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Abstract. The influence of fiber reinforcement with steel anchor fiber on the shrinkage of
modified concrete for rigid airfield pavements repair has been determined. A 2-factor experiment was
carried out, in which the following composition factors were varied: the amount of hardening
accelerator Sika Rapid 3 from 0 to 2.4% of the cement content (0-9.6 kg/m®); the amount of steel
anchor fiber with 1 mm diameter and 50 mm length, from 0 to 100 kg/m®. For the concrete batching
were used: Portland cement CEM 11 / AS 42.5 in the amount of 400 kg/m?, granite crushed stone 5-
20 mm, quartz sand, plasticizer admixture BASF MasterGlenium SKY 608 in the amount of 1.2%
by cement content.

The workability of the mixtures was S2 (6-8 cm); W/C ratio depended on the concrete
composition. Due to the use of superplasticizers, the W/C of all investigated mixtures was in the
range of 0.309-0.343.

The shrinkage of the prism specimens was recorded after 3 hours, 6 hours, 1, 2, 3 and 7 days
of being in air-dry conditions. The shrinkage process does not end after 7 days of concrete
hardening, however, the general nature of the influence of variable factors on its value remains. It
has been established that fiber-reinforced concretes, with a fiber amount of 50 kg/m® and with a
fiber amount of 100 kg/m® have 10-15% less shrinkage compared to unreinforced concretes.
Compositions with a fiber amount of 50 kg/m* and 100 kg/m® have practically the same shrinkage,
which is explained by an increase in W/C ratio with an increase in the amount of fiber
reinforcement. The amount of hardening accelerator has a less noticeable effect on the amount of
concrete shrinkage. By adding Sika Rapid 3, concrete shrinkage at the age of 7 days is reduced by
2-9%. This effect can be explained by the fact that internal stresses arising in the process of
structure formation and moisture loss in concrete are contained in a more durable cement-sand
matrix. The concrete shrinkage without fiber and accelerator was also measured up to the age of 98
days. It was found that the limiting shrinkage for such concrete is e~2.5x10

The analysis of the drawn experimental-statistical model showed that with the amount of
metal fiber from 60 to 90 kg/m® and the amount of the hardening accelerator from 0.9 to 2.4%, the
shrinkage of the investigated concretes is minimal (7= 1.3x10™).

Thus, the use of fiber reinforcement with anchor steel fiber and a hardening accelerator can
significantly reduce the concrete shrinkage for the rigid airfield pavements repair is important for
this material.

Keywords: rigid pavements, airport paving, repair, shrinkage, metal fiber, hardening
accelerator.

Introduction. In the USA, China, the countries of the European Union and other developed
countries, rigid road and airfield pavements are widely used. In recent years, cement concrete has
been increasingly used in Ukraine in the construction and reconstruction of highways, airport
runways and taxiways. Today, the country operates cement concrete highways and runways, mainly
of reinforced concrete slabs, built in the 20th century. Task of creating effective concretes for the
cement-concrete pavements repair is becoming more urgent.
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For repair concrete, shrinkage during hardening is an important characteristic, since shrinkage
deformations can cause cracking and/or disrupt their adhesion to the road or airfield surface that is
being repaired. A decrease in shrinkage deformations can be achieved through the use of various
methods, in particular, dispersed reinforcement with steel fibers. In addition, fiber reinforcement
makes it possible to increase a number of physical and mechanical properties, which are important
for road and airfield concrete pavements. Thus, the task of reducing concrete shrinkage for the rigid
pavements repair through the use of a rational amount of steel fiber is urgent.

Analysis of recent research and publications. The technology of rigid pavement full-depth
rapid repair is increasingly used in world practice to maximize highway maintenance functions while
minimizing disruptions to the operation of transport systems [1]. At the same time, the repair material
must ensure the design strength, meet the operating conditions, ensure proper adhesion to the existing
concrete and allow faster opening of traffic [2].

