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ANNOTATION

The article presents the results of fundamental laser research, experimental work and long-term monitoring of highways
built using concrete based on belite road cements. Belite cements, containing predominantly two-calcium silicates
(C2S-belite 50-80%), ensure a service life of road concrete of up to 50 years without the need for repairs. Laser studies
have revealed the structure of belite cement stone, formed by nano-sized new formations known as colloidal calcium
hydrosilicates CSH, promoting almost complete hydration of cement grains.

AHAATIMA

Makanapa Belite >KoA LeMeHTTepi HerisiHae 6eTOHMEH CaAblHFaH IPreAl Aa3epAiK 3epTTeYAEPAIH, IKCMEPUMEHTTIK
SKYMbICTaPAbIH YKoHEe aBTOMOOUAb >KOAAAPbLIHBIH Y3aK MepP3iMAI MOHUTOPWHIIHIH HOTUXKEAePI KeATipiAreH. KypaMblHAa
HerisiHeH eki KOMMOHEHTTI KaAbLIMIM CUAMKATTapbl 6ap aAnTaAbIK LieMeHTTep (C2S -6uaeT 50-80%) »<OA BETOHbIHbIH KbI3MeT
eTy MepP3iMiH >XeHAELYAI KaxkeT eTrnecteH 50 »bIAFa AEVIH KaMTaMacbl3 eTeal. Aa3epAiK 3epTTeyAep LeMeHT ASHAEPIHIH
TOABIK AEPAIK bIAFAAAAHYbBIHA bIKMAA €TeTiH KaAbLM KOAAOUATbI TMAPOCUAMKaTTapbl CSH Aen aTaAaTbiH HAaHOOALLEMA|
OCIHAIAEPAEH TY3IAreH BEeAUT LeMeHT TaCblHblH KYPbIAbIMbIH aHbIKTaAbI.

AHHOTALNMA

B cTatbe mpeaCTaBAeHbl pPe3yAbTaTbl GYHAAMEHTAAbHbIX AA3€PHbIX WCCASAOBAHWM, SKCMEepVIMEeHTaAbHbIX pPaboT U
AOAFOCPOYHOIO MOHUTOPKWHIa aBTOMOOUABHBIX AOPOT, MOCTPOEHHbIX C MCMOAb30BaHMEM OeToHa Ha OCHOBE AOPOXKHbIX
LeMeHTOBbOeAUT. BeAnToBble L|eMeHTbl, COAEP>KALLMEMPENMYLLIECTBEHHO ABYXKOMMOHEHTHbIE CUAMKATbIKaAbLMA(C2S-6eAnT
50-80%),06ecneymBatoT CPOKCAY>KObIAOPOXKHOrO6eToHaA0 50 AeTHe3He0OX0AVMOCTUPEMOHTA. /Aa3epPHbIe ICCAEAOBAHNSA
BbIABUAM CTPYKTYPY LIEMEHTHOrO KaMH$S OeAUT, 0O6pasoBaHHYH HaHOPAa3MepHbIMU HOBOODOPA30BaHVAMM, U3BECTHLIMU
KaK KOAAOUAHDBIE TMAPOCKAKMKATbI KaabUma (CSH), cnocobCTBYOLMMM MOYTY MOAHOM MMAPATALMN LEMEHTHbIX 3epeH.
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INTRODUCTION

Fundamental laser and experimental studies demonstrate
that colloidal structures formed during the hydration of
belite cements have unique properties, such as long-term
thixotropy (self-healing upon destruction) and long-term
rheopexy (strengthening under the influence of transport
loads and seasonal temperature changes), exclusively
under long-term conditions. operation of highways. The
advantages of using belite cements in road construction,
characterized by high manufacturability, allowing year-round
construction of roads and their durable operation for up to
50 years in the sharply continental climate of Kazakhstan.

Monitoring of concrete roads based on belite cements
confirms the long-term strengthening of concrete over 35-
46 years of road operation (within the limits of experience).
For the first time in Kazakhstan, the scientific novelty and
effectiveness of the theory put forward by the French scientist
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V. Michaelis was confirmed; on the strengthening of mineral
binders with a predominant content of colloidal structures of
cement stone, proposed 180 years ago and previously had no
practical application. The novelty of the authors’ development
is confirmed by a number of patents, which may reveal
the secrets of the durability of ancient Roman concrete.

Comparing the world’s traditional long-term experience
of road construction in Kazakhstan and abroad, it has
been established that cement concrete road pavements
based on quickly hardening (C3S - alite up to 65%)
Portland cements with a crystalline hardening structure
have a limited service life of road concrete up to 25-30
years between repairs. It has been established that this
is due to the laws of physical and chemical strengthening
processes, primarily with the rapidly hardening main
mineral of Portland cement - tri-calcium silicate (C3S-
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alite), which is doomed to destruction within 20-25 years.

