Theory and Building Practice

Vol. 2, No. 2, 2020

https://doi.org/10.23939/jtbp2020.02.035

Iryna Hornikovska, Vadym Kahanov

NON-AUTOCLAVED FOAM CONCRETE
FOR LAYERS OF HIGHWAYS SURFACE DRESSING

Lviv Polytechnic National University,
Department of building production,
hor nikovska@gmail.com

© Hornikovska |., Kahanov V., 2020

The article is devoted to the problems associated freeze with the calculated estimation of the
parameters of the structural and heat-insulating antifreeze layer in the subgrade of non-rigid roads on
various soil bases. The main physical, technical and deformation characteristics of monalithic
disper sed non-autoclaved foam concr ete reinforced with polypropylene fiber of grades of density from
600 to 1000 kg/m® are investigated.

Freezing of subsoil waters directly under the roadway pavement and, asaresult, itsincrease in
volume, leads to significant deformations of the road surface. Under such conditions, the period of
defectfree operation of the roadway pavement is significantly reduced, which in turn leads to the need
to repair it in a moreintensive mode.

One of the ways to reduce the operating cost and maintenance costs of the road transport
infrastructure is to introduce into the design and construction practice new structural concepts for
road surface dressing that ensure high quality pavement during the normative operational period.
This can be achieved by introducing an effective heat-insulating material into the pavement structure
as an anti-frost layer in order to elimi-nate the effect of frost lift of the roadway pavement of non-rigid
roads.

Since domestic and foreign experience freeze in the road construction has proven the
effectiveness of the use of heatinsulating materials in the road surface dressing construction, in recent
years in Ukraine there has been increased interest in the use of non-autoclaved foam concrete as a
moder n and highly effective heat-insulating material in road construction.

The installation of a heat-insulating layer made of non-autoclaved foam concrete allows usto
completely or partially prevent freezing or overheating of the surface dressing base, reduce the
influence of periodic variations in environmental temperature, which in turn will increase the
durability of the pavement structure. The publication presents nomograms for determining the
optimal thickness of the heat-insulating anti-frost heavy course (layer) of road surface dressing
(based on sand, loamy sand, clay and loam) done at the street and road network for all climatic and
geographical regions of Ukraine.

Key words. non-autoclaved foam concrete, anti-frost heavy course (layer), highways surface
dressing, frost lift.

Introduction

In the context of an ever-growing traffic load, an increase in the intensity and speed of movement
on highways increases the cost of general overhaul and current repairs of roads to ensure traffic safety on
them. If we compare the durability of road surface dressing at domestic and foreign facilities of transport
infrastructure, then in Ukraine there is a 1.5-2.0 times shorter period between overhauls (or current
repairs) under aimost identical climatic service conditions. In addition, the calculation standards and the
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quality of pavement performance in Ukraine and other countries (incl. the European Union) have certain
differences. The types and properties of road building materials used in the construction and design of
roads are a so different.

One of the ways to reduce the operating cost and maintenance costs of the road transport
infrastructure is to introduce into the design and construction practice new structural concepts for road
surface dressing that ensure high quality pavement during the normative operational period. This can be
achieved by introducing an effective heat-insulating material into the pavement structure as an anti-frost
layer in order to eliminate the effect of frost lift of the roadway pavement of non-rigid roads.

Freezing of subsoil waters directly under the roadway pavement and, as a result, its increase in
volume, leads to significant deformations of the road surface. Under such conditions, the period of defect-
free operation of the roadway pavement is significantly reduced, which in turn leads to the need to repair
it in amore intensive mode.

Foam concrete is a versatile and effective heat insulating material that has been widely and long
used in civil and industrial construction in Ukraine and abroad. The installation of a heat-insulating layer
made of non-autoclaved foam concrete alows us to completely or partially prevent freezing or
overheating of the surface dressing base, reduce the influence of periodic variations in environmental
temperature, which in turn will increase the durability of the pavement structure.