The composition of concrete mixtures used for full-depth rapid repair often includes
superplasticizers, hardening accelerators [3], and dispersed reinforcement (fiber) of various types [4].
In [5], it is recommended to use steel or polypropylene fiber for repair concrete, which, in particular,
helps to reduce the number of cracks during hardening. Fiber allows increasing the strength, abrasion
resistance and impact resistance of concretes for the rigid pavement repair, while the shrinkage of the
material due to the introduction of fibers is reduced [6]. In [7], it is recommended to use fiber-concrete
mixtures with the amount of steel fiber from 25 to 50 kg/m® as repair material, and it is noted that the
most effective use of such repair materials on highways with a rigid pavement. In [8], it is
recommended to introduce steel fiber in combination with an air-entraining admixture and a plasticizer.
It is shown in [9] that using rational amount of a hardening accelerator, steel anchor fiber and
superplasticizer allows achieving modified fiber concretes that are characterized by high compressive
strength and flexural strength at an early age and at the age of 28 days. That is, in general, modified
fiber-reinforced concretes are effective materials for rigid highway and airfield pavements repair,
however, the task of reducing their shrinkage cannot be considered solved, especially taking into
account the cements available on the Ukrainian market.

Research objective is to determine the effect of the anchor steel fiber amount and a
hardening accelerator on the shrinkage deformations of concrete modified with a polycarboxylate
superplasticizer for the rigid airfield pavements repair.

Materials and methods. For the manufacture of concrete used: Portland cement ITL] II/A-I1I-
500 (CEM II/AS 42.5) produced by CJSC Dyckerhoff Cement Ukraine (cement content — 400
kg/m®), granite crushed stone (5-20 mm), quartz sand. BASF MasterGlenium SKY 608
superplasticizer based on polycarboxylate ethers was used as a plasticizing admixture. The dosage
of the admixture was 1,2% of the cement content (4,8 kg/m®), which is a rational amount of this
modifier for the studied concretes [10].

According to the optimal symmetric 9-point plan, a 2-factor experiment was carried out [11,
12], in which the following factors of concrete composition were varied [9]:

X1 — the amount of the hardening accelerator admixture Sika Rapid 3, from 0 to 2,4% of the
cement content (from 0 to 9,6 kg/m®);

X, —amount of steel anchor fiber with a diameter of 1 mm and a length of 50 mm (produced
by PJSC PA "Stalkanat-Silur"), from 0 to 100 kg/m?®.

Concrete mixture was adjusted depending on the amount of fiber reinforcement and
modifiers. The plan of the experiment and the concrete and fiber-concrete compositions
investigated at 9 experimental points are shown in Table 1.

The shrinkage of concrete during hardening in air-dry conditions was determined as follows.
Concrete prisms 10x10x40 cm for the first day after formation were stored in molds in a humidity
chamber. After that, the prisms were stripped and they were placed in air-dry conditions (moisture
60+5%, temperature 20+2 °C according to DSTU B V.2.7-216:2009). This made it possible to
create conditions for the hardening of concrete, which are close to the conditions for hardening of
repair concrete on highways and at airports.
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Table 1 — Experiment plan and compositions of the investigated concretes
and fiber-reinforced concretes
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1 -1 -1 830 0 127
2 0 -1 828 | 1190 4,8 0 126
3 +1 -1 825 9,6 123
4 -1 0 788 1180 0 133
5 0 0 400 786 4,8 4,8 50 131
6 +1 0 782 9,6 130
7 -1 +1 752 0 138
8 0 +1 750 | 1170 4,8 100 | 135
9 +1 +1 745 9,6 132

Research results. The workability of all investigated mixtures was 6-8 cm, respectively, their
WI/C depended on the composition. It is known that W/C is an important structural indicator for
minimizing concrete shrinkage. It was found that the amount of the hardening accelerator
insignificantly affects the W/C of mixtures of equal workability, and the introduction of fiber
requires an insignificant increase in the W/C. Due to the use of MasterGlenium SKY 608
superplasticizer, the W/C of all studied mixtures was in the range of 0,309..0,343, which allows
ensuring high physical, mechanical and durability properties of concrete with satisfactory shrinkage
values.

