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The effect of the cement type, from which engineering protective constructions are produced,
on the value of the linear absorption coefficient of radiation flow has been investigated.
The chemical and mineralogical composition of cement for the protective concrete was
selected so that hydrated new-formations with the highest possible content of chemically
bound water can be formed when hardened. The differential thermal analysis was conducted
using a derivatograph Q-1500 D of Paulic-Paulic-Erdey system. Based on the obtained
data, the quantitative composition of hydration products of cements under study was
determined. A change in radiation intensity (in becquerel) was experimentally measured
after passing through the concrete samples based on the Portland cement PC II/A-S 400
and the expansive Portland limestone cement PLC-5. Using the law of the weakening of
a narrow monoenergetic beam of -quanta after passing through a substance, a linear
absorption coefficient was calculated for the concrete samples of different composition.
By means of special mechanical and physicochemical methods, the relationships between
the processes of structure formation and the protective characteristics of the samples have
been established. It was shown that hydrated compounds formed in the course of hydration
of a cement constituent allow increasing the linear absorption coefficient together with
raising the level of protection.
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Introduction
No wadays, an incre asing threat from
reconnaissance and sabotage forces, illegal armed
groups and terrorist groups necessitates solving the
problem of protection of important objects and
personnel from the means of defeating the enemy.
For this purpose, fortifications and engineering
buildings are used, which are designed to improve
the effectiveness of the military equipment and
provide sustainable protection of troops and
population [1–4].
Current local armed conflicts require a new
approach to the creation of modern defense-related
materials or the improvement of existing ones. Among
the materials used for defense purposes, various
shelters and constructions are widely used that are
built on the basis of both ordinary and special-purpose
cements [5,6].
An analysis of the results of armed conflicts

that took place over the past half century in the
world and in particular in the area of counterterrorist
operation in Ukraine shows that the enemy neglects
any existing arrangements and uses the weapons that
are best suited to achieve the objective assigned. For
example, there are large-caliber 122- and 152-mm
shells or depleted uranium shells, the former being
highly destructive. The main danger from the shells
with depleted uranium consists in the consequences
of their employment [7–9]. When inhaled or
swallowed, fine dust formed during an explosion
under the influence of high temperature leads to the
radiation exposure and heavy metal poisoning of a
human body [10].
Thus, one can conclude that the protection of
personnel and equipment is insufficient for the
accomplishment of tasks in modern conditions.
Therefore, the purpose of this work was to study the
properties of building materials for the production
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of special-purpose constructions having defined
characteristics.
Material and methods
Complex differential-thermal, X-ray phase and
thermogravimetric analyses were used to study the
structure formation processes.
The X-ray analysis of the samples was carried
out according to the method of powder using a
DRON-2.0 diffractometer with CuK radiation. The
thermal analysis was aimed at identifying the
temperatures at which changes in physical conditions
of the samples or in their chemical compositions
can be observed. The thermograms were recorded
by a derivatograph Q-1500 D of Paulic-Paulic-Erdey
system. The composition of samples was analyzed
dynamically and in air at the rate of heating of
50/min. The weight of the substance was 500 mg,
the sensitivity by DTA scale and by TG scale was
equal to 250 V and 100 mg, respectively. In order
to carry out the X-ray phase and thermal analyses,
the samples after dehydration were crushed in an
agate mortar until they fully penetrate through the
sieve No. 008.
Physical and mechanical tests were performed
in compliance with the European standards [9,10].
We examined the compressive and bending strength
of fine concrete and used the test beam (4416 cm)
and test cube (7.077.077.07 cm). The samples were
tested using a hydraulic press P-50.
A radioactive substance (137Ñs) placed in a lead
container with a small opening was used as a source
of radioactive emission (Fig. 1, (1)). The radioactive
emission was directed to concrete samples (2) of the
same thickness. The radiation intensity after
penetrating through the barrier was measured using
Geiger-Mueller gas-discharge tube (3). The amount
of registered particles of radioactive emission was
counted by the electric pulse counter (5).

Fig. 1. Scheme of laboratory facility for determination of linear
absorption coefficient of radioactive emission: 1 – radiation
source; 2 – absorptive concrete; 3 – Geiger-Mueller counter
tube; 4 – power supply of Geiger-Mueller counter; 5 – electric
pulse counter

Results and discussion
High-density and hydrated concrete is a
constructional material that is utilized to buld