For the first time in the world practice of road
construction in Kazakhstan, it has been established that
it is more effective to use road concrete based on belite
cements, with a colloidal structure of long-term hardening,
during long-term operation of roads, which prevents the
possibility of premature deformations in concrete. -It
has been established that the durability of belite cement
structures is ensured by nano-sized colloidal calcium
hydrosilicates CSH, due to the complete hydration of
cement grains,in contrast to the crystalline structure of
alitic Portland cements, with limited hydration of tri-calcium
silicate C3S to 60%, leading to the formation of more than
40% «Young's micro-concrete» - the unhydrated interior of
the cement grains. Subsequent hydration of which 15-20
years later leads to the destruction of the non-renewable
crystalline structure of the outer shell of the cement stone,
which explains the short service life of cement concrete road
pavements traditionally used in the world up to 25-30 years.

If the motto of the previous 2012, Istanbul V Congress
“Euroasphalt and Eurobitumen” was: “Asphalt concrete
is a 100% regenerable material”, then in 2016 at the
Prague VI Congress it evolved into a new one: “The road
layer can be built 100% from the old asphalt concrete».

The authors proposed and confirmed in practice a new
theory of asphalt concrete, in which it was established that
the service life of elastically plastic asphalt concrete depends
on the duration of preservation (thixotropy) of a colloidal
solution of asphalt binder based on an organic binder and
the fineness of grinding the mineral powder. In traditional
asphalt concrete, the colloidal structure of the asphalt
binder depends on the limited aging period of bitumen,
within 5-6 years. After this, the fragility of the bitumen films
increases, which leads to exposure of the powder grains;
under the influence of transport and temperature loads,
the powder grains begin to stick together. The specific
surface area of the inert mineral powder decreases, which
leads to a decrease in the colloidal properties of the asphalt
binder (thixotropy) and destruction of asphalt concrete.

The new technology has found a way to extend the life
of a colloidal solution of asphalt binder by protecting the
organic binder from aging and by long-term strengthening
the colloidal structure of belite powder. In Kazakhstan,
scientific research has proven the feasibility and development
of highly wear-resistant asphalt concrete road surfaces.

The reliability of fundamental and experimental research is
confirmed by effective nanotechnology of the 21st century in
road construction and the results of long-term monitoring of
roads, including tests of concrete samples subjected to various
temperatures in laboratory conditions, and cores extracted
from nanostructured concrete and asphalt concrete roads,
operated for more than 35-46 years and 12 -19 years without
repair. “Asphalt concrete is a 100% recyclable material,” then
in 2016 at the Prague VI Congress it evolved into a new one:
“The road layer can be built 100% from old asphalt concrete.”
-The authors proposed and confirmed in practice a new
theory of asphalt concrete, in which it was established that
the service life of elastic-plastic asphalt concrete depends

RELEVANCE OF RESEARCH

At the end of the 20th century, traffic loads on
highways increased by 2-3 times, the service life of cement
concrete roads was reduced to 25-30 vyears, asphalt
concrete roads on concrete bases to 10-12 years, with the
restoration of the wear layer every 5-6 years. According
to the global concepts of “eternal roads” in the USA and
“roads with long life” in EU countries, it is believed that
roads pay for themselves after 50 years of operation.
To do this, it is necessary to increase the load-bearing
capacity of the road structure layers from bottom to top,
and the compressive strength of coatings to withstand
heavy traffic loads. Kazakhstan has mastered alternative
technologies with the operation of asphalt concrete
and concrete roads with a colloidal hardening structure
for up to 35-50 years or more. This ensures maximum
resource and energy conservation of the environment.

Therefore, the development of belite cements based on
industrial technogenic mineral wastes that have undergone

on the duration of preservation (thixotropy) of a colloidal
solution of asphalt binder based on an organic binder and
the fineness of grinding the mineral powder. -In traditional
asphalt concrete, the colloidal structure of the asphalt
binder depends on the limited aging period of bitumen,
within 5-6 years. . After this, the fragility of the bitumen films
increases, which leads to exposure of the powder grains;
under the influence of transport and temperature loads, the
powder grains begin to stick together. The specific surface
area of the inert mineral powder decreases, which leads to
a decrease in the colloidal properties of the asphalt binder
(thixotropy) and destruction of asphalt concrete. The new
technology has found a way to extend the life of a colloidal
solution of asphalt binder by protecting the organic binder
from aging and by long-term strengthening the colloidal
structure of belite powder. In Kazakhstan, scientific research
has proven the feasibility and development of highly wear-
resistant asphalt concrete road surfaces. The reliability
of fundamental and experimental research is confirmed
by effective nanotechnology of the 2Ist century in road
construction and the results of long-term monitoring of roads,
including tests of concrete samples subjected to various
temperatures in laboratory conditions, and cores extracted
from nanostructured concrete and asphalt concrete roads,
operated for more than 35-46 years and 12 -19 years without
repair."Asphalt concrete is a 100% recyclable material,” then
in 2016 at the Prague VI Congress it evolved into a new one:
“The road layer can be built 100% from old asphalt concrete”.