At the previous stages of the study, it was found that the amount of the hardening accelerator
most significantly affects the early compressive strength of fiber-reinforced concrete [9]. Fiber also has
a positive effect on early strength. Using the maximum amount of hardening accelerator, concrete has a
strength of at least 55 MPa after 2 days of hardening. Fibrous concretes with 50 kg/m?® of fiber amount
and more have the same strength even with 1,4% of hardening accelerator. The value of flexural
strength at the age of 2 days is most influenced by the amount of steel anchor fiber. This effect is
nonlinear and with an increase in the dose of fibers to 60 kg/m®, the early flexural concrete strength
increases more than 2 MPa. The f.«, reaches the highest values at a fiber dosage in the range of
85..90 kg/m®, a further increase in the fibers amount already negatively effects on the early flexural
strength. Due to the introduction of the hardening accelerator, early flexural strength of fiber-reinforced
concrete increases by up to 0,6 MPa. With the amount of the hardening accelerator in the composition
from 1,2% and with a steel fiber dosage of 60 kg/m® and higher, the early flexural strength of fiber-
reinforced concrete is not less than 8,5 MPa, which allows starting the operation of the pavement.

At 28 days age, fiber-reinforced concretes with a hardening accelerator have 10-12% less
compressive strength and flexural strength than concretes without Sika Rapid 3 admixture. However,
the positive effect of dispersed reinforcement on strength becomes more noticeable than at the 2 days
age. Using fiber in the amount of 70..90 kg/m?, the concrete compressive strength increases by 9..10
MPa and ranges from 80 to 90 MPa. The flexural strength due to dispersed reinforcement increases
more than 2 times: from 7..8,5 MPa to 15,5..17,5 MPa. Such efficiency of the fiber at an older age
is explained by the fact that the quality of the fibers work is largely due to their adhesion to the
cement-sand matrix [13].
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The shrinkage of the prism specimens was recorded after 3 hours, 6 hours, 1, 2, 3 and 7 days
of being in air-dry conditions. The data of the concrete shrinkage of various compositions (averaged
over the results of determining the shrinkage of 3 samples at each point of the plan) are given in
Table 2.

Table 2 — Shrinkage of concrete and fiber-reinforced concrete during hardening
in air-dry conditions

Shrinkage &x10™

S D5 D g
22| <E8E| 2| 3 2| €| &8 =
S 8 ® >(<Q o © - o~ ™ ~
1 -1 -1 0,609 | 0865 | 1,218 | 1,376 | 1,445 | 1,604
2 0 -1 0653 | 0,890 | 1,221 | 1,342 | 1,383 | 1,507
3 +1 -1 0725 | 0942 | 1210 | 1,312 | 1,365 | 1,465
4 -1 0 0565 | 0,748 | 1,070 | 1,211 | 1,275 | 1,353
5 0 0 0564 | 0718 | 1,035 | 1,163 | 1,225 | 1,325
6 +1 0 0660 | 0820 | 1,082 | 1,203 | 1,214 | 1,337
7 -1 +1 | 0505 | 0,733 | 1,035 | 1,179 | 1,235 | 1,340
8 0 +1 | 0528 | 0750 | 1,031 | 1,153 | 1,212 | 1,304
9 +1 +1 | 0668 | 0827 | 1,075 | 1,195 | 1,215 | 1,311

According to the data given in Table 2, in Fig. 1 graphs showing the effect of the fiber amount
on the concrete shrinkage with different amounts of Sika Rapid 3 in the composition.

