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During concrete works in many cases one of thefaghfluencing manufacturing techniques of designs
is the "setting time of cement system" parametethé work it is shown that today in different ssrg the term
"end and beginning of setting" is interpreted iffelient ways. Methods of their determination argoaltarious.
So, it is possible to draw a conclusion that foétll it is necessary to concretize and tie thgibeing and the
end of a setting to internal processes in the cémaiter system.

The regulating document used in Republic of Belans Russia GOST 30515-97 [1] enters such indica-
tor of quality of cement as setting times. GOST 1397 [1] defines setting time of cement as thet silad end
of the cement paste setting in the normalized d¢mmds. According to setting time cements are diglideo:

— slow-setting — with the normalized starting tiofea setting more than 2 h;

— normal-setting — with the normalized startingdiof a setting from 45 min. to 2 h;

— fast-setting — with the normalized starting tiofea setting less than 45 min.

At the same time the encyclopedia of terms, detsatiins and explanations of construction matefigls
defines the term "setting" as the irreversible pescof slump loss of the cement paste up to tiandib a firm
condition characterized by indicators of the begigrand end of a setting.

According to [3] setting is the process during whrather fluid mix of cement with water gradualigtg
denser and obtains such initial durability at whitshmechanical conversion becomes almost diffiand even
impossible (at the end of a setting). Therefore lilmelers including cement should be characterizeduzh
terms of setting which give the possibility to paeg mortar and concrete mixes and to use themr rithe
beginning of a setting paste has thixotropic priger As approaching the end of a setting cemestepar con-
crete mix becomes worse processed. Setting of demancordance to GOST 30515 97 [1] is calledviersible
slump loss of the cement paste as a result of Ligdra

Process of cement hardening according to the thafomardening of binders, developed by the academi-
cian A. A. Baykov [4], is conditionally divided intthree periods: preparatory, kolloidation and t&fjization.
In the preparatory period particles of cement acéstaned with water and are dissolved from a serfagth
time saturated solution is formed. During this pdrilasted 1 ... 3 h, cement paste is plastic anidydasmed.
During the period of kolloidation the concentratioh new hydrated growths increases in the solutibime
formed connections differ in smaller solubility fnoclinker minerals. Therefore the solution satutaterelation
to initial connections is oversaturated in relattonnew growths. Hydrated new growths in the forfrtte
smallest colloidal parts — submicrocrystals — dtecated from solution, forming cement gel. Emergenf a
large amount of gel leads to thickening of the ceinpaiste which loses plasticity. The moment ofkéiing
(setting) of cement paste comes in 3 ... 5 houes afixing with water cement. Strength of the tleickd paste
during this period is still small. The beginningab$etting is characterized by formation of reus#escoagulative
and crystallizational structure of a cement storenwseparate particles are linked in pitches, shapatial
grids through liquid layers by van-der-vaals forcElse period of crystallization is characterizedfbsther hy-
dration of cement. Gel will gradually be transforhiato crystal joints. The condensation and criigetional
structure of a cement stone with chemical bonds/dxe particles is formed. Cement gel loses a $ogmf
amount of water, and there comes the end of angetlihe structure loses ability to dissolve andores
thixotropically after removal of mechanical influzn

Now the mechanism of hydration of cement components subject of discussions and disagreements
[5]. The early theory of La-Chatelie says that km of cement happens through dissolution of ieds con-
nections, which are followed by bounding and crigssetting of the hydrated connections. Mikhaetinsidered
that cohesion is the result of formation and thHeseguent drying of gel. The idea of the topochehucaolid
phase mechanism was developed.

The idea of the mechanism of hydration g&Cmain phase of cement isn't still clear. It'sevéfd to take
into consideration some stages of process of Hgdrah stages on a thermokinetic curve calorimigtigothermal
conditions are noted. At thé' $tage there is jump of speed of a thermal emissiiem the fall within 15-20 min-
utes. It is the preinductive stage. On thésage the speed of reaction is very low. It isitideictive period, lasting
several hours. It is supposed that tileatid 2¢ stages, which can be influenced by the means difiaeks, sig-
nificantly influence the subsequent hydration @8CAt the 8stage the reaction goes actively, reaching a maxi-
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mum by the end of the stage. Time of "the beginwihg setting" approximately matches with the tiwteen the
speed of reaction begins to increase greatly. Tifrithe end of a setting" is the completion timettoé 3' stage.
At the 4" stage speed of a thermal emission decreases aindtiop of GS continues. On thé"Stage a small
amount of products of hydration o§&is formed. According to Akhverdov N. I. [6] therin “"the beginning and
the end of a setting" can be nominally charactdrlzgthe beginning and the end of the inductionager