The authors proposed and confirmed in practice a new
theory of asphalt concrete, in which it was established
that the service life of elastic-plastic asphalt concrete
depends on the duration of preservation (thixotropy) of a
colloidal solution of asphalt binder based on an organic
binder and the fineness of grinding the mineral powder.

In traditional asphalt concrete, the colloidal structure of
the asphalt binder depends on the limited aging period of
bitumen, within 5-6 years. . After this, the fragility of the
bitumenfilmsincreases, whichleadstoexposure of the powder
grains; under the influence of transport and temperature
loads, the powder grains begin to stick together. The specific
surface area of the inert mineral powder decreases, which
leads to a decrease in the colloidal properties of the asphalt
binder (thixotropy) and destruction of asphalt concrete.

The new technology has found a way to extend the life
of a colloidal solution of asphalt binder by protecting the
organic binder from aging and by long-term strengthening
the colloidal structure of belite powder. In Kazakhstan,
scientific research has proven the feasibility and
development of highly wear-resistant asphalt concrete road
surfaces. The reliability of fundamental and experimental
research is confirmed by effective nanotechnology of
the 21st century in road construction and the results of
long-term monitoring of roads, including tests of concrete
samples subjected to various temperatures in laboratory
conditions, and cores extracted from nanostructured
concrete and asphalt concrete roads, operated for
more than 35-46 years and 12 -19 years without repair.

heat treatment during the main production and have
latent hydraulic activity is an urgent problem for research.

Recent research in the field of asphalt concrete has
been devoted to the search and use of various polymers
and additives in bitumen to improve the quality of asphalt
concrete [3]. At the same time, it is well known that binders
in asphalt concreteis not pure bitumen, but an asphalt
binder consisting of bitumen and mineral powder [3]. Fine
mineral powder with a specific surface area of up to 3000
cm2/g together with bitumen form a colloidal solution
[3], which creates conditions for thixotropic colloidal
hardening of asphalt concrete. The strength of purely
bitumen bonds is tens of times lower than the bonds
formed through joint interaction with mineral powder.

It is known that the colloidal system for strengthening
mineral binders [4-6] has the properties of long-term
preservation of thixotropy - reversible self-healing after
destruction and rheopexy - strengthening under loads.
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DISCUSSION OF RESEARCH RESULTS

The idea of creating a stronger base ReompMPa

than a coating is not new [2-4]. The 50 reeEEeee
prospects for using industrial technogenic -
mineral waste (hereinafter referred to
as TMR) in combination with cement or
cement dust, lime and other activators
have been repeatedly noted in the works
of Kazakh and Russian scientists [4].
Below are the main results of research
and testing of roads, confirming the
durability of road concretes based 10 20 20 10 =0
on belite cements, their TMF used in Core test results by years

road construction in Kazakhstan, the

strengthening of which has been going Figure 1. Kinetics of strength gain of self-healing concrete road pavements, with a wear
~ B layer of asphalt concrete onhighways built in 1976-1984: where 1, 2, 3respectively, on belite

on for more than 35-40 years. (Picture 1) cements from TMF: fly ash from thermal power plants, bauxite sludge and granulated slag.
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Table 1 provides a comparison of the chemical and mineralogical compositions of traditional Portland cements
(hereinafter referred to as alite cements) and slow-hardening high-tech cements (hereinafter referred to as belite cements).

Table 1 - Chemical and mineralogical compositions of alite Portland cements and slow-hardening belite cements.

Kinds Chemical composition, mass. %

cements Sao Si02 Al2 03 Fe2 03
Alite 60-67 17-25 3-8 0.2-6
Belite 33-46 39-61 3-10 3-5

Mineralogical composition, mass. %

C3S(Alite) C2S(Belit) C3A C4 AF
Alite 40-75 5=25 2-15 5-20
Belite 10-35 60-85 5 2-7

Note- conventional names of cements are given based on the predominant content of minerals:
C3S - alit, C2S - belite.

Physicochemical studies have confirmed [4, 5,7] that the mineralogical composition of belite cement stone mainly
consists of colloidal calcium hydrosilicates of the CSH type compared to crystalline new formations of Portland cement.
The formation of the structure of slow-hardening cement stone during its hardening for 8 years is shown for clarity in
photographs of fractures of cement beams tested in tension during bending, shown in Figure 2. The nature of the slow
decomposition of cement grains and the occurrence of new formations is clearly visible in the photographs (Figure 2).