Analysis of the graphs shows that the shrinkage process does not end after 7 days of concrete
hardening, however, the general nature of the influence of variable composition factors on its value is
quite pronounced. Regardless of the hardening accelerator amount, dispersion-reinforced concretes
with fiber amount of 50 kg/m® and fiber amount of 100 kg/m® have a significantly lower shrinkage
compared to unreinforced concretes. This is explained by the ability of the fiber framework to restrain
the structural blocks of the composite from displacement due to moisture loss in the process of
structure formation [13, 14]. The fact that compositions with a fiber amount of 50 kg/m® and 100 kg/m®
are characterized by almost the same shrinkage can be explained by the fact that with an increase in the
amount of dispersed reinforcement, the W/C mixture increases. Positive influence of the spatial fiber
mesh is leveled by the influence of an increased amount of water in the concrete mixture.

The amount of the hardening accelerator also effects on the shrinkage value of the
investigated concretes, but less significantly. Due to the introduction of the Sika Rapid 3 maximum
amount, the concrete shrinkage at the 7 days age is reduced by 3..9%, with the introduction of 1,2%
of this modifier — by 2..7%. The decrease in shrinkage due to the use of the hardening accelerator is
explained by the fact that internal stresses in the composite material, arising in the process of
structure formation and moisture loss, are contained in a cement-sand matrix that is more durable in
the early stages of hardening.

To determine the ultimate concrete shrinkage of composition No. 1 (without fiber and
accelerator), the shrinkage of samples at the age of 14, 28, 42, 56, 70, 84 and 98 days was also
measured. The shrinkage values at certain times were, respectively, 1,604, 1,827, 2,151, 2,327, 2,435,
2,494 and 2,501 x 10-4. That is, after 84 days of hardening, shrinkage stabilized and the shrinkage
value at the age of 98 days did not actually differ from the values at the 84 days age. Thus, the ultimate
concrete shrinkage without dispersed reinforcement and accelerator was €~2,5x10™ (or 0,25 mm/m),
which is a satisfactory value. That is, the use of dispersed reinforcement with anchor steel fiber and
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hardening accelerator makes it possible to reduce the concrete shrinkage, which is important for the

repair material of rigid road and airfield pavements.
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Fig. 1. Shrinkage of concrete and fiber-reinforced concrete at hardness in air-dry conditions:
a) concrete without hardening accelerator (Nel, No4, No7);
b) 1,2% hardening accelerator Sika Rapid 3 (Ne2, Ne5, Neg);
c) 2,4% hardening accelerator Sika Rapid 3 (Ne3, N6, Ne9)

To determine the general influence of the varied composition factors on the shrinkage of the
investigated concretes according to the data given in Table 2, an experimental-statistical (ES) model
was built [11] of the change in the shrinkage value at the 7 days age &;:
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&x10™%=1,323 - 0,031x; + 0,023x;,> + 0,027X1X>
—0,104x, + 0,083x,” (1)

According to the ES-model, a diagram was built (Fig. 2). Shrinkage at the 7 days age is not
limiting, but the general nature of the influence of factors on the value of &; and limiting shrinkage is
similar. According to the analysis of the influence of variable factors on &, it is possible to draw
conclusions regarding their effectiveness in reducing the shrinkage of the material for the repair rigid
road and airfield pavements in general. As shown in Fig. 2 diagram, with the amount of steel fiber
from 60 to 90 kg/m® and the amount of the hardening accelerator from 1,0 to 2,1%, the shrinkage of the
investigated concretes & is minimal, not higher than 1,3 x 10® Thus, proceeding from the
minimization of volumetric changes in the material during hardening, it can be predicted that fiber-
concrete compositions with a rational amount of dispersed reinforcement and an accelerator will be
characterized by better adhesion to the base, which is important for repair materials.

Xi7100, 3 e
2

Fig. 2. Influence of variable composition factors on shrinkage of concrete and fiber-reinforced
concrete after 7 days of concrete hardening in air-dry conditions

Conclusions and prospects for further research. Due to the use of a rational amount of
anchor steel fiber (60...90 kg/m?) and a hardening accelerator (1,0..2,1% of the cement content), the
concrete shrinkage for the rigid pavements repair is reduced by 18..20%. After 7 days of hardening
in air-dry conditions, the shrinkage of fiber-reinforced concrete with an accelerator is 1,29 x 107,
and of concrete without fiber and an accelerator — 1,60 x 10™. In this case, the ultimate concrete
shrinkage is no more than £~2,5x10, or 0,25 mm/m. Minimization of volumetric changes during
hardening allows predicting high resistance of concrete against cracking and will provide better
adhesion to the base, which is important for repair materials.