Target of thisarticle

The article is devoted to the problems associated with the calculated estimation of the parameters
of the structural and heat-insulating antifreeze layer in the subgrade of non-rigid roads on various soil
bases.

Analysis of recent research and publications

Currently, in Ukraine, in the roads-and-highways construction, an anti-frost heavy course (layer) is
used, which is made of coarse-grained and average-grained sands (up to 95 %) and laid under monolithic
concrete and asphalt concrete pavement done on a concrete basis. However, such constructive solutions
do not alow reliable protection of the surface dressing structure from winter heaving and lift, which
affects the quality of its pavement and operational characteristics.

Foreign experience in the road construction (Kadela, 2017) has shown the effectiveness of heat
insulating materials use in the road surface dressing construction. Research and application of various
heat-insulating materials in road construction began in the middle of the twentieth century, since the
problem of reducing the freezing of the subgrade of pavement isimportant not only for Ukrainian roads.

Since domestic and foreign experience in the road construction has proven the effectiveness of the
use of heat-insulating materials in the road surface dressing construction, in recent years in Ukraine there
has been increased interest in the use of non-autoclaved foam concrete as a modern and highly effective
heat-insulating material in road construction.

Most researchers of dispersed concrete reinforcement paid attention to its in-creased strength
characteristics compared to unreinforced concrete (Verba, 2012; Fedorowicz, 2014; Doroshenko, 2006;
Pukharenko, 2006; Martynenko, 2002; Namsone, 2017; Kahanov, 2010; Fukang 2013). However, cement
concretes may have low stressrelated properties, including crack resistance and a high degree of
weakness to destruction.

Result and discussion

Despite the fact that building materials in the road surface dressing construction are laid according
to their stress reduction coefficient in conformity with the attenuation of live-load stress, the critical data
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of the stress-strain state according to the crite-ria of fracture mechanics should be determined both for
concrete, used for pave-ment, and for foam concrete, used at heat-insulating (anti-freeze) layer.

Studies of the deformation characteristics of foam concrete reinforced with polypropylene fiber
fibers, including crack resistance studies, showed the possibility of using foam concrete as a heat-
insulating (anti-frosty) layer in the construction of road pavement of roads (Solodkyy, 2015). The nature
of the deformations of foam concrete reinforced with polypropylene fiber differs from the samples under
study, in which dispersed fibers were not used. The peak value of fiber-reinforced foam concrete
deformations under load to the critical point of failure is 4.7-5.7 times higher than the deformation of
non-reinforced foam concrete.

The main effect of introducing polypropylene fiber into the composition of foam concrete is
observed in the supercritical fracture stage, when the fiber restrains the process of fracture of the samples
from the moment of the development of the main crack (from the moment when the maximum crushing
load is applied) and to its full fragmentation, which ensures the stability of the developed concrete under
extreme loads.

The proposed gpproaches to designing and cal culating the non-rigid road surface dressing congruction are
based on eliminating frost lift of the road pavement, but not on ensuring its acceptable value (Kahanov,
2018).

The calculation of the frost resistance of road surface dressing structure given in the current
building codes of Ukraine aims to ensure the necessary pavement endurance against 1oss of stability in the
course of uneven swelling of the soil of the road subgrade, that is, to prevent the deformations caused by
the frost lift that can exceed the maximum permissible design parameters (Transport facilities. Highways.
Part |. Design. Part 1. Construction. DBN, 2015; Roads. Non-rigid road dressing. GBN, 2019). But such
a calculation algorithm does not take into account the actua thermal and physical characteristics of the
building materials used in the construction of road surface dressing. On the other hand, when using the
practical methods recommended by the article authors, it is possible to use the equivalent of the thermal
and technical properties of road surface dressing materials in the calculation. The cal culation method used
now is obsolescent and ineffective because it does not reflect the real thermal and physical characteristics
of the latest building and road materials that can be used to ingtal the heat-insulating layer of surface
dressing in modern design solutions for roads.