Figure 2. Photographs of fractures of samples hardened under normal conditions and
tested after: a - 1year; b - 3 years; c - 6 years; g - 8 years

In Figure 2a, undecomposed cement grains and grains with a formed peripheral shell are clearly observed,
which gradually grows (see Figure 2b) and turns into amorphous gel-like new formations (see Figure 2c). The
amorphism of these new formations is caused by the indistinctness and vagueness of their edges and their
random growth in all directions. Along with amorphites, someprimordial crystals of C-S-H (see Figure 2b). In
immersion, the gel is presented as a colorless isotropic mass with a refractive index of 1.330 - 1.567. The number
of gel-like neoplasms in samples increases with increasing age of the samples. But even after 8 years of hardening
under normal conditions, unhydrated grains are observed in cement samples, which indicates the potential of
cement for further hardening. X-ray patterns of belite cement stone shown in Figure 3 confirm the data obtained.
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Figure 3. X-ray images of belite cement stone samples,
hardened for 3 months at temperatures +5; O; -5; -10 oC.
Where: a) - after 1 month of aging under normal conditions;
b) - without aging under normal conditions

Thus, regardless of the temperature regimes
of hardening of belite cement stone (within the
limits of the experiment) and the holding time,
the phase composition of the new formations
does not undergo any significant changes. The
slowing down of cement hydration processes with
decreasing hardening temperature is evidenced by
a decrease in the diffraction line corresponding to
the interplanar distance of 3.027 A, compared to
3.039 A, during hardening at positive temperatures,
described in detail by Kh.F. Taylor [6].

Figure 4 shows the results of testing a number
of samples 5, 6, 7, 8 in comparison with samples
that were constantly hardened under normal
conditions-2.
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Figure 4. Kinetics of changes in the strength of belite cement stone samples over time: 2 - constantly under normal
conditions; 5,6,7,8 - pre-conditioned for T month under normal conditions, then respectively at +5°C; 0°C; -5°C, -10°C,
then again under normal conditions: a- compressive strength; b - tensile strength in bending

Data indicate that low positive and negative temperatures slow down the hardening process of cement previously
kept under normal conditions. Moreover, the lower the hardening temperature, the slower the strength gain occurs.

The greatest destruction in road concrete occurs during alternating freezing and thawing, with the temperature
passing through O °C. Therefore, the main requirements for road concrete are their frost resistance during long-term
operation of highways.

In July 2016, an examination of experimental sections of roads built using cinder concrete pavements with a wear
layer of cold asphalt concrete was carried out. It has
been established that the roads are in good technical
and operational condition, there are no potholes or
subsidence, and there are temperature transverse
cracks at a distance of 12-15 running meters. In some
places the edge of the asphalt concrete pavement
was destroyed. Slag concrete foundations, which have
been in operation for 39-40 years, do not have any
deformations, except for temperature cracks.

A visual inspection and testing of cores from the
experimental site on the Fegolevo - Zhdanovo highway
was carried out in the spring of 1989, i.e. 13 years after
construction and a survey carried out in July 2016, i.e.
after 39 years, it showed that the experimental siteisin
good operating condition. There are longitudinal and
transverse cracks. The distance between transverse
cracks, compared to 1989, was reduced to 12-15 pm,
with an opening width of 2-2 mm. In some places the
coating is a wear layer of asphalt concrete, there are
potholes, but the cinder concrete is in good condition

and there are no defects. We took a core sample and Figure 5. Photo - 2016. Testing of samples of beams made from cutting out
cut out concrete to test the beam for tensile bending. the lower layer of cinder concrete coating for bending strength (the structure
For 39 years of operation, no repair work has been of the beam is heterogeneous - the filler is a local gravel-sand mixture)

carried out on this road.
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Table 2 presents the results of testing cores drilled in 1989. from the bottom layer of concrete pavement and beams
made from concrete cut in 2016 from the Fogolevka - Zhdanovo highway, built in December 1977.

Table 3 - Results of core testing in 1989 and beams 2005 from the bottom layer of concrete pavement of the
Fogolevka - Zhdanovo highway

. Core testing 1989, MPa, Testing of core beams 2016, MPa,
Name of the measured indicator
(concrete age 12 years) (concrete age 39 years)
Compressive strenath 36.4; 36.7; 36.5 48.6; 49.0; 48.8
P 9 Average 36.5 (M 350) Average 48.8 (M 450)
Bending strength = 86,83

The results of a study of the technology for constructing slag concrete pavements with a wear layer of asphalt
concrete in winter and monitoring of experimental sections of roads built in summer and winter are confirmed. This
indicates that road slag concrete has the property of self-healing and long-term hardening, under the influence of
constant dynamic vibration transport and climatic loads, during long-term operation of roads. Figure 1 interprets the
results of testing cinder concrete foundations for a number of road sections built in 1976-1984. Strengthening of slag
concrete has been taking place for 30-40 years during road operation.

The results we obtained from petrographic, X-ray diffraction (Fig. 2), differential thermal analyzes and observations
using a scanning electron microscope showed that during the hardening of belite cements, the main structure-forming
new formations in concrete are colloidal low-basic calcium hydrosilicates of the C-S-H type [ 71.