In further studies, it is envisaged to determine the adhesion of the developed concretes and fiber-
reinforced concretes to the concrete road and airfield pavements, to develop effective technological
methods for carrying out full-depth rapid repair using modified fiber-reinforced concrete.
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BIIJIMB IUCIIEPCHOI'O APMYBAHHSA HA YCAJKY BETOHY JISA PEMOHTY
"KOPCTKHH JJOPOXKHIX I AEPOJIPOMHUX ITOKPUTTIB
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Y00ecvira deparcasna axademis Gydisnuymea ma apximexmypu
By Jlinpixcona, 4, m. Oneca, 65029, Ykpaina

AHoTanifa. Bu3Ha4eHO BIUTMB JWCIEPCHOTO apMYBaHHS METAJIEBOK aHKEPHOI (HiOporo Ha
ycanKy Moau(ikoBaHMX OETOHIB JJII PEMOHTY JKOPCTKHX JOPOXKHIX 1 aepOAPOMHHX ITOKPHUTTIB.
[TpoBeneno 2-x (haKTOpPHUI EKCIIEPUMEHT, B SIKOMY BapilOBaJHMCs HACTyNHI (aKkTOpH CKIay:
KUTBKICTh T0OaBKHM mpuckoproBaua TBepainHs Sika Rapid 3, Bim 0 mo 2,4 % Big mMacu UEMEHTY
(0..9,6 KF/Ms); KUIBKICTh METaJIeBOi aHKepHOi (iOpu aiameTpoM 1 MM 1 goxuHOO 50 MM, Bix 0 110
100 kr/m°. Jlnst BUrOTOBIIGHHSI GETOHIB BHKOpHCTOBYBamucs: moprianmmement 111 1I/A-I11-500
(CEM II/A-S 42,5) y kinbkocti 400 kr/m°, rpanitauii me6inb dpakiii 5-20 MM, KBAPIOBHIT TTiCOK,
mwiactudikyroua go6aBka BASF MasterGlenium SKY 608 y kinbkocTi 1,2% Big Macu HeMeHTY.

Pyxomicte cymimenr Oyma S2, BimmoBimuHo ix B/Ll 3amexano Big ckiamy. 3a paxyHOK
BUKOpPHUCTaHHA cynepruiactudikatopy B/Ll Bcix mocnmipkeHHX CyMilieidl 3HAXOAHMIIOCS B MeEKax
0,309..0,343.

Ycazaka 3pas3kiB-ipu3M QikcyBanacs micias 3 roauH, 6 roaud, 1, 2, 3 1 7 1i0 3HAXOMKEHHS Yy
MOBITPSIHO-CYXHX yMoBax. [Iporiec ycaaku He 3aBepiyeTbes micis 7 ai0 TBepAiHHsS OETOHY, MPOoTe
3arajibHUM XapakTep BIUIMBY BapiiioBaHuX (DakTOpiB Ha HOro BeIMUUHY 30epiraeThcs. BctaHoBIEHO
10, JMCIIEPCHO-apMOBaHi GETOHHM SIK MpH KimbkocTi $ibpu 50 kr/m°, Tak i mpu Kinekocti hibpu
100 kr/m® mMarots Ha 10..15% MEHIIIY YCaJIKOIO B MOPIBHSAHHI 3 HeapMOBaHUMU. CKIIaAH 3 KIIBKICTIO
$i6pr 50 kr/m® i 100 kr/M® MalOTh TIPAKTHYHO OHAKOBY YCAIKY, IO TOSCHIOETHCS 3POCTAHHSIM
B/I1 mipu migBUIIEHH] KUTBKOCTI JUcTiepcHO] apMaTypu. KijbKicTh IPUCKOPIOBaYa TBEPIIHHS MEHII
BIJUYTHO BIUIMBAa€ Ha BEIMYMHY ycajJku OeToHiB. 3a paxyHOK BBeneHHs Sika Rapid 3 ycanka
O0etony y Bimi 7 mi6 3HMWXKyeTbes Ha 2..9%. llelt edekT MOXKHA TOSCHUTH THUM, IO BHYTPIIIHI
Hanpy>KeHHsI, sKi BMHUKAIOTh B TPOLECI CTPYKTYpOYTBOPEHHS Ta BTPATU BOJIOTU OETOHOM,
CTPUMYIOTBCSI OUIBII MIIIHOIO ILIEMEHTHO-MILIAHOI0 MaTpulero. Ycaaka OeToHy 0e3 ¢iOpu i1
MIPUCKOpIOBaya TaKOoXX BUMIiproBasiacs y Bill 10 98 110. BcraHoBieHo, 110 TpaHUYHA ycaJka I
Takoro OETOHY CKIIaaae ex2,5x 107,