The methodology for calculating the parameters of installing an effective heat-insulating layer of
road surface dressing, which would take into account the actual thermal conductivity of all layers of
pavement and exclude the effect of frost lift of the roadway, is currently absent in modern road design and
construction practice in Ukraine. In this regard, the problem of developing foam concrete with enhanced
operational properties as an effective heat-insulating layer for the design of durable multilayer surface
dressing structuresis practically significant and relevant.

The authors developed a methodology for increasing the durability of road surface dressing and
diminating the influence of frost lift on the durability of the non-rigid road pavement by introducing the
calculated value of the effective heat-insulating layer into the dressing construction. It is proposed an
algorithm for calculating the value of the heat-insulating layer using monolithic foam concrete reinforced
with polypropylene fiber, and nomograms for determining the required thickness of the heat-insulating
layer made of monolithic structural and heat-insulating fiber-reinforced foam concrete for various soils of
road bases.

In order to achieve stability of the surface dressing structure againgt freeze swelling, it is necessary
to provide a stable plus temperature in the basis of the soil of the subgrade under the pavement, which
guarantees the avoidance of freezing water in the soil and subsequent formation of ice crystals, which,
increasing in volume, cause the process of winter lift. The road surface dressing (in which an insulating
foam concrete layer was used) will remain smooth throughout the whole year that will significantly
improve the quality of the road surface.
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In order to protect the road surface dressing structure from the effects of winter heaving, the heat
flux passing through this road structure should be equal to or less than the heat flux that passes through
the soil mass to the level of freezing depth. According to the results of mathematical calculations based
on the obtained analytical dependence and the derived average calculated values, there were obtained the
values of the necessary thermal resistance of heat transfer for the road surface dressing constructions
which are located in a particular climatic region of Ukraine in conformance with the National Standards
of Ukraine (DSTU N B V.1.1 -27:2010) (Table 1).

Table 1
Calculated thermal resistance of theroad surface dressing construction
The minimum reguired value of the thermal resistanceof the road
Climatic region Depth of soil freezing, structure (Rneeded) that is Izocar[ed on the next type of soil,
H;,, cm m°K/W
sand loamy sand clay and loam
I 165 1.054 1.455 1.598
150 0.958 1.323 1.453
II 130 0.843 1.164 1.279
110 0.714 0.985 1.082
II(A) 95 0.628 0.867 0.952
80 0.529 0.730 0.801
11(B) 95 0.642 0.886 0.973
80 0.541 0.746 0.820
v 95 0.650 0.898 0.986
80 0.548 0.756 0.831
v 95 0.685 0.945 1.038
80 0.577 0.796 0.874

In order to simplify the calculations for the selection of the value of the heat-insulating layer of
monoalithic fiber-reinforced foam concrete, there were proposed the nomograms for the three main options
for the subgrade base (Fig. 1).

The algorithm of nomograms proposed by the article authors for the practical selection of the
optimal calculated value of heat-insulating fiber-reinforced foam concrete with a density of 600 to
1000 kg/m® makes it possible to create the effective design of an anti-frost heavy course (layer) of non-
rigid roads for various soils of aroad basis.

The test output introduction of the antifreeze layer in the construction of road surface dressing with
structural and hest-insulating dispersed foam concrete reinforced with polypropylene fiber was carried
out in the process of the construction of access and intra-quarter roads and pedestrian areas by the
Building Contractor “Trembita’, Balmiks LLC, Housing Complex “Uman House” while the improve-
ment of the following construction projects, namely: the cottage town “Soniachna Poliana” (“Sunny
Park™); the Housing Community “Sonechko” (“Sun™); multi-apartment residential building in Uman city;
overhaul of the township road section on the Pivkolo street in the city of Lviv.