The experimental results obtained suggest that of all the theories of hardening of mineral binders, the colloid-chemical
theory of V. Michaelis [6] can be distinguished, which, obviously, will be more justified for explaining the hardening
processes of belite cements.

At normal temperatures, C-S-H hydrosilicates are formed in the form of lamellar colloidal submicrocrystals, the
average length of which is close to 10,000 Ao (1 W), and the width and thickness are, respectively, 360 - 560 Ao and 20 -
30 Ao. Due to the very small size of hydrosilicates, as well as their ability to adsorb water on their surface, hydrosilicates
have the properties of colloids. Loss or saturation of water is accompanied by a change in the distance between the
layers of the crystal lattice of C-SH hydrosilicate, which leads to changes in the strength of the material. Further keeping
the material in humid conditions ensures the adsorption of moisture by the gel, replenishment of the binding water
films between the layers of the hydrosilicate lattice and restoration of the strength of the material. Therefore, belite road
concretes have the property of self-healing, regardless of temperature and climatic changes and dynamic transport loads.

The main structure-forming component in belite cement stone is low-basic calcium hydrosilicates C-S-H, which
are amorphous glue, nanosized [7-9], which have the property of long-term thixotropy. Concrete is the most
common building material, being a nanostructured multiphase composite material that matures over time. It consists of
an amorphous phase, nano- to micrometer-sized crystals, and bound water. The properties of concrete, as well as the
destructive characteristics, exist in a multi-scale range (from nano- to micro- and macro-levels), when the properties
of the material at each level are formed on the basis of the properties of the previous cell of a smaller size [9-10]. The
amorphous phase of calcium hydrosilicate (C-S-H) is the “glue” that holds the components of concrete together [11,12]

and is itself a nanomaterial. Recently, due to

interest in the formation of stable concrete

12 structures [9, 13, 14], much attention has
been paid to nanoscale modification of
the C-S-H structure to create hybrid,
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organic molecules into the basic structure of
C-S-H. Three schemes have been proposed
s to develop technology for road construction
0 1 2 3 4 - ] 7 work at different temperatures for year-

_6_\ | organic, cementitious nanocomposites.
for hybridization or introduction of “guest
molecules” into C-S-H. The first scheme

Clll'i]lg time. months round construction and operation of

* highways.

—""1  The layered structure and the tendency
] of silicon chains (except tetrahedral) to
structural defects in C-S-H [9, 11] open up
_,..-—) the possibility of introducing a variety of
7 . . )
k/-" 1\. interpolates organic molecules into the
C-S-H layer [15].
6 We have studied properties of belite
nanocements, such as self-healing, in order
. 6 Kinetics of ch ot fofst  bound water in belit - This is also confirmed by the change in
Igure b. KInetiCs Oof changes In the amount of strongly bound water in pelite cement stone B
during hardening at different temperatures: where 2 is constant under normal conditions, the amount of strongly bound V_Vate_r in the
5,6,7 and 8 - at the beginning one month under normal conditions, then three monthsat ~ cement stone of samples maintained at
temperatures:+50C,00C,-50Cand-10oCandagainforthreemonthsundernormalconditions. different temperature conditions (Figure 6).
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The results of changes in the amount of strongly bound water in cement stone (Figure 6), established by measuring
the weight loss of samples after calcination at 1000 °C, previously held at 105 °C, confirm the following. The kinetics

of changes in the strength (Figure 3) and the amount of strongly boun

d water (Figure 6) of cement stone, depending

on the sample holding temperature, are similar, which confirms the reliability of the theoretical premises about the
self-healing properties of belite cement. When the cement stone is kept at low temperatures (samples 5 - 8), the

decrease in strength (Figure 3) is accompanied by the displacement of s
formations in the amount of 10-30% of the mass
of the available moisture in their capillaries, and

trongly bound water (Figure 6) from the fibrous

[-3
o

with further aging at Under normal conditions,

their quantity and the strength of the cement
stone are restored within one month. Further
aging under normal conditions for three months,
the strength and amount of strongly bound
water exceeds normal hardening samples. This
indicates a deepening of the hydration processes

m
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-
=1

e
s 8

-
=

of cement grains and an increase in the dispersion
of new formations at low temperatures, which

also increases the strength of cement stone and
concrete (Figure 3).

Figure 7 shows the results of tests of the
strength of various compositions of road concrete
depending on the amount of belite cement,
which confirm the conclusion about a long-term
increase in the strength of concrete over 2 years.
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Figure 8. Self-healing strength of road concrete tested for frost resistance
(MRZ-200), depending on the quantitybelite cement: 1,2, 3,4,5-7,10,12,15
and 18wt.% cement containingC2S -75-80%

Curing time, months

Figure 7. Kinetics of strength gain of road concrete over time depending
on the amount of belitecement: 1,2, 3,4 5, - 7,10, 12, 15 and 18wt.%

cementrespectively

When testing concrete samples aged 90
days for frost resistance, up to 200 freezing
and thawing cycles were carried out. As can be
seen from Figure 13, there is a slight decrease in
strength due to the squeezing of moisture from
the capillaries and a decrease in its quantity.
With further conditioning of the samples under
normal conditions, the strength of the concrete
is completely restored and even exceeds the
strength of the concrete of the 90-day samples
(Figure 8).