radiation-proof shelters for protection against neutron
and -radiation. In this case, cement acts as a
generator of hydrated compounds that absorbs
neutrons whereas its aggregates take -radiation.
Barite, iron ore, scrap metal are used as aggregates.
Fineness of aggregates for protective concretes is
determined by massiveness of a construction that is
concreted and deemed to be maximally possible.
Aggregate size is selected so that to ensure the
maximum possible saturation of concrete by heavyweight aggregates. The heavier is the concrete
obtained, the less can be the building’s thickness.
Chemical and mineralogical composition of the
cement for protective concrete should be such that,
when hardened, hydrated new-formations can be
formed with the most possible content of chemically
bound water. Experience in using aluminous, super
sulfated, expansive cements, and also a magnesian
binder (that is called Sorel cement) is known [7].
Since there are no deposits of the abovementioned aggregates in Ukraine, and they are
expensive, the study was performed using Portland
cement PC ²²/A-S Ì400 and expansive Portland
limestone cement PLC-5 (according to Ukrainian
specifications TU U 26.5-02071010-141-2010).
The features of binders’ hydration process were
studied using physical and chemical methods of
analysis, in particular, the X-ray phase analysis. Fig.
1 shows the following reflexes of hydration products:
portlandite (d/n=0.263; 0.493 nm), ettringite (d/n=
=0.561; 0.973 nm) and calcite (d/n=0.302 nm); their
intensity gradually increases after 90 days of
hardening. However, the diffraction peakes of nonhydrating cement (d/n=0.218; 0/260; 0/277 nm) tend
to naturally decline during the hydration.
The use of PLC-5 is characterized by a notable
increase of reflexes of calcium hydroxide, ettringite
and a type Ñ4ÀÍ13 hydroaluminates (d/n=1.073 nm)
that appear in the subsequent term of hardening (28
days). The presence of excessive amount of Ñà(ÎÍ)2
contributes to the formation of elongated prismatic
crystals of primary ettringite and calcite that yield a
strength carcass, provide an intensive set of physicalmechanical properties, and also increase the amount
of chemically bound water.
The quantitative composition of hydration
products of cements under investigation was
confirmed by the comprehensive thermogravimetric
and differential thermal analyses (Fig. 3). The data
of thermal analysis confirmed the results of the Xray phase analysis. The mass loss of the samples
manifests itself at four stages and is accompanied by
endothermic effects in the DTA curves.
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a
b
Fig. 2. X-ray patterns of cement stone based on the Portland cement PC II/A-S 400 (a) and expansive Portland limestone cement
PLC-5 (b) hardened for: (1) 7 days; (2) 28 days; (3) 90 days

Fig. 3. Thermograms of cement stone hardened for 7 days under normal conditions: (1) expansive Portland limestone cement
PLC-5; (2) Portland cement PC II/A-S 400
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A decrease in mass within a temperature range
of 20–140 0Ñ (Table) can be attributed to the
discharge of residual physical moisture and in part
to the chemically bound water. Low basic
hydrosilicates of the group CSH(II) together with
ettringite, which are present in both samples, lose
hydrated water in this region. The mass loss of the
samples at temperatures of 130 0 Ñ to 330 0 Ñ
corresponds to the continuation of a step-by-step
dehydration of hydrosilicates and ettringite as well
as to the start of decomposition of hydroaluminates.
The samples of expansive Portland limestone cement
PLC-5 exhibit a larger loss of mass in this interval,
which can be explained by larger CAH10 content in
them. The mass reduction at temperatures of 310–
4500Ñ is associated with the final breakdown of
hydrosilicates and decomposition of hydroaluminates
of the group CAH10 present in the layer close to
ÑàÎ granules. The sample 1 reveals a higher loss of
mass within the given temperature range due to a
higher content of high basic hydroaluminates in it.
The mass reduction of the samples in the temperature
range of 440–5500Ñ corresponds to portlandite
decomposition. A further mass loss at the
temperatures of 550–10000Ñ can be attributed to
the final breakdown of hydroaluminates and calcite.
Thus, based on the thermal analysis of the
samples 1 and 2, the conclusion can be drawn that
the samples intermediate zone exhibits a higher
content of hydrated phases. This is confirmed by
more dramatic mass loss of the sample when heated
in all temperature ranges, followed by deeper
endothermic effects accompanying decomposition
of the samples of hydration products.
To determine the protection efficiency, it is

necessary to carry out experimental measurement of
changes in radiation intensity (in becquerel) after
passing through the concrete samples based on the
Portland cement PC II/A-S 400 and expansive
Portland limestone cement PLC-5. The laboratory
installation illustrated in Fig. 1 was used for this
purpose.
Using the law of the weakening of a narrow
monoenergetic beam of -quanta after passing
through a substance, a linear absorption coefficient
was calculated for the concrete samples of different
composition and average results were obtained. The
samples based on the Portland cement PC II/A-S
revealed the value of absorption coefficient of 0.124
while the expansive Portland limestone cement PLC-5
based samples showed the value of 0.152. The value
of attenuation coefficient of the samples which
contain a higher amount of hydrated new-formations
was 22% higher than that for the samples based on
ordinary Portland cement. From these results, one
can conclude that using the cement that provides
formation of higher amount of hydrated compounds
will yield a higher level of protection. The defined
value of attenuation coefficient of quantum radiation
correlates with the results obtained by physical and
chemical studies.
Conclusions
Our findings showed that the chemical
composition of binder in concrete has a considerable
effect on the protective properties of a shielding
material. Due to the formation of a higher amount
of hydrated compounds in hydration, changing a
type of cement from the ordinary Portland cement
PC II/A-S 400 to the expansive Portland limestone
cement PLC-5 enables increasing the linear