Industrid testing of frost-resistant interlayers of foam concrete was carried out during the
construction of pilot industrial sections of roads in the Odessa region by the State Enterprise “M.P.
Shulgin State Road Research Institute’ (“DerzhdorNDI” SE). The results of observations, monitoring and
quality contral of the road surface dressing of these sections over the past seven years indicate the high
efficiency of the use of foam concrete as an anti-frosty layer of pavement of non-rigid roads.

The technology for the installation of a frost-resistant layer made of non-autoclave foam concrete
reinforced with polypropylene fiber in the surface dressing structure of highways, intra-quarter driveways
and pedestrian foot paths, provides for the mandatory installation of waterproofing layers (geotextile,
waterproofing layer or membrane) in order to ensure the necessary moisture content of this material.
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The results of this study were used by the State Enterprise “M.P. Shulgin State Road Research
Institute” (“DerzhdorNDI” SE) in the development of “Recommendations for the use of foam concrete in
road construction” (P B.2.7-218-03450778-681-2007).
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Fig. 1. Nomograms for the selection of the optimal calculated value of heat-insulating
foam concrete on the base of clay and loam (a) loamy sand (b); (c) sand
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Industria approbation of the dissertation results was also carried out in collaboration with the
Research and Project Institute of Transport Engineering “KYIVDIPROTRANS' in the process of
developing constructive solutions for adjoining the “soft entry” type at the point of transition from the
subgrade (crushed stone base) to the upper structure of the railway track to artificial concrete access road
constructions at the objects of the “Epicenter” shopping center (1B, Kiltseva Doroha, Kyiv city) and the
production base of the State Enterprise Kyiv Department of Mechanization and Construction under the
Ministry of Defense of Ukraine (181, Boryspilska St., Kyiv city).

Conclusion

The main effect of the introduction of the anti-freeze layer of the required size made of a
monolithic non-autoclaved fiber-reinforced foam concrete is an increase of 2.5 times the overhaul cycle
during the operation of non-rigid roads.

The agorithm presented in this article for the selection of the effective value of the heat-insulating
layer made of non-autoclaved fiber-reinforced foam concrete as a way to prevent frost heaving in surface
dressing creates effective opportunities for improving the quality of the street-crossing network in
Ukraine and lays the foundation for saving significant material and financial resources during the
operation of roads.
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HEABTOKJIABHUI IIHOBETOH /U151 IIIAPIB
JOPOXHIX OAT'IB ABTOMOBIJIBHUX JOPIT
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CraTTsa npucBsueHa MpoOJIeMaTHIll, OB’ A3aHil 13 PO3paXyHKOBOIO OLIHKOIO IapaMeTpiB KOHCTPYK-
[IITHO-TEIUIOI30IAITHOTO TIPOTHMOPO3HOTO MPOIIAPKY B 3eMJITHOMY ITOJIOTHI aBTOMOOIUTBHIX JOPIT HEXKOP-
CTKOTO THUILy Ha PI3HHX I'PYHTOBHX OCHOBaX. Y poOOTI JOCIHI/KEHO OCHOBHI (pi3MKO-TEXHIUHI Ta nedopma-
THUBHI XapaKTepUCTHKH MOHOJITHOTO IiHOOSTOHY HEaBTOKJIABHOTO TBEPAHEHHS IUCIIEPCHO-apMOBAHOIO
BOJIOKHAMH TIOJINpPOITiieHoBoi ¢idopu ryctunoro Bix 600 no 1000 kr/v’.

3aMep3aHHS IPYHTOBHUX BOJ O€3I1ocepeIHbO IiT JOPOKHIM TOJIOTHOM i, SIK HACIIIOK, 301TBIICHHS 1X B
00’ eMi, IPU3BOIUTH A0 3HAYHHX Je(opmariiii JOPOKHBOTO MOKPUTTS. 3a TaKUX yMOB TE€pMiH Oe3nedeKkTHOT
eKCILTyaTalii JOpPOXHHOTO MOJOTHA 3HAYHO CKOPOUYYETHCS, L0, CBOEI YEProlo, MPHU3BOIUTH 0 HEOOXis-
HOCTI X pEMOHTYBATH B iIHTCHCHBHIIIIOMY PEKUMI.