Road belite concretes harden slowly compared to traditional alite cements, but the strength indicators of concrete at
the age of 180 days are practically comparable, and the deformation indicators of belite concrete even exceed those of

alite concrete. At the same time, the tensile strength during bending is
5000 MPa (Table 4).

31% higher, and the elastic modulus is lower by

Table 4 - Comparison of indicators: road cement concrete and slow-hardening road concrete using belite cement

Composition of road concrete, wt. %

Crushed stone

fractions, mm: Sand
Mpr=2.5 Cement,%
Rox
5-10 10-20
15 34 29 Belite cement, 15% 30.9
5] 34 29 Alite cement, M400.15% 30.0

The high deformative properties of slowly hardening concrete ind

Strength limits at the age of 180
days, MPa(average of 3)

Modulus of
elasticity Ey,
s Rben/ MPa
Rcom
59 0.719 30000
4.5 0.15 35000

icate the high dispersion and tensile strength

(cohesive bond) of the new formations of cement stone of belite cements (Figure 9).

Figure 9. Microstructure of cement stone: on the left - alite
cement stone, after 28 days, E - ettringite crystals, CSH -
C-SH fibers [6]; on the right - belite cement stone [7]: a - after
28 days; b - after 90 days, tube (*) CSH; ¢ - after 180 days,
C-SH fibers. Fiber sizes 0.3-0.5 nanometer.
(Electroscope-magnification 25000)
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X-ray phase, thermographic (not shown) and electron microscopic studies shown in the photo (Figure 9) confirm that
in such concretes, the above technological and operational advantages are provided mainly by the gel-like hardening
structure of belite cements.In the structure of traditional alite Portland cement stone, on the contrary, the insignificant
content of gel-like two calcium hydrosilicates fills only the free space inside the main frame formed by the fusion of large
crystalline hydrates.

Table 5 - Results of selection of compositions of asphalt-belite concrete mixtures for the construction of the Astana-
Borovoye highway

Materials used in the mixture, %

No.
Mixtu_re_ Asphalt Crushed Crushed ) Activator
composition  concrete SR el SIERIE Tl Sl cement Water Bitumen
ranulate blast furnace blast furnace powder M-400
9 slag fr. 5-20  slag fr. 20-40
7 40.0 10.0 30.0 20.0 2.0 5.0 2.0
2 40.0 10.0 30.0 20.0 2.0 5.0 (0]
3 30.0 20.0 30.0 20.0 2.0 5.0 2.0
4 50.0 10.0 25.0 15.0 2.0 4.0 2.0
5 50.0 10.0 25.0 15.0 2.0 4.0 (0]
6 60.0 10.0 20.0 10.0 2.0 3.0 2.0
7 70.0 10.0 10.0 10.0 2.0 3.0 2.0
8 70.0 10.0 10.0 10.0 2.0 3.0 (0]

Table 6 - Strength of samples of asphalt-mineral concrete cores cut from the base on the Astana-Borovoye highway
(of various ages)

Compressive strength Rzh, MPa at tOC

Sample age
200C 500C OoC -100C
7 days 4.81 2.29 74 7.9
2 years 9.44 332 2.5 18.6
3 years 13.15 4.22 13.8 22.5

The test results given in tables 5 and 6 showed that the introduction of additional bitumen in an amount of 2%
is unnecessary; Strength decreases and bitumen deposits appear on the road. Therefore, the road was built using
composition No. 8, with a maximum amount of asphalt granulate up to 70%. The strength of asphalt concrete, the
strength of which is strengthened during road operation up to M15-20 (within 3 years of experience) and exceeds the
strength of traditional asphalt concrete by 3-5 times, depends on the core testing temperature (Table 7). This indicates
that asphalt concrete retains the elastic-plastic properties of asphalt concrete at the microstructure level and bitumen
molecules are embedded in the colloidal structures of calcium hydrosilicates C-SH, which is confirmed in the works of
the USA, the Czech Republic, etc. [8-15].

Nanostructured asphalt-belite concretes and road concretes based on nanostructuring powders and cements meet
the requirements of modern concepts of “eternal roads” and “roads with long life” in the USA and EU countries, which
allow the construction of road structures with a service life of at least 50 years [2.5, 16-20].

The innovative concept for the construction of highways (road structures) provides for complete resource conservation
at all stages of the “life activity” of the highway: during construction, repair and reconstruction, with complete recycling
of all materials and their reuse.

RESEARCH RESULTS

- Belite cements, with a predominant content of two calcium silicates (C2S-belite up to 50-80%), demonstrate the
high durability of concrete based on them in road construction, potentially up to 50 years or more, compared to alite
(C3S up to 65%) Portland cements, having a shorter service life of 25-30 years for cement concrete roads.

