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Abstract. The present paper describes experiments and research outcomes concerning the construction of cement concrete
pavements in South Kazakhstan, taking into account significant climate changes. The study has identified potential problems
in the construction of cement concrete pavements in the region, where there was no experience of their construction until
the mid-2000s. In order to develop an optimal solution, the technical factors that characterize the process of arranging these
coatings using sliding molds are analyzed and quantitatively normalized. These factors include the optimal amount of mortar
for curing concrete, the optimal joint cutting time, the interval and effective width of expansion joints to prevent the formation
of cracks in concrete at an early age. The effectiveness of the use of polyethylene film to prevent the formation of contraction
cracks and maintain the required mode of hardening of the cement concrete pavement is shown. The main cause of damage
to the expansion joints along the length of the day coverage of coatings in the conditions of South Kazakhstan has been estab-
lished. Recommendations have been developed for the installation of cement-concrete pavement and expansion joints during
the construction of roads in this region. The accumulated data on climatic factors and methods of work with the use of poly-
ethylene film have made it possible to create an optimal method for the construction of cement concrete pavements,
which will improve the quality of roads in South Kazakhstan.
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LIEMEHTOOETOHHBIX JOPOXKHBIX TOKPHITHH B PETHOHE, I'/ie He OBLIO OIBITAa UX CTPOUTENHCTBA BIUIOTH A0 cepenuHsl 2000 rr.
C nenbio BbIPAOOTKH ONTHMAIBHOTO PELIEHHS IIPOAHATN3UPOBAHbI U KOJINYECTBEHHO HOPMHUPOBAHBI TEXHUYECKUE (DaKTOPHI,
XapaKTepH3yIoLIHe IPOIEeCC YCTPOWCTBA JAHHBIX MOKPHITHH C MCHONB30BaHMEM CKOJb3amuX ¢opMm. K takum daxropam
OTHECEHBI ONTUMAIILHOE KOJIMYECTBO PACTBOpA VISl OTBEpIXKACHHUS OETOHA, ONTUMAIIbHOE BpEMs Hape3KH IBa, MHTEPBAI U
a¢dexTrBHas MUpPUHA JeGOPMAIIOHHBIX IIBOB JUIS MPEJOTBpalleH:s] 00pa3oBaHMs TPEIIMH B OETOHE B paHHEM BO3pacTe.
TMoka3zana 3()eKTHBHOCTb IPUMEHEHHUS MTONUITUICHOBOM TUICHKH U1 NPEIyNpeKIeHUs 00pa30BaHus YCaIOYHBIX TPEIIUH
W MOAJEpKaHUs TpeOyeMoro pekuMma TBEpICHHUS IIEMEHTOOSTOHHOTO ITOKPBITHS. Y CTaHOBJICHa OCHOBHAs MPHYHMHA IOBpE-
JKJICHHS IIBOB PACUIMPEHHS HA JUIMHE JHEBHOM 3aXBaTKH M pa3pabOTaHbl PEKOMEHIAIMH 10 YCTPOHCTBY 1IEMEHTOOSTOHHBIX
MOKPBITHH ¥ IIIBOB PACIIUPEHUSI IPU CTPOUTENNBCTBE aBTOMOOWIIBHEIX JOPOT B pernoHe. HakorieHHbIe TaHHbIe 0 KJIMMaTHde-
CKHX (haKTOpax M METOJAX MPOM3BOJACTBA PAbOT C HCIIOIH30BAHHEM MONMITHICHOBOU IUICHKH ITO3BOJIT ONTHMHU3MPOBATh
CTPOHTENLCTBO LIEMEHTOOSTOHHBIX TOPOXKHBIX MOKphITHi B IOxHOM Kazaxcrane.

