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COMPOSITIONS FOR REPAIR ON THE BASIS OF CEMENT
IN TRANSPORT INFRASTRUCTURE
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Abstract. The results of a study on the impact on the quality indicators of cement concrete
used to repair transportation infrastructure when administered in its composition the hardening
accelerator Na,COg are presented. The mixtures of cement with plasticizer HTS-6, silica fume and
Na,COg3 are studied. They were the influence factors. The experiments were conducted at the
Odessa State Academy of Civil Engineering and Architecture at the Department of design,
construction and operation of highways. Pre-experimental design was carried out. The results
yielded mathematical models: durability at compression (fccune) and at a bend (fcw), water tightness
(W), crash-worthiness (T), and the compressive strength after frost test (fex.cube)-

Keywords: road, cement, hardening accelerator, the additive, compressive strength, physical
and mechanical characteristics, frost resistance.
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AHoTamifa. Y cTarTi pO3rsAaroThCsl HANpsIMM TMOKPAIIEHHS EKCIUTyaTal[liiHO-TeXHIYHUX
XapaKTepUCTHK LIEMEHTOOETOHY, SKHH 3aCTOCOBYETbCA MJIi PEMOHTY OO'€KTIB TpPaHCIOPTHOI
1H(}pacTpyKTypH, TaKuX SK: MIIHICTh TPH CTUCKY (fek cupe) 1 TIpU 3TUHI (feik), BOJTOHETIPOHUKHICTD
(W), ynapocriiikicte (T), MIIHICTP NpH CTUCKY MaTepiany Mmicias BUNpoOyBaHHS Moro Ha
MOPO3OCTIHKICTD (fok cube), MUITXOM BBEJCHHS 70 HOTO CKjamy npuckoproBada TBepAiHHS NayCOs.
JlocnipKyBaJIuCh ~ CyMillli  Ha OCHOBI LIeMEHTy 3 Iiactudikyrodor jgobaskoro XTC-6,
MmikpokpemaezeMy 1 Na;COsz. VY sKOCTI YHHHHMKIB BIUIMBY TIpH TPOBEACHHI JOCITIIKEHb
npuiiManucs: kunbkicte miaactugikaropy XTC-6; kuibkicTe npuckoproBaua Na,COsz Ta KiIbKICTb
HaloOBHIOBaYa MIKpOKpeMHe3eMy. I[HTepBan 3MiHM (pakTOpiB BIUIMBY OOMpaBcs Ha OCHOBI
nornepeaHix AochifiB. ExcnepuMeHTH BHKOHYBAJUCh Ha OCHOBI CKJIAJEHOTrO IUIaHy, a TaKOX
3aiiicHeHa paHjomizamis gociigiB. lle mM03BoimI0, 1CTOTHO CKOPOTHUTH KUIBKICTH HEOOXITHUX
€KCIIEPUMEHTIB 1 3MEHIIIUTH BIUIMB CUCTEMATHYHO! mMoXxuOku. Jlocmiau mpoBoaMiInch Ha Kadeapi
MPOCKTYBaHHs, OyIIBHUIITBA Ta €KCIUTyaTallii aBTOMOOLTEHUX JAopir OJeChKOi AepKaBHOI akaaeMiit
Oy/IiBHULITBA Ta apxXiTeKTypu. JlociikeHHsa moka3aiu, 10 BBEACHHS /10 CKJIaay OeTOHHOI cyMilri
Na,COj3 103B0JIsSIE 3HAYHO CKOPOTUTH TEPMIHU CXOIUTIOBAHHS O€TOHHOI CyMIIlll, OAHAK MPH IIHOMY
JIe1I0 3HWKYIOTHCS BKa3aH1 BUILE €KCIUTyaTal[lifHO-TEeXHIUHI XapaKTepUCTUKU. BBeeHHs 10 CKiIany
o6erony no0aBku XTC-6 chibHO 3 HAlOBHIOBAYEM MIKPOKpEMHE3eMY MIABHUINYE HOro MIlHICTh
IIPU CTHCKY JI0 1 MICJIs BUMTPOOYBaHHS HA MOPO30CTIHKICTh, YAAPOCTIHKICTh Ta BOJJIOHEITPOHUKHICTb.