- The uniqueness of belite cements, characterized by the formation of a colloidal structure with nano-sized calcium
hydrosilicates CSH, ensures almost complete hydration of cement grains, due to which colloidal structures have the
properties of long-term thixotropy (self-healing upon destruction) and long-term rheopexy (strengthening under the
influence of transport loads and seasonal temperature changes), which ensures the elimination of premature destruction
in concrete, exclusively under conditions of long-term operation of concrete roads.

- Research carried out for the first time in Kazakhstan confirms the effectiveness of the theory put forward by the
French scientist V. Michaelis on the strengthening of mineral binders with a predominant content of colloidal structures,
proposed 180 years ago, but which has not yet found practical application.
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- Monitoring of roads built from belite nanostructured cement concrete and asphalt-belite concrete in real conditions,
continuing the strengthening of concrete for 35-46 years, indicates their effectiveness and confirms the conclusions of
the VI Prague International Forum: “The road layer can be built 100% from the old asphalt concrete.»

- Global concerns about environmental pollution can be reduced through the production of environmentally friendly
belite cements, without the need to burn alite Portland cement clinker, by replacing heat-treated secondary products
from large-scale industrial metallurgical and energy production. Global production of alite cements pollutes the planet’s
atmosphere by 7-10% with CO2 emissions.

- The transition of road construction to environmentally friendly cold nanostructured asphalt concrete, with the
absence of toxic gases both during construction and during long-term operation from heating asphalt concrete road
surfaces, will provide protection from air pollution in large cities.

- Research suggests that the use of belite cements and asphalt binders in road construction could lead to more
durable infrastructure, reminiscent of the durability of ancient Roman concrete

LIST OF USED LITERATURE

1. Kochetkov AV, Kokodeeva N.V, Rapoport PB., Rapoport N.V., Shashkov |.G. Calculation and design of road pavements //
Automobile roads. - 2011. - No. 12. - pp. 86-94 [Kochetkov AV, Kokodeeva NV, Rapoport PB, Rapoport NV, SHashkov |G Raschet
| konstruirovanie dorozhnyh odezhd // Avtomobil'nye dorogi. - 207]. - No. 12. - S. 86-94]

2. Radovsky B.S. The concept of timeless travel clothes. Directory catalog: Road equipment. - 2011. - P 120-132 [Radovskij BS
Koncepciya vechnyh dorozhnyh odezhd. Katalog-spravochnik: Dorozhnaya tekhnika. - 2071, - S. 120-132.]

3. Gorelyshev N.V. Asphalt concrete and other bitumen and mineral materials. Mozhaisk-Terra, 1995. - P 176. [Gorelyshev NV
Asfal'tobeton i drugie bitumomineral’nye materialy. Mozhajsk-Terra, 1995. - S. 176.]

4. Asmatulaev B.A., Sheinin A.M., Chumachenko V.. and others. Rolled concrete based on slag binder ;/ Automobile roads.
- 1993 - No. 9. - P 18-20. [Asmatulaev BA, SHejnin AM, CHumachenko VI i dr. Ukatyvaemyj beton na osnove shlakovogo
vvazhushchego // Avtomobil'nye dorogi. - 1993. - No. 9. - S. 18-20.]

5. Innovative patent No. 29852 RK. Self-healing road concrete /' Asmatulaev B.A. and others. Publ. 05/15/15, bulletin. No. 5.
[Innovacionnyj patent No. 29852 RK. Samovosstanavlivayushchijsya dorozhnyj beton / Asmatulaev BA i dr. Publ. 05.15.15, byul.
No. 5.]

6. Taylor H.F. Calcium hydrosilicates. Chemistry of cement. - M.: Stroyizdat, 1969. - P17-18. [Tejlor HF Gidrosilikaty kalciya.
Himiya cementa. - M.. Strojizdat, 1969. - S.17-18.]

7. Ablanov B.F., Belousov BV, Asmatulaev B.A. Study of the material composition and hardening kinetics of binders based
on phosphorus slag. Issues of metallogeny, material composition and geological structure of deposits in Kazakhstan. - Almaty,
1978, Issue. 13. - pp. 69-75. [Ablanov BF, Belousov BV, Asmatulaev BA Issledovanie veshchestvennogo sostava i kinetiki tverdeniya
vyazhushchego na osnove fosfornogo shlaka. Voprosy metallogenii, veshchestvennogo sostava i geologicheskogo stroeniya
mestorozhdenij Kazakhstan. - Almaty, 1978, Vyp. 13. - S. 69-75.]

8 F. Sanchez, L. Zhang, C. Ince.Multi-scale performance and durability of carbon nanofiber/cement composites. In: Bittnar
Z, Bartos PJM, Nemecek J, Smilauer V. Zeman J, editors. Nanotechnology in construction. proceedings of the NICOM3 (3rd
international symposium on nanotechnology in construction). Prague, Czech Republic; 2009, p. 345-50.