KnioueBble c10Ba: IeMEHTOOSTOHHOE TTOKPBITHE, BPEMs PE3KH, PEKUM TBEPACHMS, TTOIMATHICHOBAs IUIEHKA, TPOOHBINH Ma-
KeT, KknumaTtrdeckue gpakropel, FOxublil Kazaxcran, coBMecTHas pe3ka

Jist uutupoBanus: [ToBeneHYeCKHe XapaKTEPUCTHKU [IEMEHTOOCTOHHbBIX MOKphITHH B IOxHOM Kasaxcrane: xmumarude-
CKHe M3MEHEHHs M ONTHMalbHBI MeTon crpoutenscTa / JI. CaxanoB [u np.] // Hayka u mexuuka. 2022. T. 21, Ne 2.
C. 142-149. https://doi.org/10.21122/2227-1031-2022-21-2-142-149

Introduction

In general, construction techniques are deve-
loped through trial and error for cement concrete
pavement construction in areas without a history of
road construction. According to a preliminary sur-
vey, research on the development of construction
techniques for South Kazakhstan reflecting the
region’s climatic and material characteristics is still
in an early stage. Conversely, a rich body of re-
search outcomes exists for countries with a large
coverage of concrete pavement including the US
and South Korea, which started many decades ago.
Recent studies present models for curing durability
and performance assessment [1-3], as well as for
joint behavior, cracks, and temperature stress [4-6].
As such, the present paper aims to analyze and re-
assess a number of experiment and construction
data and other related data accumulated from the
cement concrete pavement construction project,
which has been ongoing since 2011 at the study
site, which is characterized by climatic changes.

Study objective and method

Many existing studies demonstrated that con-
struction methods and early-stage quality manage-
ment significantly affect the endurance and lifespan
of cement concrete pavement [1, 7, 8]. Considering
climate variables, various experiments were con-
ducted to determine concrete pavement construction
methods to overcome changing climatic conditions.
These included investigating road length for daily
pavement work, effective curing and temperature
control methods to prevent initial cracks, optimal
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spraying amount and method to maximize the effect
of the curing-membrane, determining the most
suitable installation interval and effective width of
expansion joints, and optimal joint cutting period
and depth. In particular, the target site experienced
a number of days with strong winds, and it was
judged that surface defects are highly likely because
of rapid water evaporation from the concrete pave-
ment surface during the construction process [9].
Therefore, polyethylene film (PE-film) was used as
a measure to prevent this problem. Thus, this study
also investigated the effect of the initial curing
method, in which entire concrete slabs were covered.

Characteristics of the climate
of South Kazakhstan

The target site for this study is situated in South
Kazakhstan, 100 km from Shymkent in the direc-
tion of Turkestan. The Western Europe — Western
China Road Project is currently in progress, and
the region is marked by a highly varying diurnal
temperature range, which is relatively large com-
pared to other areas of the country. Fig. 1 shows
the measured temperature pattern during the sum-
mer from August to September.

The temperature at the study site during the
summer season was measured for analysis. Tab. 1
provides the maximum temperature range. The ma-
ximum temperature recorded was 48 °C when
direct sunlight directly affected the area. The tem-
perature dropped to between (—15) and (-25) °C in
the winter. The highest temperature was recorded
at around 3 to 4 pm, and the minimum at 5 to 6 am.
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The histories of air temperature (22 Aug. ~11 Sep.)
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Fig. 1. Measured temperature (August to September in South Kazakhstan)

Table 1

Characteristics of summer season climatic changes
in South Kazakhstan

Category .Rapge Range of concrete
of indicators | temperature change

Highest temperature, °C 40-44 43-48
Lowest temperature, °C 15-25 20-30
Diurnal temperature
range, °C 19-25 18-23
Humidity, % 15-65 -
Wind speed, m/s 4-10 -

The humidity of the study site ranged bet-
ween 15 and 65 %. This relatively low humidity
range is explained by the low probability and
amount of rainfall during the summer. Although
the rainfall probability increases from late Septem-
ber to May the next year, the rainfall amount is
only as high as a few dozen mm. Wind speed was
measured using a wind speed meter, ranging
from 1-2 m/s, 4-5 m/s, and reaching a maximum
of more than 10-20 m/s on days with strong winds.