KurouoBi ciioBa: mopora, 1IeMeHT, MPUCKOPIOBAY TBEPAIHHS, T00aBKH, MIIHICTh MPU CTUCKY,
(bi13MKO-MeXaHIuH1 XapaKTePUCTUKH, MOPO30CTIHKICTb.
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AHHOTanusi. B cratbe paccMaTpHUBAIOTCS HANpaBICHUS YJIYYILIEHUS HKCILTyaTal[dOHHO-
TEXHUYECKUX XapPaKTEPUCTHUK IIEMEHTOOETOHA, MPUMEHSIEMOro JJII PEMOHTa OOBEKTOB
TPAHCIOPTHON MHPPACTPYKTYPHI, TAKUX KaK: MPOYHOCTH MpH CKATUH (fok cupe) U Tipu m3rnoOe (feik),
BojoHenpoHutaeMocts (W), ynapoctoikocts (T), IpOYHOCTH MPH CIKATUHU TTOCIIC UCTIBITAHUS UX Ha
MOPO30CTOUKOCTh (fckcube) TPHU BBEAGHWH B €ro coctaB yckopurens TBepiacHus NayCOs.
HccnepoBainch cMecM Ha OCHOBE IleMeHTa ¢ IutactTudunupyromnieii mobaBkoir XTC-6,
mukpokpemaesema 1 NapCOs. B kauectBe (akTOpoB BIMSIHHUSA NPU NMPOBEICHUM HCCIIEIOBAHUN
MPUHUMANUCK: KonuuecTBo muactudukatopa XTC-6; koaudecTBo yckopuTens (KalbIIHHUPOBAHHAS
cona, Na;CO3) ¥ KOJMYECTBO HAIOJIHUTEINS MUKpOKpeMHe3eMa. MHTepBan u3MeHeHus (pakropos
BIIMSIHMS BBIOMpAJICS Ha OCHOBE IIPEABAPHUTEIIBHBIX OIBITOB. ODKCIIEPUMEHTHI IMPOBOJMIMCH Ha
OCHOBE COCTaBJICHHOT'O IIJIaHA, a TAKXKE OCYIIECTBJICHA PaHIOMHU3AIMS OIBITOB. JTO TMO3BOJIUIIO,
CYUIECTBEHHO COKPATHTh KOJMYECTBO HEOOXOAMMBIX DKCHEPUMEHTOB U YMEHBIIUTH BIUSHUE
CUCTEMATHYECKOM morpemHocTd. ONBITBI  MPOBOIMIUCH, Ha Kadeape MPOEKTUPOBAHUSA,
CTPOUTENHCTBA U JKCIUTyaTalldd aBTOMOOWJIBHBIX Jopor OJecckoil TocyJapCTBEHHON akaaeMuit
CTPOUTENHCTBA U apXUTEKTYphl. MccnenoBanus mokasaim, 4YTO BBEJACHUE B COCTaB OETOHHOM cMecH
yckoputensa NapCOs mo3BoJIIeT 3HAYUTEIBHO COKPATHTh CPOKHM CXBAaThIBaHHS OCTOHHOM CMecH,
OJIHAKO TIPU ATOM HECKOJIbKO YMEHBIIAIOTCS YKa3aHHbBIEC BBIIIE SKCIUTYaTAllMOHHO-TEXHUYECKHUE
XapakTepuCTUKU. BBenaeHue B coctaB OeroHa no0aBku XTC-6 COBMECTHO ¢ HAIOJHUTEIEM M
MUKPOKPEMHE3E€MOM TOBBIIIAIOT €r0 IMPOYHOCTh MPU CKATUM JO U TOCIHE HCIBITAHUA Ha
MOPO30CTOHKOCTh, YAapOCTONKOCTH U BOJOHEIPOHUIIAEMOCTb.

KuiroueBble cjioBa: 0pora, 1IEMEHT, YCKOPUTEIb TBEPACHHUSA, J00ABKH, MPOYHOCTH MpU
CKaThH, GU3UKO-MEXaHUYECKUE XapaKTEPUCTUKHI, MOPO30CTOHKOCTb.

Relevance of work. Analysis of the Ukrainian state of the roads has shown that a large
number of roads and road infrastructure elements need repair. In total in Ukraine 170 thousand
kilometers of roads of the state value, which for more than 10 years have not been subjected to
systematic repair. The average service life of roads in Ukraine is 10-15 years [1]. Proceeding from
the number of roads and term of their operation between capital repairs, every year it is necessary to
repair 10% (17 thousand kilometers of roads). Time between average repairs of roads makes - 5
years, therefore, annually this type of repair has to be carried out for 34 thousand kilometers of
coverage. In 2015, it was repaired 300 kilometers of roads. In 2016 the budget allocated - 19.4
billion hrn. for this purpose. It is planned to conduct medium and overhaul of 1.7 thousand
kilometers of roads, which is 3% of the required amount. This amount funds is less than necessary.
An analysis conducted by the Ministry of Infrastructure of Ukraine [1] showed that for carrying out
effective restoration of roads it is necessary to allocate about 1 trillion hrn. that makes about 50% of
gross domestic product of the country. Every year is required to allocate approximately 50 - 100
billion hrn.. In addition, in the subsequent, for maintenance of roads it is necessary to allocate
annually to 50 billion a year [1].

