shearing an@utsive compression, the process of
structure formation leads to the change of morphplmf crystallohydrates in
comparison with the usual vibrated concrete.

It was established by complex methods of chemicdlyay phasic,
submicroscopical, adsorptive, porometric analysa the morphological structure of
cementing matrix of concrete is characterized gy ¢thange of quantitative ratio of
volumes of cryptocrystalline, needle-shaped fibroaisd plate like prismatical
ingredients at the end of structure formation, Wwhis 1,5 times exceeding vibro
compressed and vacuum treated concretes.

The analysis of hygrometric state and differenti@rmic analysis of concrete
confirmed that the quantity of chemically connectedter in cementing matrix of
modified concrete exceeds on 23...39 % the analogiatd of concrete subjected to
vacuum treating and vibro compression.
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Due to undertaken studies was obtained the systeegolarities of vibro impact
impulsive influence on concrete mix which reveated considerable differences of the
process of compression from the single impact aibdovcompression. By this was
proved the appearance of zones of high intensivapeoession and strain which
alternatively change in time in the pyller of comgsing mixture, there were also
gained the quantitative characteristics for thénitedn of parameters of compression.

It was established that the physical modificatibreancrete is carried out by the
extraction of surplus water which takes place mitear, turbulent and non-continuous
modes. There have been obtained formulas describsngegularities of movement of
water-to-air phase depending on applied pressum@gparameters of transmissibility of
concrete mix and filtrational ports of form.

The developed technology is based on the combimatfchigh intensive vibro
impact impulsive compression and decrease of adtti&l in molded concrete up to the
level equal to the normal density of cement-watst@. Thus, the optimal parameters of
developed technology are provided due to the cosspra near to the theoretical level
at simultaneous extraction of surplus water of naxicollectively with water-to-air
phase of concrete mix.

There have been defined the technological paramefgroportional unwatering
of concrete at the height of molded product dueht results of undertaken studies
(W /C)remn = const.

The analysis of strength properties of concreteaiobtl by vibro impact
impulsive method of compression has been carrigdoouthe samples-cylinders and
kerns of equal diameter drilled out of unreinforgepes. The results of research work
of strength properties of concrete are introduce@lle 1.

The results of experimental investigations showt thdh the increase of the
quantity of extracted water from 18 to 24 % themsgth of concrete of vibro impact
impulsive pressing is notably increased. The stterd the samples from which is
extracted the equal quantity of surplus water ofing at the equal regime of vibro
impact impulsive pressing with the usage of différdiameters and conicity of filter
ports is nearly equal. But only with the increadettte thickness of the layer of
compressing concrete mix is increasing the timeexfraction and the necessary
quantity of filter ports. It testifies that exactlye quantity of extracted water of mixing
defines the structural strength of compressed ebacby vibro impact impulsive
pressing.

As the criteria of evaluation of properties ofdiltports proposed by us defining
the efficacy of the process of vibro impact impudsipressing of concrete mix and
concrete was proposed the coefficient of effeatiompression (CEC), which shows the
approaching of values (W / C)remn to the indexlahped [W / C] = 0,253.

It was carried out the series of experiments tdysthhe dependence of CEC on
given quantity of extracting surplus of water ofxing. For the increase of accuracy of
obtained values of CEC of filter was defined aspdémaverage of the results of three
observation values CEC at the quantity of extractiiater of mix from 18 to 24 %.

It was marked that in the process of effective qires of concrete mix at inlet
part of filter ports of form the compacted layendae formed. [Altshul 1990, Vulis,
Kashkarov 1985].
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Table 1.Physical mechanical characteristics of modified concr ete,
drilled out of unreinforced pipeswith thelength 1500 mm