Concrete mock-up test

¢ Production of experimental concrete slab and
test results

The concrete mix design used for the mock-up
test is shown in Tab. 2. Materials meeting the
standards and regulations were used for the ce-
ment, aggregates, water, and admixture.

The amount of concrete curing compound,
curing method, and changes in slab surface and
concrete strength development according to the
climate were analyzed, as shown in Fig. 2.
The change in concrete strength in the slab surface
induced by the changing climate was analyzed,
and the optimum joint cutting period was deter-
mined. The results are provided in Tab. 3.

The surface was finished upon pouring the
concrete. Then, 0.50 and 0.75 /m” of the concrete
curing compound tested in experiment were
sprayed on two test slabs, and the curing process
was observed as shown in Fig. 3, 4.

Table 2
Mix design of concrete, kg/m®
Slump, cm Water Cement Sand Gravel (5-20 mm) Gravel (20-40 mm) Admixture
04 147 405 696 598 489 3.0

Fig. 2. Process of experiment (spraying the concrete curing compound and cutting joints)
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temperature during the
experiment (condition)

(Condition 2) 50 °C — when the temperature drops

Table 3
Experiment results of concrete curing compound and cutting joints
Concrete temperature | 28 °C Slump 4 cm Air content 4,5 % Humidity | 20-40 %
State of changing air  |(Condition 1) 20 °C — when the temperature rises |Range of curing temperature ~ |20-50 °C

Results of curing expe-
riment
(occurrence of cracks)

(Condition 1) concrete curing compound sprayed
(0.5 I/m?) and not sprayed

Period of small cracks observed on the slab surface
Concrete curing compound not applied: 1 h
Concrete curing compound applied: 2 h

(Condition 2) concrete curing compound sprayed
(0.5 /m?)

No cracks occurred

Results of joint cutting
experiment

(Condition 1) concrete curing compound sprayed
(0.5 1/m?) and not sprayed

No damage was observed on joints from after 6 h
The air temperature rose to 50 °C
The hydration reaction of concrete became faster

(Condition 2) concrete curing compound sprayed
(0.5 1/m?)

No damage was observed on joints from after 8 h
The air temperature dropped to 20 °C
The hydration reaction of concrete was delayed

Fig. 3. Process of concrete slab mock-up test
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Fig. 4. Curing and joint cutting in concrete slab mock-up test

The two test slabs were cured under the same
climatic conditions as at the study site without
additional curing intervention. The surfaces of
the other two concrete slabs were covered with
PE-film, and the curing process and strength
development according to the temperature were
measured in real time. The temperature of the test
slabs was measured at the top surface, the central
core, and at bottom surface every 10 min. The re-
sults of the mock-up test are provided below.

1. Two to three hairline cracks were observed
in the test slab sprayed with a concrete curing
compound without a PE-film during the initial cu-
ring process. On the other hand, no defects were
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observed on the surface of the slab covered with
the PE-film.

2. The internal temperature change of the con-
crete slabs was analyzed. As shown in Fig. 5, the
maximum temperature of the core area of the air-
cured slab was approximately 35 °C, and the air
temperature determined the surface temperature.
On the other hand, the internal temperature of the
test slab cured using PE-film increased to 45 °C.
The surface temperature increased along with the
changing internal temperature. Therefore, the cu-
ring method using PE-film is highly effective as
a temperature and strength control method to
handle the climatic changes of the region.
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Temperature histories of Mock-up test
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Fig. 5. Temperature pattern of the concrete slabs (2" and 10" days):
—e— — Air temperature; —e— — Top surface (#3); —e— — Core (#3); —e— — Bottom (#3);

—— — Top surface (#2);

3. All slab temperature changes maintained a
slight temperature difference after 16 to 20 h after
pouring the concrete. At this point, the slab tem-
perature increased if the air temperature was high,
and decreased when the air temperature was low.