A large number of constructions which are on roads, and also part of the highways made of
cement concrete and reinforced concrete. This shows the relevance of the research aimed at the
development and introduction of the mixtures based on cement intended for the repair of road
infrastructure. Thus, the development of selection method of the rational material composition for
the repair work is an important scientific task. The paper deals with the impact on the setting time
of and quality properties of cement compositions for the repair of transport infrastructure facilities

Bicauk Onecpkoi AepkaBHOI akaaeMii Oy MiBHUITBA Ta apXiTekTypH, 2016. — Bum. Ne 63

185


mailto:odarina08@rambler.ru

186

by inclusion in their composition plasticizers and accelerators together with fillers.

Analysis of the impact on the physical, mechanical and performance characteristics of
concrete by introducing into its composition plasticizers in conjunction with fillers are given in
[2-6]. One measure of a material for the repair of cement, it is the rate of hardening. To accelerate
the hardening process of the concrete curing accelerators often administered. Currently, these
additives produce almost all specialized firms: MEYCO SA, Delvo Crete (BASF); Sigunit (Sika);
Mapequick (Mapei); Centrament Rapid (MC-Bauchemie); Polyplast (Relamiks Gunite); MC
Bauchemi (Tsentrament Rapid 640 R, 650R), and others [7].

As a rule, they contain acid, alkali and salt. To protect against corrosion of reinforcement in
repair compositions better to use alkaline compounds. In order to study the effect of the alkaline
material on the basis of soda ash (Na,COs) in the curing speed and physical and mechanical
properties of concrete, the author of studies have been conducted.

The purpose of work was: development of a method of selection of rational composition of
concrete mix for the repair of transport infrastructure facilities, by introducing into its composition
of additives and fillers.

The analysis of work [7, 8] shows that introduction to composition of the concrete mix — more
5% of Na,COj3 by weight of cement (Figure 1) substantially reduces the setting time of the solution
(17 minutes). It considerably complicates use of Na,COs. Therefore it is necessary to provide
reduction of setting time a solution of concrete.
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Figure 1. Timing set the mixture when incorporated into its composition the hardening accelerator
(Na,CO0s3), according data Baikov A.A. [8] and data of the author

As seen in Figure 1, with an increase in the amount entered in the concrete mix Na,COs;
accelerator, a sharp reduction in the setting time of the mixture. As for the reference composition
(Na,CO3 — 0%) started setting occurs through the 100-120 minutes after mixing, and end in 295-310
minutes. When introduced into the concrete mix — 2% accelerator, initial setting time is reduced by
about 20 times, and the end approximately in 6 times. Similarly, with the introduction of 5%
Na,COs3, respectively, 33 times and 18 times.
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Studying the properties of the cement coating carried out with the use of experimental design
methods [9]. Three factorial experiment is considered (Table 1). Factors and their variation range
were chosen based on the results presented in [2-6].

The quantities of Portland cement PC I1I/A-SH-500N (PAT "Volyn-Cement"), was are
constantly up to 470 kg/m® crushed granite fr. 5-20 to 1055 kg/m® and sand (Ascension career,
mach 2,5) to 578 kg/m®, while the V/C to 0,45.

As factors of influence were accegted: X1 — quantity a plasticizer HTS-6, from 0 % to 1 %
from mass of cement (density 1,21 g/cm®, manufacture of firm of Batichem, Ukraine); x, — quantity
of the accelerator (soda ash Na,COs, mark, a grade the higher), from 0 to 5 % from mass of cement
(manufacture of Open Company the Company Plasma, Kharkov, Ukraine); x3 — quantity of material
of microsilica (MC) of the Nikopol mill of ferroalloys (a particle size <1 microns).

Main part. The experiments were conducted in Odessa State Academy of Civil Engineering
and Architecture, in the following order:

— Carried out the composition of the selection and preparation of samples, concrete
compositions are given in Table 1.

Table 1 — The plan of experiment and structures of formulations concrete

Quantity of additives of eleearri]ment Results of experiments

No Xl_ X5 Xs ) ) T W | o

H-I;/SO ° kl\éllcr;’s Nazéio& N (chp”;‘S (Nﬁ,ka) (/cm?) | (atm) | (MPa)
1 0 0 0 -1]-1] -1 5150 4,50 4 4 46,50
2 0 15 0 -1 1] -1 5320 6,70 6 8 48,50
3 0,5 7,5 0 0|0 -1]5250 | 520 5 6 | 47,30
4 1 0 0 1 ]-1/|-1] 5100 4,20 4 4 46,70
5 1 15 0 1|1 -1 5380 5,44 7 8 48,30
6 0 7,5 2,5 ;110 0 | 4930 | 410 4 4 | 45,80
7 0,5 0 2,5 0 |-1| O | 48,73 4,32 4 4 47,35
8 0,5 7,5 2,5 0| 0| O | 48,84 4,30 4 4 45,25
9 0,5 15 2,5 0|1 0 | 4860 | 538 6 6 | 45,70
10 1 7,5 2,5 10| 0 | 4830 4,14 4 4 44,85
11 0 0 5 -1 -1] 1 | 46,30 4,15 4 4 38,70
12 0 15 5 ;1)1 | 1 |4750 | 526 6 6 | 42,30
13 0,5 7,5 5 00 1 | 46,74 5,17 5 4 40,20
14 1 0 5 1 |-1| 1 | 4580 4,30 4 4 38,20
15 1 15 5 1)1 1 | 47,80 5,28 5 6 39,24