AHani3 nmo0yaoBaHOT €KCIEePUMEHTATBHO-CTATUCTUYHOI MOJIEJ MOKa3aB, M0 NP KUIBKOCTI
MeraieBoi (Gibpu Bix 60 10 90 kr/mM° i KimbkocTi mpHCKOproBada TBepAiHHs Bix 0,9 10 2,4% ycajka
JOCITIDKEHUX O€TOHIB € MiHIMaIbHOMO (& = 1,3 ><10'4).

TakuM 4YKMHOM, BUKOpPUCTAHHS JUCIEPCHOTO apMyBaHHS AaHKEPHOI MeTajeBoro (idporo 1
MPHUCKOPIOBaYa TBEPIIHHS TO3BOJSIE CYTTEBO 3HU3UTH YCAAKy OCTOHY UISI PEMOHTY JKOPCTKHX
JOPOXKHIX 1 aepOAPOMHUX MOKPUTTIB, L0 BAXKIIMBO JJIS TAHOTO MaTtepiany.

KurouoBi cjioBa: KOpCTKI JOpPOKHI HOKPUTTS, A€pPOAPOMHI TOKPUTTS, PEMOHT, ycaJka,
MmeTasneBa (pidpa, mpucKoproBay TBEPIIHHS.
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AunHoTtamus. OnpeieneHo BIMSHUE TUCIIEPCHOTO apMHUPOBAHUS METAUIMYECKOM aHKEpHOU
¢bubpoit Ha ycaaky Moau(UIIMPOBAHHBIX OETOHOB Ui PEMOHTA JKECTKUX JOPOXKHBIX U a3POJIPOMHBIX
nokpbITuil. [IpoBenen 2-x GakTOpHbINA SKCIEPHUMEHT, B KOTOPOM BapbHPOBAIUCH CIEAYIOMNE (DaKTOpHI
CoCTaBa: KOJIMYeCTBO J100aBku yckopurens TBepacHus Sika Rapid 3, ot 0 mo 2,4% ot maccel 1ieMeHTa
(0..9,6 Kr/M>); KONHYECTBO METATITHYECKON aHKepHOI GHOPHI aramerpoM 1 MM 1 umuHO# 50 MM, oT 0
o 100 KI/M. JIst M3roToBiIeHHs: OETOHOB HUCIOJIB30BaTKCh: mopiadaiement 111 II/A-111-500 (CEM
Il / AS 42,5) B xomadectse 400 Kr/M°, rpaHUTHBI meGeHs ppakipd 5-20 MM, KBapIIEBBIi MECOK,
wiactuduppytromias fod6aska BASF MasterGlenium SKY 608 B konmuectse 1,2% oT Macchl ieMeHTa.