4.In regions with a relatively large diurnal
temperature range caused by the changing tem-
perature, the contraction and expansion rate of
slabs increases. Cracks are highly likely in areas
affected by the base confinement caused by friction,
as the difference in stress also increases [8, 10].

5. To prevent initial cracks in concrete slabs,
it is critical to determine an optimal cutting period
to reduce the section of contracted joints before
random cracks occur. These are caused by stress
imposed on the concrete during the initial harde-
ning period [11].

® Results of the curing test

A test was conducted using the existing curing
method of spraying concrete curing compound
commonly used for cement concrete pavement and
the new alternative method of PE-film applica-
tion [8, 12, 13]. The general operation speed of the
curing compound spraying equipment is approxi-
mately 20 m/min for concrete pavement work,
and 0.5 I/m’ of material is sprayed. The equipment

— Core (#2);

was operated at varying speeds. It was found that
operating the equipment at 10 m/min, which is half
the general operation speed, produced a positive
result for forming curing membrane on the slab
surface. Noteworthy is that a spraying operation
at an extremely slow speed causes curing material
flow across the slab surface.

The curing performance of PE-film was highly
effective in preventing various defects caused by
dramatic drying and temperature changes, as
shown in Fig. 6. This new curing method induces
the early development of concrete strength and
shortens the time required for contraction joint
cutting.

e Early behavior assessment of concrete pave-
ment joints and cutting test

According to the field survey and experiment,
joints were identified as areas of unreinforced
cement concrete pavement where defects most
frequently occur. The most important factor in
joint work is the time point of covered slab cutting,
as shown in Fig. 7. When joints are cut too late,
cracks are not induced in the intended way, but
irregularly occur in unwanted areas. In contrast,
as shown in Fig. 8, cutting the joints too early may
cause defects and damage the joints [14—16].

Fig. 6. Process of the curing test using polyethylene film
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Crack induction test in horizontal contraction
joint. Concrete slab behavior after completing the
placement work is closely associated with the
occurrence of initial cracks. The major causes are
environmental load including temperature and
humidity, not traffic load [10, 17]. Cracks started
to occur on the slabs 15 to 24 h after completing
the concrete pouring. The survey and experiment
demonstrated that slab volume decreases as its
temperature drops when the air temperature falls.
This causes friction on the lower part of the struc-
ture, which produces cracks [8, 17].

The results of the assessment of cracks induced
in the contraction joints are provided in Tab. 4.
In total, 27-85 % of the total joints were normally
induced as intended between the second and se-
venth day of curing. More joints were induced
when the road length for daily pavement work was
longer than when shorter, and more cracks occur-
red on the inside than on the outside. Fig. 9 shows
the joint cut appearing in the concrete slabs and

form of induced cracks. The survey of induced
cracks indicated that the crack gap ranged about 0.3
to 0.5 mm around the two ends of the slabs, and
a maximum of 2.5 mm in the center. These gaps
are closely associated with the friction caused by
the degree of slab contraction and base confine-
ment. This indicates that the climatic conditions
on the day of the pavement pouring and tempera-
ture change in the paved slab are associated with
the process of crack induction in contraction joints.

Table 4
Overview of crack induction in contraction joints
oyiﬁn'::lelrd Measure- Number
Road length stae of induced | Rate,
contraction |ment date,
perday, m| . . cracks, num-| %
joints, number day
ber of places
of places
335 67 2 26 38.8
55 11 3 3 27.3
205 41 5 30 73.2
90 18 7 15 83.3

Fig. 9. Form of crack in contraction joints
of concrete pavement

Tab. 5 shows the optimal joint cutting time for
concrete slabs, which is closely associated with
temperature, wind, diurnal temperature range, and
concrete pouring time. Considering climatic chan-
ges in the South Kazakhstan region, 4 am to 3 pm
is the most appropriate time for pouring concrete
when the temperature ranges between 20 and 40 °C
for slab temperature and strength management. It is
easy to induce contraction joint cracks if joint cut-
ting is completed late the same night.