NoeNe Sample of test pensity 19 ;vrgrage Stengh. I\Q\F/):rage
e concrete in kerns . in kerns .
index index
Concrete, obtained by vibro impact impulsive metbbdompression
1 Cylinder 2480 2480 91,3 91,3
laboratory
Kerns, 2498 96,7
drilled out 2511 97,4
2 of pipes 2516 2512 98,6 99,1
with diameter 2516 101,0
500 mm 2517 101,7
Kerns, 2527 104,8
drilled out 2529 107,0
3 of pipes 2531 2530 111,6 110,3
with diameter 2530 113,4
1000 mm 2531 114,7
Concrete, obtained by traditional method
1 Cylinder 2235 2235 45,8 458
laboratory
Kerns, 2273 45,3
drilled out 2285 45,7
2 of pipes 2302 2298 46,2 46,1
with diameter 2314 46,8
500 mm 2316 46,5
Kerns, 2300 46,0
drilled out 2314 46,7
3 of pipes 2329 2327 46,8 47,0
with diameter 2340 47,1
1000 mm 2354 47,6

The results of experimental investigations show thdh the increase of the
guantity of extracted water from 18 to 24 % thessith of concrete of vibro impact
impulsive pressing is notably increased. The stteryd the samples from which is
extracted the equal quantity of surplus water ofimg at the equal regime of vibro
impact impulsive pressing with the usage of différdiameters and conicity of filter
ports is nearly equal. But only with the increadettee thickness of the layer of
compressing concrete mix is increasing the timeexfraction and the necessary
quantity of filter ports. It testifies that exactliye quantity of extracted water of mixing
defines the structural strength of compressed edecby vibro impact impulsive
pressing.

As the criteria of evaluation of properties ofdiltports proposed by us defining
the efficacy of the process of vibro impact impudsipressing of concrete mix and
concrete was proposed the coefficient of effeativmpression (CEC), which shows the
approaching of values (YC),emn to the index of planned [WC] = 0,253.
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It was carried out the series of experiments toysthhe dependence of CEC on
given quantity of extracting surplus of water ofxing. For the increase of accuracy of
obtained values of CEC of filter was defined aspémaverage of the results of three
observation values CEC at the quantity of extractiiater of mix from 18 to 24 %.

It was marked that in the process of effective girgs of concrete mix at inlet
part of filter ports of form the compacted layendae formed. [Altshul 1990, Vulis,
Kashkarov 1985].

In accordance with the conditions of investigatianscase of pressing of
concrete mix with the usage of concrete form wilterf ports which size exceeds the
sizes of particles of fine aggregate the firm gebwopes out of particles of fine
aggregate will be formed at inlet part of port.ehgranular pores of these copes will
fulfill a function of filters preventing loss of ogent. While using the filters with ports
removed from each other on sufficient long distaihahould be expected the forming
not complete compacted layer in concrete mix bugeparate compacted dome-shaped
shells. Directly at inlet part of filter ports thmate of flow of extracting fluid is
considerably higher than in separate sections inégtrpart of filter ports. It can cause
external wash out of cementing particles that &rtiearry-over from the surface of
concrete sample on the surface of the form. Layiage of some section of mineral
carcass of cope near filter ports is limited asrtte of flow of extracting water of mix
is decreasing proportionally to squared distanemfthe port. The formation of washed
out zones should increase the rate of extractinglissi water of mix because of partial
destruction of the shells with increased resistaodow.

The truth of these statements has been checkerlpayiment. The main method
of the study of structure of concrete compressedibgo impact impulsive pressing
with the usage of perforated concrete forms withnditer of filter ports 1 mm and
2 mm, it was accepted the definition of microhasinef cementing matrix of modified
concrete on thin sections with the size 55x55 mm.

The selection of method of investigation is duetthhe definition of
microhardness gives the opportunity to get therimédion of structural mechanical
properties on limited sections of the sample [MeoidRegourd 1999]. The
microhardness depends not only on crystallizedofacbut also on mechanical ones:
pinhole rating; the presence of internal stresBésg 1999]. The type and concentration
of new formation, the peculiarity of capillary inépace, microdefects, and uniformity
of microstructure influence the microhardness anesting matrix.

In conducted experiments was used fine grainedretemof composition 1:2. It
is due to the presence of coarse aggregate insrehige variation of values of
microhardness.