9. H. M. Jennings, J. W. Bullard, J. J. Thomas, J. E. Andrade, J. J. Chen, G. W. Scherer.Characterization and modeling of pores
and surfaces in cement paste. correlations to processing and properties. J Adv Concr Technol 2008; 6(1):5-29.

10. F. Sanchez, A. Borwankar.Multi-scale performance of carbon microfiber reinforced cementbased composites exposed to a
decalcifying environment Mater Sci Eng A 2010, 527(13-14). 315]1-8.

1. K. P Chong, E. J. Garboczi.Smart and designer structural material systems [Intelligent and design systems of structural
materials]. Prog Struct Mat Eng 2002, 4:417-30.16.E. J. Garboczi, D.P.Structure of calcium silicate hydrate [Solubility and structure
of calcium silicate]. Cem Concr Res 2004, 34(9). 1499-519.

12. K Sobolev.Mechano-chemical modification of cement with high volumes of blast furnace slag [Mechano-chemical
modification of cement with high content of blast furnace slag]. Cem Concr Compos 2005; 27(7-8):848-53.

13. J. Minet, S. Abramson, B. Bresson, A. Franceschini, H. Van Damme, N. Lequeux.Organic calcium silicate hydrate hybrids: a
new approach to cement based nanocomposites. J Mater Chem 2006, 16:1379-83.

14. A. Franceschini, S. Abramson, V. Mancini, B. Bresson, C. Chassenieux, N. Lequeux.New covalent bonded polymer-calcium
silicate hydrate composites [New covalently bonded polymer-calcium hydrosilicate composites]. J Mater Chem 2007, 17:913-22.

15. H. Matsuyama, J. F. Young.Intercalation of polymers in calcium silicate hydrate: a new synthetic approach to biocomposites.
[Introduction of calcium hydroxide silicate polymers. a new synthetic approach to biocomposites.] Che m Mater 1999, 11:16-9.

16. Patent No. 4110 for utility modelRK. Design of road pavement based on nanomodified concrete / Asmatulaev B.A.,
Asmatulaev R.B., Chumachenko V.|, Asmatulaev N.B., Mazgutov R.A., Amankosov Zh.A., Ezmahunov R.R. Publ. 2019. Bull. No. 26.
[Patent na poleznuyu model’ 4110 RK. Konstrukciya dorozhnoj odezhdy na osnove nanomodificirovannogo betona / Asmatulaev
BA, Asmatulaev RB, CHumachenko VI, Asmatulaev NB, Mazgutov RA, Amankosov ZH.A., Ezmahunov RR Publ. 2019. Byul. No. 26.]

17. Provisional patent No. 16413RK. Sulfur asphalt concrete mixture / Asmatulaev B.A., Nadirov N.K, Asmatulaev R.B.,
Pshembaev M.K. and others. Publ. 2005. Bulletin. No. 11. [Predvaritel'nyj patent No. 16413 RK. Seroasfal'tobetonnaya smes’ /
Asmatulaev BA, Nadirov NK, Asmatulaev RB, Pshembaev MK i dr. Publ. 2005. Byull. No. 11.]

18. PatentNo. 6701 RK. Nanostructuring mineral powder and nanostructured asphalt concrete / Asmatulaev B.A.
Asmatulaev R.B., Chumachenko V.., Asmatulaev N.B., Islamov V.A. Bessonov DV.Publ202]. . Bull. No. 16. [Patent No. 6701
RK. Nanostrukturiruyushchij mineral’nyj poroshok i nanostrukturirovanny) asfaltobeton / Asmatulaev BA, Asmatulaev RB,
ChumachenkoVI, Asmatulaev NB, Islamov VA Bessonov DV Publ. 202]. Byul. No. 16.]

19. Patent No. 30948 RK. Warm or cold asphalt concrete mixture (variants) / Asmatulaev B.A., Asmatulaev R.B.,, Tursumuratov
M.T., Islamov VIA., Amirkhanov Zh.A., Asmatulaev N.B.Publ.2016. Bulletin No. 3. [Patent No. 30948 RK. Teplaya ili holodnaya
asfal'tobetonnaya smes’ (varianty) / Asmatulaev BA, Asmatulaev RB, Tursumuratov MT, Islamov VA, Amirhanov ZH.A., Asmatulaev
NB Publ. 2016. Byul.N23.]

20. Utility model patent No. 3607 RK. Complex polymer dispersed reinforcing additive / Asmatulaev B.A., Asmatulaev N.B.,
Amirkhanov Zh.A., Bessonov D.\V.Publ.20]18. [Patent on poleznuyu model’ No. 3607 RK. Kompleksnaya polimernaya dispersno-
armiruyushchaya dobavka / Asmatulaev B.A., Asmatulaev N.B., Amirhanov Z.H.A., Bessonov D.V. Publ. 2018.]