— Samples were kept for 28 days (t = 200C, W = 80%).

— On Day 28 of the 0,1x0,1x0,1 m size samples were tested for strength in compression in a
press TESTING PL 100 [10].

— The size of the samples 0,04x0,04x0,16 m were tested for their bending strength according
to the method [10].
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— The size of the samples 0,07x0,07x0,07 m tested for abrasion resistance according to the
method of [11] and on shock durability evaluated according to the State Standard ISO 2248: 2006
[12].

— Water resistance was determined by the method of wet spots [13] on the samples with a
diameter of 0,15 m, thickness 0,05 m.

— Other samples exposed to a freezing and thawing test (-50 °C) according to [14], in the
freezing chamber 120 UTI-X-1/-50.

The experiments allowed us to calculate the coefficients of the regression mathematical
models which described the following indicators of a material: durability at compression (fck cube)
(1); durability at a bending (f.«) (2); watertightness (W) (3); crash-worthiness (T) (4); durability at
compression after a freezing and thawing test (fck cuber) (5).

The calculat mathematical models:

facue(MITa) = 48,74 +0,24 x1x, +0,76x5 — 2,79 x3+0,86 X3° (1)

fox (MITa) = 4,50 — 0,13 x1 — 0,44 X;°— 0,14 x1x2— 0,17 xpx3+ 0,66 xo+ 0,29 X, + 0,22 (2)
x1x3—0,19 x3+ 0,63 X32

T (Jlem?) = 4,36 — 0,44 X1°—0,25 xox3 +1 x2+ 0,56 X2°— 0,25 x1x3 —0,20 x3+ 0,56 Xx3°  (3)

W (at™) = 4,18 — 0,22 12— 0,50 xox3+ 1,40 x5 + 0,78 X2°— 0,60 x3+ 0,78 X3 (4)

focuvef (MITa) = 45,79 — 0,45 x1— 0,37 x1x2+ 0,66 X2 — 0,44 x1X3— 3,87 x3— 2,20 X5° (5)

For convenience of the analysis of model (1-5) are presented in graphical form (Fig. 2, 3, 4, 5).

55 fc‘lk. cube: MPa

e Fetk. cubef
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Fetk cube

49

a7

45
43
41
39
37
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Nt composition
Figure 2. Durability at compression of cement specimens
before (fek.cune) and after (fex cuner) tests for frost resistance (F 200)

Apparently from drawings 2-5 introduction in a concrete composition of a plasticizer HTS-6
(1 % from mass of cement) together with silica fume filler (15 kg/m®) increases durability at
compression to 53 MPa. Introduction of the accelerator material Na,COj3 (5%) reduces the strength
of the concrete after its frost resistance test to 40 MPa (24,5%), and together with the additive
HTS-6 (1 %) and silica fume (15 kg/m®) retains strength compression after frost to 45 MPa (loss of
strength 14.5%). Introduction of the additive material XTC-6 (1%) together with silica fume (15
kg/m®), raised durability at a bending down to 7 MPa, watertightness to 8 atmospheres and crash-
worthiness of concrete to 7 J/sm?.
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Figure 3. Influence of variable factors on the flexural strength (f.)
of cement specimens (MPa)
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Figure 4. Influence of variable factors on the crashworthiness (T)
of cement specimens (J/cm?)
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Figure 5. Influence of variable factors on the watertightness (W)
of cement specimens (atmospheres)
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Conclusions. Researches showed that introduction to composition of concrete mix accelerator
Na,COs3 (5% by weight of cement) reduces the setting time of more than 30 times and the end of
more than by 15 times. The introduction of concrete plasticizer XTC-6 (1% by weight of the
cement) along with silica fume (15 kg/m®) increases durability at compression for 10% and after
test for frost resistance for 5%, durability at a bend for 38,5%, water tightness for 50% and crash-
worthiness for 43%.

Thus, it is possible to draw a conclusion that improvement of physicomechanical and
operational characteristics of material for the accelerated repair of elements of transport
infrastructure of our country can be reached due to introduction to his structure of rational quantity
of the plasticizing HTS-6, together with the filler silica fume and hardening accelerator Na,COs.
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