Table 5
Optimal joint cutting time for concrete pouring (temperature range 20-40 °C)
Category Optimal joint cutting time according to concrete pouring time
Concrete pavement time 4:00-9:00 9:00-11:00 11:00-15:00 15:00-21:00 21:00-01:00
Optimal time for joint cutting, h 6 5 4 8 10
[ Hayka 147
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Horizontal expansion joints and construction
joints. The expansion and contraction of concrete
slabs are caused by various factors including types
of coarse aggregates; concrete contraction coeffi-
cient [18, 19]; texture of separation membrane;
climatic changes such as temperature, humidity,
and wind; diurnal temperature range; concrete
pouring temperature; curing method; and cutting
period. In this study, the actual slab behavior and
deformation were measured. The measurement
results were analyzed to establish a maximum con-
struction length per day and detailed construction
plan to design a new technique that prevents slab
cracks. Fig. 10 shows the behavior of horizontal ex-
pansion joints and the process to measure expansion.

Fig. 10. Measurement of the behavior and length of expansion
of horizontally expanded joints

Fig. 11 shows the forms of damage to the ex-
pansion and contraction joints caused by the slab

behavior when the concrete expands. Fig. 12 shows
the behavior of horizontal expansion joints and the
measured expansion in a graph.

According to the experiment and measure-
ments, the requirements for setting the interval of
expansion joints installed in the daily paving
length are as follows:

1) the expansion joint should be installed at the
end of daily work. The installation should be per-
formed with great precision;

2) the total expansion of a slab reduces if
cracks are caused in many contraction joints within
24 h after completion of the concrete pavement;

3) the concrete slab during early curing should
be stronger than the internal stress;

4) the cumulative expansion of a slab exposed
to a high temperature has a greater effect than con-
traction, and this is the major cause of damage to
expansion joints;

5) therefore, the daily paving length for a cement
concrete pavement and width of expansion joints can
be controlled, as shown in Tab. 6. This causes noise
for running vehicles and damage to the joints when
the width of the expansion joints is greater than
30 mm. Thus, the width should be less than 30 mm.

Fig. 11. Contraction joints and expansion joints damaged by slab behavior
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Fig. 12. Measurement of changes in horizontally expanded joints caused by slab behaviors

Table 6
Number of joints to be installed and effective width according to the length of concrete paving per day
Length of concrete paving per day, m 200 300 400 500 600
Width (mm) x number of joints for installation 20x1 30x1 20x2 25x2 30x2
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CONCLUSIONS

1. Various defects in cement concrete pave-
ment are determined by the climatic environment
and conditions of the target construction site (in-
cluding temperature, humidity and wind speed).
However, it was difficult to identify the real cau-
ses, as the areas with defects were not assessed and
no data were collected from the damaged areas.

2. It is necessary to establish a construction
technique that considers climatic changes variables
for cement concrete-paved road construction in this
area. It is recommended to survey and analyze the
initial behaviors of concrete pavement produced
reflecting the material properties and environmen-
tal conditions to enhance the quality of the product.

3. It was necessary to first perform a mock-up
test and field construction test, and then to investi-
gate the thermal and mechanical properties of con-
crete slabs in the same climatic conditions as those
at the real study site. This study surveyed the be-
havioral characteristics of the test slabs to prevent
damage to the joints, which are the vulnerable part
of a cement concrete pavement. The study suggests
the location and width of expansion joints reflec-
ting the optimal joint cutting period and suitable
road length for daily pavement work in the given
climatic conditions.

4. Finally, standards for the optimal amount
of concrete curing compound and optimal opera-
tion speed of spraying equipment were suggested
to help prevent cracks caused by drying and con-
traction, which may occur on the paved road sur-
face during the summer season. In addition,
the application of polyethylene film was suggested
for the effective curing control of concrete slabs.
It was confirmed that this method prevents cracks
caused by dry surfaces and contraction, and pro-
vides the effect of humid curing to the surface.
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