Results of DTA of cements hardened for seven days

No

Type of cement

1

Expansive Portland
limestone cement
PLC-5

2

Portland cement
PC II/A-S 400

Temperature range, 0С
20–130
130–310
310–450
450–550
550–1000
20–1000
20–140
140–330
330–440

Mass loss (m), % Endothermic effect, Тmax, 0C
2.25
115
2.5
undetectable
1.125
undetectable
1
490
5.0
810
11.875 (total loss)
–
2
90
2
undetectable
0.75
undetectable

440–550
550–1000

0.75
2.9

480
830

20–1000

7.4 (total loss)

–

Note: Tmax is the temperature of the maximum endothermic effect.
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absorption coefficient of radiation flow by almost
25% and hence reducing the thickness of the
protective layer. Besides, the thickness of the
protective seam of construction can be reduced.
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ÄÎÑË²ÄÆÅÍÍß ÇÀÕÈÑÍÈÕ ÕÀÐÀÊÒÅÐÈÑÒÈÊ
ÁÅÒÎÍ²Â ÍÀ ÎÑÍÎÂ² ÖÅÌÅÍÒ²Â ÑÏÅÖ²ÀËÜÍÎÃÎ
ÏÐÈÇÍÀ×ÅÍÍß
Ë.ß. Ïàðàùóê, Â.Â. Êî÷óáåé, Ë.². Îäîñ³é, Ñ.Â. Êîðîëüêî
Ó äàí³é ðîáîò³ äîñë³äæåíî âïëèâ òèïó öåìåíòó, ç ÿêîãî
âèãîòîâëåí³ çàõèñí³ ³íæåíåðí³ ñïîðóäè, íà çíà÷åííÿ ë³í³éíîãî
êîåô³ö³ºíòà ïîãëèíàííÿ ðàä³àö³éíîãî ïîòîêó. Õ³ì³êî-ì³íåðàëîã³÷íèé ñêëàä öåìåíòó äëÿ çàõèñíîãî áåòîíó îáðàíî òàêèì,
ùîá ïðè òâåðäíåíí³ ôîðìóâàëèñü ã³äðàòí³ íîâîóòâîðåííÿ ç
íàéá³ëüø ìîæëèâèì âì³ñòîì õ³ì³÷íî çâ’ÿçàíî¿ âîäè. Äèôåðåíö³éíî-òåðì³÷íèé àíàë³ç çä³éñíåíî íà äåðèâàòîãðàô³ Q-1500 D
ñèñòåìè, ðîçðîáëåíî¿ F. Paulik, J. Paulik òà L. Erdey. Çà éîãî
äàíèìè âñòàíîâëåíî ê³ëüê³ñíèé ñêëàä ïðîäóêò³â ã³äðàòàö³¿ äîñë³äæóâàíèõ öåìåíò³â. Åêñïåðèìåíòàëüíî âèì³ðÿíà çì³íà ³íòåíñèâíîñò³ âèïðîì³íþâàííÿ (ó áåêåðåëÿõ) ï³ñëÿ ïðîõîäæåííÿ ÷åðåç áåòîíí³ çðàçêè, âèãîòîâëåí³ íà îñíîâ³ öåìåíòó ÏÖ ²²/À-Ø
òà ÐÖÂ-5. Ç âèêîðèñòàííÿì çàêîíó ïîñëàáëåííÿ âóçüêîãî ìîíîåíåðãåòè÷íîãî ïó÷êà -êâàíò³â ïðè ïðîõîäæåíí³ êð³çü ðå÷îâèíó îá÷èñëåíî ë³í³éíèé êîåô³ö³ºíò ïîãëèíàííÿ áåòîííèìè çðàçêàìè, âèãîòîâëåíèìè íà îñíîâ³ öåìåíò³â ð³çíîãî ñêëàäó. Çà äîïîìîãîþ ñïåö³àëüíèõ, ìåõàí³÷íèõ ³ ô³çèêî-õ³ì³÷íèõ ìåòîä³â
àíàë³çó âñòàíîâëåíî çâ’ÿçîê ì³æ ïðîöåñàìè ñòðóêòóðîóòâîðåííÿ òà çàõèñíèìè õàðàêòåðèñòèêàìè çðàçê³â. Ïîêàçàíî, ùî
ã³äðàòí³ ñïîëóêè, ÿê³ óòâîðþþòüñÿ ïðè ã³äðàòàö³¿ öåìåíòíî¿
ñêëàäîâî¿, çàáåçïå÷óþòü ï³äâèùåííÿ ë³í³éíîãî êîåô³ö³ºíòà ïîãëèíàííÿ, à, ðàçîì ç íèì, ð³âíÿ çàõèñòó.
Êëþ÷îâ³ ñëîâà: öåìåíò, ã³äðàòí³ íîâîóòâîðåííÿ,
ïðîäóêòè ã³äðàòàö³¿, ðàä³àö³éíèé ïîò³ê, êîåô³ö³ºíò
ïîãëèíàííÿ, òåðì³÷íèé àíàë³ç.
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