OnmHUM 13 HUIIXIB 3HWKEHHS BapTOCTI EKCIUTyaTalii Ta BHUTpaT HAa YTPUMAHHS JOPOXKHBO-TPAHC-
MOPTHOI iHPPACTPYKTYPH € BIPOBAPKEHHSI B IPOEKTHY Ta OYAiBENbHY NMPAKTUKY HOBHX KOHCTPYKTHBHHUX
pillleHs TOPOKHBOTO OJATY, sIKi O 3a0e3meuyBail BHCOKY SKICTh JOPOKHBOTO IMOKPUTTS MPOTATOM HOpMa-
THUBHOTO €KCIUTyaTaliifHO-To mepioxy. LIporo Mo’kHa HOCATHYTH 32 paXyHOK BBEJCHHS B KOHCTPYKIIIO JO-
POXKHBOTO OJSITY B AKOCTI MPOTUMOPO3HOTO MPOIIAPKY €PEKTUBHOTO TEIUIOI30IAIIIITHOTO MaTepialy 3 METOIO
3amo0iraHHs ePeKTy MOPO3HOTO 3MUMAHHS JOPOKHBOTO MOJOTHA ABTOMOOIIBHHUX OPIT HEKOPCTKOTO THITY.

BiTunsHsaHAN Ta 3aKOpAOHHUIA JOCBI OYIiBHAIITBA aBTOMOOLIFHUX JOPIr AOBIB e()eKTUBHICTH 3aCTO-
CYBaHHS TCIUIOI3ONAMIHUX MaTepialiB y KOHCTPYKIIi JOPOKHBOTO OJIATY, TOMY B OCTaHHI POKH B YKpaiHi
3'BHUBCS MiJBUIIEHUH iHTEpeC A0 BUKOPHUCTaHHS 0€3aBTOKJIABHOI'O MiHOOETOHY SK CY4acHOTO Ta BHCOKO-
e(PEKTHBHOTO TEIUIOI30IAIIITHOTO MaTepialy B TOPOKHBOMY OYHiBHHUIITBI.

BrnamryBaHHS TEIIIOI30SALIHHOTO MPOMIAPKY 3 HEABTOKIABHOTO ITIHOOETOHY Ja€ 3MOTY ITOBHICTIO
ab0 YacTKOBO 3amobirTH MpoMep3aHHI0 abo MeperpiBaHHSI OCHOBH JIOPOKHBOTO OJSTY, 3HU3UTH BIUIHB
NEepIOANYHUX TeMIlepaTyp-HUX KOJIMBAHb HABKOJIMIIHLOTO CEPEIOBHIIA, 10 3a0e31evy€e MiBUIICHHS IOBrO-
BIYHOCTI KOHCTPYKIIi JOPOXHBOTO MOJIOTHA. B my0mikarii mpeacTaBieHO HOMOTpaMH JJIsl BU3HAYCHHS OTITHU-
MaJIbHOI TOBIIMHHU TEIUIOI30JIAIIIIHOTO MOPO303aXHCHOTO APy JOPOXKHIX OAATIB aBTOMOOUIBHHUX IOPIT AL
MICKY, CYMICKY, INIMHH Ta CYTJIMHKY B OCHOBI BYJHYHO-TPODKIKOI MEPEexi JUIs yCiX KiIiMaTu4HO-Teorpadiy-
HUX palioHIB YKpaiHu.

Ku1104oBi c/j10Ba: MiHO0eTOH HEABTOKJIABHOIO TBePAHEHHsI, IPOTUMOPO3HMII MPOLIAPOK, AOPOK-
Hiil o1SIr aBTOMOOUILHUX JOPir, MOPO3HE 3TUMAHHSI.