[ToaBmxHOCTH cMecel cocTaBisia S2, cooTBeTcTBeHHO uX B/I] 3aBHcenno ot coctaBa. 3a cuer
UCIoNIb30BaHus cynepruiactTudukaTopa B/ Bcex nccnenoBaHHbBIX cMeceil HaXOAUIOCh B Mpeenax
0,309..0,343.

Ycaaka 06pa3noB-npusm (prukcupoBaack mocie 3 4acos, 6 yacos, 1, 2, 3 u 7 cyToK HaXOXJICHUS
B BO3YIIHO-CyXuX ycioBusix. [Iporiecc ycaaku He 3aKkaHYMBAETCs TIOCie 7 CyTOK TBEp/AEHUs OEToHa,
OJTHAKO OOIIMH XapakTep BJIMSHUS BapbUPYeMbIX (AKTOPOB HA €ro BEJIMYMHY COXPAHSETCS.
YcTaHOBIEHO, YTO, JUCIEPCHO-apMUPOBAHHBIE OETOHBI Kak MpH KoimdectBe (Guopsr 50 KI/M>, TaK |
npu komudectBe ¢Gubpsr 100 kr/M® umetor Ha 10..15% MEHBLIYI0 YyCaJAKy II0 CpPaBHEHHUIO C
HeapMHPOBAHHBIMHA OetoHamn. CoctaBsl ¢ KomdectBoM (uopsr 50 kr/m® m 100 kr/m® mMeror
MPAaKTHYECKH OIMHAKOBYIO YCAJKy, 4TO OOBsicHsieTcs poctoM B/L| mpu MNOBBIIEHWH KOIMYECTBA
JMCTICPCHOM apMaTypbl. KonmuecTBo yCKOPUTENsl TBEPACHHUS MEHEE OIIYTUMO BIIMSCT Ha BEIMYMHY
ycaaku 0eToHOB. 3a cuer BBeneHus: Sika Rapid 3 ycaaka GeroHa B Bo3pacTe 7 CYTOK CHIDKAeTCs Ha
2..9%. O10T 3P PeKT MOKHO OOBSICHUTH TEM, YTO BHYTPEHHUE HANPSHKEHUS, BO3HUKAIOIHE B TIPOLIECCe
CTPYKTYpOOOpa30oBaHUSI M TIOTEPH BIAard OETOHOM, CAEPKUBAIOTCA OoJiee MPOYHONW IIEMEHTHO-
recuyaHor MaTtpurieil. ¥Ycaaka 6eToHna 6e3 puOpHI M YCKOPUTEIIS TaKKe ONpeeNsiiack B Bo3pacte 10 98
CYTOK. Y CTAHOBIICHO, YTO Mpe/IeNbHast YCaKa U TAKOro GeToHa cocTapsier £x2,5%107,

AHan3 TOCTPOEHHOW AKCIEPUMEHTAIbHO-CTATUCTUYECKOW MOJIENM IOKa3all, 4YTO MpH
KOJIM4YecTBe MeTalutnueckoi ¢pudpsl ot 60 10 90 KI/M> ¥ KoNM4ecTBa yckopurens TBepaeHus ot 0,9
10 2,4% ycaaka uccieI0BaHHbIX OCTOHOB SIBIIACTCS MUHUMabHOHU (&7 = 1,3 ><10'4) .

Takum oOpa3oM, HCIOJIB30BAHWE JUCIIEPCHOTO APMHUPOBAHHS AHKEPHOW METaUIMYeCKOU
¢bubpoit 1 ycKOopUTENs TBEPACHHSI MO3BOJSET CYIIECTBEHHO CHU3UTh YCaAKy OCTOHA AJI PEeMOHTA
KECTKUX adPOJPOMHBIX MOKPHITHIA, YTO BAKHO JIJIS JITAHHOTO MaTepHuaa.

KuitoueBble c10Ba: KECTKHE TOPOKHBIE TTOKPBITHS, a3POAPOMHBIE MTOKPHITHS, PEMOHT, yCaJIKa,
MeTajuideckas puopa, yCKOpUTEb TBEPACHHUS.
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