The kinetics of structuring of the cement pasteharacterized by reversible and irreversible preess
depending on properties of the bonds of the crystdtate of complexes. If by the term "the begignaf set-
ting" is meant an initial stage of forming of a naistructure of the cement paste, during whichai the re-
versible thixotropic properties, contributing natlyto initial reduction, it is possible to tellahsuch phenome-
non corresponds to the end of adsorption of lispfidll hard phase. Therefore, this should be cpoeded by
the structure of the cement paste which is createdfinal stage of the induction period.

The concept "the beginning of a setting" is chamaoed by rheological properties of cement mixtane
is only on average connected with internal physicel chemical transformations. All internal proessafter the
beginning of interactions of cement with water golically as cement and water are heterogeneousnmposi-
tion [7]. Therefore, even under production conditidn the work shop the time of the beginning eitment
during molding designs from several portions oftbacrete mixtures, that shut at different timés determine
the moment of the beginning of setting) is an ictathle problem. Moreover the usage of all offerezthods of
active and passive impacts, even such low-powensive as magnetic handling and especially eleatding,
in technology of monolithic concrete is rather geshatic.

In case of construction of monolithic designs ususgveral batches are loaded into means for dgliok
concrete mixture. During transportation, becauseaobus impacts there is a consolidation of atthas in sin-
gle mass. For average mass even if it satisfiesegllirements of technology, the concept of the munof a
mixing becomes abstract, but not the initial dagpomnt in the transformations happening in alreadficdlt
cement system. In all considered handling typesnibenent of the beginning of impact is connectech wlite
certain interval of time, which counting is condeatfrom the beginning of mixing.

Stacking of concrete mixture is performed by thneethods: with sealing, casting (concrete mixtures
with supersofteners) and pressure tight packing.eBoh method of packing the basic rule shouldobevied -
the new portion of concrete mixture shall be laigbipto the beginning of cement setting in earfiaced layer
[8]. According to foreign researchers [9-13] teroiement setting can be determined by means dihGié
apparatus (ASTM C 266) [9] and Vicat apparatus (MSIO1) [10].

' -
Puc. 1 Vick's device Puc. 2 Gilmore’s device

Table 1 — The results of determination of settingetby means of Vicat apparatus and Gillmore agpara

Setting time Vicat apparatus Gillmore apparatus
Portland cement(ASTM C 150) [ 11 ] . .
the beginning setting (ht., min.) 0-45 6:15
the end of setting (hr.,min.) 1:00 10:00

Working procedure with the help of Gillmore appagais the following: on flat pat from the cement
paste with the diameter of 75 mm and with the théds 12,5 mm, formed on glass, a prick with a meisdbut.
To determine the time prior to the beginning oé#ieg the needle with the weight of 113,4 g anthwai diame-
ter of 2 mm is used, however for determinationimietuntil the end of a setting the similar needis the mass
of 453,6 g and the diameter of 1 mm. The time piaathe beginning of a setting is determined ag tivhen the
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first needle of Gillmore doesn't leave a noticegilek, and the time until the end of a setting -hew the same
occurs with the application of the second needlestAndard cements must have the time prior td#ginning

of a setting not less than 60 min., and the timd the end of a setting — no more than 10 h; whpplying a

Vicat needle — 45 min. and 8 h respectively.