At the first stage was investigated the structdreomcrete compressed with the
usage of filter ports characterized by increasegaisgion of ports to expel their
interaction. As the perforated concrete form waedusteel push barrel with the
diameter and height of 150 mm, thickness of wathr, with conical filter ports of
input diameter 1Imm and 2 mm at outlet diameter &b ffhe pressing of concrete mix
has been made within 10 min. While using metagfiftorts of the form on the surface
of concrete sample washed out zones are formeatlinted by copes of particles of fine
aggregate. Washed out zones have the forms nbéanispheric with diameter from 14
to 2,5 mm at input diameter of filter ports 1 mnda&hmm respectively. The obtained
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data show that microhardness of cementing matrixhendistance of 1...5 mm from
filter port 2,0...2,7 times higher than on the dis&iof 25 mm.

For each of tested filter ports the character ohnge of microhardness of
cementing matrix at the removal from the center toé port in the direction
perpendicular its plain is the same as at the raiowparallel direction. This gives the
opportunity to make the conclusion that the shelisincreased microhardness of
cementing matrix at inlet part of filter ports hatilemispheric form. The values of
microhardness of the sample compressed with thgeusé filter ports with input
diameter 2 mm in all points exceed the microhardredshe sample compressed with
the usage of filter ports with input diameter 1 mfie increase of the size of input
diameter of filter ports together with the increasevashed out zones also causes the
increase of sizes of hemispheric shells of incr@asierohardness. This is explained by
the fact that the increase of diameter of washetk zuf areneceous cope takes place
under the action of high resistance to flow. Coesitlle compressive impacts caused
by the action of pressing of concrete mix spreadrawore remote sections and this
causes the compression of larger section in siggat part of filter ports.

The analysis of experimental data show that thendiar of hemispheric shells
with increased microhardness of cementing matrixhim place of input part of filter
ports achieves 15...25 mm. At a filter port with sgpian 25x25 mm can be reached
the formation of overlap single complete mediunnofeased microhardness.

CONCLUSION

It was proved that maximal compression of concraig (K.—1,0) can be
reached with the help of vibro impact impulsiveluehce describing by the system of
analytical regularities revealed considerable diffices of the process of compression
by single impact including vibrocompaction. It wagsoved the appearance of
compressed mixture of alternatively changing inetimones of high intensive pressure
and strain in the pyller.

It was established that the high effect of physiaHification of concrete can be
made by the extraction of surplus water of mix whigkes place in laminar, turbulent
and broken regimes. The quantitative descriptiothefprocess of extraction of water-
to-air phase can be produced using classical ld\itration taking into consideration
the degree of gas content of fluid by air bells &ndl broken regime of extraction of
water of mix.

There were established by the complex of fulfiliedestigations the regularities
of placing and configuration of filter fields of worete form taking into consideration
the form and diameter of ports preventing theirlifauin the process of product’s
forming.
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TEXHOJJOIT'MYECKHME OCOBEHHOCTHU ®OPMOBAHUSA
OCECUMMETPHYHBIX HEAPMHUPOBAHHBIX BETOHHBIX TPYH

Baagumup Inimnenko

AnHoTauusi. B cratbe NPEACTABJICHBI PE3YJBTATBl J3KCHECPUMEHTAIBHO-TCOPETHICCKUX HCCIICIOBaHUI
CBOWCTB MOI[I/I(i]I/IHPIpOBaHHOFO OeToHa JUIST U3rOTOBJICHUSA OCECUMMETPUYHBIX HEAPMHUPOBAHHBIX W3ICTH.
HpCZ[J'IOX(eHLI IIYTH MIPEOAOJIEHUST OCHOBHOI'O IIPOTUBOPEYUA TEXHOJIOIUU OeroHa ¢ LEIBIO TIOTYYCHUS 0cob0
BBICOKOIIPOYHOI'O OeroHa.

KuroueBbie ciioBa: MOHH(l)HHHpOBaHHLIﬁ 6CTOH, LHEMEHTHad MaTpula, OT)KUM, YILIOTHEHHUEC, KUIAKaAsA (1)333.