The technique of work with Vicat apparatus is santo the described above; only the weight andithe
ameter of a needle and the sizes of a sample fneraément paste are various. The moment of thenbiegi of
a setting is determined at free lowering of a neefihe needle is immersed into paste every 10 mmovjng a
ring after each immersion so that the needle doggn’to the former place. In this method the tinier to the
beginning of a setting is fixed when the needlespasnto paste to the depth of 25 mm, and the tinti the
end of a setting is fixed when a needle doesn'ingjetcement paste considerably. The beginning sétting of
the cement paste is considered as the time whissegarom the beginning of a mixing (the waterkatig mo-
ment) to the moment when the needle doesn't reptditer on 2-4 mm. The end of a setting of the cdmpaste
is considered the time from the beginning of a ngxio the moment when the needle falls to dougimoee
than by 1-2 mm. As it is seen from table 1, theitn@igg and the end of a setting on ASTM C 150 [Eblsid-
erably differ from each other.

According to the Canadian CSA CAN 3-A5 [12] stamtittre determination of the time prior to the be-
ginning of a setting is only provided. The usag&/izfat apparatus is stipulated also in the Brigsndard of BS
12:1978 [13]. For testing cement mortar is usetheBemeter is applied to determine the time befioeebegin-
ning and the end of a setting. The force requioggénetration of the needle to a depth of 25 mdetermined.
The force per unit area, created by a needle aridtar@ed by a paste surface is called penetratsistance.
The time prior to the beginning of a setting is timee from the moment of contact of cement withevatwhich
is necessary preparation of the cement mortaedsffom concrete to the achievement of resistaheepenetra-
tion of 3,5 MPa. The time until the end of a seftis the quantity equal to 27,6 MPa.

Researchers in Russia and the Republic of Beldsasuse Vicat apparatus in accordance WidCT
56587-2015 anffOCT 310.3-76 for determination of terms of a settiegpectively [14, 15].

In the patent of the Russian researchers Bulat .Aard Tsaryov A. M. [16] the method of control and
management of setting terms, stages and procesgsaiuring of mortar and concrete mixtures ifedd. The
invention can be used in production of concrete ritforced-concrete workpieces of the increaseafllity
and in construction of monolithic buildings and stractions. The technical result is a possibilitydetermina-
tion of time of the beginning and end of a settimgintenance of functional inspectation of a caadiand for-
mation of stages of hardering of mixtures on theidaf cement.

As an analog for determination of the beginning tedend of a setting the known penetrometry method
of Vicat performed according to GOST 310.3-76 adow to item 2 is used. The needle of the deviciot is
immersed in cement paste every 10 minutes. Undecdmditions of mixture hardering the quality ohtol
sharply decreases. The beginning of a settingeotément paste is considered at he time which péissa the
beginning of a mixing until the moment when thediealoesn't reach a plate on 2-4 mm. The end eftmg
of the cement paste is considered as the time finerbeginning of a mixing to the moment when thedte falls
to dough no more than by 1-2 mm. At the same tintleei beginning of a setting of the cement pastscime
extent corresponds to the beginning of the indacperiod, then the end of a setting doesn't coomso the
end of the induction period, it can't be precisddyermined. In case of setting cement paste hamehg is im-
possible to lower a needle into paste. Besides,ntathod isn't suitable for concrete mixture gtasdlthe pene-
tration of a needle into concrete mixture is irgegtl, besides, by filler grains. The device hagartstrument
error, and thus low accuracy of determination afjes of hardening. If the beginning of a settinghef cement
paste can be determined with a low error usingdbigce, then this method isn't suitable for cdnfcthe ter-
mination of a setting and stages of hardening afumg.

The closest method according to technical solwi®@a way of determination of terms of a settingaf-
crete mixture and control of kinetics of concrededening is the method of conductivity change withnection
to the power supply [6]. In N. I. Akhverdov’s expaents portland cement is used, to which the thstilvater
was added so that to exclude the distorting infteenf the salts dissolved in it. Cement paste abua consis-
tences was placed in dielectric bowls. The refltsxperiments by means of Vicat apparatus and thodeof
conductivity allow to assume that they charactexiagous properties of the cement paste: the filisiws to
judge indirectly the mechanical durability of a m@structure of the cement paste, and the seconaalto
judge the physical and chemical transformationsicauformation of its microstructure.

Analyzing the existing techniques of determinatidrierms of a setting of cement systems, it is jpbss
to draw a conclusion that they have disadvantagdsrathem there is no unambiguous definition @f thrm of
the beginning and the end of a setting. Also thgirieng and the end of a setting are not connewig the
electrochemical processes happening in cementrsysten cement is mixed to water.
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